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About the Project on Nuclear Issues

The Project on Nuclear Issues (PONI) was founded in 2003 to develop the next generation of policy, 
technical, and operational nuclear professionals by fostering, sustaining, and convening a networked 
community of emerging experts. PONI identifies and cultivates emerging thought leaders by building 
relationships, deepening understanding, and sharing perspectives across the full range of nuclear 
issues and communities. PONI’s programs provide inclusive, diverse, and creative opportunities for 
emerging experts to learn about policy, technical, and operational aspects of the nuclear enterprise, 
develop and present new concepts and ideas, engage in thoughtful and informed debates, and tour 
and visit sites across the nuclear enterprise.

PONI works to achieve this mission through several objectives:

 ▪ Identifying emerging thought leaders and providing them with the opportunity to develop and 
present new concepts and ideas.

 ▪ Sponsoring new cutting-edge research.

 ▪ Encouraging thoughtful and informed debate.

 ▪ Engaging a broad and diverse community across the country and internationally.

 ▪ Providing a networked platform for information-sharing and collaboration across the broad 
nuclear community.

 ▪ Cultivating young professionals through opportunities to build relationships, deepen 
understanding, and share perspectives across the full range of nuclear issues and communities.

PONI sponsors numerous opportunities for young professionals to engage in thoughtful and 
informed debate on the nuclear community’s most pressing challenges. 

PONI strives to expand its outreach to address all career and academic levels, connect young 
professionals in collaborative research projects, broaden the topics it covers across the full spectrum 
of nuclear issues, and ensure robust inclusion of expertise from all critical domains – academic, 
military, scientific, and technical.

1. Inclusivity – Welcome all ideas and perspectives across political, ideological and policy spectrum.

2. Diversity – Actively seek interdisciplinary perspectives (technical, operational, corporate, 
government, academic) and embrace participation across all demographics.
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3. Creativity – Promote collaborative, innovative research and dynamic, engaging programming.

Amongst the various programming opportunities available through PONI, the authors in this 
publication were members of PONI’s 2020 Nuclear Scholars Class. The PONI Nuclear Scholars Initiative 
is a group of select graduate students and young professionals. The Nuclear Scholars Initiative aims to 
provide top graduate students and young professionals from around the country with a unique venue to 
interact and dialogue with senior experts on nuclear weapons issues. Those accepted into the program 
are hosted once per month at CSIS in Washington, DC, where they participate in daylong workshops 
with senior government officials, policy experts, and technical experts. Over the course of the six-
month program, Scholars are required to prepare a research product. PONI has several alumni from this 
initiative, many of which continue to work in the nuclear field and are likely to play key roles in nuclear 
policy development, technical innovations, and operations.
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Introduction

By Reja Younis

“We will take steps to reduce the role of nuclear weapons in our national security strategy, while 
ensuring our strategic deterrent remains safe, secure, and effective and that our extended deterrence 
commitments to our allies remain strong and credible,” the Biden administration announced one 
year ago.1 The role that nuclear weapons play in international security might have changed since 
the end of the Cold War, but the need to maintain and replenish the human infrastructure grappling 
with a plethora of nuclear challenges remains essential. Amid multiple crises including a global 
Covid-19 pandemic, climate change, nationalism, an eroding liberal order, and other existential 
risks—the nuclear shadow looms large, and the threat of nuclear war has not dissipated. Instead, in 
this contested, multipolar environment, U.S. relations with strategic competitors such as Russia and 
China are strained as all three powers engage in nuclear modernization efforts and expansion. Risky 
arms racing across a range of platforms, domains, and nascent technologies may prove inevitable as 
new capabilities are fielded. Nuclear proliferation pressures, concerns, and trendlines continue to be 
worrisome, particularly from countries such as North Korea and Iran. The future of the North Atlantic 
Treaty Organization’s nuclear alliance hangs in the balance, and Ukraine remains an unfortunate 
flashpoint. The list goes on. 

But for several reasons, including a diminished emphasis on nuclear weapons post-Cold War, 
expertise on nuclear issues—particularly within younger generations—declined following the end 
of the Cold War. Cultivating the expertise that is critical to meeting the nuclear challenges of the 
future remains difficult despite efforts to rebuild this vital cadre of talent and expertise. Meeting the 
security challenges of this historic inflection point and the future will require a sustained long-term 
effort by a multidisciplinary force of nuclear experts who are equipped with critical knowledge, skills, 
and a robust professional network. It will also require new, creative, and diverse thinking on how to 
approach various political, military, legal, ethical, and technical challenges in the United States and 
around the world. 

Recognizing this challenge, the Center for Strategic and International Studies (CSIS) launched the 
Project on Nuclear Issues (PONI) in 2003 to develop the next generation of policy, technical, and 
operational nuclear professionals by fostering, sustaining, and convening a networked community 
of emerging experts to meet the nuclear challenges of the future. PONI seeks to revitalize and 

1 The White House, Interim National Security Strategic Guidance (Washington, DC: White House, March 2021), https://www.
whitehouse.gov/wp-content/uploads/2021/03/NSC-1v2.pdf. 

https://www.whitehouse.gov/wp-content/uploads/2021/03/NSC-1v2.pdf
https://www.whitehouse.gov/wp-content/uploads/2021/03/NSC-1v2.pdf
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strengthen the community of nuclear experts whose training and background increasingly 
emphasize multidisciplinary expertise, especially among young generations. PONI runs two 
signature programs—the Nuclear Scholars Initiative and the Annual Conference Series—to engage 
emerging nuclear experts in thoughtful and informed debate over how to best address the nuclear 
community’s most pressing problems. The papers included in this volume comprise research from 
participants in the 2021 Nuclear Scholars Initiative. PONI sponsors this research to provide a forum 
for facilitating new and innovative thinking and providing a platform for emerging thought leaders 
across the nuclear enterprise. The papers in this volume span a wide range of policy and technical 
issues, further discussion in their respective areas, and provide innovative recommendations for 
pressing challenges. To that end, these papers explore such topics as the impacts of emerging 
technologies and capabilities; nuclear strategy and national policies; proposing paths forward for 
addressing proliferation, regional, and extended deterrence challenges; and enhancing arms control 
in contentious environments.
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Lessons Learned from 
Arms Control with Russia
By April Arnold1

INTRODUCTION
Over the past 20 years, the Cold War arms control regime between the West and Russia has begun to 
crumble. With recurring accusations of noncompliance, shapeshifting in order to avoid basic agreement 
requirements, and unilateral withdrawals from legally binding treaties, many have begun to question 
if arms control between the two sides holds any value in today’s security environment.2 Additionally, as 
nearly every arms control treaty between the West and Russia has collapsed without sufficient formal 
follow-on arrangements, the question of whether arms control is dead has also surfaced.3  

Simultaneously, there has been a shift in the relationship between the North Atlantic Treaty 
Organization (NATO) and Russia. In a July 2018 report by the European Leadership Network, its Task 
Force for Cooperation in Greater Europe wrote: 

Every single principle underpinning the mutual relationship [between Russia and NATO] has 
been violated. Trust has completely broken down. Members of this Task Force themselves 
hold strongly differing positions about who is to blame. For many, responsibility lies squarely 
with Russia and is linked with its aggression against Ukraine. Others point, for example, to 
NATO’s enlargement eastwards as the primary source of instability.4 

While it is unclear who is primarily responsible for the deteriorating relationship, this paper explores 
how the decline in each arms control treaty has signaled the decline of the relationship between the 

1 April Arnold is a senior adviser at Culmen International. This paper reflects her personal views and does not represent the 
views of Culmen or an official position of the U.S. government.

2 Eugene Rumer, “A Farewell to Arms . . . Control,” Carnegie Endowment for International Peace, April 17, 2018, https://carne-
gieendowment.org/2018/04/17/farewell-to-arms-.-.-.-control-pub-76088.

3 Linton F. Brooks, “The End of Arms Control?,” Daedalus (Spring 2020): 84–100, https://www.amacad.org/publication/end-
arms-control.

4 Task Force on Cooperation in Greater Europe, Towards a NATO-Russia Basic Understanding (London: European Leadership 
Network, 2018), https://www.europeanleadershipnetwork.org/policy-intervention/towards-a-nato-russia-basic-under-
standing/.

https://carnegieendowment.org/2018/04/17/farewell-to-arms-.-.-.-control-pub-76088
https://carnegieendowment.org/2018/04/17/farewell-to-arms-.-.-.-control-pub-76088
https://www.amacad.org/publication/end-arms-control
https://www.amacad.org/publication/end-arms-control
https://www.europeanleadershipnetwork.org/policy-intervention/towards-a-nato-russia-basic-understanding/
https://www.europeanleadershipnetwork.org/policy-intervention/towards-a-nato-russia-basic-understanding/
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West and Russia over the years. In their book Strategy and Arms Control, Thomas Schelling and Morton 
Halperin wrote, “There is no reason to suppose that an arms agreement would by itself introduce a 
wholly new era of international tranquility.”5 On the flip side, one could argue that the collapse of 
an agreement would not escalate international tensions on its own. Schelling and Halperin further 
describe how it is safe to assume that arms control agreements are by default a part of a larger universe 
of military diplomacy just as susceptible to dispute, deception, and abrogation as any other political 
commitment. In short, the collapse of an arms control agreement is a symptom of a larger problem. 

The state of each agreement also provides insight into the possibility of nuclear exchange between 
the United States and NATO on one side and Russia on the other. As Paula DeSutter, former U.S. 
assistant secretary of state for verification, compliance, and implementation, states in her testimony 
to the U.S. House Armed Services Committee on the Intermediate-Range Nuclear Forces (INF) 
Treaty withdrawal in 2019, “When you have a pattern of violations, it’s a warning that deterrence 
writ large may be failing.”6 The implications of the decline of arms control between the West and 
Russia also signals the increasing possibility for nuclear war. Since many conventional arms control 
agreements were intended to stave off nuclear war, this paper reviews both nuclear and conventional 
agreements, as both types provide insight into the relationship between the two sides.7 Starting with 
the Anti-Ballistic Missile (ABM) Treaty in 2001 to the most recent withdrawals from the Open Skies 
Treaty, each agreement has provided intimations of the current state of the relationship between 
Russia and either the United States or NATO, with possible indications of what the future may hold.   

SURVEY OF MAJOR AGREEMENTS
THE ANTI-BALLISTIC MISSILE TREATY
The first treaty to dissolve in the post-Cold War era was the ABM Treaty, a bilateral agreement 
between the United States and Russia signed on May 26, 1972. The treaty sought to “limit anti-
ballistic missile systems” and “not to deploy ABM systems for a defense of the territory of its country 
and not to provide a base for such a defense, and not to deploy ABM systems for defense of an 
individual region.”8 Based on the assumption of mutual deterrence, the ABM Treaty was incorporated 
into U.S. and Russian policy by limiting each nation’s ability to defend itself against strategic nuclear 
weapons. Furthermore, according to Article XV, the treaty was supposed to last into perpetuity 
unless one party “decides that extraordinary events related to the subject matter of this Treaty have 
jeopardized its supreme interests.”9 

The first sign of U.S. interest in sidestepping the treaty to strengthen its national defense was during 
the Reagan administration under the rollout of its Strategic Defense Initiative in the 1980s. As 
detailed in American Treaty Behavior by Antonia Chayes, the Reagan administration sought to create 
a robust U.S. missile defense system that would render nuclear weapons obsolete.10 To circumvent 

5 Thomas C. Schelling and Morton H. Halperin, Strategy and Arms Control (New York: The Twentieth Century Fund, 1961), 128.
6 “INF Withdrawal and the Future of Arms Control: Implications for the United States and Its Allies,” YouTube video, 

posted by U.S. House Armed Services Committee, February 26, 2019, 3:34:08, https://www.youtube.com/watch?v=jlJXRs-
jBsVo&list=WL&index=8. 

7 Lawrence Freedman, “Arms Control: Thirty Years On,” Daedalus 120, no. 1 (1991): 69–82, https://www.jstor.org/sta-
ble/20025357.

8 “The Anti-Ballistic Missile Treaty. Signed at Moscow on 26 May, 1972,” United Nations, United Nations Treaty Series, 
no.13446, https://treaties.un.org/doc/Publication/UNTS/Volume%20944/volume-944-I-13446-English.pdf.

9 Ibid., Article XV.
10 Antonia Chayes, “How American Treaty Behavior Threatens National Security,” International Security 33, no. 1 (2008): 

45–81, https://www.jstor.org/stable/40207101. 

https://www.youtube.com/watch?v=jlJXRsjBsVo&list=WL&index=8
https://www.youtube.com/watch?v=jlJXRsjBsVo&list=WL&index=8
https://www.jstor.org/stable/20025357
https://www.jstor.org/stable/20025357
https://treaties.un.org/doc/Publication/UNTS/Volume%20944/volume-944-I-13446-English.pdf
https://www.jstor.org/stable/40207101


the United States’ obligation to the treaty, and much to the dismay of Democrats in Congress at the 
time, the administration sought to reinterpret the treaty’s definitions of the physical specifications of 
the weapons systems and time parameters in order to develop the systems that the administration 
wanted. In the 1990s, Republican congressmen would continue Reagan’s legacy of supporting missile 
defense through its “Contract with America” and the subsequent Rumsfeld Commission.  

The official death knell for the ABM Treaty came on December 13, 2001. After the September 11 
attacks, President George W. Bush announced the U.S. withdrawal from the ABM Treaty, citing 
the United States’ need to protect its people from “future terrorist attacks or rogue-state missile 
attacks.”11 Six months later, on June 13, 2002, the United States had formally withdrawn from the 
treaty. While both Russia and the United States acknowledged that the dissolution of the ABM Treaty 
did not undermine their relationship, one Arms Control Today article noted that:

In the [Financial Times] interview, Putin said Russia had been ready to modify the treaty 
but that the United States had limited the discussions to ways “to jointly leave this treaty.” 
Although Rumsfeld said that the United States made a “number of proposals,” he admitted 
December 13 that “the better part of the year” had been spent trying to find a “mutual basis 
on which we could withdraw together.”

Earlier in 2001, Putin and other top Russian officials warned that a unilateral U.S. withdrawal 
from the ABM Treaty could lead to the demise of more than 30 other security and 
disarmament agreements, but Russia has not yet made withdrawal announcements from any 
other treaties.12

Putin continues in the 2001 Financial Times interview to note how Russia felt the U.S. argument 
seemed unconvincing and that he felt resigned to the United States’ decision to withdraw. In a 2002 
interview for PBS, Newt Gingrich voiced Republican dissatisfaction with the ABM Treaty by noting 
that the agreement was made with the Soviet Union, a country that no longer exists.13 When pressed 
about how withdrawal from the ABM Treaty would set off a chain reaction of the “unraveling of other 
arms control agreements,” Gingrich replied:

At what point do you say, I would rather risk my defense with scientists and engineers 
than with lawyers and diplomats? I’d like to know that if somebody who’s truly crazy fires a 
missile, we can stop the missile, as opposed to we can sue them in the World Court after they 
kill a million people. I just think that there’s a belief in paper that doesn’t make any sense in 
the real world.

Reflecting 20 years later, the United States’ withdrawal from the ABM Treaty does not seem to be a 
standalone event of U.S. unilateral decisionmaking, even within arms control agreements. While the 
Strategic Offensive Reduction Treaty has been considered a success, the negotiations and final limits 
detailed in Article I of the treaty once again reflect U.S. unilateral decisionmaking.14 Originally, Russia 

11 “U.S. Withdrawal From the ABM Treaty: President Bush’s Remarks and U.S. Diplomatic Notes,” Arms Control Association, De-
cember 13, 2001, https://www.armscontrol.org/act/2002-01/us-withdrawal-abm-treaty-president-bush%E2%80%99s-re-
marks-us-diplomatic-notes. 

12 Wade Boese, “Bush Announces U.S. Intent To Withdraw From ABM Treaty,” Arms Control Association, Arms Control Today 32, 
no. 1 (2002): 27–29, https://www.armscontrol.org/act/2002-01/press-releases/bush-announces-us-intent-withdraw-abm-
treaty. 

13 “Interview with Newt Gingrich,” Frontline, October 10, 2002, https://www.pbs.org/wgbh/pages/frontline/shows/missile/
interviews/gingrich.html.

14 Amy F. Woolf, Nuclear Arms Control: The Strategic Offensive Reductions Treaty, CRS Report No. RL 31448 (Washington, DC: 
Congressional Research Service), 27, https://sgp.fas.org/crs/nuke/RL31448.pdf.

April Arnold  |  5

https://www.armscontrol.org/act/2002-01/us-withdrawal-abm-treaty-president-bush%E2%80%99s-remarks-us-diplomatic-notes
https://www.armscontrol.org/act/2002-01/us-withdrawal-abm-treaty-president-bush%E2%80%99s-remarks-us-diplomatic-notes
https://www.armscontrol.org/act/2002-01/press-releases/bush-announces-us-intent-withdraw-abm-treaty
https://www.armscontrol.org/act/2002-01/press-releases/bush-announces-us-intent-withdraw-abm-treaty
https://www.pbs.org/wgbh/pages/frontline/shows/missile/interviews/gingrich.html
https://www.pbs.org/wgbh/pages/frontline/shows/missile/interviews/gingrich.html
https://sgp.fas.org/crs/nuke/RL31448.pdf
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sought for a formal treaty that instituted a limitation of 1,500 nuclear weapons for each country, but 
in November 2001, President George W. Bush announced to the press that the U.S. would reduce to a 
level “between 1,700 and 2,200.”15 When pressed about when the public can expect to get finalized 
papers that substantiate his claims, President Bush dismissed the need for extensive negotiations 
and a formal agreement because the U.S.-Russia relationship is based on “trust and cooperation.”16

Separately, Chayes’s article on U.S. treaty behavior further details a pattern of U.S. unilateralism or 
“selective multilateralism,” arguing that the United States has exploited its position in the world by 
leveraging its constitutional laws to circumvent treaty obligations and ignoring advice and concerns 
from the international community.17 For example, she notes that two years later, against the wishes 
of many countries, including Russia, the United States would decide to invade Iraq. This perceived 
unilateral decisionmaking would take shape in more ways than just issues related to the wars in Iraq 
and Afghanistan. Even though her article does not focus on just arms control agreements, she details 
what she argues is the hypocrisy of U.S. treaty compliance in several sectors.

Many touted the ABM treaty as the linchpin for strategic arms control, and reflecting on subsequent 
treaty violations and withdrawals, Putin was right that the undoing of the ABM Treaty would set in 
place the undoing of multiple other arms control agreements. Whether or not this was simply a self-
fulfilling prophecy is not clear, but the fact remains that the ABM Treaty would be the first among 
many treaties to dissolve.

THE CONVENTIONAL ARMED FORCES IN EUROPE TREATY
Another treaty that has demonstrated the increasing tensions between the West and Russia is the 
Conventional Armed Forces in Europe (CFE) Treaty. Born out of the Mutual and Balanced Force 
Reduction negotiations held between 1973 and 1989, the CFE Treaty is considered a cornerstone of 
European security. Entering into force on July 17, 1992, the purpose of the CFE Treaty was to establish 
parity between the West and Russia’s conventional forces.18 As Florinda Artese notes in her 2021 
article for Finabel, “the main goal of the CFE was to control the possession and location of weapons 
to avoid a potential nuclear response to unexpected attacks.”19 It is in the Senate debate for the 
ratification of the CFE Treaty that one can find the seeds of its own demise. While Republican senator 
Peter Domenici supported the ratification of the treaty, he caveated his support with a warning on 
the treaty’s limitations. In addressing ethnic strife in Yugoslavia, he stated:

This CFE Treaty, like the once-famous Washington Naval Treaty of 1922, addresses yesterday’s 
problems. Just as that treaty could not anticipate the aircraft carriers that dominated the 
Second World War, this CFE treaty does not address the use of conventional forces—much 
less nuclear forces—within nation states that are breaking apart. Ethnic strife, more than 
anything else, is today’s security threat to Europe and, less directly, to the United States.20

15 Office of the Press Secretary, “President Announces Reduction in Nuclear Arsenal,” George W. Bush White House, November 
13, 2001, https://georgewbush-whitehouse.archives.gov/news/releases/2001/11/20011113-3.html.

16 Ibid.
17 Chayes, How American Treaty Behavior Threatens National Security, 47.
18 Bureau of Arms Control, “Conventional Armed Forces in Europe (CFE) Treaty,” U.S. Department of State, June 18, 2002, 

https://2001-2009.state.gov/t/ac/rls/fs/11243.htm.
19 Florinda Artese, The Crisis of Conventional Arms Control in Europe and Emerging Technologies: The Need for an Urgent 

Revision (Brussels: FINABEL, 2021), https://finabel.org/wp-content/uploads/2021/03/14.-The-crisis-of-conventional-arms-
control-in-europe-and-emerging-technologies-web-1.pdf.

20 Senate Debate on the Conventional Forces in Europe Treaty Implementation Act of 1991, 102nd Cong., 1st sess., Congressional 
Record, https://fas.org/nuke/control/cfe/congress/22n.htm.

https://georgewbush-whitehouse.archives.gov/news/releases/2001/11/20011113-3.html
http://state.gov/t/ac/rls/fs/11243.htm
https://finabel.org/wp-content/uploads/2021/03/14.-The-crisis-of-conventional-arms-control-in-europe-and-emerging-technologies-web-1.pdf
https://finabel.org/wp-content/uploads/2021/03/14.-The-crisis-of-conventional-arms-control-in-europe-and-emerging-technologies-web-1.pdf
https://fas.org/nuke/control/cfe/congress/22n.htm


Whether or not Senator Domenici realized the scope of this issue at the time, he was forecasting 
both the changing geopolitics of Central Europe as well as the changing nature of conventional 
warfare and how both issues would impact the effectiveness of the treaty. Within five years, both 
factors would significantly impact the ability to implement the CFE Treaty. As countries from the 
Warsaw Pact joined NATO, the CFE Treaty’s regional parameters and limitations became obsolete. At 
the 1999 Istanbul Summit of the Organization for Security and Cooperation in Europe (OSCE), parties 
to the treaty sought to ratify an Adapted CFE (ACFE) to accommodate the regional changes.21

One of the conditions NATO placed on Russia to sign the ACFE was that Russia had to withdraw 
its troops from Georgia and Moldova, which it had agreed to do at the initial stages of the adapted 
treaty negotiations. As NATO members continued to refuse to ratify until Russia complied with the 
troop withdrawal demands, Russia ultimately suspended implementation of the treaty in 2007 and de 
facto withdrew from the agreement in 2015 when it withdrew from the Joint Consultative Group.

Since Russia’s informal departure from the CFE Treaty, it has annexed Crimea, sought to integrate its 
military forces and presence with Belarus, and begun a military buildup at its border with Ukraine. As it 
stands now, it is unlikely that Russia will rejoin any iteration of the CFE Treaty. From Russia’s perspective, 
the NATO enlargement since the treaty’s inception has been a security threat to the country.22  

Given the previously stated importance of the CFE Treaty to European security, it is also important to 
consider what a formal dissolution could mean for the security environment in Europe, especially if 
there is no other formal arrangement in place that addresses the CFE’s original intent of managing 
miscalculation and escalation. If the treaty dissolves without a solid successor arrangement, 
ambiguity increases, as does the likelihood for an unconstrained military buildup leading to 
inadvertent escalation. And while some could argue that Russia’s de facto withdrawal has already 
increased ambiguity and the potential for escalation in places such as Ukraine, a suspension in 
implementation from the rest of Europe at such a delicate time could trigger actions from either 
side and further destabilize the region. For example, on September 27, 2021, Reuters reported that 
“The Kremlin warned on Monday that any expansion of NATO military infrastructure in Ukraine would 
cross one of President Vladimir Putin’s ‘redlines,’ and Belarus said it had agreed to take action with 
Moscow to counter growing NATO activity.”23 While it was not clarified what the consequences of 
crossing this redline would be, it could entail an escalation of the conflict in Ukraine from a local war 
to a regional war, which increases the possibility of Russian deployment of a nuclear weapon.24

This issue is exacerbated by the potential for inadvertent escalation from dual-capable weapons 
systems on either side, leading to ambiguity as to whether a nuclear weapon has been deployed. 
Additionally, Russia may interpret European suspension of the CFE treaty as NATO military support 
for Ukraine and act on its 2014 military doctrine, which states the following (in translation):

The Russian Federation reserves the right to use nuclear weapons in response to the use of 
nuclear and other types of weapons of mass destruction against it and/or its allies, as well 

21 “Treaty on Conventional Armed Forces in Europe (CFE),” James Martin Center for Nonproliferation Studies, https://www.nti.
org/learn/treaties-and-regimes/treaty-conventional-armed-forces-europe-cfe/.

22 Vladimir Putin, “Speech and the Following Discussion at the Munich Conference on Security Policy,” President of Russia, 
February 10, 2007, http://en.kremlin.ru/events/president/transcripts/24034.

23 “Kremlin Says NATO Expansion in Ukraine Is a ‘red Line’ for Putin,” Reuters, September 27, 2021, https://www.reuters.com/
world/kremlin-says-nato-expansion-ukraine-crosses-red-line-putin-2021-09-27/.

24 Michael Kofman and Anya Loukinova Fink, “Escalation Management and Nuclear Employment in Russian Military Strat-
egy,” War on the Rocks, June 23, 2020, http://warontherocks.com/2020/06/escalation-management-and-nuclear-employ-
ment-in-russian-military-strategy/.
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as in the event of aggression against the Russian Federation with the use of conventional 
weapons when the very existence of the state is threatened.25

According to Russian arms control expert Andrey Zagorski, “In the event of a crisis, the worst-case 
scenario thinking on both sides may trigger the logic of inadvertent escalation.”26 It is unlikely that 
Russia would ignore the dissolution or even a suspension of the implementation of the CFE by 
the rest of the signatories because subsequent European military activity could impact Russia and 
Russian interests. Given the original intent and purpose of the CFE Treaty, the dissolution of this 
treaty by NATO could signal a breach in a significant escalation threshold toward nuclear war in the 
minds of Russia. 

VIENNA DOCUMENT
Adopted in 1990 and based on the 1975 Helsinki Final Act, the Vienna Document serves as a 
politically binding supplemental agreement to the CFE Treaty between the OSCE and Russia. The 
most recent version, the Vienna Document 2011 (VDoc 2011) “is composed of politically binding 
confidence and security-building measures (CSBMs) designed to increase openness and transparency 
concerning military activities conducted inside the OSCE.”27 The purpose of the agreement is to 
“make progress in strengthening confidence and security and in achieving disarmament.”28 Through 
this agreement, OSCE participating states conduct data exchanges and submit defense planning 
documents and military exercise planning data to the Forum for Security Cooperation as a means 
of transparency about each nation’s military practices. Given the intrusive aspects of the agreement, 
Russia has sought to circumvent some of VDoc’s provisions over the years, including reporting on 
military exercises.29 This would serve as yet another signal that Russia was no longer interested in 
maintaining trust and confidence in its national security priorities with other countries. The signal 
was most recently realized in Ukraine.30

The value of VDoc’s ability to manage crisis was most pronounced in 2014 during Russia’s annexation 
of Crimea. Exercising the provision of “unusual military activities” in accordance with Chapter III of 
VDoc 2011, OSCE members sent inspectors to both Ukraine and Russia to conduct various inspection 
and verification activities to monitor the crisis. Fred Tanner, in his article “Arms Control in Times of 
Crisis,” states that between March 2014 and March 2015, 31 VDoc verification activities involving 
26 countries were conducted in either Russia or Ukraine, leading to an almost continuous foreign 
presence in the region during the conflict.31 In short, VDoc allowed OSCE members to publicly 
maintain visibility and situational awareness during Russia’s annexation of Crimea. 

25 Cynthia Roberts, “Revelations about Russia’s Nuclear Deterrence Policy,” War on the Rocks, June 19, 2020, https://waronth-
erocks.com/2020/06/revelations-about-russias-nuclear-deterrence-policy/.

26 Rachel Ellehuus and Andrei Zagorski, “Key Challenges in U.S.-Russian Relations: Are Collaborative Approaches Possible?,” 
Russian International Affairs Council, March 27, 2019, https://russiancouncil.ru/en/activity/publications/key-challeng-
es-in-u-s-russian-relations-are-collaborative-approaches-possible/.

27 “Overview of Vienna Document 2011,” U.S. Department of State, https://2009-2017.state.gov/t/avc/cca/c43837.htm.
28 “Vienna Document 1990,” Federation Of American Scientists, November 17, 1990,  https://nuke.fas.org/control/osce/text/

VIENN90E.htm
29 Olivier Schmitt, “Chapter 14: The Vienna Document and the Russian Challenge to the European Security Architecture,” in 

Military Exercises: Political Messaging and Strategic Impact, Forum Paper 26 (Brussels: NATO, 2018), https://www.ndc.nato.
int/news/news.php?icode=1157.

30 “Foreign Ministry Comment on Russia’s Non-Compliance with Vienna Document 2011 on Confidence- and Security-Build-
ing Measures,” Ministry of Foreign Affairs of Ukraine, April 12, 2021, https://mfa.gov.ua/en/news/foreign-ministry-state-
ment-russias-non-compliance-vienna-document-2011-confidence-and-security-building-measures.

31 Fred Tanner, “Arms Control in Times of Crisis,” in Reintroducing Disarmament and Cooperative Security to the Toolbox of 21st 
Century Leaders, eds. Dan Plesch, Kevin Miletic, and Tariq Rauf (Stockholm: Stockholm International Peace Research Insti-
tute, 2017), https://www.jstor.org/stable/resrep24520.10. 
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But exercising VDoc 2011’s provisions to observe and stimy Russia’s occupation of Crimea was not 
without its limitations. First, as a CSBM, VDoc can only monitor and signal military buildups. There are 
no preventative measures other than the awareness the information provides to its OSCE members. 
Second, as with other conventional agreements, much of the language can be circumvented or 
reinterpreted to avoid inspection. Russia has capitalized on this opportunity to avoid inspections 
of its annual military exercises by crafting them as multiple simultaneous smaller “snap” exercises 
rather than one larger exercise that would require OSCE observation.

Since 2012, Russia has continuously displayed waning interest in adhering to its VDoc commitments 
and has rejected modernization efforts mandated by the agreement.32 With no authority for the OSCE 
to penalize violations, the agreement continues to deteriorate as time passes. With Russia’s military 
activities in Ukraine and their accusations toward the West of NATO encroachment, OSCE members 
have reached an impasse in VDoc’s modernization.33 While most members continue to abide by the 
agreement’s measures in peacetime, VDoc struggles to address current disputes that could further 
escalate. In 2008, the U.S. ambassador to Russia, Bill Burns, stated, “Ukrainian entry into NATO is the 
brightest of all redlines for the Russian elite (not just Putin).”34 For Ukraine, the on-the-ground clarity 
from VDoc measures could help further inform NATO support and avoid any possible escalation into 
regional war between NATO and Russia. Without it, ambiguity once again becomes another serious 
matter of concern.

THE INTERMEDIATE-RANGE NUCLEAR FORCES TREATY
On June 1, 1988, the Intermediate-Range Nuclear Forces (INF) Treaty entered into force as the first 
arms control agreement to establish nuclear weapons’ reductions, not just limitations.35 The treaty 
was largely considered a success until 2014 when the United States reported to Congress on Russia’s 
violation of the treaty provision to “not possess, produce, or flight-test a ground-launched cruise 
missile (GLCM) with a range capability of 500 km to 5,500 km, or to possess or produce launchers 
of such missiles.”36 With warning signs as early as 2008, the INF Treaty would be the first nuclear 
treaty to be violated, signaling an escalation in tensions between the United States and Russia to 
the extent that would impact the nuclear relationship.37 In their 2019 article on the INF Treaty, Justin 
Anderson and Amy Nelson provide the following synopsis on Russia’s motivation:

Moscow watched this slow but steady growth of shorter range and intermediate-range 
missiles in a number of Eurasian states with growing concern. If sometimes halting in their 
progress, the overall advancement of these missile programs led the Kremlin to question 
whether the INF Treaty was still in Russia’s best interest. In 2005 Russian foreign minister 

32 Ulrich Kühn, “Conventional Arms Control 2.0,” Journal of Slavic Military Studies 26, no. 2 (June 6, 2013): 189–202, doi:10.108
0/13518046.2013.779859.

33 Schmitt, “Chapter 14: The Vienna Document.”
34 Jim Goldgeier, “U.S.-Russian Relations Will Only Get Worse: Even Good Diplomacy Can’t Smooth a Clash of Interests,” 

Foreign Affairs, April 6, 2021, https://www.foreignaffairs.com/articles/russia-fsu/2021-04-06/us-russian-relations-will-on-
ly-get-worse#.

35 “INF Treaty: Treaty between the United States of America and the Union of Soviet Socialist Republics on the Elimination 
of Their Intermediate-Range and Shorter-Range Missiles,” James Martin Center for Nonproliferation Studies, https://www.
nti.org/learn/treaties-and-regimes/treaty-between-the-united-states-of-america-and-the-union-of-soviet-socialist-repub-
lics-on-the-elimination-of-their-intermediate-range-and-shorter-range-missiles/.

36 U.S. Department of State, Adherence to and Compliance With Arms Control, Nonproliferation, and Disarmament Agreements 
and Commitments (Washington, DC: U.S. Department of State Archive, 2014), https://2009-2017.state.gov/t/avc/rls/
rpt/2014/230047.htm. 

37 Karl-Heinz Kamp and Wolfgang Rudischhauser, “The INF Treaty as a Cornerstone of Nuclear Arms Control—Doomed to 
Fail?,” Federal Academy for Security Policy, 2017, https://www.jstor.org/stable/resrep22166.
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Sergei Ivanov spoke with U.S. officials about possibly leaving the accord. He would later 
publicly refer to the treaty as a “relic of the Cold War.”38

On August 2, 2019, the Trump administration withdrew from the INF Treaty, citing Russia’s violation 
of the treaty. It would be the INF Treaty that would signal discontent between the United States 
and Russia and that would directly impact the nuclear relationship. In Turkish Policy Quarterly, Ulrich 
Kuehn details the European implications of the demise of the INF Treaty, over which European states 
had little to no control. He states, “Europeans could be the first to see the negative impacts of the 
end of INF. If directed at Europe, the intermediate-range weapons would give the targeted states 
almost no warning time due to the extremely short flight times of around only five minutes. In the 
words of Mikhail Gorbachev, the 1980’s threat of INF weapons ‘was like holding a gun to our head.’”39

OPEN SKIES TREATY
The most recent casualty to cooling relations between the United States and Russia is the Open 
Skies Treaty (OST). Signed on March 24, 1992, and entering into force on January 1, 2002, the purpose 
of the treaty was to allow signatories to conduct overflights over other countries as a confidence-
building and transparency measure on military activities.40 While the treaty did not provide additional 
information beyond what could be easily gathered from intelligence or commercial satellites, it 
served as a good diplomatic tool to address concerns, particularly military buildups or other matters 
of ambiguity. For example, some argue that the OST was beneficial in diplomatic efforts to pressure 
Russia to cease military conflict in Donbas.41

The OST provided some benefit for monitoring the crisis in Ukraine, but the benefit was marginal 
considering previous Russian trends of denying access to other areas where there was military conflict. 
As early as 2002, Russia restricted air space over areas such as Chechnya and the Georgian regions of 
South Ossetia and Abkhazia.42 As good relations frayed between the United States and Russia, the OST 
declined in value as Russia once again sought ways to avoid accountability and transparency.  

Despite considerable domestic and international opposition, the Trump administration withdrew 
from the Open Skies Treaty on November 22, 2020, citing Russian treaty violations or “selective 
compliance.”43 Shortly after the U.S. withdrawal, Russia also announced its intent to withdraw from 
the OST.44 By the time both countries had withdrawn from the treaty, the treaty was more of a symbol 
of international cooperation and transparency than actually useful. 

While New START still has material benefit for Russia, the United States, and U.S. allies and partners, 
the Biden administration’s decision to stick with the OST withdrawal could signal how it plans to 

38 Justin V. Anderson and Amy J. Nelson, “The INF Treaty: A Spectacular, Inflexible, Time-Bound Success,” Strategic Studies 
Quarterly 13, no. 2 (2019): 90–122, https://www.airuniversity.af.edu/Portals/10/SSQ/documents/Volume-13_Issue-2/An-
derson.pdf.

39 Ulrich Kühn, “Uncharted Waters: Europe and the End of Nuclear Arms Control,” Turkish Policy Quarterly, September 4, 2020, 
http://turkishpolicy.com/article/1020/uncharted-waters-europe-and-the-end-of-nuclear-arms-control.

40 Tanner, “Arms Control in Times of Crisis,” 28.
41 Steven Pifer, “The Looming US Withdrawal from the Open Skies Treaty,” Brookings Institution, November 19, 2020, https://

www.brookings.edu/blog/order-from-chaos/2020/11/19/the-looming-us-withdrawal-from-the-open-skies-treaty/.
42 U.S. Department of State, Adherence to and Compliance With Arms Control, Nonproliferation, and Disarmament Agreements 

and Commitments (Washington, DC: U.S. Department of State Archive, 2013), https://2009-2017.state.gov/t/avc/rls/
rpt/2013/211884.htm#part3openskies1.

43 Amy F. Woolf, “The Open Skies Treaty: Background and Issues,” Congressional Research Service, June 7, 2021, https://sgp.
fas.org/crs/nuke/IN10502.pdf.

44 Vladimir Isachenkov, “Putin Confirms Russian Exit from Open Skies Treaty,” Defense News, June 7, 2021, https://www.
defensenews.com/air/2021/06/07/putin-confirms-russian-exit-from-open-skies-treaty/.
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pursue relations with Russia. In forecasting the Biden administration’s approach in the context of 
Obama’s reset policy, Alexander Vindman writes, “Biden seems to recognize that common interests 
and shared values are necessary for durable bilateral relations—and that the United States shares 
neither with Russia.”45 In short, there will be no reset policy. Considering the current state of the 
U.S.-Russia relationship, the Biden administration will likely need to fundamentally rethink its 
approach to arms control with Russia, not simply salvage treaties that interest neither Russia nor 
U.S. Republicans.

MOVING FORWARD
One of the benefits of Cold War arms control was the introduction of verification measures. These 
measures allowed the United States, NATO members, and Russia to minimize ambiguity to avoid any 
potential for nuclear war. Since the end of the Cold War, however, the threat has changed, and the 
agreements no longer address the new threat environment. While the primary focus between the 
West and Russia will be to reestablish a baseline of trust, there are a few ways that arms control 
agreements in the future could be improved to address today’s needs. Thankfully, strategic arms 
control between both sides is still holding by way of New START. But based on the life cycle of the 
aforementioned treaties, arms control agreements are timebound arrangements that need to be 
updated when the security environment or geopolitical environment changes. Allowing agreements 
to continue to govern a relationship without being modernized to address a new environment results 
in compliance issues that many of the agreements face today. Below are some considerations for 
crafting future arms control agreements, particularly with Russia.

CONVENTIONAL WARFARE
The changing nature of conventional conflict—not just in technology but in how war is waged—is 
an important factor to consider when pursuing future conventional arms control. The international 
community has seen a slight shift to transfers and proliferation of small arms and light weapons 
(SALW) for subregional conflicts, instead of nations amassing large arsenals of artillery and combat 
vehicles for larger wars. In The Crisis of Conventional Arms Control in Europe and Emerging Technologies, 
Florinda Artese writes:

This renewed attention on conventional weapons, particularly on SALW, reflects the overall 
increase in internal and regional conflicts, where these weapons are mainly used. The shift 
in the conduct of the conflict has made these weapons more widespread than tanks or 
aircraft, as these weapons are cheap to acquire. Besides, they are also easy to handle. They 
are used by different actors, not only by the states but increasingly in organised criminal 
activities, terrorist groups, armed political militants and could also be used by children. The 
SALW diffusion blurred the difference between civilians and soldiers’ involvement on the 
battlefield, thus fuelling instability.46 

This shift in how war is waged impacts how policymakers should approach arms control agreements 
with larger countries such as Russia because part of the shift in conventional warfare includes 
outfitting separatist groups. New arms control arrangements may need to further factor in state-
backed insurgencies. For example, policymakers should rethink how to identify military aggression 
earlier than a military buildup to prevent such issues as Russia’s annexation of portions of Georgia 

45 Dominic Cruz Bustillos and Alexander Vindman, “It Is Time to Stop Looking for a Reset With Russia,” Lawfare, April 19, 
2021, https://www.lawfareblog.com/it-time-stop-looking-reset-russia.

46 Artese, The Crisis of Conventional Arms Control in Europe and Emerging Technologies, 7.
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and Ukraine. Additionally, while dual-capable systems are certainly a problem, experts should 
conduct a thorough postmortem on the INF Treaty and ABM Treaty to determine how to improve 
agreements that center on technology, with special consideration for the rate of innovation in war.

Both emerging technology and the shift to SALW demonstrate the need for a revised approach to 
conventional arms control and how it is employed to meet the aims of today’s security environment. 
The previous conventional arms control regime catered to the needs and nuclear doctrines of the 
Cold War and simply will not suffice for today’s conventional warfare environment.

RENEWED IMPORTANCE OF CONVENTIONAL ARMS CONTROL
In The Control of the Arms Race, Hedley Bull wrote, “The chief object of arms control in the field of 
conventional warfare is to diminish the likelihood of nuclear war.”47 For the Cold War, the intent 
of conventional arms control was less about conventional limitations and more about lessening 
the likelihood of nuclear war by controlling the escalatory elements of war. As conventional war 
changes with the onset of artificial intelligence, cyber, and space capabilities, it is important to 
revisit whether this is still the case. Experts need to determine whether future conventional arms 
control agreements should be built on concerns of escalation to nuclear war or if some agreements 
should be more siloed into strictly conventional and asymmetrical issues. For example, experts 
should determine if creating agreements based purely on technology restraints runs too high a risk 
of becoming obsolete. Also, experts should reevaluate core national interests related to conventional 
warfare and align agreements with larger strategic goals and not just negotiate weapons limitations 
under the umbrella concern of nuclear war. As Lawrence Freedman argues in his 1991 article “Arms 
Control: Thirty Years On,” part of improving on future conventional arms control, namely for the West, 
is to further develop its own doctrine either decoupled from or explicitly tethered to nuclear arms 
control doctrine.48  

COLLABORATIVE ACTION OR MUTUAL RESTRAINT
In Strategy and Arms Control, Schelling and Halperin detail the difference in value between arms 
control arrangements established on collaborative action or mutual restraint. Many of the Cold 
War agreements were established on mutual restraint to either curb the potential for escalation 
to nuclear war or to ensure mutual deterrence. With the onset of emerging technology and the 
changing nature of warfare, policymakers should decide if the bulk of their efforts will be to pursue 
agreements established on mutual restraint or collaborative action. The question they will need to 
ask themselves is whether pursuing arrangements built on mutual restraint is even feasible in today’s 
divisive domestic environment—mainly the U.S. requirement for Senate ratification. 

One example of a program that has evolved to continue to meet the security challenges of today is 
the Cooperative Threat Reduction (CTR) program. As a model of collaborative action, the CTR program 
has expanded both regionally and in scope from its original goal of removing weapons of mass 
destruction from the former states of the Soviet Union. Another example of collaborative action is 
the Antarctic Treaty. The treaty incorporates military restraints into a larger collaborative agreement 
to protect the region environmentally. Finally, Rose Gottemoeller, a former deputy secretary general 
of NATO, encourages a more collaborative approach to expanding on the initial intent of the OST.49 

47 Freedman, “Arms Control: Thirty Years On.”
48 Ibid.
49 Rose Gottemoeller and Diana Marvin, “Reimagining the Open Skies Treaty: Cooperative Aerial Monitoring,” Bulletin of the 

Atomic Scientists, June 15, 2021, https://thebulletin.org/2021/06/reimagining-the-open-skies-treaty-cooperative-aeri-
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https://thebulletin.org/2021/06/reimagining-the-open-skies-treaty-cooperative-aerial-monitoring/
https://thebulletin.org/2021/06/reimagining-the-open-skies-treaty-cooperative-aerial-monitoring/


For example, she writes in her article “Reimagining the Open Skies Treaty” that part of the peril of 
the OST was its dependence on traditional national security interests and defense funding. She 
then details how a reimagined OST could foster international scientific collaboration on climate 
change and garner support from other industries. Even though mutual restraint will still need to be 
incorporated into U.S. arms control, perhaps the new generation of agreements has a better chance of 
surviving if founded on collaborative action.

PENALTIES AND FORFEITURES
Despite the flaws of many of the agreements, Cold War arms control gave birth to rigorous 
verification regimes that are still useful today, but as the VDoc inspections during the crisis in Crimea 
revealed, verification is only as useful as the authority to act on it. Newer arms control agreements 
should consider how to incentivize compliance after entry into force. Typically, arms control 
agreements are intended to address disconnects in the national interests of two conflicting states, 
but previous agreements provided little incentive to bridge any dissension between nations. While 
trust still needs to be the bedrock of arms control, future agreements need to establish measures to 
disincentivize violations through penalties or forfeitures. One example is the Joint Comprehensive 
Plan of Action agreement and its snapback sanctions provision. Parties to future agreements could 
seek to negotiate consequences of treaty noncompliance, such as nullifying certain provisions or 
affording a party the option of nonmilitary corrective action toward the noncompliant state. Not 
having provisions for penalties and forfeitures has positioned state parties into establishing redlines 
that typically equate to military action, whereas incorporating these provisions may provide the 
initial steps in punishing noncompliance before devolving into military action.

SUNSET CLAUSES
Given the dynamic nature of warfare, it is foolish to try and make arms control a static diplomatic 
tool. Both should evolve at an equal rate. One of the issues with many of the Cold War treaties is that 
their value significantly diminished following the collapse of the Soviet Union and the integration of 
Warsaw Pact countries into NATO. The 1922 Washington Naval Treaty succumbed to a similar fate.  

If policymakers want to use arms control negotiations, norms, and agreements as diplomatic tools 
specifically to stave off military aggression, they should start by recognizing the current limitations. 
If a treaty has run its course and is no longer useful in a new security environment, peaceful and 
consensus-based withdrawal needs to be a viable option—perhaps one based on Senate approval. 
Otherwise, the U.S. arms control architecture will continue to undergo the same painful life cycles 
of ratification to collapse under the pressures of war each time. In short, experts need to determine 
how to better incorporate sunset clauses that either accommodate the potential for new security 
environments or simply come to an end when the mission of the treaty is completed.

CONCLUSION
As the relationship between the West and Russia has deteriorated over the past few years, arms 
control has come under significant scrutiny and has borne the burden of larger issues within the 
relationship between the two sides. As experts have criticized the value of arms control agreements, 
they imply that there is more power in these agreements than perhaps there really is to facilitate 
cooperation. Yet, as each agreement began to dissolve, U.S. experts and policymakers did not weigh 
the implications for the broader relationship with Russia. For it to remain an effective tool, experts 
need to acknowledge the limitations of previous treaties while also honing the good aspects of arms 
control to make the next iteration of agreements more durable. Agreements should not be seen as 
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sacrosanct vows when several parties are unnecessarily constrained by an agreement’s provisions, 
but the agreements should reflect the current state of its signatories’ relationships and provide a 
diplomatic vehicle to maintain communication during difficult times. Arms control should be seen as 
an evolutionary diplomatic process that helps maintain good international relationships.
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Gamma Spectroscopy 
Detector Candidates 
and Radioisotope 
Identification Algorithms 
for Use in National 
Security Applications
By Marlene Bencomo1

ABSTRACT
In 2006, the U.S. Congress mandated for the Department of Homeland Security (DHS) to screen all cargo 
containers to protect against terrorist acts and ensure the safety and security of the nation.2 Containers 
are screened by gamma and neutron detectors to ensure threat material is not smuggled into the country. 
However, because commerce is radioactive, detecting the presence of radioactive materials is not sufficient 
in ensuring the safety and security of the nation. Radioactive materials must also be identified in real-time, 
thus distinguishing threat sources (e.g., uranium-235 and plutonium-230) from non-threat sources (e.g., 
kitty litter, potash, medical isotopes). 

1 Marlene Bencomo is a nuclear engineer at Sandia National Laboratories. The views expressed in this paper are those of 
the author and do not reflect the views of Sandia National Laboratories, the U.S. Department of Energy or the U.S. govern-
ment.

2 U.S. Customs and Border Protection, Report Update to Congress on Integrated Scanning System Pilot (Security and Account-
ability for Every Port Act of 2006, Section 232(c)) (Washington, DC: U.S. Customs and Border Protection, 2008), https://www.
commerce.senate.gov/services/files/F01FB5A5-9332-423E-936E-8D71D256008A. 

https://www.commerce.senate.gov/services/files/F01FB5A5-9332-423E-936E-8D71D256008A
https://www.commerce.senate.gov/services/files/F01FB5A5-9332-423E-936E-8D71D256008A
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Screening cargo containers can be considered a two-step process: (1) alerting to the presence of 
radioactive material when gamma counts exceed a threshold setting and (2) once alerted, identifying 
the type of radioactive material, which is done by collecting a gamma spectra and analyzing it with 
an analysis tool/algorithm. For this reason, it is important to evaluate not only emerging technology 
in neutron and gamma detection but also investigate new advances in algorithm development for 
radioisotope identification (RIID). 

New candidates in detection and onboard algorithm analysis might offer opportunities to make the 
scanning, detection, and identification process more efficient while still ensuring the health and safety of 
the public. This research will investigate emerging technology in radiation detection focused on gamma 
spectroscopy capabilities and RIID algorithms for DHS applications. 

INTRODUCTION
Every day, thousands of cargo containers are inspected in ports all around the United States to 
prevent the smuggling of drugs, explosives, chemicals, and biological or radiological weapons.3 
According to the International Atomic Energy Agency (IAEA), “there were near to 190 incidents [within 
the 140 participating states] involving nuclear and other radioactive material being out of regulatory 
control, including some cases of trafficking and other criminal activities.”4 Thus, avoiding the potential 
of having material smuggled into the United States is vital for national security. To mitigate the risk 
of trafficked nuclear material threats, several programs have been proposed and some have been 
implemented, from deploying radiation detectors on high-traffic roads, highways, and stoplights to 
the use of radiation detectors to scan cargo at shipping ports.5 Radiation detectors and radioisotope 
identification algorithms are vital in ensuring illicit radioactive material is not only detected but 
also identified. This research will investigate advances in radiation detection and radioisotope 
identification algorithms for use in DHS-related applications. 

RADIOACTIVE MATERIALS: THREAT AND NON-THREAT SOURCES
About 12 million shipping containers enter U.S. ports a year.6 For this reason, detection and 
identification of radioactive materials are vital for protecting the health and safety of the Americans 
against a potential terrorist attack. However, the task of detecting and identifying radioactive 
materials is difficult because most radioactive commerce is composed of benign/non-threat sources. 
Radioactive materials used in the medical field, industry, or that are naturally occurring radioactive 
material (NORM) can trigger a radiation alarm even though they are not considered threat sources. 
Examples of common materials that contain NORM include cat litter, fertilizer, and mineral sand. 
Once a radiation alarm is triggered, regardless of the type of source, the cargo requires inspection 
and further evaluation to identify the radiation source that produced the alarm, taking up valuable 
resources and time in non-threat.7 

3 “Ship Cargo Containers – Finding Out What’s In Them Before There’s Trouble,” Department of Homeland Security, March 1, 
2012, https://www.dhs.gov/science-and-technology/Finding-Out-what-is-In-Ship-Cargo-Containers-Before-There-is-Trou-
ble. 

4 “IAEA Database Shows Continued Incidents of Trafficking and Loss of Control of Nuclear and Other Radioactive Material,” 
International Atomic Energy Agency, Press Release, February 13, 2020, https://www.iaea.org/newscenter/pressreleases/
iaea-database-shows-continued-incidents-of-trafficking-and-loss-of-control-of-nuclear-and-other-radioactive-material. 

5 Edward Cazalas, “Defending Cities Against Nuclear Terrorism: Analysis of A Radiation Detector Network for Ground Based 
Traffic,” Homeland Security Affairs 14, no. 10 (December 2018), https://www.hsaj.org/articles/14715. 

6 Congressional Budget Office, Scanning and Imaging Shipping Containers Overseas: Costs and Alternatives (Washing-
ton, DC: Congressional Budget Office, 2016), https://www.cbo.gov/sites/default/files/114th-congress-2015-2016/re-
ports/51478-Shipping-Containers-OneCol.pdf.

7 World Nuclear Association, Natually-Ocurring Radioactive Materials (NORM) (London: World Nuclear Association, 2020).

https://www.dhs.gov/science-and-technology/Finding-Out-what-is-In-Ship-Cargo-Containers-Before-There-is-Trouble
https://www.dhs.gov/science-and-technology/Finding-Out-what-is-In-Ship-Cargo-Containers-Before-There-is-Trouble
https://www.iaea.org/newscenter/pressreleases/iaea-database-shows-continued-incidents-of-trafficking-and-loss-of-control-of-nuclear-and-other-radioactive-material
https://www.iaea.org/newscenter/pressreleases/iaea-database-shows-continued-incidents-of-trafficking-and-loss-of-control-of-nuclear-and-other-radioactive-material
https://www.hsaj.org/articles/14715
https://www.cbo.gov/sites/default/files/114th-congress-2015-2016/reports/51478-Shipping-Containers-OneCol.pdf
https://www.cbo.gov/sites/default/files/114th-congress-2015-2016/reports/51478-Shipping-Containers-OneCol.pdf


Because commerce is radioactive, it is important to be able not only to detect radioactive material 
but also be able to identify its isotopic composition to differentiate between threat and non-threat 
sources. Illicit radioactive materials are those used to develop a radiological dispersal device, also 
known as a “dirty bomb,” as well as a nuclear explosive device.8 In the case of a nuclear device, special 
nuclear material (SNM) such as plutonium-239 and uranium-235 is of interest. In either case, a 
radiological attack would have great psychological, health, and economic impacts.  

RADIATION ASSESSMENTS
A nuclear security detection architecture and infrastructure is vital in ensuring the prevention of 
terrorist acts related to nuclear material. Detecting the presence of radioactive sources is insufficient 
to meet safety and security needs—identification of the source is vital. Given that most detectors are 
only able to scan cargo at relatively far distances and are affected by shielding, detection is focused 
on ionizing radiation specific to gamma rays and neutrons. Alpha and beta particles, which are other 
forms of ionizing radiation, are not capable of traveling long distances and can be shielded easily.9 
There are important steps between detection of a radioactive source and identification of that source. 
Those steps are outlined in Figure 1. 

Figure 1: Steps Involved in Detecting and Identifying a Radioactive Source
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nondestructive radiation measurement/scan is required to be conducted after the first alert. 
 
The second radiation measurement will involve the use of a Radioisotope Identification Device, a 
handheld radiation detector that can not only detect a radioactive source but can also identify it. 
The built-in algorithm will determine the identity of the radioactive source by collecting and 
analyzing a gamma spectrum, which is a nondestructive data collection method that studies the 
energy spectrum produced by a gamma ray (gamma energies are discrete and can be considered a 
fingerprint for the radiation source).10 The identification of the radiation source is the final step of 

 
9 “What Are the Different Types of Radiation?,” United States Nuclear Regulatory Commission, March 19, 2020, 
https://www.nrc.gov/reading-rm/basic-ref/students/science-101/what-are-different-types-of-radiation.html.  
10 Jack L. Parker, “Instrumentation for Gamma-Ray Spectroscopy,” in Passive Nondestructive Assay of Nuclear 
Materials, eds. Doug  Reilly,  Norbert  Ensslin,  and Hastings Smith,  Jr. (Washington, DC: U.S. Government 
 

Source: IAEA Nuclear Security Series, Nuclear Security Systems and Measures for the Detection of Nuclear and Other 
Radioactive Material out of Regulatory Control. Implementing Guide (Austria: IAEA, 2013), https://www-pub.iaea.org/MTCD/
Publications/PDF/Pub1613_web.pdf.

Detectors will be deployed with on-board algorithms that will detect an increase in neutron or 
gamma counts based on preestablished thresholds. When a radioactive source is detected inside a 
cargo container and exceeds threshold counts, an instrument alarm will be triggered, and an alert 
will notify the inspection officer that further inspection of the cargo container is required. The 
inspection officer will collect information concerning the alert as well as gather information from 
other sources, which can include the Export Customs Declaration, detailing the types of goods within 

8 National Academies and the U.S Department of Homeland Security, Radiological Attack Dirt Bombs and Other Devices 
(Washington, DC: National Academy of Sciences, 2004), https://www.dhs.gov/sites/default/files/publications/prep_radio-
logical_fact_sheet.pdf. 

9 “What Are the Different Types of Radiation?,” United States Nuclear Regulatory Commission, March 19, 2020, https://www.
nrc.gov/reading-rm/basic-ref/students/science-101/what-are-different-types-of-radiation.html. 

Marlene Bencomo  |  17

https://www-pub.iaea.org/MTCD/Publications/PDF/Pub1613_web.pdf
https://www-pub.iaea.org/MTCD/Publications/PDF/Pub1613_web.pdf
https://www.dhs.gov/sites/default/files/publications/prep_radiological_fact_sheet.pdf
https://www.dhs.gov/sites/default/files/publications/prep_radiological_fact_sheet.pdf
https://www.nrc.gov/reading-rm/basic-ref/students/science-101/what-are-different-types-of-radiation.html
https://www.nrc.gov/reading-rm/basic-ref/students/science-101/what-are-different-types-of-radiation.html


18  |  On the Horizon: A Collection of Papers from the Next Generation of Nuclear Professionals

the cargo container. Regardless of what other information is available, a secondary nondestructive 
radiation measurement/scan is required to be conducted after the first alert.

The second radiation measurement will involve the use of a Radioisotope Identification Device, a 
handheld radiation detector that can not only detect a radioactive source but can also identify it. The 
built-in algorithm will determine the identity of the radioactive source by collecting and analyzing a 
gamma spectrum, which is a nondestructive data collection method that studies the energy spectrum 
produced by a gamma ray (gamma energies are discrete and can be considered a fingerprint for the 
radiation source).10 The identification of the radiation source is the final step of the inspection process, 
ultimately providing an assessment of the radiation source that produced the instrument alarm. 

Establishing a strong national detection strategy and associated science and technical infrastructure 
is exceptionally important when establishing the detection architecture to identify threat sources 
that may vary in sophistication, from “unsophisticated and opportunistic isolated attacks” to a “highly 
sophisticated and determined campaign.”11 Therefore, having a radiation detector that can detect 
the presence of radioactive material only solves half of the problem—just as crucial is the use of a 
reliable identification algorithm that can correctly identify the source that is detected. An incorrect 
assessment of a radiation source can have lasting negative economic and national security impacts.

GAMMA DETECTION
While there are various types of radiation detectors, this work will focus on the use of scintillator 
detectors specific to their use in gamma spectroscopy. Scintillator detectors rely on the use of 
materials that can convert radiation to near-visible/visible light.12 The scintillation medium is 
then paired with a photodiode or photomultiplier tube. Once light is produced in the scintillation 
medium, the light is converted into an electrical signal or photoelectrons when interacting with 
the photocathode. 12 In the case of inorganic scintillators, the size of the pulse being measured is 
proportional to the energy of the radiation particle that interacted with the scintillating medium and 
can be binned into an energy spectrum that can then be analyzed to identify the radiation source. 
Figure 2 shows the gamma spectra of a uranium-235, uranium-238, and cesium-137 source using a 
cesium iodide scintillator. 

10 Jack L. Parker, “Instrumentation for Gamma-Ray Spectroscopy,” in Passive Nondestructive Assay of Nuclear Materials, eds. 
Doug  Reilly,  Norbert  Ensslin,  and Hastings Smith,  Jr. (Washington, DC: U.S. Government Printing Office, 1991), https://
www.lanl.gov/org/ddste/aldgs/sst-training/_assets/docs/PANDA/Instrumentation%20for%20Gamma-Ray%20Spectrosco-
py%20Ch.%204%20p.%2065-94.pdf. 

11 IAEA Nuclear Security Series, Nuclear Security Systems and Measures for the Detection of Nuclear and Other Radioactive 
Material out of Regulatory Control. Implementing Guide (Vienna, Austria: IAEA, 2013), https://www-pub.iaea.org/MTCD/Publi-
cations/PDF/Pub1613_web.pdf. 

12 “2009 Research Fundamentals,” Stanford University Scintillator Materials Group, https://web.stanford.edu/group/scintilla-
tors/scintillators.html. 
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Figure 2: Gamma Spectra of Uranium-235, Uranium-238, and Cesium-137
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in Figure 2. Cesium-137, on the other hand, is a source that is commonly used in industry. The spectral 
signature for each radioactive source is very different and covers various ranges in the energy space, 
which allows an analyst or algorithm to study the various peaks to identify the radiation source. It is 
important to note that any material between the radioactive source and detector, which is referred 
to as shielding, will reduce the radiation signature. This includes material that has been purposely 
placed by someone trying to smuggle radioactive material for malicious intention or material that is 
part of the transportation packaging or the cargo container walls. Other factors that will impact the 
radiation signal will be described in later sections.

There are several parameters used to characterize a scintillator detector such as energy resolution, 
light yield, emission wavelengths, and decay time. Energy resolution is a parameter used to 
characterize the scintillator’s material peak width in a gamma spectrum. This parameter relates to the 
“ability of a material to discriminate between two radiations of slightly different energies.”13 A smaller 
energy resolution value is ideal and is an indication that peaks within the gamma spectrum can be 
differentiated. Energy resolution of the scintillating material is critical in gamma-ray spectroscopy. 
Light yield is related to the efficiency of converting ionizing radiation into light output/photons.14 
Ideal materials for scintillator detectors will have a high light output. The emission wavelength, 
which can be characterized by the maximum point in the emission spectrum, is an important 
parameter used when selecting additional electronics required to convert the light signal into an 
electrical signal. The decay time of a scintillator is defined as the “time after which the intensity 

13 IAEA Nuclear Security Series, Nuclear Security Systems and Measures for the Detection of Nuclear and Other Radioactive 
Material out of Regulatory Control.

14 “A Comparison of Different Scintillating Crystals: Light Yield, Decay Time and Energy Resolution,” Caen Educational, 
https://www.caen.it/wp-content/uploads/2017/10/SG6115.pdf.
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of the light pulse has returned to 1/e of its maximum value.” Decay time is a measure of how long 
it takes for the excited state to de-excite and give off light.15 The decay time is important “for fast 
counting and/or timing applications” and can be composed of multiple components.16

OTHER IMPORTANT FACTORS TO CONSIDER  
IN GAMMA DETECTION
Radiation detectors play a crucial role in ensuring the safety and security of the country. Important 
factors to consider that can affect the collection of data include the collection time, distance from 
the source/cargo, shielding, and detector size/geometry.17 Long collection times are ideal as there is 
a higher probability of collecting high signal-to-noise data. However, depending on the collection 
characteristics, data quality might vary, reducing the likelihood of identification of the radioactive 
source. In addition, the use of shielding (anything between the radioactive source and the detector) 
can impact the likelihood of source identification. Even when not intentionally trying to conceal a 
radiation source, shielding that is inherent in a filled cargo container will pose challenges. Shielding 
reduces the signal strength of the radioactive source and can change the spectral shape of the data 
collected, as shown in Figure 3.

Figure 3: Shielding Effects on a Cesium-137 Source Collected  
with a Cesium Iodide Scintillator Detector
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15 Caen Educational. n.d. A Comparison of Different Scintillating Crystals: Light Yield, Decay Time and Energy 
Resolution. Accessed June 28, 2021. https://www.caen.it/wp-content/uploads/2017/10/SG6115.pdf 
16 “What is the Significance of Decay Time?,” Berkeley Nucleonics Corp, 
https://www.berkeleynucleonics.com/what-significance-decay-time.  
17 International Atomic Energy Agency, Guidelines for Radioelement Mapping Using Gamma Ray Spectrometry 
Data (Vienna: International Atomic Energy Agency, 2003), https://www-
pub.iaea.org/MTCD/Publications/PDF/te_1363_web/PDF/Contents.pdf.  

Source: Figure created by author.

Shielding, intentional or not, can reduce the signal strength of the radiation source as well as 
eliminate features within the spectra, which makes identification difficult. In Figure 3, lower energy 

15 Caen Educational. n.d. A Comparison of Different Scintillating Crystals: Light Yield, Decay Time and Energy Resolution. Ac-
cessed June 28, 2021. https://www.caen.it/wp-content/uploads/2017/10/SG6115.pdf

16 “What is the Significance of Decay Time?,” Berkeley Nucleonics Corp, https://www.berkeleynucleonics.com/what-signifi-
cance-decay-time. 

17 International Atomic Energy Agency, Guidelines for Radioelement Mapping Using Gamma Ray Spectrometry Data (Vienna: In-
ternational Atomic Energy Agency, 2003), https://www-pub.iaea.org/MTCD/Publications/PDF/te_1363_web/PDF/Contents.
pdf. 
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features were completely removed as shielding was added to a source of the same strength as the 
bare case. Elimination of features can impact the likelihood of identification. Another important 
factor to consider is the masking of a radioactive source. Masking refers to the use of other common 
and benign sources of high strength to reduce the signature of a weaker (by comparison) threat 
source. The spectral data collected would hide the presence of the threat source and only reveal 
the presence of the benign source. DHS and the Domestic Nuclear Detection Office (DNDO) put in 
place requirements to meet for various masking scenarios. Common radioactive sources evaluated 
for masking uranium and plutonium include common medical (galium-67, technetium-99m, and 
iodine-131) and industrial sources (cesium-137, iridium-192, and cobalt-60).18 

NEUTRON DETECTION
The second type of radiation detector employed by DHS is neutron detectors. While neutron detectors 
were alone not investigated in this paper, it does cover inorganic scintillators with the capability of 
gamma and fast/thermal neutron detection. 

Neutrons have mass but no electrical charge and therefore cannot be directly detected. Neutron 
detectors rely on secondary reactions where the incident neutron interacts with the detecting 
medium to produce secondary particles (e.g., protons, alphas, and tritium).19 The secondary particles 
are then detected and collected in the form of an electrical pulse. The pulse output is proportional 
to the energy deposited by the neutron. While neutron detection alone cannot identify the radiation 
source that triggered a radiation alarm, knowing neutrons are present in a radiation source offers 
a wealth of information, as not all non-threat sources will have neutrons but threat sources such 
as plutonium-239 and uranium-235 will. Common commercial sources composed of neutrons can 
include oil well counters and reactor start-up sources. 

DETECTION CANDIDATES
New advances in detection mediums might offer greater sensibility to radioactive sources, thus 
potentially reducing the scanning time if sensitivity is drastically increased. Most current radiation 
portal monitors used in passive gamma and neutron radiation detection for DHS applications 
are composed of large plastic scintillators.20 Plastic scintillators have been widely used in DHS 
applications because they tend to be more durable, have high optical transmission, are low cost, 
can be built into large sizes, and are easier to manufacture.21 However, they tend to have some 
disadvantages pertaining to light yield and low detection efficiency for high-energy gamma 
particles.22 In terms of plastic scintillators, while they are sensitive to gamma particles, their 
resolution tends to be poor and does not provide spectral information useful for identification. 
Instead, they do provide confirmation of a radioactive source, though the identity of the source would 
need to be evaluated by other materials that allow for gamma spectroscopy. 

18 Domestic Nuclear Detection Office, Technical Capability Standard for Handheld Instruments Used for the Detection and Iden-
tification of Radionuclides (Washington, DC: Department of Homeland Security, 2011), https://www.dhs.gov/sites/default/
files/publications/dndo-tcs-for%20handheld.pdf.

19 “Neutron Detection and Counting,” Mirion Technologies, https://www.mirion.com/learning-center/nuclear-measure-
ment-fundamental-principles/nuclear-measurement-fundamental-principle-neutron-detection-and-counting. 

20 Dennis Weier, “DHS Radiation Portal Monitor Project at PNNL,” Pacific Northwest National Laboratory, November 18, 2008, 
http://dimacs.rutgers.edu/archive/Workshops/PortSecurity/Slides/Weier2.pdf.

21 Cheol Ho Lee et al., “Characteristics of Plastic Scintillators Fabricated by a Polymerization Reaction,” Nuclear Engineering 
and Technology 49, no. 3 (2017): 592–597, doi:10.1016/j.net.2016.10.001. 

22 “A Comparison of Different Scintillating Crystals: Light Yield, Decay Time and Energy Resolution,” Caen Educational, 
https://www.caen.it/wp-content/uploads/2017/10/SG6115.pdf.
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New emerging technology in gamma detection might not currently be mature enough to replace 
well-established gamma spectroscopy-capable scintillator materials such as sodium iodide (NaI), 
cesium iodide (CsI), or lanthanum bromide (LaBr3). However, if new candidates can be produced in 
large-enough sizes while having superior properties to well-established scintillators, they might offer 
higher detection probabilities. Properties evaluated in this effort include light yield (photons/amount 
of light produced per energy deposited), energy resolution (parameter to study width of peaks in 
energy spectrum), decay time (parameter used to evaluate time required for emission to fall below 
1/e), and emission wavelengths (parameter used to pair scintillator material with photomultiplier 
tube/electronics). 

Previously mentioned materials such as NaI, CsI, and LaBr3 are well-established scintillator materials 
used in various DHS applications. In terms of gamma spectroscopy DHS applications, some of these 
candidates outperform each other and are well established in these applications. Table 1 lists the 
light yield and energy resolution properties for these well-established scintillators. Note that while 
a high light output is ideal, a small energy resolution value is preferred, as peaks are easier to 
differentiate within the energy spectrum. 

Table 1: Well-established Scintillator Materials

MATERIAL ENERGY RESOLUTION 
(% at 661 KeV unless noted)

LIGHT OUTPUT 
(ph/MeV)

NaI:Tl 6.0-8.0 43,000 - 45,000

CsI:Na 6.0-8.0 ~43,000

CsI:Tl ~6.0 ~56,000

LaBr3:Ce ~2.0-3.0 ~61,000

Source: Stephen Derenzo et al., “Scintillator Properties,” Lawrence Berkeley National Laboratory, http://scintillator.lbl.gov; 
and K.A. Pradeep Kumar et al., “Advances in gamma radiation detection systems for emergency radiation monitoring,” 
Nuclear Engineering and Technology 52, no. 10 (October 2020): 2151–61, doi:10.1016/j.net.2020.03.014.

New scintillators outside of the traditional NaI, CsI, and LaBr3 have been developed. Among these new 
candidates, Ln3(Al,Ga)5O12, in addition to some combinations stemming from it such as Y3(Al,Ga)5O12, 
Gd3(Al,Ga)5O12, and Ln3(Al,Ga)5O12, have shown promise with the Gd, Al, Ga combinations being 
produced with light output of 60,000 photons/MeV. Thus far, light yield of the reported compound 
exceeds that of NaI:Tl, which is commonly reported between 43,000 and 45,000 ph/MeV.23 In addition, 
when activated with cerium (Ce), these new scintillators have shown good timing performance; 
however, this material is relatively new.24 

New halides have also been developed that have shown promise based on research performance. 
These halides include BaBrI, Ba2CsI5, and SrI2.25 Literature reports for Ba2CsI5:Eu2+ show good energy 
resolution (below 4 percent) as well as good light yield ~97,000 photons/MeV. SrI2 also has superior 
light output: literature reports 120,000 photons/MeV and an energy resolution of 3.7 percent.16 

23 E. D. Bourret-Courchesne et al., “Eu2+-doped Ba2CsI5, a new high-performance scintillator,” Nuclear Instruments and Meth-
ods in Physics Research (2009): 138–142, doi:10.1016/j.nima.2009.10.146.

24 C. Dujardin et al. “Needs, Trends, and Advances in Inorganic Scintillators,” IEEE Transactions On Nuclear Science 65, no. 8 
(2018): 1977, doi:10.1109/TNS.2018.2840160.

25 International Atomic Energy Agency, Guidelines for Radioelement Mapping Using Gamma Ray Spectrometry Data, (Vienna: In-
ternational Atomic Energy Agency, 2003), https://www-pub.iaea.org/MTCD/Publications/PDF/te_1363_web/PDF/Contents.
pdf.

http://scintillator.lbl.gov
http://j.net
https://www-pub.iaea.org/MTCD/Publications/PDF/te_1363_web/PDF/Contents.pdf
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BaBrI:Eu2+ has also shown promising results, with an energy resolution below 6.0 percent and high 
light yield (~81,000 photons/MeV) and only two decay compounds.26 Both light yield and energy 
resolution exceed NaI:Tl (whose energy resolution ~8 percent).16

New research on TlSr2I5 doped with Eu2+ has also shown promise. This type of halide doped with 
Eu2+ has shown promise in dual-mode detection properties (neutron and gamma) as well as great 
energy resolution (2.8 percent). The Tl-based scintillator has also shown improvements in gamma 
efficiency. In addition, the light yield is relatively high, with 72,000 photons/MeV.27 There is some 
concern with Tl’s toxicity, so health and safety issues could be a concern during the growing process 
and mass production.

Another promising material is Mn-doped methylammonium lead chloride (MAPbCl3) crystals. 
Traditionally, this material has been researched for photovoltaic applications, but there has been an 
interest in gamma detecting applications. This material has a light output of 7,000 photons/MeV.28 

Cerium Bromide (CeBr3) is another promising scintillator. This scintillator has the same key 
advantages as LaBr3, including a high light yield, high density, and high response. However, this 
material has a very low intrinsic background, unlike LaBr3. The intrinsic background of cerium 
bromide is 20 times less than LaBr3, increasing its sensitivity. This material has a light yield of 60,000 
ph/MeV and an energy resolution of 3.8 percent. This material is available commercially, but there 
are limitations on the crystal size; however, this can be expected to change with time.29 

Finally, dual neutron and gamma discrimination has been an interest in the community. While 
polyvinyltoluene (PVT) based plastic scintillators that are currently used in DHS applications can 
discriminate between gammas and fast neutrons, newer inorganic scintillators offer the ability to 
discriminate fast from thermal neutrons in addition to providing a gamma spectrum that can be used 
to identify the radiation source. Some of these dual gamma/neutron (fast and thermal) detecting 
materials have been around for several years—regardless, they are worth mentioning.  Cs2LiYCl6:Ce 
(CLYC), Cs2LiLaBr6:Ce (CLLB), CLLC (Cs2LiLaCl6), Cs2LiLa(Br,Cl)6 (CLLBC), and NaIL (NaI:Tl often doped 
with Li) are just some of the candidates that have been promoted in dual detection applications and 
have been able to be commercially manufactured. While in commercial stages, these scintillators are 
more expensive than the current technology used by DHS. NaIL is the most cost-effective scintillator 
from this group. NaIL has a light yield of 35,000 photons/MeV and an energy resolution ranging from 
6.5 to 8.0 percent with one decay component.30 CLLB, on the other hand, has an energy resolution of 
less than 4.0 percent and a light output of 40,000 photons/MeV with two decay components.31 CLYC 
is another neutron/gamma scintillator. Its energy resolution ranges from 4.5 to 5.0 percent and has a 
light output of 20,000 photons/MeV.32 CLLB and CLLBC are two other candidates for dual detection. 

26 E. D. Bourret-Courchesne et al., “BaBrI:Eu2+, a new bright scintillator,” Nuclear Instruments and Methods in Physics Research 
A 613, no. 1, (Jan. 2010): 95–97, https://www.osti.gov/servlets/purl/983199. 

27 Lakshmi Soundara Pandian et al., “TlSr2I5:Eu2+- A new high density scintillator for gamma-ray detection,” Nuclear Instru-
ments and MEthods in Physics Research (2021), doi:10.1016/j.nima.2020.164876. 

28 Naoki Kawano et al., “Scintillation properties of Mn-doped methylammonium lead chloride crystals,” Journal of Material 
Science 32 (September 2020), doi:10.1007/s10854-020-04480-7.

29 “CeBr3-Cerium Bromide Scintillator Crystal,” UK Tech, https://www.saint-gobain.co.jp/system/files/files/documents/
NaIL-Material-Data-Sheet%20%282%29.pdf.

30 “NAI(Tl+Li) Neutron-Gamma Scintillator,” Saint-Gobain, 2019, https://www.crystals.saint-gobain.com/radiation-detec-
tion-scintillators/crystal-scintillators/cllb

31 “CLLB,” Saint Gobain, 2018, https://www.crystals.saint-gobain.com/sites/imdf.crystals.com/files/documents/cllb-materi-
al-data-sheet.pdf. 

32 “CLYC:Ce,” Berkeley Nucleonics Corp, https://www.berkeleynucleonics.com/clycce. 
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CLLBC has a light yield of ~42,000 photons/MeV and an energy resolution of about 3.0 percent. CLLC 
materials show light yields of 35,000 ph/MeV with a light yield of 3.4 percent.33 Of course, what 
makes these scintillators so interesting is the ability to discriminate between neutron and gamma 
particles, in addition to discriminating fast from thermal neutrons. However, the technology itself can 
be expensive and will require a redesign of current detection systems for post-processing data. Table 
2 provides a summary of all the scintillator materials previously discussed for comparison.

Table 2: Summary of Discussed Materials

MATERIAL

ENERGY 
RESOLUTION 

(% at 661 KeV,  
unless noted)

LIGHT 
OUTPUT 

(ph/MeV)

DENSITY 
(g/cm3)

MAX 
EMISSION 

(nm)

DECAY TIME  
(ns, unless noted)

NaI:Tl ~6.0-8.0
43,000 - 
45,000

3.7 415 230

CsI:Na 6.0-8.0 ~43,000 4.5 550 1000

CsI:Tl ~6.0 ~56,000 4.5 540 1000

LaBr3:Ce ~2.0-3.0 ~61,000 5.1 360 17

Ba2CsI5:Eu2+ <3.8 97,000 4.8 435
48,383; 1500; 

9900

SrI2 3.7 120,000 4.6 560 106;511

BaBrI:Eu2+ 6.0 81,000 5.18 413
0.5µs ;3 µs;6 µs; 

10 µs

TlSr2I5:Eu2+ 2.8 72,000 5.32 460-470 500;3 µs

MAPbCl3 - 7,000 - 340 & 600
0.9, 9, and 38 

,200

CeBr3 3.8 60,000 5.1 380 18-20

CLYC 4.5-5.0 20,000 3.3 390 10,200

CLLB <4.0 40,000 4.2 390;420 55;>270

CLLC 3.4 35,000 392; 419 2, 50, 450

CLLBC 3.0 4,200 4.0 350-450 115, 500, 1500

NAIL 6.5-8.0 35,000 3.7 419

Gamma: 240,1.4 
µs 

Neutron: 230,1.1 
µs

Source: Derenzo et al., “Scintillator Properties”; C. Dujardin et al., “Needs, Trends, and Advances in”; Kumar et al., “Advances 
in gamma radiation detection systems; Atsushi Sato et al., “Photoluminescence and scintillation characteristics of Bi-
loaded PVK-based plastic scintillators for the high counting-rate measurement of high-energy X-rays,” RSC Advances 26 
(2021): 15581–89; “NAI(Tl+Li) Neutron-Gamma Scintillator,” Saint-Gobain; “CLLB,” Saint Gobain; “CLYC:Ce,” Berkeley 
Nucleonics Corp; Glodo et al., “Selected Properties”; Richard T. Kouzes, The He-3 Supply Problem (Pacific Northwest 
National Laboratory, 2009); “CeBr3-Cerium Bromide Scintillator Crystal,” UK Tech; Bourret-Courchesne et al., “Eu2+-doped 
Ba2CsI5”; Kawano et al., "Scintillation properties”; and Pandian et al., “TlSr2I5:Eu2+.”

33 Karek Glodo et al., “Selected Properties of Cs2LiYCl6, Cs2LiLaCl6, and Cs2LiLaBr6 Scintillators,” IEEE Transactions on Nucle-
ar Science (2011): 333–338, doi:10.1109/TNS.2010.2098045.



It is important to acknowledge that transitioning to some of the candidate materials previously 
mentioned is a long way away, though some are used in DHS applications already. Transitioning 
from research to commercial production still has limitations, as some of the materials discussed 
were grown on a smaller scale. Better understanding of material/crystal growth, production cost, and 
production quality/material consistency will limit their applications.34 Nonetheless, newer scintillator 
materials offer the opportunity to replace existing materials with those that offer superior light yield, 
better energy resolution, and provide gamma spectra that can be used for source identification.

ISOTOPE IDENTIFICATION ALGORITHMS
As previously mentioned, when an inspection officer receives a radiation alert, a secondary inspection 
is required to identify the radiation source. The process can be time consuming and delays the 
scanning of other cargo containers. Nonetheless, ensuring threat sources are not misidentified as 
non-threat sources is vital for national security. 

While new radiation detecting materials offer the possibility of improving detection and 
identification probabilities by increasing the sensitivity of the detector, emerging technology might 
be years from actual deployment. Any technology that might be a candidate for replacement of 
current DHS detectors will need to be vetted, studied, and better understood. For these reasons, 
it is important to consider improvements in radioisotope identification (RIID) algorithms, as their 
implementation might be quicker and better suited for use with the current DHS technology.  
New developments in detection algorithms might enable the use of DHS detectors in missions of 
challenging environments.

There is a large variety of isotope identification algorithms available to use in this type of 
application; however, they can be divided into specific classes based on their approach and 
application. Categories include expert interactive, simple library comparisons, region of interest 
methods, template matching, and a variety of machine learning (ML) and artificial intelligence (AI) 
algorithms. Depending on the application and specific mission, algorithms can be used to tailor the 
specific needs of such applications/missions.35

Preprocessing of the gamma spectral data can include correction for efficiency that may include the 
use of a detector response function (DRF) which is developed based on a predeveloped probability 
density function for detected gamma sources/energies prior to deployment of the sensor (also known 
as spectrum unfolding). In addition, preprocessing steps can include energy calibration of the data, 
spectral smoothing, peak area, and centroid corrections as well as second derivative methods to 
locate peak locations.36

Some algorithms are stand-alone and require no user interaction, but most include some level of 
interaction by the user. Algorithms such as InterSpec (developed at Sandia National Laboratories) 
are user interactive algorithms that require a hands-on approach to data analysis. InterSpec uses a 
variety of algorithms for peak fitting, energy calibration of the data, and a detector response function 
to aid in nuclide identification and dose calculations. What makes this user-friendly algorithm 
highly interesting is the web application analysis format, as it is open source and can be used 

34 E. D. Bourret-Courchesne et al., “BaBrI:Eu2+, a new bright scintillator,” 95–97.
35 Tom Burr and Michael Hamada, “Radio-Isotope Identification Algorithms for NaI γ Spectra,” Algorithms 2, no. 1 (2009): 

339–360, doi:10.3390/a2010339. 
36 Glodo et al., “Selected Properties of Cs2LiYCl6, Cs2LiLaCl6, and Cs2LiLaBr6 Scintillators.”
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with commercial detectors.37 Other similar algorithms include PeakEasy, GammaVision, GENIE2000, 
and SODIGAM.38 However, as previously mentioned, these algorithms require a high level of user 
interaction, which will limit use in field automated post-processing applications. 

A well-established algorithm suite that has been around for many years is Gamma Detector Response 
and Analysis Software (GADRAS), developed at Sandia National Laboratories. This algorithm uses a 
DRF developed from a one-dimensional geometric model. GADRAS uses a variety of algorithms such 
as multiple “linear regression with backward variable elimination” to find the best fit from an isotope 
library.39 As previously mentioned, this algorithm requires characterization of the detector with a 
variety of radiation sources to provide the best response model possible. 

Other algorithms include the Multiple-Isotope Material Basis (MIMBS) method, which uses multiple 
regressions based on a data model. MIMBS estimates the absorber materials from a small set 
so that linear combinations of the material can be provided and estimated. The focus of this 
algorithm is on approximating the absorber/shielding combinations.40 Other algorithms make use 
of a Bayesian computation algorithm to approximate peak locations and areas for low-resolution 
detectors such as NaI.41

In the case of template matching algorithms, spectral data is compared to a predefined template 
library. In this manner, the quality of a fit from a template to the actual collected spectrum is 
qualified, and the template that is closest to the quality requirement is selected. Template matching 
algorithms tend to be common, as some can be relatively simple, comprising a small library, while 
others can be more complex. Therefore, the template library, source combinations within the library, 
and the evaluation metric used to qualify the fit are extremely important in ensuring increasing the 
algorithm’s accuracy. An example of a template matching algorithm is LibCorNID.42

More advanced algorithms involve ML and AI. Recent work in AI algorithms has shown promising 
results in the identification of multiple source combinations.43 Nonetheless, the training data used 
in any ML or AI algorithm will need to be highly vetted to ensure source combinations and detecting 
scenarios are credible and provide a wide range of possibilities based on the collection scenario. 
Perhaps the success of this type of algorithm lies in the combination of other information aside from 
the gamma spectra focusing on pattern recognition. Information such as types of cargo/shipping 
configuration, routes, how often a specific material is shipped, and other patterns of life could 
potentially aid in differentiating benign from threat sources.

It is difficult to assess algorithms used in the commercial sector because that information tends 
to be proprietary. However, regardless of the algorithm or preprocessing/analysis techniques, the 
development of the testing data set or isotope library is key to providing a state-of-the-art algorithm. 
As previously mentioned, tailoring the algorithm to the specific mission, and having as much detail 

37 “Interspec Spectrum Analysis Software,” Gamma Spectacular, 2021, https://www.gammaspectacular.com/blue/inter-
spec-software. 

38 Mateusz Monterial, Benchmarking Algorithm for RadioNuclide Identification (BARNI) Literature Review (Lawrence Livermore: 
Lawrence Livermore National Laboratory, 2019).

39 Glodo et al., “Selected Properties of Cs2LiYCl6, Cs2LiLaCl6, and Cs2LiLaBr6 Scintillators.”
40 Ibid.
41 Tom Burr et al., “Application of the Approximate Bayesian Computation Algorithm to Gamma-Ray Spectroscopy,” Algo-

rythms 13, no. 10 (2020), doi:10.3390/a13100265.
42 Glodo et al., “Selected Properties of Cs2LiYCl6, Cs2LiLaCl6, and Cs2LiLaBr6 Scintillators.”
43 Jinhwan Kim, Kyeongjin Park, and Gyuseong Cho, “Multi-radioisotope identification algorithm using an artificial neural 

network for plastic gamma spectra,” Applied Radiation and Isotopes 147 (2019): 83–90, doi:10.1016/j.apradiso.2019.01.005.
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about the detecting environment as possible, will increase the likelihood of success, as not all 
algorithms will be suitable for all environments and therefore should be deployed on a scenario basis.

CONCLUSION
Detection and identification of radiation sources are vital to ensure national security, and not 
detecting or correctly identifying a radiation source could cause great harm to national security. 
Detection and identification of radioactive sources is a two-step process composed of (1) detecting/
alerting about the presence of radioactive material and (2) identifying the radiation source. Both 
steps are vital in ensuring national security. Given the importance of identification, detecting 
mediums were evaluated focusing on materials applicable in gamma spectroscopy radioactive source 
identification. In addition, RIID algorithms were studied. 

New and emerging gamma detection mediums with identification capabilities offer the opportunity 
not only to replace well-established gamma-only detectors but could potentially replace both 
neutron and gamma detectors currently used by DHS. While there are well-established, commercially 
available dual gamma/neutron scintillator materials that allow for gamma spectroscopy, the 
technology tends to be expensive. In the case of sole gamma detection, literature reveals new 
candidates that outperform scintillator materials such as NaI and CsI in terms of energy resolution 
and light yield. However, this will need to be evaluated on a case-by-case basis and might excel in 
difficult collection environments.  

Isotope identification algorithms offer new opportunities to optimize the identification process in 
challenging collection environments. There are many types of radioisotope identification algorithms, 
and some have been well established for many years. Regardless of the type, training data sets and 
templates need to be specific to the mission and detection environment. New ML and AI algorithms 
offer opportunities to capture patterns of life that could be used to help differentiate between 
threat and non-threat sources. Information such as shielding, cargo destination and origin, shipping 
configuration, routes, and how often a specific material is shipped could be used to help train an 
algorithm and, along with the analysis of the spectral data, identify threat sources.

Detection and identification of threat sources are extremely important in ensuring the health 
and safety of the population. New detection mediums and advances in radioisotope identification 
algorithms might open the mission space for DHS, enabling detection in more difficult collection 
environments due to an increase in sensitivity, detection capabilities, and optimization of collection 
data that, in addition with the radiation signature collected, could be used to develop trends and 
patterns useful in inspection.
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A Quiet Place
Assessing SSBN Vulnerability in the Arctic Ocean 

By Nicholas Blanchette1

INTRODUCTION
How secure are secure second-strike nuclear forces? The theory of the nuclear revolution—that the 
mutual vulnerability produced by nuclear weapons caused a revolutionary shift for international 
security—rests heavily on the condition that neither side in a nuclear standoff can eliminate the other’s 
ability to retaliate after a first strike. Secure second-strike forces—nuclear delivery systems capable 
of withstanding a first strike and retaliating in devastating fashion—are thus crucial to the stabilizing 
force of mutually assured destruction. For many, secure second-strike capability has been embodied 
by nuclear ballistic missile submarines (SSBNs), whether deployed in open-ocean patrol patterns or in 
naval bastions. The historical record, however, highlights significant variation in the relative survivability 
of deterrent forces due to technological advancements in weapon accuracy and intelligence.2 

In this paper, I aim to evaluate vulnerability with respect to SSBNs. Specifically, it focuses on the 
vulnerability of Russian sea-based nuclear deterrent forces in the Barents Sea to U.S. anti-submarine 
warfare (ASW) platforms engaged in an effort to trail SSBNs. Examining undersea competition in the 
Arctic using the campaign analysis method, I this paper asks two questions.3 First, how vulnerable 
are Russian SSBNs? And second, how effectively can U.S. attack submarines (SSNs) detect and trail 
SSBNs in the Barents Sea? After considering the oceanographic characteristics of the campaign’s 
environment and the availability and capability of U.S. and Russian forces operating in the Arctic, 
this study argues that U.S. SSNs would likely struggle to effectively and covertly trail Russian SSBNs 
in the Barents Sea. Importantly, U.S. challenges do not equate to Russian advantages in ASW against 

1  Nicholas Blanchette is a PhD candidate in political science at the Massachusetts Institute of Technology.
2  Keir Lieber and Daryl Press, “The New Era of Counterforce: Technological Change and the Future of Nuclear Deterrence,” 

International Security 41, no. 4 (Spring 2017), doi:10.1162/ISEC_a_00273; and Brendan Green and Austin Long, “The MAD 
Who Wasn’t There: Soviet Reactions to the Late Cold War Nuclear Balance,” Security Studies 26, no. 4 (2017), doi:10.1080/0
9636412.2017.1331639.

3  Rachel Tecott and Andrew Halterman, “The Case for Campaign Analysis: A Method for Studying Military Operations,” Inter-
national Security 45, no. 4 (Spring 2021), doi:10.1162/isec_a_00408.
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the United States. Instead, in an environment characterized by shallow water and ever-quieter 
submarines, both sides risk playing “blind man’s bluff” in the Barents. 

This paper is organized in the following sections. First, it begins with a brief overview of strategic 
ASW during the late-Cold War. Second, it lays out scope conditions and parameters of the scenario for 
a prospective ASW campaign against Russian SSBNs in the Barents. Third, it discusses the maritime 
geography of the Arctic region, as well as implications of climate change and economic development 
in the Arctic for strategic ASW. Fourth, it evaluates contemporary strategies and orders of battle of 
both Russian and U.S. ASW forces operating in a hypothetical campaign. And fifth, the study analyzes 
the prospects of success for a North Atlantic Treaty Organization (NATO) campaign detecting and 
trailing Russian SSBNs.

THE LATE-COLD WAR UNDERSEA BALANCE:  
FROM U.S. SUPERIORITY TO NEAR-ACOUSTIC PARITY
For extended periods of the Cold War, the United States retained advantages in the undersea 
competition in the Atlantic, possessing means of tracking Soviet SSBNs on their patrols without 
experiencing the reciprocal threat. During the 1960s and 1970s, Soviet submarines patrolled open 
ocean and the U.S. coastline, areas in which the United States “possessed a clear advantage” in ASW 
capabilities.4 To get to their patrol areas, Soviet SSBNs had to travel quickly, increasing their noise 
and detectability as they passed through well-surveilled choke points in the Atlantic.5 In the open 
Atlantic Ocean, due to its favorable oceanographic properties, Soviet SSBNs on patrol were very 
vulnerable to passive acoustic detection. This was due in large part to the U.S. Sound Surveillance 
System (SOSUS), a long-range passive acoustic capability fixed to the seabed.6 To compensate for the 
wartime vulnerability of SOSUS, the United States also deployed the surveillance towed array system 
(SURTASS), an array of similar lengths towed by a specialized tugboat. Utilizing SOSUS and SURTASS 
systems together, the United States developed an ability to more accurately yield the position of 
patrolling Soviet SSBNs. 

With the development of SLBMs with sufficient range to hit the U.S. territory from the Arctic, Soviet 
submarines retreated to home waters, limiting patrols to the Arctic Ocean and its marginal seas.7 
Confining SSBN patrol areas to heavily defended “bastions” meant that Soviet SSBNs no longer had 
to pass through maritime choke points to get within striking distance of the United States.8 With 
Soviet SSBNs in the Barents, the prospect of acoustically surveilling Soviet strategic submarines 
through large fixed arrays such as SOSUS tracking these passageways reduced significantly, with 
no clear location for safely deploying the systems in the Arctic.9 Large seabed acoustic arrays 
were also most effective when targeting SSBNs operating in the deeper waters of the Atlantic 
Ocean where hydrophone arrays took advantage of deep sound channels present in Soviet patrol 
areas—natural waveguides that “transmits low-frequency machinery noises efficiently at very long 
ranges through the deep oceans.10 Without such deep sound channels in the Barents Sea, passive 

4  E.V. Miasnikov, “The Future of Russia’s Strategic Nuclear Forces: Discussions and Arguments,” Moscow Institute of Physics 
and Technology, (1995), https://spp.fas.org/eprint/snf0322.htm. 

5  Hans Kristensen, “Russian Nuclear Submarine Patrols,” Nukestrat, August 3, 2005, https://www.nukestrat.com/russia/sub-
patrols.htm.

6  Magnus Nordenman, The New Battle for the Atlantic (Annapolis, MD: Naval Institute Press, 2019), 57–-58. 
7  Owen Cote, The Third Battle (Newport, RI: NWC Press, 2003), 63–-64.
8  Tom Stefanick, Strategic Antisubmarine Warfare and Naval Strategy (Lexington, MA: Lexington Books, 1987), 36–-37.
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10  Stefanick, Strategic Antisubmarine Warfare, 38. 
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acoustic surveillance became difficult.11 The move toward a bastion defense model coupled a new 
generation of Soviet SSBNs and SSNs that proved dramatically quieter in their acoustic signatures. 
As Admiral James D. Watkins testified regarding the Victor III-class SSN, the harbinger of even quieter 
submarines, “we had misjudged the absolute sound and pressure levels of the Soviet Victor III. We 
had made an estimating error and found that they were quieter than we thought. . . . We learned that 
they are very hard to find.”12 

With the emergence of Delta and Typhoon SSBNs patrolling in the ice-covered and shallow Barents 
Sea, the range at which the United States could reliably detect Russian SSBNs through acoustic 
surveillance decreased from as high as a thousand nautical miles to as little as 1 to 20 nautical 
miles—the result of a 30-decibel (dB) drop in the intensity of the submarine’s radiated noise 
signature between Yankee and Typhoon SSBNs.13 The improved noise characteristics of late-Cold 
War Soviet SSBNs, as well as similar improvements to Victor-III and Akula-class SSNs, drastically 
closed the acoustic gap between NATO and the Soviet Union, forcing U.S. SSNs to aggressively hunt 
Soviet subs in closer proximity. With the Akula-class, the Soviets had a boat capable of frustrating 
“tactical ASW platforms using passive sonar to establish and maintain contact with it.”14 Pursuing 
forward operations against Soviet submarines, the U.S. Navy sought to divert newer Soviet SSNs from 
offensive tasks and toward defensive ASW, leveraging their dwindling acoustic advantage while they 
could in order to limit the scope of Soviet naval ambitions. Regardless of these efforts, the mood was 
bleak, as Navy Admiral Kinnard McKee argued, “Eventually, U.S. and Soviet submarine capabilities 
will converge. . . . It will be blind man’s bluff with other submarines . . . nobody will be able to find a 
submarine with anything.”15 But soon after the Soviet Union achieved near-acoustic parity, and before 
McKee’s vision could be confirmed, the Cold War ended. The U.S. Navy was “saved by the bell.”16 

SCOPE CONDITIONS
How might a similar strategic ASW campaign fare today? This paper employs the method of campaign 
analysis to evaluate a hypothetical ASW campaign in the North Atlantic in which U.S. SSNs attempt to 
locate and trail Russian SSBNs. The campaign analysis method enables scholars and practitioners to 
shed light on questions about military operations that often involve significant uncertainty through 
the careful construction of an operational scenario, a conceptual representation of the military 
operation, and the identification of variables of interest to capture possible campaign outcomes.17 The 
scenario of a notional strategic ASW campaign against Russia is utilized specifically to weigh in on 
questions regarding the current and future vulnerability of second-strike nuclear systems by assessing 
the capacity of U.S. ASW assets to hold Russian SSBNs at risk under crisis conditions. 

There are two main components of strategic ASW that require modeling: first, the location of SSBNs, 
and second, the outcome of engaging identified SSBNs. In this campaign analysis, I only consider 
the former task for two reasons. First, to reliably destroy SSBNs, you must find them in the first place 
they must first be found. SSBN detection, classification, and localization thus serve as the primary 
tasks in ASW operations. Second, focusing on efforts to trail SSBNs is more reflective of a greater 

11  Ibid., 307–-63. 
12  U.S. Senate Armed Services Committee, Hearings on the FY 1985 Defense Budget, Part 8, 3889.
13  Stefanick, Strategic Antisubmarine Warfare, 40
14  Cote, The Third Battle, 69. 
15  Quoted in Cote, The Third Battle, page 71. 
16  Ibid., 78.
17  Tecott and Halterman, “The Case for Campaign Analysis.” 



range of contingencies in which U.S. submarines would be utilized in the Arctic. In short, a trailing 
campaign in which U.S. SSNs would seek to locate and follow Russian SSBNs would be a critical 
first component of such a military effort. For a trailing campaign limited in its focus to the act of 
locating and trailing an adversary SSBN rather than executing a kinetic attack, variables of interest 
include the quietness of submarines (captured by the relative detection ranges between submarines), 
the maritime operating environment, average speed, the number of available submarines, the at-
sea rate of submarines, and length of patrol period. The most important variable for assessing the 
vulnerability of SSBNs operating in the Barents is the relative quietness of submarines. If U.S. SSNs 
can detect a target submarine at 30 nm nautical miles (nm), while and that same submarine might 
only be capable of detecting the trailing submarine at 10 nm, they would possess a clear advantage. 
Of course, other factors matter as well, contributing to the ability to locate and efficiently trail targets. 
As discussed above, variation in Arctic oceanography contributes significantly both in favor and 
against SSNs hunting in the region. Further, the total number of available ASW assets, the readiness 
of submarine crews, and the speed that they can be surged to an area also shapes ASW prospects, 
influencing search coverage and times. 

Several scope conditions and assumptions further frame this my analysis. First, this study focuses on 
undersea competition between the United States and Russia, assuming that NATO’s limited regional 
ASW assets would largely remain committed to defensive sea control operations and the governance 
of maritime choke points. Second, this study scopes out the use of NATO marine patrol aircraft (MPA). 
Although U.S., British, and Norwegian maritime patrol aircraft (MPA) assets could assist in SSBN 
detection, the concentration of Russian air denial platforms in the Kola Peninsula would threaten P-8 
aircraft in the area. Third, this paper assumes that U.S. and Russian submarines remain in a state of 
near-acoustic parity like such as at the end of the Cold War, with U.S. SSNs retaining an advantage 
for several reasons. First, Russia’s quietest submarines make up a small portion of their fleet, with the 
average SSBN thus easier to acoustically detect.18 Second, this study assumes that U.S. submarines 
are largely able to overcome the challenges of classifying Russian submarines during detection, 
leveraging experience and data from consistently monitoring Russian submarines following the 
Cold War. And third, the study assumes that the Northern Fleet is relatively limited in its ability to 
detect U.S. SSNs due to both capability, readiness, and maintenance concerns for Russian surface 
and airborne ASW assets, as well as Russia’s prioritization of submarines in recapitalization and 
modernization efforts.19 

OCEANOGRAPHY, CLIMATE CHANGE, AND ASW IN THE  
ARCTIC OPERATING ENVIRONMENT
The Arctic Ocean and its marginal seas such the Barents—the operating environment of a prospective 
campaign against Russian SSBNs—possess many unique characteristics that have historically benefited 
and challenged the submarine operations of attacking and defending forces.20 The Barents Sea can be 
divided into a northern and southern part with differing oceanography. The warm North Cape current 
keeps the southern Barents free of consolidated ice, whereas the cold Bear Island current in the north 

18  “Russia and Eurasia,” The Military Balance (IISS) 120, no. 1 (January 1, 2020): 174–-176, https://www.tandfonline.com/toc/
tmib20/120/1?nav=tocList.  

19  Office of Naval Intelligence, The Russian Navy: A Historic Transition (Suitland, Maryland: Office of Naval Intelligence, 
2015), https://nuke.fas.org/guide/russia/historic.pdf. 

20  “Arctic Oceanography and ASW Operations,” Adelphi Papers 29, no. 241 (1989), 28–-38, doi:10.1080/05679328908448905. 
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increases the extent and thickness of the icepack.21 More ice cover and thick ice presents unique 
challenges to maritime operations, confining non-icebreaking surface ships to the coastline. Diesel-
electric submarines (SSKs) face similar constraints in ice due to the need to surface for snorkeling, while 
nuclear-powered submarines are not restricted.22 ASW operations in the Arctic are further complicated 
in their ability to use passive acoustic surveillance systems effectively by ambient noise sources that 
are unique to the region.23 Much of this noise results from the volatility of Arctic weather, including high 
winds and, waves, and the volume of precipitation hitting the surface.24 Ice cracking and ice collisions 
are an additional source of noise, with the edges of the ice cap characterized by broken ice and thinner 
ice susceptible to cracking. Submarines operating at the edge of Arctic icecaps are thus difficult to 
detect given the amount of ambient noise produced in these areas.25

Beneath the surface, the Barents Sea is relatively shallow, with an average depth of 760 feet; 
consequently, convergence zones do not exist in the Barents, limiting long-range passive acoustic 
detection.26 The seabed of the Barents is also unique in its variability, switching in sediment 
composition from gravel to mud to sand. The seabed in the Barents, however, is quite smooth, 
providing “superb bottom bounce propagation and a sound-velocity profile . . . favorable to surface 
ducting” which enhances sonar conditions through less scattered reflected sound rays.27 This 
combination of shallow waters, uneven sediment, and a smooth ocean floor in the Barents makes 
low-frequency acoustic transmission unpredictable in the area, complicating the reliability and 
average range of detection for ASW assets operating in the area.28 

The Arctic Ocean varies significantly in its oceanography, presenting different opportunities and 
challenges for ASW operations than the Barents Sea. First, the Central Arctic Ocean is deeper than 
the Barents, with depths typically between 6,000 and 12,000 feet. Second, with more consistent 
and thicker ice coverage than the Barents Sea, the Arctic Ocean is extremely acoustically quiet, with 
the region less affected by ambient noise sources such as shipping or drilling.29 This combination 
of favorable bathymetry and acoustic conditions makes the Arctic Ocean a difficult place for most 
submarines to evade detection and an area in which long-range U.S. passive acoustic sensors saw 
success during the height of the Cold War.30 

Importantly, the Arctic is changing dramatically, presenting challenges for strategic ASW operations. 
Specifically, the pace of ice melt in the Arctic is staggering, with Arctic ice coverage in 2019 falling 
to 4.3 million km2 from 6.5 million km2 in 1990. Further, the proportion of the Arctic made up of 
perennial ice—the yearlong, dense ice that is the primary obstacle to Arctic navigation—is also in 
decline.31 Although the environmental consequences of a changing Arctic are legion, states have 
focused on exploitation of the region and the significant advantages afforded to Arctic first movers 
in a thawing region. When ice-free, the Northern Sea Route, a transport corridor connecting Asia and 

21  Stefanick, Strategic Antisubmarine Warfare, 329–-330. 
22  Ibid., 330. 
23  Ira Dyer, “Source Mechanisms for Arctic Ocean Ambient Noise,” in Natural Physical Sources of Underwater Sound, B.R. 

Kerman (Dordrecht, The Netherlands: Springer, 1993), doi:10.1007/978-94-011-1626-8. 
24  Stefanick, Strategic Antisubmarine Warfare, 324–-328. 
25  “Arctic Oceanography and ASW Operations,” Adelphi Papers, 29–-30; and Stefanick, Strategic Antisubmarine Warfare, 41–-

46. 
26  Cote, The Third Battle, 66; and Stefanick, Strategic Antisubmarine Warfare, 330–-347.  
27  Cote, The Third Battle, 73.
28  “Arctic Oceanography and ASW Operations,” Adelphi Papers, 31–-32.
29  Stefanick, Strategic Antisubmarine Warfare, 347–-348. 
30  “Arctic Oceanography and ASW Operations,” Adelphi Papers, 32. 
31  “Arctic Sea Ice Minimum,” NASA, https://climate.nasa.gov/vital-signs/arctic-sea-ice/.
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Europe through the Bering Strait and Kara Gate along Russia’s arctic seaboard, promises shipping 
times 10 to 15 days faster than the traditional route, saving the shipping industry billions in fuel.32 
Though projections of the rate of ice loss vary, ice-free periods along the Northern Sea Route will 
increase, bringing expanded maritime traffic.33 An additional consequence of melting ice is increased 
natural resources access.34 A 2008 assessment by the U.S. Geological Survey conservatively estimated 
that the Arctic could hold “90 billion barrels (13 percent) of the world’s remaining undiscovered 
oil reserves, and as much as 30 percent of undiscovered natural gas.35 The Russian Arctic alone is 
thought to hold 35.,700 billion trillion cubic meters of natural gas and 2.3 billion tons of untapped 
oil.36 Despite an increasingly turbulent and less lucrative oil market, Russia continues to gear the 
economic development of the Arctic toward capitalizing on energy riches.37 Increased Arctic access is 
also encouraging competition over rare- earth minerals and vast quantities of lucrative timber and 
fish stock in the Arctic.38 

These changes in the Arctic carry implications for the Arctic operating environment. With less Arctic 
ice coverage and greater rates of ice melt, far more ambient noise is produced by greater volumes of 
and prospect for colliding broken ice. Similarly, with the loss of perennial ice in the Arctic, the Arctic 
icepack is more susceptible to cracking and ridge formation in the first place.39 A traditional source 
of complicating ambient noise, greater portions of uneven and broken Arctic icepack provide difficult 
acoustic conditions for detecting submarines using passive sonar. This challenge of course cuts 
both ways, making it more difficult for U.S. SSNs and Russian ASW assets to detect one another in 
inconsistent ice coverage. Ice loss also carries consequences for ASW through the ambient noise from 
increased oil drilling, shipping traffic, and commercial fishing in the Barents.40 With more ambient 
noise, detecting submarines becomes more challenging, requiring closer proximity for detection. 
Greater commercial presence may also complicate the deployment of certain ASW capabilities, 
including mines that might otherwise be central to denying SSN access to Arctic waters.

RUSSIAN NAVAL STRATEGY, THE ROLE OF SUBMARINES,  
AND THE CURRENT NORTHERN FLEET
Russian naval strategy, operational principles, and force structure are largely unchanged from the end 
of the Cold War.41 The central objective of the Russian Navy is maintaining the operational capability 
of the sea-leg of Russia’s nuclear triad, as well as the infrastructure necessary to defend SSBNs. 

32  Nastassia Astrasheuskaya and Henry Foy, “Polar Powers: Russia’s Bid for Supremacy in the Arctic Ocean,” Financial Times, 
April 27, 2019, https://www.ft.com/content/2fa82760-5c4a-11e9-939a-341f5ada9d40.

33  Damian Carrington, “Ice-Free Arctic Summers Now Very Likely Even With Climate Action,” The Guardian, April 21, 2020, 
https://www.theguardian.com/world/2020/apr/21/ice-free-arctic-summers-now-very-likely-even-with-climate-action. 

34  Rylin Mcgee, “Mapping Russia’s Arctic Hydrocarbon Development Scheme,” The Arctic Institute, February 18, 2020, https://
www.thearcticinstitute.org/mapping-russia-arctic-hydrocarbon-development-scheme/. 

35  Jad Mouawad, “Oil Survey Says Arctic Has Riches,” New York Times, July 24, 2008, https://www.nytimes.com/2008/07/24/
business/24arctic.html. 

36  Mcgee, “Mapping Russia’s Arctic Hydrocarbon.”
37  The Barents Observer, “Moscow Outlines $231 Bln Plan for Arctic Oil Development,” Moscow Times, February 5, 2020, 
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40  Stefanick, Strategic Antisubmarine Warfare, 284.
41  Michael Kofman, “The Role of Nuclear Forces in Russian Maritime Strategy” in The Future of the Undersea Deterrent: A 
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Russian SSBNs operate in two fleets based in respective bastion defense areas: the Northern Fleet 
in the Barents Sea and the Pacific Fleet in the Sea of Okhotsk.42 Russia also prioritizes the defense 
of maritime areas of central importance, including the Barents, Baltic, and Black Seas and the Arctic 
Ocean, embracing a sea denial strategy of layered defenses to hold NATO’s standoff, carrier, and lift 
capabilities at risk.43 

The Northern Fleet has sought to reverse its post-Cold War decay, in which naval funding fell from 
23 to 9 percent of Russia’s military budget and 190 naval institutions and units were dismantled.44 
Russia’s submarine force shrunk from 180 submarines to just 42. The effects of this environment 
were disastrous for personnel, with readiness and morale (due to lack of pay and food) plummeting. 
Consequently, Russian SSBNs conducted very few deterrent patrols and were largely left vulnerable 
at port.45 Russia began recapitalizing its navy in the late-1990s, prioritizing Oscar-class SSGNs, Yasen-
class SSNs, and the Borei-class SSBN development.46 

The Northern Fleet remains Russia’s largest, most capable, and best maintained.47 Homeported on 
the Kola Peninsula in Russia’s northwest Murmansk Oblast, the Northern Fleet concentrates its 
assets and defenses in the Barents Sea with Russian SSBNs patrolling a well-defined and defended 
bastion defense area.48 The Northern Fleet operates seven SSBNs of mixed type (the Delta IV-class 
and the Borei-class submarine), with ambitious plans to modernize the entirety of the submarine 
fleet.49 A quieter submarine than its predecessor the Delta-III, the Delta-IV submarine, which was 
built between 1985 and 1992, forms the majority of the Northern Fleet’s SSBNs.50 The Borei-class 
submarine, Russia’s latest SSBN, will first complement and then fully replace Russia’s Delta- III/IV-
class submarines, forming the “core of Russia’s naval strategic nuclear forces for most of the 21st 
Century.”51 Armed with up to 16 Bulava SLBMs (with a reported range of 8,500 km) and the first 
Russian submarine to employ pump-jet propulsion, a capability that allows for greater speed and 
maneuverability given its quieting properties, the Borei-class SSBN is “considerably stealthier” than 
its larger Soviet-era predecessors.52 Russia operates three Borei-class SSBNs (one in the Northern 
Fleet), with seven slated for completion and remaining high priority to the Russian government.53 

42  Kathleen Hicks et al., Undersea Warfare in Northern Europe (Washington, DC: CSIS, 2016), 5–6I, https://www.csis.org/
analysis/undersea-warfare-northern-europe. 

43  Office of Naval Intelligence, The Russian Navy; Niklas Granholm et al., The Big Three in the Arctic: China’s, Russia’s and 
the United States’ Strategies for the New Arctic (Stockholm: Swedish Defence Research Agency, 2016), 22, https://www.
foi.se/rest-api/report/FOI-R--4296--SE; and Matthew Melino and Heather Conley, “The Ice Curtain: Russia’s Arctic Military 
Presence,” CSIS, March 26, 2020, https://www.csis.org/features/ice-curtain-russias-arctic-military-presence. 

44  Nordenman, The New Battle for the Atlantic, 78–-79.
45  Ibid., 79–-81.
46  Kofman, “The Role of Nuclear Forces,” 33. 
47  Defense Intelligence Agency, Russia Military Power: Building a Military to Support Great Power Aspirations, (Washington, 
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American Scientists, July 13, 2000, https://fas.org/nuke/guide/russia/slbm/667BDRM.htm; and Leona Alleslev, “Nato An-
ti-Submarine Warfare: Rebuilding Capability, Preparing for the Future,” (Brussels: NATO Parliamentary Assembly, October 
13, 2019), https://www.nato-pa.int/document/2019-nato-anti-submarine-warfare-rebuilding-capability-preparing-fu-
ture-alleslev-150-stc.

51  Office of Naval Intelligence, The Russian Navy, 17.
52  “Russian Submarine Capabilities,” Nuclear Threat Initiative; “Russia and Eurasia,” The Military Balance, 194; and Lee Wil-

lett, “Sub-Surface Competition in the Euro-Atlantic Area,” IFRIFrench Institute of International Relations (IFRI), October 2, 
2019, https://www.ifri.org/en/publications/editoriaux-de-lifri/sub-surface-competition-euro-atlantic-area-challenge-west-
ern. 

53  Office of Naval Intelligence, The Russian Navy, 17–18; and Defense Intelligence Agency, Russia Military Power, 66–71.

https://www.csis.org/analysis/undersea-warfare-northern-europe
https://www.csis.org/analysis/undersea-warfare-northern-europe
https://www.foi.se/rest-api/report/FOI-R--4296--SE
https://www.foi.se/rest-api/report/FOI-R--4296--SE
https://www.csis.org/features/ice-curtain-russias-arctic-military-presence
https://www.hsdl.org/?abstract&did=801968
https://fas.org/nuke/guide/russia/slbm/667BDRM.htm
https://www.nato-pa.int/document/2019-nato-anti-submarine-warfare-rebuilding-capability-preparing-future-alleslev-150-stc
https://www.nato-pa.int/document/2019-nato-anti-submarine-warfare-rebuilding-capability-preparing-future-alleslev-150-stc
https://www.ifri.org/en/publications/editoriaux-de-lifri/sub-surface-competition-euro-atlantic-area-challenge-western
https://www.ifri.org/en/publications/editoriaux-de-lifri/sub-surface-competition-euro-atlantic-area-challenge-western


The Northern Fleet also operates a number of attack submarines, including Akula-class submarines 
(several of which are undergoing life extension), Sierra-II, and Victor-III SSNs.54 The Akula-class 
is Russia’s most capable SSN, “closing the gap” with U.S. Los -Angeles- class SSNs in the 1990s.55 
Operating four SSGNs (three Oscar-II submarines and one “exceptionally quiet” Yasen-class 
submarine) equipped with anti-ship missiles, Northern Fleet SSGNs are critical to sea denial, 
threatening NATO surface vessels and land targets. Northern Fleet nuclear submarines are 
complemented by six Kilo-class SSKs. Though an effective diesel-electric submarine, the Kilo-class 
does not utilize the latest advancements in air-independent power (AIP) capabilities integrated 
into certain modern SSKs and, consequently, are restricted in their activities in the icy Barents and 
more detectable due to their need to surface. Though the Northern Fleet employs a range of surface 
combatants and MPA capabilities, the state of these forces relative to Russian submarines is quite 
poor and in need of substantial investment.56

Table 1: Notional Northern Fleet Strategic and Tactical Submarine Order of Battle

SUBMARINE CLASS SUBMARINE TYPE NUMBER IN N. FLEET
Borei SSBN 1

Delta-IV SSBN 6

Oscar-II SSGN 3

Yasen SSGN 1

Akula SSN 4-6

Sierra SSN 2

Victor-III SSN 3

Kilo SSK 6

Source: “Russian Submarine Capabilities,” Nuclear Threat Initiative; Office of Naval Intelligence, The Russian Navy, 17–18; 
and Defense Intelligence Agency, Russia Military Power, 66–71; “Russia and Eurasia,” The Military Balance.

NATO AND THE UNITED STATES IN THE ARCTIC OCEAN
NATO has similarly undergone changes post-Cold War, experiencing force and spending reductions 
(reducing aggregate frigate totals from 230 to 100 between 1990 and 2013 and defense spending 
dropping 20 percent from 1990 to the mid-2000s).57 Further, the orientation of NATO shifted toward 
lower-intensity operations, demanding greater emphasis on naval capabilities geared toward 
the lower end of the threat spectrum rather than ASW.58 From 2000 to 2016, European navies 
dropped from 50 attack submarines to just 28, with countries slashing their MPA assets in order to 
prioritize unfolding insurgency operations in the Middle East.59 Further, in an effort to detect and 
trail Russian SSBNs, U.S. surface ASW assets and MPA would likely be limited in the Barents due 

54  Hicks et al., Undersea Warfare in Northern Europe, 10; and “Russia and Eurasia,” The Military Balance.
55  William Perkins, “Alliance Airborne Anti-Submarine Warfare: A Forecast for Maritime Air ASW in the Future Operational 

Environment,” (Kalkar, Germany: Joint Air Power Competence Centre, June 2016), Perkins, 29, https://www.japcc.org/portfo-
lio/alliance-airborne-anti-submarine-warfare/. 

56  Mathieu Boulegue, Russia’s Military posture in the Arctic (London: Chatham House, 2019), 20, https://www.chathamhouse.
org/2019/06/russias-military-posture-arctic. 

57  Nordenman, The New Battle for the Atlantic, 104–5.
58  Ibid., 107.
59  Ibid., 104–8.
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to their overt tracking profiles and vulnerability to Russian integrated air defenses and anti-ship 
missile capabilities.60 Although U.S. SSNs never left the Arctic, lower aggregate submarine numbers 
and competing strategic priorities have reduced their operational tempo and presence in the High 
North.61 The U.S. Navy operates a current total of 50 SSNs (compared to 57 SSNs in the Atlantic in 
1985), a figure sensitive to fluctuation with decommissioning submarines, modernization, and force 
restructuring.62 These submarines are made up of two classes: the Los Angeles-class and the Virginia-
class SSNs. Atlantic-based SSNs have undertaken a variety of missions, including deployments in the 
Mediterranean and the Middle East (as a cruise missile platform).63 These mission requirements for 
U.S. attack submarines could plausibly constrain the number of submarines assigned to trail SSBNs in 
the Barents. In addition to Atlantic-based SSNs, the U.S. Navy also operates three Seawolf-class SSNs 
from ports in Washington State, submarines designed to target bastioned SSBNs. In recent military 
exercises in the Arctic, Seawolf-class SSNs featured prominently.64 Table 2 includes a notional order 
of battle for attack submarines available in a hypothetical ASW campaign in the North Atlantic.

Table 2: U.S. Attack Submarines Notionally Available for Operations  
in the Atlantic Ocean

SUBMARINE CLASS SUBMARINE TYPE AVAILABLE IN ATLANTIC 
Los Angeles SSN 11

Virginia SSN 14

Seawolf SSN 3

Source: “North America,” The Military Balance; Commander, Submarine Force Atlantic, “Submarines,” U.S. Navy.

MODELING THE UNDERSEA BALANCE 
In attempting to detect SSBNs operating within the Barents, a number of strategies are available, 
including area search (a brute force search of an area assuming no prior knowledge of SSBN 
location), area surveillance (the monitoring of specific passageways), and trailing (the acquisition and 
constant trialing of SSBNs from port).65 As was the case during the Cold War, area search strategies 
remain unrealistic and inefficient in the Barents due to the numerous acoustic difficulties of the 
maritime environment and the limited search assets available to NATO forces in a contested air and 
maritime environment. Estimates of area search times during the 1980s of U.S. SSNs in the Arctic, 
operating with greater detection advantages over Soviet submarines, might have taken eight hours 
(under very favorable modeling conditions of high search speeds, high at-sea rates, stationary SSBNs, 
and an undifferentiated detection range of 30 nm) to search the entire Barents Sea patrol area 
(1,352,382 km2).66 With far fewer ASW assets in the region today, and facing a more complicated 

60  Melino and Conley, “The Ice Curtain.” 
61  Nordeman, The New Battle for the Atlantic, 100–8. 
62  Stefanick, Strategic Antisubmarine Warfare, 167; “North America,” The Military Balance (IISS) 121, no. 1, (2021), https://

www.tandfonline.com/toc/tmib20/current;  and Commander, Submarine Force Atlantic, “Submarines,” U.S. Navy; U.S. Navy, 
Office of the Chief of Naval Operations, Report to Congress on the Annual Long-Range Plan for Construction of Naval 
Vessels (December 9, 2020), https://media.defense.gov/2020/Dec/10/2002549918/-1/-1/1/SHIPBUILDING%20PLAN%20
DEC%2020_NAVY_OSD_OMB_FINAL.PDF.  

63  Nordenman, The New Battle for the Atlantic, 126-128.  
64  Josh Farley, “USS Connecticut Returns to the Arctic for ‘ICEX’ Exercise,” Kitsap Sun, March 6, 2020, https://www.kitsapsun.

com/story/news/2020/03/06/uss-connecticut-returns-arctic-icex-2020-exercise/4963149002/. 
65  Stefanick, Strategic Antisubmarine Warfare, 5–7.
66  Ibid., 36.
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maritime operating environment due to the consequences of environmental change in the region 
and quieter Russian submarines, the time necessary to search the Barents today using SSNs would 
be far higher. Further, Russian submarines would of course not be stationary during their patrols, 
taking random or deliberately evasive maneuvers that greatly increase search times.67 The Barents 
Sea patrol area would also likely include mines and a range of other Russian submarine, surface, and 
airborne ASW platforms that could identify a column of U.S. attack submarines conducting an area 
search of the Barents. Similarly, adjusting the detection range for SSNs tracking Russian SSBNs to 
account for adverse detection conditions in the Barents Sea and the distinct stealth characteristics of 
Delta-IV and Borei-class submarines, the prospects of area search begin to look more challenging for 
the United States, encouraging tactics more closely aligned to covert trailing. 

However, to trail Russian SSBNs, U.S. SSNs must first covertly enter and stalk the Northern Fleet’s bastion 
patrol area. How effectively could U.S. SSNs evade detection? Russian ASW assets face two challenges 
to detecting U.S. SSNs. First, significant portions of the Barents Sea and Arctic Ocean remain difficult 
for surface vessels to navigate, limiting Northern Fleet surface assets in ice-covered waters (the areas 
where U.S. SSNs would stalk given the difficulty of detecting submarines at the edge of the icepack). 
Second, although there are choke points that Russia could try to monitor (see Table 3), U.S. SSNs have an 
abundance of ways to enter the bastion area under the ice. Consequently, the Russians would struggle to 
detect U.S. SSNs and may be constrained by efforts to directly provide defense of SSBNs on patrol.

Table 3: Width (km) of Passageways into the Russian Barents Sea SSBN Patrol Area.68

MARITIME PASSAGEWAY APPROXIMATE WIDTH
Greenland-Alaska 3,700

Svalbard-Greenland 445

Svalbard-Kola 890

Svalbard-Franz Josef 220

Franz-Josef-Novaya Zemlya 555

Norwegian Sea Width 1,330

Denmark Straight 335

Iceland-Norway 1,110

Source: Stefanick, Strategic Antisubmarine Warfare and Naval Strategy, 55. 

From Table 3 on the width of maritime passageways in the Barents Sea, if it was assumed that 
Russia is able to surge half of its reported eight SSNs beneath the ice to monitor the 445 km-wide 
area between Svalbard and Greenland (one of the smaller passageways), each submarine would 
need an effective detection range of 55 km to plug the gap—a high estimate of Russian capabilities. 
Depending on the ice coverage of passageways, the Northern Fleet could utilize surface vessels, 
MPA, and SSKs to assist in detection and engagement, but with 8,500 km of passages to monitor, 
Russia does not possess the ASW assets to fully monitor passageways and prosecute potential 
identifications, even when assuming detection ranges that are likely far larger than their effective 
detection range against stealthy U.S. SSNs. 

67  Ibid. 
68  Ibid, 55. 
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Overwhelmed by the passageways into the Barents, Russia is likely to concentrate forces closer to 
port to detect stalking U.S. SSNs. Consequently, U.S. SSNs would likely be able to enter the fringes 
of the patrol area.69 However, Russian ASW assets would possess advantages closer to port. First, 
by deploying layered acoustic surveillance in a confined area, Russia increases the redundancy of 
detection capabilities, increasing the likelihood of positive identification of U.S. SSNs. Second, surface 
and airborne ASW assets would be able to utilize active sonar systems without fear of detection in 
home waters. Even assuming a limited detection range and effectiveness of Russian ASW assets, 
however, low numbers of U.S. attack submarines and the operational demand to remain undetected 
while trailing SSBNs require caution from U.S. SSNs, extending the distance at which they stalk 
SSBNs from port. 

As a submarine-led area search of the Barents remains unlikely given stretched assets, a U.S. ASW 
campaign in the Barents would likely involve limited area search, the surveilling of passageways, and 
trailing SSBNs as they depart from port. This strategy reflects the late-Cold War, with SSNs spying on 
SSBNs at port and trailing them on patrols and recent NATO submarine exercises, requiring fewer 
assets than a brute force area search of the region and capitalizing on satellite monitoring of ported 
Russian SSBNs.70 Although this analysis suggests that U.S. SSNs could enter the Barents patrol area 
relatively easily, it does not suggest a corresponding ability to acquire Russian SSBNs on patrol. In 
modeling the prospects of a successful trailing effort, this study borrows from Tom Stefanick’s 1985 
model that relies on several variables, including the at-sea rate of Russian SSBNs. After an extended 
period of infrequent patrolling, Russian SSBNs are demonstrating more consistent patrolling.71 
Indeed, the head of the Russian navy in 2017, Admiral Vladimir Korolyov, claimed that Russian SSBNs 
are operating at similar levels to the end of the Cold War.72 Taking Korolyov’s claim at face value, 
Russian SSBNs maintain an at-sea rate of roughly 25 percent, with roughly two of the Northern 
Fleet’s seven SSBNs at-sea.73 

Thus, with two SSBNs typically at sea, four in port, and one in longer-term maintenance or repair, 
trailing U.S. SSNs would be assigned to wait for each of the four SSBNs in port to begin their patrols. 
With good intelligence of Russian SSBN patrol behavior, U.S. SSNs would have more time to get in 
position to acquire SSBNs, reducing the handover challenge associated with continuous trailing 
if Russian SSBNs are at sea longer than trailing SSNs. Here, U.S. SSNs operating from homeports 
on the East Coast spend 12 days transiting roundtrip to the Arctic Ocean. Assuming that U.S. SSNs 
and Russian SSBNs spend roughly the same time at sea (80 days, for example) before returning 
to port and U.S. SSNs immediately acquire SSBNs upon reaching the patrol area, each U.S. SSN 
is capable of trailing SSBNs for at least 12 days less than the Russian patrol period. In order to 

69  Ibid., 48. 
70  Ibid., 46–47; and Cote, The Third Battle. 
71  Hans Kristensen, “Russian SSBN Fleet: Modernizing But Not Sailing Much,” Federation of American Scientists, May 3, 2013, 
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maintain continuous trailing, an attack submarine must hand off its duties to a second submarine 
that would resume stalking of the targeted SSBN for the rest of its patrol period. For SSNs operating 
covertly, this process can be “extremely difficult if not impossible,” requiring communication between 
submarines in contested waters.74 Considering potential difficulties in acquiring an SSBN target or 
wait times for SSBNs to embark, the time distance between U.S. SSN trailing periods and Russian 
SSBNs patrol periods grows wider. Conversely, relatively longer patrol times for U.S. SSNs would 
shrink this gap.

In allocating SSNs for trailing, and favorably assuming that U.S. SSNs can prosecute the trailing 
handoff, the United States would need one SSN to wait for each SSBN in port and two to trail SSBNs 
on patrol. With multiple SSNs participating, the U.S. Navy would possess redundancy in its continuous 
trailing of SSBNs and be better able to achieve the trailing handoff. With four Russian SSBNs at port 
and two SSBNs on patrol, a minimum of eight U.S. attack submarines would thus be required to be 
forward deployed in the Barents Sea either waiting for or trailing Russian SSBNs. With 25 attack 
submarines available in the Atlantic fleet and another three Seawolf-class submarines potentially 
available in the campaign, close to one-third of the submarines in the Atlantic would thus need to 
be forward deployed into the Barents Sea. Although this figure is substantially smaller than the Cold 
War total at-sea rate of 50 to 66 percent maintained by the U.S. Navy, it is higher than the percentage 
of U.S. attack submarines forward-deployed into the Barents at the height of the Cold War (roughly 
20 percent).75 U.S. SSN requirements in the Barents would also be sensitive to crisis dynamics. During 
a flashpoint, it is likely that the Northern Fleet would surge additional SSBNs into patrol areas. 
Although the exact operational state of these SSBNs is uncertain, the Soviet navy was known to be 
effective at surging additional SSBNs (to roughly a 50 percent at-sea rate) within 48 hours. Although 
SSNs would be in position to acquire SSBNs, the U.S. Navy would need to surge at least an additional 
SSN per SSBN to ensure coverage, possibly overstretching U.S. capacity. 

The key variable, however, to trailing campaign efficacy concerns the relative balance in detection 
ranges between submarines. Determining the detection range of passive acoustics is difficult due to 
classification and the many factors influencing ocean sound transmission. However, considering the 
suboptimal detection conditions of the Barents Sea and advancements in the quietening of Russian 
submarines since the Akula-class, the detection range of U.S. SSNs waiting to acquire SSBNs is likely 
similar to late-Cold War ranges.76 As Stefanick explains: 

For any given acoustic advantage in dBs, the corresponding range advantage decreases 
as both target and trailer become quieter . . . the U.S. Los Angeles (SSN-668) class attack 
submarine is estimated to have a 10-20 dB advantage over the Soviet Victor III attack 
submarine; yet because both are very quiet in shallow water the range advantage under 
poor acoustic conditions may be as little as 2 miles (3.7 km). In the same environment, an 
estimated 10-20 dB acoustic advantage of the U.S. Sturgeon (SSN-637) class over the even 
louder Victor I and II classes yields a range advantage of 40 miles (74 km).77

This feature of ocean acoustics is seen in estimations of transmission loss curves in the Arctic 
Ocean and its marginal seas, and the exponential rate at which ocean acoustic signals attenuate 

74  Stefanick, Strategic Antisubmarine Warfare, 48. 
75  Ibid., 33; and Cote, The Third Battle, 73. 
76  E.V. Miasnikov, “Estimates of Submarine Detection Ranges: Appendix 2,” Moscow Institute of Physics and Technology, 1995, 
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with quieter submarines.78 Table 4 illustrates detection range loss from quieter submarines. If 
U.S. SSNs today retain a 0 to 15 dB acoustic advantage over Borei-class SSBNs, the already low 
detection ranges of the late-Cold War (0 to 10 km) would thus be lower.79 Importantly, estimates of 
transmission loss curves in the Arctic do not account for the increases in ambient noise produced by 
greater volumes of broken ice, more maritime shipping, and increased oil exploration—all exerting 
downward pressure on acoustic transmission loss and detection ranges.

Table 4. Selected Cold War Detection Range Advantage’s for U.S. Submarines 

RANGE ADVANTAGE (nm)

U.S. Class Soviet Class dB Advantage Deep Ocean
Deep Arctic 
Ocean

Shallow 
Water

Los Angeles Akula 0-15 0-20 0-20 0-10

Los Angeles Victor III 10-20 25-300 100-400 2-70

Sturgeon Victor I, II 10-20 400-1000 100-500 40-100

Source: Stefanick, Strategic Antisubmarine Warfare.

From an operational perspective, shortening detection ranges place U.S. SSNs in a bind. For a better 
chance of acquiring an SSBN beginning its patrol, SSNs would need to trail as close as possible. Such 
close proximity, however, would not only increase the risk of either the targeted submarine or layered 
ASW assets counter detecting the U.S. attack submarine and make it more difficult to easily escape 
the patrol area upon counter detection, but it also increases the likelihood of accidental collisions 
between trailing submarines and Russian vessels operating in the Barents. Simply, as submarines 
become quieter and the Barents Sea becomes noisier, complicating the first-order process of 
submarine detection and trailing in an already challenging maritime environment for ASW operations, 
U.S. submarines risk playing blind man’s bluff in the heart of Russia’s sea-based strategic patrol area.

CAMPAIGN IMPLICATIONS
How should the current undersea balance in the Arctic between the United States and Russia be 
understood? In its effort to hold SSBNs at risk in the Barents Sea during the late-Cold War, the U.S. 
Navy faced obstacles due to oceanographic challenges and acoustically quieter Soviet submarines. 
 In conducting this preliminary analysis, the conditions bounding a similar campaign today in the 
Arctic appear to remain a challenge for U.S. submariners. First, the already difficult underlying 
acoustic conditions of the Barents Sea have only worsened due to the combined effect of melting 
Arctic ice, increased maritime shipping along the Northern Sea Route, and increased oil exploration 
and drilling in the High North. Second, today’s submarines are quieter than ever, forcing both U.S. 
and Russian submarines to detect and trail at even closer distances. For U.S. submarines, this means 
waiting to acquire Russian SSBNs very close to port, where Russian ASW assets are more likely to be 
concentrated. And third, both the U.S. and Russian navies are constrained to maintain and marshal 
the number of assets necessary to detect and counter-detect enemy submarines in the Barents Sea. 
Consequently, the Russian Northern Fleet is unlikely to be able to defend its perimeter defense from 
intruding U.S. SSNs, while the U.S. Navy is unlikely to be able to field the requisite submarines to wait 
for and continuously trail SSBNs on patrol. 

78  Ibid., 307–63. 
79  Miasnikov, ““Estimates of Submarine Detection Ranges.”



Several takeaways emerge from this conclusion. First, unless the United States is willing and able 
to invest heavily in more attack submarines and wringing out minor advances in passive acoustic 
technologies for the Atlantic, the prospects of a trailing campaign against Russian SSBNs appear 
prohibitively difficult. Given the rise of China as a focal point of U.S. military strategy, it remains 
questionable whether the U.S. Navy could muster the financial capacity or political will to do so in 
any case. Second, the combination of greater ambient noise in the ocean and quieter submarines 
poses important risks for trailing submarines and crisis stability. With submarines operating 
ever closer to one another in order to trail, the risks of being detected by layered ASW assets or 
accidentally colliding into an enemy submarine increase. Such accidents are not without precedent 
and could prove majorly destabilizing in a crisis. Third and finally, it suggests that Lieber and Press’s 
argument— that in the “ongoing competition between ‘hiders’ and ‘seekers,’ waged by ballistic missile 
submarines . . . and the forces that seek to track them, the hider’s job is growing more difficult than 
ever before”—is, at best, optimistic in the case of undersea competition in the Arctic Ocean.
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Blurring the Line
Conventional Systems and Nuclear Risks  
in the U.S.-China Relationship

By Gerald C. Brown1

Modern technologies increasingly change the characteristics of warfare and deterrence. Nuclear 
conflict is often analyzed under the assumption that it would occur in a bubble, separate from 
other tools of war. As developments in conventional warfare continue to advance and impact the 
nuclear sphere, this approach is continually less applicable. The intersection of nuclear weapons 
and conventional technology is an increasingly inescapable reality, altering the framework of how 
analysts must think of strategic deterrence and war.

Escalation pathways in modern conflict are increasingly less predictable.2 In conflict, states will 
operate in a condition of heightened alert, reacting more intensely to situations than they would in 
times of peace.3 In the U.S.-China relationship, the blurred line between conventional and nuclear 
forces may lead to inadvertent escalation during conflict. U.S. and Chinese nuclear systems are 
increasingly entangled with conventional systems, and nonnuclear strategic systems are growing 
more sophisticated, directly affecting nuclear systems without resorting to nuclear use.4 

The strategic impacts of modern tools of war and the intersection of conventional and nuclear 
forces increase the risks of conventional escalation pathways leading to nuclear use in the 
U.S.-China relationship. This research seeks to examine systems that blur the line between 

1 Gerald C Brown is a defense analyst with Valiant Integrated Services, where he focuses on nuclear deterrence, the 
People’s Liberation Army, and Indo-Pacific security. All views are his own and do not represent his employer or any other 
entity. For helpful comments and support, the author thanks Rose Rodgers, James Acton, Justin Marinelli, Patty Jane-Geller, 
and the entire CSIS PONI staff. All views expressed or errors contained within are those of the author alone.

2 Rebecca Hersman, “Wormhole Escalation in the New Nuclear Age,” Texas National Security Review 3, no. 3 (Summer 2020), 
doi:10.26153/tsw/10220.

3 Barry Posen, Inadvertent Escalation: Conventional War and Nuclear Risks (Ithaca, NY: Cornell University Press, 1991), 12–16.
4 Phillip C. Saunders and David C. Logan, “China’s Regional Nuclear Capability, Nonnuclear Strategic Systems, and Integra-

tion of Concepts and Operations,” in China’s Strategic Arsenal, ed. James M. Smith and Paul J. Bolt (Washington, DC: George-
town University Press, 2021), 125–58.
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conventional and nuclear forces in the U.S.-China relationship and assess potential risks. To do so, 
it breaks systems into two categories: entangled systems and nonnuclear strategic systems. It will 
first examine entanglement, looking at command, control, communications, computers, intelligence, 
surveillance, and reconnaissance (C4ISR) systems and dual-use weapons. It will then examine 
the growing role of nonnuclear strategic systems that may affect the nuclear domain, including 
antisatellite (ASAT) weapons, cyber capabilities, and precision-guided munitions. It will conclude 
by examining these risks in aggregate during a hypothetical U.S.-China conflict to highlight 
challenges to escalation management.

CONVENTIONAL-NUCLEAR ENTANGLEMENT
Entanglement broadly refers to a system used to support or enable both conventional and nuclear 
capabilities. Entangled systems may be targeted in conflict for the purpose of degrading an 
adversary’s conventional warfighting capability while having the unintended effect of degrading 
the adversary’s nuclear capabilities as well. A growing variety of systems are integral to both U.S. 
and Chinese conventional and nuclear warfighting capabilities simultaneously. If targeted during a 
conventional conflict between the United States and China, entangled systems may exacerbate risks 
of unintended escalation.  

To identify entangled systems of concern, this paper uses David Logan’s definition of entanglement, 
which identifies entanglement as occurring along three dimensions: geographic, operational, and 
technical.5 Geographic entanglement refers to the colocation of conventional and nuclear weapons 
systems within the same geographic area.6 Operational entanglement refers to operational 
practices shared between conventional and nuclear forces, such as being operated by the same 
personnel, sharing maintenance and logistics infrastructure, or using the same command and 
control pathways.7 Finally, technological factors refer to difficulties in distinguishing between 
conventional and nuclear delivery systems, such as dual-use weapons that could be either 
conventional or nuclear.8 Entangled systems may be affected by one or several of these dimensions. 
Taken together, several entangled systems can be identified in the U.S.-China relationship that may 
present risks on both sides.

The targeting of these entangled systems to achieve conventional objectives in conflict would likely 
affect the nuclear domain, leading to the potential for conventional escalation pathways to the 
nuclear level. This report specifically identifies risks along multiple dimensions of entanglement in 
two categories of systems: C4ISR and entangled nuclear missile forces.

ENTANGLED C4ISR SYSTEMS
As technology advances, a growing number of C4ISR systems enable both conventional and nuclear 
operations. In the U.S.-China context, risks primarily stem from entangled U.S. satellites and both 
U.S. and Chinese land-based radars. Entanglement in this domain occurs along operational and 
technological dimensions. Operationally, conventional and nuclear systems may rely on many of the 
same command and control systems. Technologically, some of the same ISR platforms serve to detect 
and identify both nuclear and conventional weapons. Attacks against these systems in support of 

5 David C. Logan, “Are They Reading Schelling in Beijing? The Dimensions, Drivers, and Risks of Nuclear-Conventional En-
tanglement in China,” Journal of Strategic Studies, November 12, 2020, 4–9, doi:10.1080/01402390.2020.1844671.

6 Ibid, 6.
7 Ibid.
8 Ibid.



44  |  On the Horizon: A Collection of Papers from the Next Generation of Nuclear Professionals

conventional operations may affect nuclear operations.9 

While in the waning years of the Cold War there was substantial redundancy in U.S. nuclear 
command, control, and communications (NC3), this appears to be less true today. The United States 
currently has six Advanced Extremely High Frequency (AEHF) satellites used for nuclear employment 
orders.10 However, these are simultaneously used to enable a large array of conventional operations. 
By enabling a wide range of conventional and nuclear operations, these AEHF satellites allow for 
“connectivity across the spectrum of mission areas, including land, air, and naval warfare; special 
operations; strategic nuclear operations; strategic defense; theater missile defense; and space 
operations and intelligence.”11 These systems may be targeted in an otherwise conventional conflict 
to disrupt these operations and cripple the United States’ warfighting capacity. While these are not 
the only systems used for U.S. NC3, they do represent a key component.

Further, U.S. space-based early-warning systems also seem to be integrated into conventional 
operations. The United States is currently thought to operate five Space-Based Infrared Systems 
(SBIRS) in geostationary orbit (GEO) and two in highly elliptical orbit (HEO) that enable the detection 
of expelled gasses to identify an adversary missile launch.12 While this is a critical step in U.S. nuclear 
early warning, SBIRS also enables a wide range of ISR operations unrelated to the nuclear domain. 
SBIRS may be targeted in a U.S.-China conflict due to their utility in functions such as locating and 
targeting China’s vast conventional missile forces to kill transporter erector launchers (TEL) post-
launch and prevent them from reloading.13 Attacks against SBIRS would severely degrade U.S. nuclear 
early-warning capabilities. 

Finally, land-based radars may be vulnerable as well. U.S. PAVE PAWS and COBRA DANE radars 
provide nuclear early warning against missile strikes and contribute to ballistic missile defense. But 
these radars also track space-based satellites and ASAT weapons. The United States operates six of 
these radar systems that could be potentially targeted in order to improve the success of Chinese 
ASAT operations or degrade U.S. ASAT capabilities. Degradation of these systems could create blind 
spots in U.S. nuclear early warning and hamper missile defense operations.14 

Less is known about China’s C4ISR systems, but risks appear to exist there as well. While rapidly 
improving, China’s current early-warning capabilities appear fairly rudimentary, consisting primarily 
of land-based radars.15 China employs four large phased array radars (LPAR) similar to U.S. PAVE 
PAWS, which allow for ballistic missile detection, along with two over-the-horizon (OTH) radar 
systems.16 China does not currently have a space-based early-warning system but is developing one 

9 James M. Acton, “Escalation through Entanglement: How the Vulnerability of Command-and-Control Systems Raises the 
Risks of an Inadvertent Nuclear War,” International Security 43, no. 1 (August 2018): 56–99, doi:10.1162/isec_a_00320.

10 Ibid., 63. For updated satellite numbers, see Jonathan Whitley, “AEHF-6 Satellite Completes Protected Satellite Constel-
lation,” Space Force News, March 27, 2020, https://www.spaceforce.mil/News/Article/2129221/aehf-6-satellite-com-
pletes-protected-satellite-constellation/.

11 “Advanced Extremely High Frequency System,” Air Force Space Command, July 2019, https://www.afspc.af.mil/About-Us/
Fact-Sheets/Display/Article/249024/advanced-extremely-high-frequency-system/.

12 Acton, “Escalation through Entanglement,” 84–87. For updated GEO numbers, see “SBIRS GEO-5 Successfully Launched,” 
Los Angeles Air Force Base, May 18, 2021, https://www.losangeles.spaceforce.mil/News/Article-Display/Article/2622435/
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14 Ibid., 87–89.
15 Fiona Cunningham, Nuclear Command, Control, and Communication Systems of the People’s Republic of China (Berkley, CA: 

Nautilus Institute, 2019), https://nautilus.org/napsnet/napsnet-special-reports/nuclear-command-control-and-communi-
cations-systems-of-the-peoples-republic-of-china/.

16 Hans M. Kristensen, “China’s Strategic Systems and Programs,” in China’s Strategic Arsenal, ed. James M. Smith and Paul J. 
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with assistance from Russia.17 Chinese LPAR’s play a similar role to U.S. systems in tracking space-
based satellites, while OTH radars would help detect and engage U.S. ships and aircraft operating 
in the Pacific. U.S. forces may strike these systems to blind the People’s Liberation Army (PLA) during 
conventional operations.18 

China’s NC3 arrangements are challenging to assess accurately using open-source information. 
While there are repeated references to command, control, and communications (C3) redundancy, 
little information is available regarding separation of conventional and nuclear C3, and overlap may 
exist.19 However, even if these systems are separate, conventional and nuclear C3 systems may be 
difficult to distinguish from each other in conflict.20 In this case, NC3 systems may be attacked under 
the assumption that they enable conventional C3. 

Further, as China’s nuclear submarine force begins playing a larger role in nuclear operations, 
entangled naval systems should also be considered. While China may be researching additional 
communications methods for these forces, both China’s conventional submarine force and its nuclear 
ballistic missile submarines appear to currently use the same two low-frequency communications 
towers.21 Attacking these systems during naval conflicts with China’s attack submarine force during 
U.S. antisubmarine warfare operations could have the unintended consequence of cutting off China’s 
nuclear submarine force from all communications. While it is uncertain how China would respond, 
there would be a risk of escalation. 

ENTANGLED NUCLEAR FORCES
When it comes to nuclear weapons, entanglement risks primarily stem from Chinese missile forces, 
which present entanglement along geographic, operational, and technical dimensions. This stems 
from geographic colocation, overlap in supporting infrastructure and personnel, and the dual-use 
nature of some of China’s nuclear weapons.

China’s nuclear forces are primarily concentrated in its land-based missile forces under the People’s 
Liberation Army Rocket Force (PLARF), which also hosts China’s vast conventional missile arsenal. PLARF 
brigades are split up among six bases across mainland China. Each base maintains between six and seven 
geographically separated brigades, typically located at least 100 kilometers apart from one another, each 
of which hosts a specific missile type.22 Every PLARF base appears to host both conventional and nuclear 
missile brigades. These brigades are typically geographically separated; however, the bulk of these missile 
forces are mobile systems. These brigades have deployed several hundred kilometers from their home 

Bolt (Washington, DC: Georgetown University Press, 2021), 115–17.
17 China may now have at least one early-warning satellite in GEO. Stephen Clark, “China Launches Military Satellite toward 

Geostationary Orbit,” Spaceflight Now, February 7, 2021, https://spaceflightnow.com/2021/02/07/china-launches-mili-
tary-satellite-toward-geostationary-orbit/; for support from Russia, see Office of the Secretary of Defense, Military and 
Security Developments Involving the People’s Republic of China (Arlington, VA: 2020): 89, https://media.defense.gov/2020/
Sep/01/2002488689/-1/-1/1/2020-DOD-CHINA-MILITARY-POWER-REPORT-FINAL.PDF.

18 Caitlin Talmadge, “Would China Go Nuclear? Assessing the Risk of Chinese Nuclear Escalation in a Conventional War with 
the United States,” International Security 41, no. 4 (April 2017): 73, doi:10.1162/ISEC_a_00274.

19 Fiona S. Cunningham and M. Taylor Fravel, “Assuring Assured Retaliation,” International Security 40, no. 2 (October 2015), 
44–45, doi:10.1162/ISEC_a_00215; and Logan, “Are They Reading Schelling in Beijing?,” 25–26.

20 Talmadge, “Would China Go Nuclear?,” 73–79.
21 Ibid.; Tong Zhao, Tides of Change: China’s Nuclear Ballistic Missile Submarines and Strategic Stability (Washington, DC: Carne-

gie Endowment for International Peace, 2018), 37, 42–43, https://carnegieendowment.org/files/Zhao_SSBN_final.pdf.
22 Some early indications suggest that some emerging brigades may be located much closer to each other than previous 

basing arrangements. Decker Eveleth, “Mapping the People’s Liberation Army Rocket Force,” A Boy and His Blog, March 29, 
2020, https://www.aboyandhis.blog/post/mapping-the-people-s-liberation-army-rocket-force.
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garrisons during exercises, and texts such as Science of Second Artillery Campaigns have discussed the 
potential for conventional missiles to move across theaters if needed.23 In conflict, some deployed Chinese 
conventional and nuclear missile forces may see geographic overlap. 

The majority of China’s intercontinental ballistic missile (ICBM) forces capable of targeting the United 
States are observably distinguishable from shorter-range conventional missiles and also typically 
located further inland.24 This is likely to create some level of geographic and technical distinction that 
may help mitigate entanglement of ICBM-class weapons.25 However, a growing number of China’s 
mid-to-intermediate-range missiles are both conventional and nuclear and are nearly, or completely, 
indistinguishable from each other. The DF-21 has both conventional and nuclear variants. While 
conventional and nuclear DF-21 variants are thought to be kept at separate locations, these systems 
are mobile; during conflict and in the fog of war, the variants may overlap and be difficult to distinguish 
from each other.26 This challenge would present a risk of inadvertent attacks on nuclear forces. 

Of greater concern, at least some brigades of DF-26 missiles are thought to simultaneously have 
conventional and nuclear warheads available. Reports have suggested that DF-26 brigades may 
deploy with both types of warheads, switching between conventional and nuclear warhead variants 
in the field as needed. Exercises have described DF-26 brigades launching conventional missiles and 
then reloading with a nuclear warhead in preparation for nuclear counterattacks.27 

Both DF-21 and DF-26 conventional missiles may be utilized in a conflict with the United States. 
China’s nuclear posture does not envision nuclear use except under the condition of nuclear 
counterattack, but its conventional planning is not so sanguine. Conventional missiles are seen as far 
more flexible and usable weapons that will play a key role in conflict.28 Conventional variants of the 
DF-21 and DF-26 are designed to target U.S. bases and naval assets in the region and would likely 
play a key role in a U.S.-China conflict. U.S. forces may target these systems in conventional conflict, 
potentially degrading China’s nuclear forces as well.

Additionally, the missile bases that conventional forces rely on may also be targeted. These fixed 
targets would be easily identifiable and could be targeted to damage logistics, maintenance, and 
storage facilities that support conventional missile forces, as well as to strike key PLARF officials, 
who would be important targets.29 Considering that all of these bases support both conventional and 
nuclear missile brigades, attacks on this infrastructure could have similar effects on China’s nuclear 
forces. It is unclear how Beijing would respond to attacks on its mid-to-intermediate-range forces 
and supporting infrastructure in the heat of a crisis.

23 Logan, “Are They Reading Schelling in Beijing?,” 19–22; Yu Jixun, ed., Science of Second Artillery Campaigns (Beijing: PLA 
Press, 2004), 159; James M. Acton, Is It a Nuke?: Pre-Launch Ambiguity and Inadvertent Escalation (Washington, DC: Carnegie 
Endowment for International Peace, 2020), 31–33, https://carnegieendowment.org/2020/04/09/is-it-nuke-pre-launch-am-
biguity-and-inadvertent-escalation-pub-81446.

24 Some notable exceptions to this exist, such as Brigade 622. The brigade is thought to operate a DF-31A ICBM and is 
located further inland and near the DF-26-equipped Brigade 625. See Eveleth, “Mapping the People’s Liberation Army 
Rocket Force.”

25 Logan, “Are They Reading Schelling in Beijing?,” 19–30.
26 Ibid., 27–33; and Acton, “Is It a Nuke?,” 22–23.
27 P.W. Singer and Ma Xiu, “China’s Ambiguous Missile Strategy Is Risky,” Popular Science, May 11, 2020, https://www.popsci.

com/story/blog-network/eastern-arsenal/china-nuclear-conventional-missiles/.
28 John W. Lewis and Xue Litai, “Making China’s Nuclear War Plan,” Bulletin of the Atomic Scientists 68 (September 2012): 

45–65, https://cisac.fsi.stanford.edu/publications/making_chinas_nuclear_war_plan.
29 Talmadge, “Would China Go Nuclear?,” 70–72.
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NONNUCLEAR STRATEGIC SYSTEMS
Another complication is the rise of a variety of nonnuclear strategic systems. These conventional 
systems intersect with the nuclear domain in two primary ways. First, these systems can inflict 
devastating damage to an adversary’s industrial and economic capacity, warfighting capability, and 
C4ISR that previously may have only been easily achievable by tools such as nuclear weapons. They 
also do so with far less collateral damage, making these tools more employable during conflict. 
For example, unlike nuclear weapons, examinations of PLA writings describe strategic tools such 
as ASAT and cyber capabilities as far more flexible and usable in conflicts, envisioning their use 
to “seize the initiative” early in conflict.30 Escalation to the strategic level in this manner may push 
states closer to nuclear use. Second, these weapons may be used to target or disrupt nuclear or 
entangled conventional systems. This section focuses on three types of nonnuclear strategic systems 
that impact the nuclear domain in the U.S.-China relationship: ASAT weapons, cyber capabilities, and 
precision-guided munitions.

ANTISATELLITE WEAPONS
One of the more important developments in Chinese military affairs has been the increasingly critical 
role space plays within the PLA. Unlike previous editions, the latest edition of the Academy of Military 
Sciences’ version of the Science of Military Strategy devoted an entire section to the subject of the 
space domain.31 Organizational changes have reflected this, and in 2015, the PLA built the Strategic 
Support Force as a service primarily in charge of the PLA’s space and cyber operations.32 China has 
demonstrated substantial expansion in its ASAT capabilities, building an array of kinetic and non-
kinetic ASAT weapons. While China’s ASAT capabilities appear primarily oriented toward targeting 
satellites in low earth orbit (LEO), reports have highlighted that China may be pursuing the capability 
to target U.S. satellites in GEO, such as SBIRS, and China has tested a direct-ascent capability that 
appears capable of reaching GEO.33 China has been vastly expanding its space-launch and satellite 
capabilities across a range of functions.34 While these are not solely for military purposes, they play 
an increasingly critical role in military affairs, and China’s space program is centralized under the 
purview of the PLA.35

While both the United States and China utilize space to enable military functions, the United States 
faces an asymmetric vulnerability in this regard, due to the geographic scope of potential conflicts. 
In wars in the Asia Pacific, the United States would be reliant on space to bring its military prowess 
to bear while projecting power across the Pacific Ocean. Satellites are essential for U.S. capacity to 

30 Burgess Laird, War Control: Chinese Writings on the Control of Escalation in Crisis and Conflict (Washington, DC: Center for a 
New American Security, 2017) https://www.cnas.org/publications/reports/war-control; and Alison A. Kaufman and Daniel 
M. Hartnett, Managing Conflict: Examining Recent PLA Writings on Escalation Control (CNA China Studies, 2016), 81–82, 
https://www.cna.org/cna_files/pdf/DRM-2015-U-009963-Final3.pdf?fbclid=IwAR3mMgbC6XI7qNnWk_VhLScme8MS-
0SA9Ii_OkJUJLSL7LvC79yUQcO02VVE.

31 Shou Xiaosong, ed., Science of Military Strategy (Beijing: Military Science Press, 2013), 178–88.
32 John Costello and Joe McReynolds, “China’s Strategic Support Force: A Force for a New Era,” in Chairman Xi Remakes the 

PLA: Assessing Chinese Military Reforms, ed. Phillip C Saunders et al. (Washington, DC: National Defense University Press, 
2019).

33 Todd Harrison, Kaitlyn Johnson, Thomas G. Roberts, and Makena Young, Space Threat Assessment 2020 (Washington, DC: 
CSIS, 2020), 10–18, https://www.csis.org/analysis/space-threat-assessment-2020; and Office of The Secretary of Defense, 
Military and Security Developments, 65.

34 “How Is China Advancing Its Space Launch Capabilities?,” CSIS ChinaPower Project, November 5, 2019, https://chinapower.
csis.org/china-space-launch/.

35 Taylor A. Lee and Peter W. Singer, “China’s Space Program Is More Military Than You Might Think,” Defense One, July 16, 
2021, https://www.defenseone.com/ideas/2021/07/chinas-space-program-more-military-you-might-think/183790/.
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track and target Chinese forces far from U.S. shores and also enable direction and coordination of in-
theater U.S. forces. While space is certainly valuable for China, it can more easily utilize a wide range 
of land, sea, and air-based assets to enable operations closer to its shores without the same level of 
dependence on space.36 

In the local wars China envisions itself fighting with the United States, China perceives space 
to be an asymmetric weakness of the United States that can be exploited. While useful for both 
countries in these conflicts, damage to U.S. space assets causes far more harm to the U.S. warfighting 
capability during wars off China’s coast than damage to Chinese space assets would cause for 
China’s warfighting capability in these local conflicts. Chinese analysis of U.S. space capabilities 
estimates that 90 percent of U.S. communications and 100 percent of its navigation needs are reliant 
on space.37 U.S. C4ISR and precision-guidance capabilities are largely dependent on space to be 
effective. In this, China perceives a weakness that it can exploit. While U.S. responses to ASAT attacks 
would not necessarily be symmetrical, the asymmetric damage ASAT Chinese attacks would inflict on 
the United States may make it a threshold that China would be more willing to cross. 

Burgess Laird argues that Chinese writings highlight the offense-dominant nature of space 
operations and that these operations may be undertaken early in conflict.38 Several Chinese 
analysts have gone as far as to claim that such strikes would be de-escalatory in nature, arguing 
that this would cripple the U.S. capacity to wage war and force the United States to back down 
during a conflict.39 However, such operations could potentially affect some of the entangled systems 
mentioned earlier in this report that support U.S. nuclear systems. While successful attacks against 
U.S. satellites would cripple portions of U.S. conventional warfighting and intelligence capabilities, 
these strikes may also damage entangled U.S. early warning and NC3. Further, this degradation of U.S. 
conventional warfighting capacity may push the United States to lean more heavily on its nuclear 
capabilities to succeed, pushing the United States to escalate rather than back down. 

While these actions would be taken to meet conventional objectives, the same actions would likely 
be taken prior to a nuclear strike against the United States, leaving the United States unsure of 
its adversary’s intention. While Chinese analysts have claimed these actions would ultimately be 
de-escalatory in nature, U.S. strategy claims that the opposite may happen. The 2018 U.S. Nuclear 
Posture Review claims that the United States may respond at the nuclear level to attacks against 
nuclear command and control assets.40 In Chinese writings on the subject, very little attention is paid 
to inadvertent escalation risks that could stem from such operations.41

36 David Gompert and Phillip Saunders, The Paradox of Power: Sino-American Strategic Restraint in an Age of Vulnerability 
(Washington, DC: National Defense University Press, 2011), 100–2.

37 Xiaosong, Science of Military Strategy, 96.
38 Laird, War Control, 18.
39 Tong Zhao and Li Bin, “The Underappreciated Risks of Entanglement: A Chinese Perspective,” in Entanglement: Russian and 

Chinese Perspectives on Non-Nuclear Weapons and Nuclear Risks, ed. James M. Acton (Washington, DC: Carnegie Endowment 
for International Peace, 2017), 63–66, https://carnegieendowment.org/files/Entanglement_interior_FNL.pdf; and David 
Santoro and Robert Gromoll, “On the Value of Nuclear Dialogue with China: A Review and Assessment of the Track 1.5 
‘China-US Strategic Nuclear Dynamics Dialogue’,” Issues & Insights 20, no. 1 (November 2020): 19, https://pacforum.org/
wp-content/uploads/2020/11/issuesinsights_Vol20No1.pdf.

40 Office of the Secretary of Defense, Nuclear Posture Review (Arlington, VA: February 2018), 21, https://media.defense.
gov/2018/Feb/02/2001872886/-1/-1/1/2018-NUCLEAR-POSTURE-REVIEW-FINAL-REPORT.PDF.

41 Laird, War Control, 17–19.
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CYBER CAPABILITIES
U.S. and Chinese cyber capabilities raise similar concerns. Both the United States and China appear 
to maintain offensive cyber capabilities that could potentially jeopardize adversary NC3 systems. 
PLA thinking on cyber capabilities seems to follow closely with many of the concepts previously 
mentioned regarding space capabilities, emphasizing the offense-dominant nature of cyber 
operations and criticality of space and cyber tools.42 Analysis of Chinese military writings indicates 
that the PLA places high importance on controlling the information domain, including cutting off 
adversary C4ISR and decisionmaking capabilities.43 As these actions are seen as less escalatory than 
kinetic attacks, it is commonly suggested that they be utilized early and aggressively in conflict. 
The risk of inadvertent escalation stemming from these operations is often ignored in Chinese 
writings on the topic.44 Similarly, U.S. planners are exploring using cyber capabilities to undermine an 
adversary’s nuclear forces prior to launch.45

While these capabilities may prove useful, there are substantial risks that may arise from the use of 
cyber capabilities as well. Cyberattacks can be utilized for a wide array of objectives, but it is quite 
difficult for a state to ascertain the intentions of an attack or what damage has been done. States 
may find it quite useful to hack into an adversary’s NC3 systems for intelligence-gathering during 
a crisis. However, the same actions necessary to infiltrate these systems for intelligence-gathering 
are interchangeable with the actions that must be taken as preparation for offensive operations 
to degrade NC3 systems. There may be no clear way to differentiate between the two in a timely 
manner. If discovered, it may be assumed that an adversary is preparing to cripple a state’s nuclear 
systems. Further, it may be difficult to determine what has already been done or the trustworthiness 
of incoming information.46

Operators are likely to assume the worst, and in a crisis, these actions could be destabilizing and 
yield unforeseen consequences. Either the United States or China may perceive such actions as an 
attempt to dismantle their nuclear systems left-of-launch or believe that such operations precede 
incoming attacks on their own nuclear forces. Even when targeting conventional systems, ever-
increasing entanglement between conventional systems and NC3 may create substantial risks of 
which the initiating state may not be fully aware.47

PRECISION-GUIDED MUNITIONS
The advent of precision-guided munitions further impacts the nuclear realm and changes the 
shape of modern warfare, allowing the United States and China to target an adversary’s systems 
more accurately and giving them greater confidence that targets can be defeated. The use of 
this technology in the first Gulf War served as a vivid demonstration to the PLA of how warfare 

42 Ibid.
43 Saunders and Logan, “China’s Regional Nuclear Capability,” 137–39.
44 Laird, War Control, 17–19.
45 Zhao and Li, “Underappreciated Risk of Entanglement,” 59–63; Jonathan W. Greenert, “Memorandum for Secretary of De-

fense: Adjusting the Ballistic Missile Defense Strategy,” U.S. Navy, November 5, 2014, https://missiledefenseadvocacy.org/
wp-content/uploads/2015/03/03062015_Memo.pdf; and Andrew Futter, “The Dangers of Using Cyberattacks to Counter 
Nuclear Threats,” Arms Control Today 46 (August 2016), https://www.armscontrol.org/act/2016-07/features/dangers-us-
ing-cyberattacks-counter-nuclear-threats.

46 Ariel E. Levite et al., China-U.S. Cyber-Nuclear C3 Stability (Washington, DC: Carnegie Endowment for International Peace, 
April 2021), https://carnegieendowment.org/2021/04/08/china-u.s.-cyber-nuclear-c3-stability-pub-84182.

47 Ibid.
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was changing and has helped shape the PLA’s military strategy and characterization of warfare.48 
Precision-guided munitions not only affect conventional warfare, but they also can contribute to 
counterforce or damage limitation strikes against an adversary’s nuclear forces or against entangled 
C4ISR systems. The compressed decisionmaking time frame resulting from faster and more capable 
weapons may put further pressure on decisionmakers to strike first, particularly in a degraded 
information environment.

Ground-based radar systems and other integral components of a state’s C4ISR systems integral to 
nuclear operations are easily targeted with precision-guided munitions given the stationary nature 
of these targets. Both countries’ war plans seem to place a focus on severing the adversary’s C4ISR 
capabilities, raising potential concerns due to the entangled nature of these assets mentioned previously. 

The efficacy of solely using precision-guided munitions in a counterforce manner against China’s 
nuclear arsenal appears quite tenuous. There has been substantial concern expressed by Chinese 
strategists on these prospects, fearing that conventional forces threaten China’s nuclear-assured 
retaliatory capabilities.49 However, for the time being, precision conventional forces appear unlikely 
to be able to successfully carry out a full-scale counterforce campaign against Chinese nuclear forces 
on their own. China employs a vast system of underground facilities to protect much of its nuclear 
forces.50 These seem to be quite efficient at protecting the bulk of China’s nuclear forces, even from 
nuclear counterforce capabilities.51 China has also recently begun expanding its silo-based ICBM 
forces, which are unlikely to be as vulnerable to conventional counterforce capabilities.52 

The bulk of China’s operational missile forces are deployed on mobile transporter erector launchers 
(TEL). While these are highly survivable based on their mobility and concealability, lack of protection 
makes them vulnerable to conventional arms if discovered. If these weapons can be found with U.S. 
ISR capabilities, precision-guided munitions may be a useful counterforce tool. While perfect tracking 
and targeting of deployed TELs seems unlikely, revolutions in C4ISR capabilities may be improving 
the capacity to find and track mobile missiles.53 However, China’s nuclear forces appear to be unable 
to be defeated with conventional forces alone.54 As China’s nuclear forces expand to ensure their 
survivability, this is likely to become more difficult.55

Even if not used in an all-encompassing counterforce strike, precision-guided munitions may be 
utilized against entangled mobile missile forces during conventional conflicts. Further, if the United 
States, rightly or wrongly, is convinced that a Chinese nuclear strike may be inevitable, the United 

48 M. Taylor Fravel, Active Defense: China’s Military Strategy since 1949 (Princeton, NJ: Princeton University Press, 2019), 
182–235.

49 Cunningham and Fravel, “Assuring Assured Retaliation,” 19–23.
50 Office of The Secretary of Defense, Military and Security Developments, 91.
51 Tong Zhao, “Conventional Counterforce Strike: An Option for Damage Limitation in Conflicts with Nuclear-Armed Adver-

saries?,” Science & Global Security 19, no. 3 (September 2011): 195–222, doi:10.1080/08929882.2011.616146.
52 Jeffrey Lewis, “China Is Radically Expanding Its Nuclear Missile Silos,” Foreign Policy, June 30, 2021, https://foreignpolicy.

com/2021/06/30/china-nuclear-weapons-silos-arms-control/; and Matt Korda and Hans Kristensen, “China Is Building 
A Second Nuclear Missile Silo Field,” Federation Of American Scientists, July 26, 2021, https://fas.org/blogs/securi-
ty/2021/07/china-is-building-a-second-nuclear-missile-silo-field/.

53 Keir A. Lieber and Daryl G. Press, “The New Era of Counterforce: Technological Change and the Future of Nuclear De-
terrence,” International Security 41, no. 4 (April 2017): 9–49, doi:10.1162/ISEC_a_00273. While ISR capabilities may be 
improving the capacity to find and track mobile missiles, technological advances also likely improve countermeasures 
that can enhance mobile missile survivability to offset ISR advances. I thank James Acton for raising this point.

54 Zhao, “Conventional Counterforce Strike.”
55 Gerald C. Brown, “Understanding the Risks and Realities of China’s Nuclear Forces,” Arms Control Today 51, no. 5 (June 

2021): 6–13, https://www.armscontrol.org/act/2021-06/features/understanding-risks-realities-chinas-nuclear-forces.
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States may feel pressured to attack Chinese nuclear forces as part of a damage-limitation strategy 
during a crisis, minimizing the number of forces with which China would be able to target the United 
States or its allies. However, the effectiveness of strikes against mobile missiles relies on (1) timely, 
continuous, and accurate intelligence on TEL locations and (2) functional GPS guidance systems.56 The 
use of space or cyber tools against U.S. C4ISR in a conflict may complicate this. Such attacks could 
degrade the accuracy of U.S. counterforce capabilities while also degrading the ISR systems required 
to find and target these systems. This knowledge may further encourage Chinese use of space and 
cyber capabilities early in conflict in order to ensure the survivability of Chinese nuclear forces—or, 
alternatively, encourage early U.S. strikes against Chinese missile forces in order to do so before the 
capability is lost. The potential advantages gained from conducting a first strike stemming from the 
offense-dominant nature of many of these tools may present a cause for concern during a crisis. 

RISKS IN AGGREGATE
In a hypothetical conflict between the United States and China, such as in the Taiwan Strait, risks 
may emerge from the intersection of conventional, dual-use, and nuclear systems. Many of the 
systems discussed in the preceding sections may feature prominently in such a conflict. Both the 
United States and China appear likely to seek to deny adversary air and sea superiority while severing 
adversary C4ISR capabilities. Dual-use communications hubs are likely to be attacked, radars may be 
destroyed, and space-based satellites may be a tempting target that can be exploited. Chinese mobile 
missiles and their supporting infrastructure would likely be targeted, particularly considering threats 
to U.S. naval assets and logistics hubs stemming from China’s intermediate-range ballistic missile 
arsenal. Attacks against Chinese air defenses would enable strikes further into China and increase 
Chinese vulnerability, while degraded C4ISR capabilities would exacerbate the fog of war and hinder 
both states’ capacity to accurately analyze the other’s actions.57

In a conflict threatening its mobile missile forces and degrading Chinese air defenses, China may 
increase nuclear readiness and deploy its mobile missile force to increase survivability and be 
prepared to strike if needed.58 These actions would not only increase missile force survivability, they 
would also compress the timeframe needed to initiate a nuclear strike. Furthermore, these actions 
would be indistinguishable to the United States from nuclear strike preparations. In the context of 
an armed conflict and a degraded information environment, it is difficult to ascertain how the United 
States would respond. With a crippled early-warning system and intelligence suggesting potential 
preparations for a nuclear strike, the United States may even be pushed to strike Chinese nuclear 
forces in order to limit damage on itself should China opt for the nuclear option. The threat of 
Chinese ASAT or cyber operations degrading U.S. guidance systems and the speed at which this could 
change may put further pressure on the United States to strike first or risk accepting a lower success 
rate of attacks against Chinese missile forces. China, knowing that the United States may be facing 
this dilemma, may be similarly prompted to act or engage in nuclear signaling to push the United 
States toward backing down in a manner that may be misperceived. The potential escalation spiral 
that could result is a concern that should be understood. 

56 Zhao, “Conventional Counterforce Strike,” 206–11.
57 Talmadge, “Would China Go Nuclear?,” 66–79.
58 Christopher T. Yeaw, Andrew S. Erickson, and Michael S. Chase, “The Future of Chinese Nuclear Policy and Strategy,” in Strat-

egy in the Second Nuclear Age, eds. Toshi Yoshihara and James R. Holmes (Washington, DC: Georgetown University Press, 
2012), 53–64; and Eric Heginbotham et al., China’s Evolving Nuclear Deterrent: Major Drivers and Issues for the United States 
(Santa Monica, CA: RAND, 2017), 26–31, https://www.rand.org/pubs/research_reports/RR1628.html.
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The risks presented here are more concerning when considering how little attention has been 
paid to acknowledging inadvertent escalation risks in the Chinese literature on the subject. In 
most writings on escalation control by Chinese analysts, the topic of inadvertent escalation is not 
mentioned.59 Research highlights that Chinese strategists tend to be overconfident in their ability 
to control conventional escalation without it escalating to the nuclear level.60 Lack of awareness 
regarding these risks may make inadvertent escalation more likely. In addition, it makes Chinese 
responses less predictable, possibly even erratic, as they are less prepared to handle crises 
involving these risks.61

As China’s nuclear retaliatory capability expands and becomes more secure, China may become more 
confident in undertaking conventional campaigns in the region. Research suggests that Chinese 
strategists may believe that if there is a chance that U.S.-Chinese conflict could escalate to the 
nuclear level, the United States may not intervene in regional conflicts.62 A perception of an assured 
nuclear retaliatory capability combined with increased confidence that the United States would 
not risk intervening may even embolden the PLA in undertaking these local conflicts.63 Instead, 
emboldened PLA conventional operations are likely to envelop China into a dangerous conflict with 
substantial nuclear risks from overlapping conventional and nuclear systems.

CONCLUSION
In the modern age, conventional forces have clear impacts on nuclear systems within the U.S.-China 
relationship, and nuclear forces increasingly intersect with other strategic tools of war. Conventional 
and nuclear capabilities are reliant on many of the same C4ISR systems, which simultaneously serve 
as tempting key targets. Entangled dual-use weapons make it likely that strikes against Chinese 
conventional forces would also degrade China’s nuclear forces. An array of nonnuclear strategic 
weapons causes less immediate collateral damage and has lower barriers to use but carries high, 
but less obvious, escalation risks. In the conduct of warfare between the United States and China, 
conventional and nuclear systems would not be entirely separate. Campaigns undertaken to cripple 
the adversary’s conventional warfighting capability would simultaneously degrade nuclear forces, 
destroy early-warning capabilities, and carry concerning risks of inadvertent escalation. In the 
heat of conflict, with compressed decisionmaking timeframes and rapidly increasing vulnerability, 
decisionmakers may opt for nuclear use as the “least bad” option.

This blurred line between conventional and nuclear forces carries new risks and challenges—while 
many of the advances discussed are not inherently bad and will likely be quite useful for the United 
States in achieving its objectives, these new risks must be considered. While these risks are unlikely 
to be completely absolved, a variety of measures may help mitigate them. 

1. To reflect the intersection of conventional and nuclear arms, planning should reflect a higher 
degree of intersection and engagement between nuclear and conventional planners. There 
is a need for a more holistic approach to deterrence and escalation in modern warfare; 
conventional and nuclear systems do not operate in isolation from each other and are unlikely 

59 Laird, War Control, 20.
60 Taylor M. Fravel and Fiona Cunningham, “Dangerous Confidence: Chinese Views on Nuclear Escalation,” International Secu-

rity 44, no. 2 (Fall 2019): 61–109, doi:10.1162/ISEC_a_00359.
61 Logan, “Schelling in Beijing,” 38.
62 Fravel and Cunningham, “Dangerous Confidence,” 79–81.
63 Thomas J. Christensen, “The Meaning of the Nuclear Evolution: China’s Strategic Modernization and US-China Security 

Relations,” Journal of Strategic Studies 35, no. 4 (August 2012): 447–87, doi:10.1080/01402390.2012.714710.



to do so in the future. Deterrence is not solely nuclear nor conventional, and planning should 
reflect this intersection.

2. Defense planners and analysts should deepen their understanding of China and China’s 
approach to conflict. There is an acute lack of awareness regarding Chinese thoughts on 
escalation and warfighting within many U.S. defense circles. A better understanding of 
the Chinese texts on the subject will better shape U.S. defense planning and escalation 
management. Several of the most important of these texts, such as the Science of Military 
Strategy and Science of Campaigns have been translated into English by U.S. scholars.64 

3. The United States and China should pursue official Track 1 talks on nuclear issues. Greater 
engagement and crisis management mechanisms between the United States and China will 
likely aid substantially in deescalating crises and minimizing misperception. Talks on nuclear 
issues between the two countries have occurred primarily at the unofficial level thus far, and 
expanding into official talks and developing more robust crisis management mechanisms 
would be valuable for both states. 

4. C4ISR is a vulnerability that both states may seek to exploit during conflict. Greater C4ISR 
redundancy across the spectrum may help mitigate risks and enhance warfighting capabilities. 

Rapidly advancing technologies and entangled systems make an already fraught and poorly understood 
relationship more dangerous; far greater attention must be paid to these challenges by scholars and 
policymakers alike as competition between the United States and China continues to advance. 

64 See China Aerospace Studies Institute (CASI), In Their Own Words: Foreign Military Thought - Science of Military Strategy 
(2013) (Montgomery, AL: 2021), https://www.airuniversity.af.edu/Portals/10/CASI/documents/Translations/2021-02-08%20
Chinese%20Military%20Thoughts-%20In%20their%20own%20words%20Science%20of%20Military%20Strategy%20
2013.pdf; CASI, In Their Own Words: Foreign Military Thought - Science of Campaigns (2006),” (Montgomery, AL: 2020), https://
www.airuniversity.af.edu/Portals/10/CASI/documents/Translations/2020-12-02%20In%20Their%20Own%20Words-%20
Science%20of%20Campaigns%20(2006).pdf. Additionally, for an excellent assessment by U.S. scholars of Science of 
Military Strategy (2013) and related texts, see Joe McReynolds, ed., China’s Evolving Military Strategy (Washington, DC: 
Jamestown Foundation, 2017).
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The Nuclear Sea-Launched 
Cruise Missile
Worth the Investment for Deterrence 

By Patty-Jane Geller1 

INTRODUCTION
As part of the United States’ effort to modernize its nuclear forces to confront the growing nuclear 
threat, the 2018 Nuclear Posture Review (NPR) recommended restoring the nuclear-armed sea-launched 
cruise missile (SLCM). The United States previously deployed a nuclear SLCM (or SLCM-N), called 
the Tomahawk Land Attack Missile-Nuclear (TLAM-N) during the Cold War, but has since retired the 
capability. The NPR proposed the SLCM-N to adjust U.S. posture in response to Russia and China’s 
ongoing buildups of their regional, nonstrategic nuclear capabilities. The SLCM-N would provide 
a regionally present, sea-based, survivable option needed to fill a gap in U.S. nuclear deterrence 
capabilities. It would also improve allied assurance of U.S. extended deterrence commitments and add 
stability to an imbalance of regional nuclear forces that exists in both the European and Indo-Pacific 
theaters. Fielding the SLCM-N would require overcoming practical hurdles, including redeploying 
nuclear weapons on forward-deployed Navy ships, reallocating limited naval resources, and added costs. 
But ultimately, solving these challenges is feasible given the Navy’s previous experience deploying 
these weapon systems. Considering the immediacy of the nuclear threat and increased potential for 
limited nuclear use, investing in the SLCM-N is worth overcoming any practical difficulties.

BACKGROUND
The SLCM-N is a theater-range cruise missile armed with a nuclear warhead that can be launched 
from surface ships or submarines. During the Cold War, the United States deployed the TLAM-N on 

1 Patty-Jane Geller is a senior policy analyst at the Heritage Foundation specializing in nuclear deterrence and missile 
defense. The author would like to note that this paper was written in 2021, before several impactful developments like 
the Russian invasion of Ukraine.
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surface ships and submarines from 1983 to 1991 as part of its strategy to deter a Soviet attack on 
Europe.2 In particular, the TLAM-N supported the strategy of deploying nonstrategic nuclear weapons 
to link conventional forces in Europe with the U.S. strategic nuclear arsenal. Because they were 
deployed in theater on submarines and surface ships, they helped assure allies that the United States’ 
extended nuclear umbrella would hold in the event of a Soviet attack. Additionally, the TLAM-N 
played an important role in deterring Soviet conventional or nuclear attack at a “middle rung” on the 
escalation ladder. While the United States deployed strategic systems to deter major strategic attacks 
and tactical systems such as nuclear artillery to deter conflict at the lowest rung of the escalation 
ladder, the TLAM-N helped fill this middle level, especially after the 1987 Intermediate-Range Nuclear 
Forces (INF) Treaty banned intermediate-range ground-launched missiles. Due to their survivability 
on stealthy attack submarines, the TLAM-N helped convince the Soviets that initiating conflict at this 
middle level of the escalation ladder would be met with an equivalent assured response. 

After the Cold War ended, President George H.W. Bush withdrew the TLAM-N from service. It was 
kept in storage until 2010 when President Barack Obama’s NPR officially retired the capability. 
This decision was based on an assessment of the strategic environment at the time to be far more 
benign than the threats facing the United States today.3 But since then, the strategic environment has 
drastically shifted. While the United States dismantled its nonstrategic nuclear capabilities, Russia 
and China expanded them. Currently, Russia maintains at least 2,000 tactical nuclear weapons that 
are integrated into its doctrine of escalating conflict to compel its adversaries to back down. China is 
also advancing its theater-range missiles and rapidly growing its nuclear stockpile.4 

Rather than maintain the same nuclear posture meant for the previous strategic environment, the 
2018 NPR recognized that U.S. posture must adapt to reflect the changed threat and proposed the 
development of two supplemental capabilities to increase the diversity and flexibility of U.S. nuclear 
forces. The first capability is a low-yield warhead for submarine-launched ballistic missiles (SLBM), 
the W76-2, which was deployed in early 2020. The second, long-term supplemental capability is to 
restore the SLCM-N within 10 years.5 The 2018 NPR required the Navy to conduct an Analysis of 
Alternatives for development of the SLCM-N. The AoA will answer questions on SLCM-N development 
and concept of operations, including the platforms on which SLCM-N will be deployed, the number 
of missiles to acquire, and whether the SLCM-N will utilize old TLAMs, technology from the Long-
Range Standoff Weapon program (LRSO), or new technology. To advance the discussion, this paper 
will assume that the SLCM-N can be deployed on attack submarines such as the Virginia-class and 
surface ships such as Zumwalt-class destroyers, as suggested by then commander of U.S. Strategic 
Command (STRATCOM) General John Hyten in 2018.6

 

2 Missile Defense Project, “Tomahawk,” Missile Threat, CSIS, September 19, 2016, last modified November 4, 2019, https://
missilethreat.csis.org/missile/tomahawk/. The Navy produced about 350 TLAM-Ns total.

3 Office of the Secretary of Defense, 2010 Nuclear Posture Review Report (Washington, DC: U.S. Department of Defense, 
2010), 28, https://dod.defense.gov/Portals/1/features/defenseReviews/NPR/2010_Nuclear_Posture_Review_Report.pdf.

4 Mark B. Schneider, “The Chinese Nuclear Breakout and the Biden Administration’s Nuclear Posture Review,” Real Clear 
Defense, August 28, 2021, https://www.realcleardefense.com/articles/2021/08/28/the_chinese_nuclear_breakout_and_
the_biden_administrations_nuclear_posture_review_792021.html.

5 Office of the Secretary of Defense, 2018 Nuclear Posture Review (Washington, DC: U.S. Department of Defense, 2018), 54, 
https://media.defense.gov/2018/Feb/02/2001872886/-1/-1/1/2018-NUCLEAR-POSTURE-REVIEW-FINAL-REPORT.PDF.

6 Richard Sisk, “New Nuke Cruise Missile Could Go on Zumwalt-Class Destroyers: StratCom,” Military.com, February 26, 2018, 
https://www.military.com/dodbuzz/2018/02/26/new-nuke-cruise-missile-could-go-zumwalt-class-destroyers-stratcom.
html.
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For fiscal year (FY) 2022, Congress fulfilled President Joe Biden’s budget request of $5.2 million 
for the Navy to begin SLCM-N research and development efforts and $10 million for the National 
Nuclear Security Administration to begin work on an accompanying warhead, which will be an 
alteration of the W80-4 warhead currently being life-extended for the LRSO.7 The SLCM-N will likely 
take 7 to 10 years to deploy.8 While the Congressional Budget Office estimates that the SLCM-N 
might cost about $9 billion over 10 years, this assessment is very preliminary, and a more accurate 
cost will depend on the results of the AoA.9 The 2018 NPR called for reducing costs by taking 
advantage of existing technologies, so the extent to which SLCM-N utilizes technology from the 
LRSO currently under development or the Tomahawk missile has the potential to drive down costs.10

STRATEGIC CONTEXT
The 2018 NPR proposed the SLCM-N to address the threat environment, which has changed 
dramatically over the past decade. The 2010 NPR claimed Russia to be no longer an adversary, and at 
that time there was still hope for China to rise peacefully.11 The 2010 NPR also established nuclear 
force modernization plans in line with the New Strategic Arms Reduction Treaty (New START) that 
the Department of Defense (DOD) is in the early stages of pursuing today. This current force structure 
reflects the more benign strategic environment of 2010, but Russia and China have significantly 
built up their nuclear forces since then. As STRATCOM commander Admiral Charles Richard recently 
noted, “For the first time in our history, the nation is on a trajectory to face two nuclear-capable, 
strategic peer adversaries at the same time, who must be deterred differently.”12 In addition, North 
Korea continues to improve its nuclear capabilities despite denuclearization efforts. Deterrence at 
a nonstrategic or regional level is becoming particularly challenging as Russia and China develop 
their nonstrategic nuclear capabilities while unconstrained by New START and North Korea bolsters 
its nuclear arsenal. While adversaries grow and advance their nuclear forces, U.S. nuclear posture 
remains static, as modernization plans consist of replacing existing systems on a one-to-one basis. 
Additionally, compared to adversaries’ nonstrategic arsenals, the United States only deploys a couple 
hundred B61 gravity bombs overseas that are not counted under New START.13

To compensate for a perceived inferiority of conventional forces, Russia has sought to build a 
“deterrence ladder” that would enable it to employ nonstrategic nuclear weapons should the United 
States or NATO inflict unacceptable damage to its conventional forces.14 The 2018 NPR stated 

7 Department of the Navy, Justification Book Volume 2 of 5, Research, Development, Test & Evaluation: Fiscal Year 2022 
Budget Estimates (Washington, DC: U.S. Department of Defense, 2021), 1327, https://www.secnav.navy.mil/fmc/fmb/Docu-
ments/22pres/RDTEN_BA4_Book.pdf; and National Nuclear Security Administration, FY2022 Congressional Budget Request: 
Volume 1 (Washington, DC: U.S. Department of Energy, 2021), 131, https://www.energy.gov/sites/default/files/2021-05/
doe-fy2022-budget-volume-1.pdf.

8 Aaron Mehta, “The US Navy’s new nuclear cruise missile starts getting real next year,” Defense News, February 21, 2020, 
https://www.defensenews.com/smr/nuclear-arsenal/2020/02/21/the-navys-new-nuclear-cruise-missile-starts-getting-re-
al-next-year/.

9 Congressional Budget Office, Projected Costs of U.S. Nuclear Forces, 2019 to 2028 (Washington, DC: 2019), 4, https://www.
cbo.gov/system/files/2019-01/54914-NuclearForces.pdf.

10 Office of the Secretary of Defense, 2018 Nuclear Posture Review, 55.
11 Office of the Secretary of Defense, 2010 Nuclear Posture Review Report, iv.
12 U.S. Congress, Senate, “Statement of Charles A. Richard, Commander United States Strategic Command Before the Senate 

Armed Services Committee,” 117th Cong., 1st sess., April 20, 2021, 5, https://www.armed-services.senate.gov/imo/media/
doc/Richard04.20.2021.pdf.

13 Hans M. Kristensen and Matt Korda “United States nuclear weapons, 2021,” Bulletin of the Atomic Scientists 7, no. 1, (2021): 
44, doi:10.1080/00963402.2020.1859865.

14 Michael Kofman and Anya Loukianova Fink, “Escalation Management and Nuclear Employment in Russian Military Strate-
gy,” War On The Rocks, June 23, 2020, https://warontherocks.com/2020/06/escalation-management-and-nuclear-employ-
ment-in-russian-military-strategy/.
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that Russia “mistakenly assesses that the threat of nuclear escalation or actual first use of nuclear 
weapons would serve to ‘de-escalate’ a conflict on terms favorable to Russia.”15 The Cold War was 
largely characterized by a fear of a “bolt out of the blue” Soviet attack on the U.S. homeland; now, 
nuclear employment is likeliest to occur as a result of a regional conventional conflict where an 
adversary crosses the nuclear threshold.16 Reflective of this doctrine, Russia is significantly advancing 
its nonstrategic nuclear forces, meaning those unconstrained by New START. According to Defense 
Intelligence Agency director Lieutenant General Robert Ashley, Russia is expected to grow its 
unconstrained stockpile of about 2,000 nonstrategic nuclear warheads, which already outnumbers 
the United States in this category by about 10 to 1.17 Russia maintains a diverse arsenal of delivery 
systems capable of carrying these nonstrategic weapons, ranging from short-range missiles to anti-
ship cruise missiles, torpedoes, artillery, and potentially the defensive S-400 system.18 

China is also undertaking what Admiral Richard described as “a breathtaking expansion” of its nuclear 
forces. While China is completing a strategic nuclear triad accompanied by an assured second-strike 
capability, its advancement of regional nuclear forces means, as Richard noted, “they can do any 
plausible nuclear employment strategy regionally.”19 The People’s Liberation Army Rocket Force 
deploys several road- and rail-mobile ballistic missiles with medium and intermediate ranges that 
can strike an array of targets across the Indo-Pacific with precision. Most missiles are dual-capable, 
and the DF-17 missile might be able to carry a nuclear-capable hypersonic weapon. Additionally, 
China’s H-6K bomber can carry nuclear weapons, and China’s sea-based capabilities will improve with 
the development of the JL-3 SLBMs.20 These forces enable the Chinese to backstop their conventional 
forces in the region. For instance, should China decide to forcefully take Taiwan, it can use its regional 
nuclear forces to coerce the United States and constrain U.S. response options.21

North Korea’s advancing nuclear capabilities will also increase the challenge of deterring nuclear 
use at the regional level. Despite diplomatic efforts, the Kim regime continues to produce fissile 
material to build more nuclear weapons. It maintains an arsenal of short- and medium-range ballistic 
missiles that can strike a range of targets in the Indo-Pacific.22 The presence of two nuclear-armed 

15 Office of the Secretary of Defense, 2018 Nuclear Posture Review, 8.
16 For example, Admiral Richard explained that he considers “limited nuclear use out of conventional conflict to be a far 

more stressing challenge right now” than a bolt-out-of-the-blue attack. Michael O’Hanlon and Charles Richard, “The 
Future of Strategic Deterrence and Nuclear Modernization: A Conversation with Admiral Charles Richard,” (webinar, Brook-
ings Institution, May 7, 2021), 8, https://www.brookings.edu/wp-content/uploads/2021/05/fp_20210507_strategic_deter-
rence_richard_transcript.pdf.

17 Rebeccah L. Heinrichs, “The Arms Control Landscape ft. DIA Lt. Gen. Robert P. Ashley, Jr.,” (event, Hudson Institute, Washing-
ton, DC, May 29,2019), 4.

18 See Patty-Jane Geller and Rebeccah Heinrichs, Extending New START Makes U.S. Nuclear Modernization Imperative 
(Washington, DC: Heritage Foundation, 2021), Table 1 on p. 5, https://www.heritage.org/arms-control/report/extend-
ing-new-start-makes-us-nuclear-modernization-imperative. For more on the dual-capable nature of the S-400, see Robert 
Ashley, “Statement for the Record: Worldwide Threat Assessment,” Prepared statement to the Senate Armed Services 
Committee, 115th Cong., 2nd sess.,Washington, DC, March 6, 2018, 12, https://www.armed-services.senate.gov/imo/media/
doc/Ashley_03-06-18.pdf; and Hans M. Kristensen and Matt Korda, “Russian nuclear forces, 2020,” Bulletin of the Atomic 
Scientists 76, no. 2 (2020): 113, doi:10.1080/00963402.2020.1728985.

19 U.S. Congress, House, “FY22 Strategic Forces Posture Hearing,” Hearing before the House Armed Services Committee, 
Subcommittee on Strategic Forces, April 21, 2021, https://armedservices.house.gov/hearings?ID=5C75C944-4D35-498B-
966B-244AE65843EE.

20 See Office of the Secretary of Defense, Military and Security Developments Involving the People’s Republic of China, 
2020: Annual Report to Congress (Washington, DC: U.S. Department of Defense, 2020), 55–56, https://media.defense.
gov/2020/Sep/01/2002488689/-1/-1/1/2020-DOD-CHINA-MILITARY-POWER-REPORT-FINAL.PDF; and Hans M. Kris-
tensen and Matt Korda, “Chinese nuclear forces, 2020,” Bulletin of the Atomic Scientists 76, no. 6 (2020): 443–57, doi: 
10.1080/00963402.2020.1846432.

21 Ibid.
22 Mary Beth D. Nikitin, “North Korea’s Nuclear Weapons and Missile Programs,” Congressional Research Service Updated 
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states increasingly hostile to the United States in the Indo-Pacific presents an increasingly complex 
strategic deterrence challenge to the United States.

THE CASE FOR THE NUCLEAR SLCM
The nuclear threat to the United States is unprecedented. Russia and China’s nuclear buildups 
indicate that they believe they can gain an advantage over the United States. So long as Russia and 
China continue to advance their regional nuclear forces and the United States simply maintains the 
same force posture designed for a different threat environment, this imbalance in regional nuclear 
forces will persist. As a result, the United States must take action to respond to this change in threat 
environment—doing nothing will jeopardize U.S. deterrence. The rest of this paper analyzes the 2018 
NPR’s proposal to develop the SLCM-N in response to this change in threat, which the 2018 NPR 
states will provide a “needed nonstrategic regional presence” that will “strengthen the effectiveness 
of the sea-based nuclear deterrent force.”23 

What matters in determining a sufficient nuclear deterrent is the perceptions of adversaries of 
U.S. willingness to use nuclear force, not what the United States believes is necessary to deter. 
The argument for the SLCM-N is not necessarily that current U.S. forces are incapable of deterring 
Russian, Chinese, and North Korean regional nuclear threats, as it is impossible to know exactly why 
adversaries decide not to take certain actions. But because there is evidence that adversaries may 
believe they can gain an advantage by growing their nuclear forces or even employ their regional 
nuclear forces to compel the United States to back down in an ensuing conflict, more is needed 
to ensure certainty in the minds of adversaries that the United States can and will retaliate to 
even limited nuclear use. The SLCM-N has several unique attributes that would contribute to the 
credibility and flexibility of U.S. deterrence and allied assurance.

First, the SLCM-N can be deployed to the European or Indo-Pacific regions, increasing flexibility by 
providing the president with a proportional, credible response option. The SLCM-N will be deployed 
on sea-based platforms—likely destroyers or submarines—that can operate in theaters of conflict as 
opposed to U.S. strategic nuclear forces such as intercontinental ballistic missiles (ICBMs) located in 
the U.S. homeland or SLBMs deployed from nuclear ballistic missile submarines further out at sea. 
Russian and Chinese nonstrategic or regional nuclear buildups and strategies indicate that they may 
incorrectly perceive the United States to be reluctant to retaliate against a limited strike using a 
strategic nuclear weapon, which may disproportionally escalate the conflict further, and instead back 
down.24 While the United States may be confident in its ability to respond using strategic systems, 
what matters for deterrence is what adversaries perceive. Deploying a regional nuclear system that 
can more proportionally respond to limited nuclear employment can convince adversaries with more 
certainty of U.S. willingness and capability to respond to even a limited nuclear attack. 

The need for a regional nuclear capability is especially acute in the Indo-Pacific theater, where the 
United States does not forward deploy any nuclear weapons. To respond to nuclear employment at the 
lower rungs of the escalation ladder in the Indo-Pacific, the United States would need to respond with 

April 14, 2021, https://fas.org/sgp/crs/nuke/IF10472.pdf.
23 Office of the Secretary of Defense, 2018 Nuclear Posture Review, 55.
24 Office of the Under Secretary of Defense for Policy, “The Sea-Launched Cruise Missile-Nuclear (SLCM-N): Policy and 

Strategy,” in “Strengthening Deterrence and Reducing Nuclear Risks, Part II: The Sea-Launched Cruise Missile-Nuclear 
(SLCM-N),” Arms Control and International Security Papers 1, no. 11, July 23, 2020, 4, https://www.state.gov/wp-content/up-
loads/2020/07/T-Paper-series-SLCM-N-Final-508.pdf.
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a strategic nuclear weapon or relocate tactical weapons to the theater. While one cannot definitively 
say whether adversaries will view U.S. ICBMs, SLBMs, and strategic bombers as a credible deterrent 
against their tactical nuclear weapons, Russia and China’s massive regional nuclear force buildups 
indicate that they believe they can gain an advantage over the United States—an advantage that 
the United States must seek to limit. As the threat of regional nuclear forces grows, the SLCM-N can 
convince an adversary with more certainty that any nuclear use will be met with a proportionate U.S. 
response. The key is affecting threat perceptions in an enemy’s mind that the United States has viable 
options all along the escalation ladder that it can employ, not a quantitative matching of warheads.  

Critics argue that the existing nuclear triad suffices to deter the growth in China and Russia’s 
nuclear capabilities, especially since the United States deployed the W76-2 low-yield SLBM in 
2020.25 However, keeping U.S. force posture “as is” will allow this imbalance to persist in regional 
nuclear forces—which is profoundly destabilizing. The SLCM-N provides a unique capability to 
deter this growth in threat because it is nonstrategic, not limited to New START’s numeric caps, 
and can be forward deployed to directly deter adversary regional systems. The W76-2 provided a 
limited capability to have an option for a more proportional response to low-yield nuclear use in 
the short term, but more is needed to address the ongoing numeric growth in Chinese and Russian 
nuclear arsenals. Since it is not treaty-constrained, the SLCM-N enables the United States to add 
more deployed nuclear systems in the longer term to ensure the United States maintains sufficient 
capacity to deter the growing threat.26 Additionally, while the W76-2 provides a useful option to 
respond with a low-yield weapon, a regionally present system may be a more appropriate response 
for many limited-use scenarios than a launch from a strategic SLBM.

Second, because the SLCM-N will be deployed on a sea-based platform, it adds a more survivable 
option to U.S. capabilities below the strategic nuclear threshold. Currently, the United States’ only 
systems that can be forward deployed are air-based. In Europe, the United States forward deploys a 
couple hundred B61 tactical nuclear gravity bombs that can be deployed on either U.S. fighters or 
NATO dual-capable aircraft. However, the storage locations of these bombs are known and therefore 
vulnerable to Russian attack. Without enough warning time during a crisis, Russia can destroy those 
bombs, leaving the United States without this option. In the Indo-Pacific, the United States does 
not forward deploy any nuclear weapons to counter the growing Chinese nuclear threat. The United 
States can send nuclear-capable bombers to both regions during a crisis, but doing so requires 
long flight times and avoiding advancing air defenses. In fact, advancing adversary anti-access/area 
denial (A2/AD) environments indicates that adversaries may find U.S. air-based capabilities to lack 
credibility. According to a DOD report:

Given the major investment both Russia and China have made in A2/AD capabilities 
(especially advanced integrated air defense systems), each may come to believe it can 
effectively impede U.S. regional nuclear capabilities in executing their deterrence missions 
and thereby secure an exploitable coercive advantage. Dual-capable aircraft may be 
vulnerable, or perceived as vulnerable, to advanced defensive systems despite enhancements 
to their stealth and standoff features.27

25 Ellen Leonard, “Biden’s nuke policy review should cancel the sea-launched cruise missile,” Responsible Statecraft, August 
30, 2021, https://responsiblestatecraft.org/2021/08/30/bidens-nuke-policy-review-should-cancel-the-sea-launched-
cruise-missile/; and Monica Montgomery and Kingston Reif, “Biden Should Sink This Proposed Nuclear Weapon,” Defense 
One, April 19, 2021, https://www.defenseone.com/ideas/2021/04/biden-should-sink-new-nuclear-weapon/173473/.

26 The W76-2 counts as a strategic warhead under the New Strategic Arms Reduction Treaty, but the SLCM-N would not.
27 Office of the Under Secretary of Defense for Policy, “The Sea-Launched Cruise Missile-Nuclear,” 4.
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While air-based nuclear weapons remain a critical part of U.S. strategy, a sea-based regional nuclear 
missile can bolster these existing regional capabilities by more effectively operating against Russian 
and Chinese air defense systems. Sea-based, survivable submarines or even destroyers can operate 
in an extensive area and are difficult to find and destroy. Submarines are difficult to detect, and even 
Navy destroyers dispersed throughout the waters can make targeting difficult, especially if they have 
low observable characteristics, such as the Zumwalt-class.28 They can also operate in regional seas 
during both peacetime and crisis; they do not require long periods of time to deploy. As bombers, 
fighters, and their bases remain vulnerable to improving enemy A2/AD capabilities, the United States 
needs an additional regional nuclear option that is sea-based.29 The argument is not that the SLCM-N 
on sea-based platforms would be impervious to detection and attack compared to air-based nuclear 
forces, but rather that expanding options would improve the U.S. deterrence posture by making an 
adversary’s attack calculus more complicated. 

Third, a SLCM-N’s cruise missile trajectory contributes to the U.S. ability to effectively hold targets at 
risk and complements ballistic missile options. For deterrence to be effective, the United States must 
ensure it can credibly hold targets at risk. Sea-launched cruise missiles fly at low altitudes, making 
them much more difficult to detect and intercept by adversary air defenses. The SLCM-N missile 
itself may incorporate advanced stealth capabilities if it is designed similarly to the LRSO. Ships can 
also launch multiple cruise missiles from multiple platforms simultaneously at independent targets, 
which complicates adversary air defenses and strengthens deterrence.30 This capability is similar to 
the ALCM, which also flies on a cruise missile trajectory, but is complementary, rather than redundant, 
especially considering adversary efforts to make airspace for bombers and fighters increasingly 
prohibitive.31 Additionally, unlike bombers that cannot remain in the same position for a long period 
of time without risk of being shot down, sea-based platforms can loiter close to targets. This attribute 
makes SLCMs particularly effective for striking time-sensitive targets.32 For instance, Russia, China, 
and North Korea all rely on the use of transporter erector launchers (TELs) to load and launch their 
mobile ballistic missiles. The SLCM-N can strike these targets promptly. 

Therefore, the SLCM-N complements U.S. ballistic missiles—and the W76-2 low yield weapon in 
particular—by forcing the adversary to contend with missiles flying on both trajectories, in addition 
to missiles launched from both air and sea.33 This is not to argue that the United States cannot target 
time-sensitive targets such as TELs with other nuclear capabilities today or that a cruise missile 
would perform better than other capabilities. Rather, the SLCM-N increases the uncertainty and risk 
in adversaries’ behavior, as having to deal with both kinds of threats increases the demands on their 
advancing defense systems. Additionally, given the rapidly advancing threat and the time it takes to 
deploy new capabilities, commencing efforts now to increase the clarity in U.S. capability and will 

28 Henry C. Mustin, “The Sea-Launched Cruise Missile: More Than a Bargaining Chip,” International Security 13, no. 3 (Winter 
1988-1989), 186, doi:10.2307/2538743; and Joseph Trevithick, “US Eyes Adding Nuclear Cruise Missiles to Zumwalt 
Stealth Destroyers As Well As Submarines,” The Drive, February 26, 2018, https://www.thedrive.com/the-war-zone/18804/
us-eyes-adding-nuclear-cruise-missiles-to-zumwalt-stealth-destroyers-as-well-as-submarines.

29 Office of the Under Secretary of Defense for Policy, “The Sea-Launched Cruise Missile-Nuclear,” 4.
30 Linton Brooks, “Nuclear SLCMs Add to Deterrence and Security,” International Security 13, No. 3 (Winter 1988–1989), 170, 

https://www.jstor.org/stable/2538741.
31 Patty-Jane Geller, Fielding the Long-Range Standoff Weapon Prevents a Dangerous Gap in the U.S. Nuclear Deterrent (Wash-

ington, DC: Heritage Foundation, 2021), 6, https://www.heritage.org/sites/default/files/2021-01/BG3580.pdf.
32 Masashi Murano, “The 2018 Nuclear Posture Review and Its Strategic Implications in the Asia-Pacific Region,” in Balanc-

ing Between Nuclear Deterrence and Disarmament: View from the Next Generation, eds. Yuki Tatsumi and Pamela Kennedy 
(Washington, DC: Stimson Center, March 2018), 70, https://www.stimson.org/wp-content/files/file-attachments/Nucle-
ar-NextGen-FINAL-WEB3.pdf.

33 In addition, unlike U.S. ballistic missiles, cruise missiles can change target information after they are launched. Ibid., 70.
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to respond is essential. Fielding the SLCM-N sends a strong signal that the United States will not 
tolerate regional aggression.  

A regional, sea-based, cruise missile option would play an important role in both the European 
and Indo-Pacific theaters by convincing adversaries that attempts to escalate conflict will bring 
unacceptable risk. During the Cold War, the TLAM-N limited Soviet options for destroying U.S. 
forces deployed in Europe because even if the Soviets destroyed all the U.S. intermediate-range 
nuclear missiles, they could never be sure they could locate and destroy TLAM-Ns.34 In fact, the 
former commander of the U.S. Sixth Fleet, Vice Admiral J. D. Williams, recalled Soviet leader Mikhail 
Gorbachev remarking in a meeting with U.S. president George H.W. Bush that: “We have read every 
one of your submarine messages for ten years and have been unable to find or kill even one of them. 
We quit.”35 Now, the United States does not even deploy nuclear missiles to Europe—only B61 bombs, 
of which Russia knows the locations. With more survivable SLCM-Ns lurking in regional waters, 
Russia would have to think twice before escalating conflict to the point where it believes it can 
employ nuclear weapons and win.

The SLCM-N may play a more critical role in the Indo-Pacific theater. The dual-capable nature of 
China’s theater-range ballistic missiles combined with its advancing early-warning and command 
and control capabilities indicate that its nuclear forces could backstop a strategy to take Taiwan 
and compel the United States to back down during a crisis. China’s growing regional nuclear forces 
can constrain U.S. response options if the United States cannot effectively deter nuclear use at the 
lower end of the escalation ladder. According to Admiral Richard, “We’ll be the ones that are getting 
deterred if I don’t have the capability to similarly deter them.”36 It is important to note that effective 
deterrence depends on the successful completion of the modernization of the entire U.S. nuclear 
enterprise—including warheads, delivery platforms, and command and control systems—but as a part 
of that effort, the deployment of SLCM-Ns would fill an important gap that exists today.

SLCM-N AND ALLIED ASSURANCE
Allies may question the credibility of a U.S. response to limited employment of nuclear weapons in 
Europe or the Indo-Pacific using its high-yield, strategic nuclear forces. They may also question U.S. 
assurance commitments in general should the United States ignore the growing disparity with Russia 
and China. A nuclear capability that can be deployed in allies’ own regions can help reinforce that 
the United States is committed to the extension of its nuclear umbrella. Additionally, because it is 
sea-based, the SLCM-N can provide this benefit without the need for additional basing requirements. 
For this reason, NATO and Pacific allies would likely support the SLCM-N because it would improve 
deterrence of their aggressive neighbors without provoking domestic protests against nuclear 
weapons basing. 

Maintaining allied confidence in the U.S. nuclear umbrella is critical as allies in Europe, and even 
more so the Indo-Pacific, become increasingly threatened by Russian and Chinese aggression. For 
instance, former commander of U.S. Indo-Pacific Command Admiral Philip Davidson predicts that 
China could invade Taiwan within the next six years.37 At the same time, allies have reason to doubt 

34 Mustin, “The Sea-Launched Cruise Missile,” 185.
35 John F. Lehman, Oceans Ventured: Winning the Cold War at Sea (New York: W. W. Norton & Company, 2018).
36 Bill Gertz, “China engaged in ‘breathtaking’ nuclear expansion, STRATCOM commander warns,” Washington Times, April 21, 

2021, https://www.washingtontimes.com/news/2021/apr/21/adm-charles-richard-warns-over-china-nuclear-expan/.
37 Helen Davidson, “China could invade Taiwan in next six years, top US admiral warns,” The Guardian, March 9, 2021, https://
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U.S. commitments to extended deterrence, as the United States has sought to minimize its role in the 
world over the course of recent administrations. If the United States cannot modernize and maintain 
force levels of its own nuclear forces, allies will likely question the U.S. commitment to maintaining a 
nuclear force capable of deterring attacks against allies as well. Especially as allies such as Japan and 
South Korea have the technical capabilities to produce their own nuclear weapons, the United States 
must ensure its extended deterrence commitment remains credible. Developing the SLCM-N would 
aid in this effort.

SLCM-N AND STABILITY
Critics of nuclear deterrence argue that the SLCM-N will negatively impact stability with U.S. 
adversaries or start an arms race.38 China and Russia’s nuclear buildups threaten strategic stability. 
Their expanding and diversifying arsenals may provide both nations options to escalate conflicts 
in novel ways to which the current U.S. nuclear posture would be challenged to respond. This trend 
erodes deterrence; China and Russia may be more willing to take risks or even strike first as the 
credibility and efficacy of a U.S. response diminish. Adding the SLCM-N to the U.S. arsenal is therefore 
stabilizing because it would begin to rectify this imbalance. 

The SLCM-N would also not start an arms race. Both Russia and China are already expanding their 
nuclear forces, as well as developing new and novel nuclear systems.39 The SLCM-N is a modest 
response to these significant expansions—and would not be the cause of them. Senior military 
leaders have also consistently emphasized that the United States does not intend to match either 
nation system for system; however, doing nothing means ceding an advantage to adversaries and 
reducing the United States’ ability to deter nuclear use.40 Russia and China will of course seek to 
disparage the SLCM-N effort as destabilizing. Doing so is in their interest since the SLCM-N would 
help close in on the advantages they seek—not because it would disrupt any existing strategic 
stability that Russia and China have already been acting to squander.

Another concern is that because the United States also deploys conventionally armed cruise missiles, 
Russia or China will confuse a U.S. conventional cruise missile with a nuclear one and launch a 
nuclear attack in response.41 However, the logic that a state can characterize a warhead based on 
missile trajectory is fundamentally flawed when it is technically possible to put a nuclear payload 
on any type of delivery system. This problem is also not unique to the SLCM-N, as countries have 
deployed dual-capable weapons for years and this mistaken escalation has never occurred.42 In an 
escalating conventional conflict, a Russian or Chinese preemptive nuclear strike after a U.S. cruise 
missile launch is implausible. Because Russia and China have clear assured second-strike options 
available after a U.S. missile launch, preemptively launching nuclear weapons and risking nuclear 

www.theguardian.com/world/2021/mar/10/china-could-invade-taiwan-in-next-six-years-top-us-admiral-warns.
38 Monica Montgomery and Kingston Reif, “Biden Should Sink This Proposed Nuclear Weapon,” Defense One, April 19, 2021, 
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39 For instance, Russia deploys and China is developing an air-launched ballistic missile. Both deploy nuclear-armed hyper-

sonic glide vehicles. Russia deploys dual-capable ground-launched cruise missiles, and both deploy dual-capable short-, 
medium-, and intermediate-range ballistic missiles. See Geller and Heinrichs, Extending New START Makes U.S. Nuclear 
Modernization Imperative, Table 1 on p. 5.

40 Office of the Under Secretary of Defense for Policy, “The Sea-Launched Cruise Missile-Nuclear,” 2 and 6.
41 “Fact Sheet: Nuclear Sea-Launched Cruise Missiles Are Wasteful,” Center for Arms Control and Non-Proliferation, June 24, 

2021, https://armscontrolcenter.org/fact-sheet-nuclear-sea-launched-cruise-missiles-are-wasteful/.
42 For instance, Russia has launched its SLCMs in Syria, and neither the United States nor China mistook those cruise 

missiles to be nuclear-armed. “Russia fires cruise missiles at IS targets in Syria,” BBC, May 31, 2017, https://www.bbc.com/
news/world-middle-east-40104728.
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retaliation when a chance exists that the U.S. missile launch was conventional would not be a 
rational response.

SLCM-N AND ARMS CONTROL
Developing the SLCM-N may also play a useful role in future arms control negotiations. The NPR 
states that the SLCM-N “may provide the necessary incentive for Russia to negotiate seriously a 
reduction of its non-strategic nuclear weapons.”43 Russia has historically refused to even discuss 
its growing nonstrategic nuclear stockpile, much less negotiate on numbers and types. The Trump 
administration reached an agreement in principle for Russia to freeze all nuclear warhead growth 
in exchange for a short-term New START extension, but Russia reneged on that agreement after the 
U.S. 2020 election.44 Just as the U.S. deployment of Pershing II intermediate-range ballistic missiles in 
Europe led to the INF Treaty in 1987, SLCM-N deployment—or even mere development—might compel 
Russia to the negotiating table. Deploying the SLCM-N may have a similar impact on China, which 
has thus far refused to participate in arms control discussions. Moreover, failing to respond to either 
nation’s nuclear buildups would likely decrease adversaries’ incentives for meaningful arms control by 
reinforcing their views that expanding their nuclear forces provides them a military advantage.

To be clear, the SLCM-N ought not be developed solely for the purpose of eventually being negotiated 
away. Given Russia and China’s regional nuclear force buildups, the United States should pursue 
the SLCM-N to help deter these threats. As General John Hyten testified when he was STRATCOM 
commander in 2018, “That [SLCM] capability is against the threat. However, that capability also gives 
our negotiators something to talk about. If you do not have something to talk about, it is very hard to 
sit down and negotiate. But it is not a bargaining chip because it is to counter the threat.”45  

PRACTICAL CONSIDERATIONS TO ADDRESS
The case for the SLCM-N’s contribution to deterrence and national security is clear, as initially made 
by the 2018 NPR. The more important questions and concerns lie in the practical and feasibility 
implications of acquiring the SLCM-N. DOD will have to decide on which platforms it will deploy the 
SLCM-Ns, where any outcome would likely impact critical conventional naval missions. The Navy will 
also need to fit the SLCM-N into an already-constrained budget. While decisions such as platform, 
number of missiles, missile technology, and concept of operations have been examined in the AoA, 
this paper discusses potential options and outcomes to inform future policymaking. Ultimately, 
while developing the SLCM-N will require trade-offs, its development would provide a significant 
operational impact and is possible at a low cost. 

The SLCM-N will likely be deployed on surface ships, attack submarines, or a combination of the 
two. In 2018, General Hyten specified that DOD would examine deploying SLCM-Ns on different 
types of submarines and the Zumwalt-class destroyer. While the Ohio-class, or future Columbia-class 
SSBNs, will likely not be an option, the Virginia-class attack submarines (SSNs) would be the likeliest 

43 Office of the Secretary of Defense, 2018 Nuclear Posture Review, 55.
44 After reneging on the agreement made in principle, President Vladimir Putin stated, “We are ready to continue the dia-

logue. I know that the newly elected President, Mr. Biden, said that, well, it sounded like . . . a readiness to continue the 
dialogue, to preserve this fundamental document.” See Brendan Cole, “U.S. Says Russia Rejected Nuclear Treaty Talks Five 
Times Despite Putin’s Push for Deal,” Newsweek, December 18, 2020, https://www.newsweek.com/start-treaty-russia-putin-
biden-nuclear-arms-1555874.

45 U.S. Congress, Senate, Armed Services Committee, Hearing to receive testimony on the United States Strategic Command 
in review of the National Defense Authorization Request for Fiscal Year 2019 and the Future Years Defense Program, 
115th Cong., 2nd sess., 2018, 63, https://www.armed-services.senate.gov/imo/media/doc/18-28_03-20-18.pdf.
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candidate for submarine deployment.46 The U.S. Navy currently maintains 19 Virginia-class boats 
and will continue procuring about two more per year as the older Los Angeles-class SSNs retire.47 
The Virginia-class has both vertical launch tubes and torpedo tubes that can carry the conventional 
TLAMs. Most Virginia-class boats being procured now and in subsequent years will carry the new 
Virginia Payload Module (VPM), an 84-foot-long section that can carry additional missile tubes, 
increasing capacity for missiles by about 76 percent.48 Given the Cold War experience of deploying 
SLCM-Ns, it is very plausible that new versions of this weapon could approximate the size of TLAMs 
and presumably fit in the VPMs or torpedo tubes of the Navy’s submarines.

As hinted by General Hyten, the Zumwalt-class destroyer (DDG-1000) could also deploy SLCM-Ns. 
The Navy owns three Zumwalt-class ships, with no plan for further procurement. The mission of the 
Zumwalt-class has recently expanded to include both surface warfare and land-attack capabilities.49 
It carries the 80-cell Vertical Launch System capable of carrying TLAMs, making it a strong 
candidate for carrying SLCM-Ns.50 Surface ships can be seen and tracked, which would increase their 
vulnerability during conflict, but they can provide a powerful deterrence signal to U.S. adversaries. 
If deployed to the Indo-Pacific, they can remain in the Western Pacific or Indian Ocean and surge to 
within firing range if tensions increase to strike an array of targets, including inland China.51 

Chief of naval operations Admiral Mike Gilday announced in April 2021 that one of the Zumwalt-
class ships would carry the Navy’s Common Hypersonic Glide Body, which would require missile tube 
alterations to fit the larger hypersonic missiles.52 Acquiring the hypersonic mission would not rule 
out the SLCM-N mission—if anything, carrying both systems would fit the Zumwalt’s new mission of 
blue-water strike. However, limited space on the Zumwalt-class may require trade-offs in the number 
of hypersonic versus nuclear cruise missiles it can hold. While this trade-off may be offset by future 
deployment of hypersonic missiles on the VPMs, policymakers will need to consider capacity limits.

Indeed, policymakers have already expressed concern with the SLCM-N detracting from core 
naval missions, “such as tracking enemy submarines, protecting United States carrier groups, and 
conducting conventional strikes on priority land targets,” according to introduced legislation.53 The 
Navy will also lose missile tubes when the Ohio-class guided-missile submarines (SSGNs) retire in 

46 There is no reason to believe the United States would consider adding SLCM-Ns to space on strategic Trident II D5 SLBMs 
aboard SSBNs. Launching a SLCM-N from an SSBN might give away the location of the submarine and doing so would 
limit the regional nature of the SLCM-N implied by the NPR. DOD’s report on the SLCM-N also argues that the SLCM-N 
would hedge against technical issues in the SSBN fleet, implying that they would be deployed separately. See Office of 
the Under Secretary of Defense for Policy, “The Sea-Launched Cruise Missile-Nuclear,” 4.

47 Ronald O’Rourke, Navy Virginia (SSN-774) Class Attack Submarine Procurement: Background and Issues for Congress, CRS 
Report No. RL32418 (Washington, DC: Congressional Research Service, 2021), 3 and 6, https://fas.org/sgp/crs/weapons/
RL32418.pdf.

48 Ibid., 9.
49 Franz-Stefan Gady, “US Navy’s New Stealth Destroyer to Be Fitted With Ship-Killing Missiles,” The Diplomat, February 21, 

2018, https://thediplomat.com/2018/02/us-navys-new-stealth-destroyer-to-be-fitted-with-ship-killing-missiles/.
50 Ronald O’Rourke, Navy DDG-51 and DDG-1000 Destroyer Programs: Background and Issues for Congress, CRS Report No. 

RL32109 (Washington, DC: Congressional Research Service, 2021), 4, https://fas.org/sgp/crs/weapons/RL32109.pdf.
51 David B. Larter, “What should become of the Zumwalt class? The US Navy has some big ideas,” Defense News, March 25, 

2021, https://www.defensenews.com/naval/2021/03/25/what-should-become-of-the-zumwalt-class-the-us-navy-has-
some-big-ideas/.

52 Sam LaGrone, “CNO: Hypersonic Weapons at Sea to Premiere on Zumwalt Destroyers in 2025,” USNI News, April 28, 2021, 
https://news.usni.org/2021/04/28/cno-hypersonic-weapons-at-sea-to-premiere-on-zumwalt-destroyers-in-2025. The 
Navy originally planned to deploy its hypersonic missiles first on Ohio-class SSGNs followed by the VPMs.

53 U.S. Congress, Senate, Nuclear SLCM Ban Act of 2021, S. 595, 117th Cong., 1st sess., https://www.congress.gov/
bill/117th-congress/senate-bill/595/text?format=txt.
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the FY 2026 to FY 2028 timeframe.54 While the VPMs are intended to make up for lost space provided 
by the large SSGNs, the Navy’s total missile capacity will still decrease.

Deploying nuclear weapons on conventionally armed platforms brings several issues because 
DOD manages nuclear weapons differently than conventional weapons. Nuclear and conventional 
weapons use different fire control systems, requiring the Navy to add fire control stations to 
conventional ships that would deploy SLCM-Ns. Nuclear weapons management also requires 
separate personnel training and special security measures. Adding nuclear weapons to conventional 
ships is not as simple as inserting the missiles into tubes—doing so involves additional, hidden costs. 

While these challenges are significant, the Navy can consider potential arrangements to find 
an amenable concept of operations, as it did during the Cold War. To avoid nuclear certification 
complications, the Navy could retrofit a block of submarines as dedicated SLCM-N carriers. But 
that could constrain those submarines from conducting their existing conventional missions. 
Instead, the Navy might retrofit a portion of its attack submarines to carry SLCM-Ns in addition to 
conventional weapons, allowing those boats to continue their conventional missions. During the 
Cold War, the deployment of TLAM-Ns on ships along with conventional missiles did not change the 
ships’ general mission to implement the Navy’s maritime strategy.55 One advantage of this option is 
that U.S. adversaries would not know which boats carried nuclear weapons, increasing uncertainty 
and deterrence. Indeed, much of the SLCM-N’s contribution to deterrence may be achieved with a 
relatively modest deployment, creating another opportunity to manage trade-offs. 

While delivery platform selection and nuclear certification processes may be complex and create 
additional costs, development of the missile itself may be simpler. Because the SLCM-N is not a new 
capability, the Navy can exploit existing technology and know-how to build the SLCM-N. As former 
secretary of defense James Mattis stated, “[B]y going back to a weapon that we had before, there is 
a fair amount of already sunk technology costs that we will not have to redo, will not have to come 
back up and ask for again.”56 The $9 billion cost estimated by the Congressional Budget Office is 
based on an assumption that the SLCM-N would be similar to the LRSO. However, the Navy has the 
option to simplify the SLCM-N development even further by just updating the TLAM-N. Even if the 
Navy does opt to build a brand-new missile, it could minimize costs by leveraging the technologies 
used to build the LRSO. In fact, the National Defense Authorization Act for FY 2020 required that 
DOD report on opportunities to do just that.57 The decision to alter the W80-4 Life Extension 
Program (the warhead being developed for the LRSO) to fit the SLCM-N could also help minimize 
costs and simplify the effort. While deploying SLCM-Ns on ships may require additional burdens and 
costs, the Navy does not need to reinvent the wheel to develop the SLCM-N itself. 

 
 

54 O’Rourke, Navy Virginia (SSN-774), 9. Additionally, the timeframe for Ohio-class SSGN retirement precludes deployment of 
SLCM-Ns on Ohio-class SSGNs. The Navy could opt to build more Columbia-class SSBNs for conversion into SSGNs that 
can carry SLCM-Ns or hypersonic missiles, but considering the urgent need to replace the Ohio-class SSBNs to maintain 
the strategic deterrence mission, this possibility is not likely during this decade.

55 Brooks, “Nuclear SLCMs Add to Deterrence and Security,” 172.
56 U.S. Congress, Senate, Armed Services Committee, Hearing to receive testimony on the Department of Defense Budget 

Posture in review of the Defense Authorization Request for Fiscal Year 2019 and the Future Hears Defense Program, 
115th Cong., 2nd sess., April 26, 2018, 65, https://www.armed-services.senate.gov/imo/media/doc/18-44_04-26-18.pdf.

57 National Defense Authorization Act for Fiscal Year 2020, Public Law 116-92, § 1669, https://www.congress.gov/
bill/116th-congress/senate-bill/1790.
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CONCLUSION
Ultimately, while issues with nuclear certification, personnel training, and resource allocation present 
valid challenges, they are not insurmountable and are worth resolving, considering the SLCM-N’s role 
in deterring the advancing global nuclear threat. Evidence is growing that nuclear war is likeliest 
to begin at the lower levels of the nuclear escalation ladder in either the European or Indo-Pacific 
theaters. Regional nuclear forces could also be used to coerce and constrain U.S. response options. 
This rising threat must serve as the prime driver for U.S. deterrence strategy. Because the SLCM-N can 
be deployed on a sea-based platform to the theater of conflict and provide a survivable cruise missile 
option, it can help convince both U.S. adversaries and allies of the United States’ will and capability 
to respond to a limited, regional nuclear strike. In this sense, it would increase stability among peers 
by helping to offset an imbalance between U.S. and adversary regional nuclear forces.

Practical considerations such as cost and resource allocation should not preclude the execution of 
this threat-driven strategy. While indeed challenging, concepts of operations for SLCM-N deployment 
exist that could lessen the burden on the Navy. The Navy has deployed SLCM-Ns before and can do 
so again. Even if future budgets remain constrained, the Navy can prioritize SLCM-N development 
at the lowest cost possible. Because nuclear deterrence is both the Navy and DOD’s number one 
mission, resourcing the SLCM-N should take priority. Ultimately, the United States must adjust its 
force posture in some way to respond to the change in nuclear threat, and the modest addition of the 
SLCM-N could have a significant impact on U.S. national security.
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When Should We Care 
About New Technology  
in the Nuclear Domain?
Assessing Emerging Technologies Impacts on Stability
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INTRODUCTION
Over the past several years, evolving nuclear capabilities around the world have spurred an urgent 
conversation about their impacts on the threat of nuclear war. On March 1, 2018, Russian president 
Vladimir Putin announced the development of several new nuclear weapon systems, including a new 
strategic intercontinental ballistic missile (ICBM), an intercontinental undersea drone, and a nuclear-
powered, long-range cruise missile.3 Of these, the hypersonic glide vehicle (HGV) Avangard has 
received much of the attention from the media and literature, with commentators proclaiming that 
this class of weapon could change the mechanics of nuclear deterrence as much as the development 
of ballistic missiles.4

 

1 Matt Gilbert is a senior member of the technical staff, Systems Analysis and Engineering, Sandia National Laboratories, 
Livermore, CA. Thanks are due to Dr. Jarret Lafleur, Dr. Andrew Reddie, Dr. Paul Nielan, and Mr. Anthony Juarez.

2 Sandia National Laboratories is a multimission laboratory managed and operated by National Technology and Engi-
neering Solutions of Sandia, LLC., a wholly owned subsidiary of Honeywell International, Inc., for the U.S. Department of 
Energy’s National Nuclear Security Administration under contract DE-NA-0003525.

3 Steven Pifer, “Putin on the Nukes,” Brookings Institution, March 2, 2018, https://www.brookings.edu/blog/order-from-cha-
os/2018/03/02/putin-on-the-nukes/.

4 Spenser A. Warren, “Avangard and Transatlantic Security,” CSIS, September 23, 2020, https://www.csis.org/blogs/post-sovi-
et-post/avangard-and-transatlantic-security.
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Russia has not been alone in publicly announcing weapon systems in the nuclear domain. In its 2018 
Nuclear Posture Review, the United States highlighted the F-35 as a development nuclear delivery 
system and announced its intentions to field a sea-launched cruise missile (SLCM) and a low-yield 
sea-launched ballistic missile (SLBM).5 Emerging U.S. conventional capabilities have also received 
attention for their potential impacts in the nuclear domain such as prompt global strike (PGS) and its 
evolving ballistic missile defense capabilities.6 

As new and modernized systems are fielded by the United States and Russia, and as China 
expands its nuclear stockpile with twenty-first century technology, it is important to ask: When 
do new technologies in the nuclear domain actually matter? When do emerging capabilities and 
replacements of existing systems change the military realities of the world’s nuclear powers and 
the lived experiences of the people in these countries? Specifically, it is important to consider 
the attributes of emerging weapon systems that may impact nuclear strategic stability or, in even 
narrower terms, which attributes of newly fielded military systems may make nuclear conflict more 
or less likely? It is through this understanding that policymakers, voters, and the broader nuclear 
weapons community can evaluate when and how to respond to emerging technology while reducing 
the likelihood of nuclear escalation. 

This work seeks to develop and apply an approach to answer the following questions: 

1. Which attributes of emerging military technologies in the nuclear domain impact strategic 
stability? 

2. What are the overall impacts on strategic stability of the weapon systems (nuclear and 
conventional) currently being developed or fielded by the world’s nuclear powers? 

To address these questions, this study first surveys the definitions and goals of strategic stability, 
then presents a novel framework for capturing strategic stability impacts of technologies, and finally 
applies the framework to several emerging technologies with nuclear domain impacts. Specifically, 
this work focuses on systems that try to upend an adversary’s nuclear calculus, such as ballistic 
missile defenses that may seek to defeat a limited nuclear attack, hypersonic nuclear missiles such 
as Avangard that may seek to avoid early warnings and defenses, and low-yield nuclear weapons 
that may lower the threshold (or perceived threshold) for nuclear escalation. Though they are not 
alone in modernizing their nuclear forces, this study focuses primarily on the United States and 
Russia because they field the largest numbers of weapons. Future work may consider China’s evolving 
nuclear stockpile more deeply.

STRATEGIC STABILITY PRIMER
The concept of strategic stability arose during the Cold War to describe a situation in which the 
two great powers, the United States and the Soviet Union, could realize no benefit by starting a 
nuclear war.7 The discussion was motivated by the realization that for early nuclear weapon systems, 

5 U.S. Department of Defense, Nuclear Posture Review 2018 (Washington, DC: Department of Defense, 2018), https://media.
defense.gov/2018/Feb/02/2001872886/-1/-1/1/2018-NUCLEAR-POSTURE-REVIEW-FINAL-REPORT.PDF.

6 James M. Acton, Silver Bullet? Asking the Right Questions About Conventional Prompt Global Strike (Washington, DC: Carnegie 
Endowment for International Peace, 2013), https://carnegieendowment.org/2013/09/03/silver-bullet-asking-right-ques-
tions-about-conventional-prompt-global-strike-pub-52778; and U.S. Department of Defense, Missile Defense Review 2019 
(Washington, DC: Department of Defense, 2019), https://media.defense.gov/2019/Jan/17/2002080666/-1/-1/1/2019-MIS-
SILE-DEFENSE-REVIEW.PDF.

7 Michael S. Gerson, “The origins of strategic stability,” in Strategic Stability: Contending Interpretations (Carlisle Barracks, PA: 
U.S. Army War College Press, 2013), https://publications.armywarcollege.edu/pubs/2216.pdf.
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a surprise first strike could potentially provide massive benefits to the first mover by disabling the 
other’s nuclear capability.8 This early situation was unstable and led to both sides seeking means 
to reduce the first-strike advantage, including through the development of new, more survivable 
weapon systems such as launch-on-warning ballistic missiles or changes to the weapon system 
postures such as keeping nuclear bombers on alert.

Since then, strategic stability has taken on a 
variety of different meanings to those who use 
the term. Its meaning is often not consistent, 
and occasionally the phrase is used without 
a specific definition. The most important 
variations in meaning for the term can be 
captured in its variations of scope as outlined 
by Edward Warner, who served as the deputy 
head of the U.S. delegation to the New Start 
Arms Reductions Talks (New START).9 In its 
broadest sense (definition 1), strategic stability 
is sometimes used to describe a situation in 
which incentives for conflict are removed to 
maintain peace and the existing global order; 
this viewpoint is most closely associated 
with Russia. More narrowly (definition 2), it 
can describe the absence of armed conflict 
between nuclear-armed states. Most narrowly 
(definition 3), strategic stability describes 
the absence of incentives for either nuclear 
first use (crisis and first-strike stability) or for 
the buildup of new nuclear forces (arms race 
stability). When each of these definitions can 
be applied is sketched in Figure 1.

While the two broader definitions play important roles in setting the context for when a nuclear 
conflict may arise, the third definition serves as the final bottleneck for nuclear war and, moreover, 
captures the impacts of the technical features of weapon systems on the incentives of nuclear 
conflict. Therefore, the rest of this discussion will exclude definitions 1 and 2.

Despite the limited scope of this third definition, even it is traditionally broken down into two major 
components: arms-race stability and the duo of crisis and first-strike stability.10 Arms-race stability 
refers to the removal of incentives for the buildup of new nuclear forces.11 This concept seeks to 
identify the necessary conditions to avoid an arms race and is considered a key part of strategic 
stability because it controls the dynamics of which weapons will be available to fight a nuclear war. 

8 Ibid.
9 Edward L. Warner, “How is Deterrence and Stability Enhanced/Diminished by Arms Control Beyond New Start?” (remarks at 

2011 United States Strategic Command Deterrence Symposium, Omaha, NE, August 3-4, 2011); and James M. Acton, “Re-
claiming strategic stability,” in Strategic Stability: Contending Interpretations (Carlisle Barracks, PA: U.S. Army War College, 
2013).

10 Ibid.
11 Ibid. 
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moreover, captures the impacts of the technical features of weapon systems on the incentives of 
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8 Ibid. 
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While there are some historical examples of breakdowns in arms-race stability, the decision to develop 
new weapon systems is overdetermined.12 Today, it is not clear that new developments in weapon 
technology are even a reflection of arms race dynamics between great powers; emerging technologies 
often address changing security needs or may simply reflect the available technology of the day. 
Moreover, arms-race stability does not answer the question this document seeks to answer: “which 
technologies make nuclear war more likely?” Therefore, arms-race stability is not the focus of this study.

Crisis and first-strike stability refer to the removal of incentives for beginning a nuclear conflict.13 
Specifically, crisis stability refers to the risk for nuclear exchange due to all of the dynamics of a 
scenario that may cause an existing conflict to escalate to a nuclear first strike, while first-strike 
stability refers more specifically to whether a first strike is advantageous from a balance of power 
perspective, agnostic to the surrounding situation. First-strike stability generally focuses more 
narrowly on whether a nuclear power could achieve a sufficient numerical and technical advantage 
over their adversary through a nuclear first strike, while crisis stability expands the scope to 
consider the effects of real-world dynamics on a nuclear escalation decision (including incomplete 
information during a crisis and the psychology of leadership).

To address the guiding question of this work, a mixture of crisis and first-strike stability is used. 
Weapon system attributes are considered both on their potential to create an advantage for the first 
mover and on their potential to create scenarios that lead to inadvertent escalation. Specifics of a 
conflict scenario, however, are not taken into account.

FRAMEWORK: HOW DO NEW TECHNOLOGIES IMPACT CRISIS 
AND FIRST-STRIKE STABILITY?
When a nuclear-armed country fields a new system, it can impact the calculus of a first strike for both 
the nation that fields the system and their adversary (when considering a dyad of nuclear-armed 
states). Deterrence is typically broken down into deterrence by denial of benefits and by threat of 
punishment; a new system can sway both the benefits realized by a nuclear strike for both nations 
and the punishment received as a consequence.14 At the risk of oversimplifying the gravity of the 
situation, during a conflict, the costs and benefits for a nuclear first strike depend heavily on the 
technical capabilities of the nuclear combatants. As the benefits outweigh the costs for either side, 
deterrence begins to break down, diminishing strategic stability and increasing the probability of 
nuclear conflict; however, imperfect information or irrational, rushed decisionmaking may lead one of 
the adversaries to miscalculate, also increasing the probability of nuclear conflict.

12 Ibid.
13 Ibid.
14 Michael J. Mazarr, Understanding Deterrence (Santa Monica, CA: RAND Corporation, 2018), https://www.rand.org/pubs/per-

spectives/PE295.html.
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Figure 2: Framework for Nuclear First Strike

MAJOR INFLUENCES STABILITY FACTOR EXAMPLE/EXPLANATION
ST

AB
IL

IT
Y 

FR
AM

EW
O

RK

Benefits of First Strike 
(Destabilizing)

“Strategic” Advantage Decapitating Strike Capability

“Tactical” Advantage Battlefield Nuclear Weapon

Costs & Punishment  
of First Strike 

(Stabilizing) 

Threat of 
Second Strike

Survivability
Mobile or Hard Delivery 
Platform; Survivable SLBM

Credibility
Unambiguous Second 
Strike Capability; Launch on 
Warning

Effectiveness Capable of Delivery & Damage

Political Costs Nuclear Taboo

Risks of  
Inadvertent Escalation 

(Destabilizing) 

Miscommunication
Accidental Signaling  
of First Strike

Miscalculation
Accidental Escalatory  
Behavior 

Third Party Overflight of Third Party

Loss of Control Terrorists Use of Weapon

Note: Destabilizing influences (Benefits of First Strike and Risks of Inadvertent Escalation) are shown in red, while stabilizing 
influences (Costs & Punishments) are shown in green. Each of the three major influences is decomposed into stability 
factors and explained in the table.

Source: Based on author’s research and analysis.

Figure 2 presents a novel framework that captures the concept described above. Three major 
influences on first-strike calculus are decomposed and described: benefits of the strike, costs and 
punishment associated with the strike, and risk of inadvertent escalation. The details of these three 
influences are described in the sections below.

BENEFITS OF A NUCLEAR FIRST STRIKE
A nuclear first strike can be used to realize either a strategic or tactical advantage. In the context of 
this work, the strategic advantage of a nuclear first strike refers to the wartime gains associated with 
the ability to disable an adversary’s strategic capabilities, such as their nuclear forces or command 
and control or the ability to deliver a decapitating strike against their leadership. Conversely, in the 
scope of this work, the tactical advantage refers to the wartime gains associated with the use of a 
capability to disable an adversary’s tactical capabilities, such as to seek an advantage during a naval 
engagement or to seek a battlefield advantage in a regional conflict.

While a new capability that realizes enhanced benefits for a first strike does not necessarily make 
the capability destabilizing, the capability to realize increased first-strike benefits is destabilizing by 
itself. In short, increasing the benefits of a first strike is destabilizing. This is particularly true if a new 
nuclear capability represents the only or best way to attain wartime success. A new capability that 
improves benefits for a first strike can destabilize along multiple paths; for example, the nation that 
fields the system may use the system to realize the benefits of a first strike or their adversary may 
conduct a first strike to preempt an attack. The destabilization due to enhancement of benefits can 
be understood as the breakdown of deterrence by denial.
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On the flip side, while new capabilities that deny benefits of a first strike are not necessarily 
stabilizing, their ability to prevent a first strike is stabilizing on its own. Benefits of a first strike can 
be denied by a new system by hardening or otherwise reducing the damage susceptibility of the 
system against nuclear attacks (such as through mobility, survivable launch platforms, or launch on 
warning) or by using the system to actively defeat a nuclear first strike.

COSTS OF A NUCLEAR FIRST STRIKE
The costs of a nuclear first strike are imposed by a number of considerations. While some costs are 
directly dependent on the technical capabilities of weapon systems such as the threat of punishment 
by a second strike, other factors such as internal political pressures are not.

Nuclear deterrence by punishment refers to the prevention of an adversary first strike by the threat 
of imposing major costs, for example, through a nuclear second strike (or by other means such as 
conventional or economic punishment). To guarantee this punishment can be delivered after a first 
strike, the capability of a new system to guarantee a second strike is perhaps its most important 
stabilizing factor. A new system’s second-strike capability is driven by several factors. First, the system 
must be survivable against an adversary, including against both a nuclear first strike and against 
other types of attacks (e.g., cyber). Second, the system must be effective to hold targets an adversary 
values at risk; if the weapon system is not capable of imposing costs on an adversary, it will not 
serve as an effective deterrent. These first two factors require that a weapon system be capable with 
sufficient probability of surviving, arriving at a target, and then inflicting damage on the target. Third, 
the ability to damage the target is not sufficient to deter a first strike; for a new system to deter by 
punishment, an adversary must actually believe that the system will be used and be effective as a 
second strike. This requires that a new system should be credible and properly communicated or, as 
in the case of strategic ambiguity, be heavily implied. 

While capabilities that improve the survivability, effectiveness, and credibility of a nuclear second 
strike are not necessarily stabilizing on net, their enhancements of the threat of a second strike are 
stabilizing on their own. Conversely, a capability that decreases the survivability, effectiveness, or 
credibility of one’s own or an adversary’s second strike is not necessarily destabilizing on net, but this 
contribution is destabilizing on its own. 

RISKS OF INADVERTENT ESCALATION
The costs and benefits of a first strike, however, are not the only weapon system-dependent factors 
that impact the decision to launch a nuclear first strike and therefore not the only determinants of 
first-strike stability. A conflict between two nuclear-armed states will almost inevitably be rife with 
secrets, lies, misinformation, fog of war, and even physical attacks on a nation’s situational awareness 
capabilities; the decision to fire or not fire a nuclear weapon may be made in a hurry with incomplete 
or incorrect information. 

Nuclear or conventional weapon systems that increase the potential for an adversary to mistakenly 
believe they are being attacked by nuclear weapons and launching under warning can be destabilizing. 
As nations field and emphasize dual-capable systems and nonstrategic systems, the possibility of a 
nation mistakenly believing they are under nuclear attack increases. Moreover, new systems could lead 
to a miscalculation in escalatory behaviors, such as through attacking entangled systems.15

15 James M. Acton, “Escalation through Entanglement: How the Vulnerability of Command-and-Control Systems Raises 
the Risks of an Inadvertent Nuclear War,” International Security 43, no. 1, (2018): 56–99, https://carnegieendowment.

https://carnegieendowment.org/2018/08/08/escalation-through-entanglement-how-vulnerability-of-command-and-control-systems-raises-risks-of-inadvertent-nuclear-war-pub-77028


Given today’s multipolar global security environment, there are avenues for escalation beyond two 
combatants. A third party involved in the conflict could mistakenly believe they are under nuclear 
attack when an ambiguous strike system is fired, whether it is nuclear or conventional. Additionally, 
control of a nuclear weapon system or delivery platform could be lost either accidentally or via 
subversion by a malicious actor. 

STABILITY IMPACTS OF TECHNICAL ATTRIBUTES,  
PART 1—BALLISTIC MISSILE DEFENSES 
After the withdrawal of the United States from the Anti-Ballistic Missile (ABM) Treaty in 2002 and 
amid concerns of rising ballistic missile proliferation to countries such as Iran and North Korea, 
there has been an increased emphasis on ballistic missile defense (BMD) in discussions of strategic 
stability.16 These systems may be used to counter the threats of a limited ballistic missile attack or an 
attack against a specific target. Traditionally, discussions on BMD systems are limited to the network 
of sensors, interceptors, and their associated command and control infrastructure.17 

Figure 3: Stability Impacts of Ballistic Missile Defenses (BMD)
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Source: Based on author’s research and analysis. 

The United States and Russia both currently field or have developed limited BMD systems, while 
China has successfully tested similar capabilities.18 These defense systems utilize sensors to detect 
and track then deploy interceptors to kill missiles while they are in flight after launch. These systems 
are characterized by their technical characteristics such as their basing (e.g., ground-based, sea-
based), range, kill altitude, kill mechanism (e.g., hit to kill), and geographic position; however, the 
most important factors determining their impacts are their numbers and effectiveness. Ultimately, 
the number of interceptors available and the probability of intercept are what limit the number of 
missiles that can be defended against. 

org/2018/08/08/escalation-through-entanglement-how-vulnerability-of-command-and-control-systems-rais-
es-risks-of-inadvertent-nuclear-war-pub-77028.

16 Lisbeth Gronlund and George Lewis, “How a Limited National Missile Defense Would Impact the ABM Treaty,” Arms Control 
Today, 1999, https://www.armscontrol.org/act/1999-11/features/limited-national-missile-defense-impact-abm-treaty; and 
U.S. Department of Defense, Ballistic Missile Defense Report (Washington, DC: Department of Defense, 2010), https://dod.
defense.gov/News/Special-Reports/BMDR/.

17 Patty-Jane Geller and Elizabeth May, “U.S. Needs to be prepared for increasing nuclear threats to homeland,” Heritage 
Foundation, March 19, 2021, https://www.heritage.org/missile-defense/commentary/us-needs-be-prepared-increasing-
nuclear-threats-homeland.

18 Jim Garamone, “Missile Defense Becomes Part of Great Power Competition,” Department of Defense, June 28, 2020, https://
www.defense.gov/News/News-Stories/Article/Article/2291331/missile-defense-becomes-part-of-great-power-competi-
tion/.
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Applying the stability framework described above, this study finds that BMD impacts stability in 
three main ways as described below. The stability factors BMD impacts (and only these factors) are 
summarized in Figure 3.

STABILITY IMPLICATIONS
Denial of Benefits of a Limited or Tactical First Strike: Countermeasures against ballistic missiles may 
provide an effective deterrent against a limited nuclear first strike through denial of first-strike strategic 
and tactical benefits.19 This deterrence may be enough to prevent a state with limited nuclear capability 
from launching a nuclear strike or to deter a larger state looking to “escalate to deescalate” through a 
limited strike. In its 2019 Missile Defense Review, the United States highlights that a primary goal of its 
missile defense program is to stay ahead of limited missile threats from rogue nations.20

However, some analyses point out that a limited ability to defend against a nuclear first strike may 
lead to risks of escalation via miscalculation in which a state may more aggressively pursue its 
interests during a crisis.21 Modeling of BMD scenarios finds that a nation with BMD systems will press 
its interests in a crisis more intensely, as they doubt their adversary’s resolve to retaliate.22 This leads 
to an increased probability that a nuclear strike is provoked.

Threat Against the Effectiveness of a Second Strike: Reports critical of BMD most commonly point 
out that these countermeasures threaten the second-strike effectiveness and credibility of nuclear 
powers.23 For example, Russia and China have consistently expressed concern that while the United 
States has not yet perfected missile defense, a new breakthrough could quickly deteriorate their 
confidence in their nuclear deterrent.24 The specific concern that arises in this situation is that a 
nation with a sufficiently robust missile defense program could use a first strike to destroy the 
majority of a nuclear stockpile and then use BMD (or conventional hypersonics) to eliminate the 
remaining “ragged second strike.”25 

However, others point out that it is unrealistic for the United States, Russia, or China to expect that 
they will be able to use BMD to prevent a second strike from the others.26 It is highlighted in the 
literature that at current numbers, interceptors are potentially not even sufficient to counter the 
threat of a non-peer adversary.27

19 Andreas Schmidt, “The Role of BMD in Deterrence?,” Joint Air Power Competence Centre Journal 26 (2018), https://www.
japcc.org/the-role-of-bmd-in-deterrence.

20 Warner, “How is Deterrence and Stability Enhanced/Diminished?”
21 Charles D. Ferguson and Bruce W. MacDonald, Nuclear Dynamics In a Multipolar Strategic Ballistic Missile Defense World 

(Washington, DC: Federation of American Scientists, 2017), https://uploads.fas.org/media/Nuclear-Dynamics-In-A-Multipo-
lar-Strategic-Ballistic-Missile-Defense-World.pdf.

22 Robert Powell, “Nuclear Deterrence Theory, Nuclear Proliferation, and National Missile Defense,” International Security 27, 
no. 4 (Spring 2003): 86–118, https://www.jstor.org/stable/4137605.

23 Tong Zhao, What Are the Aims of U.S. Missile Defense? (Beijing: Carnegie-Tsinghua Center for Global Policy, 2020); and Jan 
Lodal, “Pledging ‘No First Strike’: A Step Toward Real WMD Cooperation,” Arms Control Today, 2001, https://www.armscon-
trol.org/act/2001-03/features/pledging-first-strike-step-toward-real-wmd-cooperation.

24 Ankit Panda, “A New U.S. Missile Defense Test May Have Increased the Risk of Nuclear War,” Carnegie Endowment for 
International Peace, November 19, 2020, https://carnegieendowment.org/2020/11/19/new-u.s.-missile-defense-test-may-
have-increased-risk-of-nuclear-war-pub-83273. 

25 Amy F. Woolf, Russia’s Nuclear Weapons: Doctrine, Forces, and Modernization, CRS Report No. R45861 (Washington, DC: Con-
gressional Research Service, updated 2020), https://sgp.fas.org/crs/nuke/R45861.pdf.

26 Vic Mercado, “Why America needs a layered homeland missile defense,” Defense News, January 19, 2021, https://www.
defensenews.com/opinion/commentary/2021/01/19/why-america-needs-a-layered-homeland-missile-defense/.

27 Punch Moulton and Francis Mahon, “Robust, credible and layered missile defense is the foundation of deterrence,” Defense 
News, June 16, 2021, https://www.defensenews.com/opinion/commentary/2021/06/16/robust-credible-and-layered-mis-
sile-defense-is-the-foundation-of-deterrence.
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Creation of Ambiguity and Entanglement: Another critique of BMD systems is that they may lead 
to miscommunication of intentions and miscalculation. Critics highlight that missile defenses may 
be confused for or converted into an offensive intermediate-range missile system by an adversary 
and lead to a nuclear retaliatory or preemptive strike.28 Also, missile defense systems and their 
associated infrastructure could also be the legitimate target of conventional military operations or 
cyberattacks. It is unclear how nations would respond to attacks against these systems, but it could 
lead to nuclear escalation. 

STABILITY IMPACTS OF TECHNICAL ATTRIBUTES,  
PART 2—NUCLEAR-ARMED HYPERSONIC GLIDE VEHICLES
Though nuclear hypersonic glide vehicles (HGVs) have been publicized for their speeds that range 
from Mach 5 to 20, what really sets them apart is their glide and maneuverability. 29Traditional ICBM 
systems such as Minuteman III already also travel at speeds greater than Mach 2030; however, they 
follow a well-defined, high-altitude ballistic trajectory.31 This stands in sharp contrast to boost-glide 
vehicles; on this trajectory, an HGV is first boosted into a traditional ballistic trajectory before it pulls 
up during its descent and glides at hypersonic speeds until it dives at its target.32 These “gliders” take 
advantage of the unique dynamics of hypersonic travel in the atmosphere that allow aerodynamic lift 
to be realized at low altitudes to extend the range well beyond the initial ballistic trajectory.

Figure 4: Stability Impacts of Nuclear Hypersonic Glide Vehicles (HGVs)
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Flying a boost-glide trajectory, HGVs approach their targets with a combination of high speeds (>Mach 
5) and low altitudes.33 This complicates some ground-based early warning detection systems which 
rely on a line of sight to the incoming weapon because the low altitude HGV remains hidden by the 

28 Tom O’Connor, “Russia Says U.S. Missile Defense Test Proves It Lied About Global Missile Shield,” Newsweek, November 19, 
2020, https://www.newsweek.com/russia-us-missile-test-lied-global-shield-1548803. 

29 R. Jeffrey Smith, “Hypersonic Missiles Are Unstoppable. And They’re Starting a New Global Arms Race,” New York Times, 
June 19, 2019, https://www.nytimes.com/2019/06/19/magazine/hypersonic-missiles.html; Jill Hruby, Russia’s New Nuclear 
Weapon Delivery Systems: An Open-Source Technical Review (Washington, DC: Nuclear Threat Initiative, 2019), https://www.
nti.org/analysis/articles/russias-new-nuclear-weapon-delivery-systems-open-source-technical-review/; and Andrew W. 
Reddie, “Hypersonic missiles: Why the new ‘arms race’ is going nowhere fast,” Bulletin of the Atomic Scientists, January 13, 
2020, https://thebulletin.org/2020/01/hypersonic-missiles-new-arms-race-going-nowhere-fast/.

30 “Strategic Deterrence Systems,” Boeing, https://www.boeing.com/defense/strategic-deterrence-systems/.
31 D. N. Morris, “Charts for determining the characteristics of ballistic trajectories in a vacuum,” RAND Corporation, 1964, 

https://www.rand.org/pubs/research_memoranda/RM3752.html.
32 Kelley M. Sayler and Amy F. Woolf, “Defense Primer: Hypersonic Boost-Glide Weapons,” Congressional Research Service, 

updated November 17, 2021, https://sgp.fas.org/crs/natsec/IF11459.pdf.
33 Kelley M. Sayler, Hypersonic Weapons: Background and Issues for Congress, CRS Report No. R45811 (Washington, DC: Con-

gressional Research Service, updated 2021), https://sgp.fas.org/crs/weapons/R45811.pdf.
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horizon for longer.34 Even if the HGV can be detected, both the pullup and final dive maneuvers require 
active control from the HGV, so the trajectory is not predictable like that of a ballistic missile.35 

Today, Russia has deployed a nuclear-armed HGV, while the United States is developing 
conventionally armed hypersonic weapons; China has reportedly not yet decided if its hypersonic 
weapons will be nuclear, conventional, or dual-capable.36 Given that dual-capable HGVs may one day 
be fielded, after a hypersonic glide weapon is launched, it may be ambiguous (1) whether the weapon 
is conventional or nuclear and (2) what its target is.37

Applying the stability framework described above, this study finds that nuclear-armed HGVs impact 
stability in three main ways, as described below. The stability factors that the nuclear-armed HGVs 
impact are summarized in Figure 4.

STABILITY IMPLICATIONS
Enhancement of Second-Strike Effectiveness (Against Defenses and Early Warning): Nuclear HGVs 
may enable countries to realize enhanced second-strike effectiveness and credibility against strategic 
targets. By flying below the target’s horizon for most of their trajectory or by simply maneuvering, 
HGVs may be able to evade early warning systems and missile defenses38; this may guarantee an 
effective second strike. For example, Russia has already announced an HGV capability and views this 
system as assurance of a second strike against U.S. developments in BMD.39 While this is a technically 
plausible explanation, other analysts have observed that the world’s major nuclear powers already 
field nuclear arsenals that will be able to overwhelm their adversary’s BMD capabilities for the 
foreseeable future without hypersonic weapons.40 

Enable New Tactical Use Cases, Potential First Strike: While doubts have been cast by some about 
the efficacy of HGV systems for strategic targets, others have raised concerns that they may enable 
new advantages from tactical first-strike use cases.41 Because of their ability to move quickly and 
maneuver, HGVs could offer a new opportunity to target well-guarded mobile military systems, such 
as surface ships.42 This could create an incentive for nuclear escalation during a conflict. The United 
States has expressed concerns with HGV for this reason; for example, the U.S. undersecretary of 
defense for research and engineering, Michael Griffin, has highlighted that these systems offer no 
new strategic capability but could be used to hold at risk naval surface fleets, given the difficulty 
of tracking and killing these systems.43 However, other analysts suggest that ICBMs are already as 
effective against the same targets as HGVs such as Avangard.44 

34 Hruby, Russia’s New Nuclear Weapon Delivery Systems.
35 Ibid.
36 Sayler, Hypersonic Weapons.
37 E. Grossman, Global-Strike Arms Pose Little-Recognized Stability Risks: Report (Washington, DC: Nuclear Threat Initiative, 

September 2013).
38 Cameron Tracy, Slowing the Hypersonic Arms Race (Cambridge, MA: Union of Concerned Scientists, 2021), https://www.

ucsusa.org/resources/slowing-hypersonic-arms-race.
39 Woolf, Russia’s Nuclear Weapons.
40 Warren, “Avangard and Transatlantic Security.”
41 Aaron Mehta, “3 thoughts on hypersonic weapons from the Pentagon’s technology chief,” Defense News, July 16, 2018, 

https://www.defensenews.com/air/2018/07/16/3-thoughts-on-hypersonic-weapons-from-the-pentagons-technolo-
gy-chief/.

42 Woolf, Russia’s Nuclear Weapons; and David Axe, “Is Kinzhal, Russia’s New Hypersonic Missile, a Game Changer?,” The Daily 
Beast, March 15, 2018, https://www.thedailybeast.com/is-kinzhal-russias-new-hypersonic-missile-a-game-changer.

43 Aaron Mehta, “Hypersonics ‘highest technical priority’ for Pentagon R&D head,” Defense News, March 6, 2018, https://www.
defensenews.com/pentagon/2018/03/06/hypersonics-highest-technical-priority-for-pentagon-rd-head/.

44 David Axe, “How the U.S. Is Quietly Winning the Hypersonic Arms Race,” The Daily Beast, January 16, 2019, https://www.
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Creation of Nuclear/Conventional and Target Ambiguity: Today, countries are pursuing both 
conventional and nuclear HGVs.45 When an HGV is fired, it may not be obvious (1) whether it is 
conventional or nuclear or (2) where it is going. If both a nuclear and nonnuclear HGV are fielded, use 
of a nonnuclear HGV may lead to escalation due to miscalculation.

Stability Impacts of Technical Attributes, Part 3—Low-Yield Nuclear Weapons

Low-yield nuclear weapons have become a focus of recent discussions of strategic stability with the 
fielding of the W76-2 by the United States and Russia’s emphasis on its reported approximately 2,000 
tactical nuclear weapons.46 These systems have received much attention because it is believed they 
may lower the hesitancy to fire a first or second strike.47 

Figure 5: Stability Impacts of Low-Yield Nuclear Weapons
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Low-yield weapons are no new development and have already been fielded by the United States and 
Russia.48 In fact, the first two atomic bombs dropped on Japan during World War II are occasionally 
cited as low-yield weapons today49; however, there is no strict definition for what constitutes a 
low-yield weapon. Applying the stability framework described above, this study finds that low-yield 
nuclear weapons impact stability in two ways, as described below. The stability factors that low-yield 
nuclear weapons impact (and only these factors) are summarized in Figure 5.

thedailybeast.com/how-the-us-is-quietly-winning-the-hypersonic-arms-race.
45 Sayler, Hypersonic Weapons.
46 Amy F. Woolf, “A Low-Yield, Submarine-Launched Nuclear Warhead: Overview of the Expert Debate,” Congressional Re-

search Service, updated 2021, https://sgp.fas.org/crs/nuke/IF11143.pdf; and Hans M. Kristensen and Matt Korda, “Russian 
nuclear forces, 2019,” Bulletin of the Atomic Scientists 75, no. 2 (2019): 73–84, doi:10.1080/00963402.2019.1580891.

47 Andrew Facini, “The low-yield nuclear warhead: A dangerous weapon based on bad strategic thinking,” Bulletin of the 
Atomic Scientists, January 28, 2020, https://thebulletin.org/2020/01/the-low-yield-nuclear-warhead-a-dangerous-weapon-
based-on-bad-strategic-thinking. 

48 Office of the Under Secretary of State for Arms Control and International Security, “Strengthening Deterrence and Re-
ducing Nuclear Risks,” Arms Control and International Security Papers 1, no. 4 (2020), https://www.state.gov/wp-content/
uploads/2020/04/T-Paper-Series-4-W76.pdf; and Robert P. Ashley, Jr., “Russian and Chinese Nuclear Modernization Trends” 
(remarks, May 29, 2019), https://www.hudson.org/research/15063-transcript-the-arms-control-landscape-ft-dia-lt-gen-
robert-p-ashley-jr.  

49 David Kramer, “Commentary: The US doesn’t need new low-yield nuclear weapons,” Physics Today, June 27, 2019, https://
physicstoday.scitation.org/do/10.1063/PT.6.3.20190627a/full/.  
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STABILITY IMPLICATIONS
Decreases the Political Costs of a First Strike: The primary stability concern with the fielding of low-yield 
nuclear weapons is that they may lower the threshold for nuclear first use by reducing political costs 
of a first strike and reducing the punishment of a second strike by an adversary.50 Because they may be 
used in a more limited capacity which may, for example, reduce or avoid collateral damage, there is a fear 
that states that possess low-yield nuclear weapons may seek ways to use them to lower the escalation 
threshold.51 For example, some speculate that Russia has an “escalate to de-escalate” nuclear first-use 
doctrine in which they may be willing to use a low-yield or tactical nuclear weapon “early in a conflict to 
attain an advantageous battlefield outcome” and then lean on traditional deterrence to prevent nuclear 
retaliation.52 However, no nation, including Russia, has indicated that they would plan to launch these 
types of early “de-escalatory” limited nuclear strikes with a low-yield weapon.53 

Increases Credibility of Second Strike: The main argument made for fielding low-yield nuclear 
weapons is that they increase the credibility of a second strike.54 For example, if a nuclear first strike 
is used in regional or theater operations with limited collateral damage, a low-yield weapon could 
be used to retaliate while adhering to the laws of armed conflict and minimizing collateral damage. 
However, critics of this argument point out that the value of low-yield weapons is in communication 
only and that there are no real defined targets for these weapons.55

Ambiguity: A final argument made against the strategic stability of low-yield nuclear weapons is that 
they cannot readily be distinguished from nuclear weapons with other yields until they detonate.56 In 
this way, a low-yield weapon could result in retaliation of a higher-yield weapon. However, this line 
of argumentation is outside of the scope of this study because it presupposes the launch of a first 
strike. While this mechanism could lead to escalation after a first strike, this study does not consider 
potential escalation beyond the first strike.

CONCLUSIONS AND FUTURE WORK:  
TOWARD A SEMI-QUANTITATIVE FRAMEWORK
In this report, a framework that enables the evaluation of the first-strike stability impacts of 
technology attributes was developed and applied to several emerging nuclear domain capabilities. 
This framework’s ability to encapsulate and represent the major arguments of the impacts of these 
systems is demonstrated. 

Notably, this framework provided an important basis for the debate over the key tensions for new 
offensive systems that seek to control nuclear escalation and new counter-nuclear systems that 

50 R. M. Jones, “Senators Debate Low-Yield Nuclear Weapons Initiative,” American Institute of Physics, June 19, 2003, https://
www.aip.org/fyi/2003/senate-deliberations-administrations-nuclear-weapons-initiatives; and John R. Harvey, “Low-Yield 
Nuclear Weapons Are Worth a New Look,” War on the Rocks, November 10, 2017, https://warontherocks.com/2017/11/low-
yield-nuclear-weapons-worth-new-look/.  

51 Office of the Under Secretary of State for Arms Control and International Security, “Strengthening Deterrence and Reduc-
ing Nulear Risks.”

52 Matthew Kroenig, A Strategy for Deterring Russian Nuclear De-Escalation Strikes (Washington, DC: Atlantic Council, 2018), 
https://www.atlanticcouncil.org/in-depth-research-reports/report/a-strategy-for-deterring-russian-de-escalation-strikes/. 

53 Woolf, Russia’s Nuclear Weapons.
54 John Rood, “Statement on the Fielding of the W76-2 Low-Yield Submarine Launched Ballistic Missile Warhead,” U.S. 

Department of Defense, February 4, 2020, https://www.defense.gov/News/Releases/Release/Article/2073532/statement-
on-the-fielding-of-the-w76-2-low-yield-submarine-launched-ballistic-m/.  

55 A. Facini, “The low-yield nuclear warhead.”
56 Ibid.
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seek to defend against limited strikes. These offensive systems, such as low-yield nuclear weapons 
and nuclear-armed HGVs, are stabilizing in that they improve the capability and credibility of the 
second strike for the nation that fields them; however, these weapons potentially increase the risk of 
a crisis by introducing new incentives and use cases for a first strike. Similarly, the counter-nuclear 
systems such as BMD could prove stabilizing by reducing the incentive for an adversary to launch a 
limited first strike; however, these systems may ultimately be destabilizing by reducing credibility and 
capability of the adversary’s second strike.

Ultimately, the balances between these stability factors need to be understood quantitatively to 
understand the impacts of newly fielded systems. While one could speculate on the relative weights 
of each, further experimental work is needed to evaluate their impacts. Four approaches for a 
potential follow-on work are recommended:

Expert Survey: One recommend follow-up study is to run a survey of subject matter experts to gauge 
the relative risks posed by each branch of the framework. For specific scenarios, the impact of several 
technologies (e.g., HGV, BMD) on each framework dimension would be elicited as well as the overall 
impact of the technology on probability of a first strike. With data on both the framework dimensions 
and impacts on outcome, the range of expert beliefs on the relationship between the framework’s 
independent variables on the outcome dependent variable can be deduced.

Wargame/Tabletop Simulation: A second follow-up study is to simulate the impact of technologies 
via a wargame or other simulation such as those conducted in the Project on Nuclear Gaming (PoNG).57 
Impacts of technical attributes on each framework dimension and overall outcome would be measured.

Hybrid Survey and Simulation: The relative strength of the survey is the ability to assess the 
individual framework dimensions, while the strength of the simulation is to determine the outcome. 
A hybrid approach could elicit subject matter experts on the relative values for each capability inside 
of a framework, while a simulation could be used to measure the outcome.

Quantitative Modeling of First-Strike Stability: The final recommended follow up is to model the 
impact of new systems on first-strike stability quantitatively using a method similar to that proposed 
by Kent and Thaler at the RAND Corporation.58 A model is built using two sets of input parameters: 
(1) specified nominal stockpile compositions for a dyad of nations, and (2) estimated effectiveness 
of all relevant strike systems against the other nation’s stockpile. The impact a new weapon system 
has on first-strike advantage and thereby strategic stability can then be modeled quantitatively by 
comparing how effective a stockpile is for a first strike with and without the new system.

57 Andrew W. Reddie et al., “Next-generation wargames,” Science 362, no. 6421 (2018): 1362–64, doi:10.1126/science.
aav2135; and Bethany L. Goldblum, Andrew W. Reddie, and Jason C. Reinhardt, “Wargames as experiments: The Project 
on Nuclear Gaming’s SIGNAL framework,” Bulletin of the Atomic Scientists, 2019, https://thebulletin.org/2019/05/warga-
mes-as-experiments-the-project-on-nuclear-gamings-signal-framework. 

58 Glenn A. Kent and David E. Thaler, First-Strike Stability A Methodology for Evaluating Strategic Forces (Santa Monica, CA: 
RAND Corporation, 1989), https://www.rand.org/pubs/reports/R3765.html. 
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Kasa-obake
A Spirited Case against Abandoning  
the U.S.-Japan Nuclear Umbrella

By Julian Gluck1

INTRODUCTION
For many years, nonnuclear allies in Asia have enjoyed the guarantee of protection under a U.S. 
nuclear umbrella—assurances provided by the United States through bilateral agreements in 
opposition to confrontational actors.2 Formalized after World War II and codified in security treaties, 
the special relationship between Japan and the United States was founded upon the premise of 
defending Japanese territories under the condition that the Empire provide basing rights for U.S. 
military forces and cease pursuing its own nuclear weapon ambitions.3 In the decades following, 
Japan has grown its own forces in strength and scope with extensive upgrades to defense systems, 
fighter aircraft, and missile detection; this increase in air and maritime capabilities that has 
characterized recent years is expected to continue with greater force modernization and with 
collaboration with the United States on space and cyber missions.4 With the burgeoning Biden 
administration, new national leadership in Japan, and increased regional security cooperation among 
nations, a question persists of what the future holds for the U.S.-Japan nuclear umbrella. 

Under the Nixon Doctrine established in 1969, the United States would “provide a shield if a nuclear 
power threatens the freedom of a nation allied with us or of a nation whose survival we consider 
vital to our security.”5 This doctrine does not seek to allow the threatened nation to abdicate its 

1 Julian Gluck is a bomber instructor pilot in the U.S. Air Force. The views presented are his own and do not represent the 
official policy or position of the U.S. Department of Defense or its components. 

2 Christian Conroy, “China's Nuclear Parasol,” The Diplomat, January 26, 2014, https://thediplomat.com/2014/01/chinas-nu-
clear-parasol/.

3 Emma Chanlett-Avery and Mary Beth Nikitin, Japan's Nuclear Future: Policy Debate, Prospects, and U.S. Interests (Congressio-
nal Research Service, 2009), https://fas.org/sgp/crs/nuke/RL34487.pdf.

4 Sheila A. Smith, “How Japan Is Upgrading Its Military,” Council on Foreign Relations, February 24, 2021, https://www.cfr.
org/in-brief/how-japan-upgrading-its-military.

5 Eugene Gholz, “The Nixon Doctrine in the 21st Century,” World Politics Review, July 22, 2009, https://www.worldpoliticsre-
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responsibility for self-defense but rather guarantees additional levels of protection to include 
conventional response and the ultimate deterrent: nuclear assurance. Today the U.S. military stations 
a significant number of personnel overseas in allied countries with approximately 54,000 military 
personnel posted in Japan in a conventional capacity with another 40,000 dependents.6 As the host 
nation, Japan provides the financial support for over seventy percent of the U.S. forces’ costs, which 
allows for a cost-effective forward presence in close proximity to near-peer adversaries, transnational 
groups, and an increasingly bellicose North Korea.7

The Japan Self-Defense Forces are not insignificant in number, nor are they as functionally or 
geographically limited as they once were. Approximately 240,000 active personnel presently serve 
under leaders who continue to explore the extent of Article 9 of the Constitution of Japan with 
increasingly broad interpretations of the constitutionally valid forms of military intervention and 
with more assertive defense policy.8 Amplified support for peacekeeping and humanitarian missions 
by the Japan Self-Defense Forces over the past few decades have strengthened international 
cooperation and the bilateral partnership with the United States while staying within the constraints 
of Japan’s constitutional requirements. Legislation in 2015 from Japan’s National Diet allowing 
collective self-defense has further buoyed the alliance through the increased contribution to the 
collective protection of U.S. military forces in the region.9

Although a historical aversion to atomic weapons and the Fukushima Daiichi nuclear accident 
have continued to fuel popular support for maintaining generally accepted policies against nuclear 
weaponization, there are a minority of politicians who privately advocate for such weapons’ 
development.10 Japan also possesses the requisite materials and equipment from its nuclear power 
and rocketry programs, enabling a theorized “nuclear latency” as a threshold state.11 With more 
bellicose rhetoric by a vocal subset of Japanese leaders and a greater desire for autonomy in the 
Indo-Pacific, the possibility exists for Japan to adopt a stronger force projection posture or to consider 
accelerating the transition from nuclear latency to nuclear state.

The consequences of a fully nuclear Japan would alter the nature of its bilateral relationship with 
the United States, as well as the roles of each nation in the region. Domestic development or 
acquisition of weapons of mass destruction would lead to a substantial shift in the current Indo-
Pacific balance of power: Reduced confidence by allies and adversaries in the United States’ extended 
deterrence guarantees would erode its peacekeeping abilities in the region, and Japan’s strategic 
calculus which currently favors the basing of U.S. military personnel in-country would be adversely 
affected, potentially engendering the reduction or removal of essential footholds for force projection 
in Northeast and Southeast Asia.12 This nuclearization may also drive a desire for parity by historic 

view.com/articles/4106/the-nixon-doctrine-in-the-21st-century.
6 “About USFJ,” United States Forces Japan, https://www.usfj.mil/About-USFJ/.
7 Victor Utgoff and David Adesnik, On Strengthening and Expanding the US Nuclear Umbrella to Dissuade Nuclear Proliferation 

(Alexandria, VA: Institute for Defense Analyses, 2008), 56, https://apps.dtic.mil/sti/pdfs/ADA537931.pdf.
8 Emma Chanlett-Avery, Caitlin Campbell, and Joshua A. Williams, The U.S.-Japan Alliance (Washington, DC: Congressional 

Research Service, June 13, 2019), 41, https://fas.org/sgp/crs/row/RL33740.pdf; Central Intelligence Agency, “Japan,” The 
World Factbook, June 9, 2021, https://www.cia.gov/the-world-factbook/countries/japan/#military-and-security.

9 Jerome Ryan, “The U.S.-Japan Alliance – The Gold Standard in Win-Win Defense Treaties,” American View, January 17, 2020, 
https://amview.japan.usembassy.gov/en/us-japan-alliance-the-gold-standard-in-win-win-defense-treaties/.

10 Michael M. Bosack, “Revisiting Japan's Nuclear Arms Debate,” The Japan Times, November 28, 2019, https://www.japan-
times.co.jp/opinion/2019/11/28/commentary/japan-commentary/revisiting-japans-nuclear-arms-debate/.

11 Koji Haraguchi, National Security Culture and Alliance: The U.S.-Japan Alliance after the Cold War (Salt Lake City, UT: Universi-
ty of Utah, 2016), 54, https://core.ac.uk/download/pdf/276266218.pdf.

12 Utgoff and Adesnik, On Strengthening and Expanding, 61-62. 
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adversaries, near-peers, and neighbors, leading to friction and an increase in arms production and 
further weaponization by neighboring China and Russia and on the Korean peninsula.13

Beginning with a brief overview of the history of the U.S.-Japan nuclear umbrella and through 
analyses of alternative arrangements to the present nuclear security agreement in the face of 
external and internal challenges, this paper will present the paramount importance of possessing 
and preserving this protective pact between partner nations. Without maintenance, modernization, 
and ministration including heightened cultural awareness and kinship as allies in the region, the 
U.S.-Japan nuclear umbrella could become a figurative kasa-obake—a vengeful spirit (yokai) from 
Japanese folklore that possesses the paper parasol due to disposal or thoughtless abandonment of 
the umbrella by its owner.14 This dissolution or deterioration of a vital defense arrangement would be 
of ghastly consequence to regional security and our world.

THE UMBRELLA’S OPENING  
AND THE CONTEMPORANEOUS CANOPY 
Following the cessation of hostilities in the wake of World War II, the United States helped lead 
Japan to democracy, playing a crucial role in shaping Japan into the liberal society it is today.15 The 
U.S. government began its offer of nuclear protection to Japan in 1965 after China’s 1964 successful 
nuclear test and, in turn, Prime Minister Eisaku Sato’s divulgence to Ambassador Edwin Reischauer 
that Japan was evaluating the pursuit of nuclear weapons development.16 For his work in ensuring 
Japan’s signing of the Treaty on the Non-Proliferation of Nuclear Weapons and his restatement of the 
nonnuclear principles of non-possession, non-production, and non-introduction, Prime Minister Sato 
received the 1974 Nobel Peace Prize and set a strong precedent against national nuclear ambitions.17

Despite Japan’s strong antinuclear position, it has nonetheless relied on the protection of U.S. 
nuclear forces. This extended nuclear deterrence provided by the United States over the Japanese 
homeland has historically satisfied Japan’s strategic security concerns in a threat environment that 
could otherwise lead to the perception of needing to possess its own atomic arms.18 Although a 
controversial “neither confirm nor deny policy” for the stationing or presence of nuclear munitions 
within Japan previously complicated foreign and domestic positions, the current arrangement, which 
is characterized by strategic submarines in the Pacific and bomber aircraft routinely deployed nearby 
in the area of responsibility, has become normalcy.19

Japan has prospered diplomatically from this relationship with the United States through the gradual 
easing of relations with many of its former regional adversaries since the Cold War and through the 
ability to present a nonbelligerent national disposition while still benefitting from U.S. security. Into 
the twenty-first century, this safe position as a nonnuclear state enabled by special unilateral nuclear 

13 Yukio Satoh, U.S. Extended Deterrence and Japan’s Security (Livermore, CA: Lawrence Livermore National Laboratory, 2017), 
7, https://cgsr.llnl.gov/content/assets/docs/satoh-report-final.pdf; Chanlett-Avery et al., The U.S.-Japan Alliance, 36.

14 Julian Gluck and Byron Muhlenberg, “Opening the Door to Cultural Understanding and Mutual Cooperation: Multinational 
Military Partnerships and Educational Outreach,” Journal of Indo-Pacific Affairs 4, no. 4 (June 1, 2021): 39-47, https://media.
defense.gov/2021/May/31/2002731734/-1/-1/0/AFCLC.PDF, 45-46; Matthew Meyer, The Book of the Hakutaku: A Bestiary of 
Japanese Monsters (2019), 208.

15 Utgoff and Adesnik, On Strengthening and Expanding, 56.
16 Ibid., 58.
17 Ibid., 58-59.
18 Satoh, U.S. Extended Deterrence and Japan’s Security, 40.
19 Hans Kristensen, “Japan Under the US Nuclear Umbrella” (Berkeley, CA: Nautilus Institute for Security and Sustainability, 

1999), https://nautilus.org/supporting-documents/japan-under-the-us-nuclear-umbrella/.

https://cgsr.llnl.gov/content/assets/docs/satoh-report-final.pdf
https://media.defense.gov/2021/May/31/2002731734/-1/-1/0/AFCLC.PDF
https://media.defense.gov/2021/May/31/2002731734/-1/-1/0/AFCLC.PDF
https://nautilus.org/supporting-documents/japan-under-the-us-nuclear-umbrella/


protection has allowed Japan to “champion the cause of nuclear non-proliferation and disarmament 
as its history qualifies it so uniquely to do.”20

Present security concerns for Japan include maritime and territorial disputes with a rising China and 
threats to the mainland from a mounting North Korean nuclear weapons program.21 The U.S. Department 
of Defense’s 2018 Nuclear Posture Review was met with appreciation by the Japanese Ministry of 
Foreign Affairs for its clear articulation of “resolve to ensure the effectiveness of its deterrence and its 
commitment to providing extended deterrence to its allies including Japan,” particularly with reference to 
a rapidly worsening situation with North Korea’s nuclear and missile programs.22 This strategy publicized 
to enemies and allies alike that the United States would deal with a North Korean attack against the 
United States or its allies with actions that would “result in the end of that regime.”23

However, recent U.S. decision-making abroad has not inspired unwavering confidence within Japan 
of U.S. deterrence strategy. Despite close relations between former President Trump and former 
Japanese Prime Minister Abe, efforts by the Trump White House and South Korean President Moon 
Jae-in to restart denuclearization dialogues with North Korean leadership “roused fears in Tokyo 
that Japan’s interests may not be served in any grand bargain” and would not result in the removal 
of the capacity for North Korea to strike Japan.24 Having sought to meet the challenges of extended 
deterrence through a more prominent power projection of nuclear foreign policy, the Trump 
administration misinterpreted sources of nuclear risk in Northeast Asia, according to Eric Gomez 
of the Cato Institute, who views conventional warfighting strategies and inadvertent escalation 
as the causes for nuclear instability.25 Following the perceived perturbation in the diplomatic 
community associated with the previous White House, the policies and activities of the newer Biden 
administration have been met mostly positively in the region but not without concern or caveat. An 
era of predictable, process-driven policy and values-based pragmatism over a “seemingly unilateral, 
mercurial, ad hoc, and transactional approach” to diplomacy is welcomed by both partners and likely 
adversaries.26 It will be important to continue these efforts; allies desire consistent, consultative 
efforts by the United States in the region with particular vigilance against a revisionist PRC and 
threatening DPRK—efforts that a well-maintained U.S. nuclear umbrella can support.

ALTERNATIVE ARRANGEMENTS:  
WHEN TO HOLD THEM AND WHEN TO FOLD THEM27

Ranging from the foreseeable to the farcical, the following potential courses of action include 
extension, collapse (retraction or folding), discard, or supplantation of the U.S.-Japan nuclear umbrella 

20 Utgoff and Adesnik, On Strengthening and Expanding, 56.
21 Ibid., 57.
22 Ministry of Foreign Affairs of Japan, "The Release of the U.S. Nuclear Posture Review (NPR)," press release, February 3, 

2018, https://www.mofa.go.jp/press/release/press4e_001893.html.
23 U.S. Department of Defense, 2018 Nuclear Posture Review (Washington, DC: U.S. Department of Defense, 2018), 32-33, 

https://media.defense.gov/2018/Feb/02/2001872886/-1/-1/1/2018-nuclear-posture-review-final-report.pdf.
24 Hiroyuki Akita, “Trump demands Japan and South Korea pay for nuclear umbrella,” Nikkei Asia, February 4, 2020, https://

asia.nikkei.com/Spotlight/Comment/Trump-demands-Japan-and-South-Korea-pay-for-nuclear-umbrella; Lindsay Maizland 
and Beina Xu, The U.S.-Japan Security Alliance (New York, NY: Council on Foreign Relations, 2019), 5, https://www.cfr.org/
backgrounder/us-japan-security-alliance.

25 Eric Gomez, “Walking the Tightrope: U.S. Extended Deterrence in Northeast Asia Under President Biden,” Stimson Center, 
Commentary, June 30, 2021, 2-3, https://www.stimson.org/2021/walking-the-tightrope-u-s-extended-deterrence-in-north-
east-asia-under-president-biden/.

26 Ralph A. Cossa and Brad Glosserman, “Multilateralism (Still) Matters in/to Asia,” Comparative Connections 22, no. 3 (January 
2021), 6, http://cc.pacforum.org/2021/01/multilateralism-still-matters-in-to-asia/.

27 Kenny Rogers, “The Gambler,” track 1 on The Gambler, United Artists Group, 1978, vinyl.
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due to shifting priorities and alliances. This section will present what these divergent arrangements 
entail and each approach’s characteristics, illustrating their impact on the nations’ interests and 
strategic deterrence in contrast to the status quo.

UNITED STATES EXTENDS UMBRELLA IN INDO-PACIFIC  
THROUGH A COLLECTIVE SECURITY AGREEMENT
From minilateral security dialogues to a cooperative nuclear submarine agreement, distant 
democratic nations across the Indo-Pacific are endeavoring to overcome the collective action 
problem and retain a balance of power against their primary strategic competitor through 
differently focused multinational coalitions and the strengthening of extended deterrence.28 The 
U.S. Department of Defense’s Indo-Pacific Strategy Report, issued in June 2019, presented interstate 
strategic competition as the primary security concern and the U.S.-Japan alliance as a central 
counter to rival states.29 The earlier Asia Reassurance Initiative Act also signaled the U.S. objective 
of maintaining a primary role in shaping the Indo-Pacific order with projected military forces and 
defense cooperation across the gamut of bilateral and multilateral initiatives.30

The Quadrilateral Security Dialogue, or Quad—an open-ended security dialogue between Australia, 
India, Japan, and the United States—has grown to become one of the most notable regional 
geopolitical groups. In 2021, the Quad issued a joint statement affirming their commitment to 
North Korean denuclearization and increased the number of meetings for security talks and military 
exercises, but it currently stops well short of being a formalized defense alliance like NATO.31 The 
AUKUS security partnership—emerging primarily to provision Australia with modern nuclear-powered 
submarines and to expand basing and collaboration for its partners—is also poised to expand into 
cybersecurity and defense technologies sharing agreements to contest Chinese regional hegemony, 
but as of this writing, its implementation and impact remain to be seen.32 

With an increase in interoperability under combined threat, the United States could emerge as 
the primary patron in an Indo-Pacific intergovernmental defense alliance with multiple protected 
nonnuclear beneficiaries like Australia and Japan, driving a purely bilateral U.S.-Japan umbrella into 
obsolescence. However, transition from these varying bi-, tri-, and quadrilateral agreements in the 
region to a more formalized security-based alliance network would require the United States to 
overcome many difficult challenges to include the redress of historical grievances among partner 
nations and resolving the differing perspectives on how to address China by all parties.

With benefit to Japan, there is far less potential stigmatization that could be directed to a client 
state under a nuclear umbrella in the event of the patron using a nuclear weapon; this compares to 
“an independent state making use of its own nuclear weapons [that] would bear the full weight of 
the stigmatization. An alliance would spread this burden.”33 Additionally, in the case of war between 

28 Sheila A. Smith and Charles T. McClean, “Summer Takes an Unexpected Turn,” Comparative Connections 23, no. 2 (September 
2021): 17-21, http://cc.pacforum.org/wp-content/uploads/2021/09/23-2-Comparative-Connections-September-2021.pdf, 
19-20; Stephen M. Walt, “The AUKUS Dominoes Are Just Starting to Fall,” Foreign Policy, September 18, 2021, https://for-
eignpolicy.com/2021/09/18/aukus-australia-united-states-submarines-china-really-means/.

29 Chanlett-Avery et al., The U.S.-Japan Alliance, 5.
30 Ibid., 3.
31 Cossa and Glosserman, “Multilateralism (Still) Matters in/to Asia,” 6; Sumitha Narayanan Kutty and Rajeth Basrur, “The 

Quad: What It Is – And What It Is Not,” The Diplomat, March 24, 2021, https://thediplomat.com/2021/03/the-quad-what-it-
is-and-what-it-is-not/.

32 Walt, “The AUKUS Dominoes.”
33 Utgoff and Adesnik, On Strengthening and Expanding, 19.
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nations that are party to an extended deterrence arrangement and a belligerent, it is likely that the 
adversary would not solely attack the nonnuclear protected countries in the alliance but rather divert 
some targeting and effects to the nuclear weapons state(s), helping distribute damage across the 
alliance rather than it all befalling a single country. In this case, the distant, expansive U.S. homeland 
and its numerous footholds of force projection make the United States, in particular, a better 
“nuclear sponge” than its higher-population density allies.34 The invitation of more partners under 
an expanded canopy with formalized structures could provoke or result in a nuclear attack on the 
United States that may not be as desirable for U.S. political leaders disinterested in further foreign 
entanglements or for an electorate living on said sponge.

There are also structural leadership factors with which to contend that can be contrasted with 
NATO’s multinational deterrence agreement. In the U.S.-Japan alliance, nuclear planning and policy 
are provided by the United States without sharing agreements.35 A deterioration of the security 
environment could lead to expanding roles within the security agreement through open planning 
processes, task sharing, or collaborated nuclear strategy, if perceived as beneficial.36

In 2021, Tokyo and Washington increased their aim of building coalitions in the Indo-Pacific, both 
within the Quad and with expanding maritime exercises with other partner nations to include new 
participants like Sri Lanka.37 Due to the militarization of contested territories and increased missile 
tests, heightened attention to deterrence strategy in the South and East China Seas and with North 
Korea could precipitate enhanced technological development, coordinated presence operations, and 
combined alliance structures for nuclear counterforce to replace the multiple bilateral agreements.38 
However, this interoperability without associated domestic support within the democratic countries 
could lead to strained environments and impermanence.39

If the continued presence of nuclear weapons states in the Indo-Pacific in general has reinforced 
regional stability, criticism of their presence may be a communications problem.40 The extended 
deterrence provided by security arrangements like the nuclear umbrella has been established as not 
only an effective deterrent to proliferation but is predominantly responsible for many allies’ decision to 
not pursue their own domestic development programs—preventing a surge in nuclear weaponization 
around the world.41 Therefore, a “public narrative is urgently needed to explain the role of nuclear 
weapons in regional stability to a sceptical public that has tired of the stalled non-proliferation 
movement.”42 Conversely, a quantitative analysis of general nuclear patron-client relations published in 
the Journal of Conflict Resolution “suggests that the expansion of the nuclear umbrella may perversely 

34 Ibid.
35 Satoh, U.S. Extended Deterrence and Japan’s Security, 38.
36 Ivo H. Daalder, “Does the U.S. Nuclear Umbrella Still Protect America’s Allies?” Foreign Policy, October 27, 2020, https://for-

eignpolicy.com/2020/10/27/u-s-nuclear-umbrella-proliferation/; Satoh, U.S. Extended Deterrence and Japan’s Security, 45.
37 Smith and McClean, “Summer Takes an Unexpected Turn,” 19-20.
38 Ashley Townshend, David Santoro, and Brendan Thomas-Noone, Revisiting Deterrence in an Era of Strategic Competition 

(United States Studies Centre and Pacific Forum, 2019), 10-13, https://apo.org.au/node/218871.
39 Ibid., 13.
40 Muthiah Alagappa, “Reinforcing National Security and Regional Stability: The Implications of Nuclear Weapons and 

Strategies,” in The Long Shadow: Nuclear Weapons and Security in 21st Century Asia (Stanford University Press, 2008), 508, 
https://core.ac.uk/download/pdf/5097895.pdf.

41 Gordon Oehler et al., Report On Discouraging A Cascade Of Nuclear Weapons States (U.S. Department of State: International 
Security Advisory Board Task Force, 2007), 23, https://www.belfercenter.org/sites/default/files/files/publication/ISAB%20
-%20Nuclear%20Cascade%20Report.pdf; Ibid., 15; David J. Trachtenberg, “US Extended Deterrence: How Much Strategic 
Force Is Too Little?” Strategic Studies Quarterly 10, no. 5 (February 11, 2017), 67-68, https://www.airuniversity.af.edu/Por-
tals/10/SSQ/documents/Volume-10_Issue-5/Trachtenberg.pdf.

42 Townshend et al., Revisiting Deterrence, 14.

Julian Gluck  |  85

https://foreignpolicy.com/2020/10/27/u-s-nuclear-umbrella-proliferation/
https://foreignpolicy.com/2020/10/27/u-s-nuclear-umbrella-proliferation/
https://apo.org.au/node/218871
https://core.ac.uk/download/pdf/5097895.pdf
https://www.belfercenter.org/sites/default/files/files/publication/ISAB%20-%20Nuclear%20Cascade%20Report.pdf
https://www.belfercenter.org/sites/default/files/files/publication/ISAB%20-%20Nuclear%20Cascade%20Report.pdf
https://www.airuniversity.af.edu/Portals/10/SSQ/documents/Volume-10_Issue-5/Trachtenberg.pdf
https://www.airuniversity.af.edu/Portals/10/SSQ/documents/Volume-10_Issue-5/Trachtenberg.pdf


86  |  On the Horizon: A Collection of Papers from the Next Generation of Nuclear Professionals

exacerbate the concerns of potential targets and inadvertently destabilize the status quo by increasing 
the risk of a crisis and the opportunity for bargaining to fail.”43 China has expressed that extended 
nuclear deterrence could embolden U.S. allies to be more revisionary and aggressive under the 
protection of a nuclear patron, an interesting claim if crisis escalation or actual conflict could develop 
from moral hazards.44 The development of strategic policy communities dedicated to multinational 
deterrence would require distinct effort, as would the great challenge of reconciling competing and 
sensitive priorities between each nation in a collective security agreement.45

THE UNITED STATES RETRACTS OR JAPAN FOLDS,  
COLLAPSING UMBRELLA TO FOCUS ON CONVENTIONAL DEFENSE
Under the current extended deterrence guarantees, the United States “agrees to use nuclear 
weapons to defend other states against conventional or nuclear aggression—if no alternative ways 
of defending them were to prove adequately effective,” reflecting the U.S. objective of minimizing 
the dependence on nuclear weapons in defense.46 Arguing in 2012 that the United States has 
entered a third atomic age characterized by a diminished role of nuclear weapons in our national 
security strategy, David Trachtenberg, former acting undersecretary of defense for policy, denoted a 
juxtaposition between a Western view of the increased irrelevance of weapons of mass destruction 
and other countries who seek to acquire nuclear weapons for their protection and prestige.47 With 
the exception of more bellicose nuclear-tinged rhetoric under the Trump administration, the United 
States has sought pathways to reduce the threat of usage and reliance on atomic weaponry.48 
Borrowing President Biden’s oft-used term, Dr. Gregory Kulacki at the Global Security Program of the 
Union of Concerned Scientists holds that other experts’ belief that “terrified allies need immediate 
reassurance that the United States will defend them with specially tailored nuclear options,” else 
they will build their own nuclear bombs, is “malarkey.”49 Additionally, student research within the U.S. 
Air Force Center for Strategic Deterrence Studies found that incremental reductions or additions of 
postured U.S. Air Force aircraft squadrons had no discernible impact on abandonment concerns or the 
level of Japanese assurance through an analysis of Japanese reports, though an abrupt large-scale 
withdrawal by the security guarantor would be expected to be viewed as a palpable blow to the 
assurance of the protégé state.50

Stephen M. Walt—a professor at Harvard University and proponent of neorealism—contends collapse 
is favorable, arguing against the credibility of a U.S. nuclear umbrella because nuclear retaliation to 
the attack of an ally is simply unrealistic: “the one thing nuclear weapons are good for [is] deterring 
existential threats to their possessors’ independence or autonomy.”51 Walt also contends that nuclear 
umbrellas create risk with the potential of inadvertent launch-on-warning attacks. Nevertheless, 

43 Neil Narang and Rupal N. Mehta, “The Unforeseen Consequences of Extended Deterrence: Moral Hazard in a Nuclear Cli-
ent State,” Journal of Conflict Resolution 63, no. 1 (September 27, 2017), 238, https://doi.org/10.1177/0022002717729025.

44 Ibid., 219.
45 Townshend et al., Revisiting Deterrence, 18.
46 Utgoff and Adesnik, On Strengthening and Expanding, ES-1.
47 Trachtenberg, “US Extended Deterrence,” 62.
48 Ibid., 72.
49 Gregory Kulacki, “The US Doesn’t Need to Worry About Japan (or Any Other Ally) Going Nuclear,” The Diplomat, February 5, 
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50 Jonathan P. Gibson, “U.S. Air Force Posture: Impacts to Japanese Assurance in the Indo-PACOM AOR,” CSDS Trinity Site 

Papers (Maxwell Air Force Base, AL: USAF Center for Strategic Deterrence Studies, 2019), 7-8, https://www.airuniversity.
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51 Stephen M. Walt, “It’s Time to Fold America’s Nuclear Umbrella,” Foreign Policy, March 23, 2021, 2, https://foreignpolicy.
com/2021/03/23/its-time-to-fold-americas-nuclear-umbrella/.
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he concedes that extended deterrence may still work because adversaries cannot be certain that a 
nuclear nation will not protect a nonnuclear ally under its umbrella, and that retracting the umbrella 
may lead to questioned U.S. resolve and influence and to nuclear proliferation—“a terrible outcome 
from a purely U.S. perspective.”52 With the potential for inciting an arms race or unbalancing strategic 
stability, an increased reliance on nuclear deterrence may be seen as a risk that could be mitigated 
by adopting “alternative strategies for conventional deterrence” that emphasize survivability against 
attacks and revised targeting.53 

Terence Roehrig of the U.S. Naval War College asserts that nuclear umbrellas do “little to deter 
anything other than nuclear war because threats to use nuclear weapons . . . are simply not very 
credible.”54 In contrast, General Kevin Chilton of U.S. Strategic Command testified before Congress in 
2010 that “the nuclear weapon has a deterrent factor that far exceeds a conventional threat.” If an 
adversary believes in the credibility of a threat—or at least suffers from the ambiguity in assessing 
the credibility—the psychological effect of threatening the usage of nuclear weapons is plausibly 
perceived to be greater than that of only conventional arms.55

History shows that a region with client states protected by a great power’s nuclear umbrella has 
a propensity for peaceful settlement between powers, policy concessions by potential adversaries, 
and a positive association with prevented violence.56 The reassurance of allies and promotion of 
nonproliferation are essential elements of the security arrangement between the United States and 
Japan.57 If the United States were to renege on the nuclear protection of an ally, “further nuclear-
backed aggression [by belligerents] would seem assured, as would a cascade of nuclear proliferation” 
around the globe.58

Pertaining to Japan, a national aversion to nuclear weapons and historical reticence of their 
discussion reflects what has been described as a “nuclear allergy” stemming from their experiences 
in World War II. As the sole nation to have experienced the cataclysmic effects of an atomic attack, 
folding the nuclear umbrella would allow Japan to become the strong voice against nuclear weapons 
and in sync with the vox populi.59 Recognizing the national government’s reliance on U.S. nuclear 
deterrence while still championing global nuclear disarmament, many citizens, including the mayors 
of Hiroshima and Nagasaki, recognize this dilemma and urge for national security sans strategic 
nuclear arms provided by the umbrella.60

The Treaty on the Prohibition of Nuclear Weapons that began development in the early 2010s marked 
a significant moment for the Global Zero movement. However, Japan—cognizant of its reliance 
on extended nuclear deterrence by the United States and urged by its partner to not support the 

52 Walt, “It’s Time to Fold America’s Nuclear Umbrella,” 3-5.
53 Gomez, “Walking the Tightrope,” 1-3.
54 Terence Roehrig, Japan, South Korea, and the United States Nuclear Umbrella: Deterrence After the Cold War (New York: Co-

lumbia University Press, 2017), 187.
55 Trachtenberg, “US Extended Deterrence,” 80.
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57 Matthew Fuhrmann et al., “Japan, South Korea, and the United States Nuclear Umbrella: Deterrence After the Cold War,” 
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58 Utgoff and Adesnik, On Strengthening and Expanding, 4-5.
59 Fuhrmann et al., “Japan.”
60 Nuclear Threat Initiative, “Japan: Nuclear,” James Martin Center for Nonproliferation Studies, October 2018, https://www.
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measure—found that the treaty’s language was inconsistent with Japan’s security realities.61 An increase 
in focus on strengthening conventional deterrence capabilities and domestic ballistic missile defense 
could be viewed as a nonnuclear pathway for not only projecting antinuclear domestic sentiment but 
also “walking the walk,” as could the establishment of a nuclear weapon-free zone. However, Masashi 
Nishihara, the president of the Research Institute for Peace and Security in Japan, has found the concept 
of a Northeast Asia nuclear weapon-free zone unrealistic and detrimental to Japan—a collapse of the 
United States’ umbrella would tip the scales toward China, Russia, and North Korea.62

JAPAN DISCARDS UMBRELLA, ESTABLISHING ITS OWN NUCLEAR DETERRENT
The prospect of Japan building atomic weapons was once “considered far-fetched and even taboo, 
particularly within Japan,” due to a largely pacifist population and living survivors of the atomic bombings 
of Hiroshima and Nagasaki.63 However, the shifting security environment has made the topic of possessing 
an independent nuclear arsenal no longer toxic and has been broached by several leading politicians in 
the more hawkish conservative movement, particularly in the wake of increased North Korean nuclear 
tests and a rising China.64 The Nuclear Threat Initiative believes “that the threshold for the debate of 
nuclear weapons in Japan has been lowered.”65 Former Liberal Democratic Party secretary general Shigeru 
Ishiba “commented that Japan should have the freedom to build nuclear weapons,” despite opposition 
from within the party and the public at large, which still rallies on the three nonnuclear principles.66 The 
Union of Concerned Scientists asserts that this minority lacks political agency and that the development 
by Japan of nuclear weapons is extremely unlikely.67 However, this promotion of a domestic nuclear 
arsenal by politicians is anathema only as long as the impetus to forge ahead with nuclear weaponization 
is ameliorated by certainty in the nuclear umbrella.68 Tokyo could reconsider a nuclear option based on 
losing confidence in U.S. guarantees for nuclear assurance or from a desire for autonomy in deterrence 
decision-making.69 A domestic nuclear weapons development program could be argued to “have a 
sobering effect on a rising China and a recalcitrant Russia” by sending a message to regional rivals that 
their actions and behaviors affect their neighbors’ strategic decisions; if the rivals do not want to face 
more nuclear powers in their vicinity, they must consider what actions led to the newly nuclear nation 
feeling the need for additional protection.70

Japan has possessed the technical capabilities and resources to produce its own nuclear weapons 
since the early 1970s.71 However, the Congressional Research Service has assessed that their 
production would require bomb design expertise and “may also require reliable delivery vehicles, an 
intelligence program to protect and conceal assets from a first-strike, and a system for the protection 
of classified information.”72 Producing weapons clandestinely and performing at least one test would 

61 “Because of U.S. Nuclear Umbrella, Japan Not to Support Austrian Document Seeking Atomic Weapons Ban,” The Japan 
Times, March 13, 2015, https://www.japantimes.co.jp/news/2015/03/13/national/politics-diplomacy/because-of-u-s-nu-
clear-umbrella-japan-not-to-support-austrian-document-seeking-atomic-weapons-ban/.

62 Masashi Nishihara, “A Northeast Asian Nuclear Weapon-Free Zone is Unrealistic,” Global Asia 5, no. 3 (2010): 55-57, https://
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be economically and politically costly.73 From a realist perspective, support by a nuclear partner has 
clear benefits for Japan with regards to technology and testing compared to a domestic production 
program. Because the United States possesses a technologically advanced nuclear triad with forces 
and capabilities that exceed both its adversaries and what any new nuclear nation could develop, 
continuing to accept U.S. extended nuclear deterrence versus pursuing an independent nuclear 
weapons program is cost-effective.74 Of great benefit to assuaging the Japanese citizenry of the 
agreeable aspects of the U.S. provision of nuclear assurance is the elimination of costly testing of 
nuclear weapons for development, verification, or signaling.75 This is crucial because it eliminates 
fallout—both political and nuclear—from the pursuit of an independent nuclear weapons program 
(that would appear hawkish and contradictory to Japanese ethics) and from the requisite initial 
testing of atomic weaponry for assessing the efficacy of any domestically produced munitions.

Japanese development of a nuclear weapon—or more keenly its publicization or discovery—would 
reverberate regionally and globally with consequences to an already precarious and complex 
security environment. To a global community that, in general, views present-day Japan positively 
as a proponent of peace, its emergence as a nuclear weapons state would erode “its international 
reputation as a principled advocate for nonproliferation.”76 Japan’s addition to the list of states 
possessing nuclear arms would reduce confidence in the International Atomic Energy Agency as 
an inspection organization and bring detriment to the Nuclear Proliferation Treaty as a guarantor 
of peaceful nuclear usage.77 A subsequent loss of inhibition by other allied nuclear-adjacent states 
to forgo U.S. assurances and pursue their own production would lower confidence in Washington’s 
security guarantees and strengthen the cause of anxious actors like North Korea to maintain their 
nuclear foothold.78 Many security experts believe that a regional arms race may result from a 
propagated pursuit of native nuclear arms programs by other powers (e.g., South Korea, Taiwan) and 
a strengthening of arsenals by the present-day nuclear nations (e.g., China, India, Pakistan). Although 
many academics viewed bipolar nuclear deterrence as a stabilizing force during the Cold War, current 
tensions and grievances that have reverberated through history exhibited by the various nation-
states in the Indo-Pacific could be the tinder for a future firestorm.79

The proliferation of nuclear weapons has historically resulted in sanctions—both economic and 
political—and criticism by the international community. This reaction would be more pronounced 
for a new nuclear weapons state than for a nation already under an extended deterrence guarantee 
that strengthens or expands an existing arrangement.80 Nuclear proliferation would damage Japan’s 
international reputation built upon advocacy for peaceful use and disarmament and would likely 
impede its hopes of ascending to permanent member status on the United Nations Security Council.81 
In addition to the consequences levied on Japan, destabilization of the Asian economy, and upsetting 
the global balance of power, the United States would lose credibility in its peacekeeping operations 
and multilateral defense efforts since Japan’s membership presently provides legitimacy as a pacific 
power in the Pacific.82 
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74 Utgoff and Adesnik, On Strengthening and Expanding, 14.
75 Ibid., ES-2.
76 Chanlett-Avery and Nikitin, Japan’s Nuclear Future, 12.
77 Ibid.
78 Ibid.
79 Ibid., 11.
80 Utgoff and Adesnik, On Strengthening and Expanding, 18.
81 Chanlett-Avery and Nikitin, Japan’s Nuclear Future, 9.
82 Ibid., 12; Jennifer Knox et al., Japan Is Not an Obstacle, 5.

Julian Gluck  |  89



90  |  On the Horizon: A Collection of Papers from the Next Generation of Nuclear Professionals

Additionally, in between pursuing weaponization and rolling back on nuclear ambitions, Japan has 
viewed nuclear hedging as an advantageous tactic within its nuclear-strengthened great power-
sponsored military alliance with the United States.83 Synthesizing Ariel Levite and Evelyn Goh—
nuclear hedging takes “action to ensure against undesirable outcomes, usually by betting on multiple 
alternative positions.”84 Although this “Japan Option” has been viewed as successful over the years, a 
quest by the United States for global nuclear disarmament could cause abandonment anxiety or a 
shift in alliances that unbalances this tenuous position.85

JAPAN ACCEPTS A SEPARATE SUPPLANTING SECURITY AGREEMENT  
SUCH AS A COMPETING CHINESE PARASOL
Japan and other egalitarian nations in the Indo-Pacific have been inclined to seek protection and 
forge security arrangements with the United States and other powers associated with substantive 
democracy. However, a more authoritarian and austere alternative could be available to countries 
resigned to seek protection from a source believed to be more capable, credible, or closer. The rise 
of China as a globally expanding power and its previous diplomatic overtures to Pre-Euromaidan 
Ukraine of providing nuclear protection suggest the potential for a long-term objective of forming its 
own bilateral or multilateral extended nuclear deterrence affiliations.86

During the Cold War, the U.S. presence in Asia was seen as a stabilizing influence by the Pacific 
nations to include the Soviets and Chinese.87 However, those “halcyon” days of Cold War bipolarity and 
later U.S. hegemony have, through the rise of China and regional powers, resulted in an erosion of 
U.S. primacy in the Indo-Pacific, giving way to geopolitical multipolarity and a geostrategic bipolarity 
within the economic Sinosphere.88 Strategic competitors are expected to continue to oppose the 
expansion or reinforcement of U.S. strategic deterrence within their region through campaigning to 
other parties or offering their own assurances.89 Historically, certain nuclear weapons states have 
promulgated a disposition to defend allied nonnuclear weapons states with their arsenals, which 
may lead to a future where China not only opposes U.S. nuclear deterrence but also provides its 
own security guarantees to include nuclear protections. Although Chinese diplomats have intimated 
that the U.S. umbrella over Japan is of value for curbing Japanese domestic nuclear weapons 
development, an extension of the umbrella to others would not be particularly welcomed.90

In 2008, experts with the Institute for Defense Analyses viewed a guarantee of Chinese extended 
nuclear deterrence to other states as unlikely based on contemporaneous opposition by PLA 
leadership.91 However, in 2013, Chinese president Xi Jinping signed a bilateral treaty with then-
president of Ukraine Viktor Yanukovych pledging to provide a “nuclear security guarantee when 
Ukraine encounters an invasion involving nuclear weapons or Ukraine is under threat of a nuclear 
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invasion.”92 What researcher Christian Conroy referred to then as “China’s Nuclear Parasol” benefitted 
Beijing through a “pact in the form of both Kiev’s official opposition to calls for Taiwanese 
independence and continued economic and military cooperation between the two countries.”93 Made 
material through military acquisition of modern systems, this Sino-Ukrainian bilateral arrangement 
may be prototypical of partnerships to follow. Major General Zhu Chenghu from China’s National 
Defense University stated that if protections stretched to include nations like North Korea, Myanmar, 
or other volatile countries, the extended deterrence would not only increase stabilization and 
promote nonproliferation but would build a strategic buffer between China and the United States; 
this would allow further resistance to “U.S. efforts at nuclear blackmail and coercion, a fundamental 
component of China’s stated nuclear doctrine.”94 The abandonment of U.S. nuclear doctrine for 
Beijing’s own extended deterrence arrangements could in the long-term usher in a system of 
Sinocentrism that dominated previous eras through regional tributary states. In addition to its Silk 
Road Economic Belt, an oil-paper canopy extended over insecure nations by a Chinese nuclear 
parasol could be presented to offer regional stability but more importantly provide geostrategic 
benefits to a patron with voracious neocolonial ambitions.95

Historical grievances, negative public perceptions between both populaces, and the long-standing 
view by Japan’s defense community of a rapidly militarizing and expanding China as a long-term 
existential threat make it exceptionally unlikely for Tokyo to concede to assurances of nuclear 
protection by China.96 However, growing positive Sino-Japanese relations after the trade challenges 
between Tokyo and Washington during the previous administrations show where holes in the U.S. 
umbrella could form. Furthermore, it is not inconceivable that a clear lead in nuclear weapons 
capabilities by a challenger could make joining a competing deterrence arrangement more attractive, 
particularly if the effectiveness of U.S. deterrent capabilities or resolve are questioned.97 Allying with 
the United States presently provides the smallest risk of war with “far superior protection . . . to those 
of any plausible adversary,” but there is value in the exercise of “what if.”

CONCLUSION
Under the U.S.-Japan nuclear umbrella, Japan benefits from a strong security agreement in proximity 
to national threats and the ability to maintain antimilitarist norms provided by the complementary 
arrangement, while the United States receives the advantages of extended force projection, burden 
sharing, and assurance of regional stability from nonproliferation.98 Considering the implications for the 
United States, Japan, and the world writ-large, the pros of strengthening the assurances of extended 
nuclear deterrence outweigh the cons, but the present arrangement requires work to uphold.99 In a 
new decade where business ties are the strongest they have ever been under the U.S.-Japan Trade 
Agreement and with more military exercises together, this alliance that was described by former U.S. 
ambassador to Japan Mike Mansfield as “the most important bilateral relationship in the world, bar 
none” is only growing.100 Increased economic and conventional military partnership and a historic kinship 
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do not, however, abscond the two allies from preserving and sustaining an arguably critical component 
of its relationship for regional security and global stability. Dialogue must be sustained and deepened 
beginning with the national leaders on down to ensure and improve cooperation.101

The current nuclear deterrence arrangement, en-tout-cas, secures the alliance. Analyzed through 
a realist lens, this dyad permits the United States leverage over Japan through the possibility of 
removing nuclear protection while on the other side permitting Japan influence over the United States 
through a perception of being able to move to develop its own nuclear arsenal if the United States 
became unreliable as a guarantor of strategic deterrence, impeding progress on nonproliferation.102 
Despite a sizable and vocal segment of Japanese voters opposed to atomic weapons, Japanese 
national leadership has believed this security arrangement to be “realistic and appropriate.”103 However, 
even with maintaining that nuclear protections are vital to Japan’s survival, the extended deterrence 
offered by its nuclear ally will be constantly assessed and interpreted to ensure that the choice is 
sound, requiring assurances of capability and commitment to the ally’s protection in the face of 
threats.104 David Santoro, the president of the Honolulu-based Pacific Forum policy institute, and former 
CSIS senior fellow John Warden point to perception as requisite—the critical factor for assurance of 
allies and strategic deterrence.105 Viewed through a constructivist lens, the United States must ensure 
its strategic culture includes its ally’s values and that national policies strengthen the fabric of the 
nuclear umbrella and promote interdependence.106 This interaction must be persistent in peacetime 
and reciprocated through increased cooperation in order to strengthen the alliance.107

The kasa-obake from Japanese folklore is a type of tsukumogami—a sentient tool possessed by a 
spiteful spirit, often after neglect. From the supernatural folktales of Japan, the modern security 
practitioner can acquire a powerful lesson on the necessity of sustaining essential apparatuses 
for strategic deterrence and collective defense. Without the continued preservation of the nuclear 
umbrella by the United States and Japan, monstrous repercussions may unfurl in the Indo-Pacific  
with instability and increased militarism, bellicosity, and nuclear proliferation.

101 Satoh, U.S. Extended Deterrence and Japan’s Security, 57.
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The Optics of Deterrence
How Science Assures the Nuclear Stockpile’s 
Reliability in Lieu of Testing

By Chris Johnson1

INTRODUCTION: WHAT SCIENCE-BASED STOCKPILE 
STEWARDSHIP IN CONTEXT IS AND HOW WE GOT HERE
When designing a product intended to perform a certain function and satisfy some set of criteria, 
the standard engineering method to assess its ability to perform is to test it. This nearly universal 
concept works consistently, assuring proper function and generally avoiding or mitigating the 
consequence of failure to within acceptable limits. What would happen if the product developers 
were told that they must continue to certify and validate the performance without testing it, that the 
landscape in which the product must serve its purpose is constantly evolving, and that the product in 
question is the United States’ nuclear weapons stockpile? This is the position the National Nuclear 
Security Administration (NNSA) finds itself in; the reliability of the stockpile must be verified without 
actually testing it to see if it works as intended. 

The effectiveness of the United States’ deterrence and nonproliferation strategies (and ultimately the 
safety and security of the entire planet) depends on the stockpile’s reliability. The consequences of the 
product’s failure are unacceptable, and the United States must maintain the international posture and 
preserve optics of complying with the choice not to test. So how is this challenging task addressed, 
and what is science-based stockpile stewardship? What scientific tools and experiments does the 
United States use to accomplish this task, including detector development and data acquisition and 
analysis techniques used to understand results obtained from these experiments? Does what the 
United States learn from these experiments ultimately bolster confidence in the stockpile and satisfy 
the needs of U.S. deterrence and nonproliferation objectives? Can the United States depend on 
science-based stockpile stewardship to certify the stockpile as reliably as full-scale testing? 

1 Chris is a Los Alamos National Laboratory (LANL) scientist. The opinions presented in this work are his own and do not 
necessarily represent the views of LANL or the United States Department of Energy.



94  |  On the Horizon: A Collection of Papers from the Next Generation of Nuclear Professionals

This research intends to frame some detailed technical aspects of radiation detector design, data 
acquisition, and analysis for pulsed power experiments used for weapons performance validation 
in the context of its impact on deterrence and nonproliferation strategy. The specific detector 
system addressed in this work will serve as an example of how taking a bottom-up approach to 
understanding the fine details of the functions of individual weapons components and the scientific 
tools used to validate their performance is both sufficient in lieu of full-scale testing and can be even 
more robust compared to the top-down approach that was taken in the full-scale testing era.

Historically, since the original 1945 Trinity Test, nuclear weapons would be placed in the stockpile after 
undergoing several nuclear tests over a period of years. This process accounted for 215 tests above 
ground and 815 underground, which established a thorough base of legacy data, upon which the 
Stockpile Stewardship Program (SSP) still relies to inform current weapons modeling frameworks. The 
depth of understanding established by these tests is what ultimately provides conviction to the nuclear 
laboratories’ yearly testimony to Congress regarding the stockpile’s ability to perform reliably.2 In 1992, 
just after the end of the Cold War, the United States imposed a moratorium on nuclear testing and 
signed (but has not ratified) the Comprehensive Nuclear Test Ban Treaty (CTBT), which bans weapons 
tests that generate nuclear yield and prohibits the development of new nuclear weapons. Thus, in 
1993, the SSP was born, marking a dramatic shift in weapons design and certification philosophies 
and techniques. The main driver behind the decision to transition to stockpile stewardship included 
supporting the Clinton administration’s nonproliferation policy, which held the belief that the United 
States could serve as an example that other nations would follow by not testing.3

Not being able to test nuclear weapons obviously raises questions as to whether the stockpile can 
be successfully certified through science alone. In 2003, approximately 10 years into the SSP, a Los 
Alamos National Laboratory (LANL) scientist stated that “An underlying concern that has always been 
an issue with stockpile stewardship is that certifying nuclear weapons without nuclear testing will 
not address ‘unknown’ issues that could arise in the nuclear explosion phase of a nuclear weapon’s 
operation,” and that they are “waiting on the answer to the question, ‘is stockpile stewardship 
succeeding of failing?’”4 In the same year, others at LANL more directly declared that “The Laboratory 
has taken on the challenge to maintain and continue to certify the U.S. stockpile . . . without nuclear 
testing, however, weapons performance cannot be demonstrated as in the past,” seemingly doubting 
the viability of the SSP.5 Though the SSP has continuously developed and matured to the present 
day, the controversy over the SSP has never completely faded away. The Obama administration’s 
stance was that computing and experimental advancements would allow the United States to never 
need to resume testing, with Obama’s undersecretary of state Ellen Tauscher stating in 2011 that, 
“Our current efforts go a step beyond [nuclear] testing by enabling the labs to anticipate problems 
in advance and reduce their impact to our arsenal—something that nuclear tests could not do.”6 
The controversy still exists, including recently in 2020 when the Trump administration reportedly 
considered breaking the testing moratorium and during ensuing debate among the administration 

2 Fred N. Mortensen, John M. Scott, and Stirling A. Colgate, “How Archival Test Data Contribute to Certification,” Los Alamos 
Science, no. 28 (2003): 38–46, https://permalink.lanl.gov/object/tr?what=info:lanl-repo/lareport/LA-UR-03-5462. 

3 Donald R. McCoy, “Weapon Certification - A Personal View,” Los Alamos Science, no. 28 (2003): 54–57 (2003), https://perma-
link.lanl.gov/object/tr?what=info:lanl-repo/lareport/LA-UR-03-4460. 

4 Ibid.
5 Ibid.; and Mortensen, Scott, and Colgate, “How Archival Test Data.”
6 David E. Hoffman, “Supercomputers Offer Tools for Nuclear Testing – and Solving Nuclear Mysteries,” Washington Post, 

November 1, 2011, https://www.washingtonpost.com/national/national-security/supercomputers-offer-tools-for-nucle-
ar-testing--and-solving-nuclear-mysteries/2011/10/03/gIQAjnngdM_story.html. 

https://permalink.lanl.gov/object/tr?what=info
https://permalink.lanl.gov/object/tr?what=info
https://permalink.lanl.gov/object/tr?what=info
https://www.washingtonpost.com/national/national-security/supercomputers-offer-tools-for-nuclear-testing--and-solving-nuclear-mysteries/2011/10/03/gIQAjnngdM_story.html
https://www.washingtonpost.com/national/national-security/supercomputers-offer-tools-for-nuclear-testing--and-solving-nuclear-mysteries/2011/10/03/gIQAjnngdM_story.html


and Congress as to whether weapons testing on U.S. soil should resume.7 There was still argument 
over whether resumption of U.S. testing could induce Russia and China to refrain from conducting 
weapons experiments that were believed  to have generated nuclear yield or help persuade them 
into three-way arms control agreements.8

It could easily be argued that there is simply no better way to certify weapons performance than 
through full-scale nuclear testing; as pointedly marked by an anonymous Livermore designer in 2011, 
“To say that [the SSP] is better than underground testing is silly. . . . If you want to know if something 
works, you have to test it.”9 It just makes sense—the best way to be sure that something works is to try it 
out and see if it works; the concern that it may not be possible to achieve confidence without testing is 
understandable. The issue with this thinking is that it overlooks the fact that testing-based certification 
permitted a top-down approach to be taken toward weapons design philosophy. Essentially, before 
the testing moratorium, it was not as important to understand how the devices worked, so long as 
there were assurances that they did, in fact, work. Although it poses significant challenges, the testing 
moratorium forces a bottom-up approach to be taken toward the design and certification process, 
where the details of the physics and material properties of each system component must be thoroughly 
understood in order to confidently verify the performance of the system. It could be said that while 
nuclear testing was a convenient tool, it was also the world’s biggest shortcut.10 

Although it comes at the expense of substantial effort and financial investment, using science to 
steward the stockpile has forced observers designers to ask and answer vital questions that would 
otherwise not have been considered if nuclear testing were permitted. Understanding these details 
can ultimately provide more confidence in the stockpile than simply knowing whether or not a given 
design works. The thesis of this work is to back the effectiveness of the bottom-up approach by 
exploring the design, calibration, capabilities, limitations, and future work to be done to improve a 
specific detector system used to diagnose pulsed accelerator beams at facilities used for weapons 
certification experiments. The particular system addressed herein is one small piece of a vast field 
of study and by no means exhaustively accounts for the effectiveness of the SSP on its own. It does, 
however, demonstrate the level of detail and rigor that must be considered in all aspects of science-
based stewardship in order to result in an effective and robust program. 

BACKGROUND: THE PREMIER STEWARDSHIP TOOLS  
AND HOW THEY ARE USED
In order to gauge effectiveness and get a sense of the state of stockpile stewardship, it is necessary 
to understand some of the fundamentals of how nuclear weapons function and how they are 
observed and verified, including current capabilities, their limitations, and objectives for future 
capabilities and techniques that are under development. Though not exhaustive, the description 
given in this work touches upon some of the key elements of stockpile stewardship. Evaluating the 
effectiveness of the detector system described in this work requires understanding the background of 
the weapon components whose performance is examined by the experiments. 

7 Ferenc Dalnoki-Veress and Miles A. Pomper, “A restart of nuclear testing offers little scientific value to the US and would 
benefit other countries,” The Conversation, updated August 3, 2020, https://theconversation.com/a-restart-of-nuclear-test-
ing-offers-little-scientific-value-to-the-us-and-would-benefit-other-countries-141168. 

8 William Courtney and Frank G. Klotz, “Nuclear Testing not Needed Now,” RAND Blog, June 11, 2020, https://www.rand.org/
blog/2020/06/nuclear-testing-not-needed-now.html. 

9 Ibid.; and Hoffman, “Supercomputers Offer Tools.”
10 J.C. Mortz, “Without Testing: Stockpile Stewardship in the Second Nuclear Age,” Stanford University, 2014.
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The pit, or primary, is one of the most important components of a two-stage thermonuclear weapon, 
and validating its performance is of high priority to the SSP. The pit is a plutonium component 
that, upon ignition of the device, is driven to implode by the high-explosive (HE) that surrounds 
it in such a way that it is compressed to a supercritical configuration on a very fast timescale. A 
supercritical system is defined as one whose reactivity is greater than one (the ratio of free neutrons 
entering the system due to fission exceeds the number exiting the system). The primary’s ability to 
achieve this state with the correct timing is paramount to the overall performance of the device. 
Therefore, understanding its reactivity as a function of time is a major focus of weapons research and 
development under the SSP. Some major questions that science-based stockpile stewardship intends 
to address regarding the pit include verifying the performance of aging components that could be 
affected by degradation beyond the components’ design life and the performance of components that 
are being made at new facilities with different processes, such as new LANL pits compared to legacy 
Rocky Flats units produced before the facility was shut down in 1989. 

On a basic level, the bottom-up approach to certification involves piecing together the fundamental 
physics relevant to the behavior of each weapon component and material and using that information 
in a computational calculation of how the whole system works. Once a completed model is 
established, it is then used to predict the results of past nuclear tests and validated against legacy 
data. Under the SSP, in order to further verify and establish confidence in the model, predictions are 
also compared to results of nonnuclear tests known as integral experiments, where the function of 
some component of the system is carried out and observed without generating nuclear yield.11 The 
SSP relies on data obtained from these integral experiments that observe the behavior of subsystems 
under weapons-relevant conditions without stepping into the territory of a nuclear test.12

The Dual-Axis Radiographic Hydrodynamic Test Facility (DARHT) at LANL is a pulsed power linear 
accelerator consisting of two perpendicular radiographic X-ray beams of ~20 MeV endpoint energy 
where integral experiments known as hydrodynamic tests (or hydrotests) are carried out. In a 
hydrotest, a primary that uses a dense metal surrogate material intended to represent the behavior of 
plutonium (instead of actual plutonium; policy restrictions prohibit HE-driven plutonium experiments 
to take place at DARHT) is driven to compress by an HE detonation as would occur in a weapon. The 
term “hydro” is used because, under the intense heat and pressure generated by the HE detonation, 
the heavy metal begins to flow like a liquid.13 The purpose of the DARHT accelerator is to take X-ray 
images of the implosion process, allowing the internals of the object to be visually observed under 
dynamic conditions. DARHT’s first axis is a single-pulse machine, which, combined with images from 
the perpendicular second axis, provides the capability to reconstruct a three-dimensional image. The 
second axis is a four-pulse machine; by delivering four short X-ray bursts in rapid succession, a short 
“movie” of the implosion may be obtained. Analyzing properties of these X-ray images allows the 
reactivity of the primary as a function of time to be inferred, ultimately indicating whether the device 
will perform as expected. Hydrodynamic tests are the cornerstone of primary design because they 
provide evidence that the assembly of the primary materials of a real weapon into a supercritical 
configuration proceeds as planned.14

11 Ibid.; and McCoy, “Weapon Certification.”
12 R.J. Juzaitis, “Science-Stockpile Stewardship: An Overview,” Los Alamos Science, no. 28 (2003): 32–37, https://permalink.lanl.

gov/object/tr?what=info:lanl-repo/lareport/LA-UR-03-5302. 
13 Chris Rose, “DARHT: An Overview,” IEEE Colorado Springs Chapter, 2006, https://permalink.lanl.gov/object/tr?what=in-

fo:lanl-repo/lareport/LA-UR-13-27536. 
14 Ibid.; and Mortensen, “How Archival Test Data.”
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While dynamic radiography of imploding surrogates conducted at DARHT is currently the highest-
fidelity experiment that can be carried out for observing primary performance in the absence of 
nuclear testing, there is still a need to expand capabilities to observe true weapons plutonium 
under dynamic conditions.15 Put another way, “Certifying the implosion dynamics of a nuclear device 
without nuclear testing requires precise data on the behavior of plutonium.”16 In order to accomplish 
this, a program known as Enhanced Capabilities for Subcritical Experiments (ECSE) is currently 
underway. The main diagnostic capability for ECSE will be a new pulsed power accelerator known 
as Scorpius, which will be very similar to DARHT but installed below ground at the Nevada National 
Security Site (NNSS), where underground tests used to be conducted during the nuclear testing era. 
In this location, dynamic experiments involving radiography on plutonium pits driven by HE will be 
permitted to take place. These are called subcritical experiments because the plutonium is dudded 
such that it remains subcritical and does not generate nuclear yield when dynamically compressed. 
This subcritical experiment capability will transform stockpile stewardship methodology by allowing 
observers to come as close as possible to observing true nuclear weapon behavior without entering 
the realm of a nuclear test.17 These subcritical tests will enhance the United States’ ability to obtain 
accurate data on the plutonium primary’s reactivity as a function of time.

 An additional experimental tool intended to further constrain primary reactivity and provide a 
confirmatory measurement to radiography on subcritical experiments known as Neutron Diagnosed 
Subcritical Experiments (NDSE) is currently under development. NDSE aims to induce fission in the 
object by bombarding it with a short burst of neutrons and measuring prompt gamma rays that 
result from the fission, such that the reactivity may be inferred.18 In order to make this measurement 
accurately, it is essential to understand all neutron sources that could contribute to reactivity in the 
object, particularly including neutron backgrounds in the accelerator beam itself. 

DETECTOR DESIGN: WHAT DO DETECTORS HAVE TO DO  
WITH DETERRENCE?
These experimental tools, while not the only things that make the SSP work, make it possible 
to obtain knowledge that is on the forefront of what can possibly be understood about weapon 
performance (under a full-scale testing regime or otherwise). In order to maximize the utility of 
the aforementioned tools and understand the data obtained from experiments conducted with 
them, the designs of their beamlines must be optimized and observers must be able to understand 
their beams’ contents. It is not as simple as just detonating an object in an accelerator beam and 
having the machine spit out an answer. It is necessary to field advanced radiation detection systems 
on these experiments, both in the accelerator beamlines and in the object of interest’s scattering 
field, in order to obtain data that helps infer what is going on. As is the case in any beam-on-target 
experiment where products of the beam-target interaction are detected in order to infer information 
about the target, the results are only as good as one’s understanding of the beam contents, including 
any unwanted sources of background. In the case of NDSE, where fission products are measured and 
used to infer reactivity of the object, it is imperative to understand any neutron backgrounds in the 
accelerator beam that could contribute to increased reactivity in the object that would not occur in 

15 Mary Hockaday, “DARHT Overview,” Albuquerque Journal, 2006.
16 E.M. Hanson, “Stockpile Stewardship Past, Present and Future,” New Mexico Network Women in Science and Engineering 

25th Meeting and Symposium, 1999.
17 D. Del Mauro, “Scorpius is Posed to Make a Sting in Stockpile Stewardship,” LANL Today, 2018.
18 J.P. Lestone et al., “What is it: NDSE?,” What is it Seminar Series, 2019. 
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the absence of the beam. Understanding these backgrounds and implementing a detector system 
that is capable of doing so will help enhance the robustness of the SSP by improving the quality of 
the information obtained from NDSE. 

X-rays in the accelerator beam are energetic enough that they can produce substantial neutron 
backgrounds through a process called photodisintegration by scraping against materials in the beamline 
and ejecting scattered neutrons from nuclei in the material. While the X-ray energies needed to 
radiograph the dense metals of the object are too high to completely eliminate neutron contamination 
from the beam, the beamline may be designed such that it minimizes neutron production, and the 
backgrounds may be corrected for in reactivity calculations if they are well understood. The development 
of detector system intended to be placed directly in the beam is underway so that the energy spectrum, 
intensity, and timing of neutron backgrounds in the DARHT and Scorpius beamlines may be characterized 
(as all of these properties contribute to reactivity in the object that would not occur in the absence of 
the beam). The design, calibration, capabilities, and limitations of this detector system will be used as a 
representative example of the fine details of the scientific process that allow the bottom-up approach to 
be taken to weapon design and certification under the SSP.

The detector design process begins by considering design constraints: What do the detectors need to 
measure? What are the design limitations? And which priorities need to be optimized for (oftentimes, 
multiple constraints can be at odds with each other, requiring careful consideration in a trade space 
between desired attributes)? The dominant constraints for this in-beam detector system include:

1. The system must be capable of measuring direct beam X-rays and neutron backgrounds in 
such a way that they may be separated.

2. The system must generate and collect a substantial enough signal such that it may be 
calibrated for its energy response.

3. In order to suitably resolve the beam and background signals in time relevant to the timescale 
of the object, the system must have exceptionally fast timing response.

4. The detector system must place only a minimal amount of material in the beamline in order to 
minimize beam scatter and interference with other experimental diagnostics.

The accelerators generate high radiation and radiofrequency (RF) environments that impose uniquely 
challenging constraints on the detector system, including:

5. In order to prevent signal contamination due to RF interference in the electrical components 
of the system, electrical components must be placed remotely from the beamline.

6. In order to prevent excessive signal contamination due to radiation interactions in optical 
light-coupling components of the signal collection system, these components must also be 
placed as far away from the accelerator beam as possible.

A brief review of the basics of detector function and data acquisition techniques will be helpful for 
understanding how to establish and satisfy these constraints. Gamma rays (this term can be used 
interchangeably with X-rays here) and neutrons can be difficult to measure because they cannot be 
seen, felt, or heard and do not carry charge. Therefore, detection of gammas and neutrons for this 
application relies on selecting detector materials with which the particles interact in such a way that 
generates visible light (or optical photons). This visible light must be collected and converted into 
electric charge, which is the electronic signal that is ultimately collected and stored for analysis. 



In this case, the detector materials chosen for the in-beam monitors are fused silica Cherenkov 
radiators and plastic scintillators (specifically BC-408 scintillator material). Light generated in the 
detector materials by beam interactions is transported to a remotely housed photomultiplier tube 
(PMT) (as required by constraints 5 and 6, this component cannot be directly connected to the 
detector material in the beam) by a light collection system that uses a wavelength shifter (WLS) 
and an optical fiber. The WLS is a special optical component intended to absorb and reemit light, 
changing both its wavelength and phase space in such a way that it increases the system’s light 
collection efficiency by making photons more likely to travel to the optical fiber than if the WLS 
were not present. Photons that enter the optical fiber are then piped to the PMT, where they impinge 
the PMT’s photocathode and eject photoelectrons. Photoelectric ejection occurs with a quantum 
efficiency of around 20 percent, depending on the wavelength of the incident light. The ejected 
photoelectrons ultimately cause an avalanche of many more electrons as they cascade along the 
PMT’s dynode chain through its high voltage field, which becomes the electronic current that is 
collected and stored by the data acquisition electronics. Figure 1 shows a simulated image that 
represents light generated in a gamma interaction in the detector propagating through the light 
coupling system and to the PMT. In this particular event, only a single photon out of the thousands 
generated in the interaction reaches the PMT at the end of the fiber, visually representing the fact 
that this detector has very low light collection efficiency. The fiber is artificially trimmed in the image 
for visual clarity; it would be much longer if drawn to scale.

Figure 1: Light Collection in a Simulated Gamma Event

 
 

 
 

A simulated image of an interaction in the detector where a single photon out of many generated in the interaction 
reaches the PMT. 
Source: Figure created by author. 

 
From start to finish, for a single particle that deposits some amount of energy to the detector 
material, the amount of light generated will be proportional to the energy deposit, some amount 
of these photons will be collected and hit the PMT, some of these will eject photoelectrons 
according to the PMT’s quantum efficiency, the signal will be amplified by the PMT’s gain, and 
a current pulse will be collected. Therefore, if the response of each detector component is known 
(i.e., the detector is characterized), then the size of the pulse collected will be correlated to the 
amount of energy deposited by the particle in the original interaction with the material.  
 
The interaction mechanism for gamma rays in each detector material is Compton scattering, 
where a gamma ray deposits some of its energy to an electron in the detector material, causing 
the electron to recoil through the material. In the plastic scintillator, the scintillation happens 
when the recoil electron excites and ionizes molecules along its track, which then emits visible 
light upon relaxation. In fused silica, the scattered electron can be moving faster than the phase 
velocity of light in the material, which causes visible light to be generated through Cherenkov 
emission. In the plastic scintillator, the neutron mechanism is proton recoil, where an incident 
neutron collides with a proton (or hydrogen nucleus) of the detector material. The scattered 
proton then excites detector material along its track, which emits visible light upon de-excitation. 
While light can be generated in the plastic by both neutron and gamma interactions, there is no 
mechanism by which neutrons in the energy regime relevant to these accelerators can excite a 
scattered silicon or oxygen nucleus in the fused silica to above the phase velocity of light in the 
material. Plastic scintillator and fused silica are excellent materials to satisfy the constraint that 
the detector system must be able to distinguish gamma and neutron signals in the beam. This is a 
bit of a simplification, but if (and this can be a big “if”) both detectors’ response functions are 
known, then the gamma content of the beam can be determined from the fused silica signal, and 
the neutron signal can be extracted by subtracting the gamma-only signal from the combined 
gamma plus neutron signal of the plastic, leaving only a neutron signal behind. If one has a 
separated neutron and gamma signal in a series of multiple pairs of detectors along the beamline, 
then the neutron flux, spectrum, and timing can be deconvolved through an extended time-of-
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Figure 4.3: Visualization of the WLSCPS detector configuration in the Geant4 model.
The WLSCPS IBM couples to one end of the fiber using a wavelength
shifting bar with a small air gap. At the opposite end of the fiber, the
fiber couples to the PMT through a fused silica waveguide. The detector
housing is not shown.

Figure 4.4: Visualization of photon generation and propagation in the WLSCPS IBM.
Gamma events in the detector generate primarily blue photons, some of
which propagate to the wavelength shifter, where they are absorbed and
reemitted isotropically in the green.

These graphics visually confirm that the detectors function as intended. In the

LCPS graphic, many photons are generated with wavelengths in the BC-408 emission

spectrum. A small fraction of these photons escape the detector tile and enter the

lens, and a fraction of those escape the lens on the other side and enter the fiber. This

A simulated image of an interaction in the detector where a single photon out of many generated in the interaction reaches 
the PMT.

Source: Figure created by author.

From start to finish, for a single particle that deposits some amount of energy to the detector 
material, the amount of light generated will be proportional to the energy deposit, some amount of 
these photons will be collected and hit the PMT, some of these will eject photoelectrons according 
to the PMT’s quantum efficiency, the signal will be amplified by the PMT’s gain, and a current pulse 
will be collected. Therefore, if the response of each detector component is known (i.e., the detector 
is characterized), then the size of the pulse collected will be correlated to the amount of energy 
deposited by the particle in the original interaction with the material. 
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The interaction mechanism for gamma rays in each detector material is Compton scattering, where a 
gamma ray deposits some of its energy to an electron in the detector material, causing the electron 
to recoil through the material. In the plastic scintillator, the scintillation happens when the recoil 
electron excites and ionizes molecules along its track, which then emits visible light upon relaxation. 
In fused silica, the scattered electron can be moving faster than the phase velocity of light in the 
material, which causes visible light to be generated through Cherenkov emission. In the plastic 
scintillator, the neutron mechanism is proton recoil, where an incident neutron collides with a proton 
(or hydrogen nucleus) of the detector material. The scattered proton then excites detector material 
along its track, which emits visible light upon de-excitation. While light can be generated in the 
plastic by both neutron and gamma interactions, there is no mechanism by which neutrons in the 
energy regime relevant to these accelerators can excite a scattered silicon or oxygen nucleus in the 
fused silica to above the phase velocity of light in the material. Plastic scintillator and fused silica 
are excellent materials to satisfy the constraint that the detector system must be able to distinguish 
gamma and neutron signals in the beam. This is a bit of a simplification, but if (and this can be a 
big “if”) both detectors’ response functions are known, then the gamma content of the beam can 
be determined from the fused silica signal, and the neutron signal can be extracted by subtracting 
the gamma-only signal from the combined gamma plus neutron signal of the plastic, leaving only a 
neutron signal behind. If one has a separated neutron and gamma signal in a series of multiple pairs 
of detectors along the beamline, then the neutron flux, spectrum, and timing can be deconvolved 
through an extended time-of-flight method. The fundamental idea behind time-of-flight is that if 
one knows when something was at point A and point B, and one knows how far apart the points 
were, then one knows how fast the object was moving (and therefore how much energy it had). 
The case of the accelerator beam is more complicated because instead of a single particle, there 
are many different particles (of two different species) with various energies, which are all arriving 
according to some time distribution. With careful planning of an appropriate number of detectors and 
spacing between them, mathematical analysis can be done on the data collected to constrain these 
properties of the neutron background in the beam.

In practice, establishing the detectors’ response functions, however, is not always straightforward. 
The need for the detector to be connected to the PMT through an optical fiber mandates that the 
detector has very low light collection efficiency and that the uniformity of the light collection 
efficiency throughout the bulk of the detector be low. Essentially, it is really difficult to pick little 
bits of light off of the detector with a tiny optical fiber and still maintain a correlation between the 
size of the pulse that is collected and the energy deposited in the detector. For example, a particle 
that deposits a lot of energy and generates a lot of light in a location in the detector where the light 
collection efficiency is relatively very low may result in just a few or even zero photons reaching the 
PMT and generating signal. Conversely, a gamma ray of the same energy that deposits only a small 
amount of its energy will generate only a small amount of light. If this collision happens in a location 
in the detector where the light collection efficiency is relatively high, a substantial signal could be 
collected. Comparing these cases, it becomes obvious that, with low enough light collection efficiency 
and uniformity, the detector cannot discriminate between high and low energy deposits, rendering it 
essentially incapable of resolving energy at all!

In the case considered here, nearly all of the light that is generated in the detectors gets wasted, 
with only a single or a few optical photons making it to the PMT in an event. This low light 
collection efficiency is perfectly acceptable in the environment where the detectors are designed 
to be fielded. The accelerator beams are very intense, so they produce a lot of light in the detectors 



and collecting just a small fraction of the light still results in a substantial signal. The low light 
collection efficiency and uniformity, however, present major challenges in a calibration scenario 
where a lower-intensity radiation source of known energy is being used to determine the detector’s 
response (which is necessary to achieve in order to extract useful information from the signal 
obtained by the detector when fielded on an accelerator experiment). When a plastic scintillator or 
Cherenkov radiator has high light collection efficiency and uniformity (as they would be designed 
for most applications), the calibration process is fairly straightforward. Collecting many pulses from 
many gamma interactions and plotting the sizes of the pulses results in a probability distribution of 
pulse sizes that corresponds to the probability distribution of energies that the gamma rays could 
deposit to the detector material. This is known as a Compton continuum and has a distinct feature 
in the distribution known as the Compton edge, which represents the maximum energy that can be 
deposited to an electron in the detector material by a gamma ray of a given energy. Figure 2 shows 
an ideal Compton continuum that represents the probability distribution for a gamma ray of energy 
Eϒ to deposit some amount of energy in a scattering event with scattering angle θ.

Figure 2: Features of a Compton Continuum

The Compton distribution of energies that a gamma of energy E may deposit to an electron in a scattering event. 

Source: Figure created by author.

If the Compton edge feature presents in the distribution of pulse sizes collected by the detector 
system, then a certain pulse size is correlated to a known energy deposit, and the light transport 
efficiency of the detector is considered to be calibrated (given, of course, that the detector’s light 
output and the PMT response are well known, which is usually the case). This calibration must 
be achieved in order for the detector system to be usefully fielded on weapons performance 
experiments. Figure 3 represents a pulse size distribution collected by a real detector when 
bombarded by 60Co gamma rays with adequate light collection efficiency and uniformity. The 
Compton edge feature is much less sharp compared to the ideal distribution in Figure 2 due to light 
collection and PMT effects but may still be resolved for calibration purposes. 

Chris Johnson  |  101



102  |  On the Horizon: A Collection of Papers from the Next Generation of Nuclear Professionals

Figure 3: A Compton Continuum Obtained in a Calibration Experiment

 
 

 
 
With a real detector with adequate light collection efficiency and uniformity, the Compton edge will present in a 
pulse size distribution, thereby allowing a pulse size to correlate to a known amount of energy deposited in the 
detector. Pulse size is given in units of photoelectrons ejected by the PMT photocathode here. 
Source: Figure created by author. 

 
If, however, one has taken a series of runs with a calibration source and the Compton edge does 
not appear in the pulse size distribution, how does one proceed? How does one calibrate a 
detector’s light collection efficiency when it has no energy resolution at all? The pulse size 
distribution may look something like the red trace in Figure 4, which was acquired with a 60Co 
source incident on an in-beam monitor. The detector’s response must be understood if it is to be 
usefully fielded on weapons experiments, but this presents a major challenge in the detector 
characterization process.  
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If, however, one has taken a series of runs with a calibration source and the Compton edge does not 
appear in the pulse size distribution, how does one proceed? How does one calibrate a detector’s 
light collection efficiency when it has no energy resolution at all? The pulse size distribution may 
look something like the red trace in Figure 4, which was acquired with a 60Co source incident on 
an in-beam monitor. The detector’s response must be understood if it is to be usefully fielded on 
weapons experiments, but this presents a major challenge in the detector characterization process. 
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When light collection efficiency and uniformity are low, as in the case of the in-beam monitors, the Compton edge 
does not present in the pulse size spectrum. The large feature around 0 ADC is due to digitizer trigger threshold and 
baseline effects and is not part of a Compton distribution. Pulse sizes are given in units of ADC here, which 
represents digitizer conversions from analog PMT current to digital signal. A simulated distribution is also plotted in 
blue, which will also be discussed.  
Source: Figure created by author. 

 
There must be some way to relate the pulse size distribution to the number of photons that end up 
generating signal out of the number that is produced in the detector material. The key to 
accomplishing this is modeling and simulation. Geant4 is the simulation framework used for 
these types of calculations because it can track radiation and optical particles from birth to 
death.19 Once an application representing the detector system is built in the simulation, high-
performance computing can be used to run many gamma rays incident on the detector. Some of 
the gamma rays will interact with the detector and generate optical photons, some of which will 
reach the WLS, be absorbed and reemitted, reach the optical fiber, and be piped to the PMT. The 
simulation stores information for each event, including where the gamma interacted in the 
detector, how many optical photons were generated, what their wavelengths were, and how many 
ended up reaching the PMT. If the PMT is well calibrated, the simulation results can be post-
processed by applying the PMT response to each simulated event to convert the number of 
photons to a pulse size. This process ultimately establishes a simulated pulse size distribution 
that, in theory, will match the experimentally obtained distribution if the simulation was 
executed correctly. The simulated distribution for the in-beam monitor is shown in blue in Figure 
4 and matches the experimental distribution well (for pulse sizes above where digitizer effects 
dominate). 
 

 
19 S. Agostinelli et al., “Geant4: A Simulation Toolkit,” Nuclear Instruments and Methods in Physics Research 
Section A 506 (2003): 250–303, doi:10.1016/S0168-9002(03)01368-8. 

 

174

6.2 LCPS IBM Model Validation

Figure 6.2 shows the results of the Monte Carlo procedure applied to the simulated

results laid over the experimental pulse integral distributions for the three point

sources for the LCPS.
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Figure 6.2: Monte Carlo PMT and digitizer response fits to LCPS pulse integral distri-
butions. Applying the PMT and digitizer response model to the simulated
LCPS data in a Monte Carlo fitting procedure results in a simulated pulse
integral distribution. The simulated pulse integral distributions closely
match the experimental distributions above the region subject to threshold
effects for all three sources.

When light collection efficiency and uniformity are low, as in the case of the in-beam monitors, the Compton edge does not 
present in the pulse size spectrum. The large feature around 0 ADC is due to digitizer trigger threshold and baseline effects 
and is not part of a Compton distribution. Pulse sizes are given in units of ADC here, which represents digitizer conversions 
from analog PMT current to digital signal. A simulated distribution is also plotted in blue, which will also be discussed. 

Source: Figure created by author.

There must be some way to relate the pulse size distribution to the number of photons that end 
up generating signal out of the number that is produced in the detector material. The key to 
accomplishing this is modeling and simulation. Geant4 is the simulation framework used for these 
types of calculations because it can track radiation and optical particles from birth to death.19 
Once an application representing the detector system is built in the simulation, high-performance 
computing can be used to run many gamma rays incident on the detector. Some of the gamma 
rays will interact with the detector and generate optical photons, some of which will reach the 
WLS, be absorbed and reemitted, reach the optical fiber, and be piped to the PMT. The simulation 
stores information for each event, including where the gamma interacted in the detector, how many 
optical photons were generated, what their wavelengths were, and how many ended up reaching 
the PMT. If the PMT is well calibrated, the simulation results can be post-processed by applying 
the PMT response to each simulated event to convert the number of photons to a pulse size. 
This process ultimately establishes a simulated pulse size distribution that, in theory, will match 
the experimentally obtained distribution if the simulation was executed correctly. The simulated 
distribution for the in-beam monitor is shown in blue in Figure 4 and matches the experimental 
distribution well (for pulse sizes above where digitizer effects dominate).

19 S. Agostinelli et al., “Geant4: A Simulation Toolkit,” Nuclear Instruments and Methods in Physics Research Section A 506 
(2003): 250–303, doi:10.1016/S0168-9002(03)01368-8.
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Once the light collection efficiency and uniformity of the detector are sorted out, modeling and 
simulation can also be used to characterize the detector’s timing response. Not all photons take 
the same amount of time to reach the PMT after they are generated in the detector. It is extremely 
important to both minimize the arrival time spread and understand the time spread thoroughly 
(i.e., detectors with fast time resolution are desirable so that they can be used for time-of-flight 
calculations on timescales relevant to the accelerator beam). This is absolutely essential for using 
time-of-flight to analyze data acquired by the in-beam monitors on pulsed power experiments.

The in-beam monitor system has been through a few design iterations and is constantly under 
development in order to more accurately characterize its energy and timing response. Design 
tweaks to increase the timing resolution include changing the WLS material, potentially having 
custom WLS material with extra fast time response made, and using various surface treatments on 
the detectors themselves. At the expense of light collection efficiency, the timing response can be 
improved by roughing or painting some edges of the detector. This causes optical photons to reflect 
out of the system, be absorbed, or otherwise effectively “die” instead of being reflected back into the 
system at the treated edge. This obviously results in less of the optical photons reaching the PMT, 
but it prohibits photons from taking roundabout oblong paths to the PMT, ultimately reducing the 
arrival time spread by only keeping photons that take faster, more direct, paths to the PMT. Figure 5 
represents simulated arrival times at the detector end of the fiber for the fused silica in-beam with 
various couplings to the WLS bar and various detector surface treatments. 

Figure 5: Simulated Arrival Time Distributions for Various Surface Treatments
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A delicate balance needs to be struck in this trade space between light collection efficiency and 
timing response. Additionally, once the design is finalized, the simulated timing response will need to 
be validated experimentally. Some proposals for this timing experiment are under consideration but 
are challenging and generally beyond the scope of this work. Once these tasks are accomplished and 
the detector system is finalized, it will be fielded on hydrodynamic tests at DARHT and subcritical 
experiments at Scorpius. Understanding neutron backgrounds in the beam will ultimately bolster 
the fidelity of NDSE measurements, allowing observers to further constrain primary reactivity on 
subcritical experiments, which will enhance the robustness of the SSP.

CONCLUSION
On the surface, the lack of ability to perform full-scale nuclear testing may pose a concern regarding 
the United States’ capability to certify the reliability of the stockpile. As demonstrated by the current 
premier capabilities and future plans for the SSP, however, being forced to understand the detailed 
science of both weapons function and diagnostics allows the observers to answer questions that 
would otherwise never have been asked during the testing era. The design and calibration of the 
in-beam monitor system serve as an example to support the level of detail and rigor that goes into 
understanding weapons design taking the bottom-up approach, which enhances understanding of 
weapons and therefore the robustness of the stockpile in the absence of testing. 

The current approach to stockpile certification vastly differs from the past, which necessitates new 
tools and capabilities that are currently operational or under development.20 There will constantly 
be a need to further the capabilities of the SSP as new questions and challenges emerge, as 
demonstrated by this work. At the present time, however, giant leaps in scientific capabilities are 
being taken that will soon find the SSP even more robust than ever. This is not to say that the United 
States is currently lacking in capabilities, but that it is perpetually driven to enhance capabilities 
rather than remain satisfied by the status quo. There is currently no technical reason to resume 
testing, as the SSP works extraordinarily well in ensuring the reliability of the nuclear arsenal. It is 
possible, however, that, “If a technical problem emerges that cannot be resolved by science-based 
tools, consideration of a return to nuclear testing may become warranted.”21 

While there is currently no problem that is considered unsolvable by science-based stewardship, it 
is necessary to remain vigilant and dedicated to continuing to dig deeper into the understanding 
of weapons systems and the scientific tools used to validate their performance should some 
unforeseen challenge arise. It is impossible to speculate as to whether future problems unsolvable 
with science-based stewardship will arise, but it is clear that science-based stewardship and the 
philosophy of constantly enhancing capabilities with scientific rigor has and will continue to improve 
understanding of the stockpile compared to the testing era. Turning to science to steward the 
stockpile has not only resulted in a deeper understanding of weapons function by taking a bottom-
up approach to the design and certification process but has allowed the United States to serve as an 
example to other nations by maintaining compliant nuclear posture on the world stage.

20 Ibid.; and McCoy, “Weapon Certification.”
21 Ibid.; and Courtney and Klotz, “Nuclear Testing not Needed.”
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Pliable Preferences?  
The U.S. Public and  
Missile Defense
By Jamie Kwong1

The future of U.S. missile defense policy remains uncertain. While the Biden administration has 
made some early decisions, many expect a more comprehensive review before the administration 
releases a formal missile defense policy document.2 In the meantime, experts have conveyed various 
perspectives on how the administration might address key challenges and concerns about the 
U.S. missile defense program, ranging from threats posed by North Korea, to Chinese and Russian 
concerns about U.S. missile defense capabilities, to the technological hurdles of advancing those 
capabilities.3 But what does the U.S. public think about missile defense, and what implications might 
this have for the administration’s policy? 

Given a lack of contemporary public polling on the subject, this paper uses historical surveys to 
examine how the public considered the missile defense issue in the past to explore how the public 
might think about missile defense today. The data suggests that while the public is inclined to 
support missile defense, public understanding of the effectiveness, cost, and strategic implications of 
missile defense systems substantially affects public support for these systems. These findings have 

1 Jamie Kwong is the Stanton Pre-Doctoral Fellow in the Nuclear Policy Program at the Carnegie Endowment for Interna-
tional Peace. She is also a doctoral candidate in War Studies at King’s College London, where her research focuses on 
public opinion of nuclear weapons issues.

2 Paul McLeary, “Big New Interceptor Deal Part of Biden Missile Defense Push,” Breaking Defense, March 24, 2021, https://
breakingdefense.com/2021/03/big-new-missile-defense-contract-comes-as-part-of-larger-defensive-push/; and Brad 
Roberts, “Anticipating the 2021 Missile Defense Review,” Real Clear Defense, January 7, 2021, https://www.realclearde-
fense.com/articles/2021/01/07/anticipating_the_2021_missile_defense_review_655612.html. 

3 See, for example, Ankit Panda, “North Korea and U.S. Missile Defense Capabilities,” National Bureau of Asian Research, 
September 8, 2021, https://www.nbr.org/publication/north-korea-and-u-s-missile-defense-capabilities/; and George 
Perkovich and Pranay Vaddi, “Ballistic Missile Defenses,” in Proportionate Deterrence: A Modern Nuclear Posture Review 
(Washington, DC: Carnegie Endowment for International Peace, 2021), https://carnegieendowment.org/2021/01/21/ballis-
tic-missile-defenses-pub-83582.

https://breakingdefense.com/2021/03/big-new-missile-defense-contract-comes-as-part-of-larger-defensive-push/
https://breakingdefense.com/2021/03/big-new-missile-defense-contract-comes-as-part-of-larger-defensive-push/
https://www.realcleardefense.com/articles/2021/01/07/anticipating_the_2021_missile_defense_review_655612.html
https://www.realcleardefense.com/articles/2021/01/07/anticipating_the_2021_missile_defense_review_655612.html
https://www.nbr.org/publication/north-korea-and-u-s-missile-defense-capabilities/
https://carnegieendowment.org/2021/01/21/ballistic-missile-defenses-pub-83582
https://carnegieendowment.org/2021/01/21/ballistic-missile-defenses-pub-83582
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three primary policy implications, giving policymakers insight into how they should discuss and frame 
missile defense in order to mobilize public support for particular policies: 

1. Public support for missile defense systems changes drastically when the public receives 
explicit information about the efficacy of these systems. Policymakers can therefore influence 
public opinion in favor of their missile defense policies by addressing the (in)effectiveness of 
missile defense in their public messaging. 

2. The public is sensitive to specific but not general references to the cost of missile defense. 
As such, policymakers must carefully consider how to discuss missile defense spending in 
presenting policies to the public.

3. The public has consistently demonstrated a preference for the strategic benefits of arms 
control to the strategic repercussions of missile defense. If policymakers decide to use missile 
defense in future arms control agreements, they can secure public support for such an accord 
by emphasizing the strategic advantages of doing so.

THE CASE FOR ANALYZING PUBLIC OPINION  
AND MISSILE DEFENSE
Why is public opinion of missile defense important in the first place? Broadly speaking, scholarly 
work demonstrates that public opinion matters in foreign policy. Public attitudes can constrain 
policymakers, shaping their priorities and limiting their potential policy options.4 Therefore, ensuring 
policies have broad public support enables leaders to achieve key foreign policy goals, promote the 
sustainability of their policies, and satisfy basic responsibilities as accountable representatives while 
avoiding significant political costs.5

It is unlikely, however, that public opinion of foreign policy issues, including missile defense issues, 
would have significant electoral consequences; the public rarely views foreign policy issues as the 
“most important problem” facing the United States and thus tends not to treat foreign policy as a 
key voting issue.6 Yet, public attitudes on missile defense could have a significant impact on coalition 
building, disrupting the current consensus on missile defense among policymakers and exacerbating 
the contention between experts on missile defense.7 Similar dynamics were at play in the aftermath 
of 9/11, for example, when public support for a national missile defense system gave the Bush 
administration political cover to walk away from the Anti-Ballistic Missile (ABM) Treaty and resist 
domestic—and international—pushback. 

4 Ole R. Holsti, Public Opinion and American Foreign Policy (Ann Arbor: University of Michigan Press, 2004); and Matthew 
A. Baum and Philip B.K. Potter, War and Democratic Constraint: How the Public Influences Foreign Policy (Oxford: Princeton 
University Press, 2015). 

5 Wilfred M. Chow, Enze Han, and Xiaojun Li, “Brexit Identities and British Public Opinion on China,” International Affairs 
95, no. 6 (2019): 1370, doi:10.1093/ia/iiz191; and Michael Tomz, Jessica L.P. Weeks, and Keren Yarhi-Milo, “Public Opinion 
and Decisions About Military Force in Democracies,” International Organization 74, no. 1 (2020): 119–43, doi:10.1017/
S0020818319000341.

6 “Most Important Problem,” Gallup, 2001, https://news.gallup.com/poll/1675/most-important-problem.aspx.
7 Thomas Risse-Kappen, “Public Opinion, Domestic Structure, and Foreign Policy in Liberal Democracies,” World Politics, 

43, no. 3 (1991): 482–83, https://www.jstor.org/stable/2010534; Nancy W. Gallagher, “Congress and Missile Defense,” in 
Regional Missile Defense from a Global Perspective, eds. Catherine McArdle Kelleher and Peter Dombrowski (Stanford: Stan-
ford University Press, 2015), 84–106; Stephen M. McCall, “Defense Primer: Ballistic Missile Defense,” Congressional Re-
search Service, December 29, 2020, https://fas.org/sgp/crs/natsec/IF10541.pdf; Leah Matchett, “Debating Missile Defense: 
Tracking the Congressional Record,” Arms Control Today, March 2021, https://www.armscontrol.org/act/2021-03/features/
debating-missile-defense-tracking-congressional-record; and “63 National Security Leaders Urge President Biden to Put 
Missile Defense on the Table,” Council For a Livable World, June 3, 2021, https://livableworld.org/63-national-security-
leaders-urge-president-biden-to-put-missile-defense-on-the-table/.

https://news.gallup.com/poll/1675/most-important-problem.aspx
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It is therefore useful for policymakers to better understand what and how the public thinks about missile 
defense. As this paper’s analysis will demonstrate, public attitudes on missile defense are pliable; public 
support for missile defense is often contingent on how it is presented to the public. As such, policymakers 
must carefully consider the ways in which they talk about missile defense to the public. Better 
understanding of how different factors affect public attitudes on missile defense can help policymakers 
package policies in ways that garner greater public support.8 This is especially relevant given that missile 
defense can be framed in unusually broad ways.9 Paradoxically, while adversaries regularly cite the 
destabilizing nature of U.S. missile defense systems—so much so that experts argue that China’s efforts 
to modernize and advance its nuclear arsenal stem directly from the perceived threat of these systems—
missile defense remains a prominent and potent symbol of U.S. national security.10

Moreover, there are two types of U.S. missile defense systems. Regional or “theater” defense systems 
are designed to defend against short-, medium-, and intermediate-range ballistic missiles and 
have a fairly successful testing record.11 The homeland or “strategic” defense system is designed to 
protect the continental United States from intermediate- and long-range ballistic missiles, although 
its testing record is much more contested, as discussed below.12 Despite these stark differences in 
purpose and effectiveness, however, public poll questions rarely differentiate between these types of 
systems and thus fail to capture nuances in public support for each. 

Nevertheless, common phrasing suggests that most questions about missile defense concern 
homeland systems, even if not expressly stated as such. Table 1 presents two examples from polls 
conducted in early 2001. The first question refers to a defense system designed to “protect the United 
States from incoming missiles,” and the second refers to a “national missile defense system.” 

Table 1: Example Missile Defense Public Poll Questions

SUPPORT/
FAVOR

OPPOSE
DON’T KNOW/ 
NO OPINION/ 

REFUSED
Do you support or oppose building a defense 
system that’s designed to protect the United 
States from incoming missiles?13 (January 2001)

80 18 3

Do you favor or oppose the development of a 
national missile defense system?14  
(February 2001)

54 32 14

Source: ABC News/Washington Post and Pew Research Center.

8 Amelia Morgan, “Millennials and Nuclear Weapons: Concerned or Complacent?,” in On the Horizon: A Collection of Papers 
from the Next Generation, ed. Reja Younis (Washington, DC: CSIS, February 2021), 123, https://www.csis.org/analysis/hori-
zon-collection-papers-next-generation.

9 Columba Peoples, Justifying Ballistic Missile Defence: Technology, Security and Culture (Cambridge: Cambridge University 
Press, 2009). 

10 Tong Zhao, “Managing the Sino-American Dispute Over Missile Defense,” War on the Rocks, August 11, 2020, https://
warontherocks.com/2020/08/managing-the-sino-american-dispute-over-missile-defense/.

11 “U.S. Ballistic Missile Defense,” Center for Arms Control and Non-Proliferation, April 2, 2021, https://armscontrolcenter.org/
wp-content/uploads/2021/04/BMD.pdf.

12 Ibid.  
13 Sample size: 1,513 national adults. Roper Center for Public Opinion Research, ABC News/Washington Post Poll: Clinton 

Legacy, Priorities for George W. Bush, USABCWP.011601.R35 (Ithaca, NY: Cornell University), iPOLL, January 2001.  
14 Sample size: 728 national adults (asked of half-sample). Roper Center for Public Opinion Research, Pew Research Center 

Poll: February 2001 News Interest Index, USPSRA.022201.R24F1 (Ithaca, NY: Cornell University), iPOLL, February 2001.
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While both seemingly concern homeland defense, however, these questions report substantially 
different levels of public support, although they were asked just one month apart. The first reports 80 
percent support and the second indicates 54 percent support, suggesting that question phrasing that 
highlights the threat missile defense systems are designed to protect against tends to elicit higher 
levels of public support. Analyzing public attitudes about missile defense systems, therefore, requires 
careful consideration of the ways in which information about those systems is presented to the public. 

PUBLIC ATTITUDES TOWARD MISSILE DEFENSE
Historical analysis reveals that the U.S. public is inclined to support missile defense.15 To take an 
illustrative example, a poll conducted by the Pew Research Center in May 2001 asked respondents a 
series of questions about missile defense.16 It began with a baseline question gauging respondents’ 
initial support. A majority 51 percent of respondents agreed that the United States should “put into 
effect a national missile defense system,” while only 38 percent disagreed. The next set of questions 
then introduced arguments in favor of and against the system, asking respondents (1) whether they 
had heard about these arguments, and (2) whether they found these arguments important reasons to 
support or oppose the system, respectively.17 The results revealed an interesting dynamic: even though 
respondents were more familiar with arguments against the system, they found the arguments in favor 
of the system more persuasive.18 Finally, when asked to reevaluate their support for missile defense 
“after considering these reasons to favor and oppose the creation of a national missile defense 
system,” there was only a slight drop in support (51 percent to 49 percent) and a slight increase in 
opposition (38 percent to 41 percent). A strong plurality still supported the missile defense system.

Additional polling, however, reveals that the public does not support missile defense unconditionally. 
As presented in Table 1, an ABC News/Washington Post poll conducted in January 2001 reveals that 80 
percent of the public would support a “defense system that’s designed to protect the United States 
from incoming missiles.” Another question set then asked those in support of the system whether 
they would continue to support the system under certain conditions. Responses recorded in Table 2 
reveal that public support for missile defense decreases when confronted with particular concerns 
about missile defense systems. Only 62 percent of those who initially supported a missile defense 
system continued to support such a system when told that scientists raised doubts about whether 
such a system could completely protect the United States. Only 57 percent of these initial supporters 
continued to support building a missile defense system when told that such a system is estimated 

15 This analysis draws on nationally representative surveys of U.S. adults. The data was collected from the Roper Center for 
Public Opinion Research using the search term “missile defense,” with results filtered to polls conducted in the United 
States. This search returned 365 individual poll questions posed from 1957 to 2012. These questions largely reflect 
episodes of “missile defense saliency,” periods in which an administration’s missile defense policy received relatively 
significant attention in the public domain (e.g., Ronald Reagan’s Strategic Defense Initiative, the George W. Bush adminis-
tration’s withdrawal from the Anti-Ballistic Missile Treaty and its initial strides in deploying the Ground-Based Midcourse 
Defense system).  

16 Sample size: 1,468 national adults. Roper Center for Public Opinion Research, Pew Research Center Poll: Domestic and 
Foreign Policies, USPEW2001-05NII (Ithaca, NY: Cornell University), iPOLL, May 2001.

17 Arguments in favor of the system included that it would allow the United States to protect allies without fear of being 
attacked, it would protect the United States from accidental launches, and that current defense systems do not adequate-
ly protect against smaller nations (e.g., Iraq, North Korea). Arguments against the system included that the technology to 
build such a system does not yet exist, the system would be too costly, there is no real threat that justifies building the 
system, building the system would damage relations with China and Russia, and building the system could trigger an 
arms race. 

18 Morton H. Halperin, “Modest Support for Missile Defense, No Panic on China: Commentary by Morton H. Halperin, 
Senior Fellow, Council on Foreign Relations,” Pew Research Center, June 11, 2001, https://www.pewresearch.org/poli-
tics/2001/06/11/commentary-by-morton-h-halperin-senior-fellow-council-on-foreign-relations-2/.
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to cost between $60 billion and $100 billion. And while only 57 percent of respondents continued to 
support a missile defense system when told such a system could create a new arms race, still fewer—
just 47 percent—continued to support the system when told it would break an existing treaty with 
Russia, with the same amount now opposed. 

Table 2: Conditional Public Support for Missile Defense

Would you support or oppose a missile defense 
system …19 (Asked only of initial supporters; 
January 2001)

SUPPORT OPPOSE
DON’T 

KNOW/ 
NO OPINION

… If scientists raised doubts about whether it 
ever could completely protect the U.S. from 
incoming missiles?

62 33 5

… If cost estimates run anywhere from 60 
billion to 100 billion dollars?

57 37 6

… If it could create a new arms race as other 
countries tried to build better missiles?

57 39 4

… If it broke an existing treaty with Russia? 47 47 6

Source: ABC News/Washington Post.

Historical analysis of public attitudes on missile defense, therefore, reveals that concerns about the 
effectiveness, cost, and strategic implications of missile defense systems impact U.S. public support 
for missile defense. This paper now considers each in turn.

EXPECTATIONS VS. REALITY:  
THE EFFECTIVENESS OF MISSILE DEFENSE
Exploring ways in which concerns about the effectiveness of missile defense systems impact public 
support for those systems first requires considering what the public knows and understands about 
missile defense. Leading up to President Ronald Reagan’s announcement of the Strategic Defense 
Initiative (SDI), approximately 7 percent of the public inaccurately believed that the United States 
had a “fairly effective defense against nuclear weapons.”20 This misperception continued through the 
Clinton-Bush transition, when approximately 61 percent of the public believed the United States had 
a “missile defense system to protect against nuclear attacks,” although the Clinton administration 
never deployed a homeland defense system and the Bush administration did not do so until 2004.21

The public has also consistently expressed greater confidence in these systems than many experts 
in the nuclear policy community, as depicted in Table 3. Despite many scientists at the time arguing 
that the technology to develop SDI was technologically infeasible—with one report concluding most 

19 Sample size: 1,211 national adults (asked of those in sample who supported building a “defense system that’s designed 
to protect the United States from incoming missiles”). Roper Center, ABC News/Washington Post Poll: Clinton Legacy.

20 Estimated from survey data from June 1964, June 1968, and April 1979. Thomas W. Graham and Bernard M. Kramer, “The 
Polls: ABM and Star Wars: Attitudes Towards Nuclear Defense, 1945-1985,” Public Opinion Quarterly 50, no. 1 (1986): 126, 
https://www.jstor.org/stable/2748977.

21 Average of responses from September 2000 and March 2001. Roper Center for Public Opinion Research, CBS/NYT Poll 
#2000-09A, USCBSNYT.091200.R41 (Ithaca, NY: Cornell University), iPOLL, September 2000; and Roper Center for Public 
Opinion Research, CBS News/New York Times Poll: Bush’s Budget and Tax Plan/Clinton Pardons, USCBSNYT.031301.R27 (Itha-
ca, NY: Cornell University), iPOLL, March 2001.  

https://www.jstor.org/stable/2748977


technologies needed to develop the system were still decades away—a consistent majority of the 
public in 1985–86 believed the system could work.22 While confidence levels fluctuated more in the 
early 2000s, a majority still believed a missile defense system could work even as the testing record 
remained mixed and as many experts continued to worry that critical technologies were still too 
immature for deployment.23 

Table 3: Public Confidence in Missile Defense

Ronald Reagan has proposed developing a 
defensive nuclear system in space that would 
destroy incoming missiles before they reach the 
United States, a system some people call “Star 
Wars.” Do you think such a system could work?

WILL WORK
WILL NOT 

WORK

DON’T 
KNOW/ 

NO ANSWER

January 198524 62 23 15

November 198525 58 27 15

October 198626 60 22 18

One proposed missile defense system is a land 
and sea-based defense system that would 
intercept and destroy incoming missiles before 
they reach the United States. Do you think the 
system is likely to work or not?

LIKELY TO 
WORK

NOT LIKELY 
TO WORK

DON’T 
KNOW/ 

NO ANSWER

September 200027 58 23 19

March 200128 66 20 14

August 200129 50 34 16

Source: CBS News/New York Times.

Some experts today continue to question the efficacy of homeland missile defense. One account, for 
example, explains that 36 of the United States’ 44 ground-based interceptors (GBIs) are fitted with kill 
vehicles with only 50 percent test success rates, making the program more of a “sieve” than a shield.30 

22 N. Bloembergen et. al., “Report to The American Physical Society of the Study Group on Science and Technology of Direct-
ed Energy Weapons,” Review of Modern Physics 59, no. 3 (1987): S9, doi:10.1103/RevModPhys.59.S1.

23 Steven A. Hildreth, Missile Defense: The Current Debate, CRS Report No. RL31111 (Washington, DC: Congressional Research 
Service, 2005), 39, https://fas.org/sgp/crs/weapons/RL31111.pdf.

24 Sample size: 1,525 national adults. Roper Center for Public Opinion Research, CBS News/New York Times: Foreign Policy 
Survey, USCBSNYT.JAN851.R12 (Ithaca, NY: Cornell University), iPOLL, January 1985.

25 Sample size: 1,659 national adults. Roper Center for Public Opinion Research, CBS News/New York Times Poll # 1985-NOV: 
National Survey, USCBSNYT.NOV85.R42 (Ithaca, NY: Cornell University), iPOLL, November 1985. 

26 Sample size: 776 national adults. The question was phrased slightly differently: “The Strategic Defense Initiative—Star 
Wars—is a defense system in space that would destroy incoming missiles before they would reach the United States. Do 
you think the system is likely to work, or not?” Roper Center for Public Opinion Research, CBS News/New York Times: Octo-
ber Summit Poll, USCBSNYT.101586.R03 (Ithaca, NY: Cornell University), iPOLL, October 1986. 

27 Sample size: 1,050 national adults (asked of sub-sample of registered voters). Roper Center for Public Opinion Research, 
CBS/NYT Poll #2000-09A. 

28 Sample size: 1,105 national adults. Roper Center for Public Opinion Research, CBS News/New York Times Poll: Bush’s Budget 
and Tax Plan/Clinton Pardons, USCBSNYT.031301.R29.

29 Sample size: 850 national adults. Roper Center for Public Opinion Research, CBS News Poll: Politics/Economy/Energy Situa-
tion/Social Security/Budget Surplus, USCBS.090401.R64 (Ithaca, NY: Cornell University), iPOLL, August 2001.

30 Matt Korda and Hans M. Kristensen, “US Ballistic Missile Defenses, 2019,” Bulletin of the Atomic Scientists 75, no. 6 (2019): 
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Lack of contemporary polling on the subject foregoes a similar comparison between expert and public 
confidence levels as above; however, a question posed as part of an experimental survey from 2019 
found that 74 percent of the public believed that if North Korea launched three nuclear missiles against 
the United States, it is “highly or somewhat likely” that “current US missile defenses could successfully 
destroy all the North Korean missiles before they reach their targets.”31 This finding suggests that the 
public continues to have greater confidence than experts in U.S. missile defense systems.32 

Overall, then, not only does the public tend to overestimate the size and scope of U.S. missile defense 
systems, but it also has high confidence in these systems. These perceptions, however, change when 
the public receives specific information about the efficacy of missile defense. Table 4 presents a series 
of questions posed by CBS News/New York Times in May 2000. When initially asked about their support 
for a “missile defense system against nuclear attack,” 58 percent of respondents favored and 28 percent 
opposed building such a system. When told that the system is unlikely to ever work, only 44 percent of 
those who originally supported missile defense still expressed support, with a 49 percent plurality now 
in opposition. By comparison, 50 percent of those who originally opposed building the system were 
willing to support continued efforts to do so when told that the system had a good chance of working.

Table 4: Impact of Effectiveness on Support for Missile Defense 

FAVOR OPPOSE
DON’T 

KNOW/ 
NO ANSWER

Would you favor or oppose the United States 
continuing to try to build this missile defense 
system against nuclear attack? (May 2000)33

58 28 15

What if many scientists conclude it is unlikely that 
such a system will ever work—then do you favor or 
oppose the United States continuing to try to build 
this missile defense system against nuclear attack? 
(Asked only of initial supporters)34

44 49 7

What if the system had a good chance of working 
successfully to defend against accidental missile 
launches—then would you favor or oppose the 
United States continuing to try to build this missile 
defense system against nuclear attack? (Asked only 
of initial opponents)35

50 43 7

Source: CBS News/New York Times.

299, doi:10.1080/00963402.2019.1680055.
31 Alida R. Haworth, Scott D. Sagan, and Benjamin A. Valentino, “What Do Americans Really Think about Conflict with Nuclear 

North Korea? The Answer is Both Reassuring and Disturbing,” Bulletin of the Atomic Scientists 75, no. 4 (2019): 6, doi:10.108
0/00963402.2019.1629576.

32 Scott D. Sagan and Benjamin A. Valentino, “Living With a Nuclear North Korea,” Wall Street Journal, March 8, 2019, https://
www.wsj.com/articles/living-with-a-nuclear-north-korea-11552060884.

33 Sample size: 947 national adults. Roper Center for Public Opinion Research, CBS News/New York Times Poll: Election 2000/
Guns/Social Security, USCBSNYT2000-05B (Ithaca, NY: Cornell University), iPOLL, May 2000. 

34 Sample size: 554 national adults (asked of those in sample who favored building “this missile defense system against 
nuclear attack”). 

35 Sample size: 265 national adults (asked of those in sample who opposed building “this missile defense system against 
nuclear attack”). 

https://www.wsj.com/articles/living-with-a-nuclear-north-korea-11552060884
https://www.wsj.com/articles/living-with-a-nuclear-north-korea-11552060884


These findings demonstrate that near majorities of respondents were willing to change their initial 
position on missile defense when provided additional details about the potential (in)effectiveness of the 
system. Indications that a missile defense system will not be effective causes public support to decrease 
while indications that a system will be effective causes support to increase. In short, the public considers 
the effectiveness of missile defense systems in formulating attitudes about these systems.

SPENDING MONEY VS. SPENDING BILLIONS:  
THE COST OF MISSILE DEFENSE
Questions that address the cost of missile defense systems come in two forms. First, some questions 
generally reference cost, subtly indicating to respondents that these systems require significant 
investment but without providing a specific figure. For example, Table 5 presents time-series data 
from Gallup/CNN/USA Today polls that ask respondents whether the government “should or should 
not spend the money” to build a defense system against nuclear missiles. In all instances, more 
respondents support building the system than oppose. Importantly, when given the option, about a 
third of respondents say that they are “unsure” whether the United States should spend the money 
to build the system, suggesting support for the above finding that the public does not have a robust 
knowledge of missile defense issues.36 Clear majorities favor building the missile defense system 
when not provided this “unsure” option.37 Consequently, questions that generally reference cost appear 
to reinforce the notion that the public is inclined to support missile defense. 

Table 5: “General Cost” Time Series
Recently there has been some discussion 
about the possibility of the United States 
building a defense system against nuclear 
missiles. Do you think the government should 
or should not spend the money that would be 
necessary to build such a system [or are you 
unsure]?

SHOULD 
BUILD 

DEFENSE 
SYSTEM

SHOULD 
NOT

UNSURE
REFUSED/

NO 
OPINION

July 199638 32 31 37 1
May 200039 55 38 7
July 200040 53 36 11
February 200141 44 20 36
July 200142 41 28 31

36 David W. Moore, “Public Supports Concept of Missile Defense: But Support Wanes if Missile System Seen as Not Viable,” 
Gallup, May 7, 2001, https://news.gallup.com/poll/1555/public-supports-concept-missile-defense.aspx.

37 Of note, this support is particularly pronounced in October 2001—just one month after 9/11, an attack on the U.S. home-
land that potentially influenced the public’s willingness to spend on defense.

38 Sample size: 526 national adults (asked of half-sample). Roper Center for Public Opinion Research, Gallup/CNN/USA Today: 
1996 Election, USGALLUP.96JL18.R27 (Ithaca, NY: Cornell University), iPOLL, July 1996. 

39 Sample size: 516 national adults (asked of half-sample). Roper Center for Public Opinion Research, Gallup/CNN/USA Today 
Poll: 2000 Election/Driving and Traffic, USGALLUP.00MA23.R43 (Ithaca, NY: Cornell University), iPOLL, May 2000. 

40 Sample size: 1,063 national adults. Roper Center for Public Opinion Research, Gallup/CNN/USA Today Poll: July Wave 2, 
USGALLUP.00JL14.R34 (Ithaca, NY: Cornell University), iPOLL, July 2000. 

41 Sample size: 1,003 national adults. The question was phrased slightly differently, “Do you think the government should or 
should not spend the money that would be required for research and possible development of such a system, or are you 
unsure?” Roper Center for Public Opinion Research, Gallup Organization Poll: February 2001, USGALLUP.01FB14.R25 (Ithaca, 
NY: Cornell University), iPOLL, February 2001. 

42 Sample size: 519 national adults (asked of half-sample). The question is phrased as per February 2001 (see footnote 33). 
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October 200143 70 26 4
December 200144 66 28 6
February 200245 51 16 32 1
April 200246 47 20 33
February 200347 46 21 33

Source: Gallup/CNN/USA Today.

Second, some questions specifically reference how much a missile defense system will cost. These types 
of questions posed in the early 2000s, for example, typically noted that a system would cost between 
$60 billion and $100 billion. Unlike questions that generally reference costs, these specific-cost 
questions appear to negatively impact public support for missile defense. Table 6 presents an example 
from a CBS News poll conducted in August 2001. Half the sample received a general question gauging 
whether respondents supported a missile defense system, with 58 percent favoring and 32 percent 
opposing the system. The other half of respondents received the same question but with an additional 
phrase, “The cost for this program could reach 100 billion dollars.” With this insertion, responses shifted 
dramatically: 47 percent favored and 46 percent opposed pursuing the system.  

Roper Center for Public Opinion Research, Gallup Organization Poll: July 2001, USGALLUP.01JL19.R58 (Ithaca, NY: Cornell 
University), iPOLL, July 2001. 

43 Sample size: 503 national adults (asked of half-sample). Roper Center for Public Opinion Research, Gallup/CNN/USA Today 
Poll: Terrorism, Anthrax, Halloween, USGALLUP.01OC19.R37 (Ithaca, NY: Cornell University), iPOLL, October 2001. 

44 Sample size: 510 national adults (asked of half-sample). Roper Center for Public Opinion Research, Gallup/CNN/USA Today 
Poll: Admirable Leaders/Economy/Terrorism/Religion, USGALLUP.01DC14.R48 (Ithaca, NY: Cornell University), iPOLL, Decem-
ber 2001.

45 Sample size: 1,011 national adults. The question is phrased as per February 2001 (see footnote 43). Roper Center for 
Public Opinion Research, Gallup Organization Poll: February 2002, USGALLUP.02FBR04.R30 (Ithaca, NY: Cornell University), 
iPOLL, February 2002. 

46 Sample size: 505 national adults (asked of half-sample). The question is phrased as per February 2001 (see footnote 43). 
Roper Center for Public Opinion Research, Gallup Organization Poll: April 2002, USGALLUP.0216.Q104 (Ithaca, NY: Cornell 
University), iPOLL, April 2002. 

47 Sample size: 1,001 national adults. The question is phrased as per February 2001 (see footnote 43). Roper Center for 
Public Opinion Research, Gallup Organization Poll: February 2003, USGALLUP.03FEBY3.R22 (Ithaca, NY: Cornell University), 
iPOLL, February 2003. 



Table 6: Impact of “Specific Cost” on Support for Missile Defense

FAVOR OPPOSE
DON’T 

KNOW/
REFUSED

One proposed missile defense system is a land and 
sea-based defense system that would intercept 
and destroy incoming missiles before they reach 
the United States. Do you favor or oppose the U.S. 
trying to develop this system? (August 2001)48 

58 32 10

One proposed missile defense system is a land and 
sea-based defense shield that would intercept and 
destroy incoming missiles before they reach the 
United States. The cost for this program could reach 
100 billion dollars. Do you favor or oppose the U.S. 
trying to develop this system? (August 2001)49

47 46 7

Source: CBS News.

This finding indicates that public support for missile defense systems decreases when told 
specifically how much those systems cost. Presenting these figures as sunk costs, however, reduces 
this effect. For example, while the CBS News/New York Times poll from May 2000 presented in Table 4 
indicates that 58 percent of respondents initially supported a “missile defense system against nuclear 
attack,” 82 percent of those initial supporters still supported the system when told that “the United 
States has already spent sixty billion dollars trying to develop this system”—far more than the 44 
percent that still supported the system when told scientists thought it might never work.50 Even when 
presented as a sunk cost, though, this specific figure still caused 13 percent of initial supporters to 
oppose the system.51 Ultimately, this historical analysis demonstrates that public attitudes on missile 
defense are sensitive to specific references—although not general references—to the cost of missile 
defense systems. 

BENEFITS VS. REPERCUSSIONS:  
THE STRATEGIC IMPLICATIONS OF MISSILE DEFENSE
The ABC/Washington Post poll from January 2001 presented in Table 2 shows that the potential 
strategic implications—and specifically, strategic repercussions—of missile defense systems have 
an even larger effect on public support for these systems than effectiveness or cost.52 Of those who 
initially supported a “defense system that’s designed to protect the United States from incoming 
missiles,” only 57 percent continued to support the system when told it could create a new arms race, 

48 Sample size: 425 national adults (asked of half-sample). CBS News Poll: Politics/Economy/Energy Situation/Social Securi-
ty/Budget Surplus, USCBS.090401.R62.

49 Sample size: 425 national adults (asked of half-sample). CBS News Poll: Politics/Economy/Energy Situation/Social Securi-
ty/Budget Surplus, USCBS.090401.R63.

50 Sample size: 554 national adults (asked of those in sample who favored “continuing to try to build this missile defense 
system against nuclear attack”). CBS News/New York Times Poll: Election 2000/Guns/Social Security, USCBSNYT.200005B.
Q071.

51 An additional 5 percent of respondents either indicated they “don’t know” or did not provide an answer.
52 Sample size: 1,211 national adults (asked of those in sample who supported building a “defense system that’s designed 

to protect the United States from incoming missiles”). ABC News/Washington Post Poll: Clinton Legacy, Priorities for George 
W. Bush, USABCWP.011601.R36C-D.
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with 39 percent now opposed. And when told that the system would break an existing treaty with 
Russia (i.e., the ABM Treaty), only 47 percent continued to support the system, with an equal percent 
now opposed. Results from the Pew poll conducted in May 2001 reinforce this finding.53 

Respondents were asked, “In the future, how do you think the U.S. would be best protected?” While 34 
percent of respondents selected “building a national missile defense system that would protect us 
from attack,” 53 percent of respondents instead selected “having treaties that would limit the arms 
race and control the spread of nuclear weapons.”54 Put differently, a majority of respondents preferred 
arms control agreements—and the strategic benefits of those agreements—to missile defense. This 
preference is consistent with public attitudes from the SDI era. 

Table 7 compares data from a set of Roper Organization polls conducted in October 1986 and 
September 1987, the first just weeks after and the second a year after the Reykjavik Summit. This 
summit nearly resulted in a sweeping arms control agreement between the United States and Soviet 
Union but for Reagan’s fervent commitment to SDI and Soviet Premier Mikhail Gorbachev’s refusal to 
accept missile testing in space.55 The table first provides responses to a question that presents both 
arguments in favor of and against a “space-based defense system against incoming missiles.” It then 
provides responses to a question that presents a choice between missile defense and arms control, 
similar to that facing Reagan and Gorbachev in Reykjavik. 

In October 1986, a majority 54 percent of respondents supported the missile defense system in the 
first instance, even though arguments against the system clearly outline the strategic repercussions 
of such a system (i.e., “it would escalate the arms race and increase the risk of a nuclear confrontation 
with Russia”). While this appears at odds with the finding that the public is sensitive to these 
implications, it is consistent with the above conclusion that the public is inclined to support missile 
defense systems when presented with both arguments in favor of and against those systems. When 
forced to choose between missile defense and arms control, however, a plurality 47 percent preferred 
the latter.56 In September 1987, initial support for missile defense was lower than in October 1986 but 
still supported by a plurality 44 percent of respondents; substantially more—a majority 59 percent of 
respondents—preferred arms control over missile defense. 

53 Sample size: 1,468 national adults. Pew Research Center Poll: Domestic and Foreign Policies, USPSRA.0105NII.Q14.
54 Six percent of respondents volunteered that both the missile defense system and arms control treaties were equally 

important. 
55 Nikolai Sokov, “Reykjavik Summit: The Legacy and a Lesson for the Future,” Nuclear Threat Initiative, December 1, 2007, 

https://www.nti.org/analysis/articles/reykjavik-summit-legacy/. 
56 Notably, despite the proposition of this question, missile defense and arms control are not mutually exclusive.

https://www.nti.org/analysis/articles/reykjavik-summit-legacy/


Table 7: Impact of Strategic Implications on Support for Missile Defense
President Reagan has proposed that the United States 
build a space-based defense system against incoming 
missiles. Many people think this is a good idea because 
it would give us an advantage over the Russians in this 
area, which would help deter a Soviet attack. Many 
others feel that a space-based defense system is a 
bad idea because it would escalate the arms race and 
increase the risk of a nuclear confrontation with Russia. 
How do you feel—do you think that the United States 
should definitely build a space-based defense system, or 
should probably build one, or should probably not build 
one, or should definitely not build one?

SHOULD 
DEFINITELY/
PROBABLY 
BUILD ONE

SHOULD 
DEFINITELY/
PROBABLY 
NOT BUILD 

ONE

DON’T KNOW

October 198657 54 30 16

September 198758 44 40 16

Which do you think is more important for the United 
States to do right now: build a space-based anti-missile 
defense system even if this prevents an agreement with 
the Soviet Union to reduce nuclear weapons, or negotiate 
a reduction in nuclear weapons with the Soviet Union 
even if this prevents us from building a space-based 
anti-missile defense system?

BUILD 
MISSILE 

DEFENSE 
SYSTEM 

NEGOTIATE A 
REDUCTION 
IN NUCLEAR 
WEAPONS

DON’T KNOW

October 1986 40 47 12

September 1987 27 59 14

Source: The Roper Organization.  

Explaining the differences in levels of initial support for missile defense and of a relative preference 
for arms control between the two polls is outside the scope of this paper. Regardless, both polls 
clearly indicate that even if inclined to support missile defense, the public prefers arms control. More 
specifically, the public prefers the strategic benefits of arms control: a reduction in nuclear weapons. 

Importantly, this preference for a reduction proves distinct from disarmament. A poll conducted by 
Businessweek magazine in October 1986 asked respondents to choose between “proceed[ing] with 
Star Wars [SDI]” and “eliminating all strategic nuclear missiles.”59 A majority 55 percent of respondents 
preferred the former, while only 36 percent preferred the latter. These results could have been 
biased by contextual question phrasing that introduced the elimination option as a Soviet proposal 
that Reagan objected to at Reykjavik.60 However, the stark difference in preferences between missile 

57 Sample size: 1,984 national adults. Roper Center for Public Opinion Research, Roper Reports 86-10, USRPRR1986-10 (Itha-
ca, NY: Cornell University), iPOLL, October 1986. 

58 Sample size: 1,989 national adults. Roper Center for Public Opinion Research, Roper Reports 87-9, USRPRR1987-09 (Ithaca, 
NY: Cornell University), iPOLL, September 1987. 

59 Sample size: 1,253 national adults. Roper Center for Public Opinion Research, Business Week Magazine Poll: October 1986, 
USHARRBW.102786.RC (Ithaca, NY: Cornell University), iPOLL, October 1986.

60 The full question reads, “The principal issue dividing the U.S. and the Soviet Union at the (Iceland) summit was President 
Reagan’s commitment to what’s known as ‘Star Wars’—a space-based missile defense system. Premier Gorbachev wanted 
the U.S. to agree to sharp restrictions on Star Wars development. In exchange, the Soviets agreed to eliminate all land-
based strategic missiles within ten years. President Reagan rejected the deal. If you had to choose right now between 
eliminating all strategic nuclear missiles or proceeding with Star Wars development, which would you prefer?” 
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defense and negotiating “a reduction in nuclear weapons” versus “eliminating all strategic nuclear 
missiles” suggests that even if the public preferred reducing nuclear weapons, it was not prepared to 
completely eliminate them.  

These findings collectively indicate that the public considers the strategic implications of missile 
defense systems in formulating attitudes about those systems. In particular, the public consistently 
prefers the strategic benefits of arms control over the strategic repercussions of missile defense, 
although this preference does not appear to extend to disarmament. 

POLICY IMPLICATIONS AND THE WAY AHEAD
Altogether, these historical findings—and their consistency across both the Cold War and early post-
Cold War periods—have important implications for policymakers today. They provide insight into how 
policymakers should package missile defense policies in order to mobilize public support, regardless of 
whether those policies seek to expand or scale back missile defense systems. These messaging strategies 
will prove especially relevant for the Biden administration as it introduces its own missile defense policy. 

First, the public appears much more confident in missile defense systems than many experts in the 
nuclear policy community. Perhaps the public’s high confidence in these systems at least partially 
explains why the public is inclined to support missile defense. As these findings demonstrate, 
though, support levels change when the public receives explicit information about the efficacy of 
those systems. This suggests that policymakers should clearly discuss the effectiveness of missile 
defense systems in justifying particular policies. If pressured by critics of missile defense to defend 
its decision to move ahead with the Next Generation Interceptor program, for example, the Biden 
administration could garner public support for its decision by emphasizing the ineffectiveness of the 
previous replacement program.61

Second, general references to spending on missile defense systems have less impact on public 
attitudes than references to the specific cost of these systems. When specific figures are referenced, 
public support for missile defense decreases. The public is likely to be especially sensitive to high 
costs in the post-Covid-19 era, where defense spending may be perceived as a direct trade-off to 
healthcare spending. Policymakers must therefore not only consider how much they are willing to 
continue spending on missile defense systems but must also carefully consider how to discuss this 
spending in the hopes of maintaining broad public support for these systems.

Finally, the public can recognize the strategic implications of missile defense. As these findings 
demonstrate, the public consistently prefers the strategic benefits of arms control to the strategic 
repercussions of missile defense systems, especially when those systems threaten to upend existing 
treaties and agreements. This suggests that the Biden administration could find public support for 
using at least some aspects of missile defense as a bargaining tool in arms control negotiations. Such 
support, however, would be contingent on the administration effectively explaining the strategic 
benefit of doing so. 

These historical findings also indicate that a better contemporary understanding of public attitudes 
on missile defense is needed. Measuring these attitudes in periods of “non-missile defense saliency” 
would provide a more robust picture of public opinion of missile defense and greater insight into 

61 Wes Rumbaugh, “A New Generation of Homeland Missile Defense Interceptors,” CSIS, Critical Questions, November 12, 2019, 
https://www.csis.org/analysis/new-generation-homeland-missile-defense-interceptors.

https://www.csis.org/analysis/new-generation-homeland-missile-defense-interceptors


its pliability, including how public attitudes toward other security issues may impact attitudes on 
missile defense. Moreover, the analysis here focused on how changes in the information provided to 
the public about missile defense affect public attitudes. Future research should further consider how 
changes in the messenger and source of that information might impact public attitudes. The two 
primary periods of “missile defense saliency” addressed here were salient because the then-current 
president made missile defense a prominent issue in the public domain. Would public opinion, and 
perhaps especially the inclination to support missile defense, change if the issue became salient 
because of a different actor? 

Ultimately, this analysis demonstrates that public views about missile defense are variable. While 
historically inclined to support missile defense systems, the public has consistently demonstrated 
that its support is impacted by concerns about the effectiveness, cost, and strategic implications of 
those systems. Moving forward, greater efforts should be made to better understand the ways in 
which the public thinks and forms attitudes about missile defense given the importance and value of 
securing public support for future missile defense initiatives.
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U.S. Policy Considerations 
around the Treaty of 
Treaty of Tlatelolco and 
Implications for Other 
Nuclear-Weapon-Free 
Zone Treaties
By Benjamin Linden1

INTRODUCTION
When the Treaty of Tlatelolco entered into force on April 25, 1969, it established the world’s 
first populated nuclear-weapons-free zone (NWFZ), covering Latin America, the Caribbean, and 
large swaths of oceanic territory.2 The treaty operationalized Article VII of the Treaty on the Non-
proliferation of Nuclear Weapons (NPT), open for signature but not yet in force at the time, which 
affirms the right of groups of states to conclude treaties creating such zones. It also responded 
urgently to the Cuban Missile Crisis, then a recent and shared regional trauma. 

1 Benjamin Linden is a foreign affairs officer at the State Department’s Bureau of International Security and Nonprolifera-
tion, where he works on policy matters related to the Nuclear Non-proliferation Treaty. Views expressed here are those of 
the author alone and do not represent official U.S. Department of State policy.

2 The Treaty of Tlatelolco is referred to throughout this paper as “the treaty,” except where disambiguation is needed.
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However, the treaty’s practical effect could only be realized through accession to its two additional 
protocols by certain states outside the NWFZ.3 Additional Protocol I applies the provisions in the 
treaty to territories within the zone that are administered by countries outside the zone and was 
open for signature by France, the Netherlands, the United Kingdom, and the United States. The United 
States signed Additional Protocol I in 1977 and ratified it in 1981. By acceding to Additional Protocol 
II, the NPT nuclear-weapon states (NWS)—China, France, the Soviet Union, the United Kingdom, and 
the United States—undertook legal obligations to respect the denuclearized status of the zone, not to 
contribute to acts involving the violation of obligations of treaty parties, and not to use or threaten 
to use nuclear weapons against treaty parties. The United States signed Additional Protocol II in 
1968 and ratified it in 1971.  

Policy considerations informing the U.S. decisions to politically support the negotiation of the Treaty of 
Tlatelolco and to sign and ratify its two additional protocols provide a comparative framework to assess 
and understand how certain factors could impact U.S. considerations around support for other existing 
or potential future NWFZs. Policy considerations around U.S. support for the Treaty of Tlatelolco can 
be classified into four thematic categories. First are considerations around supporting the negotiation, 
entry-into-force, and universalization of the NPT by advancing its central norms and matching or 
exceeding its key provisions. Second are those related to preventing a repeat of the Cuban Missile Crisis 
by promoting regional stability, limiting Soviet encroachment, and maintaining U.S. influence in the 
region. Third are assurances that the treaty and its protocols would not restrict U.S. defensive options 
in ways that could have a net-negative impact on U.S. national security. The fourth category includes 
considerations of how such support could benefit U.S. diplomacy and global public opinion. 

All five NWS have signed the relevant protocols to the treaties of Pelindaba, Rarotonga, and 
Semipalatinsk, which establish NWFZs in Africa, the South Pacific, and Central Asia, respectively. All 
NWS except the United States have ratified these protocols, but no NWS has signed the Protocol to 
the Treaty of Bangkok (Southeast Asia). These protocols largely mirror the objectives of Additional 
Protocols I and II to the Treaty of Tlatelolco by, inter alia, applying the provisions in the treaties 
to territories within the respective zones that are administered by countries outside these zones 
and obligating NWS to apply fixed negative security assurances (NSAs) to all states parties in the 
respective zones.4 Based on these precedents, it is likely that hypothetical future NWFZ treaties (e.g., 
potential treaties creating a Middle East zone free of weapons of mass destruction or a Northeast 
Asia NWFZ) would contain protocols that follow a similar template (see Figure 1).5

This paper will first discuss the four categories of policy considerations relevant to U.S. support for 
the Treaty of Tlatelolco, relying on declassified executive branch deliberative documents, Senate 
Foreign Relations Committee (SFRC) hearing transcripts, public remarks, and contemporary and 
historical scholarship. It will then apply these policy considerations to other NWFZs in order to draw 
out lessons for current and possible future U.S. policy considerations around those NWFZs. These 

3 The treaty’s two Additional Protocols predate the unrelated IAEA nuclear safeguards agreements of the same name.
4 Protocol 3 to the Treaty of Pelindaba and Protocol 1 to the Treaty of Rarotonga apply the provisions in the treaties to 

territories within the respective zones that are administered by countries outside these zones. Protocol 2 to the Treaty of 
Rarotonga, Protocol 1 to the Treaty of Pelindaba, the sole Protocol to the Treaty of Bangkok, and the sole Protocol to the 
Treaty of Semipalatinsk obligate NWS to apply fixed NSAs to all states parties in the respective zones. For more infor-
mation, see Inventory of International Nonproliferation Organizations and Regimes Center for Nonproliferation Studies, 
“Nuclear-Weapons-Free Zones: Comparative Chart,” Nuclear Threat Initiative, https://www.nti.org/media/pdfs/apmnw-
fzc_nY9cpIi.pdf.

5 Efforts to create such a zone in the Middle East have long encompassed a broader scope that captures all weapons of 
mass destruction. 

https://www.nti.org/media/pdfs/apmnwfzc_nY9cpIi.pdf
https://www.nti.org/media/pdfs/apmnwfzc_nY9cpIi.pdf
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lessons are not policy prescriptions. Rather, they provide a mode of analysis that can inform future 
policy debate and decisionmaking regarding NWFZs. 

CATEGORY 1: ADVANCING THE NPT  
AND THE NONPROLIFERATION REGIME 
The negotiation and drafting of the NPT and the Treaty of Tlatelolco were largely contemporaneous. 
An examination of U.S. decisionmaking over a broader period brings to light how NPT-related 
considerations influenced U.S. thinking on the Treaty of Tlatelolco not only during its initial 
negotiation but also in later deliberations over whether to sign and ratify Additional Protocols I and II.  

U.S. policymakers saw the Treaty of Tlatelolco as a means of persuading Latin American countries to 
sign and ratify the NPT. In a 1968 memo to President Lyndon B. Johnson, Secretary of State Dean Rusk 
asserted that a public announcement that the United States would sign Additional Protocol II “would 
be highly desirable in order to encourage ratification of the Treaty by additional Latin American 
nations and to obtain their support in the NPT negotiations.”6 A 1970 State Department memo to 
the Department of Defense argued that U.S. ratification of Additional Protocol II would induce Latin 
American countries to sign and ratify the Treaty of Tlatelolco itself, a sentiment that administration 
officials would echo in SFRC hearings on ratification of Additional Protocols I and II.7 Those officials 
argued that the Treaty of Tlatelolco would serve as an interim nonproliferation measure for countries 
not yet party to the NPT.8 It would also improve the chances of those countries’ eventual NPT 
accession, given that they would have already undertaken similar nonproliferation commitments 
under the Treaty of Tlatelolco, including negotiating nuclear safeguards agreements.9 

This memo and SFRC testimony also highlight how the Treaty of Tlatelolco exceeded the NPT’s 
nonproliferation obligations for states parties. The Treaty of Tlatelolco required all nuclear materials 
and facilities to be used exclusively for peaceful purposes, whereas the NPT was understood to 
allow nuclear materials and facilities to be used for military purposes other than nuclear weapons 
production.10 The Treaty of Tlatelolco also instituted a regional organization responsible for 
verification and special inspections, supplementing the NPT’s requirement for International Atomic 
Energy Agency (IAEA) safeguards agreements.11 Unlike the NPT, the Treaty of Tlatelolco prohibited 

6 Evans Gerakas, David S. Patterson, and Carolyn B. Yee, eds., Foreign Relations of the United States (FRUS), 1964–1968, Vol-
ume XI, Arms Control and Disarmament (Washington, DC: United States Government Printing Office, 1997), Document 226, 
https://history.state.gov/historicaldocuments/frus1964-68v11/d226.

7 David I. Goldman, David C. Humphrey, and Edward C. Keefer, eds., FRUS, 1969–1976, Volume E-2, Documents on Arms 
Control and Nonproliferation, 1969–1972 (Washington: United States Government Printing Office, 2007), Document 335, 
https://history.state.gov/historicaldocuments/frus1969-76ve02/d355; and U.S. Congress, Senate, Senate Foreign Relations 
Committee, Additional Protocol II to the Latin American Nuclear Free Zone Treaty §. 56-774 (1971), 28. Hearing date Sep-
tember 22, 1970.

8 U.S. Congress, Senate, Senate Foreign Relations Committee, Treaty of Tlatelolco: Hearing Before the Senate Foreign Relations 
Committee, 95th  Cong., 2nd sess., August 15, 1978, 20. See also: U.S. Congress, Senate, Senate Foreign Relations Commit-
tee, Prohibition of nuclear weapons in Latin America: Hearing Before the Committee on Foreign Relations, 97th Cong., 1st sess., 
on EX. I, 95-2, The Additional Protocol to the Treaty for the Prohibition of Nuclear Weapons in Latin America, also known 
as The Treaty of Tlatelolco, September 22, 1981, 3.

9 U.S. Congress, Senate, Committee, Additional Protocol II, 4.
10 Goldman, Humphrey, and Keefer, eds., FRUS, 1969–1976, Document 335. The Treaty of Tlatelolco has been interpreted as 

not prohibiting the construction or operation of nuclear submarines, as in the case of Brazil’s nuclear submarine program, 
because they use nuclear energy in a controlled manner. For a discussion of how this interpretation applied to the United 
Kingdom’s use of nuclear submarines in the Falklands/Malvinas War, see Ryan Alexander Musto, Tlatelolco Tested (Wash-
ington, DC: Woodrow Wilson International Center for Scholars, 2015), especially 11–12 and footnote 35, https://www.
wilsoncenter.org/publication/tlatelolco-tested.

11 U.S. Congress, Senate, Committee, Treaty of Tlatelolco: Hearing, 23. See also: U.S. Congress, Senate, Senate Foreign Rela-

https://history.state.gov/historicaldocuments/frus1964-68v11/d226
https://history.state.gov/historicaldocuments/frus1969-76ve02/d355
https://www.wilsoncenter.org/publication/tlatelolco-tested
https://www.wilsoncenter.org/publication/tlatelolco-tested


the deployment of nuclear weapons in territories falling within the latter’s zone of application.12 
Administration officials also underlined how the Treaty of Tlatelolco, for the first time, bound the 
Soviet Union to a NSA, or a guarantee of non-use of nuclear weapons against states parties.13 

U.S. policy considerations also focused on how the Treaty of Tlatelolco advanced the NPT’s central 
norms. Administration officials explained in SFRC testimony that, at its most basic level, the Treaty of 
Tlatelolco demonstrated that treaties could prevent the spread of nuclear weapons. For example, a 
State Department official told the SFRC in 1978 that the Treaty of Tlatelolco had overcome doubts 
about the possibility of creating an NWFZ, demonstrating that “mankind can make real progress in 
agreeing to meaningful mutual constraints on weapons that could so easily destroy our civilization.”14 
The official added that state party behavior was most influenced not by the legal requirements in the 
treaty but by those states’ political commitment to neighboring states not to seek nuclear weapons.15

The question of whether to prohibit peaceful nuclear explosions became contentious during the 
negotiation of the Treaty of Tlatelolco and would have implications for the NPT’s Article V covering 
the same issue. The Soviet Union, the United Kingdom, the United States, and most potential states 
parties to the Treaty of Tlatelolco favored such a prohibition, while Brazil and Argentina opposed 
it.16 Negotiators eventually found a compromise in which states parties could only carry out such 
explosions in cooperation with NWS. The United States would later submit an interpretive statement 
clarifying that it was willing to extend this service, which is equivalent to the one guaranteed under 
NPT Article V, to Treaty of Tlatelolco states parties. This distinction was designed to preserve the 
relevant incentive for joining the NPT by limiting the guarantee to NPT states parties.17 When asked 
at a 1970 SFRC hearing whether the United States was obligated to perform such explosions in 
cooperation with states parties, an Arms Control and Disarmament Agency (ACDA) official responded 
carefully. “Obligation may be strong,” he clarified. “We have expressed our willingness to behave as if 
we would if they were parties to the [NPT].”18

Taken together, these instances paint a picture of how U.S. interest in supporting the NPT favorably 
influenced policymaker thinking around supporting the Treaty of Tlatelolco. 

CATEGORY 2: PRESERVING STABILITYAND U.S. INFLUENCE  
IN THE REGION WHILE LIMITING SOVIET ENCROACHMENT 
Although the concept of a Latin American NWFZ preceded the Cuban Missile Crisis, the crisis was 
critical in spurring states in the region to act. Similarly, U.S. policymakers and senators supported the 
Treaty of Tlatelolco in part to prevent another nuclear crisis in the region. These policymakers and 
senators believed that the treaty could do so by promoting stability across Latin America, limiting 
Soviet encroachment, and maintaining U.S. influence in the region.

 

tions Committee, Prohibition of nuclear weapons in Latin America: Hearing Before the Senate Foreign Relations Commit-
tee, 97th Cong., 1st sess., September 22, 1981, 3. 

12 U.S. Congress, Senate, Committee, Prohibition of nuclear weapons in Latin America: Hearing, 3. 
13 U.S. Congress, Senate, Committee, Treaty of Tlatelolco: Hearing, 36.
14 Ibid., 13.
15 Ibid., 32.
16 Ryan A. Musto, “‘A Desire so Close to the Hearts of All Latin Americans’: Utopian Ideals and Imperfections Behind Latin 

America’s Nuclear Weapon Free Zone,” Bulletin of Latin American Research 37, no. 2 (2018): 168, doi:10.1111/blar.12557.
17 Ibid.
18 U.S. Congress, Senate, Committee, Additional Protocol II, 10. Hearing date September 22, 1970. Emphasis added.

Benjamin Linden  |  123



124  |  On the Horizon: A Collection of Papers from the Next Generation of Nuclear Professionals

During the Cuban Missile Crisis, Brazil sponsored a UN General Assembly (UNGA) resolution calling 
for a regional NWFZ, in part to force the removal of Soviet nuclear weaponry from Cuba.19 Rusk 
privately observed that the proposal could rally international pressure against the Soviets while also 
serving as a face-saving measure allowing Moscow to withdraw its missiles from Cuba. Conversely, 
he argued, a public Soviet rejection of this proposal would help to politically justify potential U.S. 
military action against Cuba.20 Though the initial Brazilian plan was blocked by Cuba, it set the stage 
for negotiations culminating in the creation of the treaty. President Jimmy Carter later framed the 
treaty as a response to the crisis, observing that the crisis had spurred the countries of Latin America 
to “[begin] to evolve a commitment against the deployment or use of atomic weapons in the Latin 
American part of this hemisphere.”21

The Cuban Missile Crisis also helped crystalize a key component of U.S. policy toward all NWFZs, 
namely, that such zones should preserve existing regional balances of power, not upset them.22 To U.S. 
policymakers, a Latin American NWFZ met this criterion, including by restoring the status quo ante 
relative to the brief Soviet deployment of nuclear weapons to Cuba. By contrast, contemporary Soviet 
proposals for an NWFZ in Europe would require the withdrawal of U.S. weapons long stationed there, 
disrupting what U.S. policymakers saw as a delicate regional balance of power.23 

The treaty’s non-deployment provisions were essential to U.S. calculations that it would prevent 
another nuclear weapons crisis in the region. In a 1968 interagency memo, a State Department 
official argued that while the United States preferred the Soviet Union to sign Additional 
Protocol II and extend an NSA over the zone, U.S. ratification should not depend on it because 
treaty parties were already prohibited from permitting such deployments in their territories.24 
Furthermore, the treaty’s verification measures augmented U.S. capabilities to detect Soviet 
deployments within the zone,25 and the United States retained the option to modify its own NSA 
under Additional Protocol II in the event of a Soviet deployment or assistance to a state party 
in an armed attack against the United States.26 An ACDA official echoed these arguments before 
the SFRC in 1970, characterizing Soviet participation in Additional Protocol II as “desirable” 
but “irrelevant” to the undertakings by states parties to prevent Soviet deployments within the 
zone.27 However, National Security Adviser Zbigniew Brzezinski predicted in a 1977 memo that 
U.S. signature of Additional Protocol I would generate pressure on the Soviets to sign Additional 
Protocol II, prohibiting them from deploying weapons within the zone.28 Carter and Reagan 

19 James G. Hershberg, “The United States, Brazil, and the Cuban Missile Crisis (Part 2),” Journal of Cold War Studies 6, no. 3 
(2004): 5–67, 21–22, https://www.jstor.org/stable/26925359.

20 Ibid., 25.
21 United State Government Printing Office, Public Papers of the Presidents of the United States: Jimmy Carter, 1977 (in Two 

Books), Book I – January 20 to June 24, 1977 (Washington, DC: 1977), 1027.
22 Davis R. Robinson, “The Treaty of Tlatelolco and the United States: A Latin American Nuclear Free Zone,” American Journal 

of International Law 64, no. 2 (April 1970): 293, doi:10.2307/2198666.
23 Ibid., 293.
24 Goldman, Humphrey, and Keefer, eds., FRUS, 1969–1976, Document 335.
25 Article 12(b) of the treaty states that the “control system shall be used in particular for the purpose of verifying . . . that 

none of the activities in article 1 of this Treaty are carried out in the territory of the Contracting Parties with nuclear 
materials or weapons introduced from abroad.”  Parties are required to negotiate safeguards agreements with the IAEA 
(Article 13) and fulfill various requirements for reporting to a regional agency (what would become OPANAL) and the 
Organization of American States (Article 14). The regional agency is given the right to request special reports (Article 15) 
and carry out special inspections (Article 16) when a party suspects a possible violation.

26 Goldman, Humphrey, and Keefer, eds., FRUS, 1969–1976, Document 335. 
27 U.S. Congress, Senate, Committee, Additional Protocol II, 19. Hearing date September 22, 1970.
28 Chris Tudda and Adam M. Howard, eds., FRUS, 1977–1980, Volume XXVI, Arms Control and Nonproliferation (Washing-

ton, DC: United States Government Printing Office, 2015), Document 406, https://history.state.gov/historicaldocuments/
frus1977-80v26/d406.

https://www.jstor.org/stable/26925359
https://history.state.gov/historicaldocuments/frus1977-80v26/d406
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administration officials echoed this non-deployment argument in subsequent SFRC testimony 
favoring U.S. ratification of Additional Protocol I.29

Testifying before the SFRC in 1981, Reagan administration officials noted two additional ways in 
which the treaty maintained both stability and U.S. influence in Latin America. First, it contributed 
to preventing a regional arms race.30 Second, it granted the United States greater market access and 
promoted U.S. reliability as a supplier of peaceful nuclear technology to the region because the 
treaty’s safeguard obligations (including for states that were not yet party to the NPT) enabled such 
U.S. exports under the Atomic Energy Act.31  

From the treaty’s early development through to U.S. ratification of both additional protocols, 
U.S. policymakers were concerned with preventing another nuclear crisis in the region. These 
policymakers assessed that the treaty would serve as a preventative measure by helping maintain 
regional stability, limiting encroachment by the foremost U.S. competitor, and preserving U.S. 
influence in the region.

CATEGORY 3: PRESERVING U.S. DEFENSIVE OPTIONS  
AND U.S. NATIONAL SECURITY
To sway senators wary of restricting U.S. power, various U.S. administrations argued that any 
restrictions contained in the treaty would not create a net negative impact on U.S. national 
security. The most significant undertaking by the United States through its support for the treaty, 
and specifically its ratification of Additional Protocol II, is its NSA. In 1970 SFRC hearings, Nixon 
administration officials explained that ratification of Additional Protocol II would simply make 
existing U.S. declaratory policy in the region legally binding. “We don’t, for example, station nuclear 
weapons in Latin America,” one official explained. “We don’t drop nuclear bombs on Latin American 
countries, but we don’t [currently] have a treaty obligation not to do either of those things.”32 
Similarly, officials reminded senators that the United States was already bound by the NPT not to 
“give” nuclear weapons to other countries, so U.S. adherence to Additional Protocol II would not 
further restrict U.S. options in this realm.33 

Furthermore, Nixon administration officials assured senators that the United States would not be 
bound by its NSA under certain circumstances of noncompliance or direct threat by treaty parties. 
A State Department official explained that the United States reserved the right to retaliate using 
nuclear weapons against states parties that would use them against the United States and that those 
states would be violating their treaty obligations. Similarly, the United States would not be prohibited 
from using nuclear weapons against non-parties such as Cuba in the same scenario, nor would it be 
prevented from using nuclear weapons in defense of an ally in the region if they were attacked.34 
A Joint Chiefs of Staff official stipulated that his agency did not generally support undertaking 
NSAs but could do so in this case due to “the historic and special relationship that Latin America 
has to the United States and because of the traditional solidarity and mutual security interests 

29 U.S. Congress, Senate, Committee, Treaty of Tlatelolco: Hearing, 23. See also: U.S. Congress, Senate, Committee, Prohibition of 
nuclear weapons in Latin America: Hearing, 6.

30 U.S. Congress, Senate, Committee, Prohibition of nuclear weapons in Latin America: Hearing, 7.
31 Ibid., 8.
32 U.S. Congress, Senate, Committee, Additional Protocol II, 31. Hearing date September 22, 1970.
33 Ibid., 7.
34 Ibid., 7, 28.
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between ourselves and our neighbors to the South.”35 Conversely, one senator was relieved to receive 
assurances that the treaty would not commit the United States to defend allies in the region using 
nuclear weapons.36  

Transit rights for nuclear-capable ships were a significant U.S. concern from the treaty’s negotiation 
onward, resulting in carve-outs in the treaty and U.S. interpretive statements concerning those 
rights. During treaty negotiations in 1965, Venezuela, Argentina, and Brazil tried to prohibit the 
transit of nuclear weapons throughout the zone, while the United States and the United Kingdom 
insisted on the right to free transit. It was decided that individual states parties would retain their 
sovereign right to decide whether to allow such transit in their respective territories.37 To make 
this understanding explicit, the United States issued a signing statement reserving the right of 
states parties to make this determination.38 The Reagan administration later issued a strengthened 
interpretive statement, “making clear that transit and transport rights are protected, irrespective 
of the cargo or armaments of the vessel or aircraft in question.”39 Senators in a 1978 SFRC hearing 
on Additional Protocol I expressed concern about the Soviet interpretation that such transit was 
prohibited under the treaty. Administration officials assured senators that the Soviet interpretation 
contradicted the negotiating history of the treaty.40 In 1981, the Department of Defense reassured 
senators that no Latin American state had objected in practice, on the basis of the treaty, to U.S. 
transits, port calls, or overflights.41 

In contrast to the transit issue, U.S. policy toward potential restrictions vis-à-vis Puerto Rico and 
the U.S. Virgin Islands shifted considerably over time. In 1970, the Nixon administration informed 
the SFRC that it did not intend to sign Additional Protocol I because it would have included these 
territories in the treaty’s zone of application. The administration considered this untenable because 
doing so would have precluded the option of stationing nuclear weapons within those territories.42 
One official even assured senators that Puerto Rico could not enter into the treaty without 
permission from the State Department, which the department would not grant.43 Yet in 1977, the 
Carter administration reversed course. Brzezinski wrote in a decision memo that the United States 
no longer deployed or stored nuclear weapons in any territory that would be included in the zone 
of application under Additional Protocol I. Although U.S. adherence to Additional Protocol I would 
cancel existing contingency plans for transferring certain types of nuclear weapons to aircraft 
stationed there, alternative locations were available.44  

Records of ratification hearings and internal executive branch deliberations demonstrate the 
considerable attention paid by policymakers and senators to the ways in which U.S. support for the 
treaty would and would not restrict U.S. defensive options. U.S. ratification of Additional Protocols I 
and II came once enough senators were convinced that any such restrictions would not have a net 
negative impact on U.S. national security.

35 U.S. Congress, Senate, Committee, Additional Protocol II, 39. Hearing date February 23, 1971.
36 U.S. Congress, Senate, Committee, Additional Protocol II, 6. Hearing date September 22, 1970.
37 William Epstein, “The Making of the Treaty of Tlatelolco,” Journal of the History of International Law 3, no. 2 (2001): 165, 

https://heinonline.org/HOL/LandingPage?handle=hein.journals/jhintl3&div=11&id=&page=.
38 Goldman, Humphrey, and Keefer, eds., FRUS, 1969–1976, Document 335.
39 U.S. Congress, Senate, Committee, Prohibition of nuclear weapons in Latin America: Hearing, 6.
40 U.S. Congress, Senate, Committee, Treaty of Tlatelolco: Hearing, 26–27, 33–35, 41, 51–52.
41 Ibid., 20.
42 U.S. Congress, Senate, Committee, Additional Protocol II, 5, 9. Hearing date September 22, 1970.
43 U.S. Congress, Senate, Committee, Additional Protocol II, 41. Hearing date February 23, 1971.
44 Tudda and Howard, eds., FRUS, 1977–1980, Volume XXVI, Document 406.

https://heinonline.org/HOL/LandingPage?handle=hein.journals/jhintl3&div=11&id=&page=


CATEGORY 4: GLOBAL PUBLIC OPINION AND DIPLOMATIC EQUITIES 
Diplomatic and public relations considerations influenced U.S. thinking around support for the treaty, 
particularly in private executive branch deliberations and in public pronouncements. In a 1968 
memo, a senior State Department official posited that by ratifying Additional Protocol II, the United 
States would improve relations with Latin American countries. By contrast, failure to ratify that same 
year would lead to a UNGA resolution criticizing both the United States and the Soviet Union. If the 
United States ratified that year, criticism would focus on the Soviet Union. U.S. ratification would also 
improve public opinion and U.S. standing at relevant international forums by demonstrating genuine 
U.S. interest in promoting arms control. Finally, U.S. ratification would emphasize the “potential 
danger of Soviet Cuban ties” by highlighting the Soviet Union’s unwillingness to commit not to 
deploy weapons to Latin America.45 

The Carter administration was also sensitive to other resolutions by the Agency for the Prohibition of 
Nuclear Weapons in Latin America and the Caribbean (OPANAL) and UNGA calling for U.S. adherence to 
the additional protocols. In a 1977 cable to the U.S. embassy in Mexico City, an ACDA official highlighted 
an OPANAL resolution calling on the United States and others to adhere to the relevant additional 
protocols and warned that OPANAL planned to submit the issue to the UN Security Council if the 
ratifications were not achieved within days. The official emphasized the need to avoid that outcome 
and requested that the embassy deliver talking points to the Mexican Ministry of Foreign Affairs 
promising that U.S. policy on Additional Protocol I was under review by the Carter administration.46

Later that year, Brzezinski observed in an interagency decision memo that U.S. signature of Additional 
Protocol I would have a favorable effect on relations with Latin American countries, particularly 
Mexico and Panama. ACDA director Paul C. Warnke agreed, noting that an announcement of such a 
decision by Carter at an upcoming ceremony would maximize the positive impact of the decision 
on U.S. relations with Latin America and would strengthen international support for the Carter 
administration’s nonproliferation policies. Following the U.S. signature that same year, Mexican 
secretary of foreign relations Santiago Roel confirmed these predictions, telling Deputy Secretary 
of State Warren Christopher that the U.S. signature of Additional Protocol I had revealed a marked 
improvement of U.S.-Mexico relations.47 

In public remarks at the signing ceremony for Additional Protocol I, Carter seized on both the 
opportunity to call out the Soviet Union and Cuba, among others, as well as to claim the moral 
high ground for the United States. “Only two countries have not signed [ratified] this treaty,” Carter 
explained. “One is Argentina and the other one is Cuba. France has not yet signed Protocol I, which 
we are signing this afternoon, and the Soviet Union has not signed Protocol II.” Then, striking a 
more idealistic tone, Carter related the signing of Additional Protocol II to the goal of “[eliminating] 
completely from the Earth any dependence upon atomic weapons.”48

The diplomatic and public relations considerations that influenced executive branch decisionmaking 
on the treaty fit a theoretical framework advanced by Jeff D. Colgan and Nicholas L. Miller in their 
paper, “Rival Hierarchies and the Origins of Nuclear Technology Sharing.” Colgan and Miller posit that 
when rival hierarchies exist (such as during the Cold War, when the United States and U.S.-aligned 

45 Goldman, Humphrey, and Keefer, eds., FRUS, 1969–1976, Document 335.
46 Tudda and Howard, eds., FRUS, 1977–1980, Volume XXVI, Document 406. 
47 Ibid.
48 United State Government Printing Office, Public Papers of the Presidents of the United States: Jimmy Carter, 1977, 1027.
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“subordinate states” comprised one hierarchy and the Soviet Union and Soviet-aligned “subordinate 
states” comprised another), dominant states (the United States and the Soviet Union) engage in 
competitive shaming and outbidding, which benefit subordinate states relative to dominant states. 
The above considerations of how U.S. signature and ratification of Additional Protocols I and II 
could shift the onus to the Soviet Union represent competitive shaming, while considerations of 
how such actions could improve relations with Latin American countries represent efforts by the 
United States to outbid the Soviet Union. Both mechanisms benefitted subordinate states (treaty 
parties): they resulted in the extension of NSAs by all NWS to those states and the creation of a 
system for verifying that all of a given subordinate state’s neighbors are in compliance with their 
nonproliferation obligations under the treaty.49

SIGNIFICANCE FOR OTHER NWFZS
The final section of this paper applies lessons from U.S. deliberations on the Treaty of Tlatelolco to 
the other existing and potential future NWFZs. These lessons are not policy prescriptions. Rather, they 
provide a mode of analysis that can inform future policy debate and decisionmaking regarding NWFZs. 

Unlike other NWFZs, the Treaty of Tlatelolco’s zone of application covers a region that the United 
States considers its “backyard.” Future research might probe how U.S. conceptions of “closeness” 
with Latin America influenced policy considerations around the treaty, as well as how policymaker 
perceptions of the U.S. relationship to other regions influence U.S. thinking around NWFZs in those 
regions. Additionally, except where otherwise noted, this section assumes, as a given, the prevailing 
view among U.S. policymakers that the U.S. alliance system and extended deterrence policies serve 
U.S. national security. Future research could explore how modifications to this system and these 
policies might impact the operation of NWFZ treaties. Conversely, it could study how NWFZ treaties 
could affect calculations around modifying that system and those policies or ultimately impact the 
regional and global outcomes of those modifications.

The four categories of U.S. policy motivations for supporting the Treaty of Tlatelolco provide a framework 
for understanding how the United States might assess its options vis-à-vis other existing and proposed 
NWFZs. This matters in all cases because, though NWFZs respond to unique regional circumstances, 
U.S. support for these treaties and adherence to their relevant protocols would increase the practical 
significance of almost any such treaty. Broadly, this section also demonstrates how policy analysis on one 
NWFZ can apply to other NWFZs, despite the unique circumstances in each affected region.

Among the four categories of policy motivations, Categories 2 (balance of power and crisis 
prevention) and 3 (preserving defensive options) stand out as the most immediate frames 
policymakers might use. Categories 1 (supporting the NPT and the nonproliferation regime) and 
4 (effect on diplomatic and public relations) would factor in as well, but generally only once 
policymakers were satisfied with the initial conclusions drawn from considering factors in Categories 

49 Jeff D Colgan and Nicholas L Miller, “Rival Hierarchies and the Origins of Nuclear Technology Sharing,” International Stud-
ies Quarterly 63, no. 2 (June 2019): 310–21, doi:10.1093/isq/sqz002. In addition to competitive shaming and outbidding, 
the authors posit a third mechanism, interhierarchy cooperation, which, unlike the other two, benefits dominant states 
relative to subordinate states. U.S. support for the treaty does not appear to fit this third mechanism because there is 
insufficient evidence that the United States cooperated with the Soviet Union in its decision to support the treaty’s nego-
tiation or sign its Additional Protocols. It is also difficult to argue that dominant states benefitted relative to subordinate 
states as a result of U.S. support for this treaty because the benefits gained by the United States were either non-zero-
sum or gained relative to the Soviet Union, with subordinate states sacrificing only the very costly option of initiating a 
nuclear weapons program.



2 and 3. This is not surprising; any security arrangement involves careful consideration of regional 
balances of power and effects on U.S. and competitor power. The NPT itself aimed to lock in place the 
existing nuclear order and prevent further proliferation, even as it endeavored toward a world free of 
nuclear weapons through its Article VI provisions.

If some of the existing and potential future NWFZs were to be arranged on a spectrum according to their 
status, the Treaty of Tlatelolco would sit at one extreme as the only NWFZ treaty to which the United 
States has acceded to all relevant protocols. Next are treaties that are in force for states within the 
zones and to which the United States has signed but not ratified protocols. These include the treaties of 
Pelindaba (Africa), Rarotonga (the South Pacific), and Semipalatinsk (Central Asia). Next on the spectrum 
is the Treaty of Bangkok (Southeast Asia), which is in force for all Association of Southeast Asian Nations 
(ASEAN) member states but for which no NWS has signed or ratified its protocol. After that is the 
potential Middle East Weapons of Mass Destruction-Free Zone (MEWMDFZ), which some states in the 
region are actively pursuing through regional conferences aimed at facilitating its eventual negotiation. 
Finally, at the other extreme are prospective zones that would only become viable with major shifts in 
the regional security environment, such as an NWFZ in Northeast Asia (NEA-NWFZ) (see Figure 1).

Figure 1: Status of Existing and Potential Future NWFZs
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Source: Kelsey Davenport, “Nuclear-Weapon-Free Zones (NWFZ) At a Glance,” Arms Control Association, July 2017, https://
www.armscontrol.org/factsheets/nwfz; Kelsey Davenport, “Fact Sheets & Briefs,” Arms Control Association, December 
2018, https://www.armscontrol.org/factsheets/mewmdfz; and Peter Hayes, Ending Nuclear Threat via a Northeast Asia 
Nuclear Weapons-Free Zone (Berkeley, CA: Nautilus Institute for Security and Sustainability, 2015), https://nautilus.org/
napsnet/napsnet-special-reports/ending-a-nuclear-threat-via-a-northeast-asia-nuclear-weapons-free-zone/. 

For the treaties of Pelindaba, Rarotonga, and Semipalatinsk, Senate advice and consent to ratification 
is the only formal hurdle to U.S. accession to the relevant protocols. Senate political dynamics have 
arguably shifted against ratification since 1981, when the Senate provided its advice and consent 
to the ratification of Additional Protocol I to the Treaty of Tlatelolco. Nevertheless, should a U.S. 
administration choose to proactively pursue ratification, it should look to the SFRC hearings on the 
Treaty of Tlatelolco’s two additional protocols for clues as to what will most concern senators. 

These concerns align mostly with the policy motivations in Categories 2 and 3. In hearings on the 
Treaty of Tlatelolco’s Additional Protocols I and II, senators took interest in how the treaty affected 
security dynamics, raising issues such as the treaty’s non-deployment provisions, its impact on 
regional adversaries and global competitors, the practical impact of the NSA to which the United 
States would be legally bound, and freedom of navigation issues. To varying degrees, senators would 
likely have analogous concerns related to U.S. ratification of the relevant protocols to the treaties of 
Pelindaba, Rarotonga, and Semipalatinsk.
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Policy motivations in Category 1 on the NPT may be less relevant to securing Senate advice and 
consent to ratification of these protocols. All countries within these zones except South Sudan are 
already parties to the NPT, so its universalization is no longer a U.S. priority that is directly relevant 
to those regions. However, administration witnesses could proactively remind senators of the ways 
in which these treaties further advance the nuclear nonproliferation regime, including by exceeding 
the obligations of states parties under the NPT in various respects, among them prohibiting the 
deployment and stationing of nuclear weapons. Arguably, these treaties also help prevent backsliding 
on nonproliferation obligations because NWFZ treaty parties themselves provide the impetus for 
creating NWFZs and often take ownership over their continued implementation. Also, with the 
significant divide over progress on NPT Article VI (disarmament) and the growing influence of the 
Treaty on the Prohibition of Nuclear Weapons, U.S. leadership and actual progress on NWFZ treaty 
protocols could contribute to improving atmospherics in the NPT community. 

While relevant to the administration’s diplomatic priorities, policy motivations in Category 4 may not 
convince on-the-fence senators. Still, policymakers should take note of various national statements 
and Chairs’ Working Papers at past NPT Preparatory Committee and Review Conference meetings 
calling for the entry into force of all protocols to NWFZ treaties, suggesting that the diplomatic 
benefits of ratification may be significant.50 Of somewhat greater interest to senators may be the 
reputational contest between Washington, Beijing, and Moscow.  With the latter two having ratified 
all of these protocols except the protocol to the Treaty of Bangkok, a strong case could be made that 
Washington’s failure to do the same cedes reputational benefits to its rivals.

Although the Treaty of Bangkok is in force for all ASEAN countries, no NWS has signed its protocol 
extending an NSA toward treaty parties. One key hurdle preventing NWS from signing it is a 
disagreement regarding transit, with Singapore in particular opposed to Russia’s planned reservation 
that it would not be bound by the protocol if a treaty party were to allow the transit of nuclear 
weapons through its territory or territorial waters.51 As with U.S. considerations around the Treaty of 
Tlatelolco, the transit issue may be one that the United States considers important for maintaining 
its defensive options in the region. For guidance on this disagreement, U.S. policymakers might look 
to the Treaty of Tlatelolco and the similar claims regarding transit that the Soviets made at that time. 
In that case, U.S. administrations persistently highlighted the right of sovereign states in the zone 
to decide whether to allow the transit of nuclear-capable vessels through their territorial waters. In 
SFRC hearings, administration officials insisted that the negotiating history of the treaty supported 
the U.S. interpretation of transit rights and submitted interpretive statements making this claim 
explicit. U.S. policymakers could likewise look to the negotiating history of the Treaty of Bangkok and 
consult with ASEAN partners on their interpretations of transit rights. If these understandings align 
with those of the United States, then the transit issue per se need not prevent U.S. signature of the 
protocol. Additionally, in contrast to the Treaty of Tlatelolco, Article 7 of the Treaty of Bangkok appears 
to explicitly support the U.S. interpretation of transit rules in the zone of application. Moreover, 
revisions to the protocol in 2011 explicitly limited its scope to states parties’ territorial waters (not 
their further reaching exclusive economic zones) and gave those states discretion over transit. A U.S. 

50 “Preparatory Committee for the 2020 Review Conference of the Parties to the Treaty on the Non-Proliferation of Nuclear 
Weapons, Third Session,” United Nations, Chair’s Working Paper, NPT/CONF.2020/PC.III/WP.49, New York, New York, April 
29–May 10, 2019, para 24.

51 Vienna Center for Disarmament and Non-Proliferation, Cooperation among Nuclear-Weapon-Free Zones: History, Challenges 
and Recommendations: VCDNP Task Force Report (Vienna, Austria: VCDNP, 2018), 15, https://vcdnp.org/wp-content/up-
loads/2018/03/NWFZ-TF-Report-final-1.pdf.
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interpretive statement such as the one issued upon ratification of Additional Protocol II to the Treaty 
of Tlatelolco may therefore be unnecessary here.  

Finally, the United States can look to the actual behavior of states party to the Treaty of Bangkok. 
If there are no actual examples of states in the zone objecting—on the basis of the Treaty of 
Bangkok—to the transit of vessels capable of carrying nuclear weapons through their territories, that 
absence would further support the U.S. interpretation. Should the United States eventually sign the 
protocol to the Treaty of Bangkok and submit it to the Senate for advice and consent to ratification, 
then administration officials could use this data point to reassure senators, just as the Reagan 
administration did when the SFRC took up Additional Protocol I to the Treaty of Tlatelolco in 1981. 
None of this on its own resolves the outstanding issues between ASEAN and the five NWS. Arguably, 
however, it enables the United States to play a constructive role in that effort, confident that it would 
not be sacrificing defensive options in pursuit of a political compromise.

Beyond the transit issue, U.S. signature and eventual ratification of the protocol to the Treaty of 
Bangkok appears to align positively with the other considerations driving U.S. support for the Treaty 
of Tlatelolco. It would advance the norms central to the NPT and the nonproliferation regime. It 
would not appear to shift the regional balance of power against the United States and its allies, but it 
would prohibit China’s deployment of nuclear weapons in disputed territories falling within the zone. 
Finally, it could give the United States a reputational boost against Moscow, in light of the latter’s 
contributions to the ASEAN-NWS stalemate, and deprive Beijing of the moral high ground, given 
Beijing’s expressed readiness to sign the protocol to the Treaty of Bangkok.52

Since 1991, the United States has publicly supported the objective of establishing an MEWMDFZ. 
Despite the commencement in 2019 of a UN conference aimed at advancing a potential MEWMDFZ, 
formal negotiations have not begun. Arguably, the successful conclusion of such a treaty would 
benefit the NPT and the nonproliferation regime in much the ways the Treaty of Tlatelolco and 
other NWFZ treaties do. At the 1995 NPT Review Conference (RevCon), Arab states and some others 
insisted on the adoption by NPT states parties of a resolution calling on states to take practical 
steps to make progress on the establishment of an MEWMDFZ. The subsequent adoption of this 
resolution was considered essential to achieving consensus on the indefinite extension of the NPT.53 
However, later efforts to build on this achievement brought underlying political tensions into the 
NPT process. At the 2015 NPT RevCon, Canada, the Czech Republic, the United Kingdom, and the 
United States blocked consensus on the adoption of a draft final document due to the inclusion of 
language concerning a plan to move forward on a conference to establish an MEWMDFZ over Israel’s 
objections.54 The decision to block consensus illustrated how, for U.S. policymakers and others, the 
importance of demonstrating sensitivity to Israel’s perceptions of how a MEWMDFZ process would 
impact its security outweighed any positive implications for the NPT. Moreover, while a U.S. decision 
to agree to the MEWMDFZ language might have benefitted the NPT in the short term, those benefits 
would have likely dissipated once it became clear that such language would not convince Israel—

52 “Yes, China is ready to be the first to sign the Protocol to the Southeast Asia Nuclear-weapon-Free Zone Treaty,” Fu Cong, 
Twitter post, December 15, 2020, 7:34 PM, https://twitter.com/FuCong17/status/1339005950590586882?s=20. 

53 Kelsey Davenport, “Fact Sheets & Briefs,” Arms Control Association, December 2018, https://www.armscontrol.org/fact-
sheets/mewmdfz.

54 Tom Countryman, “Learning From the 2015 NPT Review Conference,” Arms Control Today, Arms Control Association, May 
2020, https://www.armscontrol.org/act/2020-05/features/learning-2015-npt-review-conference. These countries objected, 
among other things, to the omission of language stating that a conference leading to the negotiation of an MEWMDFZ 
had to be held “on the basis of arrangements freely arrived at” in order for such a conference to be acceptable to Israel.
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which is not a party to the NPT—to participate in any MEWMDFZ conference without substantial 
changes to its goals and modes of operation. 

Any future MEWMDFZ that includes Israel would need to address Israel’s nuclear opacity and the 
regional security conditions that cause Israel to believe it needs to maintain such a posture. Potential 
future U.S. deliberations over whether to support a process leading to an eventual MEWMDFZ 
would need to be realistic about the potential benefits in the NPT space as well as the potentially 
significant challenges of managing the U.S.-Israel relationship. Other U.S. partners and allies would 
observe the U.S. approach to these challenges, and some would attempt to parse the implications 
for their own relationships with the United States. This would bring its own set of challenges to 
U.S. security interests by calling into question, for some, the U.S. commitment to its alliances. In all 
likelihood, this would dissuade future U.S. policymakers from supporting any future process that 
Israel continued to object to. For U.S. policy on NWFZs, then, two key variables differentiate the 
Middle East today from Latin America in the 1960s. First are the security perceptions of key regional 
allies and partners. Second is the degree to which progress toward the creation of an NWFZ would 
durably contribute to the NPT regime. 

Some have called for an eventual NEA-NWFZ as a means of improving the situation on the Korean 
Peninsula. Proponents generally acknowledge that such a zone could only be implemented within 
the context of a broader treaty that reimagines the regional security architecture, including by 
terminating the current state of war on the Korean Peninsula, withdrawing sanctions on North Korea, 
and altering the extended deterrence arrangements between the United States, the Republic of 
Korea, and Japan. The inclusion of components common in other NWFZ treaties would ostensibly give 
all parties the security assurances necessary to consider acceding to the zone. These components 
include a verification regime, a regional organization to monitor implementation of and compliance 
with the treaty, and the extension by NWS of legally binding NSAs (with caveats for noncompliance) 
toward all non-nuclear-weapon states party to the treaty.55

Comparisons with U.S. policy motivations for its support of the Treaty of Tlatelolco largely highlight the 
challenges to eventual U.S. support for a NEA-NWFZ but do not necessarily rule it out. The most difficult 
component would be the negotiation of a broader agreement that reconfigures the security relationship 
between the United States and its allies in the region as well as among the other states in the region. 
Based on U.S. motivations around the Treaty of Tlatelolco, it is likely that the United States would need 
to assess whether such an agreement could retain the existing regional balance of power, prevent 
the further expansion of influence in the region by competitors such as China, and retain existing U.S. 
flexibility to respond to crisis contingencies. Like the Treaty of Tlatelolco, the successful implementation 
of a NEA-NWFZ would demonstrably contribute to the nonproliferation regime and reduce the risk of 
nuclear war, and U.S. participation would win plaudits by some in the NPT space. But these benefits 
would need to be weighed against the sweeping changes to the regional security environment and 
their implications for U.S. alliances and the regional balance of power.

In the near term, it is difficult to imagine the parties overcoming the hurdles presented by conditions 
in Northeast Asia. However, eventual U.S. support for a broader arrangement that includes an NWFZ 
should not be ruled out solely based on the region’s proximity to crisis. It is worth recalling that 
the Treaty of Tlatelolco gained U.S. support in the shadow of the Cuban Missile Crisis. Favorable 

55 Peter Hayes, Ending Nuclear Threat via a Northeast Asia Nuclear Weapons-Free Zone (Berkeley, CA: Nautilus Institute for 
Security and Sustainability, 2015), .



security conditions in the region enabled U.S. support, but the United States never viewed that NWFZ 
solely as a way to “lock in” conditions in a region that was already unchallenged in its stability; U.S. 
policymakers and legislators also saw the treaty as a critical means of reducing the risk of a repeat 
crisis. While maintaining an NWFZ as one potential long-term goal, the United States can in the 
meantime support incremental steps to build confidence and lead to the eventual resumption of a 
political process for resolving the situation on the Korean Peninsula. Such steps are more likely to lay 
the foundations for an eventual NWFZ than any discussion of a formal NWFZ treaty for the time being.

CONCLUSION
As the closest NWS to Latin America, U.S. support for the Treaty of Tlatelolco added significantly to the 
practical effect of the implementation of the treaty. Yet despite the treaty’s entry into force in 1969, it 
was not until 1981 that the United States had ratified both of its additional protocols. U.S. policymakers 
and legislators thoroughly explored the diverse implications of the treaty, focusing above all on the 
four categories of policy considerations discussed throughout this piece: those concerning impacts 
on the NPT and the nonproliferation regime; those concerning the impact on stability, balance of 
power, Soviet encroachment, and U.S. influence in the region; those affecting U.S. national security and 
defensive options; and those influencing global public opinion and diplomatic equities.  

Applying the lessons of U.S. support for the Treaty of Tlatelolco to today’s existing and potential 
future NWFZs highlights the primacy of the second and third set of policy motivations, concerning 
crisis prevention and balance of power as well as national security and defensive options. 
Policymakers attempting to build support in the Senate for existing and potential future NWFZs 
could emphasize arguments that respond to such motivations. NWFZ treaty parties calling for 
U.S. support to such treaties might similarly try to speak to these arguments in public or private 
interactions with the United States, in addition to often-heard arguments characterizing the zones 
as contributions to the NPT and the nonproliferation regime. That is not to say that NPT-related and 
diplomatic and public opinion-related equities are irrelevant. They play an important role in building 
support and momentum in multilateral forums for NWFZs. They also might help gain the attention of 
the current U.S. administration, which has emphasized a return to multilateralism and U.S. leadership 
on the world stage. 

The Treaty of Tlatelolco continues to help shape the U.S. security relationship with Latin American 
partners. At the same time, the policy considerations that motivated U.S. support for the treaty shed 
light on how U.S. policymakers could assess other current and potential future NWFZs in regions 
around the world. The United States’ initial support and its eventual accession to both additional 
protocols to the treaty give credence to—and should also help guide—efforts by those inside and 
outside of the United States who are working to secure eventual U.S. support for other current and 
potential future NWFZs in regions around the world.  
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The Risks of Nuclear 
Proliferation in the Gulf
Saudi Arabia and the United Arab Emirates

By Jesse Lubove1

INTRODUCTION
Saudi Arabia and the United Arab Emirates (UAE) are key U.S. partners in the Middle East and 
have become increasingly assertive actors in the region. Both countries opposed the 2015 Joint 
Comprehensive Plan of Action (JCPOA), which placed constraints on Iran’s nuclear program in 
exchange for the lifting of international sanctions.2 Both countries have expanded their military 
capabilities and shown an increasing willingness to use force to push back against regional rivals 
in places such as Yemen, Bahrain, and Libya. Both countries are diversifying their economies and 
developing civilian nuclear power programs. Yet, despite these similarities, the risk that Saudi Arabia 
or the UAE acquires a nuclear weapon is not the same.   

This paper will focus on four potential drivers of nuclear proliferation: perceived security concerns, 
political leadership, nuclear capacity, and economic integration. Based on these factors, Saudi Arabia is 
more likely to pursue nuclear weapons than the UAE. However, while the UAE is currently less likely to 
pursue nuclear weapons and belongs to all relevant nonproliferation agreements, the UAE has a more 
capable military and a more robust civilian nuclear power program. If the security environment changes, 
the UAE could become the greater proliferation risk. To reduce the threat of nuclear proliferation across 
the Middle East, the United States should work to strengthen regional nonproliferation norms, return to 
the JCPOA, and start developing a regional nonproliferation agreement. 

1 Jesse Lubove is the tactics and training flight commander for the 22nd Surveillance Squadron at the Air Force Technical 
Applications Center. The views expressed in this paper are those of the author and do not reflect the official position of 
the Air Force Technical Applications Center, U.S. Department of the Air Force, or U.S. Department of Defense.

2 Stephen Kalin and Sarah Dadouch, “Gulf Arab Allies Hail Triumph after U.S. Quits Iran Deal,” Reuters, May 9, 2018, https://
www.reuters.com/article/us-iran-nuclear-gulf-reaction-idUSKBN1I93CU.   

https://www.reuters.com/article/us-iran-nuclear-gulf-reaction-idUSKBN1I93CU
https://www.reuters.com/article/us-iran-nuclear-gulf-reaction-idUSKBN1I93CU
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WHY THIS ISSUE MATTERS
Preventing more countries from acquiring nuclear weapons is in the national security interest of 
the United States. With the uncertainty surrounding the future of the JCPOA, the risks of nuclear 
proliferation are rising in the region.3 Any insights into which countries are more likely to pursue 
nuclear weapons would help the United States and the international community better prioritize 
its nonproliferation efforts. Understanding how to limit nuclear proliferation is especially important 
in the Middle East, with its various regional rivalries and high levels of political violence. If Saudi 
Arabia or the UAE acquires nuclear weapons, the region could become even more unstable and the 
consequences of miscalculation would be devastating.

POTENTIAL DRIVERS OF NUCLEAR PROLIFERATION
Saudi Arabia and the UAE are often lumped together when describing the Middle East.4 For instance, 
press reporting on the Yemen civil war describes a “Saudi-UAE coalition” fighting the Houthi rebels.5 
This grouping of Saudi Arabia and the UAE often makes sense. Both countries are oil-rich Sunni 
monarchies with increasingly assertive foreign policies. Both countries share many of the same foreign 
policy positions, including their blockade of Qatar and opposition to Iran. Despite these similarities, 
Saudi Arabia and the UAE are increasingly pursuing different visions for the Middle East. Examining 
these diverging visions for the region can help provide insights into each country’s proliferation risk. 

Security is the traditional answer for why countries pursue nuclear weapons. Scott Sagan said, “states 
will seek to develop nuclear weapons when they face a significant military threat to their security 
that cannot be met through alternative means; if they do not face such threats, they will willingly 
remain non-nuclear states.”6 In 1996, Sagan developed two additional models for understanding 
why states develop nuclear weapons: domestic politics and international prestige.7 Recent literature 
continues to identify other reasons why states pursue nuclear weapons.8 This paper will focus 
on four drivers of proliferation where Saudi Arabia and the UAE are diverging: perceived security 
concerns, political leadership, current nuclear expertise, and integration into the global economy

The section on perceived security concerns will cover the security environment in the Middle East 
and how Saudi Arabia and the UAE view that environment. It will build on the work of Bradley Thayer 
and others who argue that “the cause of nuclear proliferation is the insecurity of states.”9 This paper 
will focus especially on areas where Saudi Arabia and the UAE disagree and examine how those 
differing views could impact how each country thinks about nuclear weapons. The discussion on 
security threats is the longest and provides the foundation for the analysis of the other proliferation 
drivers and policy recommendations.

3 David Rising, “Progress in Iran Nuclear Talks but Resolution Still Far Away,” Associated Press, April 20, 2021, https://ap-
news.com/article/government-and-politics-business-general-news-iran-europe-d236858e8fef9cf48b4e1c9d2482b0bf.

4 Reuters Staff, “Saudi-Led Coalition Starts Military Operation against Yemen’s Houthis,” Reuters, July 2, 2020, https://www.
reuters.com/article/us-yemen-security-saudi-idUSKBN2426FU. 

5 “Saudi-UAE Coalition Carries out Air Raids on Yemen’s Sanaa,” Al Jazeera, March 30, 2020, https://www.aljazeera.com/
news/2020/3/30/saudi-uae-coalition-carries-out-air-raids-on-yemens-sanaa. 

6 Scott D. Sagan, “Why Do States Build Nuclear Weapons?: Three Models in Search of a Bomb,” International Security 21, no. 
3 (1996): 54, doi:10.2307/2539273.

7 Ibid.
8 Mark S. Bell, “Examining Explanations for Nuclear Proliferation,” International Studies Quarterly 60, no. 3 (September 1, 

2016), doi:10.1093/isq/sqv007. Mark Bell identified 31 different variables that the existing literature identify as possible 
drivers of nuclear proliferation. 

9 Bradley A. Thayer, “The Causes of Nuclear Proliferation and the Utility of the Nuclear Non-Proliferation Regime,” Security 
Studies 4, no. 3 (March 1, 1995): 464, doi:10.1080/09636419509347592.
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The section on political leadership will cover the key leaders in each country, their foreign policy 
tendencies, their willingness to take risks, and their domestic constraints. This section will apply 
the work of Christopher Way, Jessica Weeks, and others who have examined how regime type and 
leadership personalities impact nuclear decisionmaking.10 The section on existing nuclear expertise 
covers any current nuclear-related activity, each country’s adherence to international nonproliferation 
agreements, and other proliferation-related concerns such as ballistic missile development and 
foreign nuclear partnerships. This section will build on Dong-Joon Jo and Erik Gartzke’s work on 
nuclear capacity as a driver of proliferation.11 The section on integration into the global economy 
examines each country’s economic openness and its vulnerability to international sanctions. This 
section will look at the work of Sonali Singh and Christopher R. Way on economic openness and 
Etel Solingen’s work on the political economy of nuclear weapons to explore how economic factors 
impact proliferation.12

PERCEIVED SECURITY ENVIRONMENT
IRAN
Iran is a major security concern for both Saudi Arabia and the UAE. Both countries view Iran as one 
of their main geopolitical rivals and have fought the Iranian-backed Houthi rebels in Yemen. In 
2019, Iran attacked Saudi oil facilities with unmanned aerial vehicles and cruise missiles.13 Saudi 
Arabia and the UAE both supported the U.S. move to leave the JCPOA in 2018.14 Both countries fear a 
nuclear armed-Iran would be even more emboldened in its quest for regional influence. However, in 
a shift from 2018, both countries in 2021 seem to recognize the value of a deal that constrains Iran’s 
nuclear program and appear more willing to accept a U.S. return to the JCPOA. In 2021, the head of 
policy planning for the Saudi foreign ministry said, “Saudi Arabia is not interested in hindering or 
blocking the current negotiations . . . it is interested in ensuring their success in achieving effectively 
the desired results.”15 Emirati officials have expressed similar sentiments.16

This shift has likely occurred for two reasons. First, Saudi Arabia and the UAE recognize returning to 
the 2015 nuclear deal is a high priority for the Biden administration and want to remain on good 
terms with the United States, their most important military partner. Saudi Arabia and the UAE also 
seem to recognize that any opposition is unlikely to influence U.S. policy.17 Second, both Saudi Arabia 
and the UAE have started to take small, independent steps to reduce tensions with Iran, and a U.S. 
return to the JCPOA could aid those efforts and further reduce tensions in the region.18 Saudi Arabia, 

10 Christopher Way and Jessica L. P. Weeks, “Making It Personal: Regime Type and Nuclear Proliferation,” American Journal of 
Political Science 58, no. 3 (2014): 705–19, doi:10.1111/ajps.12080.

11 Dong-Joon Jo and Erik Gartzke, “Determinants of Nuclear Weapons Proliferation,” Journal of Conflict Resolution 51, no. 1 
(February 1, 2007): 167–94, doi:10.1177/0022002706296158.

12 Sonali Singh and Christopher R. Way, “The Correlates of Nuclear Proliferation: A Quantitative Test,” The Journal of Conflict 
Resolution 48, no. 6 (2004): 859–85, doi:10.1177/0022002704269655; and Etel Solingen, “The Political Economy of Nucle-
ar Restraint,” International Security 19, no. 2 (1994): 126–69, doi:10.2307/2539198.

13 Humeyra Pamuk, “U.S. Probe of Saudi Oil Attack Shows It Came from North,” Reuters, December 19, 2019, https://www.
reuters.com/article/us-saudi-aramco-attacks-iran-exclusive-idUSKBN1YN299.

14 Kalin and Dadouch, “Gulf Arab Allies Hail Triumph after U.S. Quits Iran Deal.”
15 Reuters and Ghaida Ghantous, “Saudi Official: Expanded Talks Should Follow Any Iran Nuclear Deal,” Reuters, April 14, 

2021, https://www.reuters.com/world/middle-east/saudi-official-expanded-talks-should-follow-any-iran-nuclear-
deal-2021-04-14/.

16 Ghaida Ghantous, “Resigned to a Nuclear Deal Revival, Gulf Engages with Foe Iran,” Reuters, June 9, 2021, https://www.
reuters.com/article/uk-iran-nuclear-gulf-idUKKCN2DL0Y3. 

17 Ibid.
18 Andrew England, “Saudi and Iranian Officials Hold Talks to Patch up Relations,” Financial Times, April 18, 2021, https://

www.ft.com/content/852e94b8-ca97-4917-9cc4-e2faef4a69c8; and “In Rare Talks, Iran and UAE Foreign Ministers Discuss 

https://www.reuters.com/article/us-saudi-aramco-attacks-iran-exclusive-idUSKBN1YN299
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the UAE, and the United States would also like any nuclear deal to serve as a launching point for a 
larger agreement that addresses Iran’s missile program and its support for proxy groups.19 

TURKEY
Both Saudi Arabia and the UAE have complicated relationships with Turkey. Saudi-Turkish relations 
hit a low point following the assassination of Jamal Khashoggi in 2018 at the Saudi consulate in 
Istanbul. However, there have been some recent improvements in the Saudi-Turkish relationship. In 
May 2021, Turkey sent its foreign minister to Saudi Arabia to facilitate weapons sales and improve 
relations more broadly.20 

Emirati-Turkish ties declined rapidly beginning in 2010 with the Arab Spring uprisings. Turkey’s 
president Recep Tayyip Erdogan and its ruling Justice and Development Party (AKP) quickly threw 
their support behind the Islamist parties coming to power across the region. Many of the monarchies 
in the Persian Gulf saw these Islamist parties as an existential threat to their continued rule. The Gulf 
countries, including the UAE, even sent troops into countries such as Bahrain to put down popular 
uprisings.21 Since the Arab Spring uprisings, Turkish foreign policy has grown more assertive, with 
Turkey sending troops to Libya, Syria, and Somalia. The UAE has backed opposing groups in many of 
these same regional conflicts, leading some Middle East experts to call the Turkish-Emirati conflict 
“the struggle defining the politics of the Middle East at the moment.”22 

The UAE is particularly concerned with President Erdogan’s increasingly bold rhetoric on nuclear 
weapons. Turkey is building multiple nuclear power plants, and in 2019, President Erdogan said 
“some countries have missiles with nuclear warheads, not one or two. But (they tell us) we can’t have 
them. This, I cannot accept.”23 Iran is still the greatest potential nuclear threat in the region. However, 
the United States should also monitor the proliferation consequences of the deteriorating Turkish-
Emirati relationship. 

ISRAEL 
Historically, Israel has had a tense and sometimes violent relationship with its Arab neighbors. 
Since its founding in 1948, Israel and the surrounding Arab states have fought a series of wars. In 
1973, Arab countries enacted an oil embargo on nations supporting Israel in the Yom Kippur War. 
Opposition to Israel and support for Palestinian statehood had been some of the only unifying issues 
in the Middle East. 

However, due to shifting security concerns, many Arab countries, including Saudi Arabia and the UAE, 
have forged closer ties with Israel. Saudi Arabia and the UAE have started distancing themselves 

COVID-19,” Al Jazeera, August 2, 2020, https://www.aljazeera.com/news/2020/8/2/in-rare-talks-iran-and-uae-foreign-min-
isters-discuss-covid-19.

19  Reuters Staff, “UAE Official Says US in Driver’s Seat for Stronger Iran Deal,” Reuters, April 15, 2021, https://www.reuters.
com/world/middle-east/uae-official-says-us-drivers-seat-stronger-iran-deal-2021-04-15/.

20 “Turkey’s Foreign Minister in Saudi Arabia for Talks to Mend Ties,” Al Jazeera, May 10, 2021, https://www.aljazeera.com/
news/2021/5/10/turkeys-foreign-minister-in-saudi-for-talks-to-mend-ties.

21 Toby Jones, “Bahrain: The Revolution That Wasn’t,” NPR, January 5, 2012, https://www.npr.org/2012/01/05/144637499/bah-
rain-the-revolution-that-wasnt.

22 Andrew England, Laura Pitel, and Simeon Kerr, “UAE vs Turkey: The Regional Rivalries Pitting MBZ against Erdogan,” Finan-
cial Times, October 26, 2020, https://www.ft.com/content/990f13cf-613f-48a5-ac02-c8c73741a786.

23 Sinem Koseoglu, “Turkey’s Nuclear Power Dilemma,” Al Jazeera, March 10, 2021, https://www.aljazeera.com/
news/2021/3/10/turkeys-nuclear-dilemma; and Reuters Staff, “Erdogan Says It’s Unacceptable That Turkey Can’t Have 
Nuclear Weapons,” Reuters, September 4, 2019, https://www.reuters.com/article/us-turkey-nuclear-erdogan-idUSKCN-
1VP2QN.
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from the Palestinians and begun to increase their support for Israel. Both countries are now less 
worried about the potential threat from Israel and more worried about threats from Iran, political 
Islam, extremism, and internal dissent. Saudi Arabia and the UAE are beginning to see Israel as a 
potential partner in countering these problems. Israel is widely assumed to have nuclear weapons 
and has been the most vocal opponent of the JCPOA. Moreover, Israel is reportedly behind numerous 
covert attacks on Iran’s nuclear program.24 Despite electing a new prime minister, Israel is continuing 
to express its opposition to any nuclear agreement with Iran.25

The 2020 Abraham Accords formalized this changing relationship and normalized relations between 
the UAE and Israel. While Saudi Arabia has not normalized relations with Israel, Saudi Arabia has 
grown closer to Israel in recent years. In 2018, Saudi crown prince Mohammed bin Salman (known as 
MBS) said “I believe the Palestinians and the Israelis have the right to have their own land. But we 
have to have a peace agreement to assure the stability for everyone and to have normal relations.”26 
In 2020, Israeli government officials confirmed that Israeli prime minister Benjamin Netanyahu 
secretly met with MBS.27 This comment and meeting mark a shift for a country that still does not 
officially recognize Israel. Israel is no longer the major security threat it once was for either Saudi 
Arabia or the UAE and is likely not a major driver in these countries’ calculus on acquiring nuclear 
weapons. 

DIFFERING PERSPECTIVES ON REGIONAL THREATS
While Saudi Arabia and the UAE share many similar concerns, each country has emphasized different 
security threats, and those differing views likely impact how they perceive the need for nuclear 
weapons. The Saudis see Iran as a more pressing threat than the Emiratis do. This threat from Iran 
is one of the biggest drivers for how Saudi Arabia views nuclear weapons. In 2018, MBS said in an 
interview: “Saudi Arabia does not want to acquire any nuclear bomb, but without a doubt, if Iran 
developed a nuclear bomb, we will follow suit as soon as possible.”28 

Compared to the Saudi hardline, the Emiratis have a more pragmatic relationship with Iran. The UAE 
has kept closer diplomatic ties with Iran than Saudi Arabia has, and the UAE remains one of Iran’s 
top trading partners despite the threat of U.S. sanctions.29 The UAE tends to view political Islam as 
a bigger threat to its stability than Saudi Arabia does. This focus on pushing back against political 
Islam helps explain the Emirati focus on Turkey. While Emirati leaders have not been as explicit as 
the Saudi crown prince, the UAE’s thinking on nuclear weapons could shift if Turkey made a serious 
attempt to acquire nuclear weapons. 

The Saudi-led war in Yemen helps illustrate the different ways Saudi Arabia and the UAE view 

24 Ronen Bergman, Rick Gladstone, and Farnaz Fassihi, “Blackout Hits Iran Nuclear Site in What Appears to Be Israeli Sabo-
tage,” New York Times, April 11, 2021, https://www.nytimes.com/2021/04/11/world/middleeast/iran-nuclear-natanz.html.

25 Ilan Ben Zion, “Israeli PM: World Powers Must ‘wake up’ on Iran Nuclear Deal,” Associated Press, June 20, 2021, https://ap-
news.com/article/donald-trump-israel-middle-east-iran-iran-nuclear-6e9b96c0f7cc414d4996a8d3227fb362.

26 Reuters Staff, “Saudi Crown Prince Says Israelis Have Right to Their Own Land,” Reuters, April 3, 2018, https://www.reuters.
com/article/us-saudi-prince-israel-idUSKCN1H91SQ.

27 Ben Hubbard, David M. Halbfinger, and Ronen Bergman, “Israeli Reports Say Netanyahu Met Saudi Crown Prince. Saudis 
Deny It.,” New York Times, November 23, 2020, https://www.nytimes.com/2020/11/23/world/middleeast/netanyahu-mo-
hammed-bin-salman.html.

28 Reuters Staff, “Saudi Crown Prince Says Will Develop Nuclear Bomb If Iran Does: CBS TV,” Reuters, March 15, 2018, https://
www.reuters.com/article/us-saudi-iran-nuclear-idUSKCN1GR1MN.

29 Benoit Faucon and Sune Engel Rasmussen, “As U.S. Cracks Down on Iran’s Oil Sales, It Calls Out an Ally,” Wall Street 
Journal, September 8, 2019, https://www.wsj.com/articles/as-u-s-cracks-down-on-irans-oil-sales-it-calls-out-an-al-
ly-11567944003.
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the regional threat environment. Saudi Arabia was the driving force behind the war in Yemen, and 
Saudi Arabia’s main motivation was to prevent the Iranian-backed Houthis from controlling territory 
on Saudi Arabia’s southern border. The Emiratis also participated in the Saudi war in Yemen but 
withdrew earlier than Saudi Arabia and at times had competing objectives with the Saudis.30 For 
instance, Islah is the main Sunni political party in Yemen, and militias affiliated with the group have 
been a crucial part of the anti-Houthi coalition. Saudi Arabia has supported Islah militias because 
of their effectiveness against the Houthis, but the UAE did not support the group because of its 
connections to the Muslim Brotherhood.31 

POLITICAL LEADERSHIP
Christopher Way and Jessica Weeks argue that centralized, personality-focused dictatorships are 
more likely to pursue nuclear weapons. In authoritarian regimes where there are few checks on a 
leader’s power, a dictator can more easily pursue nuclear weapons.32 Dictators who pursue nuclear 
weapons are better able to withstand international pressure and are less likely to feel constrained by 
nonproliferation agreements.33 For instance, dictators do not risk getting voted out of office for poor 
economic performance if the international community imposes sanctions in response to a nuclear 
weapons program. 

The de facto rulers of Saudi Arabia and the UAE are crown princes who have pushed their countries 
toward more assertive foreign policy. MBS, the crown prince and de facto ruler of Saudi Arabia, was 
the major driver in Saudi Arabia’s war in Yemen and the blockade of Qatar. Mohamed bin Zayed Al 
Nahyan (MBZ), crown prince of the Emirate of Abu Dhabi, oversaw UAE’s intervention in Libya and the 
normalization of relations with Israel. Both of these rulers have been willing to take assertive actions 
despite the risk of international backlash. 

Despite their growing assertiveness, MBS and MBZ both face more constraints than other dictators 
who have pursued nuclear weapons, such as Muammar Gaddafi, Saddam Hussein, and the Kim regime. 
Neither MBS nor MBZ is officially a head of state yet, and both are occasionally constrained by 
royal politics.34 Out of the two crown princes, MBS appears to have more flexibility and seems more 
willing to take risky unilateral actions, as evidenced by MBS’s decision to order the murder of Jamal 
Khashoggi. MBZ has yet to take any actions that have inspired as much international condemnation 
as the Khashoggi murder. MBS’s willingness to take foreign policy risks increases the likelihood that 
Saudi Arabia will attempt to acquire nuclear weapons. 

CURRENT NUCLEAR PROGRAMS
Interest in nuclear power is increasing across the Middle East. Saudi Arabia and the UAE are both 
developing civilian nuclear power programs, but they are going about building those programs 
in very different ways. Saudi Arabia is a party to the Treaty on the Non-Proliferation of Nuclear 

30 Declan Walsh and David D. Kirkpatrick, “U.A.E. Pulls Most Forces From Yemen in Blow to Saudi War Effort,” New York Times, 
July 12, 2019, https://www.nytimes.com/2019/07/11/world/middleeast/yemen-emirates-saudi-war.html.

31 Daniel L. Byman, “Saudi Arabia and the United Arab Emirates Have a Disastrous Yemen Strategy,” Brookings Institution 
(blog), July 17, 2018, https://www.brookings.edu/blog/order-from-chaos/2018/07/17/saudi-arabia-and-the-united-arab-
emirates-have-a-disastrous-yemen-strategy/.

32 Way and Weeks, “Making It Personal.”
33 Eric Brewer et al., Toward a More Proliferated World? (Washington, DC: CSIS, 2020), 19, https://www.csis.org/analysis/to-

ward-more-proliferated-world.
34 David A. Graham, “The Fragile Future of Reform in Saudi Arabia,” The Atlantic, June 27, 2018, https://www.theatlantic.com/

international/archive/2018/06/the-fragile-future-of-reform-in-saudi-arabia/563846/.
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Weapons (NPT) as a non-nuclear weapons state. Saudi Arabia does not currently have an operational 
nuclear reactor but has plans to complete two reactors by 2030.35 Saudi Arabia has not always been 
transparent about its nuclear program and intentions. Saudi Arabia has not signed the Additional 
Protocol which provides the United Nations’ International Atomic Energy Agency (IAEA) with 
additional verification measures to ensure the peaceful use of nuclear materials.36 According to the 
Wall Street Journal, Saudi Arabia is pursuing a variety of covert nuclear projects, including a uranium 
ore extraction facility, with Chinese assistance.37 Additionally, China reportedly sold nuclear-capable 
ballistic missiles to Saudi Arabia in 2007.38And as previously mentioned, the Saudi crown prince 
threatened that Saudi Arabia would quickly try to acquire nuclear weapons if Iran did.39 Saudi Arabia 
has a close relationship with Pakistan, leading some analysts to suggest that Saudi Arabia could work 
with Pakistan to quickly acquire nuclear weapons if deemed necessary.40 

The UAE has been much more transparent about its nuclear program and intentions than Saudi 
Arabia. In 2020, the UAE became the first Arab country to have an operational nuclear power reactor. 
The UAE developed the plant with a South Korean power company and closely worked with the IAEA. 
The UAE signed the NPT and, in 2009, signed the Additional Protocol with the IAEA. Additionally, 
the United States and the UAE reached what is known as a 123 agreement, where the United States 
agreed to provide nuclear assistance in exchange for the UAE adopting a series of nonproliferation 
restrictions. The UAE’s 123 agreement is known as the “gold standard” because the UAE not only 
agreed to the standard restrictions but also agreed it would not seek to enrich or reprocess 
nuclear material.41 Limiting enrichment and reprocessing are nonproliferation priorities because 
both processes can be used to make weapons-grade material. Saudi Arabia has yet to reach a 123 
agreement with the United States, let alone the “gold standard” version the UAE has. The nonprofit 
Nuclear Threat Initiative (NTI) said the UAE is “a model for nuclear newcomers.”42 

Emirati actions have not been perfect, and there are a few areas of concern. For instance, the UAE has 
reportedly purchased short-range ballistic missiles from North Korea.43 If the UAE’s political calculus 
changes, the Emiratis could leverage this relationship with North Korea to build reprocessing or 
enrichment facilities. However, no senior Emirati leaders have expressed a desire to develop nuclear 
weapons or work with other states to acquire them. The UAE has a higher level of nuclear expertise 
than Saudi Arabia, but the UAE has gone above and beyond on complying with international 
nonproliferation agreements and accepting reprocessing and enrichment limits. Saudi Arabia’s 
aggressive rhetoric and lack of transparency surrounding its nuclear program is concerning and 

35 Yoel Guzansky and Ephraim Asculai, Saudi Progress in Nuclear Research (Tel Aviv, Israel: Institute for National Security 
Studies, November 2018), https://www.inss.org.il/publication/saudi-progress-nuclear-research/.

36  Reuters Staff, “IAEA in Wide-Ranging Talks with Saudi Arabia on Tougher Nuclear Checks,” Reuters, September 14, 2020, 
https://www.reuters.com/article/uk-saudi-nuclear-iaea-idUKKBN2652OW.

37 Warren P. Strobel, Michael R. Gordon, and Felicia Schwartz, “Saudi Arabia, With China’s Help, Expands Its Nuclear Program,” 
Wall Street Journal, August 4, 2020, https://www.wsj.com/articles/saudi-arabia-with-chinas-help-expands-its-nuclear-pro-
gram-11596575671.

38 Jeff Stein, “CIA Helped Saudis in Secret Chinese Missile Deal,” Newsweek, January 29, 2014, https://www.newsweek.com/
exclusive-cia-helped-saudis-chinese-missile-deal-227283.

39 Reuters Staff, “Saudi Crown Prince Says Will Develop Nuclear Bomb If Iran Does.”
40 Bruce Riedel, “Saudi Arabia’s Relations with China: Functional, but Not Strategic,” Brookings Institution, July 20, 2020, 

https://www.brookings.edu/articles/saudi-arabias-relations-with-china-functional-but-not-strategic/.
41 Christopher M. Blanchard and Paul K. Kerr, “Prospects for Enhanced U.S.-Saudi Nuclear Energy Cooperation,” Congressional 

Research Service, August 18, 2020, https://crsreports.congress.gov/product/pdf/IF/IF10799/12.
42 “United Arab Emirates,” Nuclear Threat Initiative, October 2018, https://www.nti.org/learn/countries/united-arab-emir-

ates/.
43 Samuel Ramani, “Why Did the UAE Purchase Weapons From North Korea?,” The Diplomat, August 8, 2017, https://thediplo-

mat.com/2017/08/why-did-the-uae-purchase-weapons-from-north-korea/.
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suggests the country is keeping its options open to develop a nuclear weapons program in the future.

ECONOMIC INTEGRATION
Economic integration is another potential indicator of whether a state will choose to pursue nuclear 
weapons. Economic integration refers to how interconnected a country’s economy is with the rest 
of the world. Integration can be measured by looking at a country’s reliance on trade, economic 
diversification, and openness to international markets. Since sanctions are a common tool used to 
compel countries to abandon nuclear weapons programs, economic integration helps predict which 
countries might be most harmed by attempting to acquire nuclear weapons. If a country would 
be extensively harmed by international sanctions in response to a nuclear weapons program, that 
country might be less likely to develop a nuclear weapons program in the first place.44

ECONOMIC INTEGRATION IN SAUDI ARABIA AND THE UAE
Despite recent attempts at diversification, Saudi Arabia’s economy is still highly dependent on oil. 
Saudi Arabia is the world’s largest exporter of oil, and in 2018, oil accounted for 42 percent of Saudi 
Arabia’s GDP.45 Saudi Arabia is highly dependent on selling oil to international markets, but the rest 
of its economy is less integrated. In 2016, MBS launched Vision 2030 to diversify the Saudi economy. 
Vision 2030 attempts to increase the size and competitiveness of the Saudi private sector and 
encourage the development of industries outside of oil.46 Saudi Arabia has also encouraged more 
international investment in its economy by publicly listing Aramco, the state-owned oil company. 

While the UAE is also dependent on oil and natural gas, the Emirati economy is more diversified and 
open than Saudi Arabia’s. In 2018, oil and natural gas accounted for 30 percent of the UAE’s GDP. The 
UAE has worked to attract international investment and has become a business-friendly financial 
and travel hub.47 In the World Bank’s 2019 Ease of Doing Business Ranking, the UAE was ranked 17th 
in the world and first in the Middle East and North Africa. In the same year, Saudi Arabia was ranked 
62nd overall.48 The UAE is highly integrated into international energy markets and has some of the 
highest levels of economic integration in the Middle East. 

IMPACT OF ECONOMIC INTEGRATION ON PROLIFERATION 
Both Saudi Arabia and the UAE depend on international trade, particularly in oil and gas, and would suffer 
under international sanctions. However, out of the four factors discussed in this paper, the most unknowns 
are associated with the predictive power of economic integration. Understanding the economies of these 
two countries and their integration with the region provides more context for the other potential drivers 
of proliferation. For instance, the UAE and Iran are major trading partners, and this economic integration 
helps explain why the UAE tends to have a more pragmatic relationship with Iran than Saudi Arabia does.

Yet, it is not clear if the United States would impose sanctions on Saudi Arabia or the UAE if either 

44 Etel Solingen, ed., Sanctions, Statecraft, and Nuclear Proliferation (Cambridge, UK: Cambridge University Press, 2012).
45 “Saudi Arabia - The World Factbook,” Central Intelligence Agency, https://www.cia.gov/the-world-factbook/countries/sau-

di-arabia/#economy.
46 Daniel Moshashai, Andrew M. Leber, and James D. Savage, “Saudi Arabia Plans for Its Economic Future: Vision 2030, the 

National Transformation Plan and Saudi Fiscal Reform,” British Journal of Middle Eastern Studies 47, no. 3 (May 2020): 
381–401, doi:10.1080/13530194.2018.1500269.

47 Ugo Fasano, “With Open Economy and Sound Policies, U.A.E. Has Turned Oil ‘Curse’ into a Blessing,” IMF Survey 0031, no. 
019 (January 2002), doi:10.5089/9781451927344.023.A005.

48 “Ease of Doing Business Ranking 2019,” World Bank, https://www.doingbusiness.org/en/rankings.
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country started a nuclear weapons program. The United States has previously imposed or threatened 
to impose economic sanctions on allies that are pursuing nuclear weapons. For instance, the United 
States threatened South Korea and Taiwan with economic sanctions in the 1970s, leading those 
countries to abandon their nuclear weapons programs.49 The United States has also sanctioned 
Argentina, Brazil, India, and Pakistan at various points for their nuclear activities.50 However, the 
United States did not sanction Israel for its nuclear weapons program. 

The United States is also more integrated economically with Saudi Arabia and the UAE than it is with 
countries such as Iran or North Korea. U.S. political leaders might be hesitant to impose extensive 
sanctions on Saudi Arabia and the UAE because those sanctions would significantly raise energy 
prices for its citizens. Additionally, it might make Saudi Arabia and the UAE more likely to develop 
nuclear weapons programs if they began to question their partnership with the United States. 
Attempting to impose sanctions would likely reinforce those feelings of isolation and could increase 
the perceived need for a nuclear weapon.

COMPARISON OF PROLIFERATION RISKS
Saudi Arabia is more likely to pursue nuclear weapons than the UAE. Saudi Arabia is more concerned 
with the prospect of an Iranian nuclear weapon and has signaled clear leadership intent to acquire 
a nuclear weapon if Iran does. MBS is more willing to take foreign policy risks despite the threat of 
international backlash. Saudi Arabia is also less transparent about the goals of its nuclear power 
program. The drivers of nuclear proliferation examined in this paper point to Saudi Arabia as being 
more likely to start a nuclear weapons program. However, if the security environment changes, the 
UAE might be better positioned to actually acquire nuclear weapons because it has a more capable 
military and a more robust civilian nuclear program.

POLICY RECOMMENDATIONS
The United States has a close relationship with both Saudi Arabia and the UAE and could leverage 
those relationships to reduce the overall risk of nuclear proliferation in the region by following the 
recommendations below. 

RECOMMENDATION 1: STRENGTHEN REGIONAL NONPROLIFERATION NORMS
The United States has been inconsistent in its responses to the threat of nuclear proliferation in the 
Middle East. The United States harshly punished Iran for its nuclear weapons program. However, the 
United States has tacitly accepted Israel’s nuclear program. The United States also did not criticize 
MBS when he said Saudi Arabia would quickly try to acquire a nuclear weapon if Iran did, and the 
United States did not push back when President Erdogan said it was unacceptable that Turkey was 
restricted from having nuclear weapons. 

U.S. inaction when allies and partners acquire or threaten to acquire nuclear weapons makes the 
development of nuclear weapons in the Middle East more likely and makes the traditional tools used 
to fight proliferation, such as economic sanctions, less credible. The United States should make it 
clear that nuclear proliferation in the Middle East is not acceptable whether by U.S. adversaries (Iran) 
or U.S. partners (Saudi Arabia and the UAE). The Biden administration has already shown an increased 

49 Nicholas L. Miller, “The Secret Success of Nonproliferation Sanctions,” International Organization 68, no. 4 (2014): 913–44, 
doi:10.1017/S0020818314000216.

50 José Goldemberg, Carlos Feu Alvim, and Olga Y. Mafra, “The Denuclearization of Brazil and Argentina,” Journal for Peace and 
Nuclear Disarmament 1, no. 2 (July 2018): 383–403, doi:10.1080/25751654.2018.1479129.



willingness to push back against norm-breaking behavior, such as the Khashoggi murder, and should 
continue that trend when it comes to nuclear proliferation.

RECOMMENDATION 2: RETURN TO THE JCPOA AND START NEGOTIATING A 
FOLLOW-ON REGIONAL NUCLEAR AGREEMENT
The United States should work with Iran to return to the JCPOA. If the United States and Iran both 
return to compliance with the JCPOA, the agreement would reduce the likelihood of an Iranian bomb, 
which is one of the greatest drivers of nuclear proliferation in the region. To increase the likelihood 
that Iran returns to the agreement, the United States should work toward establishing a regional 
nonproliferation framework as part of any follow-on agreement. 

Like most countries, Iran’s nuclear ambitions are at least partially rooted in security concerns.51 If Iran 
feels that its nuclear program is unfairly targeted compared to other countries in the region, that 
would further increase Iran’s perception that it needs to maintain the option to develop a nuclear 
weapon. The restrictions and verification mechanisms in the JCPOA could serve as the template for 
this follow-on agreement. To increase the likelihood of success, this agreement should leave out 
Israel, which is not going to give up its nuclear weapons and should focus on countries that do not 
have nuclear weapons, such as Iran, its Gulf neighbors, and Turkey. 

RECOMMENDATION 3: TAKE ADVANTAGE OF CURRENT ASYMMETRIES IN 
NUCLEAR CAPABILITIES IN ANY FOLLOW-ON AGREEMENT
Iran has enrichment capabilities that neither Saudi Arabia nor the UAE has. This asymmetry could 
complicate any effort at a larger regional nonproliferation agreement. Iran views its nuclear program 
as a symbol of the country’s technical ability and self-sufficiency in the face of U.S. and Israeli 
hostility, and Iran is unlikely to give up all of its nuclear enrichment capacity. 

However, one approach to a larger regional agreement would be to leverage this asymmetry. It would 
not be in the United States’ interest to encourage Saudi Arabia and the UAE to develop their own 
enrichment capabilities to “even out” the differences. Instead, the United States should address Saudi 
and Emerati security concerns regarding Iran by increasing both U.S. intelligence sharing on Iranian-
backed proxy groups and missile defense deployments in the region. 

There is the danger that this increase in support to Iran’s regional rivals would further incentivize 
Iran to expand its nuclear program, but allowing Iran to keep a limited enrichment program while 
also restricting U.S. support to intelligence and defensive capabilities could make the agreement 
more palatable to Iran. Additionally, to further reduce the security concerns in the region, the United 
States should agree to stop its intelligence sharing and missile defense deployments if Iran limits its 
support to proxy groups and accepts constraints on its missile program.

51 Bradley L. Bowman, “The ‘Demand-Side’: Avoiding a Nuclear-Armed Iran,” Orbis 52, no. 4 (January 2008): 627–42, 
doi:10.1016/j.orbis.2008.07.002.
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Toward a Low-Yield 
Warhead Limiting 
Agreement
By Julia Masterson1

INTRODUCTION 
Tactical, so-called “battlefield,” “nonstrategic,” or “sub-strategic” nuclear weapons blur the line between 
strategic and non-strategic warfare, which many argue lowers the threshold for nuclear use. The 
United States and Russia field these weapons, but they are largely not covered by New START, the 
only extant arms control agreement that constrains both countries’ nuclear arsenals by limiting 
strategic delivery vehicles and the warheads mated with those systems.2 

Arms control scholars and practitioners alike have long lamented the bleak outlook for a tactical 
nuclear weapons-limiting agreement. Coined the “Holy Grail for nuclear arms control,” the challenge 
of constraining tactical warheads, specifically, has been shaped by a shared reluctance to embark upon 
negotiations toward an agreement that could impose stringent verification protocols on sensitive nuclear 
weapons infrastructure in a way that previous arms control agreements have not.3 But hesitations aside, 
persistent development of these weapons and the escalation risks that they pose suggests a need to 
consider how future arms control agreements could incorporate limits to tactical nuclear weapons. 

This paper aims to examine the relevant considerations for a possible tactical nuclear weapons arms 
control agreement and to offer a number of pathways toward the development of a formal treaty, with 

1 Julia Masterson was a member of the PONI Nuclear Scholars Initiative class of 2021. The author is grateful for the in-
valuable insight and feedback provided by Shannon Bugos, Areg Danagoulian, Rebecca Davis Gibbons, Rose Gottemoeller, 
Steven Pifer, Kingston Reif, Greg Thielmann, Heather Williams, and others.

2 Certain nonstrategic warheads are counted by the New START agreement because they are paired with treaty-applicable 
delivery vehicles (example: the U.S. W76-2 low-yield warhead). See Hans M. Kristensen and Matt Korda, “United States 
nuclear weapons, 2021,” Bulletin of the Atomic Scientists 77, no. 1 (2021): 44, doi:10.1080/00963402.2020.1859865. 

3 Rose Gottemoeller, “Science diplomacy: The essential interdisciplinary approach,” Bulletin of the Atomic Scientists, Decem-
ber 7, 2020, https://thebulletin.org/premium/2020-12/science-diplomacy-the-essential-interdisciplinary-approach/. 
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a specific emphasis on overcoming the challenge of verification. This paper details a brief history of 
tactical nuclear weapons and efforts to constrain them, and then outlines a series of actions that could 
be taken or considered in pursuit of a tactical nuclear weapons arms control agreement.  

WHAT ARE TACTICAL NUCLEAR WEAPONS,  
AND WHY LIMIT THEM?
The term “tactical”—along with “non-” or “sub-strategic”—is an artifact of Cold War nuclear arms control 
negotiations, coined as a counter to “strategic” and meant to describe battlefield nuclear weapons 
systems that could not threaten the homeland of the United States or the former Soviet Union. 
In broad scope, today, and for the purpose of this paper, these weapons are defined as those not 
otherwise constrained by a strategic arms control agreement between the United States and Russia.4 

Historical efforts to incorporate nonstrategic, often lower-yield nuclear warheads and their delivery 
vehicles—commonly classified together as tactical systems—into arms control initiatives have 
centered primarily on reductions to delivery systems but not on the warheads themselves. The United 
States and Russia reportedly considered a short-term numerical freeze on the number of nuclear 
warheads, including low-yield warheads, in their arsenals prior to the early 2021 extension of New 
START. Though that freeze never came to fruition, the successful extension of New START and the 
resumption of bilateral strategic stability dialogue presents a platform for exploration into longer-
term solutions that diverge from earlier efforts and prioritize warhead-specific constraints. 

Russia’s stockpile of tactical nuclear weapons is larger than that of the United States, but persistent 
efforts are underway by the latter to shrink the gap on nonstrategic capabilities. As a result of 
strategic competition and the development of tactical systems, and despite the caps imposed by New 
START, U.S. and Russian nonstrategic nuclear weapons stockpiles could grow. The case for addressing 
U.S. and Russian tactical nuclear weapons is clear: apart from expanding upon New START to control 
unconstrained systems, limiting these weapons, specifically, could help ensure that neither country 
has a large enough stockpile to launch or wage a limited nuclear war. Moving forward, a new 
effort to address tactical nuclear weapon warheads, rather than delivery systems, is one option for 
strengthening arms control between the United States and Russia. 

Yet there remain a fair number of legitimate arguments against shrinking U.S. and Russian tactical 
nuclear weapons stockpiles. Their reasoning holds some merit; as Michael Krepon put bluntly, “if 
the bad guy knows the good guy has more options at the lowest rungs of the escalation ladder, then 
the bad guy will be more deterred from crossing the nuclear threshold. This would not only provide 
more time and space for crossing the nuclear threshold, but also enhances prospects for escalation 
control.”5 By this logic, increasing the size and sophistication of one’s tactical nuclear weapons 
arsenal could conceivably limit a nuclear exchange, if one was to occur, and prevent a regional 
conflict from escalating to a large-scale multistate nuclear war. 

The Trump administration’s 2018 Nuclear Posture Review justified the new W76-2 low-yield warhead 
as a direct counter to Russian fielding of tactical nuclear weapons, which Washington claimed lowered 

4 Although “tactical” is used in a colloquial manner to account for these unconstrained, smaller, and lesser-ranged nuclear 
weapons systems, there were U.S. weapons in Europe during the Cold War which could have threatened the Soviet home-
land, and today, there are a number of reserve strategic warheads not covered by New START. 

5 Michael Krepon, “The Highly Questionable Case for New Low-Yield Options,” Arms Control Wonk, December 17, 2018, 
https://www.armscontrolwonk.com/archive/1206289/the-highly-questionable-case-for-new-low-yield-options/.  

https://www.armscontrolwonk.com/archive/1206289/the-highly-questionable-case-for-new-low-yield-options/


146  |  On the Horizon: A Collection of Papers from the Next Generation of Nuclear Professionals

the threshold for nuclear use in a limited regional conflict.6 The underlying reason for that assessment 
was predicated upon an assumption that Russian president Vladimir Putin views the United States as 
unwilling to respond to a limited nuclear strike with a higher-yield warhead. Development of the new 
U.S. low-yield warhead, therefore, served to deter Russian limited nuclear use. 

And there is moral justification for the retention of smaller yield warheads—namely that smaller 
weapons reduce collateral damage and are purportedly in keeping with the Just War principles of 
discrimination and proportionality.7 With a robust tactical nuclear weapons stockpile, the United 
States would have the capability to respond to a small nuclear incident threatening the North 
Atlantic Treaty Organization’s (NATO) European allies ethically and in-kind, and without escalating to 
a larger-scale conflict, thus ensuring discrimination and proportionality in bello.

But it is appropriate to recall that the bombs dropped on Hiroshima and Nagasaki in 1945 were low 
yield, relative to modern warheads, yet one would not judge their use as ethical.8 And following the 
moral argument, while the new W76-2 warhead may deter Russian use of a tactical nuclear weapon 
at a similar yield, the inverse is also true—fielding of the warhead lowers the threshold for nuclear 
use by lowering the level of conflict at which reciprocal nuclear activity could occur and lowering 
the damage that nuclear use could entail. Either side may be less averse to launching a tactical 
nuclear weapon at the other if it appears the conflict would not escalate to an all-out nuclear war, 
despite there being no guarantee that Washington or Moscow would not retaliate with a larger, 
more destructive warhead. And the development and deployment of new low-yield tactical weapons 
further raise the undeniable risk of inciting an arms race. 

The solution to nuclear escalation management may therefore lie not in matching low-level conflict 
capabilities, but rather in eliminating them. Not all tactical nuclear warheads are low yield, and certain 
low-yield warheads are paired with strategic systems. But categorization aside, in an era wherein 
employment of low-yield weapons could be seen as a natural progression of conventional warfare, 
limiting the number of these warheads in each state’s arsenal would allow Washington and Moscow to 
mitigate the potential for nuclear escalation by significantly raising the threshold for nuclear use. 

While doing so would not mollify the threat posed by tactical warfare, and specifically by dual-use 
cruise missiles and other short- and medium-range delivery vehicles, it would ensure the likelihood 
that neither side’s missiles carry a nuclear payload below a certain yield. Provided that the agreed-
upon kiloton yield is high enough, warheads maintained would not be realistic nor practical in a 
localized regional conflict that might ordinarily raise the risk of limited nuclear war.

HISTORICAL PRECEDENT: SUCCESSES AND FAILURES 
INTERMEDIATE RANGE NUCLEAR FORCES TREATY
Historical efforts to incorporate tactical nuclear weapons into new or existing arms control 
agreements have fallen short, in large part because the United States and Russia glean some level of 
geostrategic utility from maintaining certain systems and are unwilling to do away with the entirety 
of their tactical nuclear weapons arsenals. 

6 William M. Arkin and Hans Kristensen, “US Deploys New Low-Yield Nuclear Submarine Warhead,” Federation of American 
Scientists, January 29, 2020, https://fas.org/blogs/security/2020/01/w76-2deployed/.  

7 “War,” Stanford Encyclopedia of Philosophy, May 3, 2016, https://plato.stanford.edu/entries/war/. 
8 The bomb dropped on Hiroshima had a yield of about 13 kilotons, while the bomb dropped on Nagasaki had a yield of 

21 kilotons. See “6 and 9 August 1945 Hiroshima/Nagasaki,” Comprehensive Nuclear Test-Ban Treaty Organization, https://
www.ctbto.org/specials/testing-times/6-and-9-august-1945hiroshima-nagasaki. 

https://fas.org/blogs/security/2020/01/w76-2deployed/
https://plato.stanford.edu/entries/war/
https://www.ctbto.org/specials/testing-times/6-and-9-august-1945hiroshima-nagasaki
https://www.ctbto.org/specials/testing-times/6-and-9-august-1945hiroshima-nagasaki


The most successful attempt to formally limit these weapons came in the form of the 1987 
Intermediate Range Nuclear Forces (INF) treaty, which eliminated all U.S. and Russian land-based 
ballistic and cruise missiles with ranges between 500 and 5,500 kilometers.9 Impetus for the INF 
treaty was provoked by the Soviet Union’s persistent development and deployment of intermediate-
range nuclear-capable missiles, which the United States and its NATO allies viewed as a threat to 
post-war European stability. 

The INF treaty did not account for all weapons not constrained by extant strategic bilateral arms 
control agreements between the United States and Russia, but it did succeed in temporarily 
eliminating the entire class of intermediate-range missiles in Washington and Moscow’s arsenals and 
reducing the risk of nuclear war in Europe at a time of strategic uncertainty. The treaty collapsed over 
30 years later when the United States withdrew from the accord, citing Russian cheating. Controversy 
arose in the early 2010s after Russia displayed its new 9M729 missile, which the United States 
assessed could fly over 500 kilometers, in violation of the INF treaty. Moscow denied allegations about 
the missile’s capabilities, but Russia’s undoubted violation fueled the Trump administration’s decision 
to withdraw from the treaty altogether in 2019 and bolster U.S. intermediate-range forces instead.10 

Seeking to control delivery vehicles in today’s geostrategic environment may well be a nonstarter; 
the United States still has legitimate concerns over Russia’s fielding of intermediate-range cruise 
missiles, particularly after the demise of the INF treaty and specifically over payload ambiguity. 
Uncertainty about whether a launched cruise missile is carrying a nuclear warhead can lead to 
risk of misjudgment and inadvertent nuclear escalation. For its part, Russia’s stockpile of tactical 
nuclear weapons serves as an appropriate counter to U.S. and NATO conventional superiority. And 
intermediate-range missiles are of strategic utility to Russia, given its expansive border and proximity 
to many of its adversaries.  

The INF could not survive the political turmoil of the twenty-first century, but its mechanism limiting 
a range of otherwise unconstrained intermediate-range missiles which could have been used to 
deliver a nuclear warhead in a limited regional conflict serves as an example for further U.S.-Russia 
tactical nuclear weapons reductions.

The INF treaty’s verification regime, specifically, is worth highlighting for its applicability to future 
agreements. Under the treaty, the United States and Russia destroyed more than 2,500 short-, medium-, 
and intermediate-range missiles. The agreement’s stringent verification regime required each state 
to conduct “baseline inspections” whereby they inventoried the other’s relevant nuclear forces shortly 
after the treaty’s entry into force to establish transparency on both states’ nuclear forces, which laid the 
groundwork for destruction and elimination. The INF treaty also permitted the United States and Russia 
to conduct up to 20 short-notice inspections per year at agreed-upon sites within the first three years 
of implementation and allowed both states to monitor designated missile production facilities to verify 
that new missiles were not being produced. And the protocol permitted both states to carry out on-site 
inspections at the other’s facilities in the United States, the Soviet Union, and certain bases in Belgium, 
Italy, the Netherlands, the United Kingdom, West Germany, and Czechoslovakia.11 

9 “The Intermediate-Range Nuclear Forces (INF) Treaty at a Glance,” Arms Control Association, last modified August 2019, 
https://www.armscontrol.org/factsheets/INFtreaty. 

10 Chinese missiles of that range were also cited as concern and impetus for U.S. withdrawal. See “INF Treaty at a Glance,” 
Arms Control Association.

11 “The Intermediate-Range Nuclear Forces (INF) Treaty at a Glance,” Arms Control Association. 
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 The treaty’s structure may therefore be a prototype for further reductions; treaty-based (or otherwise 
formalized) arms control is attractive, limitations of certain classes of weapons systems are both 
effective and attainable, and there is a precedent for robust bilateral verification practices such as 
those implemented under the INF treaty. 

CONFIDENCE-BUILDING MEASURES
There is also a strong precedent for confidence-building measures (CBMs) between the United States 
and Russia, dating to the dawn of the nuclear age. Hot-line agreements, data exchanges, and the 
nuclear testing moratorium demonstrate strong support by Washington and Moscow for non-treaty-
based measures that contribute to bilateral nuclear risk reduction. 

The Presidential Nuclear Initiatives (PNIs) marked the most successful attempt to date to limit 
tactical nuclear weapons through a CBM approach. The PNIs were born as the iron curtain fell and 
as U.S. president George H.W. Bush grew concerned over the Kremlin’s ability to control and account 
for its nuclear weapons arsenal while the Soviet Union crumbled. In a September 1991 address to 
the American people, Bush unilaterally pledged to end foreign deployments of certain U.S. tactical 
nuclear weapons and to eliminate certain weapons systems, and Moscow soon followed suit. The 
PNIs were not legally binding and contained no verification regime, but they gained undoubted buy-
in by leadership in both Washington and Moscow.12 

As a result of the PNIs, the United States and Soviet Union eliminated a majority of their tactical 
nuclear weapons stockpiles. Washington withdrew and destroyed all ground-launched short-range 
weapons and ended deployments of tactical nuclear weapons on surface ships, attack submarines, 
and land-based naval aircraft under “normal circumstances,” reserving the right to redeploy those 
weapons in times of crisis. For its part, Moscow eliminated nuclear artillery munitions, warheads 
for tactical missiles, and nuclear mines, as well as a third of its sea-based tactical nuclear weapons 
arsenal and half of its ground-to-air nuclear missile warheads. Moscow also committed to remove all 
tactical nuclear weapons from surface ships and certain submarines, to separate nuclear warheads 
from air defense missiles, and to halve its airborne tactical nuclear weapons stockpile. Warheads not 
destroyed were stored in central storage facilities.13 

The United States reportedly now has about 230 tactical nuclear weapons—with around 150 
deployed in Europe—and Russia is estimated to have about 2,000 weapons in its arsenal.14 While 
Washington announced the completion of its elimination process in 2003 and Moscow did so in 
2005, the United States has raised repeated concerns over Russia’s compliance with its commitments 
under the PNIs. 

Despite legitimate questions surrounding Russia’s full implementation of the PNIs, the initiative is 
another useful model for future arrangements; both Washington and Moscow were amenable to the 
informal nature of the PNIs.15  

In keeping with the PNI model, William Potter is among the experts who believe that the United 
States should again take lead on eliminating tactical nuclear weapons, including through a unilateral 

12 “The Presidential Nuclear Initiatives (PNIs) on Tactical Nuclear Weapons at a Glance,” Arms Control Association, last modi-
fied July 2017, https://www.armscontrol.org/factsheets/pniglance. 

13 Ibid.
14 Kristensen and Korda, “United States nuclear weapons, 2021”; and Hans M. Kristensen and Matt Korda, “Russian nuclear 

weapons, 2021,” Bulletin of the Atomic Scientists 77, no. 1 (2021): 100, doi:10.1080/00963402.2021.1885869. 
15 “The Presidential Nuclear Initiatives (PNIs) on Tactical Nuclear Weapons at a Glance,” Arms Control Association.

https://www.armscontrol.org/factsheets/pniglance


declaration to withdraw tactical nuclear weapons from Europe followed by a codification of the 
PNIs, data exchanges, and establishment of a formal verification regime, leading ultimately to the 
dismantlement of tactical nuclear weapons.16 Matthew Bunn also believes the PNIs could be a useful 
model for future tactical nuclear weapons initiatives between the United States and Russia and 
suggested in 1998 that the United States pursue another round of “fast, informal, reciprocal reduction 
initiatives” aimed to address all unregulated warheads.17 

But in June 2005, Russia conditioned future talks on tactical nuclear weapons on the withdrawal of U.S. 
nuclear forces from Europe. As it stands, Moscow will not formally negotiate with Washington on tactical 
nuclear weapons until there is a shift to U.S. force posturing in Europe. The United States will not do away 
with forward-deployed nuclear forces in Europe without extensive consultation with NATO allies. 

THE NATO QUESTION 
Currently, five NATO countries—Belgium, Germany, Italy, the Netherlands, and Turkey—host U.S. tactical 
nuclear weapons as part of NATO’s extended nuclear deterrence mission. Approximately 150 U.S. 
tactical gravity B-61 bombs are deployed across those five states.18 The B61 has a variable yield, 
meaning that it can be dialed to deliver a blast anywhere from 0.3 to 340 kilotons, and it is delivered 
via high-speed aircraft.19 The B61-12 is the newest variant of the B61 family and will have four 
yield options: 0.3 kilotons, 1.5 kilotons, 10 kilotons, and 50 kilotons.20 The B61-12 is expected to be 
completed in 2022 and deployed in Europe in 2024 and is expected to replace all other B61 variants.21 

Several substantive proposals have been made for a withdrawal of U.S. nuclear forces from Europe, 
but doing so would pose a series of questions about the implications for U.S. extended nuclear 
deterrence. A 1997 study by the Committee on International Security and Arms Control of the 
National Academy of Sciences concluded that while U.S. tactical nuclear weapons were no longer 
needed in Europe, they should only be withdrawn after extensive high-level NATO talks.22 William 
Potter and Nikolai Sokov further made the case for withdrawal.23 Political factions in Germany, 
Belgium, and the Netherlands have all duly argued for a reduction of U.S. forces.24 However, their 
governments maintain support for nuclear sharing, and for now, the United States appears unwilling 
to amend its force posturing in Europe.  

The issue is not entirely moot. A tactical nuclear weapons agreement that affects U.S. forward-
deployed weapons in Europe could facilitate a reduction, rather than elimination, of those weapons 
in Europe, which may satisfy Russia’s demands. The permanent withdrawal of U.S. tactical nuclear 
weapons from Europe could also serve as a later step to a near-term agreement, though such a 
measure could prove controversial for many European NATO allies.  

16 George Lewis and Andrea Gabbitas, What Should Be Done About Tactical Nuclear Weapons? (Washington, DC: The Atlantic 
Council, 1999): 10, https://www.files.ethz.ch/isn/44622/1999_03_What_Should_Be_Done_About_Tactical_Nuclear_Weap-
ons.pdf.  

17 Ibid., 11.
18 David Kramer, “The US doesn’t need new low-yield nuclear weapons,” Physics Today, June 27, 2019,  https://physicstoday.

scitation.org/do/10.1063/PT.6.3.20190627a/full/. 
19 “B61 nuclear bomb,” Wikia, https://military.wikia.org/wiki/B61_nuclear_bomb. 
20 “B61-12 Nuclear Bomb,” Projects, Airforce Technology, https://www.airforce-technology.com/projects/b61-12-nuclear-

bomb/. 
21 “Nuclear Disarmament NATO,” Nuclear Threat Initiative, last modified June 28, 2019, https://www.nti.org/analysis/articles/

nato-nuclear-disarmament/. 
22 Lewis and Gabbitas, What Should Be Done About Tactical Nuclear Weapons, 9–10.
23 Ibid., 11. 
24 Tom Sauer, “U.S. Tactical Nuclear Weapons: A European Perspective,” Bulletin of the Atomic Scientists 66, no. 5 (2010): 66, 

doi:10.1177/0096340210381338.  
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In the interim, to build Russian confidence in engaging on matters related to tactical nuclear 
weapons, the United States could consider proposing unilateral U.S./NATO gestures tailored to 
address some of Russia’s concerns regarding the staging and storage of U.S. forward-deployed 
weapons in Europe and the NATO nuclear mission. For instance, U.S. and European military officials 
could invite their Russian counterparts to visit facilities on NATO bases to increase transparency 
surrounding the storage of U.S. nuclear weapons in Europe.25  

TOWARD A LOW-YIELD WARHEAD LIMITING AGREEMENT
Low-yield warhead limitations are not a new concept. In 1997, Stephen Lambert and David Miller 
proposed limitations to another class of tactical weapons: the warheads paired with aircraft.26 The 
authors posited that an air-delivered tactical nuclear weapons elimination regime could bolster 
European security by negating the potential for a tactical nuclear weapon strike using air-based 
delivery vehicles, which they assessed to pose the most sophisticated offensive capability and 
greatest strategic risk. Under their regime, which would create a global ban on air-delivered nuclear 
weapons, bombers would be converted for strictly conventional use.27 Their proposal faced obvious 
impediments, namely that it called to eliminate a leg of each country’s triad, raising questions about 
deterrence and that the deployment of heavy bombers was codified at the time by START I and START 
II. Their proposal also faced the challenge of asymmetry, given the marked difference in size between 
the U.S. and Russian tactical nuclear weapons arsenals. 

An equal ceiling model—one that restricts each country’s arsenal to a set number of defined weapons 
systems or warheads (or eliminates them)—may appear equitable but would require more extreme 
reductions to Russia’s stockpile than to the U.S. stockpile, thereby potentially impeding the chances 
of Russian consent to such an agreement.28 A handful of scholars have proffered that a future arms 
control agreement between the United States and Russia should cover all warheads, including those 
in storage or deployed with non-strategic delivery vehicles, expanding upon Lambert and Miller’s 
proposal and allowing both sides to dictate the breakdown of their arsenals below a certain, agreed-
upon cap.29 The Obama and Trump administrations each reportedly considered such an arrangement.30 

Steven Pifer, for instance, made the case in 2010 for a New START follow-on agreement that focuses 
on warhead reductions, due principally to the fact that most tactical delivery systems are dual-use 
and tasked primarily with conventional missions, meaning the United States and Russia would be 
unlikely to agree to reductions targeting those systems.31 Before that, the U.S. Congress passed an 
amendment to the 1994 National Defense Authorization Act (P.L. 103-160) that banned research and 
development on low-yield nuclear weapons. The Spratt-Furse amendment, known formally as the 
Precision Low-Yield Weapon Design ban, mandated that “it shall be the policy of the United States 

25 Rose Gottemoeller (former U.S. undersecretary of state for Arms Control and International Security) in discussion with the 
author, May 2021.  

26 Lewis and Gabbitas, What Should Be Done About Tactical Nuclear Weapons, 11. 
27  Stephen P. Lambert and David A. Miller, “Russia’s Crumbling Tactical Nuclear Weapons Complex: An Opportunity for 

Arms Control,” Institute for National Security Studies, Occasional Paper 12 (April 1997): X, https://apps.dtic.mil/sti/pdfs/
ADA365517.pdf.   

28 Amy F. Woolf, Nonstrategic Nuclear Weapons, CRS Report No. RL32572 (Washington, DC: Congressional Research Service, 
2021), https://sgp.fas.org/crs/nuke/RL32572.pdf.   

29 Ibid., 41. 
30 Ibid., 41.  
31 Steven Pifer, The Next Round: The United States and Nuclear Arms Reductions after New START (Washington, DC: Brookings 

Institution, November 2010), 23, https://www.brookings.edu/articles/the-next-round-the-united-states-and-nuclear-arms-
reductions-after-new-start/. 
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not to conduct research and development which could lead to the production by the United States of 
a new low-yield nuclear weapon, including a precision low-yield warhead.” By their definition, a low-
yield nuclear warhead had an explosive yield of fewer than 5 kilotons.32 

Pifer proposed a new regime under which most, if not all, tactical and non-deployed strategic 
warheads are consolidated at declared central storage sites and placed under monitoring. An eventual 
treaty limiting all U.S. and Russian nuclear warheads could call on Washington and Moscow to 
declare the number and location of each storage site, and inspections could then be carried out.33 But 
warhead-specific constraints pose the added and complex challenge of verification—specifically the 
question of how to verify warhead dismantlement without sacrificing sensitive technical information. 

TOWARD TRANSPARENCY
DATA EXCHANGES
As a first step toward greater transparency, the United States and Russia could consider exchanging 
data on retired and dismantled tactical nuclear warheads, including information on the number of 
warheads falling under those two categories. For this initial exchange, tactical nuclear warheads 
could be defined as those otherwise not constrained (or previously constrained) by strategic arms 
control agreements. 

Kingston Reif proposed data exchanges on all retired and dismantled warheads in 2012 as an 
achievable first step toward future exchanges on offensive forces.34 Indeed, exchanges of information 
on inactive warheads—specifically on tactical warheads—could help to increase awareness by both 
sides on the size of the others’ tactical nuclear weapons stockpile. Omitting delivery vehicles entirely 
from this effort is likely to gain greater support by both the United States and Russia, who glean 
strategic and conventional utility from short- and intermediate-range missiles.

Informal data exchanges could serve as an important confidence-building measure and could 
support more substantive negotiations toward an agreement on low-yield warhead reductions. 
Precedent for informal agreements of this type—most notably the PNIs—points toward the political 
feasibility of this preliminary step.  On a more cynical note, if the United States and Russia are not 
willing to honestly engage in a bilateral data exchange on retired and dismantled nuclear warheads, 
it is unlikely that they would ever pursue an agreement that requires exchanging information on 
deployed warheads or active warheads in storage. 

Transparency on retired and dismantled tactical nuclear warheads could pave way for discussions on 
formally limiting or eliminating low-yield warheads in the U.S. and Russian arsenals. A formal agreement 
would require establishing consensus on the yield which qualifies a tactical warhead as “low-yield,” given 
that certain tactical nuclear warheads are earmarked so because they are paired with “nonstrategic” 
delivery vehicles but may have yields akin to those paired with “strategic” delivery vehicles. 

Current estimates posit that while the United States has about 230 tactical nuclear weapons, Russia 
has about 2,000. However, it is unclear how many of the warheads in each country’s stockpile are 
considered low-yield and what disparity exists between U.S. and Russian low-yield systems. A 

32 Amy F. Woolf, “New Nuclear Warheads: Legislative Provisions,” Congressional Research Service, February 5, 2018, https://
sgp.fas.org/crs/nuke/IN10854.pdf.    

33 Pifer, “The Next Round,” 25.   
34 James M. Acton, Beyond Treaties: Immediate Steps to Reduce Nuclear Dangers (Washington, DC: Carnegie Endowment for 

International Peace, 2012), 4, https://carnegieendowment.org/files/beyond_treaties.pdf. 
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bilateral data exchange on the number of warheads below a certain benchmark—20 kilotons, for 
example—in each country’s arsenal could pave the way for more productive discussions.

Strategic stability talks between Washington and Moscow could provide a platform for more focused 
dialogue toward this end, and in the meantime, the United States and Russia could continue to build 
confidence through regular data exchanges on retired and dismantled warheads. 

In the long term, the United States and Russia will need to contend with a series of questions that 
will shape a more formal agreement limiting or eliminating low-yield warheads, including those on 
stockpile limits, yield, and verification. This paper does not seek to definitively prescribe answers to 
these key questions but rather aims to outline a roadmap and a series of suggestions that may inform 
future thinking on the matter.

TO LIMIT OR ELIMINATE?
The United States and Russia will first need to agree upon the scope of an agreement. There are 
arguments to be made for eliminating all warheads below a certain, agreed-upon yield, but the 
case may also be made for allowing the United States and Russia to retain a set number of these 
warheads in storage, for future deployment. Eliminating low-yield warheads altogether would raise 
the threshold for nuclear use and stave off a new arms race and would be easier to verify. But on 
the contrary, permitting Washington and Moscow to retain a small stockpile could deter cheating in 
times of political and strategic uncertainty, ultimately likening the resultant agreement’s chances 
for survival. To account for the retained low-yield warheads, a new agreement could adopt wording 
similar to the U.S. commitment under the PNIs, whereby Washington pledged to end deployments of 
certain tactical nuclear weapons but reserved the right to redeploy them in times of crisis.  

A limitation, rather than elimination, agreement is also more politically feasible, provided that states are 
able to agree upon an acceptable low-yield warhead stockpile cap. However, Russia’s tactical nuclear 
weapons stockpile is larger than that of the United States, and while the discrepancy between each 
country’s low-yield warhead stockpile is not known, staunch asymmetry may impede progress toward a 
capped limitation agreement if Russia feels it is required to concede more than the United States to meet 
the provisions of the resultant treaty. Moscow could ask for additional concessions from Washington, likely 
targeting NATO deployments or missile defense capabilities, thereby complicating negotiations. 

Therefore, it is important that the United States and Russia establish a precedent for data exchanges 
on tactical nuclear weapons early on—transparency breeds trust, and information sharing on retired 
and destroyed warheads could lead to future sharing on the number of active deployed warheads or 
those in storage that are pursuant to a low-yield warhead agreement. 

ON YIELD
Low-yield warheads are destabilizing for two primary reasons: their precision accuracy and the 
influence that accuracy may have on a war planner’s decision to launch a tactical nuclear weapon. A 
highly accurate and low-yield weapon could be employed in a crisis where nuclear weapons would 
otherwise be considered off the table if military officials deduce that a nuclear exchange—and its 
destructive fallout—could be limited in scale. But the outcome of any conflict is largely unpredictable 
once the nuclear threshold has been crossed. Shrinking the number of warheads below a certain 
yield in the U.S. and Russian arsenals would dramatically reduce the likelihood of nuclear escalation 
by minimizing the potential for limited nuclear war. 



Yet limitations based on yield pose an immense challenge: warheads of the same blast yield may 
be composed of variant amounts of fissile material, depending on their efficiency—and efficiency 
calculations are highly sensitive. Limiting warheads by the mass of fissile material would be easier 
to verify but would require a more complex bilateral technical process to ensure that verification 
methods are agreed upon by both parties and do not inadvertently reveal sensitive information 
about warhead design.  

As one option, after exchanging data on the number of low-yield warheads in their stockpiles, 
Washington and Moscow could decide upon a yield limit, and absent verification that the other is 
complying with that specific metric, they could undertake efforts to shrink their stockpiles of low-
yield warheads to fall within those agreed-upon parameters. Bilateral CBMs and monitoring measures 
could verify the storage and dismantlement of nuclear warheads, and officials from the United States 
and Russia could presume that the other is acting in good faith and sending applicable warheads for 
dismantlement—though current political circumstances may nullify the feasibility of this option. 

As an alternative, more technical option, Washington and Moscow could engage in bilateral 
consultative technical talks on the efficiencies of their warheads below a certain yield, aimed to 
increase transparency on the amount of fissile material used in warheads below their jointly agreed-
upon limit. If both states agree to exchange and verify the upper limit of that range, technical experts 
from the United States and Russia could work together to perfect a verification system aimed to 
verify the fissile material mass of a warhead without compromising sensitive information (see below). 

Negotiators will also have to contend with the challenge of “dial a yield,” or variable yield warheads, 
which could be programmed to deliver a blast with a yield prohibited under any resultant agreement. 
The United States and Russia could consider a political commitment pledging to not dial these 
weapons down below the agreed-upon yield. Doing so would also negate the possibility that either 
country could count a dialed-down variable yield warhead as one of its retained low-yield warheads.

PRODUCTION FREEZE
After establishing a yield limit and as a signal of political will, the United States and Russia could 
pledge an immediate bilateral freeze on the production of low-yield warheads, per their agreed-upon 
definition. As a next step, Washington and Moscow could consider legally codifying that pledge. Given 
precedent for U.S. legislation on the matter, Congress could adopt legislation that codifies an explicit 
commitment to not develop or produce additional low-yield warheads, and a unilateral but reciprocal 
measure by the Russian Federal Assembly could follow.  

TECHNICAL TALKS 
Perfection of zero- or limited-knowledge verification methods that can determine the presence or 
absence of a specific nuclear warhead will require serious investment by the United States, Russia, 
and possibly by other nuclear-armed states. As the United States and Russia reach consensus on a 
yield limit and the means of measuring that limit, it is important that they embark upon technical 
talks aimed to build bilateral confidence and develop a mutually trusted verification regime. 

ON VERIFICATION 
The challenge of verifying compliance with a low-yield warhead limiting agreement is considerable 
and necessitates robust technical verification to ensure that most or all warheads with a yield lesser 
than an agreed-upon kiloton yield are dismantled and destroyed. Establishing a mutually supported 
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verification regime will undoubtedly pose the greatest hurdle toward reaching a more formal 
arrangement between the United States and Russia on their tactical nuclear weapons stockpiles. The 
verification regime will also likely require a combination of formal processes and informal, unverified 
CBM commitments. 

CONSOLIDATION INTO CENTRAL STORAGE LOCATIONS 
Several scholars have proffered ideas for the consolidation of all applicable warheads into 
centralized, national storage locations, where verification inspections could eventually be carried 
out.35 As a next step after data exchanges on retired and dismantled tactical warheads, and as a first 
step after formally agreeing to yield limits and freezing production, the United States and Russia 
could consider moving all applicable low-yield warheads, including those deployed at the time, 
into central storage facilities. Like under the INF treaty, inspection teams from the United States 
and Russia could be invited to those designated storage facilities to survey inventory and conduct 
baseline inspections. 

Applicable U.S. nuclear weapons based in Europe could be consolidated into national storage 
locations in their respective territories and subjected to the same monitoring and verification 
protocols (outlined below.)

Pifer, in June 2021, proposed that tactical warheads be stored at declared facilities located at 
some distance from the facilities basing tactical nuclear weapons delivery systems. Adapting to 
this schema, the United States and Russia could consider ensuring that utilized storage locations 
are a minimum prescribed distance from their delivery vehicles, which would further contribute to 
escalation management by slowing the process of mating retained low-yield warheads with their 
delivery vehicles in times of crisis.36 

While an agreement to consolidate certain warheads would be difficult to formally verify, today’s 
increasingly ubiquitous verification measures—including advanced satellite imagery and other 
national technical means—could support U.S. and Russian confidence that the other is adhering to it.37

CONTAINER COUNTING
To verify the number of warheads in storage awaiting dismantlement, the United States and Russia 
could consider periodic, ad hoc on-site inspections into those facilities. Allowing inspectors to visit 
storage facilities that house warheads already earmarked for dismantlement would not appreciably 
affect nuclear deterrence or war-making capabilities and would support bilateral transparency 
measures. U.S. and Russian inspectors could count individual storage containers and, based on validated 
data provided by the other on the number of warheads per container, could verify the approximate total 
number of warheads at that facility.38 A set number of warheads could be kept in a separate, declared 
storage facility and retained for possible deployment or redeployment in times of crisis. 

35 See Pifer, “The Next Round,” 25; Lewis and Gabbitas, “What Should Be Done about Tactical Nuclear Weapons,” 11; and 
James M. Acton, Thomas Macdonald, and Pranay Vaddi, Revamping Nuclear Arms Control: Five Near-Term Proposals (Washing-
ton, DC: Carnegie Endowment for International Peace, 2020), 9, https://carnegieendowment.org/2020/12/14/revamping-
nuclear-arms-control-five-near-term-proposals-pub-83429.   

36 Steven Pifer, “The Art of Negotiating Non-Strategic Nuclear Weapons,” The National Interest, June 4, 2021, https://nation-
alinterest.org/feature/art-negotiating-non-strategic-nuclear-weapons-186848. 

37 Gottemoeller in discussion with the author, May 2021. 
38 Gregory Thielmann (former director of the Strategic, Proliferation and Military Affairs Office in the Department of State’s 

Bureau of Intelligence and Research) in discussion with the author, June 2021.  
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This proposal requires an element of immense trust and transparency between the United States and 
Russia as it will be impossible to otherwise verify that each state retains only the prescribed number 
of low-yield warheads for potential deployment. Washington and Moscow will have some idea of 
the size of the other’s stockpile based on their preliminary data exchange and a second exchange of 
data accompanying warhead storage consolidation, but it is impossible to fully verify the accuracy 
of those exchanges. Nevertheless, data exchanges will play an important role in any future efforts 
by Washington and Moscow to constrain uncontrolled warheads. As warhead destruction begins, the 
United States and Russia could further consider regular exchanges on data regarding retained low-
yield warheads and their deployment status. 

WARHEAD DESTRUCTION VERIFICATION
The United States and Russia, tasked with dismantling their respective low-yield warhead stockpiles, 
could do so in designated and declared warhead destruction facilities. Portal monitors outside of 
those facilities could be configured with a single-channel radiation survey meter to verify the mere 
presence of radioactive isotopes entering the facility and the absence of those isotopes leaving the 
facility.39 The United States and Russia might also consider more technically sophisticated nuclear 
verification practices. 

THE BLACK SEA EXPERIMENT AND RADIATION DETECTORS 
There is precedent for the use of radiation detectors as a method of nuclear verification. In 1989, the 
United States and Soviet Union jointly conducted seven experiments aimed to investigate the utility 
of radiation detectors to detect the presence or absence of nuclear warheads on naval vessels. One 
of those experiments showed particular promise for future zero-knowledge warhead verification 
methods; a team of U.S. scientists succeeded in measuring gamma rays from Soviet warheads using 
a portable germanium gamma spectrometer.40 While the U.S. scientists were privy to the warhead’s 
design ahead of the experiment, a dedicated attempt to develop and refine this method could 
ultimately yield a process that verifies fissile material without revealing any sensitive information 
about the warhead.  

Certainly, further research and joint technical cooperation would be necessary to build upon the 
findings of the 1989 Black Sea experiment. U.S. scientists deduced that at the time the germanium 
gamma spectrometer experiment was conducted, “it [was] apparent that one must be fairly close to 
the launch tube to be certain of detecting fissile materials,” which could complicate the technique’s 
effectiveness in detecting warheads leaving or entering a facility from a distance, for example. The U.S. 
scientists also noted the possibility for warhead shielding and concealment. However, their important 
findings support the notion that radiation survey meters could indeed be used to verify the presence 
or absence of fissile material, thus supporting future warhead detection initiatives, and the precedent 
of U.S.-Soviet cooperation during the experiment could support future joint technical endeavors. 

Such an arrangement necessitates that Washington and Moscow cooperate on technical matters 
to develop a radiation survey meter that does not reveal sensitive measurements or the internal 
geometry of a nuclear warhead. The germanium gamma spectrometer used in the Black Sea 

39 Christopher E. Paine, Thomas B. Cochran, and Robert S. Norris, Techniques and Procedures for Verifying Nuclear Weapons 
Elimination (New York, NY: Natural Resources Defense Council, 1996), 9, https://fas.org/nuke/norris/nuc_01049601a_158.
pdf. 

40 Thomas B. Cochran, “The Black Sea Experiment,” (presentation at From Reykjavik to New START: Science Diplomacy for 
Nuclear Security in the 21st Century, Washington, DC, January 19, 2011). 

Julia Masterson  |  155

https://fas.org/nuke/norris/nuc_01049601a_158.pdf
https://fas.org/nuke/norris/nuc_01049601a_158.pdf


156  |  On the Horizon: A Collection of Papers from the Next Generation of Nuclear Professionals

experiment could denote an understanding of the ratio of one type of fissile material relative to 
another, which Washington or Moscow could reject for the possibility that such a technique reveals 
indications of warhead design. Rather, through robust technical engagement, the United States 
and Russia could develop a unique radiation survey meter that detects the mere presence of fissile 
material in order to verify destruction activities at a warhead dismantlement facility. 

NUCLEAR WARHEAD TEMPLATING
A more complex verification regime could utilize the practice of templating, whereby the host country 
(the United States or Russia) creates a template model of an authenticated low-yield warhead and 
the inspecting country compares inspected warheads against that template to ensure that warheads 
sent for dismantlement are authentic and not decoys. A team of physicists at the Massachusetts 
Institute of Technology investigated the possibility of measuring isotopic-specific nuclear resonance 
phenomena based on these templates to authenticate the fissile components of a nuclear warhead.41 

According to their findings, inspectors would “at most gain knowledge of an upper limit on the total 
amount of mass.” Should the United States and Russia pursue a more complex method of verifying 
that warheads below a certain yield are sent for dismantlement, they could exchange the upper 
limit of fissile material compositions of warheads pursuant to the agreement (e.g., 4 kilograms of 
Plutoniumn-239), along with a “golden copy” template model of each class of authenticated low-yield 
warheads. A template verification regime could be used to verify that the mass of fissile material 
inside those warheads sent for dismantlement matches the golden copy and does not exceed the 
upper limit of the fissile material mass range. 

But, as one of the authors of that MIT paper noted during a 2021 seminar, authenticating a golden 
copy template of a low-yield warhead would prove difficult, given that most U.S. and Russian tactical 
warheads are not subject to preestablished verification regimes.42 While a template of a strategic nuclear 
warhead could be authenticated through comparison to a randomly selected warhead paired with 
an intercontinental ballistic missile (ICBM) and subject to New START inspections, there is no similar 
circumstance through which a low-yield warhead template could be inspected and authenticated. 

A template model approach to verifying a low-yield warhead agreement will require the 
establishment of a process to authenticate the golden copy templates. Although the technology best 
suited to verify such an agreement may not yet exist, the templating model offers a useful baseline 
for further research. For example, if the United States or Russia deems the method of nuclear 
templating (or its authentication) to be too intrusive, which is possible, additional, bilateral research 
could be conducted to further amend the technology to meet both countries’ concerns. 

DATA EXCHANGES
The United States and Russia could also consider regular data exchanges on the status of warhead 
destruction. A numerical declaration that details warheads in storage awaiting dismantlement, 
warheads being dismantled, and dismantled warheads could be exchanged between the United 
States and Russia on an annual basis. Teams from each country leading ad hoc inspections into 
the other’s central storage facilities to count the number of containers holding warheads awaiting 

41 Jake J. Hecla and Areg Danagoulian, “Nuclear disarmament verification via resonant phenomena,” Nature Communications 9, 
no. 1259 (2018), https://www.nature.com/articles/s41467-018-03680-4.  

42 Areg Danagoulian, “Nuclear Arms Control with Nuclear Resonances” (seminar at Belfer Center for Science and Internation-
al Affairs, Harvard Kennedy School, June 9, 2021). 

https://www.nature.com/articles/s41467-018-03680-4


dismantlement could corroborate their findings with the annual numerical declaration as an added 
verification measure. Cross comparing these annual updates with the data exchanged during 
stockpile consolidation would also increase assurance that each side retains only the prescribed 
number of active warheads.  

CHALLENGES AND CONSIDERATIONS
Even if fully implemented by both the United States and Russia, a low-yield warhead limiting 
agreement akin to the one proposed above would not entirely succeed in raising the threshold for 
nuclear use. Only a full, verified elimination of those warheads would provide that level of assurance 
but is infeasible in the short term for the host of outlined technical and political considerations. A 
phased limitation agreement could pave the way for a series of additional steps, such as enhanced 
verification measures or more descriptive data exchanges, which could ultimately breed a formal and 
fully verified low-yield warhead elimination treaty.   

The United States and Russia may be apprehensive about a partially verified agreement that relies so 
heavily on informal CBM-style arrangements. Concerns about cheating are legitimate—especially by 
Russia, given Moscow’s recent breach of the INF treaty—and the United States could view ambiguity 
surrounding the true number of Russia’s retained low-yield warheads as a costly risk. Although allowing 
both sides to retain a set number of warheads could stave off cheating in times of strategic uncertainty, 
the classic prisoner’s dilemma scenario could also incite cheating by both sides. But such a scenario 
would not render the agreement itself moot. Inspections would increase assurance of some progress 
toward dismantling low-yield warheads, and a formalized freeze on low-yield warhead production, 
especially if codified in national legislation, would help to ensure that new weapons are not added to 
the stockpile to replace those that have been dismantled in accordance with the agreement. 

Given that an agreement would likely require a combination of formal and informal arrangements, a 
low-yield warhead limiting treaty is infeasible in the near term. However, implementation of a roadmap, 
similar to that proposed in this paper, could serve as a baseline starting point for a more robust 
agreement that may eventually be suitable for formal ratification by both the United States and Russia. 

CONCLUSION
An agreement, of any kind, dedicated to reducing the number of low-yield warheads in U.S. and 
Russian nuclear weapons stockpiles is compatible with both New START and the Treaty on the Non-
Proliferation of Nuclear Weapons (NPT), as the former covers only strategic warheads and delivery 
vehicles and the latter calls upon Washington and Moscow to take meaningful steps toward nuclear 
disarmament. The United States and Russia should immediately embark upon negotiations aimed to 
limit or eliminate low-yield nuclear warheads. 
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Poltergeist of  
the Power Plant
How Antineutrinos Can Support  
the IAEA Safeguards Mission

By Austin Mullen1

INTRODUCTION: “THE GHOST PARTICLE”
The neutrino was born as a mathematical convenience; Wolfgang Pauli, a preeminent quantum 
theorist, originally postulated in 1930 the existence of a tiny uncharged particle as a way to conserve 
energy and momentum in nuclear beta decay. He called this particle the “neutron,” after its lack of 
electric charge. After James Chadwick named his own, experimentally proven neutral particle the 
“neutron,” Pauli’s particle was given a new name by Enrico Fermi: the “neutrino,” or “little neutral one.” 
Pauli’s little neutral particle, however, remained in the world of theory for many years, as its small 
mass and lack of charge made its interactions with matter extremely rare and its detection difficult. In 
principle, a neutrino could travel through lightyear-scale distances in water without ever interacting 
in a way that would be observable to a detector.2 The neutrino evaded detection by experiments 
until 1956, when Frederick Reines and Clyde Cowan, along with their team on Project Poltergeist, 
witnessed the first discovery of the “most anti-social of particles.”3 In truth, what they detected was 
an antineutrino, the neutrino’s antimatter counterpart that is emitted in beta minus decay. As the 

1 Austin Mullen is a PhD candidate at the University of California, Berkeley researching they physics of large-scale antineu-
trino detectors for nonproliferation purposes. The views expressed here are those of the author and do not necessarily 
state or reflect those of any organization with which he is affiliated.

2 Alessandro Strumia and Francesco Vissani, “Precise quasielastic neutrino/nucleon cross-section,” Physics Letters B 564, no. 
1-2 (2003): 42–54, doi:10.1016/S0370-2693(03)00616-6. The true interaction cross-section will be somewhat less than 
this value, as the antineutrino may interact through various other means with the medium, but the calculation is still 
illustrative.

3 Danny Alcazar, “Ghost particles and Project Poltergeist,” Los Alamos National Laboratory, November 5, 2020, https://www.
lanl.gov/discover/news-stories/2020/November/1105-ghost-particles.php.

https://www.lanl.gov/discover/news-stories/2020/November/1105-ghost-particles.php
https://www.lanl.gov/discover/news-stories/2020/November/1105-ghost-particles.php
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neutrino has no charge, however, there is little to distinguish between the two. Pauli’s mathematical 
convenience had now revealed itself as a real particle that was as fascinating as it was elusive.

The source of Reines and Cowan’s antineutrinos was an operating nuclear reactor at Hanford, 
Washington. Nuclear reactors produce a truly staggering quantity of antineutrinos—each fission 
that occurs in the reactor core results in around six antineutrinos being emitted from the beta 
decaying fission fragments.4 The exact number and energy of these antineutrinos are determined 
by the isotope undergoing fission, meaning, in short, that antineutrinos emitted from the fission of 
Uranium-235 look distinctly different than antineutrinos emitted from the fission of Plutonium-238.5 
These differences, however, were unobservable to Reines and Cowan’s early detector.

The tricky science of detecting the nearly undetectable has grown substantially since Project 
Poltergeist, and physicists today have demonstrated the capability to reconstruct a great deal of 
information about each antineutrino that interacts in the detector. In general, antineutrino detectors 
operate by identifying inverse beta decay events that occur in the detector volume, where a proton 
is transformed into a neutron and an antineutrino is transformed into a positron. The detectors 
are filled with either liquid scintillator or water so that the inverse beta decay produces visible 
light, either through scintillation or Cherenkov radiation emission. This light is then collected by 
photomultiplier tubes to produce an electronic signal, which can be recorded and interpreted to 
identify antineutrino interactions. The energy and direction of travel of the original antineutrino are 
both available to a sufficiently sensitive detector.6 Through the years of development of antineutrino 
detectors, one of the most reliable sources of antineutrinos has been nuclear reactors.

As nuclear reactors are used to probe the properties of antineutrinos, a natural question to ask is 
whether antineutrinos, in turn, might be used to probe the properties of a nuclear reactor, providing 
information on its power output and fissile content. One of the first practical detectors deployed that 
demonstrated the potential for this technology to be utilized for reactor monitoring was SONGS1, 
which was deployed at the San Onofre Nuclear Generating Station in California, with results first 
published in 2007.7 The technology has matured since then, with different detectors demonstrating 
notable capabilities. The Double Chooz detector, for example, deployed in France, demonstrated the 
capability of antineutrino detectors to reconstruct the direction an antineutrino was traveling before 
interacting in the detector.8 KamAMLAND and later SUPER-K demonstrated the ability of a large-
scale detector to detect and identify antineutrinos from nuclear reactors at long baseline—kilometer-
scale—distances.9 Looking forward, the NEO detector planned to be deployed by the WATCHMAN 
collaboration seeks to demonstrate reactor discovery and monitoring capabilities at a long baseline 

4 A. Bernstein et al., “Nuclear Security Applications of Antineutrino Detectors: Current Capabilities and Future Prospects,” 
Science & Global Security 18, no. 3 (2010): 127–192, doi:10.1080/08929882.2010.529785.

5 Ibid.
6 M. Apollonio et al., “Determination of neutrino incoming direction in the CHOOZ experiment and its application to 

supernova explosion location by scintillator detectors,” Physical Review D 61, no. 1 (January 2000), doi:10.1103/PhysRe-
vD.61.012001.

7 N.S. Bowden et al., “Experimental results from an antineutrino detector for cooperative monitoring of nuclear reactors,” 
Nuclear Instruments and Methods in Physics Research A 572, no. 2 (2007): 985–98, doi:10.1016/j.nima.2006.12.015.

8 Ibid. “Determination of neutrino incoming direction in the CHOOZ experiment and its application to supernova explosion 
location by scintillator detectors.”

9 F. Suekane and KamLAND Collaboration, “KamLAND,’ Progress in Particle and Nuclear Physics 57, no. 1 (2006): 106–126, 
https://tohoku.pure.elsevier.com/en/publications/kamland; and S. Fukuda et al., “The super-kamiokande detector,” Nuclear 
Instruments and Methods in Physics Research Section A: Accelerators, Spectrometers, Detectors and Associated Equipment 501, 
no. 2-3 (2003): 418–62, doi:10.1016/S0168-9002(03)00425-X.

https://tohoku.pure.elsevier.com/en/publications/kamland
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in England.10 Additionally, the SANDD detector seeks to allow for nearfield detector monitoring using 
plastic scintillators with minimal to no shielding, greatly increasing the flexibility of deploying such a 
detector.11 The trajectory of these technologies indicates that future antineutrino detectors will have 
greater capabilities at greater range and with less shielding. Combining these developments with the 
capability of antineutrino detectors to potentially monitor the plutonium production in a reactor core 
make them increasingly desirable to incorporate in a nuclear safeguards arrangement.

CURRENT TOOLS OF NUCLEAR SAFEGUARDS
On December 8, 1953, U.S. president Dwight D. Eisenhower laid out his plan for the future of nuclear 
technology in his famous “Atoms for Peace” speech.12 This speech served as the genesis of the 
International Atomic Energy Agency (IAEA), ensuring equal access of all states to the peaceful uses 
of nuclear technology while preventing the proliferation of nuclear weapons. This is a mission that 
the agency continues to carry out today through its program of international safeguards. The goal of 
safeguards is to detect and deter the diversion of special nuclear material that can be used to create 
an explosive device by any state using nuclear technology for peaceful purposes.13 These safeguards 
are applied to any facility that handles special nuclear material; of particular interest are nuclear 
reactors, where low-enrichment uranium can be transmuted into weapons-usable plutonium. One of 
the IAEA’s priorities is to ensure that any material created in a nuclear reactor is properly disposed of 
and not diverted to a covert weapons program after its residence in the reactor core.

IAEA safeguards can be generally broken into two mutually supportive categories: nuclear material 
accountancy (NMA) and containment and surveillance (C/S).14 The goal of NMA is to maintain an 
accurate and complete inventory of the nuclear material in a state and in each facility within that 
state. The nuclear material inventory provided to the IAEA by the facility operator or state is then 
compared with the actual “physical inventory” of a facility, as determined by routine inspections, 
so that any material unaccounted for (MUF) can be properly identified and reported.15 This is then 
complemented by the C/S system, which is comprised primarily of a series of cameras and seals 
known as tamper-indicating devices.16 The goal of this system is to detect—and thus deter—any 
unauthorized tampering or access to nuclear material. For example, a series of seals can be 
implemented on spent fuel rod storage to ensure that facility operators cannot access or divert any 
material from them in between inspections. During the inspection itself, then, less time needs to 
be spent by the inspector verifying the inventory of spent fuel rods, so long as the seals are intact. 
Because the rods could not have been accessed without breaking the seals, a quick inspection of the 
seals is all that is needed to confirm the fuel rod inventory.17

10 M. Askins et al., “The Physics and Nonproliferation Goals of WATCHMAN: A WATer CHerenkov Monitor for Antineutrinos,” 
arXiv, (February 2015), https://arxiv.org/abs/1502.01132. 

11 F. Sutanto et al., “SANDD: A directional antineutrino detector with segmented 6Li-doped pulse-shape-sensitive plastic 
scintillator,” Nuclear Instruments and Methods in Physics Research Section A: Accelerators, Spectrometers, Detectors and Associ-
ated Equipment 1006 (2021): 165409, doi:10.1016/j.nima.2021.165409.

12 Dwight D. Eisenhower, “Atoms for Peace” (speech at 470th Plenary Meeting of the United Nations General Assembly, De-
cember 8, 1953), IAEA, https://www.iaea.org/about/history/atoms-for-peace-speech.

13 “IAEA Safeguards Overview: Comprehensive Safeguards Agreements and Additional Protocols,” IAEA, https://www.iaea.org/
publications/factsheets/iaea-safeguards-overview. 

14  IAEA, Nuclear Material Accounting Handbook (Vienna, 2008), https://www.iaea.org/publications/7828/nuclear-material-ac-
counting-handbook. 

15 Ibid.
16 M. Zendel, “IAEA Safeguards Equipment,” International Journal of Nuclear Energy Science and Technology 4, no. 1 (2008), 

doi:10.1504/IJNEST.2008.017549.
17 IAEA, Nuclear Material Accounting Handbook.
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In order to integrate new technology such as antineutrino detection into the safeguards tool kit, 
one must first consider whether the IAEA’s safeguards mission has changed since the C/S and NMA 
and C/S systems were first implemented. On a fundamental level, the mission is much the same—to 
detect and deter the illicit diversion of nuclear material. Looking beyond this mission statement, 
however, it becomes apparent that the practicalities of implementing safeguards over nearly all of 
the world’s nuclear facilities have changed significantly, even since the early 2000s. The number of 
facilities in need of safeguards has skyrocketed, and these facilities have further increased in size 
and complexity. Take, for example, the Rokkasho Reprocessing Plant in Japan, which is set to begin 
operations in 2022 and is capable of processing up to eight tons of plutonium per year, the single 
largest safeguards project undertook by the IAEA.18 Safeguarding a great number of highly complex, 
high throughput facilities requires substantial resource investments from the IAEA. Despite these 
changes, the IAEA’s budget has remained largely stagnant.19 It is unlikely for this budget to increase 
in the near future, meaning that the future of IAEA safeguards will probably depend on allocating 
this money most efficiently to accomplish the safeguards mission. The question then becomes: how 
do these safeguards methods need to be adapted to the twenty-first century?

One of the largest regular expenses that the IAEA faces is the cost of in-person inspections and 
safeguards implementations at facilities.20 The more facilities that are brought under safeguards, the 
more in-person inspections will need to be conducted to ensure the correctness and completeness 
of the state’s declarations and the more financial strain these inspections will place on the 
agency. Conversely, if the number of required inspections can be reduced, so could their budgetary 
requirements. If an antineutrino detector can provide positive continuity of knowledge over a nuclear 
reactor core between inspections, the frequency of these inspections—and thus the costs associated 
with them—may be reduced.

Continuity of knowledge represents the ability of inspectors—and the IAEA more generally—to 
reconstruct the quantity and location of nuclear material at all times between inspections. This 
concept is vitally important for the agency to be able to verify states’ safeguards declarations, as a 
lack of continuity of knowledge could allow material to be diverted without being detected. Such 
an event occurred in 1989 when the Democratic People’s Republic of Korea (DPRK) shut down 
the 5 megawatt-electric (MWe) nuclear reactor at the Yongbyon Nuclear Complex and may have 
removed some or all of the plutonium from the reactor core.21 Without continuity of knowledge, it is 
impossible to know how much plutonium may have been removed from the reactor core during this 
time period.

The potential role antineutrino detection may have in nonproliferation and safeguards monitoring 
has already been considered to some extent.22 This scholarship, however, tends to focus more on 

18 Olli J. Heinonen, “Safeguards in action: IAEA at Rokkasho, Japan,” (lecture, June 2020), https://ec.europa.eu/jrc/sites/jrcsh/
files/jrc_20100615_safeguards_heinonen.pdf. 

19 Compare the IAEA budget in 2005 which had a total operating budget of €350.1 million (in 2021 euros), with the total 
operating budget in 2020 of €383.5 million, a growth of less than 10 percent over 15 years. Values are taken from “Regu-
lar Budget Appropriations for 2004,” IAEA, September 2003,  https://www.iaea.org/sites/default/files/gc/gc47res-2_en.pdf; 
and IAEA, The Agency’s Programme and Budget 2020–2021 (Vienna: 2019), https://www.iaea.org/sites/default/files/gc/
gc63-2.pdf. 

20 “Regular Budget Appropriations for 2004,” IAEA; and IAEA, The Agency’s Programme and Budget 2020–2021.
21 Eric Christensen, Patrick Huber, and Patrick Jaffke, “Antineutrino Reactor Safeguards: A Case Study of the DPRK 1994 Nu-

clear Crisis,” Science & Global Security 23, no. 1 (2015): 20–47, doi:10.1080/08929882.2015.996076.
22 Bernstein et al., “Nuclear Security Applications of Antineutrino Detectors”; and Askins et al., “The Physics and Nonprolifer-

ation Goals of WATCHMAN.”
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how the state of the technology could be improved rather than focusing on where the performance 
of the technology is currently. This paper seeks to better explore what is currently viable and 
well understood in antineutrino detection and how the current state of the art can be used to 
complement IAEA safeguards.

ANTINEUTRINO DETECTOR CAPABILITIES
The field of antineutrino detection is undergoing constant and fast-paced development as each 
subsequent generation of detectors seeks to provide more information from each antineutrino 
interaction, more efficiency in detecting antineutrinos, increased improvements in background noise 
rejection, and a better capability to identify antineutrinos as coming from different sources—be it a 
nuclear reactor, the sun, or radioisotopes in the earth itself. The nearfield detection of antineutrinos—
or the capability of detecting antineutrinos with a ton-scale detector at a meter-scale distance from a 
reactor core—is well established, dating back to the very first Poltergeist experiment that discovered 
the antineutrino. Since then, a number of increasingly advanced detectors, such as SONGS1, Nucifer, 
and Prospect, have been deployed at nuclear reactors around the globe and have demonstrated 
their ability to provide information about the reactor operations.23 The most important of these 
capabilities are presented here.

Antineutrino detectors are capable of monitoring the thermal power output of a nuclear reactor and 
can even maintain this capability at some distance from the reactor itself.24 Such a measurement is 
relatively straightforward and intuitive, as it merely relies on the measurement of the total number of 
antineutrinos that are emitted by the reactor and detected by the detector. This is a useful capability 
because, at its most basic, it allows a constant record of the on-off status of the reactor core and allows 
the detection of unannounced shutdowns that could be used to remove plutonium-rich fuel from the 
core. Monitoring the reactor power also allows one to determine the overall plutonium production rate 
of the reactor core, though this need is obviated with a somewhat more sophisticated detector.

An antineutrino detector can also provide real-time monitoring information on the fissile content 
of a reactor core.25 By measuring the energy spectrum of antineutrinos emitted from the core, the 
isotopes currently undergoing fission can be determined. This would allow the detector to provide 
some information on the current burnup of the fuel—or how much exposure it has had in the reactor 
core—thus providing an accurate estimate of the actual plutonium content of the reactor. This 
would be extremely useful information to be available in near real-time to support the IAEA’s NMA 
program. Such a detector would be able to, for example, determine whether any fuel was removed 
and replaced with fresh fuel after a reactor shutdown and even return information on how much fuel 
may have been removed as well as the plutonium content of that fuel. Such information could be 
provided without physical access to the facility by inspectors at the time of measurement.

A final notable capability of an antineutrino detector is that they would be incredibly difficult to “fool” 
by either shielding them from the reactor core or spoofing a signal with some other source. First, due 

23 Bowden et al., “Experimental results from an antineutrino detector”; G. Boireau et al., “Online monitoring of the Osiris 
reactor with the Nucifer neutrino detector,” Physical Review D 93, no. 11 (2016): 112006, doi:10.1103/PhysRevD.93.112006; 
and J. Ashenfelter et al., “The PROSPECT reactor antineutrino experiment,” Nuclear Instruments and Methods in Physics 
Research Section A: Accelerators, Spectrometers, Detectors and Associated Equipment 922 (2019): 287–309, doi:10.1016/j.
nima.2018.12.079.

24 A. Bernstein et al. “Monitoring the thermal power of nuclear reactors with a prototype cubic meter antineutrino detector,” 
Journal of Applied Physics 103, no. 7 (2008): 0764905, doi:10.1063/1.2899178.

25 Bowden et al., “Experimental results from an antineutrino detector.”



to their great aversion to interactions in matter, antineutrinos simply cannot be shielded. Attempting 
to prevent antineutrinos from a nuclear reactor from reaching the detector is entirely impossible. 
Second, antineutrino detectors rely on accurately discriminating a true antineutrino interaction from 
background events, and as such, the techniques for background rejection are well developed. This 
would make it nearly impossible for a malicious actor to use a radioactive source in an attempt to 
create false-antineutrino interactions in a detector. Creating a second source of antineutrinos to mask 
an outage of the reactor under monitoring is equally infeasible. There is no source besides a second, 
clandestine nuclear reactor or a large-scale particle accelerator that can create the large number of 
antineutrinos that would be required to mask a reactor outage. Of these, antineutrinos originating 
from an accelerator would be identifiable as a false signal, as their energy spectra will differ greatly 
from that of a reactor. The risk of a malicious actor successfully hiding a reactor or its outage with 
any form of spoofing is negligible.

LIMITATIONS ON ANTINEUTRINO DETECTOR DEPLOYMENTS
The desirable capabilities provided by antineutrino detection raise the question of why this 
technology has not yet been incorporated into the safeguards arsenal. The answer to this question 
has several different aspects: limitations in the understanding of the technology, concerns about 
confidentiality, requirements for detector data integrity, and budgetary and safety constraints. It is 
useful now to consider each of these barriers in detail.

Antineutrino detection is still a very novel technology, only being considered for safeguards 
applications in the last two decades. This novelty, from the viewpoint of the IAEA, is not a benefit 
of the technology, but a drawback. Capabilities to be used as part of a safeguards regime must 
be well proven, well understood, and easily operated, and their results must be interpretable by 
inspectors or operators who are not experts in the technology; otherwise, the risk of false readings or 
misinterpreted results is far too great.  

Confidentiality is a second—and interrelated—concern for the technology. As previously discussed, 
antineutrinos simply cannot be shielded. While this is certainly a benefit of the technology, allowing 
monitoring of nuclear reactors some distance away from the detector, it may also be perceived as a 
serious drawback to the host state and other nearby states. First, an antineutrino detector nominally 
designed for and deployed at one nuclear facility may be able to inadvertently gather information 
from other nearby facilities. While it is highly doubtful that a real antineutrino detector will have this 
kind of sensitivity (at least not a small-scale detector designed for near-field monitoring of a reactor), 
the general novelty of the technology will likely cast doubts on the exact capabilities of the detector 
and may cause the host state to cautiously overestimate the detector’s range and capabilities. This 
concern would also become more acute when considering larger detectors designed to monitor 
nuclear reactors at greater distances. Concerns over confidentiality may be especially deleterious 
for nuclear weapons states who engage in voluntary safeguards agreements, where an antineutrino 
detector deployed at a civilian nuclear facility may be able to gather information on a military 
facility located nearby. This would also worry any state with, for example, a nuclear naval propulsion 
program, where again antineutrinos may lend inspectors—and thus potentially the international 
community—insight into highly sensitive national security programs in the host state.

A second aspect of the confidentiality concern is that a sufficiently large or sophisticated detector 
may be able to monitor reactors and facilities across national borders. In this scenario, an 
antineutrino detector deployed inside State A would be able to gather information on facilities 
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located within State B without State B’s knowledge or consent. This would understandably be 
a legitimate espionage risk to State B and could compromise vital national security priorities. 
This would particularly worry states with extremely constrained national security situations and 
adversarial relationships with nearby states. The dyads of India and Pakistan, North and South Korea, 
and the People’s Republic of China and Taiwan would all be examples where this concern might be 
particularly valid.

A final aspect of confidentiality that may serve as a barrier to antineutrino detector deployment is 
whether an antineutrino detector would be able to identify nearby nuclear-powered naval vessels. 
Such a capability, it should be clearly stated, has never been demonstrated, but also cannot be 
completely dismissed.26 If a nuclear-powered naval vessel remained in proximity of an antineutrino 
detector for a sufficient length of time, the detector may be able to identify the presence of the 
vessel. This would be of particular concern for antineutrino detectors located near the coast or 
especially those located near a naval base. This would also not only be a concern for the host state 
but may be concerning for third-party states who operate naval vessels near the host state’s territory. 
An example of this may again be Taiwan, where a deployed antineutrino detector may compromise 
Chinese and United States naval operations in the region.

Data integrity is another concern that may serve as a barrier to the deployment of antineutrino 
detectors in safeguards agreements. This concern is not unique to antineutrino detection but must be 
managed for all safeguards technologies. Because antineutrino detectors would be deployed and left 
to operate without inspector oversight, concerns about detector tampering to give false results would 
be of particular concern. Before the technology can be utilized, it must be demonstrated that the 
detector itself and its data acquisition system cannot be tampered with. On the first point, detectors 
will need to be designed so that deliberate “light leaks” (allowing background light to enter the 
detector and create errant electrical signals) cannot be introduced by the host state to purposefully 
degrade detector performance. Additionally, fast neutrons serve as a major source of background 
noise to antineutrino detection—therefore, the ability of a host state to deploy a fast neutron 
source near the detector to introduce false signals, or greatly elevate background rates, should be 
considered. While such a radiation source is highly unlikely to “fool” the detector, the increase in 
background noise may still prove highly detrimental to the detector’s ability to monitor the reactor. 
Tampering with the data acquisition system electronics will also be a concern, but this is a better-
understood threat to detector integrity.27

The final barrier to antineutrino detection being utilized for safeguards is the large cost of an 
antineutrino detector, along with the costs of safely maintaining the detector’s operations. Medium- 
and large-scale antineutrino detectors will likely remain entirely out of the budget of the IAEA. These 
detectors cost on the order of tens of millions of U.S. dollars, while the IAEA 2019 capital investment 
budget was less than $10 million.28 As one of the major benefits of antineutrino detection is 
reducing the financial burden of frequent in-person inspections, such a major investment may prove 

26 Scholarship on this particular topic is sparse, but P. Panigrahi and Utpal Sarkar, “Neutrino Radar,” arXiv (2002) does broach 
the topic subject in broad terms.

27 Zendel, “IAEA Safeguards Equipment.”
28 “Rules and Procedures: The IAEA Programme and Budget Formulation and Approval Process,” IAEA, March 2018, https://

www.iaea.org/sites/default/files/18/09/iaea_program-and-budget-formulation-and-approval-process.pdf. For the esti-
mated cost of a large-scale detector, consider the cost of the KAMLAND detector (~$28.6 million) from Department of 
Energy National Science Foundation, Report on the Scientific Assessment Group for Experiments in Non-Accelerator Physics 
(Washington DC, 1999), https://science.osti.gov/-/media/hep/pdf/files/pdfs/sagenap_99.pdf. 

https://www.iaea.org/sites/default/files/18/09/iaea_program-and-budget-formulation-and-approval-process.pdf
https://www.iaea.org/sites/default/files/18/09/iaea_program-and-budget-formulation-and-approval-process.pdf
https://science.osti.gov/-/media/hep/pdf/files/pdfs/sagenap_99.pdf


counterproductive. Smaller-scale detectors, however, can be deployed for costs up to $500,000.29 
While this is still a substantial investment, it is much more achievable within IAEA budgets, especially 
if the host state or third parties provide additional, voluntary financial support. It should also be 
noted here that a reduction in the number of in-person inspections afforded by an antineutrino 
detector does have drawbacks itself, as the personal relationships formed between the inspectors 
and the facility operators is an additional and uniquely human benefit of more frequent in-person 
inspections. The budgetary constraints currently faced by the organization, however, may nonetheless 
necessitate this reduction.

Alongside the upfront capital cost incurred by antineutrino detectors, they will necessarily require 
some amount of maintenance costs and financial resources dedicated to maintaining the safety 
of the detector system. Antineutrino detectors can theoretically be made to last for a very long 
period of time without requiring maintenance; however, in reality, such a detector will require 
occasional service to ensure that the electronics remain in working order and the integrity of the 
detector container is not compromised. So long as the timescale of this required and preventative 
maintenance can be matched up with the time scale of traditional in-person inspections, this 
would not require any additional site visits or access by the IAEA, as the maintenance team could 
accompany the facility inspector during their visit. If, however, maintenance must be done on a more 
frequent basis, the increased burden of access caused by service visits may begin to eliminate the 
financial benefits that antineutrino detectors can provide.

There also exists a need to balance the safety, cost, and capabilities of an antineutrino detector. Many 
near-field detector experiments use liquid scintillator as their active volume.30 Such a fill is attractive 
from the standpoint of capabilities as it provides the best energy resolution possible, but liquid 
scintillator is often flammable and toxic and thus concerns about including it in close proximity to 
a nuclear reactor core are warranted, particularly if the detector was to remain unmanned for a long 
period of time. Additional costs may be imposed in order to render such a detector safe over its lifetime.

OVERCOMING CHALLENGES TO IMPLEMENTATION
The implementation of nearfield antineutrino detectors into a safeguards agreement is clearly not 
trivial. Concerns about the novelty of the technology, confidentiality, integrity, and cost remain as 
barriers to a successful deployment. The question becomes how to overcome these barriers. This 
discussion will focus primarily on practical, near-term actions that can help to clear the way for 
antineutrino detection to be viable to deploy.

Antineutrino detection is still a novel field under active development by the scientific community. 
Thus, the results provided by an antineutrino detector are often not straightforward and are couched 
in uncertainties about potential interferences from different sources of background noise. Such 
results, therefore, need to be interpreted by experts in the field to draw accurate conclusions. Both 
the uncertainty and complexity of the results provided can make the technology unattractive for 
use in a practical safeguards application. This is a difficult concern to alleviate in the near term 
but essentially solves itself as time passes. As the technology becomes more used and studied, 
this concern will recede as the scientific community gains confidence in and understanding of the 
sources of uncertainty for the detector and results no longer need to be interpreted by an expert in 

29 IAEA, Final Report: Focused Workshop on Antineutrino Detection for Safeguards Applications (Vienna: 2008), https://www.
lefigaro.fr/assets/pdf/AIEA-neutrino.pdf. 

30 Bowden et al., “Experimental results from an antineutrino detector.”
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the field to be useful. There are still actions, however, that should be taken to accelerate this process. 
Firstly, the IAEA, perhaps jointly with partner countries, should endeavor to construct a low-cost, 
nearfield antineutrino detector and deploy it at an operating nuclear power plant. The purpose of 
this detector would not be to verify safeguards but instead to provide a demonstration of capabilities. 
Such a detector would demonstrate the reliability and robustness of the technology and provide 
IAEA personnel direct experience with its construction and operation. The successful deployment 
and subsequent operation of a detector would serve as a strong trust-building exercise between the 
agency and the technology.

This solution also lends itself well toward resolving the issue of confidentiality, though this may 
prove a more difficult challenge to fully overcome. The first step toward reassuring states that 
antineutrino detectors cannot be used to monitor their sites of national security interest at a distance 
(or the sites of their neighbors) is to establish a firm understanding of the capabilities of the detector 
under question. An IAEA demonstration detector can help to lay out—and even test—exactly what the 
detector is capable of. If judiciously placed, the demonstration antineutrino detector may be able to 
both successfully monitor a target reactor and, equally importantly, fail to detect or monitor a second 
nuclear reactor some distance away. This can help to set an upper limit on the detector’s operational 
range, which may assuage the fears of states wishing to avoid compromising sites of national security 
interest. This requirement does mean that the demonstration detector would have to be placed in a 
region of relatively high nuclear reactor density, though sites in Japan or Western Europe would likely 
be suitable for this purpose.

A second effort that could help to alleviate the issue of the confidentiality of antineutrino 
detectors is an IAEA-led education campaign. Complemented with the direct evidence and results 
of the demonstration detector, the education campaign would seek to acquaint state leadership 
with the concept of antineutrino detection, capabilities, and, importantly, its limitations. This should 
be paired with collaboration with the scientific community of the state, who will both be able to 
understand and interpret the results of an antineutrino detector and would presumably be trusted 
by the state leadership.

A final effort that can help to overcome the confidentiality barrier is simply the judicious placement 
of the antineutrino detector itself. Particularly for the first detectors that would be deployed, it would 
likely be beneficial to locate them away from national borders, military bases and other installations, 
and the coast. By increasing the physical distance between the detector and areas of potential 
concern by the host state or its neighbors, issues of confidentiality can be mitigated if not overcome. 
With each detector successfully deployed, the confidence of the host state and international 
community in the technology will grow until this concern is no longer an impediment.

The second barrier that must be overcome or mitigated before antineutrino detectors can be deployed 
for safeguards is that of data integrity. Preventing a potentially malicious actor from tampering with 
the data from monitoring equipment is not unique to antineutrino detection but is shared by any other 
equipment the IAEA employs without constant oversight by inspectors, such as cameras. Fortunately, 
it is possible to mitigate threats to detector integrity—much as it is possible in the case of a camera. 
A simple and effective way to prevent covert tampering of the detector or its electronics is through 
the use of tamper-indicating devices (TIDs) and cameras themselves. Facility workers would only have 
a limited need to access the detector during operation. Therefore, TIDs and cameras can be used to 
detect any unauthorized entrance of personnel into the room where the detector is housed. These 
TIDs could themselves be tampered with by a malicious actor, but the increased complexity and thus 



chance of detection would serve to deter most attempts. While an adversary could attempt to degrade 
detector integrity by intercepting the transmission of data from the detector to the IAEA, encryption 
and information security best practices can minimize such a threat.

The final and potentially most difficult challenge facing antineutrino detection is the cost. 
Funding for the IAEA is extremely limited, and investment in a relatively high-cost technology 
such as antineutrino detection must be very well justified. Several recommendations can be 
made to mitigate this challenge in the short term, but efforts to fully resolve the issue will 
likely be long term in nature. First, the construction of one or more antineutrino detectors could 
be funded through an additional, voluntary financial contribution from the host state or other 
interested parties. This is not unusual in the current implementation of safeguards, where the 
cost of safeguarding large and particularly complex facilities is often voluntarily shared between 
the IAEA and the host state.31 Antineutrino detectors could be funded similarly. The host state, 
in exchange for financing some or all of the cost of the detector, would receive the boon of less 
frequent inspections, as the antineutrino detector can maintain continuity of knowledge over the 
facility for a long period of time.

Second, a trade study should be done by the IAEA comparing the costs of constructing and 
maintaining an antineutrino detector and the cost savings of less frequent inspections of a facility. 
This trade study can be done alongside the construction of a demonstration detector (as previously 
discussed), which would both provide an accurate estimate of the costs of constructing additional 
detectors and a test of the capabilities of the detector in order to better estimate the number of 
inspections that are still needed at the facility over some time period. The trade study may reveal 
that antineutrino detectors are cost-efficient after a relatively short operational time, though it may 
also fail to reach this conclusion. If antineutrino detectors are not found to be cost-effective, cost-
sharing arrangements will likely be necessary in the short term.

In order to address potential safety concerns of the antineutrino detector, the detector fill material 
must be carefully considered. Liquid scintillator may require stringent safety precautions due to its 
flammability, while using a gadolinium-doped water fill would not warrant similar safety concerns. 
A water fill, however, will provide less information than the liquid scintillator. Here, more recent 
advances in technology may be able to ease the compromise. Water-based liquid scintillator may 
be able to provide the capabilities of liquid scintillator without the corresponding safety costs, 
and a detector cast out of solid plastic scintillator would be both highly capable and inert.32 These 
technologies still require further research and development but could prove highly useful in creating 
an affordable and safe detector.

In the longer term, there is a great impetus for the scientific community to develop less expensive 
but equally capable antineutrino detectors. Special effort should be made to balance the trade-offs of 
more expensive detector designs, the capabilities they provide, and any potential safety hazards they 
may incur. A sufficiently capable detector that can be deployed safely and within budget is infinitely 
more useful than an extremely capable detector that cannot be afforded. 

 

31 Heinonen, “Safeguards in action.”
32 See, respectively, M. Yeh et al., “A new water-based liquid scintillator and potential applications,” Nuclear Instruments and 

Methods in Physics Research Section A: Accelerators, Spectrometers, Detectors and Associated Equipment 660, no. 1 (2011): 
51–56, doi:10.1016/j.nima.2011.08.040; and Sutanto et al. “SANDD: A directional antineutrino detector.”
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CASES WHERE ANTINEUTRINO DETECTION IS DESIRABLE
It is now useful to consider cases where antineutrino detection is desirable to implement and 
where it can provide access, information, or capabilities that more traditional safeguards cannot. 
For this analysis, two cases are considered: safeguarding the Arak Nuclear Plant (also known as the 
IR-40) in Iran and verifying the non-operation of the 5 MWe experimental reactor at the Yongbyon 
Nuclear Complex in the DPRK. Both of these cases are challenging due to the general lack of trust 
between the host state and the international community at large, including the IAEA. This lack of 
trust will significantly hamper or even prevent outright the ability of inspectors to verify safeguards 
declarations at the two sites. The nonintrusive nature of an antineutrino detector may be able to 
overcome this difficulty. Each case is examined in more detail below.

The IR-40 reactor at the Arak Nuclear Plant is a 40 megawatt-thermal heavy water reactor 
located near Arak, Iran. The reactor is currently still under construction and is the focus of intense 
international scrutiny due to its potential ability to produce plutonium for an Iranian nuclear 
weapons program. As part of the Joint Comprehensive Plan of Action, Iran agreed to redesign the 
reactor core to reduce the amount of plutonium that can be produced. At the time of this writing, the 
redesign of the reactor core appears to be moving forward, though Iran has threatened to revert to 
the previous design.33 An antineutrino detector emplaced meters away from the reactor core would 
both provide desirable information about the reactor operations and be uniquely well suited for this 
situation due to Iran’s complex relationship with the IAEA.

An antineutrino detector emplaced at the Arak Nuclear Plant would be able to monitor the 
production of plutonium in the reactor core in near real-time. At a meter-scale distance, the detector 
would be able to identify the isotopic makeup and burnup of the fuel, allowing the IAEA to track the 
quantity of plutonium produced and burned in the core. This information would be invaluable for 
tracking Iran’s stockpile of special nuclear material and could not be provided in nearly as timely or 
asn accurate manner through other safeguards techniques.

Such a detector would also help to control for any potential loss of continuity of knowledge at the 
facility caused by a decision by Iran to expel IAEA inspectors or otherwise degrade their ability to verify 
safeguards declarations. First, if the antineutrino detector were allowed to continue operation while 
inspectors were barred from the site, it would be able to maintain positive continuity of knowledge over 
the reactor core’s operations and fissile inventory until inspectors were allowed to return. Second, even 
if the detector were deactivated for a period of time, once reactivated it would likely be possible to re-
establish continuity of knowledge based on a comparison of the data before and after the detector was 
shut off. Comparing the fissile inventory of the reactor before and after safeguards implementation was 
suspended would allow the IAEA to determine whether and how much fuel was replaced in the interim 
and consequently the quantity of plutonium removed from the core.  

Moving on to the second case, the 5 MWe nuclear reactor at Yongbyon was constructed by the DPRK in 
1986 to support their own nuclear weapons development program. The reactor was shut down as part of 
the Agreed Framework in 1994 but resumed operation in 2002. In 2007, the reactor was again shut down 
as part of a broader emergency relief agreement resulting from the Six-Party Talks, but it may have been 

33 IAEA, Verification and monitoring in the Islamic Republic of Iran in light of United Nations Security Council resolution 2231 
(2015) (Vienna: 2021), https://www.iaea.org/sites/default/files/21/11/gov2021-51.pdf; Ali Akbar Salehi, interview by Chan-
nel 4 TV (Iran), Channel 4 TV, Memri TV, January 22, 2019; and “Arak Nuclear Complex,” Nuclear Threat Initiative, https://
www.nti.org/learn/facilities/177/. 
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activated again in 2008 after the DPRK barred IAEA inspectors from the facility. Again between 2016 and 
2018, the reactor may have been operational, albeit at a low power level. As of the time of this writing, 
it is unclear whether the reactor is currently operational.34 An emplaced antineutrino detector would be 
able to remove any uncertainty of the reactor’s operational status in the future.

Currently, the prospects of implementing any form of safeguards at the Yongbyon complex are 
admittedly poor. However, a manner of limited safeguards could be implemented as part of a 
broader agreement—such an agreement has historical precedent, as the Six-Party Talks allowed 
IAEA inspectors into the Yongbyon complex in order to verify the shutdown of the experimental 
reactor. The deployment of an antineutrino detector meters away from the reactor core has several 
advantages over relying on IAEA inspections. First, the antineutrino detector only requires IAEA 
personnel to access the site once to install the detector before it can remain self-sufficient for long 
periods of time. This greatly reduces the intrusive burden of frequent inspections on the DPRK. 
Second, unlike inspections, a small antineutrino detector can be designed to have limited verification 
capabilities. Such a detector could be rendered simple enough to only be able to detect the on-
off status of the experimental reactor itself and be unable to monitor any other activities at the 
Yongbyon complex. This would likely be desirable to the DPRK regime, which would wish for national 
security-centered activities ongoing at the complex to remain confidential while still providing some 
useful information to the IAEA.

The cases presented above should be taken to be illustrative only of the capabilities and unique 
benefits provided by antineutrino detection to complement traditional safeguards. Many political 
barriers remain to deploying such a detector at either the Arak Nuclear Plant or the Yongbyon Nuclear 
Complex. The nonintrusive nature of the detectors compared to traditional inspections and the useful 
information that such detectors could provide may prove useful in overcoming those barriers.

CONCLUSIONS
Antineutrino detectors can provide useful capabilities to the international safeguards regime that 
are currently lacking. They allow for near real-time measurement of a nuclear reactor’s power level 
and fissile inventory without the need of physical access by inspectors to the facility. Further, this 
measurement is extremely difficult to interfere with by a malicious actor using shielding or signal 
spoofing. Such detectors could then be used to complement existing safeguards techniques in order 
to reduce the number of physical onsite inspections needed at a facility by maintaining positive 
continuity of knowledge of the material in the reactor core.

Despite these benefits, antineutrino detectors face a number of challenges that have thus far 
prevented their inclusion in a safeguards regime. There exist valid concerns about the novelty of the 
technology and the potential for the detectors to gather more information than intended or desired, 
potentially between different facilities or even international borders. Alongside these challenges is the 
ever-present concern of costs and safety, as larger and more sophisticated detectors require a sizeable 
upfront capital expenditure and may require additional expenditures to maintain safe operations.

These challenges, however, are not insurmountable. In the short term, the IAEA should build a 
demonstration detector in order to probe the capabilities and costs of antineutrino detection. Such 
a detector would also serve to build trust from the agency and potential host countries in the 

34 “Yongbyon 5MWe Reactor,” Nuclear Threat Initiative, https://www.nti.org/learn/facilities/766/. 
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confidentiality and integrity of such a detector and serve as a model for future antineutrino detector 
deployments. Alongside this, research and development on nearfield antineutrino detection should 
continue, with a special focus on reducing construction and operational costs and complexities in 
order to streamline the deployment of such a detector in a safeguards context and to minimize the 
amount of maintenance required over the detector’s lifetime.

Antineutrino capabilities have the potential to provide a novel, reliable, and useful source of 
information to better verify the correctness of a state’s safeguards declarations. With some 
investment in development and demonstrations, this technology can make the transition from 
fundamental science to nonproliferation monitoring in the near future.
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Old Wars, New Tools? 
Emerging Technologies and 
Nuclear Risk in South Asia
By Beenish Pervaiz1

Emerging technologies characteristic of the “third nuclear age” are challenging the logic of nuclear 
revolution, which anticipates nuclear and conventional restraint among nuclear-armed rivals 
through fear of mutual assured destruction.2 As these new technologies and advanced conventional 
weapons become increasingly integrated with existing nuclear forces, they can complicate deterrence 
calculations and heighten the pressure to maintain strategic stability.3 On the one hand, nuclear 
states see the value in adopting these non-nuclear technologies, as they offer new ways to defend 
against or attack an adversary’s nuclear systems and provide a more flexible range of options while 
operating under the nuclear threshold. On the other hand, such a reliance can also create new 
risks of miscalculation and inadvertent escalation as well as increase the temptation to launch 

1 Beenish Pervaiz is a fourth year PhD. Candidate in the Political Science department at Brown University. The views ex-
pressed in this paper are those of the author and do not necessarily reflect the views of the institutions with which they 
are associated.

2 Andrew Futter and Benjamin Zala characterize this third nuclear age as a “paradigm shift that is being driven by the 
growth and spread of non-nuclear technologies with strategic applications and by a shift in thinking about the sources 
of nuclear threats and how they should be addressed.” They argue that: “In the Third Nuclear Age, nuclear deployments, 
postures, balances, arms control, non-proliferation policy, and the prospects for disarmament, will all be shaped as much 
by developments in SNNW capabilities as by nuclear weapons.” Andrew Futter and Benjamin Zala, "Strategic non-nucle-
ar weapons and the onset of a Third Nuclear Age," European Journal of International Security 6, no. 3 (2021), https://doi.
org/10.1017/eis.2021.2, https://www.cambridge.org/core/article/strategic-nonnuclear-weapons-and-the-onset-of-a-
third-nuclear-age/91EEB3B77D348252815F9F7B59DB8A32. Others who have written on this include Rebecca Hersman, 
“Wormhole Escalation in the New Nuclear Age,” Texas National Security Review 3, no. 3 (Summer 2020): 91–109, https://
tnsr.org/2020/07/wormhole-escalation-in-the-new-nuclear-age/. 

3 James M. Acton, "Escalation through Entanglement: How the Vulnerability of Command-and-Control Systems Raises the 
Risks of an Inadvertent Nuclear War," International Security 43, no. 1 (2018), https://doi.org/10.1162/isec_a_00320, https://
doi.org/10.1162/isec_a_00320.; Keir A. Lieber and Daryl G. Press, "The New Era of Counterforce: Technological Change and 
the Future of Nuclear Deterrence," International Security 41, no. 4 (2017), https://doi.org/10.1162/ISEC_a_00273, https://
doi.org/10.1162/ISEC_a_00273.; and Barry Posen, Inadvertent escalation : conventional war and nuclear risks, Cornell studies 
in security affairs, (Ithaca, N.Y.: Cornell University Press, 1991).  
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counterforce attacks that threaten a country’s second-strike capabilities.4 With a range of impacts 
on nuclear stability spanning across a myriad of emerging technologies, how do regional nuclear-
weapon states such as India and Pakistan evaluate these risks and advantages? Moreover, new 
capabilities do not have occur in a vacuum; they can be adopted in ways that enable escalation 
to varying degrees. How do these contextually relevant factors—including military application, 
political structures, leadership, and strategic culture—combine with the intrinsic capacity of these 
technologies to either enhance or undermine strategic stability?

The durability of nuclear peace between India and Pakistan has been volatile over the years amid 
crises, ceasefire violations, and sub-conventional actions. This dynamic is further complicated by a 
continuous buildup of stockpiles, diversification of delivery vehicles, and the introduction of ballistic 
missile shields and anti-satellite (ASAT) weapon tests in the region. Given this complicated security 
dynamic, this research paper aims to explore how the introduction of emerging technologies poses 
new challenges to strategic stability in the South Asian region (specifically in the context of India and 
Pakistan) and how it might increase or decrease nuclear risks.

While highlighting both the promises and perils associated with the adoption of these new 
technologies into nuclear arsenals, this paper argues that the alarmism associated with these 
developments might be too premature. New capabilities do not singular impacts; they can be 
adopted in ways that enable escalation to varying degrees. Instead of thinking about these 
technologies as a monolith, their specific applications need to be studied alongside each 
technology’s intrinsic nature. As the tool kit of available weapon systems is expanding, so are the 
political and military objectives fueling their pursuit. Hence, it is essential to understand how these 
technologies are operationalized as well as how policy incentives and strategic preferences drive 
these decisions. Futhermore, it is critical to appreciate the embedded regional dynamics and the 
distinct nature of these nuclear programs in congruence with issues of resource constraints and 
alliance relationships. Most notably, while these technologies present a looming challenge, they also 
offer an opportunity to think creatively about the future of arms control and confidence-building 
measures in the region. 

Secondly, the misperceptions and signaling failures that might inform an adversary’s response to 
the adoption of these new capabilities and systems must be considered. The three components of 
successful deterrence include capability, credibility, and communication.5 Addition of new capabilities 
can only bolster credibility and strengthen the overall deterrence relationship when communicated 
in the right way to the right audience. However, the ambiguity associated with the impacts of these 
new technologies can send a distorted signal to the adversary unless it is clarified in the formally 
stated nuclear doctrine.  

Lastly, there is a growing need to reevaluate how important concepts such as strategic stability and 
emerging and disruptive technologies translate to the South Asian context. This is important because 
much of the key nuclear lexicon in this realm is derived from the experiences of nuclear superpowers, 
particularly during Cold War. In South Asia, however, the meaning of strategic stability can encompass 

4 Futter and Zala, “Strategic non-nuclear weapons and the onset of a Third Nuclear Age”; Keith B. Payne, Deterrence in the 
second nuclear age (Lexington: University Press of Kentucky, 1996).; and Colin S. Gray, The Second Nuclear Age (Boulder, 
Colorado: Lynne Rienner, 1999). 

5 Justin Anderson Robert Peters, Harrison Menke, "Deterrence in the 21st Century: Integrating Nuclear and Conventional 
Force," text/html, Strategic Studies Quarterly 12, 4, no. Winter 2018 (2018-11-28), https://www.airuniversity.af.edu/SSQ/Dis-
play/Article/1673933/volume-12-issue-4-winter-2018/.  
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a much broader range of issues which are not necessarily limited to the nuclear domain. This also 
means taking into consideration how nuclear balance can be achieved in the context of a triangular 
or quadrilateral deterrence relationship between Pakistan, India, China, and the United States.6   

In terms of structure, this paper will first evaluate a range of emerging technologies and capabilities 
that are being introduced and adopted in the region and shed light on how these might impact 
the likelihood of escalation in the context of both deterrence and crisis stability. Arguments will be 
highlighted from both the optimist and pessimist camps, and notable examples will be included from 
South Asia. Next, this paper will aim to highlight some key interactive factors (beyond the technology 
itself) that help in assessing how these technologies can increase or reduce nuclear risks. This 
section will pay special attention to the social, political, and economic dynamics of South Asia. Lastly, 
this paper will make a case for instituting creative arms control agreements and building norms that 
can mitigate risks and help promote responsible governance of these technologies. 

BACKGROUND: NUCLEAR ARMED RIVALRY IN SOUTH ASIA
Nuclear competition in South Asia has been growing more pronounced over the years, with three 
nuclear armed states that not only share borders but are engaged in longstanding territorial disputes. 
The complex relationship between India and Pakistan specifically has resulted in three major wars, 
including the only full-fledged military confrontation between two declared nuclear weapon states, the 
Kargil War of 1999. Deterrence optimists have predicted that the introduction of nuclear weapons will 
lead to more caution, prevent any major conflicts, and foster escalation control between nuclear rivals. 

However, while there might have been a decline in high-level conflict, the frequency of limited and 
sub-conventional attacks has persisted over time. This dynamic is encapsulated by the stability-
instability paradox, which posits “that nuclear weapons simultaneously induce stability at the level of 
nuclear war and instability at lower intensity levels of violence.”7 While these limited attacks have not 
merited an all-out conventional retaliation and skirted well under the nuclear threshold, this nuclear 
restraint is arguably waning. 

This significant change in escalation dynamics was most recently exemplified in the 2016 alleged 
“surgical strike” and later encapsulated in the 2019 Pulwama crisis.8 The latter was the first time since 
1971 that India encroached on Pakistani airspace to launch an airstrike.9 Even more concerning, India 
chose to have the nuclear-capable INS Arihant submarine fully operational and deployed at the height 
of the standoff.10 While conflicts linked to Kashmir are not uncommon for the two neighbors, these 

6 Sadia Tasleem, "Pakistan’s View of Strategic Stability: A Struggle between Theory and Practice," in The End Of Strategic 
Stability?, ed. Adam N. Stulberg Lawrence Rubin (Georgetown University Press, 2018); Tasleem, "Pakistan’s View of Strategic 
Stability: A Struggle between Theory and Practice."; Tasleem, "Pakistan’s View of Strategic Stability: A Struggle between 
Theory and Practice."

7 Glenn H. Snyder, Deterrence and Defense, Princeton Legacy Library 2168, (1961). https://doi.
org/10.1515/9781400877164852. and Anuj Panday, “The Stability-Instability Paradox: The Case Of The Kargil War,” 
Pennsylvania State University Journal Of International Affairs 1, no. 1 (Fall 2011): 7–14, https://psujia.files.wordpress.
com/2012/04/the-stability-instability-paradox-the-case-of-the-kargil-war.pdf. 

8 Annie Gowen and Shaiq Hussain, “India claims ‘surgical strikes’ against militants in Pakistan-controlled Kashmir,” Washing-
ton Post, last modified September 29, 2016, https://www.washingtonpost.com/world/india-hits-militant-launchpads-in-pa-
kistan-in-escalation-between-nuclear-armed-rivals/2016/09/29/e0145168-d97e-4149-977a-24d08b16ea0b_story.html; 
and Moeed M. Yusuf, “The Pulwama Crisis: Flirting With War in a Nuclear Environment,” Arms Control Association, May 
2019, https://www.armscontrol.org/act/2019-05/features/pulwama-crisis-flirting-war-nuclear-environment.  

9 Yusuf, “The Pulwama Crisis.”
10 Vishnu Som, “India Deployed Nuclear Missile-Armed Submarine During Standoff With Pak,” NDTV, March 18, 2019, https://

www.ndtv.com/india-news/india-deployed-nuclear-missile-armed-submarine-during-standoff-with-pakistan-2009178. 
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latest incidents are increasingly bringing into question the issues of crisis management and signaling 
a growing appetite to take more risk, which can lower the nuclear threshold. 

Introduction of new technologies can provide a new menu of tools to fight these enduring rivalries, 
which can risk crisis escalation from the sub-conventional to the conventional level with nuclear 
underpinnings. This paper uses a broad definition of new technologies used by Christopher F. Chyba, 
who classifies them as technologies that “have not yet been overtly significantly deployed by any 
nation’s military, so that its effects on strategic stability are still largely in prospect.”11 This definition 
also implies that technologies that were maturing in other regional contexts might still be new for 
countries in South Asia since the contextual effects of incorporation in this region are still uncertain. 
These technological advancements encapsulate a broad range of dual-use weapon systems as well 
as more general enabling technologies and capabilities, including artificial intelligence (AI), cyber 
weapons, autonomous weapons, hypersonics, precision-guided munitions, ballistic missile defenses, 
unmanned aerial vehicles (UAVs), and even nuclear-armed submarines. 

Additionally, it is important to not only define but also understand how concepts such as strategic 
stability translate to this regional context. This paper will build upon James M. Acton’s description 
of strategic stability, which includes both crisis and arms race stability.12 This characterization of 
stability implies that a nuclear state does not have an incentive to either “use nuclear weapons first” 
or “to build up a nuclear force.”13 This type of conception, however, is also not perfect. Conflating these 
two components into one concept of strategic stability can be problematic because adopting these 
new capabilities can have a variable effect on both crisis and arms race stability. While these new 
technologies and weapon systems might be leveraged to increase deterrence, this can come at an 
escalatory cost. For example, a leader who wants to reduce uncertainty about the future balance of 
nuclear capabilities can choose to participate in an arms race with the expectation that future crisis 
stability can be enhanced. As a result, arms race stability goes down while crisis stability might increase.

Furthermore, this concept was largely developed in the context of the Cold War and hence 
emphasizes the importance of maintaining a nuclear balance. This conception might not work as well 
in a non-dyadic deterrence relationship. Regional scholars such as Sadia Tasleem make the case that 
a strategic stability crisis can be perceived more holistically to include “incentives or disincentives 
that the major powers feel about the prospect of using any kind of military coercion against each 
other.”14 Hence, there is a need for further research to help understand this concept through a 
regionally informed lens. 

DEBATING THE “PROMISES AND PERILS”  
OF NEW TECHNOLOGIES
There is growing recognition in South Asia that incorporating these new technologies can have a 
significant impact on strategic affairs. The asymmetry in the pace of adoption can alter the balance 
of power in the region. While China has been at the forefront of developing and incorporating these 

11 Christopher F. Chyba, “New Technologies & Strategic Stability,” Daedalus 149, no. 2 (2020): 150–70, doi:10.1162/
daed_a_01795.

12 James M. Acton, "Reclaiming Strategic Stability," in Strategic stability : contending interpretations (Strategic Studies Institute, 
2013). https://carnegieendowment.org/2013/02/05/reclaiming-strategic-stability-pub-51032. 

13 Ibid.
14 Christopher A. Ford, "Strategic Stability and the Global Race for Technology Leadership," Arms Control and International 

Security Papers 1, 21 (2020), https://www.state.gov/wp-content/uploads/2020/11/T-paper-series-Strategic-Stabili-
ty-and-Tech-508.pdf.; and Tasleem, "Pakistan’s View of Strategic Stability: A Struggle between Theory and Practice." 
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new types of technology, the strategic need to develop more response options and add more rungs 
to the escalation ladder has been felt by India and Pakistan as well. Both countries at certain points 
have felt limited in their ability to retaliate at a level commensurate to aggressive acts by the other. 
They continue to develop and test a diverse range of missiles, which some analysts classify as a tit-
for-tat arms race. Others have argued that their programs are more decoupled and suggested that 
these rivals are in fact “racing on different tracks and chasing different goals.”15

Regardless of which side one finds more convincing, it is important to note how the strategic 
triangular relationship between India, Pakistan, and China further complicates this analysis. 
Contingencies and new nuclear capabilities being developed by India to counter China can 
potentially provoke and threaten its other nuclear rival.16 Yogesh Joshi argues that the development 
of India’s sea-based leg in pursuit of deterrence stability with China can have a destabilizing effect in 
its equation with Pakistan because it can increase the risk of accidental use.17 Hence, this Goldilocks 
dilemma is a serious one.18 While China plays a significant role in this dynamic, the scope of this 
research paper will only be on relations between Pakistan and India. Given these scope conditions, 
this paper will next highlight and evaluate the key arguments made by both the pessimistic and 
optimistic camps whilst analyzing the impact of new technologies in this region.

THE PESSIMISTS
On one side of this debate there are scholars who are much more critical about the impact of 
emerging technologies and the risks they create. They warn us about the potential perils that 
accompany such developments including weakening deterrence stability, disruption of information 
flows and decisionmaking process and potential destabilization through dual use and entanglement. 
These arguments will be outlined below.

NEW TECHNOLOGIES CAN UNDERMINE THE LOGIC OF NUCLEAR DETERRENCE
The pessimistic view highlights that emerging technological developments—including AI, cyber 
weapons, hypersonic weapons, and persistent surveillance—could potentially cast a doubt on the 
survivability of a nuclear state’s second-strike capabilities. Keir A. Liber and Daryl G. Press argue 
that certain types of technology developments can erode the very foundation of nuclear deterrence. 
They highlight two key pillars of nuclear deterrence: hardening and concealment.19 Technology 
development toward more accurate delivery systems and a revolution in remote sensing has targeted 
both of these pillars and thereby undermines the strategies of nuclear survivability. This increased 
vulnerability can be reflected in a state’s movement to a counterforce posture, which allows for more 
strategic flexibility and creates room for a potential first-strike capability.

 

15 Adil Sultan, “Missile Developments in South Asia: A Perspective from Pakistan,” International Institute for Strategic Studies, 
May 6, 2021, https://www.iiss.org/blogs/research-paper/2021/05/missile-developments-south-asia; and Toby Dalton and 
Jaclyn Tandler, “Understanding the Arms ‘Race’ in South Asia,” Carnegie Endowment for International Peace, September 13, 
2012, https://carnegieendowment.org/2012/09/13/understanding-arms-race-in-south-asia-pub-49361. 

16 Toby Dalton, “Strategic Triangle,” Carnegie Endowment for International Peace, August 5, 2013, https://carnegieendow-
ment.org/2013/08/05/strategic-triangle-pub-52584. 

17 Yogesh Joshi, “Angles and Dangles: Arihant and the Dilemma of India’s Undersea Nuclear Weapons,” War on the Rocks, 
January 14, 2019, https://warontherocks.com/2019/01/angles-and-dangles-arihant-and-the-dilemma-of-indias-under-
sea-nuclear-weapons/. 

18 Geoffrey Brown, "India’s Deterrence Goldilocks Dilemma in South Asia," Journal Of Indo-Pacific Affairs, no. Fall (2020), 
https://media.defense.gov/2020/Aug/31/2002488086/-1/-1/1/BROWN.PDF. 

19 Lieber and Press, “The New Era of Counterforce,” 9–49.
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With respect to the Indian nuclear program and strategy, there is already an ongoing debate that they 
are developing counterforce capabilities, which can increase the temptation and ability to launch a 
preemptive first strike.20 This also implies that they may be considering moving away from their no-
first-use commitment or at least becoming more flexible about its interpretation. This can significantly 
heighten risk and uncertainty in the region. If this assessment is correct, India’s adoption of these 
technologies can offer a first-mover advantage that further enables them to escalate in a crisis.21 

Some of the notable technological developments in this regard include the commissioning of the 
nuclear-powered ballistic missile submarine INS Arihant as well as its submarine-launched ballistic 
missile (SLBM) K-15 Sagarika. While these technologies and capabilities have existed in other 
more advanced nuclear weapon states, the nuclearization of the Indian Ocean and the increased 
importance of naval- and air-centric warfare makes these developments “emerging” in this context. 
Over the years, there has been a general improvement in the accuracy of ballistic missile submarine 
technology which can further improve the counterforce capability of nuclear arsenals. As Lieber and 
Press note, submarines provide flexibility in terms of firing locations and SLBM launches can be 
harder to detect.22 

The Indian move to develop its sea-based nuclear deterrent has significant implications for altering 
the strategic balance in the Indian Ocean. According to Indian prime minister Narendra Modi, this 
capability will allow India to “respond to those who indulge in nuclear blackmail.”23 This move to 
enhance the most survivable leg of the nuclear triad on the one hand is aimed at strengthening 
Indian deterrence.24 However, from the Pakistani perspective, this move can be perceived as 
threatening because it seems to be in contradiction with the declared Indian policy of credible 
minimum deterrence.25 

In 2020, Indian officials announced that the Defence Research and Development Organization 
(DRDO) successfully tested its intermediate range K-4 SLBM missile from a submerged platform.26 
According to news reports, officials have commented that the circular error probability (CEP) of these 
K-4 missiles is 40 meters or less, which implies that it is an “ideal weapon system for a sea-based 
counter-force capability from stand-off range” and also that their CEP is “much more sophisticated 
than Chinese missiles.”27 This can contribute a level of uncertainty to the threat environment. Such 
a sentiment is evident in a statement from Pakistani Foreign Office spokesperson Mohammad 
Faisal, who characterized the first deterrence patrol of INS Arihant as “the first ‘ready-to-fire’ missiles 
deployed in South Asia.”28

20 Christopher Clary and Vipin Narang, “India’s Counterforce Temptations: Strategic Dilemmas, Doctrine, and Capabilities,” 
International Security 43, no. 3 (2019): 7–52, doi:10.1162/isec_a_00340.

21 Caitlin Talmadge, “Emerging technology and intra-war escalation risks: Evidence from the Cold War, implications for 
today,” Journal of Strategic Studies 42, no. 6 (2019): 864–87, doi:10.1080/01402390.2019.1631811. 

22 Lieber and Press, “The New Era of Counterforce,” 9–49.
23 Vaibhav Tiwari, "INS Arihant's Success Fitting Response To Nuclear Blackmail: PM Modi," NDTV, November 5, 2018, https://

www.ndtv.com/india-news/ins-arihants-success-fitting-response-to-nuclear-blackmail-pm-modi-1943124.   
24 Kelsey Davenport, "India Tests Submarine-Launched Missile," Arms Control Assocation, March 2020, https://www.armscon-

trol.org/act/2020-03/news/india-tests-submarine-launched-missile.  
25 Aqeel Akhtar, Nuclear submarines shift strategic balance of Indian Ocean (The International Institute for Strategic Studies i, 

2019), https://www.iiss.org/blogs/analysis/2019/01/nuclear-submarines-indian-ocean.
26 Dinakar Peri, "India successfully test-fires 3,500-km range submarine-launched ballistic missile K-4," The Hindu 2020, 

https://www.thehindu.com/news/national/india-successfully-test-fires-3500-km-k-4-slbm/article30601739.ece. 
27 The CEP determines the accuracy of a missile; the lower the value of the CEP, the higher the accuracy of the missile. Ibid; 

and Franz-Stefan Gady, "India Test Fires Intermediate-Range, Submarine-Launched Ballistic Missile," The Diplomat (online) 
2020, https://thediplomat.com/2020/01/india-test-fires-intermediate-range-submarine-launched-ballistic-missile/. 

28 "Pakistan voices concern over Indian nuclear submarine patrol," Dawn, November 8, 2018, https://www.dawn.com/
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Moreover, the S-400 anti-aircraft system and advancements in hypersonic weaponry are just a few 
examples of technology that signals Indian first-strike advantage that can potentially undermine 
Pakistan’s retaliatory capabilities.29 India has most notably purchased S-400 mobile air defense 
systems from Russia. They are a key part of India’s multilayered defense shield and are paired with 
indigenously developed ballistic missile defense, including the Prithvi Air Defence. The S-400 is 
characterized as an anti-access/area denial asset that uses long-range surveillance radar to detect 
and engage with intruding aircraft, UAVs, and cruise and ballistic missiles.30 By adopting these 
technologies, India could feel further emboldened to shift its nuclear-use doctrine and peace-time 
deployments, which would create room for intentional and inadvertent escalation. 

The Pakistani side is also continuing to develop new types of nuclear weapons to further enhance 
their posture of full-spectrum deterrence.31 This posture allows for the flexibility that Pakistan needs 
to compensate for its conventional inferiority, which can be stabilizing. However, their commitment 
to deliver a “quid pro quo plus” response option can also heighten strategic uncertainty in the 
threat environment. In order to align their capabilities with this doctrine, Pakistan continues to 
diversify its arsenal with new warheads and delivery platforms. This includes the development of 
capabilities such as battlefield nuclear weapons, medium- and short-range ballistic missiles, multiple 
independently targetable reentry vehicles, and missiles with sea-based second-strike capability.32 
These developments have potential to impact strategic stability in the region.

One of the most significant developments in this regard is the introduction of the short-range Nasr 
(Hatf-IX) battlefield ballistic missile, which has renewed discussions about strategic stability.33 The 
rationale for these weapons stems from a strategic need to counter India’s limited “Cold Start” war 
doctrine. The optimistic expectation is that these weapons help bolster the credibility of Pakistan’s 
nuclear deterrence and increase crisis stability. Even though the existence of the Cold Start doctrine 
has been questioned in the past, a 2017 statement by General Bipin Rawat acknowledged the 
existence of this controversial term.34

Some experts have characterized the development of these capabilities as possible movement from 
deterrence to warfighting and characterize their presence as destabilizing for the region.35 Pakistan 

news/1444377.
29 Ejaz Haider, “S-400: Pakistan Faces Major Asymmetric Threat,” Newsweek, October 11, 2011, https://www.newsweekpaki-

stan.com/s-400-pakistan-faces-major-asymmetric-threat/; and Kelsey Davenport, “India Tests Hypersonic Missile,” Arms 
Control Association, October 2020, https://www.armscontrol.org/act/2020-10/news/india-tests-hypersonic-missile. 

30 Usman Ansari, "Can Pakistan counter India’s new S-400 air defense system?," Defense News, January 16, 2020, https://www.
defensenews.com/global/asia-pacific/2022/01/16/can-pakistan-counter-indias-new-s-400-air-defense-system/.; Shaza 
Arif, "India’s Acquisition of the S-400 Air Defense System: Implications and Options for Pakistan," Journal of Indo-Pacific 
Affairs (August 25, 2021), https://www.airuniversity.af.edu/JIPA/Display/Article/2743750/indias-acquisition-of-the-s-400-
air-defense-system-implications-and-options-for/.

31 Hans M. Kristensen, Robert S. Norris, and Julia Diamond, “Pakistani nuclear forces, 2018,” Bulletin of the Atomic Scientists 74, 
no. 5 (2018): 348–58, doi:10.1080/00963402.2018.1507796; and Sannia Abdullah, “Pakistan’s Full-Spectrum Deterrence: 
Trends and Trajectories,” South Asian Voices, December 13, 2018, https://southasianvoices.org/pakistan-full-spectrum-de-
terrence-trends-trajectories/. 

32 Tasleem, "Pakistan’s View of Strategic Stability: A Struggle between Theory and Practice."
33 Missile Defense Project, “Nasr (Hatf 9),” Missile Threat, CSIS, August 4, 2021, https://missilethreat.csis.org/missile/hatf-

9/#easy-footnote-bottom-2-662; and Mansoor Ahmed, “Pakistan’s Tactical Nuclear Weapons and Their Impact on Stability,” 
Carnegie Endowment for International Peace, June 30, 2016, https://carnegieendowment.org/2016/06/30/pakistan-s-tac-
tical-nuclear-weapons-and-their-impact-on-stability-pub-63911.

34 Sandeep Unnithan, "‘We will cross again'," India Today, January 4, 2017, https://www.indiatoday.in/magazine/interview/
story/20170116-lt-general-bipin-rawat-surgical-strikes-indian-army-985527-2017-01-04.; and Ajai Shukla, "Why General 
Bipin Rawat Acknowledged the Cold Start Doctrine," The Wire, January 20,2017, https://thewire.in/diplomacy/cold-start-pa-
kistan-doctrine.

35 Ahmed, “Pakistan’s Tactical Nuclear Weapons and Their Impact on Stability.”
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aims to use these weapons to compensate for its conventional disadvantages against India, but 
it comes at the escalatory cost of intensifying the security dilemma between the nuclear-armed 
neighbors.36 Some Pakistani experts have pushed back on this assessment, arguing that battlefield 
nuclear weapons allowed Pakistan to put fears associated with the Cold Start doctrine to rest. In 
terms of concrete evidence, it is not very clear how much the development of these capabilities 
emboldens the Pakistani state. In fact, in the recent crises with India, Pakistan has been showing 
much more restraint in terms of escalation. This might suggest that they conceive of these weapons 
as an extension of the deterrence benefits of their existing nuclear arsenal as opposed to tools with 
more coercive purposes. However, this is a question that needs to be further explored.

Pakistan has also developed cruise missiles, including the nuclear-capable Babur and Raad, and 
has introduced multiple short-range ballistic missiles (SRBMs), including the Hatf 1A, Abdali, 
and Ghaznavi.37 As Pakistan embarks on its journey to strengthen its naval forces, they will have 
to consider changing the posture of their nuclear arsenals from that of recessed deterrence to 
a ready arsenal. This is because it is harder to de-mate the nuclear warhead from the delivery 
system when deployed at sea.38 Moreover, the short-range systems that Pakistan has can be 
employed at operational and tactical levels of conflict and are also suited for potential counterforce 
employment.39 

The indigenously developed Babur cruise missile has “stealth capabilities, is a low flying, terrain 
hugging missile with high maneuverability, pinpoint accuracy and radar avoidance features.”40 In 
2017, Pakistan successfully launched its nuclear-capable Babur-3 submarine-launched cruise missile 
(SLCM), which has a range of 450 km.41 The expectation is that this capability will allow Pakistan 
to enhance the credibility of its second-strike capability, which can help strengthen deterrence. 
However, like the earlier analysis on the Indian Arihant that hosts SLBMs, such capabilities can both 
stabilize and destabilize the nuclear balance in the Indian Ocean. The stabilizing influence in both 
of these cases rests on the assumption that these forces are indeed survivable and invulnerable 
against modern anti-submarine warfare. Ankit Panda and Narang argue that Pakistani Agosta class 
submarines are not theoretically invulnerable to Indian detection and attack.42 Paired with the 
difficulties in differentiating between submarines carrying nuclear or conventional warheads, there 
are several risks of misperception.43 Such a scenario can cause inadvertent escalation that negatively 
impacts strategic stability.

36 Ibid.; and Hans Kristensen, Robert Norris, and Julia Diamond, “Pakistani nuclear forces, 2018,” Bulletin of the Atomic Scien-
tists 74, no. 5 (2018), 348–358, doi:10.1080/00963402.2018.1507796. 

37 Missile Defense Project, “Missiles of Pakistan,” Missile Threat, CSIS, June 14, 2018, last modified February 11, 2021, https://
missilethreat.csis.org/country/pakistan/. 

38 Petr Topychkanov, “Artificial intelligence and strategic stability in South Asia: New horses for an old wagon?,” in The Impact 
of Artificial Intelligence on Strategic Stability and Nuclear Risk (Stockholm: Stockholm International Peace Research Insti-
tute, 2020), https://www.jstor.org/stable/pdf/resrep24515.12.pdf?refreqid=excelsior%3A6c927af31d68e84322914d79d-
1b27af9. 

39 Ahmed, “Pakistan’s Tactical Nuclear Weapons.”
40 “Press Release No PR-40/2011-ISPR,” Inter Services Public Relations Pakistan, February 10, 2011, https://www.ispr.gov.pk/

press-release-detail.php?id=1666. 
41 Ankit Panda, "Pakistan Conducts Second Test of Babur-3 Nuclear-Capable Submarine-Launched Cruise Missile," The Diplo-

mat, April 1, 2018, https://thediplomat.com/2018/04/pakistan-conducts-second-test-of-babur-3-nuclear-capable-subma-
rine-launched-cruise-missile/.

42 Ankit Panda and Vipin Narang, "Pakistan Tests New Sub-Launched Nuclear-Capable Cruise Missile. What Now?," The 
Diplomat, January 10,2017, https://thediplomat.com/2017/01/pakistans-tests-new-sub-launched-nuclear-capable-cruise-
missile-what-now/. 

43 Ibid.  
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Even if this is not the intention or a deliberate change in nuclear doctrine, the development of such 
capabilities can be perceived as a movement toward aggressive posturing. This is especially relevant 
in the ambiguity that accompanies postures such as credible minimum deterrence in non-dyadic 
rivalries. It is a paradoxical deterrence posture in this regional context since what might be credible 
in the eyes of one rival might not be the “minimum” in the perspective of the other rival and vice 
versa.44 For example, even though some of these technological developments are linked to India’s 
deterrence efforts against China, it is hard to decouple nuclear strategy and posture between its two 
nuclear neighbors. This also goes back to a broader point about how pursuing arms race stability vis-
à-vis one adversary can result in increasing risk of crisis instability with other rivals. 

NEW TECHNOLOGIES CAN DISRUPT DECISIONMAKING CHAINS  
AND DISTORT CRITICAL INFORMATION
Apart from casting doubts on nuclear survivability and a state’s confidence to retaliate meaningfully, 
new and emerging technologies can be used to undermine an adversary’s decisionmaking apparatus. 
These new capabilities can have significant consequences on the nuclear command, communication, 
and critical infrastructure networks. Developments in AI and cyber seem most pertinent to discuss in 
this context.

Nuclear command and control vulnerabilities can be targeted by cyberattacks and can further 
complicate deterrence calculations, especially when dealing with low-intensity conflicts, which 
are common in the India-Pakistan relationship. These factors contribute to the fog of crisis 
decisionmaking, which in turn may undermine the stability offered by nuclear deterrence.45 
Cyberattacks can muddy the communication required for adversaries to understand their opponents’ 
interests and resolve, which in turn increases the risk of misperception and miscalculation. A 
successful penetration of the command and control system through cyber weapons can give rise to 
informational asymmetries that subsequently jeopardize strategic stability.46 Moreover, the use of a 
cyberattack as part of nuclear warfighting can increase the likelihood of a deterrence failure during a 
game of brinkmanship.

A 2018 RAND report by Edward Geist and Andrew J. Lohn outlines the impact of AI on the risk of 
nuclear war. In a survey of many nuclear security experts, one of their major findings was that there 
is a high chance of AI eroding the very basis of nuclear strategic stability.47 AI will change the way 
in which nuclear command and control platforms run, and it may soon become the “trusted advisor” 
that serves the role of a decision support system instead of a human being. Michael C. Horowitz 
et al. further elaborate how decisionmaking might be impaired by AI algorithms, specifically how 
they can misdiagnose a crisis due to deepfakes planted by third-party actors.48 Moreover, beyond 
the intentional manipulation of input data, pure human error can also corrupt the assessments 
produced by AI systems. If AI programs are trained on data and algorithms that are flawed or 

44 Amit R. Saksena, “The Paradox of India’s ‘Credible Minimum Deterrence’,” The Diplomat, August 6, 2014, https://thediplomat.
com/2014/08/the-paradox-of-indias-credible-minimum-deterrence/.

45 Stephen J. Cimbala, Nuclear Weapons in the Information Age (New York: Bloomsbury Publishing USA, 2012); and Mark Fitz-
patrick, “Artificial Intelligence and Nuclear Command and Control,” Survival 61, no. 3 (2019): 81–92, doi:10.1080/0039633
8.2019.1614782. 

46 Erik Gartzke and Jon R. Lindsay, “Thermonuclear cyberwar,” Journal of Cybersecurity 3, no. 1 (2017), 43, doi:10.1093/cybsec/
tyw017.

47 Edward Geist and Andrew J. Lohn, How Might Artificial Intelligence Affect the Risk of Nuclear War? (Santa Monica, CA: RAND 
Corporation, 2018), https://www.rand.org/pubs/perspectives/PE296.html. 

48 Michael C. Horowitz, Paul Scharre, and Alexander Velez-Green, “A Stable Nuclear Future? The Impact of Autonomous Sys-
tems and Artificial Intelligence,” (2019), https://arxiv.org/pdf/1912.05291.pdf.
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potentially incomplete, it can negatively impact the development of pattern-recognition models and 
subsequently produce a distorted version of reality.

The last aspect of this dynamic which is concerning is the increasing reliance on AI-supported 
systems for decisionmaking. On a positive note, these improvements can enhance protection against 
cyberattacks as well as help make the communication architecture more resilient.49 However, there 
are also concerns that the entanglement of AI and nuclear command and control systems could add 
more uncertainty and increase the risk of miscalculation during an ongoing crisis. Horowitz et al. 
argue that while decision support systems are not inherently destabilizing, any overconfidence in 
their ability to accurately warn against a preemptive nuclear attack might be misleading. 

The positive and negative aspects of these dynamics are relevant for both India and Pakistan, as they 
are in the nascent stages of developing and incorporating both AI and cyber capabilities. In the realm 
of AI, integration into military operations is at early stages but is expected to influence applications 
in the areas of UAVs, laser weapon system (LAWS), submarines, and missile defense systems. India 
has already shown a strong commitment to investing in and exploring the transformative impact of 
AI on national security. In a 2018 speech, Prime Minister Modi said: “New and emerging technologies 
like AI and Robotics will perhaps be the most important determinants of defensive and offensive 
capabilities for any defence force in the future. India, with its leadership in the information 
technology domain, would strive to use this technology tilt to its advantage.”50  

This has also been followed by concrete action. DRDO has established a Center for Artificial Intelligence 
and Robotics (CAIR) and the Ministry of Defence commissioned a multistakeholder task force on AI in 
2018.51 One of the key recommendations of this report emphasized the importance of working with 
“start-ups/commercial industry in the field of use of AI for defence purposes.”52 Overall, this center is 
specifically tasked with projects that help develop AI-based intelligence, surveillance, and reconnaissance 
(ISR) capabilities as well as AI-based support systems that help inform military decisionmaking.

 In comparison, Pakistan has not yet matched the level of investment that India has made in 
this area, and it also faces more challenging economic constraints. However, Pakistan has also 
created organizations to foster research in this area, such as the Presidential Initiative for Artificial 
Intelligence and Computing and the National Center of AI. Moreover, the National Command Center 
also hosts the Strategic Command and Control Support System. This is an automated system that 
leverages AI for ISR purposes and specifically helps continuously enhance situational awareness 
of nuclear arsenals for authorized personnel.53 The plans for military integration of these AI-driven 
capabilities beyond these details are not known publicly. 

In the cyber sphere, both states have been tackling and subsequently devoting more resources to 
address small-scale cyberattacks. Key concerns include offensive cyberattacks on critical infrastructure 

49 Vincent Boulanin et al., Artificial Intelligence, Strategic Stability and Nuclear Risk (Stockholm: Stockholm International Peace 
Research Institute, 2020), 56, https://www.sipri.org/publications/2020/other-publications/artificial-intelligence-strate-
gic-stability-and-nuclear-risk. 

50 Rajat Pandit, “India now wants artificial intelligence-based weapon systems,” Times of India, May 21, 2018, https://timesof-
india.indiatimes.com/india/india-moves-to-develop-ai-based-military-systems/articleshow/64250232.cms.

51 Ministry of Defence, AI Task Force Hands over Final Report to RM (New Delhi: 2018), https://pib.gov.in/PressReleaseIframeP-
age.aspx?PRID=1537260. 

52 Ibid.
53 Shiza Khan, Impact of Technological Changes on Strategic Stability in South Asia. (Lahore: Centre for Security, Strategy and 

Policy Research, 2021), https://csspr.uol.edu.pk/wp-content/uploads/2021/08/IMPACT-OF-TECHNOLOGICAL-CHANG-
ES-ON-STRATEGIC-STABILITY-IN-SOUTH-ASIA.pdf. 
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as well as nuclear command and control systems. While there has not been a major destabilizing 
attack so far, concerning incidents have occurred such as the 2019 cyberattack on the Kudankulam 
Nuclear Power Plant and the 2021 malware attack on the Indian electricity grid which resulted in a 
power shutdown in Mumbai, a city of 20 million.54 Even though there was no critical damage, the event 
showcases the threat that critical infrastructure such as nuclear plants faces from cyberattacks.55

Moreover, the issue of cyber espionage has also gained heightened prominence. During recent 
tensions over crises in Kashmir (especially following the attack on Pulwama in 2019), there has been 
a notable surge in cyberattacks from both sides.56 This points to cyber defense vulnerabilities. All 
these factors require more dedicated research and can contribute to a more holistic understanding of 
what it means to maintain strategic stability in the region.

INTEGRATION OF NON-NUCLEAR AND DUAL-USE WEAPONS TECHNOLOGY 
CREATES ENTANGLEMENT ISSUES
The integration of non-nuclear and dual-use weapons and delivery systems shows a third way 
emerging technologies can be disruptive for strategic stability and may increase the risk of 
misperception and miscalculation. James M. Acton et al. posit that this entanglement between 
nuclear and non-nuclear capabilities includes “dual-use delivery systems, the co-location of nuclear 
and non-nuclear forces, and non-nuclear emerging technology threats on nuclear weapons and 
associated command and control networks.”57 These developments can pose a great security risk 
because the dual-use nature of these technologies can increase the uncertainty posed by the security 
dilemma as it becomes even more difficult to distinguish between a nuclear and non-nuclear 
attack. Some of the main emerging dual-use technologies that are important in this context include 
hypersonic glide vehicles, AI, and cyber.

India has launched its hypersonics development program in partnership with Russia and is working 
on the development of BrahMos-II, a hypersonic anti-ship missile. In 2020, DRDO also conducted its 
first test flight of the Hypersonic Technology Demonstrator Vehicle.58 All these developments point 
to India’s serious commitment to developing hypersonic technologies which have the potential 

54 Melissa Robbins, "Cyberattack Hits Indian Nuclear Plant," Arms Control Association, December 2019, https://www.armscon-
trol.org/act/2019-12/news/cyberattack-hits-indian-nuclear-plant and David E. Sanger and Emily Schmall, “China Appears 
to Warn India: Push Too Hard and the Lights Could Go Out,” New York Times, February 28, 2021, https://www.nytimes.
com/2021/02/28/us/politics/china-india-hacking-electricity.html.  

55 Debak Das, “An Indian nuclear power plant suffered a cyberattack. Here’s what you need to know,” Washington Post, No-
vember 4, 2019, https://www.washingtonpost.com/politics/2019/11/04/an-indian-nuclear-power-plant-suffered-cyberat-
tack-heres-what-you-need-know/. 

56 Shashank Shekhar, “India and Pakistan at war in cyber space ahead of Independence Day,” Business Today, August 4, 2017, 
https://www.businesstoday.in/latest/economy-politics/story/india-and-pakistan-at-war-on-cyber-space-ahead-of-inde-
pendence-day-84727-2017-08-04; “India sees dramatic rise in cyber attacks post-Kashmir decision,” Mint, August 19, 2019, 
https://www.livemint.com/news/india/india-sees-dramatic-rise-in-cyber-attacks-post-kashmir-decision-1566217795883.
html; and Debak Das, “An Indian nuclear power plant suffered a cyberattack. Here’s what you need to know,” Washington 
Post, November 4, 2019, https://www.washingtonpost.com/politics/2019/11/04/an-indian-nuclear-power-plant-suffered-
cyberattack-heres-what-you-need-know/.

57 James M. Acton et al., Entanglement: Chinese and Russian Perspectives on Non-nuclear Weapons and Nuclear Risks (Wash-
ington, DC: Carnegie Endowment for International Peace, 2017), 1, https://carnegieendowment.org/2017/11/08/entan-
glement-chinese-and-russian-perspectives-on-non-nuclear-weapons-and-nuclear-risks-pub-73162; Acton, “Escalation 
through entanglement,” 56–99; and Posen, Inadvertent Escalation.

58 H. I. Sutton, “India Goes Hypersonic: New Missile Technology May Be Answer To China’s Navy,” Forbes, September 8, 
2020, https://www.forbes.com/sites/hisutton/2020/09/08/india-goes-hypersonic-new-missile-technology-may-be-an-
swer-to-chinas-navy/?sh=39f1d29cd937; and Manu Pubby, “India tests hypersonic demonstrator vehicle launched from 
Agni I platform,” Economic Times, June 13, 2019, https://economictimes.indiatimes.com/news/defence/india-successful-
ly-tests-unmanned-scramjet-demonstration-aircraft/articleshow/69753826.cms?from=mdr. 
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to further enhance their offensive counterforce capabilities. India is currently aspiring to produce 
a hypersonic version of its anti-ship/land-attack Brahmos supersonic cruise missile. Though the 
development of these technologies is at nascent stages, they still pose risks for a potential first 
strike against adversaries’ strategic assets.59 This dynamic is further complicated by the fact that 
the technology required to credibly detect and intercept hypersonic weapons is complex, making 
them very difficult to defend against. Even if such technologies are developed, the speed and 
maneuverability of these weapons can shorten the warning time for adversaries and subsequently 
increase the rate of a successful first strike. Moreover, this missile has pinpoint accuracy and, when 
paired with the Indian Regional Navigation Satellite System and supersonic speed, can be used 
to target and neutralize hardened structures.60 Relatedly, India is teaming up with the French to 
indigenously develop precision-guided and laser bombs.61 These types of precision weapons may 
further strengthen India’s conventional counterforce capabilities, as they offer the ability to destroy 
hardened and buried targets.62 

While Pakistan’s plans in this field are more unclear, retired navy chief Zafar Mahmood Abbasi 
has recently announced plans for future acquisitions and developments to improve the country’s 
“combat readiness and offensive capability.”63 These include the development of hypersonic P282 
ship-launched anti-ship/land-attack ballistic missiles, among other capabilities, to build its naval 
force structure. The dual-use nature, high speed, and maneuverability of hypersonic weapon systems 
can increase the risk of mistaking a conventional attack for a nuclear one, lowering the nuclear 
threshold.64 There is, however, pushback in the scholarly community on the extent of these negative 
effects. Most notably Andrew W. Reddie writes that the danger of hypersonics fundamentally 
undermining nuclear deterrence is overemphasized. Instead, they can strengthen strategic stability 
when deployed in response to missile defense as it helps reinforce mutual vulnerability.65 Hence, 
these effects are not as clear cut and need to be further contextualized and tested.

India is also looking to more actively integrate AI to help enhance its overall combat ability. India 
recently conducted a test of drone swarms, which incorporate the use of AI.66 These tests include a 
large cluster (or several clusters) of UAVs that are flown together in contested or hostile airspace and 
can be used as both attack weapons and to jam enemy communication systems and radars on the 
battlefield.67 In a recent tweet announcing this success, the Indian Air Force (IAF) wrote: “Harnessing 

59 Samran Ali, "Nuclear Issues Indian Hypersonic Weapons Bring New Challenges to South Asia," South Asian Voices, Septem-
ber 13, 2019, https://southasianvoices.org/indian-hypersonic-weapons-bring-new-challenges-to-south-asia/.

60 “BrahMos successfully penetrates hardened targets in Army test,” The Hindu, November 18, 2013, https://www.thehindu.
com/sci-tech/science/brahmos-successfully-penetrates-hardened-targets-in-army-test/article5363952.ece; and Ajai 
Shukla, “Air-launched BrahMos Boosts Deep Strike Capability,” Broadsword, November 22, 2017, https://www.ajaishukla.
com/2017/11/air-launched-brahmos-boosts-deep-strike.html.

61 Vivek Raghuvanshi, “India To Produce Precision-Guided Munitions Domestically,” Defense News, April 25, 2016, https://
www.defensenews.com/global/asia-pacific/2016/04/25/india-to-produce-precision-guided-munitions-domestically/. 

62 Gregory D. Koblentz, Strategic Stability in the Second Nuclear Age (New York: Council on Foreign Relations, 2014), https://
www.jstor.org/stable/resrep21432.8?seq=1#metadata_info_tab_contents. 

63 Usama Ansari, “Outgoing Pakistan Navy chief reveals details of modernization programs,” Defense News, October 14, 2020, 
https://www.defensenews.com/naval/2020/10/14/outgoing-pakistan-navy-chief-reveals-details-of-modernization-pro-
grams/. 

64 Rabia Javed, “Hypersonics in South Asia,” The Nation, April 19, 2021, https://nation.com.pk/19-Apr-2021/hyperson-
ics-in-south-asia. 

65 Andrew W. Reddie, “Hypersonic Missiles: Why the New ‘arms Race’ is Going Nowhere Fast,” Bulletin of the Atomic Scientists, 
January 13, 2020, https://thebulletin.org/2020/01/hypersonic-missiles-new-arms-race-going-nowhere-fast/.  

66 Gloria Methri, “Indian Air Force Enhances Combat Potential With AI-based ‘Swarm Drone Technology’,” Republic World, 
December 6, 2020, https://www.republicworld.com/india-news/general-news/indian-air-force-enhances-combat-poten-
tial-with-ai-based-swarm-drone-technology.html. 

67 Ibid. 
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indigenous talent and technological capability, IAF is leading the way in using Artificial Intelligence 
to add to its combat potential. Swarm drones are a prime example.”68 India has also developed and 
already deployed anti-drone systems for Prime Minister Modi’s Independence Day security detail. 
According to DRDO, this anti-drone system “can bring down micro drones through either jamming 
of command-and-control links or by damaging electronics of drones through laser-based Directed 
Energy Weapon.”69

AI-driven technologies in Pakistan seem to be in early stages, and as mentioned earlier, there is not 
much information available on this in the public realm. Saima Aman Sial made an interesting point 
that that any future AI-enabled improvements to precision targeting and autonomy can renew the 
role that tactical nuclear weapons play in the region.70 This can create further pressure to maintain 
strategic stability.

THE OPTIMISTS
As mentioned earlier, these technologies can serve as a double-edged sword. While they increase 
risks, they also hold a lot of promise. The optimistic camp argues that emerging technologies can 
also have a stabilizing influence on nuclear deterrence specifically through improvements to ISR and 
situational awareness. Below are some of these arguments.

NEW TECHNOLOGIES CAN IMPROVE NUCLEAR DECISIONMAKING  
AND GARNER SITUATIONAL AWARENESS BENEFITS 
Optimists argue that technological developments enabled by cyber and AI can further aid 
decisionmaking by reducing the risk of miscalculation. Such technologies can help nuclear 
states improve their ISR and early-warning capabilities, which subsequently increases the safety 
and reliability of their nuclear arsenals.71 These capabilities “illuminate,” meaning they enhance 
situational awareness and improve the accuracy of data flows to decisionmakers, reducing the risk 
of nuclear escalation.72 Jessica Cox and Heather Williams argue against the more alarmist views and 
posit that it matters how states apply technologies such as AI in their nuclear domains.73 Taking this 
granular approach allows for these technologies to be incorporated in a way that maximizes their 
benefits and manages their risks. AI helps rapidly process large amounts of data, which makes it 
easier to reduce uncertainty about adversaries’ actions and helps improve the quality of information 
being generated. This can include processing large amounts of satellite, image, and other open-
source data.74 Moreover, it can help reduce any human-related bias or analytical flaw that is present 
in high-pressure crisis situations with very condensed timelines. 

68 Indian Air Force, Twitter post, December 2020, 10:12 pm, https://twitter.com/IAF_MCC/status/1335059506984747013.  
69 “System To Bring Down Micro Drones Deployed For Independence Day Event In Delhi,” NDTV, August 14, 2020, https://

www.ndtv.com/india-news/system-to-bring-down-micro-drones-deployed-for-independence-day-event-in-delhi-2279733. 
70 Petr Topychkanov, “The Opportunities and Risks of Artificial Intelligence for Strategic Stability in South Asia,” in The Impact 

of Artificial Intelligence on Strategic Stability and Nuclear Risk (Stockholm: Stockholm International Peace Research Insti-
tute, 2020), https://www.jstor.org/stable/pdf/resrep24515.16.pdf?refreqid=excelsior%3A08f1e851456c14a79ca26304f-
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in South Asia (Stockholm: Stockholm International Peace Research Institute, 2020), https://www.jstor.org/stable/pdf/res-
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71 Ibid.; and Lora Saalman, “Fear of False Negatives: AI and China’s Nuclear Posture,” Bulletin of the Atomic Scientists, April 24, 
2018, https://thebulletin.org/2018/04/fear-of-false-negatives-ai-and-chinas-nuclear-posture/. 

72 Marina Favaro, Emerging technologies and nuclear stability, European Leadership Network (2021), https://www.european-
leadershipnetwork.org/commentary/emerging-technologies-and-nuclear-stability/. 

73 Jessica Cox and Heather Williams, “The Unavoidable Technology: How Artificial Intelligence Can Strengthen Nuclear 
Stability,” Washington Quarterly 44, no. 1 (2021): 69–85, doi:10.1080/0163660x.2021.1893019.
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These critical AI driven improvements to ISR and other early-warning capabilities become even more 
influential between India and Pakistan given their geographical proximity, their lack of advanced 
satellite detection capability, and the short time political and military leaders have to make these 
critical choices. In addition, the information space between the two neighbors has been even 
more chaotic in the recent crises, with social media gaining a new level of prominence. This recent 
information warfare has resulted in the elevation of more nationalist and jingoistic narratives. 
These narratives foster paranoia and can also create pressure on leaders to pursue more escalatory 
actions.75 This increased level of situational awareness allows states to make better decisions 
that can further enhance strategic stability. It can ensure the timely detection of a threat but also 
increases the visibility into an adversary’s action and reduces the likelihood of miscalculation overall.  

However, is increased situational awareness always a good thing? More recently, experts have 
started to push back on this notion and instead argue that improvements to situational awareness 
can also “increase the risk of escalation and upset strategic stability.”76 This is specifically true of the 
current threat landscape where the lines between nuclear and conventional situational awareness 
are becoming intertwined. Rebecca Hersman et al. argue that emerging technologies that improve 
situational awareness can also be destabilizing in several ways.77 Their use can lead to unintended 
provocation when the adversary cannot distinguish between the offensive and defensive nature of 
these surveillance activities. The entangled nature of dual-use situational awareness systems can 
also lead to escalation by creating the misperception that a country might have nuclear weapons 
during a conventional conflict. 

Lastly, and most importantly, more information does not necessarily translate into better 
decisionmaking. The information complexity associated with large amounts of information being 
produced by these systems can create more uncertainty and lead to decision paralysis in some 
cases.78 Overall, the impact on decisionmaking is less clear cut than either of these camps admit and 
requires further research.

TECHNOLOGICAL LIMITATIONS OF NEW TOOLS
While technologies such as AI offer a significant means to improve counterforce capabilities and can 
undermine some aspects of nuclear deterrence, optimists note that there are inherent technological 
limitations which make these alarmist predictions untenable. To be fool-proof, a plan to launch a 
preemptive counterforce strike must ensure that it can credibly destroy all of the enemy’s warheads. 
However, this level of certainty is hard to guarantee when dealing with elusive and time-critical 
targets. Hence, even though the technology has created some level of uncertainty, it might not 
be enough to credibly ensure that a nuclear adversary’s retaliatory options would be completely 
neutralized.79 AI advances are “unlikely to reach the sophistication, accuracy, and resilience required 
to disrupt nuclear deterrence as understood and practiced since the end of World War II.”80 This is true 
for several reasons. 

75 Aditi Malhotra, “Toeing the Line: Media Behavior and Public Messaging During the Pulwama/Balakot Crisis,” Stimson Cen-
ter, April 19, 2020, https://www.stimson.org/2020/toeing-the-line-media-behavior-and-public-messaging-during-the-pul-
wama-balakot-crisis/. 

76 Rebecca Hersman, Bernadette Stadler, and Lizamaria Arias, “When Is More Actually Less? Situational Awareness, Emerging 
Technology, and Strategic Stability,” On the Radar, CSIS, July 29, 2019, https://ontheradar.csis.org/analysis/overview/. 

77 Ibid.
78 Ibid.; and Acton, “Escalation through entanglement,” 56–99; and Posen, Inadvertent Escalation.
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Firstly, the level of certainty required to ensure that all of an adversary’s nuclear assets are disarmed 
is 100 percent. However, AI technology has not advanced to the level that offers near perfect 
image recognition, reducing the level of certainty that a counterforce strike can fully eliminate an 
adversary’s retaliatory capability. These are theoretical limitations inherent to the machine learning 
and deep learning methods that AI systems rely on.

Secondly, the predictive capacity of AI is largely based on the data and information that it trains 
on, and this can be severely limiting. In the context of security, imagery of an adversary’s nuclear 
delivery systems is likely to be scarce and might be inaccurate. Sometimes synthetic data might be 
generated to overcome this problem, but it comes at the cost of raising the number of false positives 
being detected as nuclear delivery vehicles. Moreover, the infancy of this technology and problems 
with dimensionality of images also makes it harder to assess the true function of a vehicle from 
its exterior characteristics. These data shortcomings for both training and operationalization of AI 
systems reduce the accuracy required for an effective counterforce strategy. 

Overall, the military applications of AI technology can be characterized as being “brittle,” as there 
is a lot of potential to fail and produce unpredictable results when exposed to new environments, 
especially when relying on opaque algorithms. This camp of arguments highlights how AI technology 
has still not reached the level of technical sophistication that is required to build an effective 
counterforce strategy; at best, changes involving the introduction of AI will likely be incremental.

ASSESSING OVERALL IMPACT
New technological advancements and modernization programs have the potential to (1) alter the 
strategic calculations about the survivability of nuclear arsenals before a crisis begins, and (2) 
increase the likelihood of crisis escalation by impacting threat perception once a crisis is under way. 
On the other hand, they also hold key promise in helping improve ISR and early-warning capabilities 
that can help enhance strategic stability. New technologies will not generate straightforward, 
singular effects; it matters how these intrinsic capabilities interact with factors such as military 
operationalization, organizational culture, and even the strategic preferences of political, military, and 
scientific leadership.

This is indeed a double-edged sword, and more research needs to be done to ascertain how 
individual nuclear states choose to integrate these technologies into their existing force postures. 
Caitlin Talmage studies this connection between emerging technologies and intrawar escalation 
risks in the Cold War context. She finds that technology on its own is not enough to drive escalation. 
Instead, it is the “intent on the part of political leaders to use such technologies to manipulate risk.”81 
Technology can in some cases be a critical enabler that creates conditions for intentional escalation, 
but it is not deterministic on its own. Hence, the possession of these technologies and weapon 
systems is not enough. It matters how they are deployed and operationalized, what command and 
control operations are associated with them, and how adversaries’ forces are structured. 

This is similar to the conceptualization that Talmage uses which argues that technologies can act as 
“intervening variables” which might increase or enable escalatory risk. However, these weapons and 
technologies do not operate in a vacuum; it is equally important to consider the political and military 
objectives that they are expected to fulfill. 

81 Caitlin Talmadge, “Emerging technology and intra-war escalation risks: Evidence from the Cold War, implications for 
today,” Journal of Strategic Studies 42, no. 6 (2019): 864–87, doi:10.1080/01402390.2019.1631811. 
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Moreover, while the political intent might not be to adopt these technologies as offensive weapons, 
the signal that is sent to adversaries might be different and create room for misperception. For 
example, many Indian experts have pushed back on the notion that India’s no-first-use commitments 
are eroding and claim that all the recent developments are in line with its doctrine of credible 
minimum deterrence. The Pakistanis, on the other hand, do not entirely agree with this stated 
rationale and are taking the counterforce threat from India seriously as they continue to build their 
nuclear program. This mismatch in strategic thinking is made worse by the absence of any strategic 
dialogue or any mutual confidence-building measures to create a shared understanding of what risks 
and uncertainties look like in the region.

Even more importantly, contextual factors can have a critical impact on how smaller nuclear powers 
such as India and Pakistan are adopting these technologies. These include a range of historical, 
cultural, and political factors that make this dyadic relationship unique and also imply that the Cold 
War nuclear rivalry might not be the most relevant model to follow when analyzing the nuclear 
politics of the region. 

The relationship between these two neighbors has been a complex one, marred with a history of 
low and high crisis points, especially related to Kashmir. Most recently the relationship plummeted 
after the 2019 Pulwama incident, followed by the abrogation of article 370 of Indian constitution. 
This move essentially revoked the special autonomous status guaranteed to Jammu and Kashmir, and 
several human rights abuses followed. Kashmir continues to be a key sore point that halts progress 
on any bilateral front and continues to inform the threat perception on both sides. Hence, any effort 
to improve relations in the long term must also address this issue. 

In fact, some regional scholars have argued that the concept of strategic stability itself needs to be 
expanded to include regional concerns and preferences. One example of this school of thought is 
encapsulated by a statement from Brigadier General Zahir Kazmi: 

For South Asia, strategic stability would be a situation between South Asian nuclear powers, 
in which Pakistan has the confidence that India is serious in resolving the territorial disputes 
and that Indian strategic partnerships with the developed world are not at the cost of 
Pakistan’s security. Likewise, India’s confidence in Pakistan’s willingness to resolve bilateral 
disputes without alleged indirect strategy.82

Secondly, the geographical proximity of these neighbors also presents a distinctive strategic calculus. 
Since flight times of missiles are much shorter than between the United States and Russia, the time 
frame for decisionmaking is reduced, making the threat of a first strike even more pervasive.83 These 
are important factors to consider when analyzing the impact of these new technologies on escalation 
dynamics. It also means that technologies that help improve the accuracy and reliability of early-
warning systems in this context can be even more crucial in strengthening nuclear deterrence.

Thirdly, it is also relevant to consider which actors are in charge of making these decisions and 
what cultural factors motivate them. In terms of political leadership, India has recently seen a rise 
in nationalist fervor under Modi and the Bharatiya Janata Party (BJP). An emblematic statement that 
reflects Modi’s general thinking on the use of nuclear force is from the Pulwama crisis time when he 

82 Tasleem, "Pakistan’s View of Strategic Stability: A Struggle between Theory and Practice."; and Zahir Kazmi, “Tactical Nucle-
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83 Saima Aman Sial, Military Applications of Artificial Intelligence in Pakistan. 
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said, “Every other day they used to say ‘we have nuclear button, we have nuclear button.’ What do we 
have then? Have we kept it for Diwali?”84 

This type of Hindu nationalist rhetoric has left a significant impact on the public audience. According 
to a Pew Research poll from 2019, “Most Indians see Pakistan, their neighbor to the west, as a threat. 
When asked how serious of a danger Pakistan poses for India, about three-quarters in India (76%) 
say Pakistan is a threat, including 63% who say it is a very serious threat.” What is more concerning 
though is that “Indians who express confidence in Narendra Modi are more likely (70%) to see 
Pakistan as a threat than are those with less confidence in the prime minister, although even among 
this latter group about half view Pakistan as a danger (51%).85 This emerging dynamic is even more 
concerning because, according to some experts, India has been “cumulatively emboldened” by the 
lack of international backlash in its assertive behavior toward Pakistan. This rising anti-Pakistan 
sentiment, paired with hypernationalistic mobilization rhetoric and a lack of international push back 
for engagement in risky behavior, can create a commitment trap for the Indian government that leads 
to more aggressive responses to its adversaries. 

In the context of Pakistan, the military has been very influential in all national security matters 
historically. The military has been a key actor in informing the threat perception of the country, which 
has arguably become more focused on internal threats from terrorist activity in the recent decades.86 
Even though the current government of Prime Minister Imran Khan has emphasized the need to 
prioritize economic growth and improve relations with India, these attempts have been mostly 
unsuccessful for several reasons, including the refusal of the current Indian government to start any 
type of talks.87

Also, the recent deterioration of relations following the policy changes in Kashmir after the 
revocation of article 370 of the Indian constitution has inhibited further progress. The issue of 
Kashmir has been a sore point for both countries since partition and has resulted in multiple wars. 
These developments, paired with certain elements of Pakistani strategic culture that emphasize 
“an opposition to Indian hegemony, primacy of defense requirements, nuclear deterrence . . . and 
identification with conservative Islamic values,” have arguably reinforced the existential threat 
Pakistan perceives from India.88 

In a similar light, it is also important to consider the leadership of both military and scientific experts 
and study how they interact with each other. The prominence of civil-military relations has been key 
in this regard. Assertive control over these weapon systems may help reduce risk of miscalculation, 
but this might vary across the range of technologies and weapon systems being adopted. 

Another aspect to further examine in this realm is the role that organizational politics and strategic 
culture play in decisions about vertical nuclear proliferation. Particularly relevant in the case of India, 

84 “Our nuclear weapons are not for Diwali: PM Modi on Pak's nuclear button threat,” India Today, April 21, 2019, https://
www.indiatoday.in/elections/lok-sabha-2019/story/our-nuclear-weapons-are-not-for-diwali-pm-modi-on-pak-nuclear-
button-threat-1506893-2019-04-21. 

85 Kat Devlin, A Sampling of Public Opinion in India (Washington, DC: Pew Research Center, 2019), https://www.pewresearch.
org/global/2019/03/25/a-sampling-of-public-opinion-in-india/. 

86 David O. Smith, The Wellington Experience: A Study of Attitudes and Values Within the Indian Army (Washington, DC: Stimson 
Center, 2020). 

87 Pravin Sawhney, “The Real Googly: More than Imran, the Pakistan Army Wants Peace With India,” The Wire, December 2, 
2018, xx, https://thewire.in/diplomacy/the-real-googly-more-than-imran-the-pakistan-army-wants-peace-with-india. 

88 Peter Lavoy, Pakistan’s Strategic Culture (Washington, DC: Defence Threat Reduction Agency, 2006), 4, https://fas.org/irp/
agency/dod/dtra/pakistan.pdf. 
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Gaurav Kampani and others have argued that decisions about nuclear proliferation are driven by the 
bureaucratic-organizational interests of the strategic enclave. This includes powerful scientific and 
industrial lobbies within the Indian government such as the Department of Atomic Energy, DRDO, and 
the Indian Space Research Organisation.89 

Lastly, the impact of these new technologies will also be informed by the geopolitics and 
realignment of alliances in the region. Most significant is the triangular deterrence dynamic in 
the region, whereby India is trying to deter multiple actors. The decoupling of these deterrence 
policies is highly complex, and any technology adoption by India in response to China can also be 
used or redirected toward Pakistan. This further raises the risk of misperception and miscalculation, 
and the only productive way forward is to have regional confidence-building and arms control 
measures paired with active dialogue and engagement. It is also important to keep in mind how key 
alliance relationships are relevant in helping both India and Pakistan procure access to these new 
technologies without much international oversight.

The discussion above summarized some of the key ways in which emerging technologies can have 
both positive and negative impacts on nuclear deterrence stability and crisis escalation vis-à-vis 
India and Pakistan. What is more deterministic, then, is how willing states are to acknowledge and 
work with some of these inherent limitations to maximize the potential benefits and minimize 
losses. The early adoption of this technology offers some military advantages that might be too 
hard for some nuclear weapon states to forgo. However, this trade-off must not come at the cost of 
compromising on safety systems and reliability standards that are necessary to avoid accidents and 
miscalculations in the use of nuclear weapons. In fact, this presents an opportunity—as Gerard Smith, 
U.S. Cold War arms control negotiator for the Anti-Ballistic Missile Treaty, argued: “new systems are 
easier to stop than fully developed ones.”90 

To maintain effective and stable nuclear deterrence in a world with rapidly advancing emerging 
technologies and new capabilities, nuclear states need to carefully evaluate the perceived potential 
of this technology while also being cognizant of ways in which these risks can be identified and 
corrected for. Just as these technologies are new and emerging, nuclear-armed states must think 
creatively about developing a new toolbox of arms control strategies that can help foster strategic 
restraint. This can range from mutually accepted rules of engagement in the cyber sphere to thinking 
about equitable enforcement of international export controls that help regulate the transfer of these 
new technologies. New tools can both help fight old wars and enable new solutions to old problems.

89 Gaurav Kampani, “Stakeholders in the Indian strategic missile program,” Nonproliferation Review 10, no. 3 (2003): 48–70, 
doi:10.1080/10736700308436943.
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The TPNW and the U.S. 
Arms Control Community
Forever Foes or Potential Partners?

By Halley Posner1

INTRODUCTION
The Treaty on the Prohibition of Nuclear Weapons (TPNW) is a sweeping symbol of hope for the 
future. This treaty does not merely seek to reduce nuclear weapons but abolish them entirely. It 
defines the end goal of nuclear policy analysts and experts devoted to a world without nuclear 
weapons. So, why does support for the TPNW vary so dramatically across the United States arms 
control community? This paper seeks to answer that question. 

Understanding why the support for the treaty varies across the U.S. arms control community is 
important because the TPNW is the biggest advancement in nuclear arms control in a generation. 
This paper defines the arms control community as nongovernmental organizations (NGOs), 
government analysts, and funders working to control the spread of or reduce nuclear weapons. The 
treaty is imaginative and optimistic; it inspires people from all over the world and could rewrite 
the script of nuclear arms control as we know it—but only if a nuclear power would ratify it. To help 
answer this question, I conducted a series of elite interviews of the current views in the field on the 
TPNW as will be described below. 

The bottom line is this: the arms control community does not have a uniform audience to whom 
they are writing or speaking, or an aligned theory on the best way to reduce nuclear weapons 
(evolutionary versus revolutionary approach). But the experts I spoke with agree that nuclear 
weapons states must be the driver of nuclear decisions. The community applauds the goal of the 
TPNW and thinks it plugs a legal gap but also outlines much work to be done before we can get to 
this ultimate goal of banning nuclear weapons. The TPNW was born too early.

1 Halley Posner is the program manager at the Bulletin of the Atomic Scientists.
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WHAT IS THE TPNW?
The story of the TPNW begins in 2010 at a regularly scheduled Review Conference (RevCon) for the 
Treaty on the Non-Proliferation of Nuclear Weapons (NPT). At this RevCon, state parties outlined a “deep 
concern at the catastrophic humanitarian consequences of any use of nuclear weapons.”2 This prompted 
a group of states to convene three humanitarian conferences to investigate further. The first was held 
in March 2013 in Norway, the second in Mexico in February 2014, and the third in Austria in December 
2014 to “present a facts-based understanding of the short and longer-term effects of a nuclear weapon 
detonation.”3 The final conference had Austria, Brazil, Ireland, Mexico, Nigeria, and South Africa acting 
as “lead sponsors.”4 Of those countries, it is interesting to note that many of these lead sponsors have 
experience with banning nuclear weapons. Brazil and Mexico are party to the Treaty of Tlatelolco, which 
prohibits nuclear weapons in Latin America and the Caribbean,5 while Nigeria and South Africa are 
party to the Pelinadaba Treaty, which established a nuclear-free zone on the African continent.6 

At the RevCon in 2015, 160 states endorsed the initiative that would ultimately become the TPNW, 
but they were unable to draft a conclusive consensus document.7 To help drive the document forward, 
the UN General Assembly established an Open-Ended Working Group (OEWG) was established in 
Geneva. At the third session of the OEWG, states voted to pass the TPNW in a 68 to 22 vote, with 
13 states abstaining.8 The United States and the United Kingdom, both nuclear-armed countries, 
attended the meeting. The treaty was then brought to the United Nations in 2017 and opened 
for signatures. Forty-nine signatories later, Honduras ratified it, “making that country the treaty’s 
fiftieth State Party and, under the TPNW’s provisions, propelling the regime over the entry-into-force 
threshold,” as John Borrie notes.9 Important to note here is that all 50 states to ratify the treaty at this 
point are nonnuclear weapons states and no states that exist under a nuclear umbrella.    

On January 22, 2021, for states party to the TPNW, nuclear weapons became illegal as the treaty 
entered into force. It took roughly 11 years from start to finish.

The treaty language itself is clear in its intent to ban nuclear weapons. Seeking to ban an entire 
class of weapons is not novel, as illustrated by the biological/chemical weapons ban and the cluster/
landmine ban. Before even getting into the articles of the TPNW, the preamble directly points to 
the concern of “the slow pace of nuclear disarmament, the continued reliance on nuclear weapons 
in military and security concepts, doctrines and policies, and the waste of economic and human 
resources on programmes for the production, maintenance, and modernization of nuclear weapons.”10 

2 “The Humanitarian Initiative and the TPNW,” Toda Peace Institute, Policy Brief, February 2021, https://toda.org/poli-
cy-briefs-and-resources/policy-briefs/the-humanitarian-initiative-and-the-tpnw.html.

3 “Treaty on the prohibition of nuclear weapons: Background,” United Nations Office for Disarmament Affairs, https://www.
un.org/disarmament/wmd/nuclear/tpnw/. 

4 John Burroughs, “Key Issues in Negotiating for a Nuclear Weapons Prohibition Treaty,” Arms Control Today, June 2017, 
https://www.armscontrol.org/act/2017-06/features/key-issues-negotiations-nuclear-weapons-prohibition-treaty. 

5 “Treaty of Tlatelolco,” United Nations Platform for Nuclear-Weapon-Free Zones, https://www.un.org/nwfz/content/trea-
ty-tlatelolco. 

6 “Treaty of Pelindaba,” United Nations Platform for Nuclear-Weapon-Free Zones, https://www.un.org/nwfz/content/trea-
ty-pelindaba. 

7 “Treaty on the Prohibition of Nuclear Weapons (TPNW),” Nuclear Threat Initiative, https://www.nti.org/learn/trea-
ties-and-regimes/treaty-on-the-prohibition-of-nuclear-weapons/. 

8 Ibid.
9 John Borrie, “An Introduction to Implementing the Treaty on the Prohibition of Nuclear Weapons,” Journal for Peace and 

Nuclear Disarmament 4, no. 1, (2021): 2, doi:10.1080/25751654.2021.1947460.
10 United Nations, Treaty on the Prohibition of Nuclear Weapons (New York: July 2017), Agenda item 9, http://undocs.org/A/

CONF.229/2017/8. 
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In other words, the nuclear arms control regime has been stuck in a rut they are seemingly hesitant 
to break free of. In the past 75 years, the world has seen arms control initiatives come and go but is 
no closer to curbing the nuclear machine.

UNDERCUTTING DETERRENCE
Moving into the exact binding articles of the treaty, the TPNW establishes sweeping rules in the 
move toward total disarmament for its states parties. Article 1 prohibits states from developing, 
testing, transferring, receiving, and using nuclear weapons; from threatening, assisting with, or seeking 
assistance from other states related to nuclear weapons; and prohibits nuclear weapons from being 
installed, stationed, or deployed from a land covered by this treaty.11 With that very long list of do-nots, 
the nuclear weapons establishment of states party to the treaty is effectively crippled. States under 
the treaty can neither have nuclear weapons on their soil nor threaten their use. That last point cuts 
deterrence theory off at the knees, which is a cornerstone theory of the United States nuclear process. 
While no state that relies on nuclear deterrence has joined the TPNW, if any state were to do so, it 
would have major consequences. Without being able to threaten nuclear war, deterrence says there 
is no way to effectively counterbalance a would-be aggressor.12 This also poses major problems for 
states operating under a nuclear umbrella or those party to a multinational defense alliance such as 
the North Atlantic Treaty Organization (NATO), which has stated its staunch rebuke of the TPNW.13 The 
next step to becoming an effective member of the TPNW is to declare to the UN secretary general 
if the country in question previously had and has now dismantled its nuclear program, currently has 
nuclear weapons, or is hosting any such weapons on its soil. Verification and safeguards must now be 
discussed to understand how to properly shudder a nuclear weapons program.

VERIFICATION AND SAFEGUARDS
Highly enriched uranium or plutonium will not vanish the moment a country wants to shudder its 
nuclear program. The treaty requires states to “conclude a safeguards agreement with the International 
Atomic Energy Agency sufficient to provide credible assurance of the non-diversion of declared nuclear 
material from peaceful nuclear activities and of the absence of undeclared nuclear material or activities 
in the State as a whole.”14 In order to dismantle their nuclear programs, states must set up a plan with 
the IAEA and then afterward merely inform the UN secretary general of the plans. It seems like a simple 
to-do list for such a complex problem. According to Article 3, it is up to the states to disclose whether 
they have nuclear materials that conflict with Article 1. There is neither an external evaluating system 
set in the letter of the treaty to go in, nor does it demand states comply with the Additional Protocol. 
But to be fair, the NPT does not explicitly require the Additional Protocol either.15 

However, as Zia Mian, Tamara Patton, and Alexander Glaser note, 94 states party to the NPT are 
also in nuclear-free zones which have more stringent verification models: “The ban treaty could 
adopt a simple verification obligation using language similar to that in the nuclear-weapon-free-
zone treaties, while recognizing that some verification obligations already exist and more stringent 

11 Ibid.
12 Bernard Brodie, “The Anatomy of Deterrence,” World Politics 11, no. 2 (1959): 174, https://www.jstor.org/stable/2009527.
13 “North Atlantic Council Statement as the Treaty on the Prohibition of Nuclear Weapons Enters Into Force,” NATO, Press 

Release, December 2020, https://www.nato.int/cps/en/natohq/news_180087.htm. 
14 United Nations, Treaty on the Prohibition of Nuclear Weapons.
15 James Martin Center for Nonproliferation Studies, Inventory of International Nonproliferation Organizations and Regimes: 

Additional Protocol (Monterey, CA: Janes Martin Center for Nonproliferation Studies, 2015): 2, https://media.nti.org/pdfs/
iaea_Additional_protocol_16.pdf.

Halley Posner  |  191

https://www.jstor.org/stable/2009527
https://www.nato.int/cps/en/natohq/news_180087.htm
https://media.nti.org/pdfs/iaea_Additional_protocol_16.pdf
https://media.nti.org/pdfs/iaea_Additional_protocol_16.pdf


192  |  On the Horizon: A Collection of Papers from the Next Generation of Nuclear Professionals

verification may be necessary as nuclear-weapon states transition to join the treaty.”16 These authors 
posit that the TPNW could have been a good agreement to model after these “special inspections” 
that go above and beyond what is included in the NPT.

INTERNATIONAL ASSISTANCE
For states party to the treaty, the TPNW creates a web of international assistance and sets the 
expectation that countries in the treaty should rely on each other for support. States can petition 
each other to help provide aid to groups affected by nuclear testing or fallout. Article 7 demands that 
“without prejudice to any other duty or obligation that it may have under international law, a State 
Party that has used or tested nuclear weapons or any other nuclear explosive devices shall have a 
responsibility to provide adequate assistance to affected States Parties, for the purpose of victim 
assistance and environmental remediation.”17 For example, if the United States were party to the 
treaty, they would be required to provide reparations to Marshall Islanders for the “Test Able” in the 
Bikini Atoll. Or if the French were a sates party, they would be required to give aid to the Algerians for 
nuclear testing code-named “Gerboise Bleue.” The list goes on and on; each nuclear-armed country 
has a similar story to tell and a price to pay.

Another vastly important variable in understanding the TPNW is the International Campaign to 
Abolish Nuclear Weapons (ICAN), which is its main champion. This international coalition of NGOs 
active in countries across the world seeks to “support the specific objective of prohibiting and 
eliminating nuclear weapons.”18 Founded in Australia by a group of concerned physicians and 
formalized in Austria in 2007, they saw the success of the treaties banning biological and chemical 
weapons, landmines, and cluster munitions and hoped to create a model for nuclear weapons. 
According to ICAN, “no type of weapon has been controlled or eliminated without being banned. It 
was a massive gap in international law that the worst weapons of mass destruction of all, the only 
ones posing an existential threat, nuclear weapons, had not been categorically prohibited.”19 ICAN 
grew throughout the years and became a steady force backing the TPNW once it entered into the 
global lexicon. In 2017, the coalition won the Nobel Peace Prize for their efforts. ICAN is still a vital 
part of the TPNW and seeks to help in adding new signatories to the TPNW every day.

The treaty itself is the next generation of sweeping reduction initiatives for the nuclear arms control 
community. It is comprehensive, progressive, and nods to the humanitarian disaster that would result 
from a future nuclear exchange, while but it also acknowledges the human and ecological harm that 
has been wrought from the bombs dropped in 1945 and testing throughout the second part of the 
twentieth century. The TPNW seems to set a staunch precedent for what many in the arms control 
community set out to do: eradicate nuclear weapons. So why is the U.S. arms control field so varied in 
their responses to the TPNW? 

INTERVIEWS
This study involved a series of elite interviews with high-ranking U.S. experts in prominent 
organizations in the field in the hopes that it would unlock a pattern to explain my testing question. 
These were conducted in a journalist interview-like style; the intention was not to pass judgment 

16 Zia Mian, Tamara Patton, and Alexander Glaser, “Address Verification in the Nuclear Ban Treaty,” Arms Control Today, June 
2017, https://www.armscontrol.org/act/2017-06/features/addressing-verification-nuclear-ban-treaty. 

17 United Nations, Treaty on the Prohibition of Nuclear Weapons.
18 “People and Structure,” ICAN, https://www.icanw.org/people_and_structure. 
19 Dimity Hawkins, Dave Sweeney, Tilman Ruff, “ICAN’s Origins,” ICAN, October 2019, https://www.icanw.org/ican_origins.
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on the TPNW but rather to aggregate diverging views to better understand the community’s view on 
it. For this study, the arms control community is defined as NGOs, government analysts, and funders 
working to control the spread of or reduce nuclear weapons. In other words, using this style of 
analysis allowed the study to tether the U.S. arms control community together and tease out main 
themes to help answer the research question. Although the direction of each conversation took 
different twists and turns depending on the interviewee, there were common lines throughout. 

Interviewees included Michelle Dover, the director of programs at the Ploughshares Fund20; Daryl 
Kimball, executive director at the Arms Control Association; Alicia Sanders-Zakre, a policy and research 
coordinator with ICAN; Sharon Squassoni, a research professor with the Institute for International 
Science and Technology Policy at the Elliott School of International Affairs at George Washington 
University; Cecili Thompson Williams, the executive director of Beyond the Bomb; and Jon Wolfsthal, 
senior advisor of policy and advocacy at Global Zero.21 These interviewees were selected with careful 
eye on gender balance. The interviewees are a sampling of the community, not a comprehensive view. 
Time constraints for this project limited the number of people who could be interviewed.

Throughout these six interviews, there are three common differences that explain why the U.S. 
arms control community is varied in its support of the TPNW. The first is that there is no one clear 
audience to whom the U.S. arms control community is speaking. Each organization has a slightly 
different feel for its readership, so the messaging also varies depending on the perceived audience. 
The second theme hinges around the approach to arms control between being an evolutionist and 
revolutionist. Each approach may have roots in the context each person brings to the field. The final 
theme is a difference in understanding the purpose of the treaty. Does it reinforce norms, shine as 
a beacon of hope for better times ahead, or represent a missed opportunity? Each of these three 
overarching themes is examined in turn below. 

WHO IS READING WHAT THE EXPERTS ARE WRITING?
The first question asked to each interviewee was “Who is the main audience of [insert organization 
or affiliation here] and why?” Answers to this question ranged from elite policymakers, to elected 
representatives, and even to high school students. Each organization has a slightly different purpose 
for publishing its works. There is division among the arms control community’s response to the TPNW 
because the arms control community itself is not writing for just one person or one type of person. A 
brief to a congressperson will be different than an explainer aimed at a 16-year-old living in a state 
with intercontinental ballistic missiles trying to understand how the nuclear policy world affects them. 

At the Arms Control Association, Kimball notes that they tailor their messaging based on the topic. 
For example, “when it comes to talking about the TPNW, we are trying to put the treaty in context. 
What does it contribute to reducing eliminating the threats? What can it not achieve? How does this 
fit in the broader framework of strategies to deal with nuclear weapons?”22

Beyond the Bomb’s main audience seems to be mainly the younger public, and its goal is to educate 
them on nuclear weapons. Thompson Williams notes, “We are working to engage youth and young 
adults who are on the progressive side of things.”23 Thompson Williams was the only interviewee who 

20 Michelle Dover has since joined the State Department after the interview was conducted.
21 Although Alicia Sanders-Zakre is not working in the U.S. arms control community, the author spoke with her to have 

ICAN’s important perspective included in this paper.
22 Daryl Kimball in discussion with the author, May 13, 2021.
23 Cecili Thompson Williams in discussion with the author, May 25, 2021.
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is striving to engage a specific age group of the population. She even went further to say that Beyond 
the Bomb wants to engage people in specific geographic areas that are, for example, home to missile 
silos. The people in those places are directly impacted by the nuclear industrial complex. 

As a funder, Ploughshares sits at the seams of the community. They are simultaneously raising funds, 
giving out those funds, and writing policy recommendations themselves. Dover highlighted three of 
their main audiences—policymakers, the public, and experts—stating:

One audience is policymakers around the world, but particularly here in the U.S.—those who 
have influence over the decisions about what U.S. nuclear policy is. Another major audience 
is the American public because we are a foundation that raises all of the money it gives 
away. The support of our supporters is huge, and in some ways, we actually see the positions 
that we take—the policies we pursue—are road tested through our supporters. If they are not 
on board, that is something we have to actually really think hard about why we would be 
pursuing it. The third audience that we have . . . is those experts who are out in civil society.24

Wolfsthal points out that he tries to get elite policymakers to focus on the nuclear weapons issue 
while there is still time to act: “If you can convince leaders who do not spend a lot of time thinking in 
detail about nuclear weapons and escalation that we have a problem here . . . maybe they can spend 
a little more time in peacetime thinking about it, so they do not have to spend a really intense period 
thinking about it in a crisis.”25

Similarly, Squassoni wants to get her policy briefs in the hands of people who could effect change: 
“When I am trying to put together policy recommendations, I am trying to get some ideas into the 
hands and heads of people who can do things about it.”26 Highlighting issues for people who can 
change policies or get a bill onto the floor in Congress is useful to move the policy debate forward. 
However, to her it is also important to get the public interested in issues of nuclear policy, giving 
them the occasion to understand where their tax dollars are going.27

Across the board, the interviewees noted that they write for a U.S.-centric audience. While the 
biggest advocate for the TPNW, ICAN, is an internationally focused organization (so much so that 
“international” is the first word of the organization’s name), Sanders-Zakre notes that ICAN has a 
“pretty broad audience in that we really do try to reach a wide number of people from many different 
walks of life. Our target audience is not just people who have a lot of prior knowledge, interest, or 
expertise in nuclear weapons, but rather anyone who cares about justice and equality. . . . We try to 
make the connection to other campaigns and other movements.”28 This grassroots, intersectional 
effort tries to bridge the gap among different countries and issues, harkening back to their main goal 
of banning nuclear weapons.

If the nuclear community could have one agreed-upon audience whom they are writing to regarding 
the TPNW, the messaging could be more aligned. Is it the 16-year-old who could start a social media 
campaign that could snowball into a larger grassroots movement? Is it an elite policy analyst who 
has the ear of a congressperson? Or is it the congressperson themselves who could bring a bill to the 
floor and enact legislative change? 

24 Michelle Dover, interviewed in discussion with author, May 20, 2021.
25 Jon Wolfsthal in discussion with the author, May 14, 2021.
26 Sharon Squassoni in discussion with the author, May 26, 2021.
27 Ibid.
28 Alicia Sanders-Zakre, in discussion with author, May 25, 2021.



EVOLUTION VERSUS REVOLUTION:  
DIFFERENT APPROACHES TO THE SAME SOLUTION
The arms control community approaches nuclear policy in one of two ways—via evolution or 
revolution. The evolutionist approach can be described as step-by-step a bureaucratic hold-over 
from the days when many in the arms control community were in government. Conversely, the 
revolutionary approach prescribes one decisive action to get to the desired result.  Of the people 
interviewed for this study, the most common critique of the TPNW was that it prescribes a lofty goal 
without laying out the steps to achieve it.

Wolfsthal outlined that, to him, it seems like the TPNW did not engage in discussions of what to do 
from the security standpoint of the repercussions of banning nuclear weapons. Instead, the TPNW 
“put political pressure on [nuclear weapons states] and said, ‘you got to give these things up and 
get out from under this umbrella.’ When we say ‘we’re going to get wet,’ they say ‘well, welcome to 
the world.’ We and our allies say ‘we don’t want to get wet,’ and they say ‘that’s not our problem. 
Our problem is that you’re threatening the use of nuclear weapons; that’s something we oppose.’”29 
Wolfsthal crystalizes a stark difference between how he sees the path to disarmament and what the 
advocates of the TPNW see as the TPNW’s purpose. ICAN is looking to create new norms in the field, 
norms that even those in the field recognize are lacking. 

Thompson Williams also favors an evolutionary approach. At Beyond the Bomb, “[they] think that this 
incremental approach of [No First Use] getting the U.S. to lead is more feasible than trying to get the 
U.S. to endorse the TPNW right now.”30

“To me, it reinforces norms, and more than anything, it creates a clear universal prohibition which 
does not exist in any other international treaty regime except for the nuclear weapon-free zones,” 
Kimball described.31 Going back to Austria’s proclamation at the third OEWG, the initial purpose of this 
treaty was to close a legal loophole to make nuclear weapons themselves illegal.32 

Squassoni notes that “there are certain ways that things are done in the government, and if you 
have not been in the government, you do not know that, but you cannot just swipe them away. It is 
a reality of how negotiations work, how government positions are put together.”33 While the TPNW 
is new and innovative, according to Squassoni, the United States government has a set of processes 
that will be hard to overturn. There are internal, departmental position papers that must be signed, 
displaying both the pros and the cons of signing onto a treaty.

Kimball identified an important distinction about the TPNW: “The TPNW is not an elimination 
treaty, it is a prohibition treaty, and there is a difference. An elimination treaty or a nuclear weapons 
convention is an instrument that would have countries agreeing to verifiably eliminate their arsenals 
maybe by some sort of timeline. A prohibition treaty establishes a normative prohibition.”34 This treaty, 
at its very core, is in opposition to how the U.S. government worksS. The U.S. government has never 

29 Wolfsthal in discussion with the author.
30 Thompson Williams in discussion with the author.
31 Kimball in discussion with the author.
32 Michael Linhart, “Pledge” (presented at the Vienna Conference on the Humanitarian Impact of Nuclear Weapons, Vienna, 

Austria, December 2014), 2, https://www.bmeia.gv.at/fileadmin/user_upload/Zentrale/Aussenpolitik/Abruestung/HINW14/
HINW14_Austrian_Pledge.pdf.

33 Squassoni in discussion with the author.
34 Kimball in discussion with the author.
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supported a ban treaty. The United States has not even ratified the Ottawa Convention, which bans 
anti-personnel landmines, to which 164 countries are party.35 

Dover postulates that if consensus can be built at the local level, it could provide incentive for 
Congress. “I think going through the state- and city-level resolutions to build support is the way to 
go through Congress, where you can get members speaking out in support of it but doing so to build 
power—and to build power broadly on how to move the needle when it comes to the disarmament 
talks.”36 Here, it seems that Dover is pointing to a grassroots, evolutionary approach.

THE TPNW: WHAT IS IT GOOD FOR?
According to some, the treaty reinforces norms or is a beacon of hope for better times ahead. Yet to 
others, it represents a missed opportunity.37 And perhaps to ICAN, the TPNW shatters the status quo that 
has befallen the international community around nuclear weapons. The individuals who could have 
been champions of the TPNW seem to be at intrinsic odds with the global organization backing it up.

Kimball asserts that “the TPNW is not going to immediately change the nuclear risk environment. It is 
not going to lead the United States or Russia to stop producing nuclear-armed underwater drones or 
new nuclear-armed intermediate-range land-based missiles. But it does change the climate, and it is, 
I think, a turning point in the long-running debate.”38 The notion of reinforcing norms came up again 
and again in the interviews. These experts highlight that the norm, or taboo, surrounding nuclear 
weapons is waning, and to some, the TPNW served to bolster it.

Thompson Williams commented that the TPNW tries to change which types of states—those with 
nuclear weapons or those without—are in control of nuclear decisions:

It is structured to prevent anyone other than the nuclear arms states from making 
decisions about what happens with those weapons. For me, the TPNW attempts to take 
the nuclear-armed states out of the equation by putting people in non-nuclear armed 
states in the driver’s seat, which is admirable and important because we are talking about 
people who have been completely disenfranchised by the nuclear system. They absolutely 
should have a voice because they have largely been the ones who have borne the brunt 
of any impacts. It is critical that we hear what their perspective is as organizers and as 
policymakers. But from a policymaking perspective, frankly, for the countries that have 
these weapons, it does not matter.39 

Ultimately, there is no repercussion for a nuclear-armed state not to sign on to the TPNW. The 
permanent members of the United Nations Security Council (P5), who all possess nuclear weapons, 
have veto power on any treaty that passes across their proverbial desks. The opposite effect has 
already happened in that nuclear-armed states and their NATO allies issued a persistent objector 
status to the TPNW, which in a way caused nuclear weapon states to reaffirm their commitment to 
their nuclear weapons. The Associated Press obtained a letter which bluntly states that the P5 and 

35 “The Ottawa Convention: Signatories and States Parties,” Arms Control Association, Fact Sheets & Briefs, 2018,  https://
www.armscontrol.org/factsheets/ottawasigs.

36 Dover in discussion with the author, May 20, 2021.
37 Benjamin A. Valentino and Scott D. Sagan, “The nuclear weapons ban treaty: Opportunities lost,” Bulletin of the Atomic 

Scientists, July 16, 2017, https://thebulletin.org/2017/07/the-nuclear-weapons-ban-treaty-opportunities-lost/. 
38 Kimball in discussion with the author.
39 Thompson Williams, in discussion with the author.
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their NATO allies “‘stand unified in our opposition to the potential repercussions’ of the treaty.”40

Rather than putting pressure on the states with weapons, Dover points out that this treaty has more to 
do with the nonnuclear weapons states. One important piece of the TPNW messaging is that “they end 
up placing pressure on the states that do not have weapons that are under the extended deterrence 
umbrella, which I think is brilliant in terms of how . . . to drive these conversations.”41 Here, an important 
factor of the treaty is to give voice to nonnuclear weapons states on nuclear security policy.

To Wolfsthal, “it is like me saying to you, ‘sign this marriage license, just leave the name blank, but 
have a date on it for next week.’ I cannot do that because I have not met the person I want to live 
with for the rest of my life and I have not decided if I want to get married. The TPNW is a marriage 
license with no hope of divorce. I cannot sign it until I know what is going on.”42 There are too many 
missing pieces of the puzzle for Wolfsthal, including verification. In this case, the TPNW is a missed 
opportunity for a better agreement.

Sanders-Zakre of ICAN notes “political change is often the result of pressure, campaigning, and activism. 
I acknowledge that right now, [having the United States ratify the TPNW] does seem like a big push, 
and I cannot tell you when it could happen. But at the same time, I think we have seen that big change 
has happened in a short period of time when people really care about, and mobilize, around an issue. 
That is the point of activism and the point of the campaign.”43 The result of the TPNW here is that of real 
political change, which is in stark contrast with what the U.S. community thinks is attainable.

CONCLUSION 
To many, the TPNW sheds light on an aspirational hope of eliminating nuclear weapons—a goal for 
many that emerged the moment the world entered the atomic age and its awesome, destructive power 
was unleashed upon the world. But to others, it does not provide the road map to achieve that goal. 

However, there is a clear trend that experts in the U.S. arms control community believe that the 
TPNW arrived too early on the main stage and does not establish a clear line of protocols to get 
to the end goal. The TPNW jumps to the end of the problem without providing the roadmap to get 
there. To a country that cannot sign onto the Comprehensive Test Ban Treaty or establish a No First 
Use policy, signing onto a treaty banning nuclear weapons is perhaps too much to ask. The U.S. 
nuclear arsenal does not defend merely one country, it is the cornerstone of extended deterrence all 
over the world in NATO states, Japan, South Korea, and others.

The goal of this paper was not to pass judgment on the TPNW but instead to understand why the 
community, which seems to align with its overall goal, is so out of sync around this topic. Instead 
of leaving my research here, I would like to make a recommendation. I recommend hosting a 
meeting should be hosted where ranking representatives of each arms control organization in the 
United States come together before the March June 2022, the to be determined meeting of TPNW 
states parties. At this meeting, further research could outline what the TPNW could mean to a U.S. 
grassroots movement that could ultimately influence Congress. Perhaps today we can take lessons 
from the Nuclear Freeze movement of the 1980s where people protested in the streets to demand 

40 Kennedy Graham, “The TPNW Conference of Parties: What Is to Be Discussed?,” Journal for Peace and Nuclear Disarmament 
3, no. 2 (June 2020): 247, doi:10.1080/25751654.2020.1856555.  

41 Dover in discussion with the author.
42 Wolfsthal in discussion with the author.
43 Sanders-Zakre in discussion with the author, May 25, 2021.
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the United States and Soviet Union halt the testing, production, and deployment of nuclear weapons.44 
Perhaps the TPNW could be that next spark. Or maybe it’s meant to go the way of the CTBT, forever 
a looming shadow that cannot see the light of day in the United States. At a time when the defense 
budget is increasing and Americans see allies such as the United Kingdom increase their nuclear 
stockpile, it is important to remind the world that there is an avenue out there that could help reduce 
the risks of nuclear weapons. Bringing the community together in a productive way could have 
lasting, positive impacts on the future of nuclear weapons—and perhaps bring about their end.

44 John Carl Baker, “The Nuclear Freeze Movement,” The Outrider Foundation, February 21, 2018, https://outrider.org/nucle-
ar-weapons/articles/nuclear-freeze-movement/. 
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Nuclear Confidence Building 
through Cyber Norms
A Backdoor to Cooperation

By Christian Ruhl1 

INTRODUCTION 
State behavior in cyberspace remains under-regulated and difficult to attribute, but cyber operations 
pose potentially major threats to nuclear command, control, and communications (NC3) systems, 
undermining deterrence and international security.2 Risks for inadvertent escalation are high; in 
the worst case, what the initiator may view as a routine cyber operation might seem to the victim 
to be preparation for a first strike.3 This article examines the feasibility of pursuing “cyber norms” or 
confidence-building measures (CBMs), such as norms protecting cyber emergency response teams 
(CERTs), that seek to create international “rules of the road” for state behavior in cyberspace as it 
relates to NC3 security.4 

The paper outlines a new typology of nuclear-cyber norms discussions and identifies new paths 
toward greater security. Leveraging this typology, this paper argues that some of the most promising 
ways of increasing nuclear-cyber stability can be pursued without uttering the word “nuclear”; 
existing cyber norms processes can help shore up confidence in NC3 systems without the debates 
touching on sensitive nuclear issues. This study, therefore, recommends a simple and politically 
achievable first step: stakeholders should create processes (e.g., unilateral initiatives, working groups 

1 Christian Ruhl is an applied researcher at Founders Pledge. He was previously the global order program manager at the 
University of Pennsylvania's Perry World House. 

2 They also threaten other nuclear-related systems and facilities, but this article will focus specifically on NC3 issues.
3 For an overview of these risks, see James Acton, “Cyber Warfare and Inadvertent Escalation,” Daedalus 149, no. 2 (Spring 

2020), https://www.jstor.org/stable/48591317.     
4 The pursuit of NC3 cyber norms has been proposed by a number of scholars and observers, including Corbin Stevens, 

“Cyber Doctrines and the Risk of Nuclear Crisis Instability,” Council on Foreign Relations, last modified August 17, 2020, 
https://www.cfr.org/blog/cyber-doctrines-and-risk-nuclear-crisis-instability-part-1-issues-us-cyber-strategy. 
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within multilateral forums, and studies in track 1.5 discussions) to identify which existing nonnuclear 
cyber norms are NC3-relevant and strengthen commitments to those norms—including by shaping 
the behavior of allies and partners. This can help bypass some current challenges of arms control, 
opening a “backdoor” to cooperation on difficult issues.

The article is divided into five sections. The first section outlines the nature of the problem: cyber-
NC3 entanglement decreases international stability, but formal arms control measures appear 
unlikely in the current geostrategic environment. This section also proposes cyber norms or CBMs as 
a potential solution with a promising, if limited, track record in attempting to regulate state behavior 
on both nuclear weapons and cyber operations. The second section outlines a typology of potential 
cyber norms discussions along three dimensions: actor type, discussion type, and norm focus. The 
third section explains which of the resulting eight possible discussions are excluded from the paper 
for a variety of reasons. The fourth section then dives into four possible cyber norms discussions and 
proposes possible norms to be pursued in each type of discussion. The fifth section uses this typology 
to argue that although the road to deeper commitments to regulate state behavior in cyberspace 
as it applies to NC3 systems is likely to be long and difficult, the first step is easier than often 
supposed—identifying NC3-relevant cyber norms, rather than NC3-focused cyber norms. This step can 
open a “backdoor” to cooperation. 

CYBER-NC3 INSTABILITY AND THE NEED FOR CBMS
Nuclear entanglement with cyber operations presents unique challenges to international security, 
especially with regard to NC3 systems.5 These risks are well known and discussed in a growing 
literature.6 Cyber-NC3-related inadvertent escalation, accidents, and instability decrease trust and 
confidence and could potentially trigger existential threats to the long-term flourishing of humanity. 
As James Acton has explained, cyber threats pose three kinds of challenges to nuclear escalation: 
misinterpretation (where an espionage operation is mistaken for an attempted attack), unintended 
effects (where a limited cyber operation spreads and malware infects unintended systems), and 
misattribution of the attacker.7 As Acton writes, “What makes these pathways so pernicious is that 
the catalyst for escalation could appear to its initiator to be a relatively benign action.”8

Tight security regimes and compartmentalization of information about both cyber and nuclear 
capabilities make it difficult to discern the full extent of vulnerabilities from public sources, but 
statements by senior leaders suggest that the threat is of very real concern to nuclear nations 
and their allies.9 The combination of modernization initiatives and legacy systems, moreover, 
makes mapping threats challenging even for those with appropriate clearances.10 The challenge is 
partly, but not exclusively, technical. As the Nuclear Threat Initiative’s Cyber-Nuclear Study Group 

5  Acton, “Cyber Warfare and Inadvertent Escalation.”
6  See, for example, Acton, “Cyber Warfare”; Ariel Levite et al., China-U.S. Cyber-Nuclear C3 Stability (Washington, DC: Carn-

egie Endowment for International Peace, 2021), https://carnegieendowment.org/files/Levite_et_all_C3_Stability.pdf; Mi-
chael T. Klare, “Cyber Battles, Nuclear Outcomes? Dangerous New Pathways to Escalation,” Arms Control Today, November 
2019, https://www.armscontrol.org/act/2019-11/features/cyber-battles-nuclear-outcomes-dangerous-new-pathways-es-
calation; Erik Gartzke and Jon R. Lindsay, “Thermonuclear Cyberwar,” Journal of Cybersecurity 3, no. 1 (March 2017), https://
academic.oup.com/cybersecurity/article/3/1/37/2996537; and others cited in this paper.

7  Acton, “Cyber Warfare,” 134.
8  Ibid.
9  “Statement for Cooperation among Governments to Address Cyber Threats to Nuclear Weapon Systems,” Euro-Atlantic Se-

curity Leadership Group, 2019, https://www.europeanleadershipnetwork.org/wp-content/uploads/2019/02/EASLG-State-
ment_Cyber-Threats_FINAL.pdf, also cited in Levite et al., China-U.S. Cyber-Nuclear C3 Stability, 8. 

10  Levite et al., China-U.S. Cyber-Nuclear C3 Stability, 9. 
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has explained, technical measures, such as improving attribution capabilities, “alone are unable 
to completely eliminate the cyber threat to nuclear weapons.”11 Global governance and political 
solutions are necessary, in part because the pace of digitalization and the ever-changing character 
of cyber operations make it exceedingly difficult to keep up with defensive measures.12 If technical 
measures are in a Red Queen dynamic, where “it takes all the running you can do to keep in the same 
place,” changing the landscape through global governance institutions may be the best option for 
trying to outpace the threat.13

Formal arms control, however, has proved difficult to pursue in the current international political 
environment and may be poorly suited to regulating state behavior in cyberspace. The challenges of 
formal arms control measures have even led some well-known nuclear policymakers to raise the idea 
of the “end of arms control.”14 Even when arms control is feasible—after all, New START was extended 
in the current environment—added difficulties of formal arms control for cyberspace (including fast-
changing technology, verification issues, and other sources of uncertainty) are well known, despite 
calls for treaty-based regimes from some actors (notably Microsoft’s Brad Smith).15 Moreover, treaties 
are not only difficult or unlikely but may be undesirable in cyberspace, where some observers have 
suggested governments that take the law seriously would be put at a disadvantage in following a 
potential cyber treaty.16 The multi-stakeholder nature of the cyber domain further complicates formal 
arms control; private firms often have bigger stakes and capabilities than many states, but rarely a 
seat at the table at international arms control discussions. In short, formal cyber arms control seems 
unlikely, at least in the near future.

Despite the complications, the nuclear age holds clear analogies for responsible state behavior and 
great power decisionmaking in cyberspace.17 One such analogy is the usefulness of confidence-building 
measures or normative rules of the road.18 During the Cold War, the United States and the Soviet Union 
pursued CBMs to preserve international stability and to avoid the greatest risks of nuclear crises. In 
cyberspace, too, there has been a recent proliferation of so-called “cyber norms” processes in a variety 
of forums, among them the UN Open-Ended Working Group (OEWG), the UN Group of Governmental 
Experts (UN GGE), the Global Commission on the Stability of Cyberspace, the Cybersecurity Tech 
Accord, and the Paris Call for Trust and Security in Cyberspace.19 Additionally, CBMs have recently been 
proposed for emerging technologies related to cyber, including artificial intelligence.20 This paper does 

11  Page O. Stoutland and Samantha Pitts-Kiefer, Nuclear Weapons in the New Cyber Age (Washington, DC: Nuclear Threat 
Initiative Cyber-Nuclear Weapons Study Group, 2018), https://media.nti.org/documents/Cyber_report_finalsmall.pdf. 

12  Ibid. 
13  On cyber operations as a red queen model, see Carson Zimmerman, Ten Strategies of a World-Class Cybersecurity Oper-

ations Center (McClean, VA: MITRE, 2014), v, http://www.mitre.org/sites/default/files/publications/pr-13-1028-mitre-10-
strategies-cyber-ops-center.pdf.

14  Linton F. Brooks, “The End of Arms Control?,” Daedalus 149, no. 2 (2020), https://www.amacad.org/sites/default/files/pub-
lication/downloads/Daedalus_Sp20_6_Brooks.pdf.

15  On the challenges of arms control in cyberspace, see Erica D. Borghard and Shawn W. Lonergan, “Confidence Build-
ing Measures for the Cyber Domain,” Strategic Studies Quarterly 12, no. 3 (Fall 2018): 15, https://www.jstor.org/stable/
pdf/26481908.pdf; see Brad Smith, “The Need for a Digital Geneva Convention,” Microsoft, February 14, 2017, https://
blogs.microsoft.com/on-the-issues/2017/02/14/need-digital-geneva-convention/.

16  Joseph Nye, Jr., “Nuclear Lessons for Cyber Security?,” Strategic Studies Quarterly 5, no. 4 (Winter 2011): 34, https://dash.
harvard.edu/bitstream/handle/1/8052146/Nye-NuclearLessons.pdf.   

17  Ibid.
18  For a list of CBMs, see “Repository of Confidence -Building Measures,” United Nations Office of Disarmament Affairs, 

https://www.un.org/disarmament/cbms/repository-of-military-confidence-building-measures/.
19  Martha Finnemore and Duncan B. Hollis. “Beyond Naming and Shaming: Accusations and International Law in Cybersecu-

rity,” European Journal of International Law 31, no. 3 (2020): 969–1003, doi:10.1093/ejil/chaa056; and Paul Bracken, “The 
Cyber Threat to Nuclear Stability,” Orbis 60, no. 2 (2016): 188–203, doi:10.1016/j.orbis.2016.02.002.

20  Michael Horowitz and Paul Scharre, AI and International Stability: Risks and Confidence-Building Measures (Washington, 
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not restate the history of cyber norms processes—other than to say that they are fractured, imperfect, 
often redundant, and shaped by international politics and competition—nor does it restate the history 
of nuclear CBMs.21 Rather, it explores how cyber norms or CBMs surrounding NC3 systems could be 
pursued and how such norms may be successfully implemented.

Thus far, there has been no attempt to systematically categorize and evaluate the possible types of 
cyber norms processes relevant to NC3 security with reference to norms that are not directly focused 
on NC3 systems but may be beneficial in the protection of those systems.22 The following section 
proposes a typology of nuclear cyber norms processes relevant to NC3 security.

A TYPOLOGY OF NUCLEAR CYBER NORM PROCESSES
In order to map out a path forward for NC3 cyber norms, this section creates a typology of nuclear 
cyber norm discussions along three dimensions: actor type, forum type, and norm focus.23 Actor type 
is split into two categories: nuclear weapons states and cyber-capable actors. All nuclear states fall 
into the category “cyber-capable actors,” but only a small handful of cyber-capable actors are nuclear 
weapons states. Some cyber-capable actors are not states at all but proxy actors or private firms, 
though these will be excluded from many international norms discussions.24

State actors engage in two types of discussions: bilateral and multilateral. Unilateral measures—
including restraint, following best practices, and teaching “cyber hygiene” to relevant operators 
and officials—are also important but beyond the scope of this paper.25 This creates four categories, 
as outlined in Figure 1: (1) bilateral discussions between nuclear weapons states, (2) multilateral 
discussions between nuclear weapons states, (3) bilateral discussions between cyber-capable actors, 
and (4) multilateral discussions between cyber-capable actors. Categories 3 and 4 may (and likely 
would) include nuclear states in the discussions. Like the UN OEWG’s consultative sessions, such 
multilateral discussions may also have a space for non-state actors.

This paper proposes that these discussions can focus on two broad types of norms; NC3-focused 
norms and NC3-relevant norms.26 NC3-focused norms explicitly focus on threats to NC3 systems. 
Examples include a broad norm against targeting another state’s NC3 systems, a norm to increase 
transparency over dual-use NC3 systems, or a norm to foster open communication over NC3-related 

DC: CNAS, 2021), https://www.cnas.org/publications/reports/ai-and-international-stability-risks-and-confidence-build-
ing-measures.

21  See, for example, Christian Ruhl et al., Cyberspace and Geopolitics: Assessing Global Cybersecurity Norm Processes at a 
Crossroads (Washington, DC: Carnegie Endowment for International Peace, February 2020), https://carnegieendowment.
org/2020/02/26/cyberspace-and-geopolitics-assessing-global-cybersecurity-norm-processes-at-crossroads-pub-81110. 

22  Although this paper proposes a number of new potential norms, the general idea of cyber norms or CBMs surrounding 
NC3 systems isare not new. Cyber norms surrounding nuclear weapons systems have been discussed in reports, academic 
papers, thought pieces, and United Nations cyber norms processes. (See Acton, “Cyber Warfare”; Levite et al., China-U.S. 
Cyber-Nuclear C3 Stability; and “UN OEWG Intersessional and UN GGE Informal Meetings in New York – ICT4Peace State-
ments,” ICT4Peace Foundation, last modified December 7, 2019, https://ict4peace.org/activities/ict4peace-at-un-oewg-in-
tersessional-and-un-gge-informal-meetings-in-new-york/.) 

23  On the value of typologies, see David Collier, Jody LaPorte, and Jason Seawright, “Putting Typologies to Work: Concept For-
mation, Measurement, and Analytic Rigor,” Political Research Quarterly 65, no. 1 (2012), doi:10.1177/1065912912437162. 

24  The typology excludes actors without significant cyber capabilities, but this is not to say that such actors (such as NGOs) 
cannot make valuable contributions to nuclear cyber norm discussions; ICT4Peace, for instance, has proposed a cyber 
norm on nuclear weapons complexes at the December 2019 intersessional multistakeholder meeting of the UN OEWG 
(“UN OEWG Intersessional and UN GGE Informal Meetings,” ICT4Peace Foundation.)

25  For a discussion of unilateral restraint, see Acton, “Cyber Warfare.”
26  The author thanks Dr. James Acton for pointing to the value of discussing the latter and drawing this distinction that 

norms do not have to be focused on nuclear issues to be valuable to nuclear issues.
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cyber breaches. NC3-relevant cyber norm discussions, in contrast, are broader and less sensitive and 
focus on norms broadly applicable to state behavior in cyberspace that have the added benefit of 
protecting NC3-related systems and infrastructure and building confidence in ways relevant to cyber 
threats to NC3 systems. Participants in NC3-relevant cyber norm discussions may not even be aware 
that they are discussing issues relevant to NC3 systems or affecting nuclear stability—NC3-relevant 
discussions can therefore open “backdoors” to nuclear cooperation. Examples of NC3-relevant norms 
include existing protections of critical infrastructure from the UN GGE, proposed norms protecting 
CERTs which might have roles in responding to cyber operations on NC3 systems or related 
infrastructure, or Principle 5 of the Paris Call for Trust and Security in Cyberspace supporting the 
nonproliferation of malicious cyber tools. 

From these dimensions, eight possible types of nuclear-cyber norm discussions emerge, as outlined 
in Figure 1. Some are unviable; others offer promising paths forward. As a conceptual typology, 
this reveals that some types of nuclear-cyber norms discussions are already underway—often 
unrecognized as such—and may be pursued at lower political cost than the existing literature 
suggests.27 The following sections explain which discussions appear least and most feasible and 
propose models for the most promising categories of discussions.

Figure 1: Typology of Nuclear-Cyber Norm Discussions

NORM FOCUS
Actor Type Forum Type NC3-focused norms (a) NC3-relevant norms (b)

Nuclear 
Weapons 

States

Bilateral
(1)

1(a)*
Bilateral NC3-Focused  

Cyber Norms

1(b)*
Bilateral NC3-Relevant  

Cyber Norms

Multilateral 
(2)

2(a)
Multilateral NC3-Focused 

Cyber Norms

2(b)
Multilateral NC3-Relevant 

Cyber Norms

Cyber-
Capable 
Actors

Bilateral 
(3)

3(a) 
Bilateral NC3-Focused Cyber 

Norms with Nonnuclear Actors

3(b) 
Bilateral NC3-Relevant Cyber 

Norms with Nonnuclear Actors

Multilateral
(4)

4(a)*
Multilateral NC3-Focused 

Cyber Norms with  
Nonnuclear Actors 

4(b)** 
Multilateral NC3-Relevant 

Cyber Norms with  
Nonnuclear Actors

(* = focus of this paper; ** = most promising and already underway)

Source: Table created by author, based on literature cited in footnote 28: Pfifer and Tyson, Third Country Nuclear Forces and 
Possible Measures for Multilateral Arms Control. 

EXCLUDED CASES
This paper excludes four of the eight possible dialogue types outlined in Figure 1 above: 2(a), 2(b), 3(a), 
and 3(b), or every cell without an asterisk. These four cases appear to have relatively lower feasibility 

27  On conceptual typologies as a research tool, see Collier et al., “Putting Typologies to Work,” 222.
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in the current geostrategic environment and lower possible payoffs in terms of strategic stability. The 
following paragraphs briefly explain the exclusions before the next section dives deeper into the included 
cases. More research is needed on each of these cases, but this is beyond the scope of this paper.

The first excluded case, 2(a), or multilateral NC3-focused cyber norms discussions between nuclear 
weapons states, is a familiar problem, as multilateral arms control on nuclear issues remains an 
elusive goal. Expert assessments of third-party nuclear arms control suggest that such a process is not 
feasible in the short term.28 Recent U.S.-led attempts in 2019 to pull China into trilateral discussions 
failed, as representatives of the Chinese Communist Party stuck to the party line: China will not 
entertain such discussions until the United States and Russia reduce the number of nuclear weapons 
in their arsenal toward a number closer to China’s estimated 320 warheads.29 Russian counterparts 
also appear unmotivated; Deputy Foreign Minister Sergey Riabkov stated in June 2020 that “My answer 
to a direct question on whether or not we think it would be possible to bring China to the table would 
be a flat and straightforward no.”30 Although these discussions did not focus on NC3 or cyber norms, 
this behavior may indicate a lower probability of success than with bilateral cyber norms. 

The second excluded case, 2(b), or bilateral NC3-relevant cyber norms discussions between nuclear 
weapons states, suffers from similar constraints and would additionally create redundancies 
with processes already being pursued under 4(b). As bilateral discussions involve fewer disparate 
viewpoints and create fewer potential points of friction than multilateral discussions, 1(b) is a likely 
prerequisite or test case for 2(b); if the former proves unachievable, the latter is likely not even worth 
considering. Finally, because nuclear-armed states are involved in the UN GGE process, there is some 
redundancy between 2(b) multilateral discussions and 4(b) multilateral discussions.

The third and fourth excluded cases, 3(a), or bilateral NC3-focused cyber norms discussions between 
cyber-capable actors, and 3(b), or bilateral NC3-relevant cyber norms discussions between cyber-
capable states, are largely irrelevant. Such steps would be admirable but of limited relevance 
without either a larger coalition or the cooperation of nuclear weapons states who actually use 
NC3 systems. Even if one of the two states were a nuclear state, it appears unlikely that they would 
share important NC3-related information with their nonnuclear counterparts. States with NC3 
capabilities might seek mechanisms to reduce their vulnerability with all mechanisms, given concern 
about asymmetrical warfare, and discussions between allies about acceptable behavior might be an 
exception that could plausibly fall into these categories. However, they are beyond the scope of this 
paper and do not present the kinds of problems discussed in the following section.31

PROCESSES AND PROPOSED NORMS
This section focuses on the four most relevant types of nuclear cyber norms discussions, indicated 
with an asterisk (*) in Figure 1 above. The section proceeds roughly in increasing order of projected 
feasibility. Each subsection seeks to identify models from both the cyber and nuclear realms and to 
identify existing and new potential norms that could be pursued in each type of process.

28  Steven Pfifer and James Tyson, Third Country Nuclear Forces and Possible Measures for Multilateral Arms Control (Wash-
ington, DC: Brookings Institution, 2016), https://www.brookings.edu/research/third-country-nuclear-forces-and-possi-
ble-measures-for-multilateral-arms-control/.

29  “Nuclear Weapons: Who Has What at a Glance,” Arms Control Association, last modified August 2020, https://www.arms-
control.org/factsheets/Nuclearweaponswhohaswhat.

30  “China Again Declines To Join Arms-Control Talks With U.S., Russia,” RadioFreeEurope/RadioLiberty, June 10, 2020, https://
www.rferl.org/a/china-again-declines-to-join-arms-control-talks-with-u-s-russia/30663036.html.

31  I thank Andrew Reddie for pointing out NC3 states’ desire to reduce their vulnerability against nonnuclear states.
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1(A): BILATERAL NC3-FOCUSED CYBER NORMS
Bilateral NC3-focused cyber norms have been at the center of discussions of cyber norms as they 
relate to NC3 security. The Euro-Atlantic Security Leadership Group called for a bilateral U.S.-Russia 
dialogue in 2019.32 Recent joint work between U.S. and Chinese research teams has also pointed at 
the possibility of U.S.-China cooperation on NC3 stability and cybersecurity.33 The simplest form of 
a bilateral NC3 norm is a nonintrusion norm for NC3 systems. As Levite et al. have pointed out, such 
a norm could take several forms and could include sharing information about core NC3 systems, 
about a subset of core NC3 systems, or sharing when an intrusion in such systems is detected.34 
Such a norm could also target third parties. As Joseph Nye has suggested on cyber regulation more 
broadly, “The most promising early areas for international cooperation are not bilateral conflicts, but 
problems posed by third parties such as criminals and terrorists.”35 Other norms, including a norm to 
not interfere with space-based assets, have also been proposed.36

Another norm that has been frequently identified is the institution of a chain of command and national 
control over cyber operations that are intended to target NC3-systems, intended to target dual-
use systems, or have a reasonable chance of unintentionally affecting dual-use systems.37 Defining 
“reasonable chance” is a crucial regulatory challenge, but creating a norm of needing the head of state, 
or at least very senior leadership, to sign off on NC3-targeting systems would help to decrease the risk 
of accidental intrusions and ensure that a country has sufficient control over operations that could 
damage systems that an adversary views as an important nuclear-related system.38

One new potential norm that has not been explored in depth would be to separate specific NC3-
CERTs from other national CERTs and to clearly identify these special teams as off-limits to adversary 
operations. Clearly identifying and communicating nuclear-cyber NC3 CERTs could help to build 
confidence, and sharing this information would help increase trust between actors. If an operation 
targets both regular NC3 infrastructure and the NC3-CERT meant to respond to such an operation, 
then the state can be more certain that an attack is imminent. If an operation targets only the NC3 
infrastructure but not the CERT, then states may be less likely to jump to conclusions and escalate. Of 
course, states will want to keep “backup CERTs” unidentified in order to respond to operations targeting 
NC3s if the main NC3 CERTs are taken out in order to increase the survivability of the systems. 

This kind of mutual agreement, on a bilateral level, has been proposed as part of an extension of 
New START.39 Whether a follow-on agreement to New START is the appropriate place to pursue this, 
however, remains an open question. An easier place to start may be the discussion of norms that have 
relevance to NC3 systems but are not directly focused on such systems.

32  “Statement for Cooperation among Governments to Address Cyber Threats to Nuclear Weapon Systems,” Euro-Atlantic 
Security Leadership Group, also cited in Levite et al., China-U.S. Cyber-Nuclear C3 Stability, 8. 

33  Levite et al., China-U.S. Cyber-Nuclear C3 Stability.
34  Ibid., 5. 
35   Joseph Nye, Jr., “Nuclear Lessons for Cyber Security?,” Strategic Studies Quarterly 5, no. 4 (Winter 2011): 18–38, https://

dash.harvard.edu/bitstream/handle/1/8052146/Nye-NuclearLessons.pdf.   
36  Levite et al., China-U.S. Cyber-Nuclear C3 Stability, 5.
37  Ibid., 4.
38  Thanks to Andrew Reddie for pointing to the regulatory challenge of defining this.
39  Steven Pifer, “Enhancing Strategic Stability: New START and beyond,” Arms Control Today, January/February 2021, https://

www.armscontrol.org/act/2021-01/features/enhancing-strategic-stability-new-start-beyond. 
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1(B): BILATERAL NC3-RELEVANT CYBER NORMS
NC3-focused discussions are highly sensitive, and—although the extension of New START provides 
some hope for arms control—it may be simpler to pursue other cyber norms that do not directly focus 
on NC3 but may have relevance for NC3 security. 

One model for such bilateral norms that are relevant to but not directly focused on NC3 
infrastructure are the existing agreements between the United States and Russia. Bilateral cyber 
“hotlines” have already been established between states, including the United States and Russia, and 
the National and Nuclear Risk Reduction Center has been used to communicate between the United 
States and Russia on cyber incidents.40 Additionally, as Borghard and Longergan have explained, “The 
existing coordination mechanism between both countries’ CERTs could continue to serve as the 
primary channel for general cooperation and could be broadened to cover information on threats 
with potential strategic consequences.”41 The United States and China have also had some limited 
agreements on bilateral cyber norms, though these, like the U.S.-Russian agreements, have had 
questionable success.42 Nonetheless, such agreements are more achievable than those that require 
more information sharing about NC3 systems and may have some relevance to these systems, as the 
channels could be used to communicate during a crisis that involves NC3 systems.

The lines between multilateral agreements and bilateral restraint, moreover, are not always clear 
in cyberspace, where proxy actors, allies, and other actors under various degrees of control of major 
powers play big roles. Some observers have therefore suggested that bilateral confidence building 
could include an agreement to encourage proxy actors, allies, actors using one state’s technology, and 
others to practice restraint and pursue responsible state behavior in cyberspace.43 This is another NC3-
relevant norm that could be pursued bilaterally without having to appear as nuclear arms control.

4(A): MULTILATERAL NC3-FOCUSED CYBER NORMS 
If bilateral discussions prove unachievable, there may be some value in multilateral NC3-focused 
cyber norms. Such norms have already been proposed in multilateral cyber norms process forums, 
including at the UN OEWG.44 The Paris Call for Trust and Security in Cyberspace, working with the 
Nuclear Threat Initiative, discusses nuclear-related cyber norms, though specific norm formulations 
remain unclear.45 Although involving nonnuclear states in nuclear-focused discussions may seem 
unusual, all of humanity has a stake in avoiding nuclear crises, whose fallout (both literal and 
political, economic, and humanitarian) would affect much of the world. Therefore, nonnuclear actors 
with cyber capabilities also have a place in these negotiations.

Moreover, there has been a growing recognition of the importance of third-party cyber actors in 
nuclear stability and NC3 protection. As one recent report explains: “The risks are exacerbated by 
the potential that third-party actors could sow confusion and exacerbate crises, the challenges of 
attribution, and the implications of two adversaries with asymmetrical attribution capabilities.”46 
This is partly to avoid one of the three things that Acton identifies as possibly cyber-related causes 

40  Erica D. Borghard and Shawn W. Lonergan, “Confidence Building Measures for the Cyber Domain,” Strategic Studies Quar-
terly 12, no. 3 (Fall 2018): 16, https://www.jstor.org/stable/pdf/26481908.pdf.

41  Levite et al., China-U.S. Cyber-Nuclear C3 Stability, 42.
42  Borghard and Lonergan, “Confidence Building Measures for the Cyber Domain,” 30–31.
43  Levite et al., China-U.S. Cyber-Nuclear C3 Stability, 5.
44  “UN OEWG Intersessional and UN GGE Informal Meetings,” ICT4Peace Foundation. 
45  “The 9 Principles,” Paris Call, https://pariscall.international/en/principles. 
46  Levite et al., China-U.S. Cyber-Nuclear C3 Stability, 3.
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of nuclear escalation: misattribution. As Acton writes, “An operation carried out by a third party, for 
example, could be misattributed by one state in a bilateral confrontation to its opponent.”47 

The simplest of these norms would be a multilateral norm of restraint to not intentionally target the 
NC3 systems of a nuclear state—or even more broadly, to not intentionally target any nuclear-related 
infrastructure with cyber operations, as suggested by ICT4Peace and others.48 The dual-use nature of 
these systems, and the reluctance of nuclear states to share much about them, however, may be an 
obstacle to the implementation of such a norm.49 One norm that has not been discussed may be the 
establishment of an “Oops Hotline”—communications channels to disclose one’s accidental intrusion 
into systems that a state suspects might be NC3-related. This could be especially valuable on the 
alliance level, where the temptation to abuse such a norm may be smaller.

4(B): MULTILATERAL NC3-RELEVANT CYBER NORMS WITH NONNUCLEAR ACTORS
It may not be necessary to mention NC3 systems to protect NC3 systems, as several cyber norms, 
including norms already being pursued and implemented in a variety of international forums, 
conceivably could increase the security of NC3 systems and related infrastructure without the 
discussions’ focusing on such systems or the actors having to disclose details about the system. The 
ability of cyber norms not focused specifically on nuclear stability to nonetheless enhance nuclear 
stability also appears to partly motivate the Nuclear Threat Initiative’s support of the Paris Call.50

Several existing norms processes are relevant to this category. The protection of critical 
infrastructure, in particular, has received heightened attention during Covid-19 and is clearly relevant 
to NC3 systems, as high-ranking U.S. officials have publicly noted.51 For one, the UN GGE’s protection 
of critical infrastructure norm (“A State should not conduct or knowingly support ICT [information 
and communications technology] activity contrary to its obligations under international law that 
intentionally damages critical infrastructure”) could conceivably cover NC3 systems.52 Even if not all 
states view these systems as critical infrastructure in this way, the functioning of NC3 systems relies 
on other systems that are widely acknowledged to be protected under the critical infrastructure 
norms. As one report has noted: “Importantly, NC3 also includes auxiliary systems (such as power 
supplies) that are vital to their functioning and potentially vulnerable to cyber attack.”53 Such systems 
are clearly covered under the existing 2015 UN GGE norms. Their protection and the continued 
implementation of these norms, therefore, remains critical for NC3-related security, especially since 
actors such as Russia are believed to have targeted the U.S. power grid, possibly with an eye toward 
cutting off power to NC3-related systems, which could be highly destabilizing.54

The 2015 GGE norms also specifically cover the protection of CERTs: “States should not conduct or 
knowingly support activity to harm the information systems of the authorized emergency response 

47  Acton, “Cyber Warfare,” 134.
48  “UN OEWG Intersessional and UN GGE Informal Meetings,” ICT4Peace Foundation.
49  Ibid.
50  Page Stoutland, “The Paris Call: A Step toward Greater Global Cybersecurity,” NTI, last modified January 31, 2019, https://

www.nti.org/analysis/atomic-pulse/paris-call-step-toward-greater-global-cybersecurity/. 
51  Erik Gartzke and Jon R. Lindsay, “Thermonuclear Cyberwar,” Journal of Cybersecurity 3, no. 1 (March 2017): 39, https://aca-

demic.oup.com/cybersecurity/article/3/1/37/2996537. 
52   On challenges surrounding the critical infrastructure norm, see Global Commission on the Stability of Cyberspace, Final 

Report (The Hague: Hague Center for Strategic Studies, November 2019), https://cyberstability.org/report/. 
53  Levite et al., China-U.S. Cyber-Nuclear C3 Stability, 44 (note 3).
54  Klare, “Cyber Battles, Nuclear Outcomes?”; and James N. Miller Jr. and Richard Fontaine, A New Era in U.S. Russian Strate-

gic Stability (Washington, DC: CNAS, 2017): 19, https://s3.us-east-1.amazonaws.com/files.cnas.org/documents/CNASRe-
port-ProjectPathways-Finalb.pdf?mtime=20170918101505&focal=none. 
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teams . . . of another State.”55 The 2015 GGE also uses CERTs as a kind of avenue for confidence 
building as an information-sharing channel.56 As these emergency response teams conceivably could 
be involved in protecting NC3 systems, their protection is an NC3-relevant norm.

OPENING A BACKDOOR TO COOPERATION
This typology suggests that focusing on NC3-relevant cyber norms might open a “backdoor to 
cooperation” that does not require discussing nuclear systems directly. Regulating nuclear issues is 
sensitive and difficult, and regulating cyber issues is sensitive and difficult—and doing both at once 
compounds these problems. One solution, therefore, is to not mention NC3 systems but to continue 
to pursue existing norms under the UN GGE, UN OEWG, and other frameworks that could conceivably 
help protect NC3 systems or build confidence surrounding these systems. Each country can internally 
identify broader cyber norms that can also improve the security of NC3 systems and the stability of 
nuclear deterrence, and then pursue these norms in an open fashion. Additionally, the GGE, OEWG, or 
a private-led effort such as the Paris Call could create working groups to identify what existing cyber 
norms might be NC3-relevant.

This is the low-hanging fruit of cyber governance and suggests one new cyber norm that could be 
pursued easily: stakeholders should create processes to identify which existing cyber norms are 
NC3-relevant. This effort could be pursued unilaterally, bilaterally (e.g., between the United States 
and Russia), multilaterally (e.g., in working groups of UN processes), and even in track 1.5 and track 
2 dialogues. Bilateral discussions may be necessary to discuss more sensitive issues. Once existing 
NC3-relevant norms or norm-proposals have been identified, states could take efforts to push the 
adoption of these norms nationally and internationally. Possible existing cyber norms that are 
potentially NC3-relevant (as explained elsewhere in this paper) include:

 ▪ GGE Norm 13(f): “A State should not conduct or knowingly support ICT activity contrary to its 
obligations under international law that intentionally damages critical infrastructure or otherwise 
impairs the use and operation of critical infrastructure to provide services to the public.57

 ▪ GGE Norm 13(k): “States should not conduct or knowingly support activity to harm the 
information systems of the authorized emergency response teams (sometimes known as 
computer emergency response teams or cybersecurity incident response teams) of another 
State. A State should not use authorized emergency response teams to engage in malicious 
international activity.”58

 ▪ Paris Call Principle 1 (Critical Infrastructure): “Prevent and recover from malicious cyber activities 
that threaten or cause significant, indiscriminate or systemic harm to individuals and critical 
infrastructure.”59

 ▪ Paris Call Principle 5 (Nonproliferation): “Develop ways to prevent the proliferation of malicious 
software and practices intended to cause harm.”60

55  UN General Assembly, Report of the Group of Governmental Experts on 
Developments in the Field of Information and Telecommunications in the Context of International Security (New York, NY: 

United Nations, 2015), https://undocs.org/A/70/174. 
56  Borghard and Lonergan, “Confidence Building Measures for the Cyber Domain,” 21.
57  UN General Assembly, Report of the Report of the Group of Governmental Experts on Advancing Responsible State 

Behaviour in Cyberspace in the Context of International Security (New York, NY: United Nations, 2021), https://ceipfiles.
s3.amazonaws.com/pdf/CyberNorms/Multilateral/UN+GGE+Report_7.14.21.pdf.

58  Ibid.
59  “The 9 Principles,” Paris Call. 
60  Ibid. 
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 ▪ And OEWG Point 28: “States, reaffirming General Assembly resolution 70/237 and 
acknowledging General Assembly resolution 73/27, should . . . seek to prevent the 
proliferation of malicious ICT tools and techniques and the use of harmful hidden 
functions; and encourage the responsible reporting of vulnerabilities.”61

 ▪ GCSC Norm 4: “State and non-state actors should not commandeer the general public’s ICT 
resources for use as botnets or for similar purposes.”62

This list is not exhaustive, and various mechanisms can help identify other existing NC3-relevant 
cyber norms. States can unilaterally stand up commissions to systematically study the cyber norms 
ecosystem and identify existing promising commitments—and paths toward increasing adherence 
to these norms and shaming of nonadherence. States can establish multilateral initiatives within 
existing groups such as the OEWG or GGE mechanism. Track 1.5 discussions and other work with 
academia and think tanks could help to identify a list of promising cyber norms. To deepen and 
broaden commitments once relevant norms have been identified, state pressure on allies and 
partners could help to achieve this goal, as nuclear states may wish to mitigate the asymmetric risk 
from nonnuclear cyber-capable states. Similarly, states can explore best practices for non-state actors, 
including private firms and proxy groups, to mitigate the risk of inadvertent escalation. 

Following such discussions and research, as outlined above, nuclear states could start pursuing 
NC3-relevant discussions using the knowledge gained in the process mentioned in the previous 
paragraph, and multilateral forums could deepen commitments and potentially broach the issue of 
NC3-focused norms. Both of these processes could also uncover NC3-focused norms that nuclear 
states could pursue bilaterally, as outlined above, and these discussions could in turn strengthen the 
commitments of third-party actors linked to the nuclear powers. 

CONCLUSION
The first step toward leveraging global governance mechanisms to protect NC3 systems from cyber 
risks is easier than often supposed by identifying NC3-relevant cyber norms rather than NC3-focused 
cyber norms. This action, as argued above, can open a “backdoor” to cooperation. States have been loath 
to engage in meaningful discussions on both nuclear and cyber issues, and analysts have suggested 
that formal arms control is unlikely to be useful at the moment for a variety of reasons. Explicit 
discussions on NC3 cybersecurity therefore seem unlikely, as outlined above. But existing norms that 
states have already agreed to and may be adhering to can be relevant for NC3 cybersecurity, without 
anyone having to utter the word “nuclear.” Deepening these norms could be the way forward.

61  UN General Assembly, Final Substantive Report of the 2021 Open-Ended Working Group on Developments in the Field 
of Information and Telecommunications in the Context of International Security (New York, NY: United Nations, 2021), 
https://ceipfiles.s3.amazonaws.com/pdf/CyberNorms/Multilateral/Final+Substantive+Report+of+the+Open-Ended+Work-
ing+Group+on+Developments+in+the+Field+of+Information+and+Telecommunications+in+the+Context+of+Internation-
al+Security.pdf.

62  Global Commission on the Stability of Cyberspace, Final Report.
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Future Tritium Production
Does the United States Need to Reestablish 
Domestic Uranium Enrichment?

By Courtney Ryan1

INTRODUCTION
Tritium is required for all nuclear warheads in the U.S. stockpile to perform as designed, but its future 
supply is threatened by a looming shortage of unobligated low-enriched uranium (LEU). In addition, 
tritium demand is expected to increase in the coming years as the large-scale modernization of the 
nuclear security enterprise, managed by the Department of Energy’s (DOE) National Nuclear Security 
Enterprise (NNSA), proceeds. This increase in demand, combined with the relatively short half-life of 
tritium and the dwindling reserve of unobligated LEU, necessitates DOE/NNSA action to secure the 
future supply of tritium, as the current method of production in nuclear reactors cannot continue 
once the reserve of unobligated LEU fuel is consumed. 

This paper explores the two technologically feasible options for future tritium production: (1) 
reestablishing domestic uranium enrichment to fuel tritium-producing nuclear reactors or (2) using a 
spallation source to produce tritium (also called Accelerator Production of Tritium, or APT). Ultimately, 
the cost, schedule, and technological readiness of the two options demonstrate that reestablishing 
domestic uranium enrichment is the most viable option for DOE/NNSA.

The sections that follow provide a scientific and historical overview of tritium production and 
describe DOE/NNSA plans for future production. The relationship between tritium production 
and the domestic uranium industry highlights the impact of the tritium supply on U.S. nuclear 
nonproliferation policy. Finally, a comparison of the cost, deployment schedule, and risks of both 
tritium production options supports the assertion that domestic uranium enrichment is necessary for 
future production. 

1 Courtney is a postdoctoral researcher at Los Alamos National Laboratory (LANL). The views presented in this paper are 
her own and do not necessarily reflect those of LANL.
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SCIENTIFIC AND HISTORICAL OVERVIEW  
OF TRITIUM PRODUCTION
Tritium is the heaviest naturally occurring isotope of hydrogen, containing one proton and two 
neutrons, and is found terrestrially in the same common forms as hydrogen: a diatomic gas or in 
water.2 Because of its unique chemical properties, tritium has myriad uses, both commercial and 
military, with its most important application in nuclear weapons. All nuclear weapons currently in 
the U.S. stockpile are designed to use tritium, which enhances the efficiency and yield of a weapon 
without significantly increasing its weight.3 Tritium allows the nuclear weapons in the U.S. arsenal to 
meet their performance requirements mandated by the Department of Defense (DOD), such as yield 
and weight. Conversely, none of the weapons in the nuclear arsenal can perform as designed without 
tritium.4 Therefore, for as long as the United States maintains a stockpile of nuclear weapons, a 
reliable supply of tritium is required.

Maintaining the supply of tritium is complicated by several factors: its radioactivity, method of 
production, and principal usage in weapons systems. Tritium has a half-life of 12.3 years, meaning the 
supply will decay by 5.5 percent annually and must be replenished regularly. Although tritium is naturally 
occurring, it has trace terrestrial abundance and is produced artificially by neutron capture reactions, 
primarily in nuclear reactors. These reactions require a source of energetic neutrons and a target material 
that undergoes neutron capture to generate tritium. A nuclear reactor or a spallation source is the best 
source of the requisite neutrons, and lithium-6 and helium-3 are the most viable target materials to 
produce tritium in the quantities needed for the DOE/NNSA nuclear security enterprise.5 

In nuclear reactors, neutrons are produced as heavy elements fission. An operational nuclear reactor 
is in a state of criticality; as new fission events take place, the neutrons that were consumed are 
replaced and induce the next generation of fission events. Some neutrons will invariably be lost from 
the reactor or absorbed by species within the reactor that will undergo a nuclear reaction that does 
not release neutrons. Neutron capture by lithium-6 or helium-3 to produce tritium are examples of 
nuclear reactions that do not release neutrons. By appropriately tuning the conditions inside the 
reactor, these tritium-producing reactions can proceed concurrently with the neutron-generating 
fission reactions needed to maintain criticality.

A spallation source generates neutrons as targets made of heavy metals, such as lead or tungsten, are 
bombarded with a high-energy beam of protons.6 The interaction between the beam of protons and 
the nuclei of the target results in the release of neutrons, which can be used for research purposes or 
as a source of neutrons for tritium production.7 The beam of protons is produced in a high-powered 
particle accelerator. 

2 “Tritium,” National Nuclear Security Administration, October 2017, https://www.energy.gov/sites/prod/files/migrated/
nnsa/2017/11/f42/Tritium%20Fact%20Sheet%20Oct%2017%202011.pdf.

3 Office of the Deputy Assistant Secretary of Defense for Nuclear Matters, Nuclear Matters Handbook 2020 (Washington, DC: 
Department of Defense, 2020), https://fas.org/man/eprint/nmhb2020.pdf.

4 “Final Environmental Impact Statement: Construction and Operation of a Tritium Extraction Facility at the Savannah 
River Site,” Department of Energy (DOE), March 1999, https://www.energy.gov/sites/default/files/EIS-0271-FEIS-Summa-
ry-1999.pdf.

5 Other nuclear reactions can produce tritium, such as neutron capture by boron-10 or ternary fission of uranium-235, but 
these reactions are unable to produce the quantities of tritium needed by DOE/NNSA and are not considered herein.

6 Gary J. Russell, Spallation Physics - An  Overview (Los Alamos, NM: Los Alamos National Laboratory, 1990), https://inis.iaea.
org/collection/NCLCollectionStore/_Public/23/015/23015552.pdf.

7 “Spallation sources,” International Atomic Energy Agency, https://www.iaea.org/topics/nuclear-science/nuclear-research/
accelerators/spallation-sources.
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https://www.energy.gov/sites/default/files/EIS-0271-FEIS-Summary-1999.pdf
https://www.energy.gov/sites/default/files/EIS-0271-FEIS-Summary-1999.pdf
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Two important distinctions between nuclear reactors and spallation sources are their use of fissile 
material and their energy requirements. Nuclear reactors generate large quantities of energy through 
the controlled fission of fissile material. In contrast, the particle accelerators used for spallation require 
a significant input of electricity for operation but contain no fissile material. Additionally, the waste from 
nuclear reactors is highly radioactive and must be handled according to stringent Nuclear Regulatory 
Commission (NRC) regulations to ensure human and environmental safety. Waste from spallation 
sources is also radioactive but is significantly less dangerous to humans and the environment.

Three periods define the production of tritium in the United States: early production (1949 to 1988), 
recycling (1988 to 2003), and production in dual-use nuclear reactors (2003 to present). In the 
earliest period of production, the weapons program produced tritium in nuclear reactors dedicated to 
weapons materials production.8 The Hanford Site, located in Washington state, irradiated lithium-6 
targets in its nuclear reactors from 1949 to 1955, generating the first tritium to be used for the U.S. 
weapons program and enabling the first thermonuclear test, Ivy Mike, in 1952.9 From 1955 until 
1988, tritium production transitioned to nuclear reactors at the Savannah River Plant (later renamed 
the Savannah River Site, or SRS) in South Carolina. In 1988, the last operational tritium production 
reactors at the plant were shut down due to safety and operational problems, and the United States 
lost its tritium production capability.10

Tritium production would not resume until the first load of lithium targets was loaded into the Watts 
Bar Unit 1 reactor, operated by the Tennessee Valley Authority (TVA), in 2003. In the interim, the 
tritium supply was maintained by recycling the material from dismantled warheads. Tritium recycling 
was adequate to meet DOE needs into the 1990s because of the decrease in demand that coincided 
with a reduction in the number of warheads in the stockpile. Recycling, however, could not sustain 
the tritium supply long term, even with a smaller stockpile of warheads, because of the radioactive 
decay of the material. As a result, DOE started the New Production Reactors Program, which ran from 
1988 to 1992, to evaluate options to restart tritium production,  but deferred further action on the 
program.11 In late 1995, DOE pursued a dual-track strategy to reestablish the tritium production 
capability: to purchase or lease irradiation services from an existing commercial nuclear reactor and 
to design, construct, and test a spallation source for tritium production (APT). By 1997, DOE favored 
leasing irradiation services from an existing commercial reactor, and after successfully testing tritium 
production in the Watts Bar reactor, signed a contract with TVA for 35 years of irradiations services in 
1999. APT was relegated to a backup supply option. SRS’s Tritium Extraction Facility (TEF) extracted 
the first tritium gas to be produced since 1988 shortly after its construction was completed in 2007.

Since 2007, the weapons program has supplied its tritium from these same facilities: the Watts Bar 
Unit 1 nuclear reactor and TEF at SRS. A second nuclear reactor, Watts Bar Unit 2, began concurrent 
tritium production in 2020.12 In the current production method, lithium-6, in the form of lithium 

8 The sole exception being the N Reactor at the Hanford Site, which was dual-use. “N Reactor,” DOE, https://www.hanford.
gov/page.cfm/NReactor.

9 DOE, Legend and Legacy: Fifty Years of Defense Production at the Hanford Site (Richland, WA: Westinghouse Hanford Compa-
ny, 1992), doi:10.2172/10144167.

10 Government Accountability Office (GAO), NUCLEAR WEAPONS: Challenges Remain for Successful Implementation of DOE’s 
Tritium Supply Decision (Washington, DC: GAO, 2000), https://www.gao.gov/assets/rced-00-24.pdf.

11 DOE, New Production Reactors Program Plan (Washington, DC: DOE, 1990), doi:10.2172/6320732; and Richard E. Rowberg, 
The Department of Energy’s Tritium Production Program, CRS Report RL30425 (Washington, DC: Congressional Research Ser-
vice, 2001), https://www.everycrsreport.com/files/20011108_RL30425_bd3708552c1a12028ee7db21f0efbd71ceabe5eb.
pdf.

12 “Watts Bar 2 to Start Weapons Tritium Production When Current Refueling Outage Wraps,” Exchange Monitor, November 
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aluminate ceramic pellets, is embedded into a specialized assembly called a Tritium-Producing 
Burnable Absorber Rod (TPBAR) that is inserted directly into the nuclear reactor. As neutrons from 
the reactor interact with the lithium-containing pellets in the TPBARs, tritium forms and is captured 
within the assembly. At the end of the 18-month irradiation cycle, a normal shutdown in reactor 
operations to remove spent uranium fuel and replenish the reactor with fresh fuel is performed, and 
the TPBARs are removed and replaced. The irradiated TPBARs are highly radioactive and remain in 
storage at the reactor facility until the radioactivity has diminished for their safe transport to SRS. 
Once at SRS, the TPBARs are processed at TEF to remove the tritium captured inside the assembly for 
later use by the weapons program. 

This process has sufficiently supplied tritium for DOE/NNSA needs since 2007, despite technical 
challenges that have impacted supply. Some tritium is expected to leach from the TPBARS 
throughout the course of their irradiation in the reactor. This leached tritium can contaminate 
the water-cooling system of the reactor, creating an additional hazard that must be handled in 
accordance with environmental safety standards set by NRC and the Environmental Protection 
Agency.13 The amount of tritium released was estimated, tested, and found to be well below 
regulatory limits during the design of the TPBARs14; however, irradiation in Watts Bar Unit 1 
released more tritium than expected.15 As a result, the number of TPBARs inserted into the reactor 
was reduced to keep the tritium concentration in the water-cooling system below the regulatory 
threshold.16 The amount of tritium recovered and used for the weapons program thereby decreased, 
both due to leakage from the TPBARs and irradiation of fewer TPBARs. In addition, shortly after the 
Watts Bar Unit 2 reactor began operations, its steam generators malfunctioned. This malfunction 
required the reactor to be shut down for maintenance sooner than planned and halved the number 
of TPBARs that were irradiated in fiscal year 2021.17 

Even with the obstacles to maintaining the tritium supply, DOE/NNSA is committed to maintaining 
tritium production in nuclear reactors. With two tritium-producing reactors operating simultaneously, 
production will increase to meet the projected future need. Moreover, some risk to production 
outages is mitigated, as an unanticipated shutdown of one reactor, such as the maintenance outage 
for steam generator replacement in Watts Bar Unit 2, will not completely halt production. The 
processing capabilities at SRS are being modernized to further reduce risk to the tritium supply. The 
new Tritium Finishing Facility, which will replace a 1950s-era facility, is scheduled for completion by 
2031 at a cost of $305 to $640 million.18

17, 2020, https://www.exchangemonitor.com/watts-bar-2-start-weapons-tritium-production-current-refueling-out-
age-wraps/?printmode=1.

13 “Backgrounder on Tritium, Radiation Protection Limits, and Drinking Water Standards,” Nuclear Regulatory Commission, 
April 2019, https://www.nrc.gov/reading-rm/doc-collections/fact-sheets/tritium-radiation-fs.html#risks.

14 Pacific Northwest National Laboratory, Report on The Evaluation of the Tritium Producing Burnable Absorber Rod Lead Test 
Assembly (Richard, WA: DOE, 1997), https://inis.iaea.org/collection/NCLCollectionStore/_Public/28/071/28071200.pdf.

15 GAO, National Nuclear Security Administration Needs to Ensure Continued Availability of Tritium for the Weapons Stockpile 
(Washington, DC: 2010), https://www.gao.gov/assets/gao-11-100.pdf.

16 Steven Wyrick, Joseph Cordaro, Nanette Founds, and Curtis Chambellan, “NNSA Tritium Supply Chain,” University of North 
Texas Libraries, August 21, 2013, https://digital.library.unt.edu/ark:/67531/metadc844120/m1/7/.

17 Dan Leone, “Watts Bar 2 Tritium Production Less Than Expected in 2021; Reactor Has ‘Degraded Steam Generator’,” 
Nuclear Security & Deterrence Monitor 25, no. 09 (2021), https://www.exchangemonitor.com/watts-bar-2-tritium-produc-
tion-less-expected-2021-reactor-degraded-steam-generator-2/.

18 “Savannah River Tritium Enterprise,” Savannah River Site, https://www.srs.gov/general/news/factsheets/srs_srte.pdf; and 
“Tritium facility at Savannah River Site reaches key milestone,” National Nuclear Security Administration,  March 2, 2020, 
https://www.energy.gov/nnsa/articles/tritium-facility-savannah-river-site-reaches-key-milestone.
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TRITIUM PRODUCTION AND LOW ENRICHED URANIUM
All tritium used in the nuclear stockpile to date was generated from the irradiation of lithium targets 
in nuclear reactors, which rely on uranium for fuel. Thus, continued production of tritium in nuclear 
reactors depends on a robust uranium industry. Before uranium is used in a reactor, it is mined and 
milled, converted to uranium hexafluoride (UF6), enriched, and fabricated into fuel. This process 
constitutes the front end of the nuclear fuel cycle.19

The nuclear physics that governs the release of energy from fission in nuclear reactors requires the 
uranium fuel to be enriched, meaning that it has an increased concentration of the uranium-235 
isotope compared to natural uranium. Extracted directly from the Earth via conventional mining 
or in-situ leaching, natural uranium has an isotopic distribution of 99.3 percent uranium-238, 0.7 
percent uranium-235, and trace amounts of other isotopes.20 The process of enrichment allows 
the isotopic distribution to be adjusted, creating two streams of uranium: the enriched stream, 
where the percentage of uranium-235 has increased, and the tails stream, where the percentage 
of uranium-235 has decreased. An enrichment between 0.7 percent and 20 percent uranium-235 is 
considered LEU. Most electricity-generating nuclear reactors require enrichment between 3 and 5 
percent.21 Enrichment greater than 20 percent is classified as highly enriched uranium (HEU), and 
weapons-grade uranium is generally enriched to greater than 90 percent.

The process of enrichment becomes easier as the concentration of uranium-235 increases.22 As 
a result, concerns of nuclear proliferation increase with the level of enrichment of a sample of 
uranium. These concerns manifest in stringent protocols for the transfer of uranium between nations 
to ensure its use solely for peaceful applications, such as energy production or scientific research, 
and to preclude its diversion to weapons programs. Uranium is obligated when the uranium—or 
any technology used for its mining, conversion, or enrichment—is exported to another country and 
usage stipulations are in place. In contrast, when uranium is extracted, converted, and enriched using 
indigenous technology, it can be used for any purpose, military or civilian, and is unobligated. The 
U.S. government can also impose its own obligations on uranium and has done so in the past. For 
example, the 1995 Presidential Declaration by President Clinton declared over 174 metric tons of 
uranium in excess of defense needs and stipulated that this material could not be used for military 
applications in the future.23 

Long-standing DOE/NNSA policy, which was written into the interagency agreement with TVA 
securing irradiation services to produce tritium, dictates that obligated uranium cannot be used 
in the production of tritium.24 This policy, which is in place to bolster U.S. nuclear nonproliferation 
goals, is more restrictive than most international peaceful use agreements. In these international 
agreements, namely the Washington Agreement and the Paris Agreement, peaceful use restrictions 

19 “Nuclear Fuel Cycle Overview,” World Nuclear Association, updated April 2021, https://www.world-nuclear.org/informa-
tion-library/nuclear-fuel-cycle/introduction/nuclear-fuel-cycle-overview.aspx.

20 “Uranium Mining Overview,” World Nuclear Association, updated September 2021, https://www.world-nuclear.org/informa-
tion-library/nuclear-fuel-cycle/mining-of-uranium/uranium-mining-overview.aspx.

21 “Nuclear Power Reactors,” World Nuclear Association, updated October 2021, https://www.world-nuclear.org/informa-
tion-library/nuclear-fuel-cycle/nuclear-power-reactors/nuclear-power-reactors.aspx.

22 Ian Sample, “Iran’s uranium enrichment programme: the science explained,” The Guardian, July 7, 2019, https://www.
theguardian.com/world/2019/jul/07/iran-uranium-enrichment-programme-the-science-explained.

23 DOE, Tritium and Enriched Uranium Management Plan through 2060 (Washington, DC: DOE, October 2015), http://fissilema-
terials.org/library/doe15b.pdf.

24 GAO, Department of Energy: Interagency Review Needed to Update U.S. Position on Enriched Uranium That Can Be Used for 
Tritium Production (Washington, DC: GAO, 2014), https://www.gao.gov/assets/gao-15-123.pdf.
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are placed on special nuclear materials.25 However, tritium is not a special nuclear material, as 
defined by the Atomic Energy Act, and is thus not explicitly covered by these agreements.26 

The TVA reactors used for tritium production are government-owned but are dual-use, producing 
electricity for commercial purposes and tritium for military purposes. At first glance, tritium 
production in dual-use reactors appears to run counter to U.S. nonproliferation aims. DOE/NNSA 
contends, however, that the lack of legal prohibitions and the use of unobligated LEU as fuel for 
these reactors allows the United States to maintain global nuclear nonproliferation leadership.27 
Moreover, because SRS, which is a DOE/NNSA defense facility, performs the tritium extraction and 
processing, the separation between civilian and military nuclear activities remains intact.  

With no foreseeable change to DOE/NNSA policy on using unobligated LEU for tritium production 
or DOE/NNSA plans to continue tritium production in nuclear reactors, a supply of unobligated LEU 
will be necessary well into the future. However, the current state of decline of the domestic uranium 
industry will make securing this supply of LEU difficult. Uranium mining plummeted in the past 
decade, with mine production dropping from a high of 4.9 million pounds of U3O8 in 2014 to a low 
of 0.2 million pounds in 2019.28 The sole operational uranium conversion facility, the Honeywell 
Metropolis Works Plant, is no longer economical to operate and went into cold standby in 2017.29 
However, NRC renewed the operating license of the plant in early 2020, and Honeywell plans to 
reopen the plant in 2023 contingent on improved market conditions. The last remaining enrichment 
facility using U.S. technology, the Paducah Gaseous Diffusion Plant (PGDP), was antiquated, energy 
inefficient, and closed in 2013, leaving the United States without a provider of unobligated uranium 
enrichment services.30

When TVA began irradiation services for DOE, they also entered into an agreement with the United 
States Enrichment Corporation (USEC; now Centrus Energy Corporation), the lessee and operator 
of PGDP, for uranium enrichment services for the duration of the 35-year DOE/TVA tritium contract. 
USEC, however, filed for bankruptcy in 2012, and its enrichment service agreement was amended to 
provide a fixed amount of unobligated LEU to TVA. DOE/NNSA employed PGDP for one additional 
year to enrich depleted uranium (uranium that contains less than 0.7 percent uranium-235) to 
provide fuel for future reloads in tritium-producing reactors until a new source of unobligated LEU 
could be secured. The final transfer of material from PGDP to TVA occurred in 2014. 

Following the closure of PGDP, DOE/NNSA estimated the supply of unobligated LEU for tritium 
production to last until 2027 but has since extended the supply to 2042 after implementing the 

25 Ibid. The full names of the agreements are the Agreement between the Three Governments of the United Kingdom of Great 
Britain and Northern Ireland, the Federal Republic of Germany and the Kingdom of the Netherlands and the Government of the 
United States of America regarding the Establishment, Construction and Operation of a Uranium Enrichment Installation in the 
United States and the Agreement between the Government of the United States of America and the Four Governments of the 
French Republic, the United Kingdom of Great Britain and Northern Ireland, the Kingdom of the Netherlands and the Federal 
Republic of Germany regarding the Establishment, Construction and Operation of Uranium Enrichment Installations using Gas 
Centrifuge Technology in the United States of America, respectively. 

26 “Special Nuclear Material,” Nuclear Regulatory Commission, last updated June 18, 2021, https://www.nrc.gov/materials/
sp-nucmaterials.html.

27 DOE, Interagency Review of the Nonproliferation Implications of Alternative Tritium Production Technologies Under Consider-
ation (Washington, DC: DOE, 1998), https://fissilematerials.org/library/doe98.pdf 

28 https://www.eia.gov/uranium/production/annual/pdf/dupr2019.pdf.
29 “US Nuclear Fuel Cycle,” World Nuclear Association, May 2021, https://www.world-nuclear.org/information-library/coun-

try-profiles/countries-t-z/usa-nuclear-fuel-cycle.aspx.
30 One uranium enrichment facility is currently operating in the United States, but it is owned by URENCO and uses Europe-

an centrifuge technology, thereby producing obligated LEU.
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nuclear material accounting practices of book storage and obligation exchanges, along with a 
HEU downblending campaign.31 These actions are estimated to cost $1.1 billion and run through 
2025.32 The implementation of book storage and obligation exchanges do not require material to 
be physically moved. Instead, they are accounting measures that ensure a uranium supplier reserves 
the correct amount of material, with the appropriate obligations, in their physical inventory for 
a customer. In this case, unobligated LEU is held for TVA to be used for tritium production, while 
obligated LEU is used for other purposes. 

The downblending of HEU furnishes LEU by mixing HEU with less enriched forms of uranium and 
lowering the concentration of uranium-235 below 20 percent. However, the supply of HEU is finite, 
with no operational capability to replenish it, and required for other DOE/NNSA missions, such 
as maintaining the nuclear weapons stockpile and naval propulsion programs, fulfilling mutual 
defense agreements, fueling research reactors, and producing medical isotopes.33 The HEU slated for 
downblending consisted of material that was previously declared excess to national security needs or 
scrap from uranium processing activities and thus not needed to execute other DOE/NNSA missions.34 
Any additional downblending activities may tap into HEU that would be used for other national 
security purposes, presenting a substantial risk to those programs.

Although DOE/NNSA extended the supply of unobligated LEU for tritium production well into the 
future, planning for future production is already underway because of the large capital investment—
on the order of billions of dollars—and years-long deployment schedule required. The remaining 
sections detail the prospects of the two most viable options for future tritium production: continuing 
production in nuclear reactors and accelerator production of tritium. 

OPTION 1: CONTINUING TRITIUM PRODUCTION  
IN NUCLEAR REACTORS
Continued tritium production in nuclear reactors will require DOE/NNSA to prioritize a robust supply 
of unobligated LEU. While DOE/NNSA considered the use of obligated LEU for tritium production, 
and senior officials at URENCO (an international supplier of enrichment services that operates the 
sole enrichment facility in the United States and is bound by the Washington Agreement) approved 
of providing obligated LEU for operating TVA’s tritium-producing reactors, such an arrangement is 
expressly prohibited by the interagency agreement between DOE and TVA.35 Moreover, DOE/NNSA 
reiterated its commitment to avoid the use of obligated LEU for tritium production on multiple 
occasions because of its impact on nuclear nonproliferation policy and the vulnerability it could 
introduce into the tritium supply chain. Foreign suppliers of uranium or the technology used in 
uranium enrichment may exploit this vulnerability or simply be unwilling to allow their LEU or 
technology to be used for military purposes. In addition, LEU exports may not be consistent enough 
over a decades-long timescale to plan for tritium production into the future. Without a predictable 
and stable source of LEU, DOE/NNSA cannot guarantee an adequate supply of fuel to run tritium-

31 DOE, Tritium and Enriched Uranium Management Plan Through 2060; and National Nuclear Security Administration, 
Fiscal Year 2021 Stockpile Stewardship and Management Plan – Biennial Plan Summary (Washington, DC: DOE, 2020), 
https://www.energy.gov/sites/default/files/2020/12/f82/FY2021_SSMP.pdf.

32 GAO, NUCLEAR WEAPONS: NNSA Should Clarify Long-Term Uranium Enrichment Mission Needs and Improve Technology Cost 
Estimates (Washington, DC: GAO, 2018), https://www.gao.gov/assets/gao-18-126.pdf.

33 DOE, Tritium and Enriched Uranium Management Plan Through 2060.
34 GAO, NUCLEAR WEAPONS: NNSA Should Clarify.
35 GAO, Department of Energy: Interagency Review Needed.
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producing reactors and thus cannot ensure the tritium supply necessary to maintain the nuclear 
weapons stockpile. 

There are two potential sources of unobligated LEU for the tritium production mission: reserves 
of HEU that are downblended to LEU or a reestablished domestic uranium enrichment capability. 
The strategic reserve of HEU, maintained by DOE/NNSA for future use by the weapons program in 
accordance with Presidential Policy Directive 9 (PPD-9), is one such reserve.36 This reserve includes 
HEU in processed forms, such as canned subassemblies and composite pits, and very highly enriched 
uranium (VHEU).37 Because VHEU is a finite, high-value resource, DOE/NNSA is not considering its use 
in tritium production; however, downblending the processed forms of HEU in the reserve to furnish 
LEU is a possibility. Disassembly and processing would be required prior to downblending, increasing 
both the prospective cost and the schedule of LEU delivery. A 2015 cost estimate for these activities 
was $770 million, plus additional funds for disassembly and processing, over seven years.38 Notably, 
presidential approval would be required to lower the quantity of HEU in the reserve below the limits 
set forth in PPD-9.

Additional reserves of HEU that DOE/NNSA could consider for downblending include the materials 
declared as excess or allocated for national security purposes by the 2005 Excess Materials 
Declaration and DOE/NNSA-owned spent nuclear fuel.39 The HEU reserves resulting from the 2005 
declaration would also require processing prior to downblending, with an equivalent cost and 
schedule to those of HEU from the strategic reserve: $770 million over six years.40 However, the 
use of uranium declared excess to military purposes for the production of tritium would require 
the removal of its designation as excess material and challenge the nonproliferation aim of the 
declaration in diverting the material from military use.41 

The remaining reserve of HEU for downblending, DOE/NNSA-owned spent nuclear fuel, presents a 
significant logistical hurdle because the HEU must be separated from the spent fuel and reprocessed. 
The sole domestic facility with the capability to separate HEU from spent nuclear fuel is the highly 
specialized H-Canyon facility at SRS, but this facility can only process aluminum-clad spent nuclear 
fuel.42 DOE/NNSA stocks of spent nuclear fuel contain both aluminum-clad and non-aluminum-clad 
inventories. Approximately one-quarter of the spent nuclear fuel is subject to domestic obligations. 
Adding further challenge to this source of HEU, some stores of aluminum-clad spent nuclear fuel 
are stored at Idaho National Laboratory (INL) and thus would require cross-country transport for 
processing at SRS in South Carolina. Evaluated in 2009, the cost was estimated to be $300 million for 
transport of the spent fuel to SRS and $200 million for reprocessing activities at the H-Canyon facility.43 
Unfortunately, operating H-Canyon for a decade would likely yield a mere 62 metric tons of uranium, 
which is a low output for such a long period of operation and large investment. (For reference, the 
average 1,000 megawatt electric pressurized water reactor contains 100 metric tons of uranium fuel.44)

36 DOE, Tritium and Enriched Uranium Management Plan Through 2060.
37 Ibid.
38 Ibid.
39 DOE, “DOE to Remove 200 Metric Tons of Highly Enriched Uranium from U.S. Nuclear Weapons Stockpile,” Press release, 

November 7, 2005, https://www.energy.gov/articles/doe-remove-200-metric-tons-highly-enriched-uranium-us-nuclear-
weapons-stockpile.

40 DOE, Tritium and Enriched Uranium Management Plan Through 2060.
41 GAO, Department of Energy: Interagency Review of the Nonproliferation Implications.
42 DOE, Tritium and Enriched Uranium Management Plan Through 2060.
43 Ibid.
44 “Nuclear Power Reactor Characteristics,” World Nuclear Association, 2015, http://www.world-nuclear.org/uploadedFiles/
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The reprocessing of zirconium-clad spent nuclear fuel, which originates from naval nuclear reactors, 
faces even steeper challenges. The ZIRCEX method for removing the zirconium cladding was 
tested at laboratory scale but is not technologically mature enough to perform at larger scales or 
develop cost estimates for its deployment.45 In order to use ZIRCEX to supply HEU for downblending, 
the H-Canyon facility requires modification or a new spent fuel processing facility needs to be 
constructed. Because the majority of zirconium-clad spent nuclear fuel is stored at INL, reprocessing 
at a modified H-Canyon facility necessitates cross-country transportation. In addition, ZIRCEX cannot 
remove minor isotopes of uranium, such as uranium-236, and as a result, any LEU fuel that would be 
derived from the zirconium-clad spent fuel would not meet commercial nuclear fuel specifications.46 
While nuclear reactors can be fueled with such off-specification fuel, and some TVA reactors have 
done so, the operating license of the nuclear reactor must be reapproved by NRC. Additionally, the 
minor impurities in the off-specification fuel would hamper tritium production because they absorb 
neutrons that the lithium in the TPBARs would otherwise absorb to generate tritium.

While there are myriad sources of HEU that could be downblended, none provide a robust long-term 
source of unobligated LEU. Moreover, downblending generates additional risk to the finite supply of 
HEU because there is currently no capability to replenish HEU and it could divert material from other 
needs of the weapons program. Restarting domestic uranium enrichment is thus the only means 
to a steady long-term source of unobligated LEU. A reestablished uranium enrichment capability 
entails revitalizing the entire domestic uranium industry, which is currently in a state of decline, 
and demands a larger capital investment than downblending activities. The United States has been 
unable to enrich unobligated uranium since the closure of PGDP in 2013. 

In 2014, DOE/NNSA evaluated several options for uranium enrichment against their technological 
readiness, cost (excluding decommissioning and decontamination), schedule of deployment, potential 
for commercialization, mission flexibility, technology source, and risk.47 The options evaluated were 
AC100 gas centrifuges, small gas centrifuges, electromagnetic isotope separation (EMIS), reopening 
PGDP, atomic vapor laser isotope separation (AVLIS), and separation of isotopes by laser excitation 
(SILEX). Of these enrichment options, the most technologically advanced and lowest risk was the 
AC100 gas centrifuges. The 2015 analysis estimated a capital cost between $3.1 and $4.8 billion over 
27 months of construction, with annual operating costs of $112 to $195 million for the deployment 
of the centrifuges.48 Delaying the start of construction by several years increases the construction cost 
to between $6.1 and $11.3 billion.

The small gas centrifuge option, which is in development at Oak Ridge National Laboratory (ORNL), 
was the second-best option. These centrifuges have lower technological readiness than the AC100 
centrifuges, and thus are riskier, but have similar capital costs (estimated to be $3.2 to $6.8 billion) 
and annual operating costs ($100 to $200 million).49

The remaining enrichment options have a significant cost or technological drawbacks that 
removed them from further consideration. EMIS was the first domestic enrichment technology 
to be used, starting during World War II at Y-12, but is too expensive for applications larger than 

org/WNA/Publications/Nuclear_Information/Pocket%20Guide%20Reactors.pdf.
45 DOE, Tritium and Enriched Uranium Management Plan Through 2060.
46 Ibid.
47 Ibid.
48 Ibid.
49 Ibid.
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laboratory scale. Enrichment using EMIS requires 60,000 machines, at a cost of $150 billion, in 
addition to specialized infrastructure.50 

Deactivation and decommissioning of PGDP began in 2014, even though DOE/NNSA was still 
evaluating its potential restart. The agency identified a significant chance of equipment failure from 
the aging of the facility, and a restart was only 50 percent likely to be successful. These odds will 
not have improved in the years since. Moreover, the gaseous diffusion technology used at PGDP is no 
longer commercially competitive with current centrifuge technology and is much more expensive to 
operate because of its higher electricity demand. 

Starting in the 1970s, Lawrence Livermore National Laboratory developed AVLIS but suspended 
research in the 1990s. In order for the technology to reach maturity, 5 to 15 years of additional 
research are needed.51 Finally, SILEX uses technology partly developed by an Australian company, has 
an international agreement that explicitly prohibits its use to enrich uranium for tritium production, 
and still requires additional research to reach technological maturation.52

OPTION 2: ACCELERATOR PRODUCTION OF TRITIUM (APT)
The alternative to tritium production in nuclear reactors is APT, which utilizes a spallation source to 
generate neutrons and negates the need for unobligated LEU. APT was extensively studied in the 1990s, 
with numerous publications released, during DOE’s dual-track strategy to restart tritium production. 
However, DOE ultimately decided to purchase irradiation services from TVA for tritium production, a 
decision that was formalized in the 1999 Record of Decision, and APT became the backup option. 

There are many advantages of APT, including its avoidance of fissile materials, mild operating 
conditions (both temperature and pressure), low levels of radioactivity, and ease of shutdown.53 The 
spallation source’s proton accelerator could be built quickly—in as few as five years—if the design 
were based on the construction and operation of other large accelerators. Drawbacks of APT include 
the large electricity demand of the accelerator and the inability of the accelerator to account for 
changes in tritium demand. Reduced tritium demand is easily overcome, though operation of the 
accelerator becomes uneconomical if decreased too much. Increased tritium demand—particularly 
on the order of doubling or more—is unattainable without redesigning the accelerator or building a 
second accelerator. 

Originally, DOE exploration of APT called for five years to mature, test, and deploy the technology for 
tritium production.54 Following the decision to purchase irradiation services from TVA, DOE preserved 
the designs of the particle accelerator, target blankets, and tritium separation facility. However, with 
close to three decades passing since the secretary’s decision shelved APT, aspects of the design may 
now be obsolete and many of the original planners will have left the workforce, along with their 
experience and expertise. 

The design of APT targets is less technologically advanced than the designs of the accelerator. The 
target contains heavy nuclei that release neutrons as they are bombarded with protons from the 

50 Ibid.
51 Ibid.
52 GAO, Department of Energy: Interagency Review of the Nonproliferation Implications.
53 S. Orell et al., Accelerator Production of Tritium (APT) (McLean, VA: JASON, 1992), https://fas.org/irp/agency/dod/jason/apt.

pdf.
54 GAO, NUCLEAR WEAPONS: Challenges Remain.
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accelerator, as well as a material that will absorb these neutrons to form tritium. Lithium-6 and 
helium-3 are potential tritium-generating materials for the targets, but the only material used for 
tritium production to date is lithium-6 and APT designs call for helium-3. Because the environment 
in the spallation source is markedly different than that within a nuclear reactor, further studies are 
needed to determine how either tritium-producing material performs in the spallation source. Unlike 
lithium-6 targets, where tritium is captured and held within the target until the target is removed 
and its tritium is extracted, helium-3 targets allow for the continuous extraction of tritium. Such a 
system, however, is a new process for tritium recovery and requires further development.

The availability of helium-3 is a significant drawback to its use in tritium-producing targets. The bulk 
of helium-3 in existence today originated from the radioactive decay of tritium. Thus, using helium-3 
derived from tritium to produce more tritium is a challenge to sustained production. Helium-3 has 
many unique characteristics that account for its use in various other applications, and the domestic 
reserve is under a strict allocation system to preserve the supply. Moreover, even if all helium-3 
produced from tritium decay were dedicated to tritium production, any loss of helium-3 during the 
production process would permanently lower the amount of tritium that could be produced. 

 A 1992 JASON study stated that APT “appears to be feasible and practical” for producing tritium in 
the quantities required by DOE at the time of the study.55 The 1999 decision to use irradiation services 
from TVA instead of APT was largely based on the capital investment of $7.5 to $9.2 billion for the 
construction of the accelerator.56

RECOMMENDATION
All warheads in the nuclear stockpile rely on tritium to perform as designed. Because of tritium’s 
relatively short half-life of 12.3 years, it must be replenished regularly to maintain the readiness of 
the nuclear stockpile. There are only two technologically feasible methods to produce tritium, both of 
which require a source of neutrons: neutron absorption by lithium-6 or by helium-3. A nuclear reactor 
or a spallation source can generate the requisite neutrons, though historically only nuclear reactors 
were used for tritium production. As DOE/NNSA undertakes its vast nuclear modernization plans, 
tritium demand will increase. 

The supply of unobligated LEU, which fuels the current method of production, will be depleted 
by the 2040s. DOE/NNSA has already expended its short-term option to extend the LEU supply: 
the downblending of HEU reserves. The debate over the long-term solution has continued for 
years, largely due to the substantial capital investment that will be required, but has not yet been 
concluded. The most viable options, in terms of cost, schedule, and risk, are the construction of a 
domestic unobligated uranium enrichment facility, using either the large AC100 gas centrifuges 
developed by Centrus or the small gas centrifuge technology developed by ORNL, or APT.

Despite the technical feasibility of APT, DOE/NNSA has not pursued its development because of the 
cost of constructing the accelerator facility, and its design has not been examined since the 1990s. 
With the estimated billion-dollar price tag for reestablishing domestic uranium enrichment, the price 
of tritium production using APT may be competitive with that of nuclear reactors. However, because 
APT technology has remained untouched for decades, restarting the program would be challenging, 
and there have been no recent DOE/NNSA efforts to do so or update cost estimates.

55 Orell et al., Accelerator Production of Tritium.
56 GAO, NUCLEAR WEAPONS: Challenges Remain.



DOE/NNSA is also facing a looming shortage of HEU, albeit not until the 2060s, and APT is unable 
to assuage this shortage. The domestic capability to produce unobligated LEU could, however, be 
modified to enrich uranium to higher levels that produce HEU and is a likely influence on DOE/NNSA 
planning for future strategic material needs. In addition, Centrus expects to successfully demonstrate 
production of unobligated high-assay LEU in its AC100 gas centrifuges by early 2022, a significant 
development given the difficulty in establishing a domestic supply chain to build the centrifuges 
without using any foreign technology.57 Moreover, the successful enrichment of unobligated uranium 
using AC100 centrifuge technology by Centrus demonstrates a level of technological maturity 
that is not currently attainable with any other enrichment technology or APT. This encouraging 
development, coupled with the challenges of reviving the aging APT plans, supports the conclusion 
that reestablishing domestic uranium enrichment will ensure future tritium production and the 
function of the nuclear stockpile.

57 “Centrus Becomes First U.S. Licensed HALEU Production Facility,” Office of Nuclear Energy, June 23, 2021, https://www.
energy.gov/ne/articles/centrus-becomes-first-us-licensed-haleu-production-facility.
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India’s Nonproliferation 
History and Trajectory
Posturing at Home and Abroad

By Benjamin Silverstein1

INTRODUCTION
Core aspects of India’s decisions to develop antisatellite (ASAT) weapons parallel New Delhi’s 
historic pursuit of nuclear arms. Based on these similarities, India’s nuclear proliferation rationale 
can be translated and applied to their more recent efforts to develop strategic space capabilities. 
States interested in restraining applications of space arms, whether through normative or legally 
binding constructs, should note India’s motivations to develop and test strategic space weapons and 
tailor negotiations based on these incentives. India’s development of nuclear weapons is a valuable 
case study and reveals potential guardrails for states as they aim to effectively design prospective 
multilateral negotiations to restrain applications of ASAT missiles.

Space weapons not only strain interstate relations but can create debris that poses hazards to 
satellites in Earth’s orbits. Debris does not discriminate based on country of origin, satellite mission 
purpose, or any other characteristic. Kinetic energy ASAT capabilities, such as the interceptor missile 
that India tested in 2019’s Mission Shakti, can produce extreme amounts of debris. The debris 
fragments created in the aftermath of kinetic hit-to-kill ASAT tests are difficult, if not impossible, to 
control on a piece-by-piece basis and can spread across a large volume of space. 

The smallest pieces of debris, while still hazardous to continued satellite operations, cannot be predictably 
observed or accurately tracked. These pieces of debris could impact the reliability of global navigation 
systems, stall international economic flows, or even, in the most extreme cases, degrade nuclear command, 
control, and communication capabilities. While some satellites operate in orbits that are relatively less 
polluted with debris, no satellite is immune to the effects of a collision with debris. Thus, kinetic ASAT 

1 Benjamin Silverstein is the research analyst for the Space Project at the Carnegie Endowment for International Peace.
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capabilities have the potential to disrupt regular space activities and pose a destabilizing threat during 
the testing phase, even prior to states fielding fully deployed and mature weapons suites.

Even if many of the major space actors were to adopt a moratorium on debris-creating ASAT tests, 
testing conducted by states not party to such an agreement would pose an extreme and potentially 
immediate risk to many vital space systems. A state dissatisfied with international negotiations that 
restrained space arms applications may rationally choose to remain apart from a potential regime 
and perhaps take advantage of their unrestrained status by continuing to test debris-creating 
weapons. The amount of debris caused by these tests could endanger a significant number of space 
assets, including those that reinforce international stability and security. 

Allowing a proven ASAT-capable state, such as India, to remain outside of a negotiated restraint framework 
would severely damage the credibility of any regime. Based on this concern, the strongest diplomatic 
efforts are those designed to involve all ASAT-capable states. However, states interested in good-faith 
negotiations must ensure that including India does not signal to other would-be ASAT proliferators that 
successfully intercepting a satellite is the way to reserve a seat at the negotiating table. Negotiators 
should be clear that including states is not a reward for successful ASAT tests and otherwise preempt 
potential incentives to develop ASATs as tools for seeking special accommodation in negotiations. 

A review of India’s experience with nuclear disarmament and arms control efforts illustrates sources 
of their dissatisfaction with the current regime. Examining how New Delhi engaged with nuclear 
issues at the highest diplomatic levels, especially while the Indian nuclear enterprise was hard at 
work on weapons issues, shows careful deliberation of the merits of international restraint. India has 
established a unique position, unencumbered by legal restraints yet part of the politically binding 
regime. New Delhi has effectively leveraged this situation and uses strategic nuclear weapons to 
build national prestige and reinforce security. Reflecting on these dynamics and considering India’s 
history with international negotiations related to restraining security technology developments 
reveal potential rationales for India’s recent ASAT activities.

It remains unclear whether the strategic effects of hit-to-kill satellite intercept missiles effectively 
support India’s regional or global security strategies, independent of the clear and obvious tactical 
applications. This leads to assessments that India was alternatively motivated to develop and test 
the interceptor demonstrated during Mission Shakti. Some assert that India was determined to 
demonstrate its military power in neutralizing a space-based threat, while others posit that this 
was a politically motivated performance to reinvigorate Indian national pride in the run-up to an 
election.2 There are perhaps more compelling reasons that explain India’s decisions. Primarily, and 
in parallel with India’s nuclear weapons experience, evidence shows that Mission Shakti was at least 
in part a concerted effort to avoid being discriminated against by restraints of any future space arms 
control or disarmament regime.

INDIA’S ENGAGEMENT WITH INTERNATIONAL ARMS CONTROL
India’s significant grievances with arms control, disarmament, and nonproliferation agreements have 
led New Delhi to position itself alongside, but not formally within, legally binding efforts that curb 
nuclear weapons pursuits. India has walked this legal tightrope while simultaneously championing 

2 “A-SAT missile: Is India focusing on ‘Star Wars’ instead of modernising its creaking military?,” ThePrint, March 27, 2019, 
https://theprint.in/talk-point/a-sat-missile-is-india-focusing-on-star-wars-instead-of-modernising-its-creaking-mili-
tary/213300/. 
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universal disarmament and nonviolence at the United Nations and in other diplomatic forums. 
However, New Delhi purposefully remains outside seminal treaty-based arms control regimes.

India’s nuclear ambition matured in tandem with the broader international nonproliferation 
movement. Just as the world began to grapple with the emergence of nuclear arms, India’s early 
nuclear diplomacy was narrowly focused on eliminating nuclear weapons—a pursuit complicated 
by New Delhi’s atomic activities.3 From almost the beginning of the nuclear age, India called for 
“complete international control on manufacture and use of nuclear explosive devices . . . applicable 
to all states” and rejected proposals that restricted only some states’ abilities to conduct nuclear 
explosive tests based on their status as nonnuclear powers.4 A bifurcated set of rules regulating 
access to nuclear weapons technology for some but not all was inherently a restraint on India’s 
ascent, as the fastest way to establish indomitable national prowess during the era was by attaining 
nuclear arms. When taken in concert with the contemporary nuclear climate, these interwoven efforts 
illustrate a conscious effort toward universal disarmament while hedging against being stymied by 
irreconcilable political disagreements among established nuclear powers.

India established the Atomic Energy Commission in 1948, shortly after independence from the British 
Empire.5 In addition to the immediate postcolonial context, the Indian nuclear energy program 
emerged in the wake of failed efforts from Western states to control nuclear technology.6 Shortly 
after U.S. president Eisenhower announced his “Atoms for Peace” proposal, Indian prime minister 
Jawaharlal Nehru called for a nuclear testing “standstill,” even if states could not agree to halt nuclear 
weapons production and stockpiling activities.7 India tabled this proposal as an interim measure, 
which was intended to manufacture a moment during which states could focus on diplomatically 
prohibiting nuclear weapons. This breathing room did not come to fruition.

India did not compromise on the broad expectation that a pause in testing could set the table for 
effective diplomacy. This drive led to the ratification of the Limited Test-Ban Treaty (LTBT) in 1963, 
a continuation of the logic that a world undistracted by nuclear testing would have the clarity of 
mind to focus on universal nuclear disarmament. However, the LTBT only banned nuclear testing 
underwater, in space, and in the atmosphere. States were free to test nuclear weapons underground 
as long as radioactive fallout was contained and did not spread beyond the testing state’s borders.

States purposefully limited the scope of the LTBT to ensure it could be effectively verifiable and 
enforceable. Underground testing remained out of the LTBT’s scope due to perceptions that any 
potential monitoring methods and practice would be either inadequate or too invasive.8 States 
continued to test nuclear weapons underground, deflating India’s hope that the LTBT would result in a 
temporary cessation of nuclear explosions that would allow states to discuss disarmament more freely. 

3 K.P. Jain, Report by the Department of External Affairs, Disarmament Unit, 'India and Nuclear Disarmament’ (Washington, DC: 
Nuclear Proliferation International History Project, 1962), https://digitalarchive.wilsoncenter.org/document/123939. 

4 Dragoslav Protitch, Situation Report No. 25 (Geneva: UN, 1967), https://search.archives.un.org/uploads/r/united-nations-ar-
chives/a/6/c/a6cd812d417f24a39b12a2b2ab2e95245171983b6897886d4ead07af2fba622e/S-0880-0002-08-00001.pdf. 

5 “Government of India Atomic Energy Commission,” Department of Atomic Energy, updated April 20, 2021, https://dae.gov.
in/node/394. 

6 “Milestones in the History of U.S. Foreign Relations,” U.S. Department of State Office of the Historian, https://history.state.
gov/milestones/1945-1952/baruch-plans. 

7 Jarwahal Nehru, “Stand-still Agreement” (speech before the Lok Sabha, April 2, 1954), http://meaindia.nic.in/cdgene-
va/?pdf0601?000. 

8 Paul Richards and John Zavales, “Seismological Methods for Monitoring a CTBT: The Technical Issues Arising in Early 
Negotiations,” in Monitoring a Comprehensive Test Ban Treaty, eds. Eystein S. Husebye and Anton M. Dainty (Dordrecht, The 
Netherlands: Kluwer Academic Publishers, 1996) 53–81.
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India’s diplomatic work related to the LTBT did not necessarily lead to staunch support or adherence 
to the ensuing nonproliferation and disarmament regime. After all, the LTBT was not a holistic ban 
on testing intended to set the table for disarmament. India’s dissatisfaction with multilaterally 
negotiated nuclear restraint only grew, as evidenced by its resistance to the Treaty on the Non-
Proliferation of Nuclear Weapons (NPT) and the Comprehensive Test Ban Treaty (CTBT). Therefore, 
India’s absence from the formal nonproliferation regime should be considered in two parts: first, their 
dissatisfaction with the NPT while India was a nonnuclear state, and second, their metamorphosis 
from supporting the CTBT to opposing its core mandate.

INDIA AND THE NUCLEAR NON-PROLIFERATION TREATY
Nuclear nonproliferation, arms control, and disarmament negotiations did not follow a steady pace. 
In 1964, China became the fifth confirmed nuclear power. The test at Lop Nur reinvigorated the 
international community’s interest in negotiating the terms of nuclear nonproliferation.9 At the time, 
experts were skeptical of the military significance of Chinese nuclear weapons prior to the test, but 
these assessments did recognize the impact China’s weapons manufacturing capabilities would have 
on a future arms control regime.10 

The tension between Indian political elites on either side of nuclear weapons issues remained 
essentially unsettled throughout the NPT negotiation process.11 As the relatively new state lacked 
the military engagements that would necessitate weapons of mass destruction and their delivery 
vehicles, these capabilities were sometimes viewed as unsuitable, unsustainable, or unnecessary 
pursuits.12 India remained a staunch advocate for the complete cessation of nuclear weapons testing, 
submitting a joint memorandum to the Conference of the Committee on Disarmament in 1964 that 
affirmed staunch opposition to any “form of control which would . . . discriminate against [the less 
developed countries].”13 India based their campaign on this perspective throughout NPT negotiations. 

Negotiated between 1965 and 1968, the NPT represents a bargain between the established nuclear 
weapons states (i.e., those who had tested a nuclear explosive device prior to January 1, 1967) and 
all other states. Nonnuclear weapons states traded their potential to pursue nuclear weapons for 
a commitment by the nuclear weapons states to make strides toward disarmament. To India, this 
unacceptable trade stole sovereignty and autonomy from the nonnuclear states. 

While India had not tested nuclear weapons prior to the cutoff date, the country was perhaps 
better described as “not yet a nuclear weapons state,” as opposed to entirely nonnuclear. The Indian 
nuclear energy program, originally designed to harness atomic energy to serve the growing nation, 
branched into work on the complete nuclear fuel cycle and reached the threshold of producing 
weapons-grade nuclear materials. 

9 Mohamed Shaker, The Nuclear Non-Proliferation Treaty; Origins and Implementation 1959-1979 (New York: Oceana Pub-
lications, 1980), 90.

10 Edgar Snow, The Other Side of the River, Red China Today (New York: Random House, 1962), 645, https://archive.org/details/
othersideofriver00snow/page/644/mode/2up?q=nuclear.

11 Yogesh Joshi, Waiting for the Bomb: P.N. Haskar and India’s Nuclear Policy in the 1960s: NPIHP Working Paper #11 (Washing-
ton, DC: Wilson Center, 2017), https://www.wilsoncenter.org/publication/waiting-for-the-bomb-pn-haksar-and-indias-nu-
clear-policy-the-1960s. 

12 Robert S. Anderson, “Patrick Blackett in India: Military Consultant and Scientific Intervenor, 1947-72. Part One,” Notes and 
Records of the Royal Society of London 53, no. 2 (1999): 265, http://www.jstor.org/stable/532210. 

13 United Nations General Assembly, A/5731; Report of the Conference of the Eighteen-Nation Committee on Disarmament (New 
York, NY: United Nations, 1964), https://documents-dds-ny.un.org/doc/UNDOC/GEN/N64/196/19/PDF/N6419619.pdf. 
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The domestic debate in India about whether to pursue or eschew nuclear weapons remained 
unresolved during the NPT negotiations.14 The nonproliferation steps proposed in the NPT 
loomed over the debate and mapped a fundamentally segregated future in which some states 
were afforded nuclear weapons privileges while others were prevented from possessing nuclear 
weapons. These inherently discriminatory terms limited India’s nuclear autonomy without 
commensurate restraints on all nations, specifically the established nuclear powers. India was 
unwilling to sacrifice portions of their newfound independence for inadequate returns and 
instead insisted on strong disarmament commitments from the nuclear weapons states in 
exchange for their pledge to not develop nuclear weapons.15 Absent these provisions, India 
abstained from the final United Nations General Assembly (UNGA) vote to adopt Resolution 2373, 
to which the NPT was annexed.16

By allowing some states to continue to possess nuclear weapons, the NPT did not sufficiently push 
toward India’s preferred destination of nuclear disarmament. India, along with other nonnuclear 
weapons states, acrimoniously voiced their dismay that the NPT had failed to bring about what 
they viewed to be the necessary steps to ensure universal peace and security at the Conference of 
Non-Nuclear Weapons States.17 The nuclear weapons powers delayed the conference until weeks 
after the NPT opened for signature, strangling the nonnuclear weapons states’ ability to consolidate 
their influence as a bloc. This delay also reinforced the leverage of the nuclear weapons states and 
underscored their intent to remain in positions of power.18

INDIA’S NUCLEAR PROGRAM
The firm belief in an unequivocal and universal disarmament process did not preclude India from 
pursuing nuclear technology with military applications. The decision to divert nuclear capabilities 
toward weaponizable technologies and subsequently design nuclear weapons percolated over nearly 
three decades. Strong initiative originating in particular parts of government coupled with external 
pressures to push India closer to nuclear weapons even as their diplomatic corps doggedly pursued 
universal disarmament at nearly every turn. Early nuclear decisions were focused on developing 
a device and not necessarily manufacturing, deploying, or operationalizing a nuclear weapons 
capability. Those more complicated decisions occurred over a different timescale and against a 
significantly different strategic environment.19

Many of India’s early nuclear activity milestones overlap with global nonproliferation diplomacy. 
For instance, India began reprocessing spent fuel and recovering plutonium in 1964 in parallel with 
diplomatic condemnations of nuclear discrimination.20 These enrichment activities came on the heels 

14 Rohan Mukherjee and Rahul Sagar, “Pragmatism in Indian strategic thought: Evidence from the nuclear weapons debate 
of the 1960s,” India Review 17, no. 1 (2018): 13, doi:10.1080/14736489.2018.1415272.

15 Bertrand Goldschmidt, “The Negotiation of the Non-Proliferation Treaty (NPT),” IAEA Bulletin 22, no. 3 (August 1980): 73, 
https://www.iaea.org/sites/default/files/publications/magazines/bulletin/bull22-3/223_403587380.pdf. 

16 United Nations General Assembly, 22nd session, 1672nd Plenary Meeting, June 12, 1968, New York, https://digitallibrary.
un.org/record/742886?ln=en#record-files-collapse-header. 

17  Conference of the Non-Nuclear-Weapons States, “India and Yugoslavia: Draft Declaration of the Conference of the 
Non-Nuclear-Weapons States,” United Nations, September 23, 1968, https://s3.amazonaws.com/unoda-web/documents/
library/conf/A-CONF35-L4.pdf. 

18 Goldschmidt, “The Negotiation of the Non-Proliferation Treaty.”
19 Gaurav Kampani, “New Delhi’s Long Nuclear Journey: How Secrecy and Institutional Roadblocks Delayed India’s Weapon-

ization,” International Security 38, no. 4 (2014): 81–84, https://www.belfercenter.org/publication/new-delhis-long-nucle-
ar-journey-how-secrecy-and-institutional-roadblocks-delayed-indias. 

20 V.P. Kansra, Status of Power Reactor Fuel Reprocessing in India (Mumbai: Bhabha Atomic Research  Centre, 1998), https://inis.
iaea.org/collection/NCLCollectionStore/_Public/30/047/30047648.pdf?r=1&r=1. 
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of nearly a decade of regional military activities and engagements involving regional and global 
nuclear powers that influenced India’s perceptions of state power and vulnerability.

In 1962, prior to the NPT, China and India clashed over their ill-defined border near Aksai Chin. 
Chinese political leaders’ espousal of force paid off, as they leveraged their military success into a 
unilateral ceasefire.21 This military humiliation took on new significance in retrospect, specifically 
after China’s nuclear test at Lop Nur in 1964. Not only did this test disrupt remaining hopes that the 
international atmosphere was conducive to nuclear disarmament discussions, but it also served as a 
touchpoint for future discussions among India’s political elites regarding their own nation’s perceived 
need for nuclear technology. The test at Lop Nur inspired a variety of opinions, but most understood 
the political significance of the test independent of their opinions on the direct security impact.22

Other aspects of the post-NPT Indo-Pacific security context influenced India’s other nuclear decisions. 
Border tensions were nothing new for the region. India and Pakistan clashed over Kashmir in 1965, a 
resumption of intense hostilities that had persisted since decolonization. The Soviet Union brokered 
a ceasefire shortly after the conflict began.23 Unfortunately, while the resolution did calm the border 
tensions in Kashmir, it did not eliminate hostilities between the two nations.

Uncontained internal Pakistani turmoil sparked another Indo-Pakistani war in 1971. This short war 
lasted less than two weeks but had serious ramifications related to the local balance of power and 
resulted in the creation of a new state. The established nuclear powers revealed a delicate balance 
and web of influence in relation to India.

While India had petitioned for U.S. arms and aid during their clash with China, that well of support had 
dried up over the decade. The United States, which was not enamored by India’s participation in the 
nonaligned movement, aimed to limit India’s ability to shift the balance of power in the region in the 1965 
conflict.24 India’s burgeoning relationship with the Soviet Union, which was underscored by the recent 
Treaty of Peace, Friendship and Cooperation among the two states, did not improve U.S. assessments.25 

The United States resumed arms sales to Pakistan prior to the conflict, reversing the decision to 
suspend military aid during the 1965 conflict.26 While the arms sales marked a more involved role for 
the United States, widespread disapproval of East Pakistan’s wartime actions convinced Washington 

21 John Garver, “China’s Decision for War with India in 1962,” in New Directions in the Study of China’s Foreign Policy, eds. 
Alastair Iain Johnston and Robert S. Ross (Palo Alto, California: Stanford University Press, 2006), 123–125; and R.S. 
Kalha, “What Did China Gain at the End of the Fighting in November 1962?,” Manohar Parrikar Institute for Defence 
Studies and Analyses, November 21, 2012, https://idsa.in/idsacomments/WhatdidChinaGain%20attheEndoftheFighting_
RSKalha_211112.

22 Homi Bhabha, “Letter, Homi Bhabhi To Jawaharlal Nehru,” Wilson Center Digital Archive, https://digitalarchive.wilsoncenter.
org/document/165242?_ga=2.215734359.1792910127.1617813985-197645992.1617813985; and “October 31, 1964, 
Cable from the Chinese Embassy in India, ‘India’s Reactions to China's Nuclear Test’,” trans. Caixia Lu, Wilson Center Digital 
Archive, https://digitalarchive.wilsoncenter.org/document/134757.pdf?v=22ccdfa8fd2334b2e57cb0e1b50e13dd.

23 Ministry of External Affairs, “Tashkent Declaration,” Government of India, January 10, 1966, https://mea.gov.in/bilater-
al-documents.htm?dtl/5993/Tashkent+Declaration. 

24 “The India-Pakistan War of 1965,” U.S. Department of State Office of the Historian, https://history.state.gov/mile-
stones/1961-1968/india-pakistan-war. 

25 “President Podgorny’s Message to Yahya Khan,” The Embassy of the Russian Federation in the Republic of India, April 2, 
1971, https://india.mid.ru/en/history_/articles_and_documents/indo_soviet_relations_documents_1971/. 

26 “Special National Intelligence Estimate 31-32-65,” in Foreign Relations of the United States, 1964–1968, Volume XXV, 
South Asia, eds. Gabrielle S. Mallon and Louis J. Smith (Washington, DC: United States Government Printing Office, 2000), 
487–498, https://history.state.gov/historicaldocuments/frus1964-68v25/d259; and “Telegram to Secretary of State: F-5 
Aircraft to Pakistan,” U.S. Embassy Tehran, December 29, 1971, https://nsarchive2.gwu.edu/NSAEBB/NSAEBB79/BEBB44.
pdf.  
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to limit assistance during the 1971 conflict.27 Nonetheless, this lukewarm support included deploying 
a naval task force to the Bay of Bengal in a show of force.28 While India emerged from the conflict 
victorious, it was clear that the security situation was not going to return to the status quo ante. 
Pakistan, reeling after a decade of defeat, began pursuing atomic weapons.29

These conflicts reframed the way global powers interacted both with each other in the region and 
with the South Asian states themselves. Territorial disputes and conflicts between neighbors were no 
longer solely regional. These wars, though short, attracted attention from non-regional global powers 
that sought to ensure their preferred outcomes, sometimes at India’s expense. 

Within a decade, two nuclear powers had made significant efforts to limit or diminish India’s ability 
to shape the region. These military engagements, in composite with China’s foray into nuclear 
weapons, influenced India’s perspectives. Yet, perhaps the most significant factor in India’s pursuit of 
nuclear weapons was the bureaucracy itself, having decided to affirm not only India’s security but the 
state’s status among modern states by developing nuclear weapons.30

The same bureaucracy maintained the traditional position on nonproliferation—namely that any future 
nonproliferation plans necessarily required equitable disarmament. Indian diplomacy continued to 
pursue these tenets even as the bureaucracy supported nuclear weapons developments. However, the 
regional security engagements that involved global nuclear powers increased the salience of atomic 
weapons. India’s nuclear enterprise eventually diverted enough plutonium from a research reactor to 
produce a nuclear explosive device.31 India entered the echelon of nuclear powers in 1974 when they 
detonated a “peaceful nuclear explosive.” India stopped short of immediately weaponizing its nascent 
atomic technology and would not demonstrate a nuclear weapon until 1998.

INDIA AND THE COMPREHENSIVE TEST BAN TREATY
The push for universal nuclear disarmament remained an enduring hallmark of Indian diplomacy 
through the 1970s, rooted as ever in the concern that nuclear weapons could threaten India’s 
independence. The “standstill” concept, which was first initiated by India in 1954, remained the first 
step toward that goal. A total prohibition of nuclear tests carried the same promise as a precursor 
to disarmament even as militaries refined nuclear weapon designs and expanded arsenals. The 
LTBT was unsatisfactory in laying the groundwork for disarmament. To reinvigorate progress 
toward the ultimate end of total disarmament, the UNGA tasked the Eighteen-Nation Committee 
on Disarmament to refocus its negotiations toward reaching an agreement that would ban all tests, 
including those underground.32 The committee considered this topic for five relatively fruitless years.

27 “The South Asia Crisis and the Founding of Bangladesh, 1971,” U.S. Department of State Office of the Historian, https://
history.state.gov/milestones/1969-1976/south-asia. 

28 Michael Walter, “The U.S. Naval Demonstration in the Bay of Bengal during the 1971 India-Pakistan War,” World Affairs 141, 
no. 4 (1979): 293–306, http://www.jstor.org/stable/20671789. 

29 George Perkovich, “Could Anything Be Done to Stop Them? Lessons from Pakistan’s Proliferating Past,” in Pakistan’s Nucle-
ar Future: Worries Beyond War, ed. Henry Sokolski (Carlisle, PA: Army War College, 2015), 60, https://www.hsdl.org/?view&-
did=482497. 

30 George Perkovich, India’s Nuclear Bomb: The Impact on Global Proliferation (Berkeley, CA: University of California Press, 
2002).

31 Duane Bratt, The Politics of CANDU Exports (Toronto: University of Toronto Press, 2006), 117–49, 
doi:10.3138/9781442682078. 

32 United Nations General Assembly, Resolution 1910 (XVIII) (New York, NY: United Nations, 1963), https://undocs.org/Home/
Mobile?FinalSymbol=A%2FRES%2F1910(XVIII)&Language=E&DeviceType=Desktop. 
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In this new context, India reinvigorated its pursuit of universal disarmament. Specifically, Prime 
Minister Morarji Desai urged member states to “work out a non-discriminatory programme based on 
universal” disarmament that included:

First, a declaration that the utilization of nuclear technology for military purposes, including 
research in weapon technology, must be outlawed; secondly, qualitative and quantitative 
limitations on nuclear armament and the immediate freezing of present stockpiles under 
international inspection; thirdly, formulation of a time-bound programme—not exceeding 
a decade—for the gradual reduction of the stockpiles with a view to achieving the total 
elimination of all nuclear weapons; and fourthly, a comprehensive test-ban treaty with 
provision for safeguards to prevent breaches thereof, which in my view can only be done by 
independent inspection. The ban should apply to atmospheric, underground and undersea 
tests and those in space. I would add also that the system of safeguards should be based on 
universality and non-discrimination.33

In this same speech, Prime Minister Desai noted that India was the “only country which has pledged 
not to manufacture or acquire nuclear weapons even if the rest of the world does so.” Later that month, 
India tabled a draft resolution calling upon states to cease testing nuclear weapons.34 These and 
future endeavors initiated by Prime Minister Indira Gandhi, and subsequent efforts introduced by Prime 
Minister Rajiv Gandhi, did not spark significant progress toward the goal of universal disarmament. 

Negotiations within the Conference on Disarmament began in earnest in the 1990s after continued 
pressure from the UNGA. India welcomed this development as “an indispensable measure to put an 
end to the nuclear arms race and to achieve the complete elimination of [nuclear] weapons,” but 
negotiations led to a markedly different product than New Delhi’s original intent.35 The CTBT of the 
mid-1990s became more like a cousin than a child of India’s recommendation in 1954. The mutation 
of the original intent underscored the ability of the nuclear weapons states to co-opt the debate and 
steamroll negotiations toward preserving their ability to maintain, develop, and strengthen nuclear 
stockpiles. India’s core points and mandatory interests were excised from the final draft. Thus, India 
has not been able to sign or ratify the CTBT as it is currently constructed.

INDIA AND POLITICAL NONPROLIFERATION EFFORTS
Although India remains absent from major legally binding nonproliferation agreements, it has been 
active in political arrangements and other cooperative efforts. Recently, the United States has played 
a leading role in accommodating India into other nonproliferation networks. U.S. president George 
W. Bush prioritized arranging bilateral measures that allow India to stay outside the broader system 
while still reducing significant security threats and facilitating nuclear trade. The United States and 
India announced a Civil Nuclear Cooperation Initiative in 2005 that allowed India to walk alongside—
but still apart from—the formal nonproliferation regime. India has built on this agreement and 
participates in other arrangements that support international nuclear arms control efforts. Since the 
Cooperation Initiative, India has become an active member of politically binding arrangements such 
as the Nuclear Suppliers Group (NSG) and Missile Technology Control Regime (MTCR).

33 UN General Assembly 24th Plenary Meeting, 10th Special Session, June 9, 1978, New York, AJS-IO/PV.24, https://undocs.
org/pdf?symbol=en/A/S-10/PV.24.  

34 United Nations General Assembly, India: draft resolution (New York, NY: United Nations, 1978), https://unoda-web.s3-accel-
erate.amazonaws.com/documents/library/A-S10-AC1-L10.pdf. 

35 Arundhati Ghose, “Negotiating the CTBT: India's Security Concerns and Nuclear Disarmament,” Journal of International 
Affairs 51, no. 1 (1997): 239–61, http://www.jstor.org/stable/24357482. 
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Beyond securing access to nuclear materials, India sought admission to these nonproliferation and 
arms control organizations for specific geopolitical strategic reasons. Acceptance by and participation 
in these organizations broadly confirm India’s role as a responsible nuclear weapons state.36 
Membership allows India to access the international arms trade with fewer restrictions and less 
scrutiny than they would otherwise have been subjected to. Furthermore, New Delhi spent significant 
diplomatic capital to encourage the members of the NSG specifically to unshackle India from onerous 
nuclear technology trade rules and have a seat at the rule-making table.37

India joined the MTCR in 2016 after years of petitioning. The MTCR seeks to standardize the export 
controls for technologies that can deliver weapons of mass destruction, principally missiles that can 
deliver payloads of 500 kilograms over 300 kilometers. Additionally, this includes sounding rockets 
and other space launch vehicles that might have multiple types of applications in both military and 
civil programs.

Notably, neither the NSG nor the MTCR are treaties; the arrangements do not impose legally 
binding restraints on members. Under the MTCR, states are encouraged to practice extreme 
restraint and prejudice when considering transfers of items such as complete ballistic missiles or 
major subcomponents. Overall, the success of both organizations is predicated on states’ voluntary 
adherence to guidelines and implementing recommendations. The political commitments among 
participants can only go so far in restricting states in their potential to proliferate weapons of mass 
destruction or their associated delivery systems.

Although the NSG and MTCR are only politically binding, India did undertake legally binding 
actions to bolster their case for inclusion in these groups. The U.S. Congress passed the Hyde Act 
in 2006, which both affirmed the value of a strong bilateral nuclear relationship with India and 
simultaneously required India to commit to nonproliferation practices intended to verify their 
compliance with nuclear nonproliferation goals. The International Atomic Energy Agency (IAEA) Board 
of Governors approved India’s safeguards agreement in 2008 prior to their admission into the NSG. 
While this safeguards agreement is not tantamount to ratifying the NPT, the agreement is based on 
the Model Additional Protocol.38

INDIA’S PURSUIT OF COUNTERSPACE CAPABILITIES
India tested an ASAT missile in 2019, targeting and destroying one of their own satellites in low 
earth orbit. This test demonstrated India’s ability to intercept satellites in some (but not necessarily 
all) orbits using exclusively indigenous technology. The Indian government validated the test as a 
necessary next step to “verify that India has the capability to safeguard our space assets”, noting “it 
is the Government of India’s responsibility to defend the country’s interests in outer space.”39 While 
the efficacy or appropriateness of using counterspace technologies to deter hostile interference with 
space assets is an ongoing debate, this logic underpins some of the arguments validating India’s 

36 Yogesh Joshi and Frank O’Donnell, India and Nuclear Asia: Forces, Doctrine, and Dangers (Washington, DC: Georgetown 
University Press, 2018), 170–74.

37 Mark Hibbs, “Eyes on the prize: India’s pursuit of membership in the Nuclear Suppliers Group,” The Nonproliferation Review 
24 no. 3-4 (February 2018): 275–296, doi:10.1080/10736700.2018.1436253. 

38 Aabha Dixit, “India’s Additional Protocol Enters into Force,” IAEA, June 25, 2014, https://www.iaea.org/newscenter/news/
indias-additional-protocol-enters-force. 

39 “Frequently Asked Questions on Mission Shakti, India’s Anti-Satellite Missile Test Conducted on 27 March, 2019,” Ministry 
of External Affairs, March 27, 2019, https://www.mea.gov.in/press-releases.htm?dtl/31179/Frequently_Asked_Questions_
on_Mission_Shakti_Indias_AntiSatellite_Missile_test_conducted_on_27_March_2019.
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foray into ASAT weaponry.40 Indian messaging often contextualizes the test in relation to other space 
powers that have tested known ASAT and counterspace capabilities, namely the United States, China, 
and Russia. Prime Minister Narendra Modi, while noting that the test was “not against anyone,” has 
made it clear that the test elevates India into the cadre of space powers alongside the United States, 
China, and Russia.41 

Prior to the test, dubbed Mission Shakti, India’s observable military space activities were generally 
limited to reconnaissance and communications. However, India did have the latent technological 
potential for broader military space activities, including satellite intercepts—former officials in India 
have claimed that ASAT weapons were well within India’s grasp for years, yet these capabilities were 
never tested.42 Indian space leadership, wary of adversaries’ actions in space, had pushed for proactive 
solutions to protect Indian investments in space nearly a decade before the test.43 The political 
will to demonstrate ASAT capabilities did not emerge until well after other counterspace tests and 
activities—notably China’s overt ASAT missile test conducted in 2007 and the United States’ intercept 
of a failing satellite in 2008. Prime Minister Modi made the decision to develop an ASAT missile 
capability in 2016, after two years of careful consideration.44

India’s public affairs campaign in the wake of the test indicates an interest in shaping the narrative, 
specifically in relation to the amount and nature of the debris the test created. The official statement, 
that “the test was done in the lower atmosphere to ensure that there is no space debris,” shows that 
the mission designers were aware of political and operational sensitivities regarding space debris.45 
Some observers have challenged this assessment.46 Over 100 pieces of debris resulting from the test 
were large enough to be tracked.47 Nearly 20 of these debris pieces, which were directly related to 
Mission Shakti, decayed out of orbit in 2020.48

Mission Shakti is the watershed moment in India’s pursuit of space security. Since the successful test, 
other activities such as an organizational reshuffle indicate that India expects this pursuit to be an 
enduring feature of their military activities going forward. Shortly after Mission Shakti, the Indian 
government created a separate entity within the Ministry of Defense, consolidating applications 
from the army, navy, and air force into the new Defense Space Agency (DSA), which is exclusively 
responsible for space-related security technologies.49 The Defense Space Research Organization 
(DSRO), established shortly after the DSA, serves to develop space security concepts.

40 Forrest E. Morgan, Deterrence and First-Strike Stability in Space: A Preliminary Assessment (Santa Monica, CA: RAND Corpora-
tion, 2010), https://www.rand.org/pubs/monographs/MG916.html.

41 Associated Press, “India flexes its ‘space power’ muscles with anti-satellite missile launch,” Defense News, March 27, 2019,  
https://www.defensenews.com/space/2019/03/27/india-flexes-its-space-power-muscles-with-anti-satellite-missile-
launch/. 

42 “India Had Anti-Satellite Missile Capability in 2007, but No Political Will: Ex-ISRO Chairman,” Economic Times, March 
27, 2019, https://economictimes.indiatimes.com/news/politics-and-nation/india-had-anti-satellite-missile-capabili-
ty-in-2007-but-no-political-will-ex-isro-chairman/articleshow/68598748.cms.

43 “Ex-ISRO Chief Calls China’s A-SAT a Cause for Worry,” Outlook, September 14, 2009, https://www.outlookindia.com/news-
wire/story/ex-isro-chief-calls-chinas-a-sat-a-cause-for-worry/666156. 

44 “DRDO Anti- Satellite Mission Shakti Official Movie,” YouTube video, posted by NationalDefence, April 6, 2019, 4:12, https://
www.youtube.com/watch?v=uS1kBSicAZ4. 

45 “Frequently Asked Questions,” Ministry of External Affairs.
46 Marco Langbroek, “Why India’s ASAT Test Was Reckless,” The Diplomat, April 30, 2019, https://thediplomat.com/2019/05/

why-indias-asat-test-was-reckless/. 
47 “Space-track.org,” USSPACECOM, https://www.space-track.org/#catalog. 
48 For a software visual of the debris in orbit, see “Celestrak Orbit Visualization,” Celestrak, https://celestrak.com/cesium/

orbit-viz.php?tle=/satcat/tle.php?CATNR=44383&satcat=/pub/satcat.txt&orbits=1&pixelSize=3&samplesPerPeriod=90. 
49 Vivek Raghuvanshi, “India to launch a defense-based space research agency,” Defense News, June 12, 2019, https://www.

defensenews.com/space/2019/06/12/india-to-launch-a-defense-based-space-research-agency/.
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These new organizations took nearly immediate action, planning and executing a tabletop wargame, 
IndSpaceEx, in July 2019.50 In less than half a year, India tested an ASAT capability, established a space 
security service, created a research wing to develop ways to enforce space security, and practiced 
how and why to apply those concepts in a conflict. The exercise also served to identify gaps in India’s 
space security mission and where their space infrastructure remained vulnerable, with the ostensible 
intent to address those deficiencies.

Even with so much activity over a short period of time, India’s space security mission is relatively new. 
Nevertheless, the speed at which India identified areas for development, planned for those activities, and 
allocated resources to executing a significant strategy for enhanced security in and through space may 
be interpreted as an indicator of the immense value top leadership places on these types of capabilities. 

INDIA’S SPACE DIPLOMACY
As India’s space capabilities have grown, so too has India’s stature as a valuable diplomatic voice 
on related issues. For instance, the UN secretary general invited India to participate in a Group of 
Governmental Experts to further effective measures for the prevention of an arms race in outer 
space in 2018 and 2019 (PAROS GGE). This was an especially noteworthy invitation after India 
did not participate in the 2013 edition of the Group of Governmental Experts on Transparency 
and Confidence-Building Measures in Outer Space Activities.51 While the political gridlock among 
participants at the PAROS GGE foreclosed any opportunities to arrive at a consensus document, 
the simple act of discussing space security issues may have led to greater understanding among 
participants.52 India’s timing in conducting Mission Shakti during the second session of PAROS GGE 
may also have had an effect.

India has also participated in space security efforts in the UNGA. Most notably, India has clarified 
its stance on space security through their response to UNGA Resolution 75/36, a resolution that 
prompted many states to submit their views on the existing and forecasted risks to space systems. In 
their report, India reaffirms their position that only nondiscriminatory efforts are acceptable.53 This is 
remarkably analogous to their historic position on nuclear security issues.

Beyond reaffirming that all future disarmament efforts must be universal and nondiscriminatory, 
India’s report to the UN secretary general emphasizes their desire for and the value of legally binding 
international agreements related to space. This preference stands in relation to existing proposals in 
the ongoing international debate about which tools are most appropriate to use in staunching the 
weaponization of space. These proposals, most of which have been tabled by the space powers that 
India averred to have joined in the wake of Mission Shakti, generally promote one of two methods of 
restraining states’ behaviors in space: nonbinding behavioral norms or legally binding treaties.

China and Russia proposed a draft treaty, the Treaty on the Prevention of the Placement of Weapons 
in Outer Space, the Threat or Use of Force against Outer Space Objects (PPWT), and later revised the 

50 Rajeswari Rajagopalan, “India to launch first simulated space warfare exercise,” Observer Research Foundation, June 12, 
2019, https://www.orfonline.org/research/india-launch-first-simulated-space-warfare-exercise-51898/. 

51 United Nations General Assembly, Report of the Group of Governmental Experts on the Transparency and Confidence-Building 
Measures in Outer Space Activities (New York, NY: United Nations, 2013), https://www.un.org/ga/search/view_doc.asp?sym-
bol=A/68/189. 

52 Agence France-Presse, “UN talks on space peace treaty fail to reach consensus,” France24, March 29, 2019, https://www.
france24.com/en/20190329-un-talks-space-peace-treaty-fail-reach-consensus. 

53 “Reducing space threats through norms, rules, and principles of responsible behaviors,” United Nations, https://front.un-
arm.org/wp-content/uploads/2021/04/India-Submission-on-Resolution-75-36-.pdf. 
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terms after strong opposition. The United States continues to reject this draft treaty on the grounds 
that any treaty on space arms cannot be verified.54 In lieu of an acceptable verification regime for a 
space security treaty, the United States has aimed to use norms of behavior to ensure comprehensive 
and flexible responses to threats and risky practices in space.

Other proposals aim to avoid addressing specific technologies in efforts to bypass the verification 
challenge. These include rules that would regulate states’ activities and behaviors in space, both 
military and nonmilitary, as opposed to developing specific rules regarding technologies that could 
be used against space-based targets. Notably, India itself has not independently proposed a draft 
space security treaty or other formal ways forward regarding space weapon disarmament.

A fundamental difference between India’s historical nuclear diplomacy and their space diplomacy 
is the level of proactive or preemptive recommendations. During the NPT and CTBT debates, Indian 
leaders and diplomats promoted using a test hiatus or an enforced pause to open the space for a 
meaningful disarmament dialogue. Statements promoting such a pause—or even recognizing that a 
testing hiatus could affect space security—are absent from India’s space security narrative.

Elsewhere in the security diplomacy arena, India has been a long-standing and active participant in 
the Conference on Disarmament. Unfortunately, the conference’s requirement for complete consensus 
has hamstrung progress on space security, among other topics. For its part, India has consistently 
considered proposals to address space security topics.55 

INTERPRETING THESE DEVELOPMENTS
While not an exact re-airing of their nuclear weapons experience, India’s ASAT journey shares a common 
melody with their prior strategic weapons developments: a civil sector expands to include military 
objectives, a regional competitor conducts a militarily significant demonstration, international diplomatic 
efforts threaten to curtail security capabilities, and leadership opts to test a system after years of 
consideration. The two strategic programs share more than a vaguely similar development pattern.

The nuclear and space programs, broadly speaking, have gone through phases of mutual support and 
conscious decoupling, often due to external pressures stemming from international nonproliferation 
and arms control efforts. India separated their programs as they approached a level of nuclear 
weapons maturity that may have warranted international sanctions, but the space and nuclear 
missions have grown closer again after the 1998 nuclear weapons tests.56 Reinforcing the similarities, 
the name of the ASAT test—Shakti—has a longstanding association with the nuclear field. Roughly 
translating to “power” or “strength,” Shakti was the original code name given to the series of nuclear 
tests in 1998. This trajectory indicates that India may be comfortable replicating its role in the 
nuclear nonproliferation regime with respect to space and ASAT weapons.

There are, of course, significant differences between India’s experience in developing nuclear weapons 
and demonstrating their ASAT capability. First and foremost, from a process standpoint, India developed 

54 “United States Remarks at the Conference on Disarmament,” U.S. Mission to International Organizations in Geneva, August 
14, 2018, https://geneva.usmission.gov/2018/08/14/remarks-by-assistant-secretary-yleem-d-s-poblete-at-the-confer-
ence-on-disarmament/. 

55 DB Venkatesh Varma, “Statement on the Prevention of an Arms Race in Outer Space,” Conference on Disarmament, last 
accessed 16 July 2021, http://meaindia.nic.in/cdgeneva/?3909?000. 

56 Rajeswari Pillai Rajagopalan, “India’s Emerging Space Assets and Nuclear-Weapons Capabilities,” The Nonproliferation 
Review 26, no. 5–6 (2019): 465–79, doi:10.1080/10736700.2019.1717144.
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nuclear and ASAT weapons at distinctly different tempos. India’s rapid development of space arms 
contrasts with the tradition of strategic restraint, indicating a change in India’s defense acquisition 
strategy and security imperatives more broadly.57 India is now able to marry its strategic motivations for 
modernizing its military with intellectual and fiscal resources. Without a significant shift in the regional 
security context that necessitated an all-out effort to develop a kinetic ASAT weapon, the relatively 
short timeframe from program inception to executing a technically challenging satellite intercept 
indicates that there is a strong domestic imperative to developing observable space arms.

Second, while space and nuclear technologies often have “dual uses” in that the same or similar 
technologies can support civil and military goals or missions, India first diverted nuclear materials 
from civil reactors that were donated by other nuclear actors. By comparison, it does not appear that 
the ASAT capability was derived from foreign-sourced civil technologies. Potential cross-pollination 
between civil and military space expertise (or direct adoption of nonmilitary space applications into 
the ASAT program) is likely to have been indigenous. 

Third, there are stark differences between the diplomatic and colonial contexts in which India 
demonstrated these capabilities. India stood apart from the established major nonproliferation 
agreements at the time of their nuclear weapons tests, while Mission Shakti was conducted in an arms 
control vacuum. It does not appear that there are any globally accepted proposals, emerging norms, or 
efforts on the horizon that would enact a space arms control regime, unlike during the 1990s when 
new nonproliferation rules and restraints were viable topics of international debate. Moreover, there 
are no space-specific, politically binding arms control networks that can be compared to the network 
of organizations including the Zangger Committee or the NSG. While organizations such as the MTCR 
and Wassenaar Arrangement do address space technologies, it is unlikely that these organizations 
could be leveraged to adequately address the negative impacts of ASAT weapons testing. 

THE GLOBAL ARMS CONTROL CONTEXT
India’s ASAT activity occurred in the context of spirited yet stagnated international debate regarding 
how to address the potentially destabilizing or harmful effects of counterspace capabilities. Enforcing 
proposed space weapons treaties as currently envisioned or policing norms of behavior in space 
may ensure advantages for states that tested ASAT capabilities prior to the establishment of either 
politically or legally binding rules. Ensuring the efficacy of one’s missiles or other ASAT capabilities 
would, barring the adoption of universal disarmament of ASAT weapons, create an imbalanced and 
discriminatory hierarchy of ASAT haves and have nots, much like the NPT and CTBT. 

The success of Mission Shakti will ensure that India’s diplomats do not feel discriminated against by 
any NPT-style space weapons agreement. Even so, the historic track record of India’s nuclear diplomacy 
indicates that New Delhi may reject an “antisatellite apartheid” system in which a few states maintain 
an established capability to hold space-based infrastructure (and, by proxy, the global services satellites 
provide) at risk while others are prevented from pursuing equivalent capabilities. While India may 
feel secure in its ability to deflect restrictions on the development of direct-ascent kinetic interceptor 
technologies, agreements to restrain other untested ASAT technologies may present unexpected prejudice. 

The Ministry of External Affairs’ public campaign in the wake of Mission Shakti indicates that New 
Delhi has developed a concept of what constitutes an acceptable ASAT test—or at least views some 

57 Stephen P. Cohen and Sunil Dasgupta, Arming without aiming: India’s military modernization (Washington, DC: Brookings 
Institution Press, 2010).



types of ASAT activities as comparatively more responsible than others. Alternatively, the public 
diplomacy efforts could indicate that officials in relevant state organizations understand that 
observers (e.g., other countries, nationally affiliated organizations, or non-state actors) embrace 
general principles of responsibility related to outer space activities and ASAT weapons use. 

These attitudes, specifically those related to the type and amount of debris created by a given test, 
could form the basis of a treaty or generate a body of behavioral norms related to ASAT testing. 
Allowing debris-creating ASAT testing to go unregulated or ungoverned sets a concerning precedent 
for the future. Additional kinetic ASAT testing would create pieces of debris that pollute Earth’s orbit 
and endanger functioning satellites. 

India’s statements, which were issued organically and in the absence of any serious official 
condemnation from other space actors, indicate that they have an interest in being regarded as a 
responsible member of the ASAT-capable community. However, there is limited, if any, international 
consensus regarding what is and is not a component of responsible ASAT activity. In contrast to the 
flurry of nonproliferation activities that arose in the aftermath of India’s nuclear tests, no states have 
renewed or redoubled efforts to establish politically or legally binding space arms control specifically 
in response to Mission Shakti.  

New Delhi both supports the new kinetic ASAT capability and recognizes that testing such 
capabilities can harm India’s standing as a responsible space actor. India also has a self-serving 
incentive to limit the amount of debris produced by their space activities, including ASAT testing, to 
preserve access to the space-derived services that its citizens rely on for basic services. In concert, 
these facets create a strong basis for driving international negotiation on space security toward 
universal, nondiscriminatory, and treaty-based restraint. Accomplishing this will, without question, 
require a multilateral effort alongside and in collaboration with other space powers, namely the 
United States, Russia, and China. 

INFERRING INDIA’S INCENTIVES
India’s strategic space weapons program is best considered as a combination of security dynamics, 
political imperatives, and the contemporary diplomatic climate. These imperatives for developing 
strategic weapons broadly approximate other theories of nuclear proliferation.58 Clarifying India’s 
incentives for developing a direct-ascent, hit-to-kill, satellite interceptor missile assists in charting 
a path toward improving space sustainability and reinforcing security. Inferring India’s motivations 
based on their actions, the contexts in which ASAT activities occurred, and official statements about 
the demonstration, and understanding the lessons of New Delhi’s historic experience with strategic 
weapons development programs, reveal several potential paths forward for India, states focused on 
space security, other states with interests in promoting space sustainability, and observers.

If Mission Shakti was intended to buoy nationalist support for the Modi administration prior to an 
election, it is unlikely that the current administration would test an additional debris-creating space 
capability until just before the 2024 election. Extensive ASAT testing could dilute the political impact 
of a demonstration. However, developing international rules to devalue ASAT tests and disincentivize 
state leaders from using them as political tools could prove challenging. While a strong international 
norm against debris-creating ASAT tests could reduce the number of tests and attenuate the 

58 Scott D. Sagan, “Why Do States Build Nuclear Weapons?: Three Models in Search of a Bomb,” International Security 21, no. 3 
(1996): 54–86, doi:10.2307/2539273. 
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negative effects of satellite interceptor missile tests, such a norm would likely be slow to develop 
and difficult to enforce without India’s accord. Furthermore, as India’s nuclear diplomacy shows, New 
Delhi is comfortable and practiced in remaining unencumbered by norms against the proliferation of 
strategic weapons systems. Other incentives merit separate investigation.

New Delhi’s messaging campaign in the wake of the Mission Shakti reinforces the security incentives 
but stops short of claiming that the test was spurred by a rapid shift in the global or regional security 
climate or a specific state’s actions. Other security-related rationales for developing ASAT capabilities 
include expanding the suite of strategic military options, such that India may be able to better tailor 
escalatory or coercive applications of force. Developing nonnuclear strategic weapons allows India 
to potentially increase their leverage during limited wars without escalating beyond the nuclear 
threshold.59 If security advantages are the main drivers of India’s ASAT program, encouraging debris-
free testing procedures may be an amenable position that preserves space sustainability without 
constraining states in their inalienable right to self-defense and state security.

From another angle, India may have executed Mission Shakti to preempt any future bans or restrictions 
on testing strategic space weapons. Demonstrating a credible ASAT capability would preclude some 
conceivable international regimes from restricting India’s ability to develop and deploy counterspace 
weapons. In essence, Mission Shakti may have been initiated to safeguard India from discrimination 
under a future international agreement styled after the NPT. Furthermore, demonstrating a satellite 
interceptor would potentially oblige prospective negotiating partners to include India in future 
discussions. However, Mission Shakti was not necessarily a “whole-of-government” undertaking, limiting 
opportunities for diplomatic strategists to influence mission plans and execution.

According to the Defense Research and Development Organization (DRDO), the secretive mission 
planning process did not extend to any other organizations within the Indian government, even though 
the Indian Space Research Organization was responsible for launching the target satellite.60 DRDO’s 
insular planning and execution process indicate that internal institutional imperatives may have played 
a major role in prompting Mission Shakti. Official statements confirm that DRDO was partly motivated 
to demonstrate a satellite intercept to validate DRDO’s competence in executing complex missions 
and inspire a future generation of defense technologists. While this motive may be the most difficult 
to address via international negotiations, it is unlikely that internal bureaucratic imperative is the sole 
driver of India’s space security mission. The combination of imperatives can elucidate potential areas for 
progress on establishing rules that could reinforce space stability and sustainable uses of Earth’s orbits.

A PATH FORWARD
For decades, multinational diplomatic organizations have been debating how best to support space 
security and ensure sustainable uses of Earth’s orbits. These organizations should consider India’s 
motivations to test an ASAT interceptor and address these incentives to build comprehensive, 
effective, and nondiscriminatory rules or guidelines. India would benefit from playing a leading role 
in this process. 

Indian diplomats may have initiated private conversations, but the diplomatic corps has yet to table 
a public space arms control or disarmament proposal. This inactivity stands in contrast to India’s 

59 “Strategic Weapons,” Fiona Cunningham, https://www.fionascunningham.com/research-1. 
60 Defence Research and Development Organization, Anti-Satellite Missile (New Delhi: Ministry of Defence, 2020), https://

www.drdo.gov.in/sites/default/files/publcations-document/ASAT_book_English.pdf. 

https://www.fionascunningham.com/research-1
https://www.drdo.gov.in/sites/default/files/publcations-document/ASAT_book_English.pdf
https://www.drdo.gov.in/sites/default/files/publcations-document/ASAT_book_English.pdf


activities during the early nuclear nonproliferation and disarmament debates. When considered in the 
context of India’s strategic arms history, the lack of proposals may indicate that India is comfortable 
with its unconstrained status. However, unconstrained ASAT activities can generate severe hazards 
and jeopardize the continued safe use of space. India and the rest of the diplomatic community have 
distinct roles to play in developing vital stability- and sustainability-supporting rules for space security.

INDIA’S ROLE
Mission Shakti’s success elevated India as a space power, one that other leading states cannot 
ostracize in negotiations of space security treaties. As the newest member of the ASAT club, India has 
enhanced its ability to set the rules in future space arms control agreements. While not all leading 
space actors are actively pursuing overt ASAT capabilities, the strongest voices in debates of how to 
manage these weapons are those states that have demonstrated such capabilities. Furthermore, as 
a leader in both large multilateral settings such as the UNGA and more focused forums such as the 
PAROS GGE, India has the political capital to establish or join a coalition focused on ASAT weapons.

Instead of leaving future arms control negotiations in the hands of other space powers, India can 
table their own terms. India’s experience with nuclear arms control and nonproliferation may have 
in part informed decisions to pursue kinetic ASAT capabilities, but dissatisfaction with nuclear 
negotiations and resulting agreements should not preclude India from participating as a leader 
among states in tabling universal and nondiscriminatory restraints on ASAT weapon use. 

Drawing further from its nuclear history, India might be inspired to promote a hiatus or pause on 
testing certain types of ASAT weapons to reduce opportunities for misperception among adversaries 
and establish breathing room for states in negotiating a more lasting way to address the problems 
associated with kinetic ASAT tests. India’s diplomacy indicates a strong commitment to implementing 
a legally binding framework to reduce the negative effects of space weapons. Moreover, India holds 
a unique position as a state balancing a diverse portfolio of space and security relationships, with a 
clear preference for not only legal instruments to enforce military restraint but also legal instruments 
of universal and nondiscriminatory natures. This preference opens the door for India to engage with 
Russia and China on their PPWT proposal. A reasonably strong security relationship with the United 
States opens the door for frank and non-adversarial conversations. Although these states have diverse 
motivations to address kinetic ASAT weapons, India is well positioned to serve as a bridge between blocs.

ACCOMMODATING INDIA AS A NEGOTIATING PARTNER
States interested in restraining the use of force in space via arms control or similar tools can derive 
important lessons from India’s historic posture and their modern motivations while framing their 
next steps. No space security agreement, whether treaty- or norm-based, can be comprehensive 
without, at a minimum, securing India’s consent. Mission Shakti may not have changed the pace 
of space diplomacy, but it almost certainly affected how the major participants in space security 
discussions consider building consensus. Creating a bifurcated or otherwise hierarchical set of rules 
to govern ASAT use would perpetuate historic grievances and potentially incite India to abstain from 
following rules or refuse to ratify any resultant treaty. Negotiated restraints modeled after the LTBT 
or CTBT would necessarily require ratification in all known ASAT-capable states. India’s absence from 
the register would be a distinct threat to the efficacy of any such treaty. 

Accommodating India into a future restraint in the form of arms control, a nonproliferation 
mechanism, or a disarmament regime may require leading states to revise their strategies. However, 
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drastic changes in leading states’ negotiating platforms may indicate that their imperatives are more 
flexible than currently assumed and subtly encourage nascent ASAT proliferators to accelerate their 
pursuits of ASAT weapons, leading to future tests.

Widespread ASAT testing would expose vital space systems to unexpected and potentially untenable 
risks. The debris created by kinetic intercepts is a hazard to active satellites and threatens to impact 
the provision of global space-derived services. Thus, leading negotiators, including the United States, 
China, and Russia, must balance their interest in accommodating India and their specific concerns 
into any future arms control negotiation with an abundance of caution to avoid encouraging others 
to seek a similar negotiation platform by demonstrating a kinetic ASAT weapon. This fine line leaves 
few options for curtailing ASAT tests in the short and long terms.

CONCLUSION
Treaty-based restraint is not on the immediate horizon. Nevertheless, other rules or restraints may 
be achievable in the near to mid-term. States may find common ground by narrowly focusing on 
restraining the most severe ASAT capabilities—namely debris-causing ASAT tests. Restraints on 
activities that create indiscriminate risks to all space activities could be designed to have global 
appeal. This approach could be designed to address the most pressing security challenges that have 
driven states to pursue ASAT tools. In the interim, borrowing seminal proposals from other strategic 
restraint negotiations may prove to be especially effective in building trust among negotiators.

Drawing from India’s original nuclear diplomacy, a pause in kinetic ASAT testing to set the table 
for discussions could remove the specter of hostile activities and thus erase misunderstanding or 
misperception from future negotiations. Furthermore, a verifiable pause in narrowly defined and 
observable space activities may perhaps reduce concerns about breakout time and existing weapons 
stockpiles. For instance, some widely fielded missiles that do not currently have ASAT missions could 
be relatively quickly transformed into capable ASAT weapons.61 A short breakout window could hold 
hostage an outright ban on ASAT weapons. 

These types of incremental efforts have been broadly absent from space diplomacy. Introducing ideas 
inspired by historically significant proposals of strategic restraint into the modern space security debate 
would be a welcome and progressive step in assuring the safety of space objects and the continued 
provision of space-derived services. India could join the debate by refashioning Prime Minister Nehru’s 
“standstill” proposal to support space security and inspire goodwill among major negotiators.

A pause in testing kinetic ASAT tools may open avenues for developing stronger restraint on the most 
damaging counterspace tools. Arms control-interested blocs should focus on using any pathways 
opened by a testing moratorium to arrive at a democratic and universal plan to limit the negative 
impacts of kinetic ASAT capabilities. The universality of such an agreement is critical. The history 
of nuclear nonproliferation and arms control negotiations suggests that India’s strong aversion to 
discriminatory restraints would induce New Delhi to abstain from an agreement that asymmetrically 
discriminated against their ability to pursue counterspace capabilities. The potential for India to 
remain a nonparty and continue testing an already-proven kinetic ASAT capability would severely 
erode the efficacy of any prejudiced agreement.

61 General James Cartwright, “Department of Defense Briefing,” C-SPAN video, February 14, 2008, 23:40, https://www.c-span.
org/video/?204071-1/destruction-satellite#. 
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The Nonproliferation 
Policy SPIN Cycle
How Not to Leave Data Out to Dry

By Jamie Withorne1

INTRODUCTION
The nonproliferation community recognizes the importance of actively incorporating newly 
available data into its work. To date, however, this incorporation remains narrow, which ultimately 
limits the overall efficacy of nonproliferation policy. This paper seeks to build on nascent efforts of 
incorporating new types of data into nonproliferation policymaking by providing a unique framework. 

The nonproliferation community can be defined as nonproliferation practitioners and analysts 
at international and governmental organizations and partnerships, nonproliferation researchers 
and analysts at nongovernmental organizations (NGOs), and relevant policymakers and policy 
stakeholders. Nonproliferation policymakers can be defined as individuals who work to create 
and uphold policies intended to prevent the proliferation of weapons of mass destruction. 
Organizations such as the International Atomic Energy Agency (IAEA) and the Institute of Nuclear 
Materials Management (INMM) have steadily been improving and applying new techniques to better 
process and analyze nonproliferation-relevant data. NGOs, such as the James Martin Center for 
Nonproliferation Studies (CNS), Open Nuclear Network (ONN), and the Center for Advanced Defense 
Studies (C4ADS), likewise have increasingly demonstrated novel analysis techniques for novel data 
types to aid nonproliferation efforts. 

Across all these organizations, data analysis has largely focused on three main nonproliferation 
issues: safeguards applications (e.g., materials monitoring, diversion, and acquisition), verification of 

1 Jamie Withorne is an affiliate and research assistant with the Oslo Nuclear Project. She is pursuing a Master of Philoso-
phy degree in Peace and Conflict Studies at the University of Oslo, where her work focuses on emerging technology and 
monitoring and verification.
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nuclear activities, and identification of illicit proliferation activity (e.g., strategic and prohibited trade). 
While NGOs have worked toward better utilizing and incorporating data into their research and 
analysis, nonproliferation policymakers do not appear to be undertaking efforts to a similar extent. In 
addition, while research exists at the nexus of data analysis and policymaking, neither this research 
nor its associated practices are presently leveraged by the nuclear community.

More data analysis should be done in nonproliferation policymaking. This paper will conduct a 
literature review to provide a landscape of current data-oriented efforts in the nonproliferation 
community. It will then outline a novel data and systems analysis framework, “Systems and Process in 
Nonproliferation (SPIN),” providing guidelines for a data-oriented approach to nonproliferation policy. 
By presenting a new data analysis approach specifically targeted toward informing the policymaking 
process, this research will demonstrate how, by engaging more effectively with available data and 
data specialists in the community, the policymaking sector of the nonproliferation community can 
better incorporate data analysis. This paper will present this approach as follows:

 ▪ Part 1 will provide nontechnical descriptions of emerging practices in both data and systems 
analysis to show how foundational principles from these disciplines can be applied to 
nonproliferation policymaking. This is necessary for improved data-driven policymaking and 
collaboration across the nonproliferation community.

 ▪ Part 2 will discuss the present nascent state of data analysis within the nonproliferation 
community, which has started—but has yet to fully leverage or integrate—the identified type of 
data analysis. 

 ▪ Part 3 provides a potential model of a policy process and discusses how using data analysis 
more effectively throughout the process can improve policy outcomes. 

 ▪ Part 4 presents the SPIN approach as a type of plausibility probe, identifying a framework that 
addresses the outlined shortcomings and better incorporates data analysis throughout the 
policy process.

 ▪ Part 5 identifies areas for future additional research and applications of the SPIN framework. 

PART 1: DATA AND SYSTEMS ANALYSIS:  
NONTECHNICAL DEFINITIONS
DATA ANALYSIS
Because the terms “data,” “data analysis,” and “data science” are often used incorrectly, it is critical 
to first define these terms prior to applying them to a nonproliferation lens. At its core, data is a 
value that acts as a piece of information. There are various types of data; when processed together, 
these pieces, or values, create information that is suitable for decisionmaking. Data is not strictly 
knowledge, facts, or evidence.2 Because data is constructed or created, often for an audience, there are 
already assumptions and biases built into those values. This implies that different analysts interpret 
and understand data differently. While data can serve as a foundation for further research, study, 
and discovery, it differs from knowledge in that knowledge is derived from extensive amounts of 
experience dealing with a wide variety of information on a subject.

2 Peter Bol, “What is Data?,” Introduction to Digital Humanities, (online lecture, Harvard University, edX), https://www.edx.
org/course/introduction-to-digital-humanities. 
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Data comes in many different types and shapes. For example, satellite imagery, survey responses, and 
entries on an Excel spreadsheet are all different types of data. Various methods, including statistical 
applications, exist for interrogating data. While these individual methods can be employed to assess 
data, data analysis is broader, emphasizing a wider process over single-use interpretation tools or 
methods. Simply put, data analysis is the process of transforming data into something meaningful. 
While it is generally agreed upon that data analysis is a process, there is not a consensus on what is 
included within this process. For the purposes of this paper, the data analysis process can be defined as:

 ▪ discovering the research question; 

 ▪ processing data (including collecting, storing, and cleaning data);

 ▪ exploring and examining the data; 

 ▪ interpretating and applying the data; and

 ▪ evaluating the data. 

This process is iterative, meaning it should be repeated and adapted depending on what information 
is yielded during the first cycle of the process. Figure 1 below visualizes this data analysis process; 
each individual step of the process will be described in detail in the proceeding part of this section. 

Discovering the Research Question: When 
entering the data analysis process, it is 
important to first identify methods and 
research standards that are suited to the topic, 
conceptualize and plan the types of questions 
to be answered using data, and account for 
any assumptions being made as the process 
begins.3 Prior to shaping the research question, 
the analyst should have a firm grasp of the 
overall data landscape in the field they are 
operating. The conceptualization of the data 
landscape should include considerations such 
as data type and availability. After establishing 
an understanding of the available data, 
analysts can then begin to ask, “what types of 
questions can this data begin to answer?” After 
formulating several possible questions, analysts 
should prioritize a single guiding question 
based on factors such as the data landscape.

Processing Data: In data analysis, the most 
technically complicated step is the data processing aspect. However, as will be demonstrated, this 
step should not deter nontechnical experts from employing a data analysis process. Data processing 
includes collecting, storing, and cleaning data. This processing must be done in a way that is 
conducive to transforming the data into information. After the data is collected and appropriately 
stored, it can be cleaned or edited and structured to ensure data formatting and details are 
consistent across the entire data set.

3 Bol, “What is Data?”
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Exploration and Examination: The exploration and examination of the data most closely align 
with traditional definitions of analysis. In this stage of the data analysis process, the organized 
data is explored, meaning the analyst observes the data to begin to gain an understanding of the 
information it is starting to transform into. Exploration can occur by sifting through the stored data 
directly or by modeling or visualizing the data. Examining the data further shows which pieces of 
data are connected, similar, or can be used together to derive information. As with the beginning of 
the data analysis process, it is crucial to identify any assumptions and biases that exist in the data set 
and in the examination of the data set or exploration methods.

Interpretation and Application: After identifying information from the data, that information can 
begin to be assigned meaning. This stage of the process unveils the story the data has to tell and 
shows how data can begin to be shaped into an answer for the initially posed research question. 
While analyst judgments are introduced as a variable in all stages of the process, these judgments 
play the most significant role in the interpretation and application stage. That is to say, analysts are 
likely to interpret data differently even when the data remains constant. After interpretation, the data 
can be applied to other findings or research in order to provide a more comprehensive answer to the 
original question. 

Evaluation: After applying information crafted from the data, it is important to evaluate how 
effectively the data answered the original question and where any shortcomings exist. The evaluation 
stage should not only consider all the assumptions that were acknowledged and identified throughout 
the data analysis process but also the effectiveness of the data application and overall process. This 
entails weighing variables such as the length and time spent conducting the overall data analysis 
process as compared to the amount of useful information derived from the process. Additionally, the 
data analysis process is iterative. Identified shortcomings from the first cycle of the analysis process 
should also be evaluated to shape and adapt the future analysis process iterations. 

SYSTEMS ANALYSIS
Like data analysis, systems analysis (also referred to as systems thinking) is a problem-solving 
approach that prioritizes process. Both systems and data analysis are epistemic in nature, meaning 
they are concerned with understanding how knowledge or answers come into existence. Very 
basically, systems analysis is “getting the right information (what) to the right people (who) at the 
right time (when) for the right purpose (why) in the right form (where) and in the right way (how).”4 

The three main components of systems thinking are thinking in levels, thinking in loops, and thinking 
of “new” processes. In systems thinking levels, concepts exist as a “holon,” meaning the concept is 
both a whole and a part of something, depending on which level is being considered. Thinking in 
loops consists of looking for connections and feedback from the system, or process, and then using 
those links to move solutions forward. Lastly, systems thinking applies a “new process” in that it views 
everything as a modeled process because it exists through time and therefore has a life cycle. 

Systems thinkers differ from philosophers because, while both “think that thinking about thinking 
is important,” systems thinkers pair action with their epistemology.5 Systems thinkers use thinking 
about the operating system and taking action to affect the original system in a feedback loop. Simply 

4 David I. Blockley, “The importance of being process,” Civil Engineering and Environmental Systems 27, no. 3 (2010): 189–99, 
doi:10.1080/10286608.2010.482658. 

5 Ibid.



put, “to act [one] needs to know and to know [one] needs to act.”6 Systems thinking can be applied 
to multiple domains, including engineering, business solutions, climate change, and—as will be 
demonstrated—nonproliferation policymaking.

PART 2: THE INTERSECTION OF POLICYMAKING, 
NONPROLIFERATION, AND DATA AND SYSTEMS ANALYSIS
Within the nonproliferation community, both governmental and nongovernmental organizations have 
increasingly been improving and implementing data analysis in their work. Analysts at both CNS and 
C4ADS, for example, have applied emerging analytical techniques such as machine learning to their 
research to discover new nonproliferation applications, such as identifying export-controlled items 
of proliferation concern.7 Similarly, academics focusing on nonproliferation have begun exploring 
data processing frameworks for big data in nonproliferation.8 Other NGOs, such as ONN, have begun 
developing open-source platforms such as Datayo.org, which prioritizes data fusion, or the method of 
combining multiple different types of data for nonproliferation storytelling.9 

Notably, this existing work at the nexus of data analysis and open-source nonproliferation research 
heavily emphasizes a need for collaboration over competition. For example, Datayo emphasizes 
crowd-sourcing methods and community building to improve the overall analysis process. Similarly, 
a recent report from C4ADS states that “partnerships and collaboration among analysts are vital. 
No one organization holds all the data or expertise, and partnerships are essential for achieving 
sustained impact against proliferation.”10

Like NGOs, governmental and international organizations and partnerships focused on 
nonproliferation have also increasingly improved and developed their data analysis techniques. 
INMM has hosted workshops on information analysis technologies, techniques, and methods for 
safeguards, arms control verification, and nonproliferation.11 Similarly, international partnerships 
such as the International Partnership for Nuclear Disarmament Verification have also explored 
how to leverage data science for verifying future nuclear disarmament agreements.12 Arguably, the 
majority of the work being done with respect to data analysis in the governmental space heavily 
emphasizes verification of nuclear activity and monitoring and applying safeguards at nuclear 
facilities. This emphasis is likely because the organizations conducting the research directly serve as 
nonproliferation practitioners, actively implementing relevant nonproliferation measures.

6 Ibid.
7 See, for example, Jamie Withorne, Machine Learning Applications in Nonproliferation (Washington, DC: James Martin Center 

for Nonproliferation Studies, August 2020), https://nonproliferation.org/machine-learning-applications-in-nonprolifera-
tion-assessing-algorithmic-tools-for-strengthening-strategic-trade-controls/. 

8 Ian Stewart, “Big data and non-proliferation: The Alpha Proliferation Open Source Tool (Alpha-POST),” King’s College Lon-
don, November 2, 2018, https://www.kcl.ac.uk/news/big-data-and-non-proliferation-the-alpha-proliferation-open-source-
tool-alpha-post. 

9 For more on Datayo, see https://datayo.org/. 
10 Jason Artebrburn, Erin Dumbacher, and Page Stoutland, Signals in the Noise: Preventing Nuclear Proliferation with Machine 

Learning and Publicly Available Information (Washington, DC: C4ADS and NTI, 2021), https://static1.squarespace.com/stat-
ic/566ef8b4d8af107232d5358a/t/5ffd0327c6aa1659ab06df57/1610416958348/NTI_C4_Signals+in+the+Noise.pdf.

11 Pacific Northwest Chapter of the Institute of Nuclear Materials Management, "Information Analysis Technologies, Tech-
niques and Methods for Safeguards, Nonproliferation and Arms Control Verification Workshop” (workshop, Portland, OR, 
May 12, 2014), https://cdn.ymaws.com/inmm.org/resource/resmgr/docs/events/informationanalysis/workshopproceed-
ings2.pdf. 

12 Irmgard Niemeyer, “Data Science in Nuclear Disarmament Verification – Extracting Verification-relevant information 
from Geospatial Big Data,” Forschungszentrum Jülich, March 2020,  https://www.ipndv.org/wp-content/uploads/2020/04/
Niemeyer.pdf. 
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Across international nonproliferation organizations, the IAEA particularly stands out for its prioritization 
of data analysis. The IAEA has emphasized and promoted “the development of a comprehensive 
approach to the acquisition, management, and analysis of diverse information” since 1995, as part of 
its “Programme 93+2.”13 The agency has increasingly incorporated an all-source analysis cycle into its 
existing framework for information analysis for safeguards applications. This cycle “begins with tasking, 
or direction, then continues onto collection, analysis, dissemination, and finally feedback to complete 
the process.”14 Like with the nongovernmental data analysis applications, the IAEA has paid greater 
attention to collaborative analytical approaches to provide more comprehensive nonproliferation 
assessments that adapt to complex and evolving nonproliferation challenges. While there are clear 
similarities with the IAEA analysis cycle and the data analysis process outlined in this paper, it should 
be noted that the IAEA analysis cycle puts the more technical data processing aspect at center stage. 
This IAEA cycle is more technically oriented than the definition of data analysis employed by this paper 
largely because it is more limited in its scope (i.e., to safeguards). 

Even newer to the field of nonproliferation than data analysis is the concept of systems thinking. 
Only very recent literature prepared by analysts at the European Commission Joint Research 
Center has started considering using systems analysis to bolster nonproliferation relevant data 
analysis through applications such as safeguards and nuclear acquisition pathways analysis.15 In 
these systems-thinking considerations, a framework for assessing and modeling countries’ nuclear 
engineering programs is provided as a “new process” for open-source nuclear analysis. 

From this, it is clear the nonproliferation community has taken some good initial steps toward 
integrating data analysis into its work, but this progress is nascent, limited, and not sufficient at 
present to address current and future nonproliferation policy challenges.

PART 3: THE NONPROLIFERATION POLICY PROCESS 
(FORMULATING, IMPLEMENTING, EVALUATING,  
AND REVISING POLICY)
Given this review, it is clear that data analysis is occurring in the nonproliferation community, albeit in a 
piecemeal fashion. Nonproliferation organizations and institutions must better integrate data analysis 
into every stage of the policy development and implementation process. This section presents a model 
of a possible policy process to illustrate this issue. The following section then describes how data can 
be integrated into every step of this process. It should be noted that this is one potential approach for 
understanding a nonproliferation policy process, and it does not necessarily mirror the developmental 
stages of arms control agreements and other international nuclear treaties.

Notably missing from emerging data analysis discussions in the nonproliferation community are 
nonproliferation policymakers and officials and personnel who uphold these policies. For this 

13 Mark Killinger, “Improving IAEA Safeguards through enhanced information analysis,” Nonproliferation Review (Fall 1995), 
https://www.nonproliferation.org/wp-content/uploads/npr/killin31.pdf.  

14 Matthew Ferguson and Claude Norman, “All-Source Information Acquisition and Analysis in the IAEA Department of Safe-
guards,” IAEA, IAEA-CN-184/048, https://inis.iaea.org/collection/NCLCollectionStore/_Public/42/081/42081490.pdf?r=1.

15 Guido Renda, “Open Source Information Analysis in Support to Non-Proliferation: A Systems Thinking Approach,” Eu-
ropean Commission Joint Research Centre, 2018, https://publications.jrc.ec.europa.eu/repository/handle/JRC101328; 
and Guido Renda et al., The potential of open source information in supporting Acquisition Pathway Analysis to design IAEA 
State Level Approaches (Ispra, Italy: Institute for Transuranium Elements, 2014), https://www.researchgate.net/publica-
tion/282358668_The_potential_of_open_source_information_in_supporting_Acquisition_Pathway_Analysis_to_design_
IAEA_State_Level_Approaches.
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reason, it is crucial to explicitly define how the terms “nonproliferation policy” and “policymaker” 
are being applied throughout this paper. Nonproliferation can be defined as “the means and 
methods for preventing the acquisition, transfer, discovery, or development of materials, technology, 
knowledge, munitions/devices or delivery systems related to Weapons of Mass Destruction.”16 
Nonproliferation policy includes treaties, conventions, domestic laws, regulations, and codes of 
conduct.17 Nonproliferation policymakers can be defined as individuals who work to create policy 
intended for nonproliferation. Policymakers are often accompanied by policy implementers, such 
as the international organizations described above, that are then tasked with carrying out and 
upholding the crafted policy. Nonproliferation policymaking can be thought of as a process, wherein 
policymakers identify a policy need, formulate and develop a policy, and then implement and 
evaluate the policy. Additional relevant stakeholders are often incorporated in the policymaking 
process, particularly at the implementation stage.

Among the nonproliferation community, policymakers are those directly responsible for drafting, 
implementing, enforcing, editing, and continuously shaping nonproliferation policy throughout its 
entire life cycle. Nonproliferation policymakers should rely on data to calculate, create, and, when 
necessary, adapt relevant policies. However, as compared to the outlined organizations that are more 
concerned with policy implementation, policymakers in the nonproliferation community have notably 
not yet fully and effectively utilized emerging data analysis processes, procedures, and applications in 
their respective work, as is demonstrated by the literature review presented in Part 2 above. 

This limitation is not due to a lack of relevancy. Research has explored the relationship between 
policymaking and data analysis as far back as the 1950s.18 More recently, researchers at the 
European Commission have assessed the role big data and subsequent data analysis might begin 
to play throughout the policymaking process.19 A report from the European Commission notes that 
knowledge derived from data should be incorporated at every step of the policymaking life cycle.20 
The report goes on to show that with ever-expanding available data—including with respect to 
the amount, differing types, and relevant analysis techniques—data analysis now allows for more 
precise prediction and forecasting, which in turn can help create more robust policies. More precise 
prediction through improved data analysis could also lead to the development and successful 
implementation of more effective preventative policies, as opposed to policies that emphasize 
reaction or remediation. Data analysis can also begin to offer policymakers avenues for testing 
possible policy solutions prior to formal implementation. 

Research conducted by the Brookings Institution suggests that data analysis is crucial for government 
oversight and subsequent policymaking. This research finds that as data-driven actions spread to more 
fields and continue to be applied in novel ways, data evaluation and analysis increasingly become 
core components of government oversight.21 Because these novel types of data analysis applications 

16 Justin Anderson, Thomas Devine, and Rebecca Gibbons, “Nonproliferation and Counterproliferation,” Oxford Bibliographies, 
July 11, 2019, https://www.oxfordbibliographies.com/view/document/obo-9780199743292/obo-9780199743292-0026.
xml. 

17 “Nonproliferation & Counterproliferation,” Federation of American Scientists, https://fas.org/issues/nonproliferation-coun-
terproliferation/.  

18 Alex Engler, “What all policy analysts need to know about data science,” Brookings Institution, April 20, 2020, https://www.
brookings.edu/research/what-all-policy-analysts-need-to-know-about-data-science/. 

19 Martina Barbero et al., Big data analytics for policy making (London: Deloitte, 2016), https://joinup.ec.europa.eu/sites/de-
fault/files/document/2016-07/dg_digit_study_big_data_analytics_for_policy_making.pdf.

20 Ibid.
21 Alex Engler, “What all policy analysts need to know about data science.”
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will require policies for regulation and ethical oversight in the future, policymakers will need to keep 
abreast with data issues. This suggests that even if policymakers do not engage in the technical aspects 
of data analysis (i.e., data processing) it is still important for them to understand the foundational 
disciplines of data analysis processes. Put simply, data analysis “offers a powerful framework to expand . 
. . [the] understanding of policy choices, as well as directly improve service delivery.”22  

Within the national security policy realm specifically, there is a longstanding emphasis on process-
forward decisionmaking that neatly aligns with the provided data and system analysis definitions 
of this paper. For example, John Boyd’s “Observe, Orient, Decide, Act (OODA) loop” has had a 
large influence on the U.S. Department of Defense, particularly concerning crisis stability and 
decisionmaking.23 Defense and strategy analysts outside of government have also repeatedly stressed 
the importance of “trusting the process.” These analyses highlight the importance of creating new 
policymaking processes in tandem with optimizing existing policy processes to adapt for emerging 
policy needs.24 However, similar process-forward mind frames have yet to be considered at the nexus 
of data analysis and nuclear nonproliferation policy. 

One notable example of policymakers regularly using data analysis to inform policymaking decisions 
and implementation is the United Nations Security Council 1718 Committee. The committee regularly 
releases reports through a Panel of Experts, providing updates on the implementation of sanctions 
against North Korea.25 For example, the Panel of Experts regularly conducts analysis of ship and 
corporate network analysis data to identify vessels that are in violation of existing sanctions, a type 
of nonproliferation policy. However, despite this advanced analysis, often the policy is not adjusted to 
reprimand or punish the individual actor for its violation, resulting in an enforcement issue. Moreover, 
similar types of data analysis are not seen as often in other nonproliferation policymaking sectors, 
such as arms control treaty negotiations.

Put together, these existing precedents demonstrate a key shortcoming, namely that nonproliferation 
policymakers are presently engaging with data analysis in an incomplete fashion, thereby limiting 
the potential of the policy itself. The proceeding section seeks to address this shortcoming by 
presenting a theoretical mechanism that (1) integrates a data-driven process into nonproliferation 
policymaking and implementation and (2) facilitates community collaboration at the intersection of 
data and nonproliferation.

PART 4: SPIN: A COLLABORATIVE FRAMEWORK FOR 
INTEGRATING SYSTEMS AND DATA ANALYSIS PROCESSES 
INTO THE DEVELOPMENT AND IMPLEMENTATION OF 
NONPROLIFERATION POLICY 
Considering these definitions, literature reviews, and identified shortcomings, this paper proposes 
a new collaborative theoretical framework connecting nonproliferation policymaking and 

22 Ibid.
23 See, for example Clay Chun, “John Boyd and the ‘OODA’ Loop,” Great Strategists, podcast audio, January 8, 2019, https://war-

room.armywarcollege.edu/special-series/great-strategists/boyd-ooda-loop-great-strategists/.  
24 Loren DeJonge Schulman and Ainikki Riikonen, Trust the Process: National Technology Strategy Development, Implemen-

tation, and Monitoring and Evaluation (Washington, DC: Center for New American Security, 2021), https://www.cnas.org/
publications/reports/trust-the-process.

25 1718 Sanctions Committee (DPRK), “Reports,” United Nations Security Council, https://www.un.org/securitycouncil/sanc-
tions/1718/panel_experts/reports. 
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implementation, systems thinking, and data analysis. Systems and Process in Nonproliferation (SPIN) 
is a new process in the systems thinking sense, viewing all aspects of nonproliferation policy as a 
modeled process with a life cycle. The SPIN framework layers data analysis processes over the policy 
process at two critical stages: policy planning (or the identification of a policy need) and policy 
design (or the formulation of a specific policy). Another collaborative layer is introduced wherein, at 
the policy design stage, there is a feedback connection with a more technically oriented data analysis 
process. SPIN is a cycle, or a loop, that recognizes the overall system and takes action, specifically 
policy action, to progress the framework forward. The SPIN cycle is visualized in Figure 2 and 
discussed further below. 

A SPIN on policy Planning: Policy planning can arguably be classified as synonymous with defining, 
or discovering, a research question. The main goal of policy planning is to identify a need that can 
be satisfactorily addressed with a new policy or by means of revision to an existing policy. In both 
policy planning (or policy formulation) and research question discovery in data analysis, it is crucial 
to clearly identify a specific trajectory forward, as this will shape the entire process. Poorly defined 
questions, including those that are too broad, will ultimately be unhelpful and potentially harmful 
to the cycle.26 Policy planning should therefore effectively integrate a data analysis process. Because 
the data analysis process is iterative, introducing it at the very beginning of a policymaking life cycle 
helps to very clearly establish an understanding of the available data landscape for the desired data-
driven action outcome—namely, a data-driven policy. Similarly, iterations of the data analysis process 
at the policy planning stage ensure that all viable questions are identified and prioritized, ultimately 
unveiling a more targeted policy need. For a notional example of a SPIN on policy planning, consider 
the following scenario. Policymakers are interested in the broad concept of controlling dual-use 
technology. Before they begin to formulate a specific policy, they first conduct a round of trade data 
analysis and industry data analysis to identify the markets and items of most concern that are also 
more likely to be effectively controlled by policy. While policymakers likely already do this to some 
extent, SPIN helps provide a more robust and formal approach to initial policy research. By doing 
data analysis here, a clearer policy need can be identified, as it helps to formulate a more relevant 
question, thereby improving the overall potential policy. 

A SPIN on Policy Design: The policy design process of the SPIN cycle prioritizes collaboration to 
further integrate data analysis into the policymaking process, emphasizing both the data analysis 
process and traditional technical understandings of data analysis. For data-driven policy, data must 
shape the policy design process. Data analysis processes paired with technical data processing (or 
traditional data analysis) help to ensure this. In this system, policymakers can begin to conduct their 
own analysis and research, having familiarized themselves with the data landscape in the previous 
step. The policy design process prioritizes data processing—or more simply, gathering relevant 
data to shape the design. Because it is unlikely policymakers will have the technical know-how to 
process data effectively and efficiently, collaborative action is necessary. Here, the policymakers can 
connect with organizations and individuals who possess the technical data know-how, such as the 
implementers and stakeholders identified in the literature review above. This collaboration should 
be feedback oriented, where policymakers take action to adjust their policy design process based 
on evaluations from the technical specialists. Similarly, the technical specialists should adjust their 
processes to ensure the data processing is sufficiently addressing the policymakers’ defined policy 
need. Continuing the notional example above, once a specific policy need has been identified to 

26 Ferguson and Norman, “All-Source Information Acquisition and Analysis.”
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control a selected dual-use item, policymakers could then work alongside trade and industry experts 
to gather, process, and understand as much relevant data about the item as possible to best shape a 
policy that fits the identified need. 

Figure 2: The Systems and Process in Nonproliferation (SPIN) Cycle
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Taking Action—Implementation and Evaluation: After policymakers use data to design a policy that 
addresses the original established policy need, and a final policy has been decided upon, the SPIN 
cycle can be put to action. Specifically, in this action system, the policy can be implemented and 
applied by the policymakers and additional relevant policy stakeholders, either formally or by means 
of modeling. In the evaluation stage, policymakers can evaluate the policy in a similar approach to 
the defined data analysis evaluation above. Moreover, as more relevant data becomes available over 
time, the policy can be revised and adjusted by going through additional iterations of the SPIN cycle. 
Building on the dual-use case study from above, this is the stage wherein a specific export control-
type policy and enforcement mechanism would be introduced, and organizations and institutions 
would work to apply the policy to their respective industries. Implementation of the policy would 
then be evaluated or reviewed by all parties involved to ensure the policy is as effective as possible.

Much like how data without structure cannot yield information, policy-relevant data without 
structure cannot yield meaningful policy change. SPIN creates a structure to provide the mechanism 
for nonproliferation policymakers to actively engage with data analysis. This breakdown of the 
SPIN cycle clearly shows how nonproliferation policymakers can begin to adopt a data-driven and 
collaborative process for improved policy results. 

PART 5: ADDITIONAL FUTURE RESEARCH AND LIMITATIONS
While the SPIN framework paves a pathway for the potential to further incorporate data analysis into 
nonproliferation policymaking, there are some limitations that must be addressed. The next steps 
of the plausibility probe laid out in this paper could be to further apply the SPIN framework to a 



temporal case study, process-tracing case study, or a notional case study (i.e., thought experiment) to 
further explore its potential utility. 

When considering additional future applications, it is clear that SPIN also presents some logistical 
challenges. First, it should be noted that nonproliferation policymaking bureaucracies tend to be 
bulky. As large political entities with many moving parts, they are often limited in their ability to both 
collaborate and implement timely action. For this reason, additional future research should be done 
to assess the feasibility of implementing SPIN by exploring how policymaking cultural change could 
be affected by the proposed process change. Because of the systems-thinking approach embedded 
within the SPIN cycle (specifically the concept of “holon”), it is also possible that individuals and 
organizations could begin to implement parts or singular aspects of the framework if adopting the 
entire cycle is not feasible. Doing so would begin to move data center stage in nonproliferation 
policymaking while accommodating for bureaucratic limitations and formal policy adoption.

In a similar vein, a culture of competition has been identified throughout the nonproliferation 
community that is not just limited to the policymaking sector.27 This competition limits the 
community’s potential for effectively applying a SPIN framework. Future research could explore how 
SPIN might encourage data-oriented collaboration across the community through technical and idea 
exchanges. Lastly, both publicly available nonproliferation-relevant data sets and funding for data 
analysis are limited throughout the nonproliferation community. Future funding opportunities should 
be explored for the purposes of data development within the nonproliferation community, including 
data pipeline and data processing skill-building endeavors.

CONCLUSIONS
In 1971, Alice Rivlin published Systemic Thinking for Social Action, where she argued for more rigor 
and scientific processes in government decisionmaking, concluding her work by stating “to do better, 
we must have a way of distinguishing better from worse.”28 SPIN does exactly that. By applying 
careful considerations and lessons learned from systems thinking and data analysis processes, SPIN 
provides an innovative way forward for the nonproliferation community to more readily engage 
with data. SPIN provides a new framework for thinking about problems that have existed in the 
nonproliferation community arguably since its inception.

This research has shown that systems and data analysis process thinking can be applied to promote 
collaboration in the nonproliferation community, more effectively connect policymakers with data, 
and begin to address specific nonproliferation policy needs. As available data continues to expand 
and subsequent policy problems emerge, the importance of having a process to transform data 
into policy-relevant information will also grow. Ultimately, SPIN is a new process that integrates 
principles from data-centric disciplines to promote policy action within the field of nonproliferation.

27 Artebrburn, Dumbacher, and Stoutland, Signals in the Noise.
28 Alice Rivlin, Systemic Thinking for Social Action (Washington, DC: Brookings Institution, 1971).
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Capacity Building  
through Participation
Regional Biases in the Multilateral Export Control 
Regimes and the Implications for U.S. Strategic 
Trade Policy

By Austin W. Wright1

INTRODUCTION
In 1991, the dissolution of the Soviet Union (USSR) sparked international concern as the former 
nation’s nuclear stockpile was suddenly scattered across three newly sovereign states and the 
Russian homeland. Beyond its nuclear weapons, the USSR also left behind a vast array of weapons 
of mass destruction (WMD) manufacturing sites, an abundance of fissile material, and the largest 
biological and chemical weapons arsenal in the world.2 The threat of “loose nukes” and the 
acquisition of biological and chemical weapons by non-state actors pushed nations, including 
the United States, to prioritize nonproliferation efforts across the globe. From that day forward, 
the United States embarked on a concerted interagency strategy to combat these threats with an 
impressive level of global engagement. From the 1991 Department of Defense Cooperative Threat 
Reduction Program to the National Nuclear Security Administration’s Global Threat Reduction 
Initiative, the United States has sought to conclude arms control agreements, eliminate fissile 
material, and combat the spread of WMDs in nearly every region of the world. However, despite a 
recognition by the United States that it must work with foreign partners to combat the threat of 

1 Austin is a policy analyst providing contractor support to the National Nuclear Security Administration’s Office of Defense 
Programs in Washington, DC. The opinions expressed in this paper are those of the author and do not reflect the views of 
the Department of Energy or the National Nuclear Security Administration.

2 “Fact Sheets & Briefs: Chemical and Biological Weapons Status at a Glance,” Arms Control Association, last modified April 
2020, https://www.armscontrol.org/factsheets/cbwprolif.
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WMDs, there have been limited efforts to situate “high-risk” states into the organizations which make 
up the broader international nonproliferation framework. This reality is particularly prevalent within 
the multilateral export control regimes (MECRs)—specifically the Australia Group, Nuclear Suppliers 
Group, Wassenaar Arrangement, and the Zangger Committee—where the participation of states that 
U.S. security professionals find concerning is virtually nonexistent.

There are few instances in history where a state has developed a fully functional weapons program 
without external assistance. Over several decades, the A.Q. Khan network skirted trade controls 
and transferred troves of sensitive information and goods to Iran, Libya, and the Democrat People’s 
Republic of Korea (DPRK). In 2016, Syria received assistance from the DPRK to buttress its chemical 
weapon stockpile and missile capabilities, and as recently as 2019, Iran acquired sensitive nuclear 
material from front companies in Belgium and China. These examples highlight that the regulation 
of WMD components is essential to stifling the spread of biological, chemical, and nuclear weapons. 
These instances also explain why the United States has given proper attention to implementing 
the export control standards established by the MECRs and why, in fiscal year (FY) 2021, the United 
States committed $67 million to the Department of State’s Export Control and Related Border Security 
program.3 The willingness of the government to fund export control programs at home and abroad 
reinforces this notion that strict export standards are an essential element of U.S. security policy. 

The expanding trade of dual-use items and emerging technologies has placed immense strain on 
the MECRs. Any gaps in the MECRs create a blind spot that can be exploited by bad actors. One 
of the most glaring examples is Libya’s clandestine nuclear program that operated from 1970 to 
2004. Therefore, the lack of attention given to the membership of the MECRs is a serious policy 
oversight that has major implications for how the United States combats the proliferation of WMDs. 
This paper highlights how the composition of the export control regimes—specifically the Zangger 
Committee, Australia Group, Nuclear Suppliers Group, and Wassenaar Arrangement—ignore the 
regions which the United States deems high risk. It will not, however, attempt to specify the number 
of regional actors necessary to mitigate theater-level proliferation concerns. Nor will it attempt to 
identify state participation as the single casual variable for regime failure (i.e., the proliferation of 
WMDs). Rather, through a comparative-historical perspective, this paper highlights the extensive 
U.S. nonproliferation efforts in South America, the Middle East, Africa, and South Asia and the 
limited representation and participation of these regions in the MECRs. Using the resulting analysis, 
the paper then provides reasoning for why the U.S. government should work to incorporate these 
underrepresented states into the MECRs based on historically persistent policy objectives.

A SHORT HISTORY OF WMDS AND EFFORTS TO  
CONTROL THEIR SPREAD 
The use of WMDs extends far beyond the modern era, spanning not only time but location. The first 
documented use of bioweaponry can be traced back to 600 BCE when it was discovered “cadavers, 
animal carcasses, and contagion” could weaken enemy combatants.4 In 1346 CE, the Mongols threw 
deceased soldiers who had contracted the black plague over the walls of the besieged Crimean city 
of Caffa.5 During the French and Indian War, the British army used smallpox to purge the American 

3 U.S. Department of State, Congressional Budget Justification: Department of States, Foreign Operations, and Related Programs 
FY2021 (Washington, DC: 2020), https://www.state.gov/wp-content/uploads/2020/02/FY-2021-CBJ-Final.pdf.

4 Stefan Riedel, “Biological Warfare and Bioterrorism: A Historical Review,” Baylor University Medical Center Proceedings 17, no. 
14 (December 2017): 401, doi:10.1080/08998280.2004.11928002.

5 Mark Wheelis, “Biological Warfare at the 1346 Siege of Caffa,” Emerging Infectious Diseases 8, no. 9 (2002), doi:10.3201/
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Indians in 1763.6 Chemical weapons have an equally impressive premodern history. In the fourth 
century BCE, Alexander the Great encountered poison arrows in the Indus Basin.7 During the 
Peloponnesian War, Spartan forces attempted to develop poison gases, and in the fifteenth century, 
the inhabitants on the island of Hispaniola used a smokescreen to overtake Spanish conquistadors.8 
Arguably, the only modern aspects of WMDs would be ballistic missiles, the scalability of destruction, 
and, of course, nuclear as well as radiological weaponry, with the former only being created in 1945. 

As such, the fight against the use and spread of these weapons has also been long documented. The 
Strasburg Agreement produced the first international WMD agreement, regulating the use of poison 
bullets in conflicts between France and Germany in 1675.9 Except for a few bilateral agreements, 
the movement against the use of WMDs would slow until the late twentieth century due to the low-
intensity nature of warfare. However, with large-scale mobilization possible with the industrialization 
of warfare, the world quickly witnessed a revival in efforts to limit the potential devastation of 
conflict. In 1899, the Hague Convention led to the prohibition of “projectiles with the sole object 
to spread asphyxiating poisonous gases.”10 The second iteration of the Hague Convention, in 1907, 
sought to further expand on this progress but was stymied by a disagreement between Britain and 
Germany on the shipping of arms. The carnage of World War I would only catalyze this trend, giving 
birth to the Geneva Protocol—more colloquially known as the Geneva Convention—to address the 
widespread use of sarin, chlorine, and mustard gas during the war. 

While historically there have been numerous movements to either ban or limit the use of WMDs, 
the post-World War II era ushered in an unprecedented number of nonproliferation efforts. With the 
introduction of atomic weapons in 1945, the world was threatened with an unprecedented level 
of death and destruction. As a result, the number of bilateral and multilateral treaties focusing on 
these weapons expanded rapidly. Table 1 demonstrates that at least 15 “multilateral” prohibition or 
nonproliferation treaties have taken shape since 1960. 

eid0809.010536.
6 Michael McConnell, A Country between the Upper Ohio Valley and Its People (Lincoln: University of Nebraska Press, 1992), 

195.
7 N.G. Bisset and G. Mazars, “Arrow poisons in South Asia Part 1. Arrow poisons in Ancient India,” Journal of Ethnopharmacolo-

gy 12, no. 1 (1984), https://pubmed.ncbi.nlm.nih.gov/6394907/. 
8 Charles Mann, 1493: Uncovering the New World Columbus Created (Knopf: Penguin Random House, 2012): 9.
9 Geoffrey Zubay et al., Agents of bioterrorism: pathogens and their weaponization (Columbia University Press, 2008).
10 “Law of War: Declaration on the Use of Projectiles the Object of Which is Diffusion of Asphyxiating or Deleterious Gases,” 

Yale Law School, https://avalon.law.yale.edu/19th_century/dec99-02.asp.

https://pubmed.ncbi.nlm.nih.gov/6394907/
https://avalon.law.yale.edu/19th_century/dec99-02.asp


Table 1: Nonuse and Nonproliferation Treaties

Name of Treaty
Year Entered 

into Force
Regulated 
Weapon

Number 
of State 

Signatories
Geneva Protocol 1928 BW, CW 36

Antarctic Treaty 1961 NW 53

Partial Test Ban Treaty 1963 NW 126

Outer Space Treaty 1967 NW 89

Tlatelolco Treaty 1969 NW 33

Treaty on the Non-Proliferation  
of Nuclear Weapons

1970 NW 191

Seabed Treaty 1972 NW, BW, CW 21

Bioweapons Convention 1975 BW 180

Comprehensive Test Ban Treaty 1997 NW 183

Chemical Weapons Treaty 1997 CW 193

Bangkok Treaty 1997 NW 10

Central Asia Nuclear-Weapon-Free-Zone 2009 NW 5

Pelindaba Treaty 2009 NW 40

Treaty of the Prohibition of Nuclear Weapons 2017 NW 70
NW = Nuclear weapons  |  BW = Bioweapons  |  CW = Chemical weapons  |  BM = Ballistic missiles

Source: Daryl Kimball, “The Chemical Weapons Convention (CWC) at a Glance,” Arms Control Association, last modified 
April, 2020, https://www.armscontrol.org/factsheets/cwcglance; Daryl Kimball, “The Biological Weapons Convention 
(BWC) at a Glance,” Arms Control Association, last modified April, 2020, https://www.armscontrol.org/factsheets/bwc; 
“1925 Geneva Protocol,” United Nations, January 2021, https://www.un.org/disarmament/wmd/bio/1925-geneva-
protocol/; “The Hague Code of Conduct against Ballistic Missile Proliferation (HCoC),” Hague Code of Conduct, https://
www.hcoc.at/; “Treaties and Regimes,” Nuclear Threat Initiative, https://www.nti.org/learn/treaties-and-regimes/treaties/; 
“Outer Space Treaty,” Arms Control Association, https://www.armscontrol.org/treaties/outer-space-treaty; and “Treaty on 
Principles Governing the Activities of States in the Exploration and Use of Outer Space, including the Moon and Other 
Celestial Bodies,” United Nations Office for Disarmament Affairs, http://disarmament.un.org/treaties/t/outer_space.

Understandably, the momentum of this expansion in treaties initially favored nuclear weapons as 
a whole litany of security issues suddenly emerged, such as how to manage the presence of these 
weapons should they end up in the Arctic and atmosphere. However, as the imminent threat of full-
scale nuclear warfare became less palpable with the end of the Cold War, the world once again began 
to recognize the real threat of bio and chemical weapons, reflected in the adoption of the Chemical 
Weapons Treaty of 1997 and UN Security Council Resolution (UNSCR) 1540. Today, the threat of these 
weapons persists. With Russia’s use of a chemical agent to kill a former spy in 2017, North Korea’s 
apparent development of nuclear weapons, and mass hysteria surrounding the weaponization of 
viruses, the need for nonproliferation efforts remains. As such, the international community continues 
to fight the spread of these weapons resulting in a multifaceted and longstanding nonproliferation 
movement that has “prevented the assimilation of WMD[s] . . . into the mainstream military doctrine.”11

11 Jean Pascal Zanders, “International Norms Against Chemical and Biological Warfare: An Ambiguous Legacy,” Journal of 
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A SHORT HISTORY OF EXPORT CONTROLS 
Export controls within the trade-security nexus aim to inhibit the proliferation of WMDs via the 
monitoring and regulation of goods identified as essential inputs for the development of these 
weapons. Regulation of this sort is done primarily at the state level, but several international 
institutions aim to augment these domestic efforts. The first concerted international effort to 
control exports came in the aftermath of World War II, when the United States, along with its allies, 
sought to establish an embargo on states within the Soviet-led Council for Economic Assistance. The 
Coordinating Committee for Multilateral Export Controls, or CoCom, aimed to regulate the trade of 
sensitive technologies and strategic materials to the communist world. By crafting lists that covered 
munitions, atomic energy and technology, and commercial industry, CoCom served as the informal 
multilateral mechanism that influenced supplier state interactions with the Eastern Bloc.12 

Several years later, following the ratification of the Treaty on the Non-Proliferation of Nuclear 
Weapons (NPT) in 1970, a set of 38 states, comprising a majority of the suppliers of advanced nuclear 
technologies, met from 1971 to 1974 with the intent “to harmonize the interpretation of nuclear 
export control policies” and develop a trigger list for “nuclear-related strategic goods” to assist the 
implementation of the nuclear safeguards laid out in Article III.13 This ad hoc working group, known 
as the Zangger Committee, would become a permanent fixture in the export control community. 
The Zangger Committee would be the first of a long list of export control efforts, with the world 
welcoming the Nuclear Suppliers Group (NSG) a few years later. Though it had a similar goal, the NSG 
was unique in that it sought to engage states who had not yet signed the NPT. Although this move 
was initially aimed at incorporating France into the export control framework, it was significant in 
that it emphasized the need to capture a wider range of states under the international export control 
umbrella. However, this organization was once again aimed at engaging supplier nations who had 
the potential to share sensitive materials or technologies. As such, the NSG was primarily concerned 
with improving the number of supplier nations participating in the regime. Over time, the NSG 
would seek to expand upon the trigger list developed by the Zangger Committee to include items 
such as “heavy water production items” while also establishing guidelines on nuclear transfers.14 The 
group explains that the purpose of the organization is to “cover the rare but important cases where 
adherence to the NPT” may not be guaranteed.15 In service of this mission, the NSG also works on the 
requirements for ecipientt’s assurances of nonexplosive use, implementation of International Atomic 
Energy Agency (IAEA) safeguards, and controls on the retransfer of goods. 

Conflict & Security Law 8, no. 2 (2003): 391, doi:10.1093/jcsl/8.2.391.
12 John H. Henshaw, The Origins of COCOM: Lessons for Contemporary Proliferation Control Regimes (Washington, DC: Stimson 

Center, May 1993), Special Reports, no. 7, https://www.stimson.org/1993/origins-cocom-lessons-contemporary-prolifera-
tion-control-regimes/.

13 “Zangger Committee,” Zangger Committee, www.zanggercommittee.org.
14 Tadeusz Strulak, “The nuclear suppliers group,” The Nonproliferation Review 1, no. 1, (1993); Fritz W. Schmidt, “The Zangger 

Committee: Its History and Future Role,” Nonproliferation Review 1, no. 2 (1994), https://www.nonproliferation.org/wp-con-
tent/uploads/npr/schmid21.pdf.

15 “About the NSG,” Nuclear Suppliers Group, http://nuclearsuppliersgroup.org/en/about-nsg.
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Table 2: A Snapshot of the Multilateral Export Control Organizations

Name of 
Organization

Year 
Founded

Regulated 
Weapon

Membership
Nuclear 
Weapon 
States (9)

Bioweapon 
States (16)

Chemical 
Weapon 
States (8)

Australia Group 1985 BW, CW 21 + EU 3 4 1

Nuclear Supplier 
Group

1975 NW 48 5 9 3

MTCR 1987 BM, DS 35 5 8 3

Wassenaar 
Arrangement

1996 BW, CW, 
NW

42 5 8 4

Zangger 
Committee

1971–74 NW 39 5 9 3

NW = Nuclear weapons  |  BW = Bioweapons  |  CW = Chemical weapons  |  BM = Ballistic missiles  |  DS = Delivery systems

Source: Based on author's research and analysis

As the standard for nuclear export controls continued to grow, the international community began 
to explore the potential to also regulate chemical and biological weapons (CBWs). The Australia 
Group (AG) would be the first group to emerge, with the explicit mission to minimize the risk of 
transshipping countries inadvertently assisting CBW proliferation. The AG’s structure and purpose 
were shaped by the international environment of the 1980s when the United Nations highlighted 
that Iraq had used chemical weapons (CWs) during its war with Iran and that much of the materials 
for the CW program had been obtained via global trade.16 These events reaffirmed the value of an 
organization, such as the AG, which “addressed the need to foster uniformity and promote cooperation 
that would thwart circumvention” of export controls, including the spread of dual-use equipment, 
sensitive pathogens, and related technologies and technical assistance.17 

As time progressed, so too did the world’s understanding of the nuanced inputs of WMD proliferation. 
In 1987, for example, the Missile Technology Control Regime (MTCR) was created to tackle the issue 
of delivery system proliferation. Beyond stigmatizing the spread of missile technology, the MTCR 
has also assisted states in the development of national-level export control policies for these 
goods and dual-use technologies. This regime represented a unique shift away from controlling the 
weapons themselves and toward controlling the platforms that allow these weapons to be fully 
utilized. From this point, the concept of dual-use goods slowly began to dominate the proliferation 
discussion. As the world began to recognize that the ambiguity between civilian and military use 
posed a unique security challenge, the Wassenaar Arrangement was created, becoming the first 
multilateral arrangement on “export controls for conventional weapons and sensitive dual-use goods 
and technologies.”18 By supporting the transparency of information related to illicit goods transport 
and dual-use goods, the arrangement seeks to prevent the accumulation of dangerous weaponry. 
In its pursuit to limit the “transfers of armaments and sensitive dual-use goods and technologies 
where the risks are judged greatest,” the organization places special emphasis on not duplicating 

16 James I. Seevaratnam, “The Australia Group,” Nonproliferation Review 12, no. 2 (2006): 401–415 
doi:10.1080/10736700601012227.

17 Ibid., 402–403.
18 “What is the Wassenaar Arrangement,” The Wassenaar Arrangement, https://www.wassenaar.org/about-us/.  
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or overriding the current export controls already in place but instead focuses on those areas where 
gaps may arise due to a lack of policy congruency throughout the other MECRs.19 

Today, these organizations continue their work to combat the spread of WMDs with regular meetings 
and updates to existing trigger lists. Although communication and cooperation between the regimes 
themselves continue to grow, there still exists a lack of congruency in policies and membership 
more generally. This is due in part to the voluntary nature of these regimes, but also the tendency for 
states to handle these issues on a domestic level. However, as new security frontiers arise, driven by 
emerging technologies such as cyber and artificial intelligence, the adaptation of the MECRs will be 
essential to ensure they remain an effective means of stifling proliferation globally. 

U.S. EFFORTS TO CONTROL THE SPREAD OF WMDS
The 1990s represented a shift in the nonproliferation objectives of the United States. With the fall 
of the Soviet Union, the United States was forced to deal with the very real threat of loose nukes 
and the seizure and destruction of the Soviet’s expansive CBW arsenal. This reality altered the 
United States’ original objective of strategic stability and its domestic evaluation of the need for 
WMDs, replacing it with an international perspective focused on securing arms, sensitive materials, 
and the borders of potential transient states. The Nunn-Lugar Act of 1991 started this transition 
by establishing the Cooperative Threat Reduction (CTR) Program to secure and dismantle WMDs 
and their associated infrastructure in the newly independent states (NIS).20 U.S. reports on the NIS 
emphasized: “it was important . . . to avoid focusing exclusively on nuclear dismantlement in Russia; 
as urgent as this task was, it was also critical to work with other NIS governments and not lose focus 
on the requirements of chemical weapons dismantlement.”21  This report reinforced the argument 
for a compressive U.S. nonproliferation strategy, one that included trade controls and the securing of 
vulnerable infrastructure in addition to the dismantling of these weapons. 

The success of the Nunn-Lugar Act led to the development of export control entities in the 
Departments of State, Commerce, Defense, and Energy. Almost immediately, CTR would become a 
permanent fixture of the Department of Defense (DOD). While the original goal of the program, 
to work with “partner nations to secure, eliminate, detect and interdict WMD-related systems and 
materials,” has remained the same, the target nations of the program have expanded well beyond the 
NIS.22 To date, CTR has provided nonproliferation assistance to nations in Africa, Southeast Asia, and 
the Middle East. For example, CTR has worked to enhance Jordan and Lebanon’s abilities to detect 
WMDs along their borders with Syria. The program has also taken great care to develop cooperative 
CBW projects to secure agents, precursor materials, and toxic industrial chemicals, typically in the 
form of facility security and export controls. 

Beyond DOD, the fight against proliferation has been built into the structure of agencies such as 
the National Nuclear Security Administration (NNSA), founded in 2000. NNSA, specifically the Office 

19 Ibid.
20 Justin Bresolin, “Fact Sheet: The Nunn-Lugar Cooperative Threat Reduction Program,” Center for Arms Control and 

Non-Proliferation, last modified June 2014, https://armscontrolcenter.org/fact-sheet-the-nunn-lugar-coopera-
tive-threat-reduction-program/.

21 Paul I. Bernstein and Jason D. Wood, The Origins of Nunn-Lugar and Cooperative Threat Reduction (Washington, DC: National 
Defense University Press, April 2010), 9, https://ndupress.ndu.edu/Portals/68/Documents/casestudies/CSWMD_Case-
Study-3.pdf.   

22 “Cooperative Threat Reduction Directorate,” U.S. Department of Defense, https://www.dtra.mil/Mission/Mission-Director-
ates/Cooperative-Threat-Reduction/.
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of Nonproliferation and Arms Control (NPAC), has made it an expressed goal to build domestic 
and international capacity to implement export control obligations and control illicit trafficking 
of nuclear and WMD-related material and technology. Housed within NPAC, the Office of Nuclear 
Export Controls works to strengthen domestic and global capacity to detect and prevent illicit or 
unintended transfers of WMD-related materials, equipment, and technology. These goals are typically 
pursued by implementing projects that “strengthen foreign partner national systems of export 
control and strengthen multilateral export control regimes.”23 These objectives are further supported 
by the International Nonproliferation and Export Control Program (INCEP), which has hosted 
numerous multilateral and bilateral capacity-building events in Eastern Europe and Central and 
Southeast Asia over the last two decades. Another example of the global nature of the United States’ 
nonproliferation activities is NA-242, the Office of Global Security Engagement and Cooperation. 
NA-242’s sole task is export control capacity building. Through workshops, training, and exercises, 
NA-242 works with countries to develop the capabilities necessary to detect and interdict illicit WMD 
activities. The vast nature of these programs can be reflected in the work done in just the last year, 
which includes workshops in Ukraine, Kazakhstan, Armenia, Azerbaijan, Georgia, and Thailand. Since 
2000, however, the list of global engagement activities is vast, having also included states such as 
Chile, Panama, Egypt, Algeria, Kenya, Indonesia, Vietnam, and Pakistan, as well as many others. 

The Department of State’s Export Control and Related Border Security Program (EXBS) has a similar 
origin. Founded in 2005, EXBS is:

The U.S. Government’s premier provider of assistance to foreign governments to ensure 
strategic trade control systems meet international standards and by engaging on bilateral, 
regional and multilateral levels with foreign governments to aid in the establishment of 
independent capabilities to regulate transfers of weapons of mass destruction, WMD-related 
items, conventional arms, and related dual-use items, and to detect, interdict, investigate, 
and prosecute illicit transfers of such items. ISN/ECC accomplishes this goal through the 
promotion of dialogue, provision of training, and donation of equipment under the Export 
Control and Related Border Security (EXBS) program.24 

Although originally focused on “source countries” in the NIS, the program has expanded to include 
states that are considered prime smuggling routes. This means EXBS today operates within 60 
countries across Eastern and Central Europe, the Balkans, Central Asia, the Caucasus, North Africa, 
Central Asia, and the Mediterranean. The broad national catalog of this entity helps fulfill UNSCR 1540 
by building “effective national strategic trade control systems in countries that possess, produce, or 
supply strategic items, as well as in countries through which such items are most likely to transit.”25 

Collectively, these programs demonstrate the United States’ commitment to combating WMD 
proliferation through global engagement. These activities further highlight the level of emphasis the 
United States has placed on trade control standards and the role these controls have in fulfilling its 
national security and foreign policy objectives. U.S. engagement in this sphere is unlikely to slow as 
government agencies continue to monitor potential proliferation threats. The Biden administration’s 
Interim National Security Strategic Guidance, for example, identifies Asia, specifically China and the 

23 “Nonproliferation,” National Nuclear Security Administration, https://www.energy.gov/nnsa/nonproliferation-0.
24 “About Us–Office of Export Control Cooperation,” U.S. Department of State, https://www.state.gov/about-us-office-of-ex-

port-control-cooperation/.
25 “The EXBS Program,” U.S. Department of State, https://2009-2017.state.gov/strategictrade/program/index.htm.
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DPRK, as points of focus.26 The 2021 Threat Assessment from the Office of the Director of National 
Intelligence adds Russia and Iran to this list, while NNSA provides a broader list including states in 
South Asia, East Asia, the Middle East, Africa, and Latin America.27 Whether obvious or not, the United 
States goes to great lengths to cooperate with these states and its allies in the region on issues of 
proliferation, especially export controls. The annual appropriation of funds to these activities reveals 
the global nature of U.S. nonproliferation efforts and the United States’ view that the advancement of 
trade controls in specific states is both a national security objective and a consistent requirement of 
a successful foreign policy.

REGIONAL BIASES IN EXPORT CONTROL ORGANIZATIONS
The MECRs are overtly biased toward the Western states and the developed world. It is common 
for these regimes to exclude states from South America, the Middle East, Africa, and South Asia. 
The absence of these states is puzzling. It is even more puzzling when one tries to reconcile the 
extensive efforts by the United States to improve national export control standards in these regions 
and the fact the United States has not been proactive in pushing for expanded membership. While it 
is difficult to identify a specific reason for this reality, some potential explanations deserve attention.  

Table 3: Number of Nations by Region Represented in the Export Control Regimes

Name of Organization
North 

America
South 

America
Europe Asia

Middle 
East

Africa

Australia Group 1 1 16 + EU 3 0 0

Nuclear Supplier Group 3 2 36 5 1 1

MTCR 2 2 24 5 1 1

Wassenaar Arrangement 3 1 31 5 1 1

Zangger Committee 2 1 29 5 1 1

Source: Figure created by author.

Again, the exact reason why many non-Western states are not incorporated in the MECRs 
is multifaceted and undeniably ambiguous. It is possible that the source material, western 
exceptionalism, and national level arguments operate in tandem to limit the participation of these 
states in the MECRs. It is also possible that none of these arguments explain MECRs as they stand 
today. However, in search of an answer for this phenomenon, these arguments provide a range of 
plausible explanations to kick start a discussion of why the MECRs continue to exclude these nations.

ABSENCE OF SOURCE MATERIAL
When it comes to building WMD programs, the basic scientific principles behind all weapons are 
relatively known. What is difficult, especially for non-state actors, is obtaining the necessary material 

26 The White House, Interim National Security Strategic Strategy (Washington, DC: The White House, 2021), https://www.white-
house.gov/wp-content/uploads/2021/03/NSC-1v2.pdf.  

27 Office of the Director of National Intelligence, Annual Threat Assessment of the US Intelligence Community (Washington, 
DC: Office of the Director of National Intelligence, April 2021), https://www.dni.gov/files/ODNI/documents/assessments/
ATA-2021-Unclassified-Report.pdf; “Policy Issues: Arms Control and Nonproliferation,” U.S. Department of State, https://
www.state.gov/policy-issues/arms-control-and-nonproliferation/; and National Nuclear Security Administration, Prevent, 
Country, and Respond – NNSA’s Plan to Reduce Global Nuclear Threats FY 2020 – FY 2024 (Washington, DC: U.S. Department 
of Energy, July 2019), https://www.energy.gov/sites/default/files/2019/07/f65/FY2020_NPCR.pdf.  
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inputs. For nuclear weapons, that would be plutonium or highly enriched uranium (HEU).28 The list of 
potential “source” states is small, including only the nuclear-weapon states and, at one point in time, 
Argentina, Brazil, Germany, Japan, and the Netherlands. Without a relevant source risk in a region, 
the argument could be made that there is no critical need to include these states in the MECRs. 
South America is an excellent example of this potential bias. In 2016, the Argentinian government 
announced that its total stock of HEU had been down blended with the assistance of NNSA, resulting 
in the entire continent of South America being declared HEU-free.29 This argument gains plausibility 
when one also notes that all of Southeast Asia is HEU-free and that all Middle Eastern countries with 
HEU are under IAEA observation.30 Whether this is the reason behind current MECR membership is 
difficult to determine, but the absence of source materials appears to be a legitimate explanation 
for a lack of efforts to include these states in the nuclear portions of the MECRs. When it comes to 
CBWs, however, the reasoning is much more ambiguous. With the prevalence of chlorine gas in Syria 
between 2013 and 2017 and the assassination of Kim Jong Un’s brother, Kim Jong Nam, in 2017 
with the VX nerve agent, CBWs are still a persistent issue in these regions. One could claim that this 
is related to the status of many of these nations as developing, meaning they lack the economic 
capacity to produce many of the key inputs for CBWs on a large enough scale to warrant concern. 
However, the complexity behind the production and acquisition of the chemicals or biological agents 
needed for these weapons requires substantially less effort than for nuclear weapons. Therefore, 
the source material argument, while plausible for nuclear arms, is unlikely for CBWs. On this front, 
the supplier qualification for membership appears to be the factor determining regime participation 
rather than the presence of a specific source material.

WESTERN EXCEPTIONALISM 
The historical legacy of Western exceptionalism is another potential explanation for the historical 
membership of the MECRs. Substantial research exists around the concept of “nuclear apartheid,” in 
which it was argued that the nuclear states secured their presence as such and blocked the rest of 
the world from accessing the technology.31 This is further exacerbated by latent colonial legacies 
that impact the perception of these non-Western states as being capable of developing sophisticated 
technologies, such as those necessary to develop many WMD inputs. In her 1997 report Understanding 
Non-Western Cultures: A Strategic Intelligence Perspective, Colonel Susan A. Browning, then a member 
of the National War College, notes that for Americans, “exceptionalism is significant because it creates 
a mindset that prejudices or distorts the way Americans perceive non-Westerners.”32 Members of the 
nuclear club, for example, did not worry about other nations developing weapons because it was 
assumed that it was far too expensive or complicated for most other nations to do so. Additional 
research on this topic has also found that “it is assumed that Western non-proliferation, arms control 

28 “Civilian HEU Reduction and Elimination Resource Collection,” Middlebury Institute of International Studies at Monterey, 
https://nonproliferation.org/civilian-heu/.

29 “Report on Removal and Disposition by Working Group 2,” 3rd International Symposium on HEU Minimization, June 5–7, 
2018, https://www.stimson.org/wp-content/uploads/2021/01/WG2-Deliverable-prepared-by-Argentina.pdf.

30 “NNSA Announces Elimination of Highly Enriched Uranium (HEU) from Indonesia,” NNSA, August 29, 2016, https://www.
energy.gov/nnsa/articles/nnsa-announces-elimination-highly-enriched-uranium-heu-indonesia; and Alexander Glaser et 
al., “Building on the Iran Deal: Steps Toward a Middle Eastern Nuclear-Weapon-Free Zone,” Arms Control Today 45, no. 11 
(January 2015), https://www.armscontrol.org/act/2015-12/features/building-iran-deal-steps-toward-middle-eastern-nu-
clear-weapon-free-zone. 

31 Shane Maddock, Nuclear Apartheid: The Quest for American Atomic Supremacy from World War II to the Present (Chapel 
Hill, NC: University of North Carolina Press, 2010).

32 Susan Browning, Understanding Non-Western Cultures: A Strategic Intelligence Perspective (Carlisle, PA: U.S. Army War Col-
lege, Strategy Research Project, 1997), 8–9. 
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and disarmament policies are ‘rational’ and ‘benign’, and Western policy-makers and diplomats 
often present their security policies as providing the global ‘public good’ of international peace and 
security.”33 Taken together, these interactions would explain the “Western” club dynamics early in the 
history of MECRs. While it is true that Western states began to shift from this position, highlighted by 
the push to form the NSG following India’s acquisition of the bomb, there is still a general impression 
that only a minute number of states possess the capability to follow suit. This comes in spite of 
concentrated U.S. efforts that are predicated on the idea that non-Western states do indeed have 
the capacity to develop WMDs. The state of MECRs today may be a latent result of historical inertia. 
Nevertheless, those states that have historically been blocked from joining these regimes continue 
to be excluded. While a number of these states may be labeled as proliferators, a much larger 
number may be identified as transshipping nations prone to smuggling, porous borders, and limited 
government experience in the realm of export controls. It is specifically these nations whose absence 
in the MECRs is a hindrance to the broader goals of U.S. security policy.

THE ABILITY TO INFLUENCE THE INTERNATIONAL COMMUNITY 
The last potential explanation, and the most plausible, is the idea that the United States deems 
national-level efforts to be a more effective means of promoting the development of trade 
control policies. Excluding UNSCR 1540, participation in the NSG, Zangger Committee, Wassenaar 
Arrangement, and AG is voluntary, the rulings and recommendations are non-binding, and there are 
no enforcement mechanisms for the failure to abide by the spirit of the organization. Furthermore, 
collaborating on the multilateral level comes with its share of headaches. There are often 
membership disputes in these international clubs that result from outside political situations—a case 
in point being China’s continued blocking of India’s NSG membership. While the China-India case is 
largely related to India’s absence from the NPT, the essence of the issue remains. Operating within 
these organizations relies largely on consensus. A consensus-based voting system largely favors 
smaller group dynamics, as it is easier to reconcile competing interests among a group of, say, 15 
than it is in a group of 50. Under this dynamic, the United States may have an interest in retaining 
a small club dynamic in these regimes to ensure progress is made among the larger players. More 
importantly, the United States simply has the political and economic capital to pursue its foreign 
policy objectives bilaterally. While consensus in most situations is ideal, the United States is in a 
situation to enjoy progress among the small number of states in the MECRs while simultaneously 
pursuing its own theater-level export control policy initiatives.  

CASE STUDY: MALAYSIA, EXPORT CONTROLS,  
AND U.S. CAPACITY BUILDING 
Malaysia is an interesting case study in that it is a state outside the MECRs listed in this paper—one 
which the United States has worked with extensively to improve national control standards—and a 
state that has, unfortunately, been at the center of numerous illicit nuclear transactions, including 
activities at the behest of A.Q. Khan.34  

The SCOMI Precision Engineering nuclear scandal is one of the most notable proliferation events in 
the history of Malaysia, serving as an excellent example of the importance of strong export control 

33 Keith Krause and Andrew Latham, “Constructing non-proliferation and arms control: The norms of Western practice,” Con-
temporary Security Policy 19, no. 1 (September 2007): 23, doi:10.1080/13523269808404178. 

34 Stephanie Lieggi and Richard Sabatini, Malaysia’s Export Control Law: A Step Forward, But How Big? (Washington, DC: Nu-
clear Threat Initiative, 2010), https://www.nti.org/analysis/articles/malaysias-export-control-law/.
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systems in the region and how a lack of said systems is a direct threat to U.S. security interests. 
Founded in 1990, the Subang Commercial Motor Industries (SCOMI) was originally involved in 
transportation-related projects around Malaysia. Although quaint, the company continued to grow 
to attract the eye of former Ernest & Young consultant Shah Hakim and Kamaluddin Abdullah, the 
son of then Malaysian prime minister Abdullah Ahmad Badawi.35 The two businessmen would go on 
to acquire the company in 2000, where they would begin to shift the focus of SCOMI toward the oil 
and gas industry. As the success of the company grew, so too did the company’s interest in various 
industries. In 2001, Syarikat Scomi Precision Engineering Sdn Bhd (SCOPE) would be founded, with 
one of its first contracts being an agreement to provide sensitive components to an entity based in 
Saudi Arabia.36 However, less than 4 years after its founding, the New York Times would report that 
SCOMI subsidiary SCOPE had supplied sensitive nuclear components to be used in Libya via the A.Q. 
Khan network. Almost immediately, the Malaysian government announced that Buhari Syed Abu Tahir, 
one of SCOMI’s primary financiers, had confessed to selling nuclear secrets and supplies to Khan with 
the express purpose of aiding Libya and Iran.37 Tahir claimed that both Shah Hakim and Kamaluddin 
Abdullah were aware of his dealings and had aided in his efforts to assist Khan.

Although originally believed to be an isolated incident, a direct link would be made to a company 
based out of Japan. In 2006, Tokyo police would go on to arrest several executives from the Mitutoyo 
Corporation who sold equipment to SCOMI with the express purpose of providing the necessary 
centrifuge technology requested by Khan.38 In 2009, the United States would implement sanctions on 
Khan and several SCOMI executives in response to these efforts. 

Although the Malaysian government promised to tighten export control efforts, entities were tied to 
the sale of illegal arms to Pakistan in 2007. In recent years as well, Malaysia has remained an area 
of concern, as it is a prime location for the illegal transshipment of goods headed to Iran. However, 
in 2010, the Malaysian government finally enacted its Strategic Trade Act (STA) as a direct response 
to not only these events but decades of programmatic efforts by the United States and growing 
international pressure levied by Malaysia’s commitments under UNSCR 1540. The STA, according to 
the Malaysian government, “is an act to provide for control over the export, transshipment, transit and 
brokering of strategic items . . . that will or may facilitate the design, development, and production 
of weapons of mass destruction and their delivery systems.”39 The United States would applaud this 
effort as a major victory. 

However, the STA was only enacted after significant U.S. involvement in the development of these 
policies. The Departments of State, Commerce, and Energy all dedicated years and millions of 
dollars in facilitating the growth of Malaysia’s export control capacity. NNSA, in celebration of the 
10th anniversary of the STA, acknowledged that the U.S. interagency had “collaborated with the 

35 “Partners through Thick and Thin,” The Star, August 7, 2010, https://www.thestar.com.my/business/busi-
ness-news/2010/08/07/partners-through-thick-and-thin.

36 “Press release by Inspector-General of Police in Relation to Investigation on the Alleged Production of Components for 
Libya’s Uranium Enrichment Program,” Malaysian Police, 2004, https://isis-online.org/uploads/iaea-reports/documents/
Malaysian_Police_Report.pdf.

37 Maria Ressa, “Nuclear Scandal Man ‘Confesses’,” CNN, February 20, 2004, http://edition.cnn.com/2004/WORLD/
asiapcf/02/20/nuclear.malaysia/index.html. 

38 Martin Fackler, “5 Japanese arrested in atom case – Asia – Pacific – International Herald Tribune,” New York Times, August 
25, 2005, https://www.nytimes.com/2006/08/25/world/asia/25iht-japan.2596170.html.

39 “Strategic Trade Act 2010,” Office Portal Royal Malaysian Customs Department, http://www.customs.gov.my/en/faq/Pages/
faq_sta.aspx.
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Government of Malaysia for more than 15 years” on various export control issues.40 The Departments 
of Commerce and State historically laid much of the groundwork for capacity-building efforts, with 
programmatic capacity-building activities being implemented consistently since 1990. More recently, 
NNSA has played an ever-increasing role in improving Malaysia’s export control standards. Starting 
in 2008, NNSA incorporated Malaysia into its “Second Line of Defense” program, which focused 
on installing detection equipment to help combat the proliferation of not only weapons but also 
sensitive material.41 In 2012, the United States also organized workshops to allow government 
agencies and civil society to develop the skills necessary to use radiation detection equipment. A 
significant number of resources have been committed to this effort, with the NNSA spending $41.5 
million between 2003 and 2011 on its Megaports project alone.42 Today, efforts with Malaysia 
continue as various U.S. agencies host training activities and security exercises.

Malaysia continues to make progress on its export control standards. This progress, however, has not 
come without U.S. assistance. The continued level of involvement of the United States on the topic 
of export controls signals the importance of this issue for the United States and the essential role 
regional states have in maintaining global stability. Although one of the more notable instances 
of U.S. export control collaboration, Malaysia is by no means alone. A similar level of engagement 
has been recorded in Thailand, Kenya, and many more. These relationships portray the deep 
interconnection of the export control standards of non-Western states and the fight against the 
proliferation of WMDs.

MECR EXPANSION AND THE BENEFITS FOR  
U.S. STRATEGIC TRADE OBJECTIVES
This paper has highlighted the puzzling reality that non-Western countries have remained excluded 
from the MECRs despite the evident role they play in preventing the proliferation of WMDs. This 
enigma is only further complicated when one tries to reconcile the United States’ decades-long 
attempt to improve the national export control standards of these states and the lack of interest 
in admitting these states to the broader MECR community. This paper has attempted to explain 
this phenomenon through a host of potential circumstances, ranging from the presence of source 
material and Western exceptionalism to the preference for bilateral action. Although plausible, these 
explanations cannot be stated as a definitive reason for this imbalance in U.S. foreign policy efforts 
and membership in the MECRs. However, even without an explanation, there is a strong argument that 
the United States should work to achieve MECR membership for non-Western states, as it is consistent 
with enduring national policy objectives. Many of the non-Western states who are not members of 
the MECRs, and where the United States devotes significant resources, are those with limited export 
control experience and transshipping nations where smuggling is likely. Whether suppliers or not, the 
inclusion of non-Western states in the MECRs would allow for further capacity building that would 
improve the ability of these nations to combat the spread of WMDs for several reasons. 

40 “U.S. officials from Departments of Energy, State, and Commerce celebrate 10 years of Malaysia’s strategic trade manage-
ment,” National Nuclear Security Administration, April 8, 2021, https://www.energy.gov/nnsa/articles/us-officials-depart-
ments-energy-state-and-commerce-celebrate-10-years-malaysias.

41 “U.S. and Malaysia Agree to Secure Seaport Cargo,” National Nuclear Security Administration, Press release, February 27, 
2008, https://www.legistorm.com/stormfeed/view_rss/962405/organization/91705/title/us-and-malaysia-agree-to-se-
cure-seaport-cargo.html.

42 Government Accountability Office, Combating Nuclear Smuggling: Megaports Initiative Faces Funding and Sustainability 
Challenges (Washington, DC: Government Accountability Office, 2012), https://www.gao.gov/assets/gao-13-37.pdf.
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First, extending membership to these states will allow for information sharing and the transfer of 
historical knowledge. The United States spends so much time and resources helping these states 
develop domestic export control regulations, implement detection technology, and identify potential 
vulnerabilities, simply because effective export control systems are difficult to construct without 
previous experience. In the current state, the United States has taken it upon itself to share its 
knowledge and build the capacity of these states. However, the U.S. economic system is unique, and 
so too are its proliferation concerns. Therefore, the United States may not be best suited to help Asian 
nations develop the tools necessary to deal with regional proliferation concerns that are largely 
determined by the regional economy and security environment. An argument could be made, then, that 
Malaysia may benefit more from interacting with Japan or South Korea on the topic of export controls. 
Additionally, the regions at risk of a proliferation incident are profound, and the United States cannot 
adequately commit the resources necessary to ensure all vulnerable states are attended to. Pushing 
for these states to join the MECRs would mean they would enjoy the latent knowledge transfer that 
comes simply by being a part of the process. These states would then also enjoy the potential to 
interact with regional partners, thereby better tailoring said knowledge transfers. This would allow 
these states to continue developing their export control laws, allow the United States an efficient 
means of coordinating knowledge transfers within regions at a multilateral level, and allow the United 
States to hone its focus on other, riskier regions. Second, it would be cheaper for the United States to 
fulfill its export control objectives. By allowing these states to participate in the MECRs, learn from 
other nations, develop technology awareness, and understand the present strategic trade issues, 
these states would essentially garner similar benefits produced by U.S. funding workshops. Lastly, the 
incorporation of these states into the MECRs would mean that the international security objectives 
of the United States would be less prone to fluctuations. It is common practice for a new president to 
have their budgetary priorities, especially in the realm of security. This is even more noticeable during 
a change in political parties, as signified in the Biden administration’s review of the WMD policies 
of the Trump presidency. Capacity building in these states and the fight against the proliferation of 
WMDs, however, are a political-security imperative for the United States. Limiting the spread of these 
weapons leads to further global stability and allows the United States to focus on other more pressing 
issues. Therefore, it is essential to develop a sort of stopgap measure that allows these efforts to 
continue despite funding cuts or isolationist foreign policy decisions. 

Whether intentional or not, many of the world’s nations remain outside the auspices of the MECRs. 
Despite persistent instances of WMD use or smuggling, a lack of effort has been made to involve 
these states in the broader international nonproliferation framework. Given the United States’ 
extensive bilateral efforts to improve the strategic trade capabilities of these states and the role 
these states play in combatting WMD proliferation, the government should seriously consider the 
policy benefits offered by expanding membership in the MECRs.
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