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 ▪ Engage the full and diverse next generation pipeline
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debate over how best to address the nuclear community’s most pressing problems. The PONI 
Conference Series provides a platform for the next generation to present their research and ideas 
to professionals from across the nuclear community. The Nuclear Scholars Initiative provides top 
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Introduction

The role that nuclear weapons play in international security has changed since the end of the 
Cold War, but the need to maintain and replenish the human infrastructure for supporting nuclear 
capabilities and dealing with the multitude of nuclear challenges remains essential. For a number 
of reasons, including the 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 and restore this essential cadre of talent and expertise. 

Meeting the security challenges of the future will require a sustained effort over the long-term by 
a multidisciplinary cadre of nuclear experts who are equipped with critical knowledge and skills, 
as well as a robust professional network. It will also require new and creative thinking on how to 
approach various political, military, legal, 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 
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 2018 Nuclear Scholars Initiative and the PONI Conference 
Series. PONI sponsors this research to provide a forum for facilitating new and innovative thinking 
and to provide a platform for emerging thought leaders across the nuclear enterprise. The papers in 
this volume span a wide range of technical and policy 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, deep-diving on nuclear 
strategy and national policies, proposing paths forward for addressing proliferation challenges, and 
enhancing arms control in contentious environments.
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Hospitals and Dirty Bombs
Removing Dangerous Radiological Material from the 
Public Space

Erin Connolly1

ABSTRACT 
Weapons of mass destruction have proven to be an arduous aspiration for state and non-state 
actors given that they are generally kept in secure facilities. However, radiological materials such as 
cesium-137 do not share the same obstacles and are often found in locations that are, by nature, open 
to the public despite their security risk. This paper explores the risk posed by cesium-137 and how 
alternatives, such as x-ray blood irradiation, can reduce the risk of a radiological dispersal device (RDD) 
and increase public security. Cesium-137 is most commonly used to irradiate, or sterilize, blood and can 
be found in hundreds of facilities worldwide. In order to fully eradicate the risk of radiological terrorism, 
countries should transition from cesium blood irradiation to viable alternatives--a process that will 
likely require government assistance. The Nuclear Security Summit process emphasized the need to 
transition away from cesium, but it is critical countries such as the United States continue to lead the 
process in the absence of summits.  

INTRODUCTION
The international security environment is plagued by non-state actors and their desire to disrupt 
the international order. This security threat is constantly evolving, and as these organizations have 
become more complex, their ambitious goals have become more attainable. Non-state actors have a 
documented interest in weapons of mass destruction (WMD), including nuclear, chemical, biological, 
and radiological materials.2 These weapons of mass destruction have proven to be an arduous 
aspiration given that they are generally kept in secure facilities. However, radiological materials (such 

1.  Erin Connolly is a program assistant at the Center for Arms Control and Non-Proliferation and the Fissile Materials Working 
Group.
2.  “Nuclear Terrorism Fact Sheet,” Belfer Center for Science and International Affairs, accessed Spring 2018, https://www.belfer-
center.org/publication/nuclear-terrorism-fact-sheet. 

https://www.belfercenter.org/publication/nuclear-terrorism-fact-sheet
https://www.belfercenter.org/publication/nuclear-terrorism-fact-sheet
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as cesium-137) do not share the same obstacles and are often found in locations that are, by nature, 
open to the public despite their security risk. 

Radiological materials can be utilized in a radiological dispersal device (RDD) and thereby pose a 
significant security threat. An RDD, or “dirty bomb,” is a weapon that uses conventional explosives 
to spread radioactive material.3 While the conventional explosive is often more harmful than the 
ensuing radiation exposure, this weapon of mass disruption has significant ramifications for public 
security. Materials like cesium-137, which is principally used in hospitals and blood centers with often 
minimal security, are highly-dispersible and bind easily to surfaces. These qualities, in addition to 
their numerous locations around the world, make them ideal for an RDD. Due to cesium’s relatively 
widespread use, the material does not need to cross a border to reach a target. The United States 
may have thousands of portal monitors at various entry points, but these security measures do 
not ameliorate the current threat posed by cesium-137, because the material exists in hundreds of 
facilities across the nation.4 Cesium-137 poses a security risk outside of its standard use, and the 
material is at particular risk for theft while in transit. 

Cesium-137 serves diverse purposes around the world, with most of the material is found in 
industrialized, high-income countries. While cesium-137 is most commonly used for blood irradiation, 
this technology is also applied in well-logging, the oil industry, and in food irradiation. There are 
currently over 500 blood irradiators in the United States, 400 of which are in medical facilities.5 While 
the international community moved to address this threat by incorporating radiological materials 
in the 2014 Nuclear Security Summit, significant work remains. There are viable alternatives 
available for blood irradiation that many countries embraced to minimize the threat of a dirty bomb. 
Despite possessing approximately half of the global cesium irradiator inventory, the United States 
is noticeably behind other countries in transitioning to alternative technology to minimize this 
threat.6 In 2013, 500 blood irradiators sterilized almost 2 million units of blood in the United States.7 
Within the United States, Massachusetts, Pennsylvania, Texas, and California contain the highest 
concentration of cesium irradiators. 

The Nuclear Regulatory Commission (NRC) regulates radiological material in the United States to 
ensure adequate security. The NRC achieves this through the “licensing, inspection and enforcement 
of its requirements.”8 Facilities utilizing cesium require a license, but this has not proven to cultivate 
a strong security environment or culture. Various reports have highlighted the security implications 
associated with radiological materials, including a 2008 report by the National Academy of Sciences 
that recommended the United States discontinue licenses for new cesium chloride radiation sources 
and encouraged the use of alternatives.9 A 2012 Government Accountability Report (GAO) reported on 

3.  “Backgrounder on Dirty Bombs,” United States Nuclear Regulatory Commission - Protecting People and the Environment, 
accessed Winter 2017, https://www.nrc.gov/reading-rm/doc-collections/fact-sheets/fs-dirty-bombs.html.
4.  U.S. Government Accountability Office, Radiation Portal Monitors: DHS’s Fleet Is Lasting Longer than Expected, and Future Acqui-
sitions Focus on Operational Efficiencies, GAO-17-57 (Washington, DC, October 2016), 8, https://www.gao.gov/assets/690/681293.
pdf. 
5.  Interview with U.S. government official, August 9, 2018. 
6.  Interview with U.S. government official, E-mail interview, July 17, 2018. 
7.  Department of Health and Human Services, The 2013 AABB Blood Collection, Utilization, and Patient Blood Management Survey 
Report, (AABB, 2015), 63, http://www.aabb.org/research/hemovigilance/bloodsurvey/Documents/2013-AABB-Blood-Survey-Re-
port.pdf. 
8.  “About NRC,” United States Nuclear Regulatory Commission - Protecting People and the Environment, accessed Spring 2018. 
https://www.nrc.gov/about-nrc.html 
9.  “Radiation risks: Cesium chloride blood irradiators increase dirty bomb risk,” Homeland Security Newswire, May 21, 2014, 
accessed Spring 2018, http://www.homelandsecuritynewswire.com/dr20140521-cesium-chloride-blood-irradiators-in-

https://www.nrc.gov/reading-rm/doc-collections/fact-sheets/fs-dirty-bombs.html
https://www.gao.gov/assets/690/681293.pdf
https://www.gao.gov/assets/690/681293.pdf
http://www.aabb.org/research/hemovigilance/bloodsurvey/Documents/2013-AABB-Blood-Survey-Report.pdf
http://www.aabb.org/research/hemovigilance/bloodsurvey/Documents/2013-AABB-Blood-Survey-Report.pdf
https://www.nrc.gov/about-nrc.html
http://www.homelandsecuritynewswire.com/dr20140521-cesium-chloride-blood-irradiators-increase-dirty-bomb-risk
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numerous security violations and other security concerns that were not in violation of NRC standards, 
which suggests that the NRC requirements fail to protect this dangerous material. A decade later, 
the same conclusion remains: The United States should replace cesium blood irradiators with the 
available alternatives to adequately address the national security threat of radiological terrorism.  

Policymakers should heed the recommendation. As the largest consumer of cesium-137, the United 
States can serve as an example in transitioning to alternative technology to adequately address 
this radiological material’s security risks.10 Moving forward, cesium blood irradiators should be 
phased out of use and replaced in order to properly address the security risks associated with the 
radiological material. 

This paper outlines the uses and risks of cesium, describes available alternatives for blood irradiation, 
discusses what action has been taken both internationally and domestically in the United States, and 
provides policy recommendations to address the threat. While cesium poses a security threat, there 
is a logical and safe path forward towards eradication, which the United States and the international 
community can no longer ignore. 

WHAT IS CESIUM?
While cesium-137, or cesium chloride, has been developed for use in a variety of industries, the material 
is most often found in medical and research facilities for blood irradiation. The “radiation is aimed at 
preventing transfusion associated graft-versus-host disease (TA-GVHD), a rare but nearly always fatal 
complication to blood transfusions, in which transfused white blood cells attack the recipient’s tissue.”11 
The ionizations and radicals damage genetic material in white blood cells and inhibit cell division, 
working to prevent Graft-versus-host disease (GVHD). This procedure to sterilize blood is common in 
medical and research facilities. According to the American Association of Blood Banks (AABB)—a not-
for-profit association that represents individuals and institutions involved in transfusion medicine—
“members managed almost 1.8 million irradiated blood products in 2013, representing almost 33% of 
all blood components transfused by blood banks reporting irradiated units.”12 

Unlike cesium-133, which is stable and often used for atomic clocks, cesium-137 is highly radioactive. 
The cesium-137 salt-talcum powder is compressed into stainless steel capsules that are used to 
irradiate the blood.13 The exposure to radiation ionizes the blood or material, which sterilizes it for 
use. According to the International Atomic Energy Agency (IAEA), cesium is ranked as a Category One 
source (most dangerous) out of a five-tier system. According to the NRC, the organization regulating 
the material in the United States, Category One sources “if not safely managed or securely protected, 
would be likely to cause permanent injury to a person who handled them or was otherwise in contact 
with them for more than a few minutes. It would probably be fatal to be close to this amount of 

crease-dirty-bomb-risk.
10.  Pomper, Miles, Egle Murauskaite, and Tom Coppen, Promoting Alternatives to High-Risk Radiological Sources: The Case of Ce-
sium Chloride in Blood Irradiation (Washington, DC: James Martin Center for Nonproliferation Studies, March 2014), 2, accessed 
Winter 2017, https://www.nonproliferation.org/wp-content/uploads/2014/03/140312_alternative_high_risk_radiological_sourc-
es_cesium_chloride_blood.pdf. 
11.  Dalnoki-Veress, Ferenc, Miles Pomper, “Dealing with the Double-Edged Sword of Cesium Blood Irradiation,” Nuclear 
Threat Initiative, June 29, 2017, accessed Spring 2018, http://www.nti.org/analysis/articles/dealing-double-edged-sword-cesi-
um-blood-irradiation/.
12.  Bieniawski, Andrew J., Ionna Iliopulos, and Michelle Nalabandian, Case Study: An Analysis of Several National Approaches to 
Alternative Technologies for Radioactive Sources (NTI, July 2017), accessed Spring 2018, 7,  http://www.nti.org/media/documents/
NTI_INMM_Alternative_Technology_Paper_Jul2017_oDGeMET.pdf. 
13.  “Glossary | Learn | NTI,” Nuclear Threat Initiative, accessed Winter 2017, http://www.nti.org/learn/glossary/#irradiate.

http://www.homelandsecuritynewswire.com/dr20140521-cesium-chloride-blood-irradiators-increase-dirty-bomb-risk
https://www.nonproliferation.org/wp-content/uploads/2014/03/140312_alternative_high_risk_radiological_sources_cesium_chloride_blood.pdf
https://www.nonproliferation.org/wp-content/uploads/2014/03/140312_alternative_high_risk_radiological_sources_cesium_chloride_blood.pdf
http://www.nti.org/analysis/articles/dealing-double-edged-sword-cesium-blood-irradiation/
http://www.nti.org/analysis/articles/dealing-double-edged-sword-cesium-blood-irradiation/
http://www.nti.org/media/documents/NTI_INMM_Alternative_Technology_Paper_Jul2017_oDGeMET.pdf
http://www.nti.org/media/documents/NTI_INMM_Alternative_Technology_Paper_Jul2017_oDGeMET.pdf
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unshielded material for a period of a few minutes to an hour.”14 Yet the significant risk associated with 
cesium has not inhibited the material’s use. Cesium’s 34 half-life makes it ideal for blood irradiation 
since the source will last as long as the machine. However, since the source is decaying throughout 
this thirty-year period, the efficiency of using cesium declines over time. While the half-life and 
reliability of a radiological source are valuable, cesium-137 is highly dispersible, soluble in water, and 
binds easily to surfaces. These qualities, combined with cesium’s accessibility, render the material 
ideal for an RDD. 

Due to its versatility, cesium is found in numerous private and public industries. Most often, it is found 
in facilities that are inherently open to the public, including hospitals, blood centers, and universities. 
In order to irradiate a material like blood or food, it is placed into a metal canister and then into 
the irradiator where it is adjacent to one or more shielded, pencil-shaped cesium-137 sources.15 The 
pencils are positioned on one side or in a u-shape around a central rotating canister.16 The rotation 
ensures that the material receives uniform gamma-ray exposure to the blood unit. 

Recognizing the dangers of cesium-137, some have replaced the material with cobalt-60, another 
radiological material. However, replacing cesium with cobalt fails to address the security risk. Cobalt’s 
half-life is approximately five years, resulting in increased replacement frequency. The energy 
emissions, also gamma ray radiation, are about four times stronger than that of cesium. Thus, cobalt 
requires an irradiator with a thicker shield, resulting in a heavier device. Since heavier devices are 
often kept on lower floors, this poses a significant security risk because of their accessibility to 
loading docks. While cobalt is not as dispersible as cesium, it is still ranked as a Category One source 
and presents a similar threat for radiological terrorism. If released into the atmosphere, both sources 
can cause radiation sickness and burns. 

WHAT ARE THE RISKS?
An RDD—a type of “dirty bomb” that disseminates radiological sources with a conventional 
explosive—is considered relatively easy to create, hence the security risk and suitability for non-state 
actors. The salt-like talcum powder and solubility of cesium results in a highly dispersible material 
that binds easily to surfaces such as concrete and maximizes its effect in an RDD. Cesium’s thirty-
year half-life also creates enduring ramifications should the material ever be used in a radiological 
terrorism event, or an accident. Additionally, small amounts of material have significant ramifications: 
less than half a gram of cesium-137 can contaminate an area of approximately one square 
kilometer.17 The widespread use of cesium negates the need to move the material across borders, 
presenting one fewer obstacle for use. 

A radiological weapon is considered a weapon of mass disruption, as opposed to a weapon of mass 
destruction. The physical impact of an RDD is minimal, often limited to the immediate area around 
the conventional blast. The radiation effects are also limited. Radiation is most damaging when 
exposure happens over long periods of time or in high doses; however, in an RDD, the exposure 

14.  “Category of Radioactive Sources,” United States Nuclear Regulatory Commission, accessed Spring 2018, https://www.nrc.
gov/reading-rm/basic-ref/glossary/category-of-radioactive-sources.html. 
15.  National Research Council, Radiation Source Use and Replacement: Abbreviated Version (Washington DC: National Academies 
Press, 2008), accessed Spring 2018, https://www.nap.edu/catalog/11976/radiation-source-use-and-replacement-abbreviat-
ed-version.
16.  Ibid., 88.
17.  U.S. Library of Congress, Congressional Research Service, “Dirty Bombs:” Background in Brief, United States of America by 
Medalia, Jonathon, R41891 (2011), 7, accessed Winter 2017, https://fas.org/sgp/crs/nuke/R41891.pdf. 

https://www.nrc.gov/reading-rm/basic-ref/glossary/category-of-radioactive-sources.html
https://www.nrc.gov/reading-rm/basic-ref/glossary/category-of-radioactive-sources.html
https://www.nap.edu/catalog/11976/radiation-source-use-and-replacement-abbreviated-version
https://www.nap.edu/catalog/11976/radiation-source-use-and-replacement-abbreviated-version
https://fas.org/sgp/crs/nuke/R41891.pdf
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is short and dispersed. Those exposed to radiation are made aware of their exposure through the 
explosion and can therefore quickly seek medical attention. Only those directly exposed to the blast 
are at risk for radiation sickness or being harmed by surrounding physical destruction. However, the 
psychological impact of an RDD is significant. Any attack will likely cause citizens to question the 
ability of their government to provide adequate security, and this fear is often compounded by the 
target chosen for the RDD. Malign actors would likely target a prominent symbol, such as New York’s 
Empire State Building or the Capitol Building. After enduring a radiological attack, locations become 
a “no-go” zone for significant periods of time—perhaps years or even decades—as officials work to 
decontaminate the area. Vacant buildings serve as a constant reminder of society’s vulnerability to 
attack, undermine confidence in the government’s ability to provide security, and hinder the process 
of moving forward. In addition, once news of the explosion breaks, there may be conflicting media 
reports and ensuing panic. Once those in the area are alerted to the radiological nature of an attack, 
thousands of people may fear exposure and seek medical help. The inundation of panicked patients 
may prevent proper medical care treatment for those who were, in fact, exposed to radiation. RDDs 
are relatively accessible and threaten long-term ramifications; governments can no longer afford to 
neglect the security risk associated with the unnecessary use of radiological materials.  

In the United States, the NRC regulates the use of radiological and nuclear materials. The agency has 
created a “multilayered” and “comprehensive” approach that has “been effective in keeping incidents 
to a minimum and consequences low.”18 Before exploring the shortcomings of these regulations and 
thereby the potential risks that may ensue, it is important to first outline the current NRC regulations 
in place for radiological material, which are detailed below. 

 ▪ Background checks, including fingerprinting, to ensure that people with access to sources are 
trustworthy and reliable.

 ▪ Physical barriers and personnel access controls to areas where sources are stored or used.

 ▪ Security plans and procedures to detect, deter, assess and respond to unauthorized access attempts.

 ▪ Coordination and response planning between licensees and local law enforcement agencies.

 ▪ Coordination and tracking of shipments of radioactive material.

 ▪ Security barriers to discourage theft of portable devices containing radioactive material.19

Facilities housing cesium sources require a license from the NRC and are expected to abide by the 
guidelines listed above. However, the guidelines are written without adequate specificity and have 
resulted in varied implementation.

While the NRC claims that their approach has been effective, a report released by the Government 
Accountability Office (GAO) in 2012 undermines this conclusion. The GAO examined medical facilities 
that use cesium-137 and found various risks in several of the 26 facilities visited. Ultimately, the GAO 
found “NRC requirements and implementation by licensees do not ensure the security of high-risk 
radiological sources.”20 For instance, one blood irradiator in a major U.S. city was found in a room that 

18.  “About NRC,” U.S. Nuclear Regulatory Commission, accessed Spring 2018, https://www.nrc.gov/about-nrc.html. 
19.  “Backgrounder on Protection and Security of Radiation Sources,” United States Nuclear Regulatory Commission, accessed 
Spring 2018, https://www.nrc.gov/reading-rm/doc-collections/fact-sheets/protect-security-radiation-sources.html. 
20.  U.S. Government Accountability Office, Nuclear Nonproliferation: Additional Actions Needed to Improve Security of Radiological 
Sources at U.S. Medical Facilities, GAO-12-925 (Washington, DC: September 2012),10. https://www.gao.gov/assets/650/647931.
pdf. 

https://www.nrc.gov/about-nrc.html
https://www.nrc.gov/reading-rm/doc-collections/fact-sheets/protect-security-radiation-sources.html
https://www.gao.gov/assets/650/647931.pdf
https://www.gao.gov/assets/650/647931.pdf
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could be locked, but the combination to the lock was written on the door. The doorway was in a busy 
corridor, and one security administrator explained how he often walked around the facility erasing 
combinations written next to locks.21 The NRC counters that a single lock is not necessarily a security 
weakness, but failure to control the combination and restrict access to only “trustworthy and reliable 
individuals” is a clear violation.22 

At another facility, the GAO found a cesium blood irradiator located in the middle of the room. 
The irradiator was not secured to the floor and was placed near a bay of unalarmed windows 
overlooking a publicly accessible loading dock. According to NRC officials, “an irradiator sitting in 
the middle of the floor that is not bolted down is not necessarily vulnerable.”23 However, a system 
that is not secured to the floor is more mobile and provides one less obstacle for malign use. While 
visiting another device at a university hospital, the GAO discovered over 500 people had access 
to the radiological materials. The university’s data system was unable to hold records for more 
than 500 people, and it was estimated that as many as 800 people had unescorted access to the 
sources.24 Another notable security risk that passed NRC inspections occurred at a facility where the 
blood irradiator was placed in the basement of a building that was open to the public. There was 
a surveillance camera located in the hallway, but it pointed away from the door, and there were 
no security measures inside the room. One irradiator was placed on a wheeled pallet with close 
proximity to an external loading dock. Despite the mobility of the irradiators and the limited security, 
the facility passed NRC inspections due to the swipe access for the room. The persistent egregious 
security risks that do not violate regulations demonstrate the consistent vulnerability of radiological 
materials in facilities across the United States. These findings indicate the existing, broadly written 
NRC standards do not ensure adequate security. 

Moreover, the same GAO report detailed efforts to increase security for cesium chloride at vulnerable 
facilities. As of April 2012, the National Nuclear Security Administration (NNSA) had completed 
security upgrades at 321 of the 1,503 U.S. hospital and medical facilities with high-risk material.25 
The security upgrades are not expected to be complete until 2025, but even so, the upgrades do 
not ensure adequate protection for radiological materials. For instance, the program is voluntary; a 
facility may choose to abstain from upgrades, despite vulnerabilities. Furthermore, the NNSA warranty 
period is only for three to five years. After this time, hospitals and medical facilities will be required 
to independently maintain upgrades. The upgrades cost approximately $10,000 per facility per year 
but lack enforcement measures.26 The voluntary upgrades fail to adequately incentivize the facilities 
to strengthen their security environment and maintain any of the progress that was made during 
the warranty period. In an effort to incentivize the facilities housing the radiological materials, the 
NRC could create a licensing condition mandating security maintenance. In addition, the NRC should 
work to specify their standards to prevent vague interpretations resulting in inadequate security. 
While increased security is a positive effort, it is a short-term solution that fails to address the risks 
associated with cesium sources in blood irradiation. 

Radiological materials in the wrong hands, terrorist or accidental, have severe implications. For 
example, in September 1987, two individuals in Goiania, Brazil were searching through an abandoned 

21.  Ibid., 16.
22.  Ibid., 16.
23.  Ibid., 18.
24.  U.S. Government Accountability Office, Nuclear Nonproliferation, 19. 
25.  Ibid, 23.
26.  Ibid, 23.
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hospital for scrap metal when they found a capsule they believed would have scrap value. After 
bringing the source home, the thieves tried to dismantle it and the cesium source subsequently 
ruptured. Four people died, hundreds were injured and there was mass contamination throughout 
Goiania. Approximately 112,000 people sought medical attention out of fear of radiation exposure, 
overwhelming the healthcare system.27 The mass contamination resulted in demolished buildings 
and stigmatized people. The Brazilian government paid billions of dollars over the years of clean up 
and decontaminate as a result of an accidental discovery of cesium chloride. From that experience, 
one can only imagine the consequences of an intentional RDD use. 

A more recent incident in Mexico highlights the transportation risks associated with radiological 
materials. In 2013, a truck carrying radioactive material was hijacked. The hijackers tampered with 
Cobalt-60, the material some experts have suggested to replace cesium-137. The truck was later 
found abandoned, with no one nearby. Authorities were unable to locate the hijackers, but Mardonio 
Jimenez, a physicist for Mexico’s National Commission of Nuclear Safety and Safeguards, explained 
that the two men would die within the next two days from acute radiation sickness.28 Acute radiation 
sickness does not require a person to touch the radioactive material; exposure alone is enough. Once 
exposed, the gamma rays’ energy interferes with human cells and mutates the DNA. It is a painful 
death, one with burns, blisters, diarrhea, and vomiting, including vomiting blood. The risk associated 
with the use of radiological materials is deeper than the risk of a malign actor purposefully 
acquiring the material for an RDD. As the incidents in Mexico and Brazil illustrate, there are severe 
consequences for even unintentional exposure to these radioactive sources. However, alternatives 
are becoming increasingly available that make the risks of using radiological materials in blood 
irradiation unnecessary.

WHAT ARE THE ALTERNATIVES?
While cobalt-60 was considered as an early alternative to cesium chloride blood irradiation, 
technology has advanced such that radiological materials are no longer necessary. Alternative 
technology has proven to be as effective as cesium in preventing GVHD, without the security risks 
associated with radiological materials. There are a variety of alternatives from which medical 
facilities and blood banks can choose, including programs to support the transition.

The most common alternative to cesium blood irradiators is x-ray technology. Since 2005, the 
Food and Drug Administration (FDA) has approved x-ray blood irradiators that provide the same 
medical benefits without the risk of radiological terrorism.29 But despite being on the market for 
over a decade and domestically manufactured by two companies—RayCell and RadSource—x-ray 
technology has yet to surpass cesium use in blood irradiation. A new x-ray blood irradiator costs 
approximately $270,000, including preventative maintenance and warranty coverage.30 The 2010 
Interagency Task Force on Radiation and Security submitted a report noting x-ray technologies were 
cost competitive with radionuclide technologies on an annual basis.31 In addition, facilities will also 
save approximately $10,000, since x-ray technology does not require the disposal of a radiological 

27.  Dalnoki-Veress, Ferenc, Miles Pomper, “Dealing with the Double-Edged Sword of Cesium Blood Irradiation.”
28.  Fisher, Julia, “Mexico’s Radioactive-Material Thieves Are Probably Dying Right Now, In Exactly This Way,” The New Republic, 
December 05, 2013, accessed Winter 2017, https://newrepublic.com/article/115839/cobalt-60-side-effects-radioactive-truck-
thieves-mexico-are-dying. 
29.  Nancy C. Brogdon, Center for Devices and Radiological Health to Ross Kachaniwsky, Director, Quality and Regulatory Affairs, 
Department of Health and Human Services, Food and Drug Administration, May 26, 2005. 
30.  Bieniawski, Iliopulos, and Nalabandian, Case Study, 3.
31.  Pomper, Murauskaite, and Coppen, Promoting Alternatives to High-Risk Radiological Sources, 1.
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source. The security requirements are also “less onerous” than that of a cesium blood irradiator, which 
alleviates an additional cost burden.32 

While x-ray technology is cost-competitive and eradicates the risk of radiological terrorism, there are 
some concerns regarding the longevity of x-ray technology compared to a cesium blood irradiator. 
X-ray irradiators require replacements for the rods inside the irradiator more frequently than the 
30-year cesium source. In addition, some doctors have cited increased breakdown frequency of 
x-ray technology as a reason to refuse alternative technology. There are also concerns regarding 
the increased water and electricity of an x-ray irradiator compared to cesium. While these may be 
obstacles, there are logical options to alleviate these concerns. The 30-year half-life of cesium 
may be valuable in terms of replacement and breakdown inefficiencies, but x-ray technology is 
continuously evolving. New machines are self-cooling, which helps mitigate breakdown frequency, 
and facilities can also be proactive in the event there is a breakdown. Those who rely on x-ray 
technology often retain a backup for irradiation so that the facility can send the blood to another 
place to be irradiated should there be a problem with a machine. In addition, a hospital or blood 
bank center may send their technicians to the production facility to learn how to repair the machine 
should problems arise. This training results in an annual discount given to the facility with trained 
technicians while also facilitating a more rapid response to any issues.33 Even if logistical concerns 
cannot be ameliorated, alternative technologies should still be considered in order to avoid the risk 
of radiological terrorism.  

Thankfully, logistical concerns have thus far been minimal in practice. After considering the threat 
exposure related to the use of cesium, Mount Sinai Hospital in New York City has completely 
transitioned to x-ray technology. The RadSource RS 3400 x-ray blood irradiator was installed in 
January 2018. Dr. Jeffrey Jhang, an associate professor of pathology at the Icahn School of Mount 
Sinai, explained, “we were training, validating, and using the machine in February, and we went 
live on March 1.”34 In addition to having a backup facility, Mount Sinai’s team proactively sent 
technicians to be trained for how to respond in the event that an irradiator broke down. Dr. Kamen, 
Chief Radiation and Laser Officer at Mount Sinai explained that the hospital has not yet had a need 
for either backup and noted there was no change in the quality of care.35 The threat of radiological 
terrorism drove the doctors at Mount Sinai to push for the transition to alternative technology.36 The 
mitigation of security risks is not the only motivational force behind the change. X-ray irradiators 
have proven to be more efficient in their sterilization of blood. A cesium source will irradiate four 
bags in 12 minutes, while an x-ray irradiator can process six to eight units of blood in only five 
minutes.37 The increased efficiency, lower security costs, and risk mitigation contribute to x-ray 
irradiation’s popularity as an alternative to cesium sources. 

Linear accelerators (LINACs) are another alternative to cesium blood irradiators. LINACs are routinely 
used for radiotherapy in cancer patients, but the device can also be used to irradiate blood.38 
However, the devices are significantly more expensive than cesium or x-ray technologies. LINACs 

32.  Bieniawski, Iliopulos, and Nalabandian, Case Study, 3.
33.  Kamen, Jacob, Dr, “Cesium Letter,” February 20, 2018, https://armscontrolcenter.org/wp-content/uploads/2018/08/Cesium-
Letter-March-9-2018-Final.pdf. 
34.  Admin, “New Rays on Blood Safety - CAP TODAY,” Siemens Healthineers, BCS XP (Coagulation 2018), June 27, 2017, accessed 
Winter 2018, http://www.captodayonline.com/new-rays-blood-safety/. 
35.  Kamen, “Cesium Letter.”
36.  Ibid.
37.  Admin, “New Rays on Blood Safety - CAP TODAY.”
38.  National Research Council, Radiation Source Use and Replacement: Abbreviated Version, 93.
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often cost about $2 million with annual maintenance amounting to approximately $200,000. In order 
to justify this cost, the devices must process large volumes of blood or serve a dual-use purpose. 
Dual-purpose LINACs are more common, particularly in developing countries. Facilities primarily 
use LINACs in cancer radiotherapy treatments and blood irradiation becomes its secondary purpose. 
Sterilizing blood using a LINAC requires an acrylic box containing the blood bags to be placed on a 
table. This table is where patients would normally lay to receive cancer treatments. A LINAC takes 
approximately eight minutes to sterilize blood. Therefore, dual-use LINACS may limit patient use of 
the machine during the day and interfere with radiotherapy treatment for cancer patients. In addition, 
LINAC irradiation requires a trained radiation therapist or physicist. This may increase operating costs 
for the facility since other alternatives, like an x-ray irradiator, do not have the same use restrictions. 
Moreover, the steep purchasing and operating costs are often prohibitive for medical facilities. 
LINACs are most often used in the developing world because blood banks cannot afford a separate 
machine for blood irradiation and cancer treatment. In the United States, some facilities—such as 
Alabama Montgomery Cancer Center, which irradiates nearly 600 blood bags with 3 LINACs each 
year—utilize LINACs for blood irradiation, but most look to this technology for cancer treatment.39 
Domestically, LINACs are best utilized as a backup for other means of blood irradiation should a 
machine ever breakdown. Internationally, however, LINACs present a dual-use alternative that is more 
secure than cesium. 

Currently, Photochemical Ultra Violet (UV) Sterilizers are becoming increasingly popular 
internationally to sterilize blood. These devices are significantly smaller than other blood irradiation 
methods and can fit on a laboratory table. This approach uses UV energy to sterilize blood and 
mitigates any risk of radiological terrorism. The technology was originally developed 100 years ago 
in Denmark, and UV light has since been used in a variety of ways, including blood sterilization, water 
purification, and lymphoma.40 While components of this technology have been approved by the FDA 
for other purposes, the device has not yet been approved for blood irradiation in the United States. 
Once it is fully approved, the device presents a reliable alternative to cesium blood irradiation with 
minimal security risks and a compact size. 

The transition away from cesium blood irradiation is not a radical notion. Alternative approaches 
have been available, but it is critical that those pushing for alternative technologies connect with 
those in the medical facility who will use the device, such as doctors or technicians, in addition to 
administrators. Outreach efforts prove vital in this endeavor, particularly since the transition occurs 
on a voluntary basis in the United States. In a 2016 survey completed by the National Institutes of 
Health, more than half of the 34 doctors surveyed were willing to immediately switch to, or at least 
test, alternative technologies.41 

The transition to alternative technology requires more than industry support. The United States 
should ensure there is an adequate infrastructure in place to meet increased demand for removal 
and replacement of radiological-based blood irradiators. Unfortunately, there is a backlog at Los 
Alamos National Laboratory (LANL) for radiological source removal and disposal. As early as 2014, 
there were 48 cesium-137 based devices (65 radioactive sources) and 30 sites using cobalt-60 (1,154 

39.  Pomper, Murauskaite, and Coppen, Promoting Alternatives to High-Risk Radiological Sources, 17.
40.  DeBow, Matt, “THE UV FACTOR - Surprising Uses of Ultraviolet Light,” Medical Light Association, 2005, accessed Spring 
2018, http://www.medicallightassociation.com/?q=node/69.
41.  Interagency Working Group on Alternatives to High-Activity Radioactive Sources, “Transitioning from High-Activity Radioac-
tive Sources to Non-Radioisotopic (Alternative) Technologies,” Office of Science and Technology Policy, December 2016, 21, 35, 
https://obamawhitehouse.archives.gov/sites/default/files/microsites/ostp/ndrd-gars_best_practices_guide_final-.pdf.
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sources) on the backlog.42 The United States should take steps to eradicate the backlog and create a 
more efficient system to mitigate any future source disposal issues. 

Source disposal also poses a challenge, since there are limited facilities available to store the 
radiological source once it is disposed of. The manufacturers of these sources are unable to reclaim 
the radiological material, which results in the U.S. government holding the burden.43 In addition, it is 
imperative that x-ray facilities are able to meet the increased demand as replacements become more 
frequent. The two existing producers in the United States may need to expand, or perhaps another 
producer may enter the market, with governmental incentives if necessary. If photochemical UV 
sterilizers become FDA approved for blood irradiation, a second viable alternative may also alleviate 
the strain on x-ray producers. This may offer a new market opportunity, which can incentivize 
Congress to act should a new facility be built in a Member’s district. 

Since hospitals are not-for-profit, cost often inhibits the transfer to alternative technology. The 
infrastructure requirements for x-ray technology in terms of water and electricity prove difficult for 
more rural facilities or those in developing countries. In addition, those transitioning from cesium 
to x-ray technology often look for a backup method should their device break down. This is also a 
disincentive to change; however, it is critical to highlight the security benefits, both financial and 
psychological, that accompany the transition away from cesium-137. The transition away from cesium 
is viable in terms of capacity and quality of care. As the 2014 report released by the Interagency Task 
Force on Radiation Source Protection recommends, “U.S. Government agencies, where appropriate, 
lead by example in the consideration of and transition to alternative technologies that meet 
technical, operational, and cost requirements.”44 The alternative technology available, especially x-ray 
and photochemical UV sterilizers, meet these requirements and should be further utilized in the 
United States and abroad. 

WHAT IS BEING DONE?
The United States holds the “largest share of global inventory of radiological sources by a wide 
margin,” and is therefore positioned to lead the transition away from the use of cesium-137. 
Due to the largest holding of this material, the United States is at greater risk for radiological 
terrorism and should actively seek to reduce the threat of an attack. The U.S. Government is 
working to address the risk posed by radiological materials in public spaces and has been doing 
so for over a decade. The Task Force on Radiation Source Protection and Security has been 
tasked to “evaluate, and provide recommendations relating to, the security of radiation sources 
in the United States from potential terrorist threats, including acts of sabotage, theft, or use 
of a radiation source in a radiological dispersal device.”45 The Task Force consists of fourteen 
federal agencies and two state organizations and is chaired by the NRC. The organization issues 
a report every four year, and reports have thus far been released in 2006, 2010, and 2014. The 
2010 report identified the access to disposal for radiological materials as the most significant 
challenge in terms of radiological security. This challenge remains today. Despite almost a 

42.  Abigail Cuthbertson, “Global Threat Reduction Initiative, Workshop Examining Alternatives to Cesium Chloride in Blood 
Irradiators,” James Martin Center for Nonproliferation Studies, January 8, 2014.
43.  “Nuclear Regulatory Commission Public Meeting on Cesium Chloride Uses, Including Blood Irradiators,” September 2008, 
AABB, accessed Spring 2018, http://www.aabb.org/advocacy/government/public/Pages/nrcmeeting092908.aspx. 
44.  Marc L. Dapas, “The U.S. Nuclear Regulatory Commission Implementation Plan for The Radiation Source Protection and 
Security Task Force Report,” The Nuclear Regulatory Commission, February 01, 2017, 5, accessed Spring 2018, https://www.nrc.
gov/docs/ML1636/ML16363A075.pdf. 
45.  Pomper, Murauskaite, and Coppen, Promoting Alternatives to High-Risk Radiological Sources, 19.
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decade of acknowledging the need for change, the United States has largely failed to prioritize 
this threat.46 

The international community has actively worked to mitigate the risk of radiological terrorism through 
the prioritization of alternative technology. The momentum began to accelerate during the 2012 
Nuclear Security Summit (NSS), which expanded to include radiological materials alongside fissile 
materials. This emphasis aided in raising awareness of the risks and available alternatives. During 
the 2014 NSS, 23 countries, including the United States, signed a Joint Statement on Enhancing 
Radiological Security. This statement included a pledge to secure Category One sources by the end of 
2016, in addition to the implementation of other commitments associated with increasing radiological 
security. Such commitments include regaining control over orphaned sources, developing a national 
response plan to any incidents, and aiding other states in the quest to locate all Category One 
sources.47 Building upon this, during the 2016 NSS, the United States government pledged to partner 
with industry to replace 34 cesium-137 blood irradiators with alternative technologies by 2020. In this 
vein, several conversions have already begun in New York, NY and Atlanta, GA.48 Since the inception of 
the Cesium Irradiator Replacement Project (CIRP) effort, the Department of Energy/NNSA has replaced 
43 cesium blood irradiations, with many more facilities that have demonstrated interest in the 
initiative and are now waiting for replacements.49 The United States has already successfully fulfilled 
the commitment to replace 34 blood irradiators by 2020 and is pursuing additional replacements. 

The United States has also facilitated the removal of radiological sources in other countries, increasing 
global security, and worked to enhance domestic security. According to the U.S. National Progress 
Report, 82 percent of buildings containing Category One sources in the United States have volunteered 
to institute additional best practices by the NRC and also worked to increase transportation security.50 
While the United States has taken positive steps as part of the global initiative to reduce the risk 
of radiological terrorism, those steps are not proportional to the risk exposure domestically. There 
are approximately 400 remaining cesium blood irradiators in the United States under inadequate 
NRC regulations.51 While a good first step, the U.S. commitment during the NSS process represents a 
meager process when confronting the entire radiological threat in the United States.  

In order to fully eradicate the risk of radiological terrorism, countries, such as the United States, 
should transition from cesium blood irradiation to viable alternatives. The NNSA works to facilitate 
the transition both domestically and internationally. CIRP is within the Office of Radiological Security 
(ORS) at the NNSA and specifically focuses on replacing cesium blood irradiators with alternative 
technology. CIRP currently offers to replace cesium sources with x-ray technology but is open to 
facilitating photochemical UV sterilizers once they become fully FDA approved.  CIRP provides 
financial incentives to exchange cesium irradiators with x-ray technology by offering to pay for up to 

46.  “Nuclear Regulatory Commission Public Meeting on Cesium Chloride Uses, Including Blood Irradiators.” 
47.  Bieniawski, Andrew J., Ioanna Iliopulos, and Michelle Nalabandian, “Radiological Security Progress Report: Preventing Dirty 
Bombs — Fighting Weapons of Mass Disruption,” The Nuclear Threat Initiative, March 2016, 6, accessed Winter 2017. https://
www.nti.org/analysis/reports/radiological-security-progress-report/ 
48.  “Preventing a Dirty Bomb: Effective Alternative Technologies for Radiological Security,” The Nuclear Threat Initiative, April 
4, 2017, accessed Winter 2017, https://www.nti.org/newsroom/news/preventing-dirty-bomb-effective-alternative-technolo-
gies-radiological-security/. 
49.  “Interview with U.S. government official,” E-mail interview, July 17, 2018.
50.  “United States National Progress Report - 2016 Nuclear Security Summit,” National Archives and Records Administration, 
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port-2016-nuclear-security-summit.  
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half of the alternative, which currently only includes x-rays, in addition to removing and disposing of 
the radiological source. This support saves facilities over $100,000, greatly impacting the incentive 
structure to transition to alternative technology.52 

European countries have responded more rapidly and comprehensively to the threat posed by 
cesium-137 sources. Even prior to the NSS momentum, France created a ten-year plan in 2006 to 
phase out all thirty of its cesium-137 blood irradiators.53 This plan was completed in 2016, the same 
year France led the High Activity Sealed Radioactive Sources (HASS) Joint Statement at the NSS, which 
the United States also signed.54 France is not alone in this accomplishment. Following an internal 
study on the economic impacts of an RDD, as well a terrorist incident that indicated interest in such 
an attack, Norway pledged to replace all its cesium blood irradiators. By 2015, “13 blood irradiators 
containing high-activity cesium were replaced with x-ray devices, and the cesium sources were 
returned to their Canadian manufacturer.”55 Norway stated that since 2015, the country was seeing the 
same medical benefits, without the risk of radioactive material being misused. Sweden and Finland 
strongly encourage the use of x-ray blood irradiators instead of cesium, while France and Denmark 
have banned the use of cesium in blood irradiation. The transition is not only focused in Europe. Japan 
has phased out 80 percent of its cesium blood irradiators over the past twenty years.56 Japan’s steps 
towards alternative technology are especially important due to the largely homogenous population 
that results in increased risk for GVHD. Thus, Japan’s transition indicates the quality of sterilization 
through x-ray irradiation. The international effort in replacing cesium-137 irradiators is a positive step, 
however this work should continue to expand to effectively reduce the risk of radiological terrorism. 

Developing countries present a diverse set of challenges when looking to replace radiological 
sources with alternative technology, but this transition remains critical. The growth of non-state 
actors is particularly acute in developing countries, many of whom are working to advance medical 
care treatment. Advancements in care are positive but must be followed by appropriate security 
improvements. Developing countries look to cesium and radiological sources as a reliable device 
in medical care. Alternative technology like x-ray irradiators require advanced infrastructure to 
support their water and electrical needs. However, x-rays are not the only alternative available for 
blood irradiation. LINACs present a viable alternative for facilities that are unable to accommodate 
the increased infrastructure requirements. The cost and dual-use challenges remain, but they are 
minor compared to the risk of radiological terrorism. The cost can be mitigated through international 
support, and the dual-use may provide better cancer treatment in addition to blood sterilization. The 
facility would need a trained technician to operate the device, but the investment in training would 
be multi-purpose. The developing world presents a significant threat to radiological security, but this 
threat can be reduced through international cooperation.  

MOVING FORWARD
Cesium-137 presents a legitimate threat to American and international security. This vulnerability is 
amplified by the number of locations holding cesium-137, and it is further compounded by the lack 
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of security at such facilities. However, exposure to this threat is unnecessary and can be resolved 
through alternative technology. A study found net benefits if the United States transitioned from 
cesium to x-ray blood irradiators. The net benefits “are much larger and more certain for older 
devices,” thus a phased transition, beginning with the oldest cesium devices, would demonstrate the 
most significant benefits.57 

A phased transition is the best approach moving forward. It will not overwhelm the NNSA 
replacement program, and it adequately responds to the limitation in devices certified to transport 
cesium sources. The NNSA incentive structure is vital to ensure the transition away from cesium-137. 
Currently, cesium users incur no liability costs; even if something is to go wrong with radiological 
sources, the government will incur the cost. Thus, users have little incentive to move away from 
current methods on their own. The NNSA CIRP program provides critical support for securely making 
this transition in addition to providing a financial incentive structure. An amendment included 
in the fiscal year 2019 National Defense Authorization Act (NDAA) includes language that would 
support the critical work of the NNSA ORS cesium replacement project. The amendment—co-
authored by Representatives Jimmy Panetta (D-CA), Pete Visclosky (D-IN), Jeff Fortenberry (R-NE), 
Chuck Fleischmann (R-TN) and Jim Banks (R-IN)—prioritizes cesium-137 blood irradiators in hospitals 
and medical facilities, stating the goal is to eliminate the “use of blood irradiation devices in the 
United States that rely on cesium chloride by December 31, 2027.”58 The bi-partisan amendment is 
particularly effective in that it continues funding for the NNSA project while retaining the integrity 
of the current voluntary approach. This entails voluntary transitions, cost-sharing for alternative 
devices and covering the cost of source disposal. Congressional involvement in the cesium-137 
debate indicates an increased awareness of the risk and includes a comprehensive approach to 
alleviating this threat. This positive step indicates there may be future opportunities for nuclear 
security legislation in Congress, particularly legislation working to expand mandatory cesium source 
replacement in other fields, such as oil and research facilities. There are over 500 cesium irradiators 
in the United States, with 400 in the medical field; thus, significant work remains to be done.59 The 
NGO community should work to capitalize on this current interest, illustrate the continued threat 
posed by cesium-137, and work to reduce it wherever possible. 

Internationally, the United States and other international partners should continue the work that 
began during the 2014 NSS process. The international community should cooperate and support one 
another in the endeavor to locate all sources, in addition to facilitating the transition to alternative 
technology. While many European countries should be applauded for their prioritization of the 
transition, these countries should share their resources with developing countries who remain 
exposed to the threat of radiological terrorism. 

The United States lives with a viable solution that has yet to be fully executed. The 2010 Task Force 
on Radiation Protection and Security concluded, “a gradual stepwise phase-out could be feasible as 
alternatives become technologically viable and if disposal pathways are identified.”60 The alternatives 
have been identified and validated in their ability to perform. Cesium replacement also presents an 
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opportunity for the United States to increase domestic production of quality x-ray irradiators and 
position the country as a leader in refining these alternative technologies. 

The United States and international partners should act before cesium is misused, intentionally or 
unintentionally. If governments fail to act, the public will be left to ask why they were left exposed to 
an unnecessary risk with lasting physical and psychological consequences. 



15

India Lacks a Credible 
and Adequate Nuclear 
Employment Strategy 
Major Jessica Gott1

ABSTRACT
India lacks a credible and sufficient nuclear employment strategy in the face of its evolving threat 
environment vis-à-vis China. India’s nuclear strategy includes the maintenance of a credible minimum 
deterrent and a “No First Use” policy with the promise of massive retaliation on a scale that will inflict 
unacceptable damage to an enemy following a nuclear attack. This strategy lacks credibility due to India’s 
civil-military divide, insufficient military readiness, and questionable will to inflict massive retaliation 
following a first strike. Furthermore, while India’s conventional military threat vis-à-vis China has changed 
since 2003, its nuclear employment strategy has not. An examination into the direction that India’s threat 
environment has developed demonstrates that their nuclear employment strategy lacks the flexibility to 
ensure India is able to make up for its conventional military shortfalls. The possibility of India not being able 
to adequately deter China not only poses an existential threat to India but also to U.S. interests in the region. 

INTRODUCTION
In “Destined for War,” Dr. Graham Allison proposes that war between a rising China and an immovable 
America may be inevitable unless both parties take difficult and painful actions to avert it.2 However, 
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a Sino-Indian war may be more probable. As China and India simultaneously increase their regional 
power status and their necessity for dwindling natural energy resources, their interests and militaries 
are bound to compete in disputed spaces and potentially collide.  Herman Kahn notes that the risk 
of conflict escalation is used to facilitate negotiations and put pressure on one side or both to settle 
a dispute without war.3 China continues to show disregard for international law, contempt for other 
nations’ interests, and continues to dismiss non-adversarial efforts to resolve territorial disputes.4 As 
such, while India and China are at risk for any one conflict to escalate to war, India could possibly 
deter China’s infringement on its interests with a credible and adequate nuclear employment strategy. 

Although India conducted a “peaceful nuclear explosion” in 1974, it waited until 1998 to perform 
nuclear weapon tests that shocked the world. In response to international outrage, Prime Minister 
Atal Bihari Vajpayee proclaimed that India did not want war; it only wanted a nuclear deterrent 
as a result of its deteriorating security environment.5 However, since its nuclear weapon tests, 
India has not evolved its nuclear employment strategy—not even in response to India’s increasing 
conventional asymmetric disadvantage in comparison to China. As a result, India does not maintain 
an adequate nuclear employment strategy to deter China’s challenges on India’s broader national 
interests. Therefore, to continue to further its goals, China is more likely to risk conflict with India, 
because it will estimate its possible gains outweigh its possible costs.6 

At the 2018 Shangri-La Dialogue, Indian Prime Minister, Narenda Modi, called for greater Indo-
Pacific regional cooperation and made a case for India’s rising regional leadership role.7 While his 
message struck an overall optimistic tone for the region, day’s prior India conducted another flight 
test of its long-range nuclear-capable Agni V missile, suspected of being capable of reaching all of 
China’s major population centers.8  Therefore while optimistic, Modi may also be hedging his bets 
and realizing India faces an evolving security threat from China. Nonetheless, for India’s nuclear 
employment strategy to deter Chinese infringement upon India’s broader national interests, China 
would have to find India’s deterrent threat not only credible but also adequate. 

While considering how states perceive their competitor’s nuclear employment strategies, Elaine Bunn, 
former deputy assistant secretary of defense for nuclear and missile defense policy, notes it’s the human 
element of deterrence that really matters. Bunn emphasizes that for deterrence to hold, aggressors 
need to believe that an opponent would have the will and the ability to retaliate. She notes directly 
that states can possess all of the “stuff,” but to avoid war, the aggressor has to find the threat credible.9 

This paper argues that India does not possess a credible nuclear employment strategy, due to India’s 
civil-military divide, inadequate military readiness, and the extreme irrationality of its massive 
retaliatory policy. Furthermore, India’s nuclear employment strategy is inadequate considering China’s 
conventional military advantage and its expansionism along India’s immediate periphery. 
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OVERVIEW OF INDIA’S NUCLEAR WEAPONS PROGRAM
DEVELOPMENT OF INDIA’S NUCLEAR EMPLOYMENT DOCTRINE
“The May 1998 tests, dubbed “Shakti-2” (“Power”), set loose an international furor, which was 
accompanied by a debate about the size and scope of the arsenal that India would eventually 
build, the impact of that arsenal on the balance of power in South Asia—including China—and 
whether it signaled a permanent departure from long-standing Indian support for universal 
disarmament.10 However, India’s competing approaches to nuclear weapons are on the one-
hand driven by practical military concerns—threats to its east and west—and on the other 
hand driven by its devotion to the ideals of nonproliferation and disarmament. This inherent 
dualism is an example of the sometimes-quixotic character of India’s approach to its nuclear 
employment strategy.11 

Nonetheless, as part of India’s response to the rebuke from the international community following 
its 1998 nuclear weapon tests, India took a stepwise approach to its newly overt nuclear weapons 
capability. In 1999 India’s National Security Advisory Board (NSAB) published a draft nuclear 
doctrine. Following its release, it was unclear whether the draft doctrine constituted India’s official 
nuclear employment policy, since the Cabinet Committee on Security (CCS) had not given its official 
clearance.12 However, the draft indicated that India’s nuclear employment strategy would meet the 
following objectives:

 ▪ India will maintain a credible minimum deterrent (CMD) capable of retaliating with sufficient 
nuclear weapons to inflict unacceptable destruction and punishment to its aggressor.

 ▪ Nuclear weapons shall be tightly controlled and released for use at the highest political level.

 ▪ The Prime Minister of India, or the designated successor(s) is the sole person authorized to order 
the release of nuclear weapons.13

India’s nuclear employment policy remained unofficial until January 5, 2003, when India’s CCS 
released a press statement formalizing the strategy. The statement solidified the objectives in the 
NSAB’s 1999 draft doctrine, maintaining India’s goal of a CMD and a “NFU” policy.14 In addition, the 
CCS statement announced India’s nuclear command structure, the Nuclear Command Authority (NCA), 
which includes a Political Council and an Executive Council (EC). India’s prime minister chairs the 
Political Council, and it is the only body with the authority to order a nuclear strike. The national 
security adviser chairs the EC, which advises the NCA and carries out orders from the Political 
Council.  The CCS also approved the role of a commander-in-chief of the Strategic Forces Command 
(SFC) to take charge of the arsenal if the Prime Minister ordered a nuclear strike.15 

Although the NSAB’s 1999 draft doctrine declared India would continuously review its nuclear 
employment policies in the context of India’s threat environment, India’s nuclear employment 
strategy has not been updated while its threat environment has changed since 2003.16 However, 
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in the meantime, India’s nuclear capabilities have notably evolved since India released its nuclear 
employment doctrine.17

INDIA’S NUCLEAR WEAPON EMPLOYMENT CAPABILITY
India reportedly possesses 90 to 110 nuclear warheads and extensive nuclear fuel cycle capabilities 
to include plutonium and highly enriched uranium pathways.18 India’s goal is to build potent 
nuclear weapon capabilities that are mobile and survivable, in the expectation that the prospect 
of unacceptable damage will deter full-spectrum war.19 As a part of its assured retaliation nuclear 
employment strategy, India’s goal is to maintain a second-strike capability.20 

India has been expanding and modernizing its nuclear weapon hardware. Currently India is fielding 
a nuclear-armed ballistic submarine (SSBN) fleet and a submarine-launched ballistic missile, testing 
missiles approaching intercontinental ballistic missile range, researching Multiple Independently 
Targetable Reentry Vehicle warheads, and developing potentially nuclear short-range missiles. 
However, arguably some of India’s nuclear modernization efforts are challenging the adequacy of 
its nuclear employment strategy and causing debate about whether India should revisit its nuclear 
employment policy. For example, India’s development and research endeavors of the 700-kilometer 
Shourya nuclear missile and the potentially nuclear capable short range Prahaar and Brahmos 
missiles, suggest that India may have an interest in a warfighting counterforce capability for its 
nuclear weapon arsenal. 21

India is indeed advancing in all aspects of its technical nuclear capabilities.22 However, neither the 
CCS’s 2003 press release nor the NSAB’s 1999 draft doctrine define what New Delhi equates as CMD. 
India’s official statements indicate it is a dynamic concept contingent on the strategic environment, 
technological imperatives, and national security. The size and make up of India’s nuclear arsenal, 
both number of warheads and the number and types of delivery platforms, are neither fixed nor 
transparent.23 However, India’s nuclear weapon modernization efforts may prove futile if India’s 
nuclear employment strategy is insufficient to deter a rising China from infringing on India’s interests. 

INDIA’S NUCLEAR EMPLOYMENT STRATEGY LACKS CREDIBILITY 
“Deterrence is achieved not through the ability to defend but through the ability to punish.” 24 As 
India’s nuclear employment strategy seeks to deter nuclear attacks it’s would be aggressor would 
have to find India’s retaliation threat credible. While India continues to modernize its nuclear 
capabilities, it lacks the credibility to be able to operationalize its nuclear employment strategy 
due to its civil-military divide and the effect this divide has on military readiness. Furthermore, 
the strategy lacks credibility due to its promise of massive retaliation following a nuclear attack 
regardless of yield or aggressor.  

17.  Yogesh Joshi, Frank O’Donnell, and Harsh V. Pant, India’s Evolving Nuclear Force and Its Implications for U.S. Strategy in the 
Asia-Pacific (Carlisle: U.S. Army War College Press), 1.
18.  Nuclear Threat Initiative, an overview of India’s nuclear capabilities, April 2017, http://www.nti.org/learn/countries/india/.
19.  Holmes and James, Second Nuclear, 154.
20.  Malik, India’s Military, 84.
21.  Yogesh Joshi, Frank O’Donnell and Harsh V. Pant, India’s Evolving Nuclear Force and Its Implications for U.S. Strategy in the 
Asia-Pacific (Carlisle: U.S. Army War College Press), 1-3.
22.  Ibid, 2.
23.  Yoshihara and Holmes, Second Nuclear, 163.
24.  Scott Sagan and Kenneth Waltz, The Spread of Nuclear Weapons: An Enduring Debate (New York: W.W. Norton & Company), 5.



India Lacks a Credible and Adequate Nuclear Employment Strategy  |  19

CREDIBILITY CONCERN: INDIA’S CIVIL-MILITARY DIVIDE
Disunity persists in the Indian government on national security issues because political leaders are 
traditionally reluctant to involve the military in national security decision-making bodies. “Despite 
the important national security roles envisaged and expected of them, they [armed forces] are 
seldom in the loop at the policymaking and planning level. And when included in this loop, only a 
handful of senior officers are privy to ministerial interactions and decision-making.”25 For example, 
the military has traditionally not been involved in decisions concerning nuclear testing, design, or 
even Command and Control (C2).26  However, if India is to enact a nuclear employment strategy that 
adequately deters aggressors, military officers will be vital in nuclear planning, devising strategic 
and tactical warning procedures, developing interservice coordination for joint operations, and 
guaranteeing the safety of deployed weapons. 27 

This hesitation to involve the military in national security decision making threatens to harm India’s 
ability to carry out its nuclear employment strategy. One of the chief concerns is India has not 
devised how C2 would work between civilian members of the Indian government and the military 
leaders that on order would operationalize the strategy. Following India’s nuclear weapon tests, the 
government declared that India had different versions of C2 and only needed to consolidate them. 
However, to date the only aspect that is clear is that the government would retain possession of the 
weapons in peacetime.28 

India’s military leaders have publicly declared that the military has inadequate representation 
in high-level national security discussions and lacks an understanding of how C2 would work in 
the event that a retaliatory strike is ordered. Former Indian Army Chief of staff, General V.P. Malik 
notes, “We [the military] are not in the decision-making loop of the nuclear weapon program. 
Mostly because there is an apathy in the civilian governance structure towards the profession of 
soldiering.”29 From the military’s perspective, the government’s distrust of the military runs the risk 
of harming India’s national security outlook by leaving out those who have combat experience and a 
vested operational interest in India’s national defense strategy.30 

Also harming the credibility of India’s nuclear employment strategy is the lack of clarity within 
civilian control of nuclear weapons and their release authority procedures. While referencing the 
newly formalized doctrine in 2003, India’s office of the Ministry of External Affairs stated that the CCS 
“approved the arrangements for alternate chains of command for retaliatory nuclear strikes in all 
eventualities”—which arms control watchers interpret as possibly referring to a case in which the prime 
minister is incapacitated during a nuclear crisis. It is unclear what the alternate chain of command is 
and whether control of the arsenal would remain under the control of civilian leadership.31

Furthermore, India’s civil-military divide threatens its nuclear deterrent when it comes to the 
possibility of nuclear weapon custodial transfer during conflict. Since 1998, India has been working 
on an operational C2 architecture in the event that a retaliatory strike is necessary. Currently, India’s 
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nuclear stewardship procedures call for the civilian custodial maintenance of India’s nuclear assets 
and only to transfer custodial responsibility to the military after India has absorbed a nuclear first 
strike.32 For sea-based systems this process is murky at best, as it is unknown how C2 of sea-based 
nuclear weapons would work at civil-military interface. A variety of possible solutions are reportedly 
being considered; such as stationing civilians on board submarines under a “dual-key” arrangement. 
But this issue will present a challenge for a government that has historically reserved national 
security discussions solely to civilians. 33

The unavailability of the INS Arihant during the 2017 Sino-Indian Doklam stand-off provides an 
example of how the Indian civil-military divide can affect India’s ability to operationalize its nuclear 
employment strategy. Reportedly, during the dispute, the Indian government ordered the deployment 
of the Arihant, its sole SSBN. However, until this order was given, India’s civilian leadership was 
unaware that the SSBN had actually been inoperable for months.34 This points to the consequence of 
a lack of communication between civilian and military leaders. More importantly, the causes behind 
the unavailability of the Arihant display how the civil-military divide can affect military readiness. 

CREDIBILITY CONCERN: INDIA’S MILITARY READINESS 
India’s diversifying nuclear force raises challenges for its defense planners. Reflecting on the use of 
nuclear weapons to end World War II, Bernard Brodie notes, “Thus far the chief purpose of our military 
establishment has been to win wars. From now on it must be to avert them. It can have almost no 
other useful purpose.”35 Arguably India’s civil-military divide has stifled its military’s readiness and 
therefore threatens the military’s ability to deter future conflict. 

For instance, despite repeated recommendations from India’s conflict review committees and 
successive military service chiefs, India has yet to create a military position to provide a single-
point of military advice to civilian leadership to influence a unified defense strategy.36 As one India 
watcher observed, “In the absence of strong political guidance as to the nation’s strategic goals and 
the conditions under which the armed forces would be employed, the armed forces are being forced 
to improvise.”37 Thus, in the absence of centralized leadership, the three services have formulated 
three separate warfighting doctrines—all of which lack integration with the services and are 
premised on their distinct service perspectives. For instance, the Army’s doctrine puts the Air Force 
in a subordinate role and vice versa. Meanwhile, both services largely ignore the Navy, which is 
pushing to expand its nuclear submarine capabilities and, therefore compete for a larger share of the 
defense budget. In the absence of centralized military leadership, the development of a “nuclear triad” 
capability has remained more so a single service program in the hands of India’s Air Force, rather 
than a tri-service program.38 

India also has a mixed record of establishing doctrinal guidelines suitable for a credible second-
strike capability, setting up relevant institutional infrastructure to accomplish specified objectives, 
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and adjusting strategy and force structure to stay abreast of its evolving threat environment.39 
Greater oversight of the Arihant class fleet is necessary as well as explicit recognition of its limits 
as a last resort nuclear backstop.40 On the contrary, there have been serious accidents within the 
Indian nuclear and missile programs due to the lack of military readiness oversight.41 For instance, 
reportedly the Arihant was unavailable during the Doklam standoff due to an incident months 
prior when the weapon system was damaged from internal water damage reportedly caused by 
human error. The Arihant incident is part of a series of issues that India’s Navy has had managing its 
conventional and nuclear-powered submarine forces.42 Meanwhile, India’s naval nuclear discourse 
has frequently suggested the INS Arihant could also serve to deter Chinese expansionism throughout 
the Indian Ocean (IO), pointing to serious doubts that India maintains a credible nuclear employment 
strategy.43 In addition to India’s civil-military divide affecting the credibility of India’s ability to carry 
through on its nuclear employment threat, its threat of massive retaliation to inflict unacceptable 
damage is also questionable.

THE CREDIBILITY GAP: MASSIVE RETALIATION
The ability for an aggressor to believe its opponent’s deterrent threat is credible depends on the 
potential for retaliation to be irrational.44 India’s nuclear employment strategy promises the irrational 
massive retaliation following any yield of a nuclear attack. However, there are credibility concerns 
about India’s threat as it relates to proportionality and contributing attribution following a nuclear 
first strike.

Critics argue that the “unrealistic certitude” of massive response regardless of the yield of the first 
strike suffers from credibility problems. For instance, Pakistan’s development of low-yield nuclear 
weapons, has created doubts in India regarding the credibility of its nuclear deterrent. Analysts 
note, “It defies logic to threaten an adversary with nuclear annihilation to deter use of tactical 
nuclear weapons.”45

In addition, India’s nuclear employment doctrine does not reference how it would retaliate against 
non-state actor use of nuclear weapons without clear attribution of sponsoring state actor. Those 
who doubt the effectiveness of India’s nuclear doctrine point out that India so far has been unable 
to deter Pakistan-based terrorist groups’ attacks against India.46 Meanwhile, India cannot rule out 
the possibility of Pakistan-based terrorist groups obtaining a nuclear weapon. For instance, India’s 
intelligence service reports that there was a nuclear warhead onboard during Al Qaeda’s 2014 attack 
of Pakistan’s PNS Zulfiqar. If the report is accurate, the attack would be the first known terrorist 
attack against a facility holding nuclear weapons and probably not the last.47 While India’s nuclear 
employment strategy arguably suffers from credibility concerns, even absent of those concerns, the 
strategy may not be sufficient to deter China’s infringement on India’s broader national interests.
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INDIA’S NO FIRST USE POLICY IN ITS EVOLVING THREAT 
ENVIRONMENT
India’s threat of massive retaliation is based on the premise that deterrence works on the logic of 
punishment. However, an NFU policy holds a state’s population at risk, allowing the adversary to carry 
out conventional large-scale destruction below the nuclear threshold.48 

India’s nuclear employment strategy does not address India’s evolving conventional existential 
threat vis-à-vis China. The asymmetric Sino-Indian threat perception, China’s IOR expansionism, and 
China’s increasing defense cooperation with states in India’s backyard, demands for India to have a 
more flexible and more ambiguous nuclear employment strategy to deter the Chinese conventional 
threat. However, as history shows, India’s reluctance towards a national defense strategy leaves India 
unprepared to adequately defend its interests.

India’s lack of preparation for the prospect of conflict with China led New Delhi to be caught off 
guard when Beijing attacked India in 1962. The war ended with border regions in dispute, the 
formation of the Line of Actual Control (LAC), and India’s loss of territory from the state of Ladakh.49 
Among other issues, border regions that remain disputed could incite conflict. For deterrence to 
work, India will need to understand that a strategy of deterrence requires the support of precedents 
and depends on widely understood thresholds to be reliable.50 However, India’s nuclear employment 
strategy fails to account for China’s conventional advantage that is bolstered by its expansion into 
the IO and its defense cooperation with India’s neighbors.

According to India, China currently occupies thousands of square kilometers of India. And the disputed 
regions between the two countries are displayed as part of China on Chinese maps.51 There are doubts 
that India’s nuclear deterrence strategy would dissuade China from seizing the disputed state of 
Arunachal Pradesh in the northeast. 52 Of note, at the 2017 Shangri-La summit, China suggested that 
there is no universal law of sea governing territorial disputes in the maritime domain.53

SINO-INDIAN THREAT ASYMMETRY 
Currently, India’s nuclear employment strategy is incapable of making up for its conventional 
shortfalls in comparison to China. China continues to conventionally outcompete India. China is 
stationing new forces along the Indian border, improving its transport link to the border from existing 
military bases in China’s interior and alongside the border. To put it into perspective, China’s Second 
Artillery Force, the corps of China’s military charged with the operation of nuclear forces, possesses 
around seven times the number of conventional ballistic and cruise missiles as nuclear missiles.54 

Analysts have noted the asymmetry, particularly in reference to threat perceptions between India 
and China. India tends to regard China as a significant threat, but China does not regard India in 
such terms.55 On the contrary, India’s position to not retain the ability to utilize nuclear weapons to 
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respond to conventional existential threats will arguably play into China’s cost/benefit analysis in the 
event of a dispute with India. As concerns increase in India increase regarding the strength of India’s 
conventional deterrent and the validity of its nuclear employment strategy, there have been calls for 
India to maintain a more flexible nuclear employment strategy. 

Bottom line, as China expands its presence in the IO, India increasingly must contend with the 
prospect of a multi-domain conflict. India’s policy to solely resort to nuclear weapons in response to 
a nuclear first strike does not take India’s evolving multi-domain threat environment into account. 

CHINA’S EXPANSIONISM IN THE INDIAN OCEAN 
China’s military modernization and economic rise has the long-term potential to significantly 
enhance its ability to project military power throughout the Indian Ocean Region (IOR). 

China’s Belt and Road Initiative (BRI) is designed to connect China to Africa, the Middle East, Central 
Asia, and Europe. But for many, Beijing’s scheme is also militarily strategic. While China proclaims it 
does not intend to maintain an overseas military capability, China watchers predict that overtime 
China will move to militarily secure its investments abroad. For China to dominate the seas 
surrounding India, it has moved from diplomatic port calls with India’s neighbors to regular security 
cooperation operations. Consequently, many in India view China’s BRI as a Trojan horse, a precursor to 
a permanent Chinese presence just off of their shores.56 

Meanwhile, Delhi maintains a proprietary attitude towards the IO, perceiving the presence of foreign 
naval powers, particularly China, as being illegitimate. However, Beijing refuses to recognize India’s 
perceived prerogatives in the IO. Beijing’s lack of sensitivity towards Indian concerns contributes even 
further towards the heightened level of threat perceptions in Delhi as India is having to contend with 
the prospect of dual-use facilities in its own backyard.57 For instance, Dr. Yung points out that when 
a state has the need for a security presence abroad it will require air defenses and anti-access, aerial 
denial capabilities to ensure the security of their overseas interests.58

In addition, there is mounting concern surrounding India’s inability to deter China as both powers’ 
economies increasingly rely on overlapping sea lanes of communication (SLOCs). While China had 
no material naval presence in the IO during the twentieth century, over the last decade, its regional 
role has grown in connection with its anti-piracy deployments to protect its SLOCs in the western IO. 
China’s maritime capabilities already exceed India’s by a considerable margin in both quantitative 
and qualitative terms, and that margin is likely to continue to grow.59

Another indicator that China intends to expand its presence in the IO is the evolution in Chinese 
military doctrine towards blue water naval operations; indicating an intention to enhance its naval 
presence in the IO in the medium to long-term. China’s 2015 Defense White Paper, China’s Military 
Strategy, signaled a shift from ‘Offshore waters defense’ to ‘open sea protection.’60 This has included 
several deployments of both conventional and nuclear attack submarines (SSN) to the northern IO. 
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Although China has increased its military presence in the IO, it’s arguably China’s increased security 
cooperation with India’s neighbors that is a greater concern for India in the realm of a future conflict. 

India perceives China’s growing presence in the IO to be shaping the strategic environment and 
forming alignments that can be used against India. Due to the tyranny of distance, arguably China 
would not be able to present a robust threat to India in the IO. However, with port access with India’s 
neighbors, China would be able to sustain a significant maritime presence in the IO.

Over the past decade, many security analysts have referenced this scenario as China’s ‘String of 
Pearls’ strategy that will develop a chain of dependent ports for use by the Chinese Navy to protect 
its IO SLOCs.61 However, while shrugging off such claims, Beijing cemented strong relationships with 
India’s neighbors, Pakistan, Bangladesh, and Burma—nations not entirely friendly to India. China also 
has heavily courted the Maldives, Sri Lanka, Mauritius, and Seychelles in an effort to offset India’s 
positional advantage. 62

In reference to India’s long-time foe, Pakistan, China traditionally has had an “all-weather” strategic 
partnership with Pakistan, encompassing extensive Chinese economic and defense assistance to 
develop Pakistan’s infrastructure and ensure it remains militarily competitive with India. China’s lack 
of sensitivity towards India in its dealings with Pakistan and India’s smaller neighbors is a major 
adversarial factor in the Sino-Indian relationship and a key driver of a negative dynamic in the 
maritime domain.63 For instance, according to reports, which have not been denied by Beijing, China 
intends to station naval vessels and military personnel at the Pakistani port of Gwadar. Increased 
Sino-Pakistani naval cooperation may be driven by China’s wish to place greater pressure on the 
Indian Navy in the Arabian Sea and to distract the Indian Navy from developing its capabilities east 
of India. In addition, China has also courted Sri Lanka as a major economic and defense partner, 
contributing to Indian anxieties about China’s intentions in the region. These anxieties came to 
a head with the September 2014 visit of a Chinese submarine to the newly Chinese-built and 
operated port facilities in Colombo. Of note, the submarine visit coincided with a major incursion of 
Chinese troops over the LAC, infuriating Delhi. Consequently, the incident arguably left India’s leaders 
pondering the prospects of a multi-domain conflict with China.64

In the face of a conventionally superior China, India runs the risk of significant impacts to its interests 
in a conflict with China that is below the nuclear threshold. As such, a former Indian SFC commander 
declares that a NFU policy is extremely undemocratic, especially when the public is out of sync with 
the governments’ policy, and the nation is not psychologically prepared. What critics have advocated 
for is adapting a new form of ambiguity around India’s nuclear use policy. Ambiguity would give India 
more options to decide at its discretion how to respond to an overwhelming conventional threat that 
threatened India’s very existence.65

India’s failure to adjust its nuclear employment strategy in the face of its China threat arguably 
makes the possibility of a conflict escalation between the states more likely. As nuclear employment 
strategies can take years to develop credibility, India should address its concerns of China’s increasing 
military presence in the IO with flexible response options in case a future conflict is at risk of 
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escalating. While a power’s peacetime orientation captures the posture available to it in a crisis—a 
state cannot develop novel force or C2 procedures during a conflict.66 Therefore if a Sino-Indian 
conflict does indeed occur, India will have to rely on escalation control with the nuclear employment 
strategy that it has at the time of the crises.

CONCLUSION
POLICY CONSIDERATIONS FOR THE UNITED STATES 
It is within U.S. interests for India to maintain a credible and adequate nuclear employment strategy 
to deter a rising, expansionist China from infringing upon India’s national interests. U.S. Defense 
Secretary James Mattis notes that the, “United States must see the world as it is and not as it wishes 
it to be.”67 “China is leveraging military modernization, influence operations, and predatory economics 
to coerce neighboring countries to reorder the Indo-Pacific region to their advantage. As China 
continues its economic and military ascendance, asserting power through an all-of-nation long-term 
strategy, it will continue to pursue a military modernization program that seeks Indo-Pacific regional 
hegemony in the near-term and displacement of the United States to achieve global preeminence 
in the future.”68 While historically there has been U.S.-Indian tensions surrounding India’s nuclear 
weapon program, it is within the interests of the United States to increase security cooperation 
with India to address its conventional shortfalls while accepting India requires a flexible nuclear 
employment strategy to deter Chinese aggression. 

As both China and India continue to rise they along with a great proportion of the international 
community will be under increased pressure to access energy resources throughout the IOR. 

In today’s geopolitical environment the United States may not be able to serve as a mediator in a 
future conflict in South Asia as it has successfully done so in past conflicts. While the last three India-
Pakistan bilateral crises have been settled only through U.S. intervention69, former lead mediators 
of South Asia crises, Admiral (retd.) Michael Mullen and former Deputy Secretary of State Richard 
Armitage both contend that they do not think they would be successful today in negotiating a 
conflict de-escalation in South Asia.70 Considering the prospects of India having to face a multi-front 
conflict with “all-weather” partners, China and Pakistan, it is within U.S. interests for India to be able 
to deter Chinese aggression and provide states within the region an alternative to China’s predatory 
leadership model. All-in-all, supporting India as a bulwark to Chinese predatory expansionism, 
upholds shared U.S.-Indian interests for what Secretary Mattis refers to as a, “safe, secure, prosperous 
and free Indo-Pacific, one that is underpinned by the rule of law.”71
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Considerations for 
Elimination Efforts on 
Nuclear Industry in Future 
Theaters of War
Zachary Hadfield1

ABSTRACT 
Orphaned radiological sources are widespread on the modern battlefield. This was evident in Operation 
Iraqi Freedom, where specialized teams scoured the countryside to find, characterize, package, and 
consolidate them. As troops struggled to manage over 1,400 sources amid ongoing hostilities, it became 
clear that the problem was of a much larger magnitude than anticipated. By capturing the lessons learned 
from that experience, this paper provides recommendations for future campaigns to manage the orphaned 
radiological sources and special nuclear materials that are a part of modern society.    

INTRODUCTION
Despite initial intelligence estimates, large stockpiles of weapons of mass destruction (WMDs) were 
never found during Operation Iraqi Freedom (OIF). Searches for clandestine facilities containing 
weapons-grade nuclear material turned up negative results time and time again. The shortcomings 
of the intelligence estimates dominated the national spotlight as it became clear that Iraq, in fact, 
did not possess operational WMDs. However, the faulty intelligence did force the Department of 
Defense (DOD) to begin planning for a new type of mission that is now known as WMD-Elimination  
 

1.  Maj Zachary Hadfield is a research officer in the Nuclear Surety Branch at the Defense Threat Reduction Agency. 
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(WMD-E). This paper leverages the lessons learned from OIF to analyze operational challenges that 
are unique to radiologic sources and fissile material.  

In order to prepare for future campaigns, the DOD should take steps to organize, educate, and equip 
personnel for this unique mission. First, the military needs organic orphaned source recovery and 
nuclear industry elimination capability for non-permissive environments. This will prevent encumbering 
ground maneuver forces with radiological sources that they are unequipped to handle. Furthermore, 
the ability to quickly deploy will mitigate looting and displacement of material from its original 
configuration, reducing proliferation concerns. Second, shielding and packaging supplies should be 
earmarked for the elimination mission. During peacetime, these materials should be prepositioned or 
prepped for rapid deployment. Lastly, the DOD should develop a program to educate military personnel 
in analytical chemistry/chemical engineering in order to fill the knowledge gap in WMD-E armed forces.  

OPERATION IRAQI FREEDOM
BACKGROUND
Pulling from the experiences of Desert Storm in the early 90s, the DOD assumed that the bulk 
of disarming WMDs would take place at the conclusion of major combat operations and after a 
handover to another headquarters, such as a United Nations (UN) special commission. Yet, the DOD 
realized that the campaign centered on confirmation of WMD activities, which heavily scoped the 
initial forces assembled to execute the mission. Site Assessment Teams were created to analyze 
suspected sites as the forward line of troops proceeded through the battlespace. As late as March 
2003, concerns of shortcomings prompted the development of a Disablement and Elimination Task 
Force tasked with disposing of WMDs along with their related infrastructure and equipment. The 
Defense Threat Reduction Agency (DTRA) was given the role as the lead agency to collect orphaned 
radioactive material—along with an ad hoc unit called the Nuclear Disablement Team (NDT). They 
were operationally controlled by the 75th Exploitation Task Force (XTF), an army artillery brigade that 
was rebranded for the WMD mission.2  

The newly developed, extemporaneous forces scoured the battlefield seeking any evidence of WMD 
activity. They examined suspected sites while military forces occupied the surrounding terrain, and 
later, they investigated presumptive locations as reports of detected radiation flowed in across 
the battlespace. A report came in that a conventional unit came across a radioactive source and 
identified it as weapons-grade uranium, a tell-tale indicator of nuclear weapons ambitions. The task 
force promptly triggered the NDT to confirm the results. However, when the NDT conducted their 
own on-site analysis, they identified the source to be a comparatively benign isotope, a cesium-137 
source used for everyday industrial purposes.3 Though it had no value for use in a nuclear weapon, it 
was still dangerous to leave behind. Such sources can expose the local population to high doses of 
radiation or be used in a radiologic dispersal device (RDD) should it fall into the wrong hands. Using 
lead bricks and scrap metal sheets they found in country, the NDT packaged, transported, and stored 
the source in a secure location.4  

The calls kept coming, and the International Atomic Energy Agency (IAEA) came forward with a list 
of declared radioactive sources present in country. The full scale of the orphaned source problem 

2.  Rebecca K.C. Hersman, Eliminating Adversary Weapons of Mass Destruction: What’s at Stake? (Washington DC: National Defense 
University Press, 2004), https://apps.dtic.mil/dtic/tr/fulltext/u2/a446028.pdf.
3.  Gerard Vavrina (Nuclear Disablement Team Health Physicist), interviewed by the author, Fort Belvoir, VA, 2018.
4.  Brent Bradehoft (Nuclear Disablement Team Operations Officer), interviewed by the author, Telephone Interview, 2018.
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quickly became clear. Thousands of radioactive isotopes that had previously been used for peaceful 
purposes were abandoned around the countryside at the onset of hostilities. The DOD had already 
been assembling a team from DTRA, Department of Energy (DOE), and civilian contractors who 
entered theater shortly after the Nuclear Disablement Team.  

Due to the amount of time between the start of combat operations and when the radioactive sources 
were eventually collected, they were often displaced from their original locations or removed from 
their shielded configurations, which complicated elimination efforts.5 The removal of over 1,400 
radioactive sources from the environment amid ongoing hostilities is a monumental accomplishment, 
but it only came about due to the resourcefulness of DOE support and the resolve of the DTRA 
team. The military did not have a plan at the onset of the campaign, and it certainly came at a cost. 
Rampant looting significantly disturbed the disposition of the sources and, in many cases, it posed 
serious risk to both locals and coalition forces while the DOD was trying to adjust to the situation.  

The problems associated with the orphaned source mission begs the question: what if there had 
been weaponized material? It is reasonable to imagine a scenario where U.S. forces were not 
properly arranged to identify and properly secure it. Since OIF, the DOD has done much to improve 
its readiness as it pertains to the WMD-E mission. The development of the 20th CBRNE (Chemical, 
Biological, Radiological, Nuclear, and Explosives) Command and other permanent fixtures that have 
a dedicated mission to rapidly exploit WMDs and their related infrastructure is undoubtedly a step 
in the right direction. Yet, the fact remains that the United States has never had a mission to find 
and secure special nuclear material (SNM) or to exploit active nuclear weapons infrastructure amid 
military operations. In OIF, the scale and technical challenges of the orphaned source situation 
caught the DOD off guard; the cost of making the same mistake with fissile material could be orders 
of magnitude more catastrophic if it were to be diverted to a hostile actor.  

LESSONS LEARNED
NUCLEAR FACILITIES
During the invasion of Iraq in 2003, the IAEA asked the U.S. government to ensure that material 
at the Tuwaitha Nuclear Research Center was properly protected and that access to the site was 
restricted.6 However, by the time U.S. forces arrived at Tuwaitha in 2003, enough time had elapsed 
from the initial invasion that significant looting had taken place. Locals removed contaminated 
barrels that had once stored yellowcake and were using them for household purposes.7 Due to 
previous IAEA activities that removed high-grade material, the facility only contained natural and 
low-enriched uranium (LEU) in various chemical forms.  

After the initial invasion, the NDT was tasked with conducting an assessment of Tuwaitha to 
determine the status of nuclear and radiological material that had been under the IAEA safeguards. 
The NDT spent 36 days conducting operations on the stored material, most of which had been 
removed from storage barrels by looters and mixed together in large piles on the floor.8  Before 
entering the facility, the team understood that it would likely contain high levels of radiation and 

5.  Ibid.
6.  “IAEA Concerned About Security of Nuclear Material in Iraq,” International Atomic Energy Agency, April 11, 2003, https://www.
iaea.org/newscenter/pressreleases/iaea-concerned-about-security-nuclear-material-iraq.
7.  U.S. Government Accountability Office, Radiological Sources in Iraq: DOD should Evaluate its Source Recovery Effort and Apply 
Lessons Learned to Future Recovery Missions GAO-05-672 (Washington, DC: GAO, 2005), https://www.gao.gov/new.items/d05672.
pdf. 
8.  Raymond Freeland (Nuclear Disablement Team Chief), interviewed by the author, Fort Belvoir, VA, 2018.
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removable contamination, which could be disturbed and become airborne. However, there was a lack 
of understanding of how the various chemical forms of uranium would behave in a mixed form that 
has been exposed to high humidity. One of the compounds was uranium tetrachloride, a chemical 
form used in Electromagnetic Isotope Separation (EMIS) enrichment process that Iraq had pursued 
in the past. During the inventory, the uranium tetrachloride mixed with moisture in the air and off-
gassed chlorine, exposing two team members who were evacuated from the building. Both returned 
the next day after medical evaluation.9  

Nuclear facilities are notoriously difficult to manage from a hazard perspective because they 
incorporate four out of the five CBRNE hazards in close proximity. Industrial Chemical, Nuclear, 
Radiologic, and Explosive hazards all coexist within a nuclear complex and give rise to some difficult 
mitigation circumstances. Established procedures for managing individual elements of the CBRNE 
problem set may exacerbate the overall situation in a complex nuclear environment. For example, 
ventilating a facility to dissipate airborne chemical hazards may result in the disturbance and 
spreading radioactive contamination. Wrapping material in multiple plastic bags to mitigate the 
spread of contamination may increase neutron multiplicity in SNM and lead to a higher likelihood of 
a criticality event. Each action must be evaluated for all the effects on the material properties. It is 
imperative that response teams have personnel with expertise in each of the CBRNE hazard types in 
order to ensure mitigation techniques do not create another problem.  

The bulk of the operation at Tuwaitha was the characterization and inventory of all the radiological 
material at the site. Though they had a list of materials from the IAEA, prior looting of the facility 
left the samples in a mixed blend. In order to conduct the inventory, the team used a brute-force 
approach involving ~2 hour rotating shifts due to the heat of the Iraqi summer.  They scooped the 
mixed blend of uranium compounds into new containers, weighed them, and labeled the exterior 
according to their cataloging technique. The inventory of materials at Tuwaitha Site C alone took 
three weeks to accomplish.  Upon completion, the site was sealed by the IAEA and placed under 
guard of U.S. security forces.10 Future missions on nuclear facilities must be prepared to handle a 
variety of situations in any state of disrepair. In addition, leaders must understand the scale and 
complexity that goes into such operations in order to manage expectations.

LOCATING SPECIAL NUCLEAR MATERIAL
Just following the initial invasion in Iraq, reports of radioactive sources came in from across the 
battlespace. The reporting units would get a hit on their dose rate meters but rarely understood what 
they were detecting. These reports would make their way through intelligence channels and end up 
triggering the NDT—and later the team from DTRA—to respond.  However, there was no established 
criteria or methodical approach to screening what was important. Furthermore, the false positive 
rate was alarmingly high.11 Units with isotope identification would frequently misidentify the source, 
sometimes as SNM, and produce a high priority response when there were more dangerous orphaned 
sources that should have been dealt with first.

Detecting and locating suspect sources is the priority for any operation to secure special nuclear 
material. Time is paramount. Once combat operations begin, the more time that passes before 
putting boots on the ground where the nuclear material is produced and stored, the greater 

9.  Brent Bradehoft (Nuclear Disablement Team Operations Officer), interviewed by the author, Telephone Interview, 2018.
10.  Raymond Freeland (Nuclear Disablement Team Chief), interviewed by the author, Fort Belvoir, VA, 2018.
11.  Rebecca K.C. Hersman, Eliminating Adversary Weapons of Mass Destruction: What’s at Stake? (Washington DC: National De-
fense University Press, 2004), https://apps.dtic.mil/dtic/tr/fulltext/u2/a446028.pdf.
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the probability of its dispersal.  Detection of radioactive material naturally imbues custodial 
responsibility on the discovering organization. Combat power is consumed because guard forces will 
be required for security until a decision can be made on how to proceed. There would most likely 
be immense pressure from ground force commanders to free up combat power for other operations, 
which would necessitate quick and accurate characterization of unknown radioactive material so that 
it can be consolidated and transferred to the correct organization.  

Locating SNM inherently involves both operational and technical aspects. Operationally, intelligence 
gathering entities must be able to drive military efforts to the proper locations to have the 
highest chance to interdict proliferative material. The counter-terrorism campaigns of the last 
several decades have developed a robust intelligence gathering community with established 
communications channels to operational forces. This institutional structure should transition 
smoothly to the pursuit of nuclear fuel. However, the technical aspects of locating SNM are much 
more nuanced. Specialized training is sparse throughout military formations, detectors are complex 
and non-uniform, and the military has very little historic experience with this type of operation.  

Radioactive sources have proliferated in modern society for such uses as lightning arrestors, blood 
irradiators, and ground surveillance testers. Military planners can assume the detection rate for 
orphaned sources to remain high, simply due to the number of radiation detectors available to 
various units coupled with the large number of sources. In the past number of years, radiation 
detectors with isotope identification (ID) capabilities have been purchased and widely distributed to 
military units. The issue with these detectors is that the results they produce are incorrect when the 
measurements are not taken in the appropriate way. Thus, the occurrence of false positives (a report 
of SNM when there is none) and false negatives (a report of non-fissile radioactive isotopes when 
there is, in fact, SNM) will be much higher with detectors that have isotope identification.  Instead 
of reports of unknown radioactive material, there could be a large number of incorrectly reported 
isotopes. The latter is far more dubious, as it will entice commanders to make decisions on how to 
proceed based on incorrect, as opposed to incomplete, knowledge. In the current force structure, 
military leaders can expect false reporting to be exceptionally common. It would be unfortunate to 
mishandle SNM because it was treated as a medical or other industrial isotope.

CHARACTERIZING SPECIAL NUCLEAR MATERIAL AND RADIOACTIVE SOURCES
After an isotope has been located, a decision will be made on how to proceed. The primary 
responsibility of the responding team is to provide decision-makers with a confirmatory description 
of the nature and quantity of material present along with a recommended course of action. With a 
few exceptions, expertise in this type of analysis exists mostly within the National Nuclear Security 
Administration (NNSA). The expectations of a military unit must match the capabilities of available 
personnel in both scale and quality. A military unit will simply not be able to provide the level of 
detail that the experts from the national labs could attain, especially in a time-constrained field 
environment. However, with extensive training and carefully selected equipment, a military unit could 
be more than capable of providing the level of analysis needed to make informed battlefield decisions.  

The critical information needed about radiological or special nuclear material would be the 
isotopic ratios, quantities of material, the material’s chemical form, and the nature of its packaging/
environment. Each of these pieces of information present a unique challenge to adequately attain. 
However, the ability to collect it will give insight into the proliferation risk of the material in custody 
and inform actions on how to proceed with elimination efforts. Creating teams that can adequately 
characterize nuclear material is essential to the elimination mission.
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PACKAGING, TRANSPORTING, AND STORING SNM AND RADIOACTIVE SOURCES
For the NDT and DTRA teams of 2003 and 2004, packaging radioactive sources was one of the most 
challenging aspects of their mission. Early on, the biggest issues were the lack of specialized training 
and the difficulty of obtaining enough packaging and shipping materials for the hundreds of sources 
that needed to be collected, transported, and stored.12 The DOE started a massive effort to scour their 
labs and solicit support from the private sector to obtain and ship shielded containers into theater. 
By June of 2004, the DTRA team, with support from the DOE and private contractors, collected nearly 
1,400 radioactive sources from across the country with a summed activity of thousands of Curies. 
Additionally, they left approximately 700 sources in the environment, as they were judged as being 
appropriately used and properly secured.13 By the end of the operation, the teams had streamlined 
equipment and techniques, but there were missteps in getting to that point.  

Radioactive sources are produced in gas, liquid, or solid states and in many chemical forms.  Proper 
packaging of radioactive sources must accomplish the following tasks:

1. The radiation must be shielded so that the external dose rate is lowered to acceptable levels.

2. The spread of contamination must be controlled.

3. The packaging must not degrade from being handled or stored for extended periods of time.

Special Nuclear Material must be considered separately, because it has the additional concern of 
criticality, the phenomenon by which fissile material comes into a configuration so that it self-
sustains fission reactions. In criticality accidents (also called excursions), this usually involves 
a system that generates a short burst of massive radiation that disassembles itself into a sub-
critical configuration. Anyone in the immediate vicinity of the excursion would receive a large and 
potentially lethal dose of radiation. Los Alamos lists 60 recorded criticality accidents throughout the 
history of the U.S. nuclear industry, with 22 having occurred in process facilities. The rest are a result 
of reactor experiments or research. Of the 22 process-related excursions, there were nine deaths, and 
three survivors had limbs amputated due to acute radiation doses.14 These incidents occurred despite 
consisting of highly trained individuals executing routine processes with tight controls. Military 
members tasked with handling special nuclear material in a dynamic field environment would be at 
elevated levels of risk.

In order to manage the criticality concern, one needs a detailed understanding of neutron behavior 
and their interactions with the surrounding environment. Handling SNM, changing its configuration, 
or changing its packaging all modify the neutron behavior, which is extremely difficult to predict, 
even with sophisticated equipment. However, using techniques that minimize the increase of 
neutron multiplicity can reduce the probability of excursions. Contamination control and shielding 
become vastly more complex and difficult to employ with SNM, as these activities change neutron 
multiplicity and must be carefully planned. Furthermore, SNM can come in a variety of chemical 
forms, many of which hastily react with all but the most inert environments. In a country with a 
large nuclear weapons industry, there will inevitably be some difficult SNM handling problems. It 
is imperative to have team members with the proper skill sets that have been developed through 
education of criticality phenomena and training for material handlers. The nuclear teams of 2003 

12.  Brent Bradehoft (Nuclear Disablement Team Operations Officer), interviewed by the author, Telephone Interview, 2018.
13.  U.S. Government Accountability Office, Radiological Sources in Iraq.
14.  Thomas McLaughlin, A Review of Criticality Accidents, (Los Alamos, NM: Los Alamos National Laboratory, 2000), https://www.
orau.org/ptp/Library/accidents/la-13638.pdf.
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and 2004 did not locate or package any SNM, so this is truly an area of uncharted territory for our 
nation’s military.

FINDINGS AND RECOMMENDATIONS
OPERATIONAL CONSIDERATIONS
Operations on nuclear industry will inevitably come in two forms, and the composition of responding 
units must reflect this reality. The first type of operation involves facilities known to possess 
nuclear industrial activity would be prioritized as an area to send nuclear capable units during 
the early phases of military operations. Teams can be confidently sent to these locations based on 
intelligence generated prior to entry into the theater. The second type is ad hoc contingencies as 
U.S. forces respond to reports of radiation generated from the battlefield, similar to the orphaned 
source operations of 2003 and 2004. It is reasonable to assume that this would occur in a country 
with robust nuclear industry. In addition, as U.S. forces deliberately interdict nuclear material, it will 
necessitate a nuclear capable unit to characterize and assume custody of radioisotopes.

Known nuclear facilities must be secured as quickly as possible to reduce the window of opportunity 
for diverting equipment and material from their locations. Security at the Tuwaitha plant was 
inconsistent until the NDT arrived at about a month after the initial invasion. This allowed nuclear 
materials to be removed from the facility, dispersed in the environment, and generally mishandled 
by the local population. This type of situation would have far more dire consequences in the 
case of fissile material, further adding to the necessity of early and sustained security on nuclear 
sites. Furthermore, aggressive and thorough interdiction efforts must be planned in order to try 
to confiscate nuclear material that could be removed and transported at the onset of military 
operations. Nuclear capable teams must action on facilities and sources quickly enough to reduce the 
consumption of tactical forces required for security.  

RECOMMENDED COMPOSITION AND ORGANIZATION
In order to respond to incoming reports of radioactivity during military operations, an organizational 
structure must be developed that is both flexible enough to adapt to a dynamic battlefield, yet robust 
enough to handle the full spectrum of the mission. These principles are diametrically opposed, 
as increased capability results in encumbrance due to the bulk and weight of related equipment. 
Slimming down a nuclear team is an option, but the degradation in capability could be limiting when 
confronted with complex problem sets or large volumes of material. Another option is a complement 
of separate teams that are much smaller in size and specifically designed to verify the presence and 
nature of radioisotopes. The smaller teams, called nuclear verification teams (NVT) for this article, 
could be used to initially respond to reports of radioactivity and identify the characteristics of the 
isotopes. Command staffs could then use this information to effectively triage the material and 
commit the appropriate response team based on their own criteria within the broader scope of the 
operation. Timely and informed decisions based on accurate intelligence could be possible with this 
type of organizational structure.

Due to the necessity for Nuclear Verification Teams to be highly mobile and responsive, they should 
be focused on completing one highly specialized but important technical function: field confirmatory 
isotope identification. Along with this could be visual estimates of mass, chemical form, and the 
complexity of the problem set, which will all give insight into the length of time a nuclear capable 
team will need to be on site and, hence, unavailable for other missions. This type of focus enables the 
personnel and equipment set to be reduced to a two-person team with equipment that they could 
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bring in a tote. The NVT would need a nuclear engineer to conduct spectra analysis and a health 
physicist to protect personnel and equipment from contamination. The most experienced nuclear 
engineers need to be on the NVTs, as they will need to be able to operate on their own, troubleshoot 
technical equipment, and conduct a proper technical analysis without supervision. However, the 
health physicist could be more junior, as typically the contamination and radiation problem sets with 
orphaned sources are less complex than inside nuclear industrial facilities. Once complete with their 
analysis, the NVT would pass off the elimination effort to the appropriate follow-on team.

The orphaned source mission from OIF demonstrates the need for dedicated teams to handle the 
continuous collection, transport, and storage of radioactive sources present on modern battlefields. 
For the purposes of this paper, they are called Orphaned Source Response Teams (OSRT). Ideally, this 
team would copy the force structure that developed after the growing pains of 2003. It would consist 
of a military element for security and integration with land owners, a DOE element for technical 
expertise, and contract support for manual labor. Additionally, contract support needs to be worked 
out much earlier in the process. The contract that funded the collection of radiological sources in 
OIF was finalized six months after the initial invasion, due to indemnification and worker safety 
issues.15 The contracting process for this mission needs to be pre-negotiated and readily available to 
be funded and executed. Similarly, the legal and administrative requirements for deployment of DOE 
personnel need to be identified now and prepared in advance should their presence be needed. The 
DOD should be staffed to handle the initial phases (Operational Phases I-III) of the operation with 
only military personnel. This would preserve some capability of the organization should civilians and 
contractors once again be slow to deploy. The initial phases of the orphaned source recovery missions 
are the most crucial for preventing proliferation of radioactive material and should not be dependent 
on the ability to deploy DOE and contractor personnel.

In order to adequately mitigate industrial hazards, gather the appropriate data, handle SNM, and 
limit the spread of contamination among the full spectrum of fuel-cycle related situations, a nuclear 
capable team needs five key types of personnel: nuclear engineers, health physicists, Explosive 
Ordnance Disposal Techs, chemists, and communications specialists. Nuclear engineers must be able 
to provide theater-confirmatory isotope identification. This is identical to field confirmatory with 
one key difference: verification by professional scientists and engineers.  Nuclear capable teams 
need experienced health physicists since they will be the primary teams that action on nuclear 
industrial facilities, which have the most difficult contamination, industrial chemical, and radiological 
situations. It is essential that they are able to protect personnel and equipment within industrial 
facilities in any state of disrepair. Chemists must be able to determine the chemical form of industrial 
chemicals and nuclear materials in order to inform characterization results and determine packaging 
requirements. EOD personnel are primarily responsible for mitigating unexploded ordnance in 
contaminated environments during initial entry operations. Communications specialists must be able 
to transfer data to scientists located stateside, integrate team communications with land owners and 
local security forces, and be able to provide coverage in a variety of environments. Nuclear facilities 
typically have thick, shielded walls that radio signals are unable to penetrate. Innovative and creative 
problem solving with communications systems is needed in these situations. A compliment of DOE 
scientists and contractors for support functions would be invaluable. These types of personnel 
should be flowed into theater to assist as soon as reasonably possible.  

15.  U.S. Government Accountability Office, Radiological Sources in Iraq.
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All of these forces should be placed under one nuclear response command and control (C2) 
organization during peacetime as shown in Figure 1. This organization could handle the training, 
administrative requirements, and readiness of all nuclear response teams. Elements of this C2 
structure could be deployed and attached to the task force responsible for the larger exploitation 
effort. Military teams could arrive very early in the deployment cycle and add DOE personnel and 
contractors as they flow into theater.  

Figure 1: Proposed peacetime force structure for military nuclear response units.

This force structure would be beneficial for the following reasons:

 ▪ The risk of false positives and false negatives is reduced by removing presumptive isotope 
identification from non-nuclear forces. Those forces are only responsible for confirming the 
presence of radiation.

 ▪ This structure establishes unity of command for nuclear response forces and minimizes 
dependence on deployment of civilian personnel.

 ▪ NVTs allow quick and flexible responses due to their small size and minimal equipment needs.

 ▪ Streamlined Orphaned Source Response Teams handle the bulk of the non-fissile source recovery 
missions, allowing full nuclear capable teams to be held in reserve until a more complex 
mission presents itself.

 ▪ When operating in countries with no nuclear weapons fuel cycle, nuclear capable teams could 
assist with orphaned source recovery.
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Concerns for this type of organizational structure would be:

 ▪ It requires a large number of technical experts to fill out three different kinds of teams.  

 ▪ It requires a high degree of technical proficiency within a military force structure that has a 
constant churn of personnel.

 ▪ The complexity of the mission is obscured in technical details, which could entice leaders to use 
the teams for additional duties during peacetime.  

EQUIPMENT RECOMMENDATIONS
Nuclear teams need a baseline of equipment and capability to operate on the nuclear fuel cycle.  
Specifically, for the exploitation mission, units should carry equipment to support the activities in 
Table 1, and very little more. Over time, there is a tendency for leaders to expand capabilities, which 
typically comes with additional training and equipment. This needs to be resisted with nuclear teams, 
as the complexity and magnitude of the core mission requires dedication and focus. Attempts at 
expansion will only dilute, not increase, the unit’s relevance. Much of this comes as a result of the 
constant churn of military personnel through these types of teams. A certain threshold of capability 
cannot be overcome due to the constant bleed of institutional knowledge, so military leaders must 
plan their expectations carefully. Only the equipment that directly supports the team’s core mission 
should be considered.

Table 1: Equipment to support the listed capabilities should be the first priority of a nuclear capable 
team. Any additional capability or equipment that reaches beyond core tasks should be highly scrutinized 
to ensure the benefit outweighs the cost of expansion. Despite the significant overlap of the NCT and 
OSRT, the volume of equipment, training, and expertise necessary for the SNM mission should not be 
understated. Fielding an OSRT would be much less resource intensive than a full NCT.  

If there is any lesson from OIF regarding equipment, it is that a ready supply of shielding and 
packaging material needs to be on hand at the onset of military operations. Standardized containers 
with a variety of sizes and shielding characteristics should be stocked specifically for this type of 
mission. Of note, packaging containers specifically for special nuclear material are significantly 
different than those designed solely to shield from radiation. They are materially and geometrically 
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designed to mitigate criticality excursions and are absolutely necessary for a nuclear capable team. 
An orphaned source response team would not necessarily need access to these types of containers. 
The DOD and DOE should analyze the scale of this type of operation that the U.S. could potentially 
execute and designate a ready supply of containers for wartime use.

EDUCATIONAL BACKGROUND
A nuclear capable team needs personnel from three main educational backgrounds: nuclear 
engineering, chemistry (specifically chemical engineering and analytical chemistry), and radiation 
health physics. A Masters or PhD nuclear engineer is the appropriate education level to do the work 
on a nuclear capable team, and these can be readily found in the present force.  Similarly, the military 
medical community educates and keeps a population of radiation health physicists, as there is a 
need beyond WMD-E efforts. Nuclear teams currently take advantage of this and employ them for 
elimination tasks.  

Chemists, on the other hand, are rare in the military, as there is no legacy mission that required them. 
The Army’s chemical corps would be the closest thing, but they are mainly trained on protecting the 
force from CBRN attacks and post-use decontamination. The industrial hazards associated with the 
nuclear fuel cycle could be incorporated into their education, but the analytical techniques to identify 
and characterize chemical forms of radioisotopes is an entirely different discipline. The military is 
deficient in this area and must adjust in order to fill the gap.  The U.S. Army Functional Area 52 is 
the force provider for the Army’s nuclear experts. They should create educational opportunities in 
analytical chemistry and chemical engineering and earmark personnel for duty on nuclear capable 
teams. Masters and PhD holders would be the appropriate level for this job. Furthermore, a skill set 
identifier should be created for officers with this experience so that they can be called in later to 
surge elimination manpower in future theaters where SNM is a concern.  

CONCLUSION
The United States was fortunate in OIF. Emergency mode planning and resourcing, as well as the 
ingenuity of the NDT and DTRA teams, prevented diversion of highly radioactive orphaned sources. 
The DOD was not prepared to handle them, much less the far more dangerous special nuclear 
material. Yet, there were few consequences to this oversight. SNM was never discovered, and no 
highly active sources were used for nefarious purposes. However, there was a window of time where 
nuclear materials could have been diverted. The relative success of radioactive source recovery 
should not mask this shortcoming in the campaign plan. A type of counter-proliferation operation 
involving active nuclear fuel cycle operations would be unprecedented in the history of warfare, 
but it is one that has to be done right the first time. It is a difficult problem that requires both 
operational and scientific elements, and thus, it needs expertise from both fields.  

It would be a mistake to underestimate an adversary’s ability to conceal and divert nuclear 
material amidst the instability caused by military operations. Just as their brigades would attempt 
to outmaneuver U.S. warfighters, their engineers may try to prevent the confiscation of nuclear 
fuel. The United States military must be better educated, trained, and equipped than proliferators.  
U.S. interdiction forces must move faster than the enemy and with the ferocity to deter diversion 
mechanisms. Attaining enough fissile material is 90% of the work to constructing a crude nuclear 
weapon.16 It must not, under any circumstance, escape the area of operations, lest it should fall in 

16.  Matthew Bunn, “Terrorist Nuclear Weapon Construction: How Difficult?,” The Annals of the American Academy of Political and 
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the hands of bad actors. A single misstep leading to diverted special nuclear material could have 
disastrous effects for the free world, and the military must be prepared to prevent it.

Social Science 607 (9/2006): 133-149.



38  |  On the Horizon: A Collection of the Papers from the Next Generation

New Technologies for 
Next-Generation Nuclear 
Arms Control Treaties1

Michael Hamel2

ABSTRACT
Future nuclear arms control agreements may rely heavily on technology designed to verify warheads, 
such as radiation detection. To date, the only accepted radiation detection technologies in nuclear arms 
control treaties have been simple neutron counting systems, which is in part because of concerns that more 
intrusive measurement types would release sensitive information. This paper looks at how existing and 
emerging detection technologies could be used as verification tools for advancing objectives in arms control 
agreements. A hypothetical arms control agreement was created as a framework to examine this topic. The 
agreement contained objectives such as verification of fissile material amounts, warhead counting, and 
dismantlement verification. Radiation detection technologies that exist or are currently under development 
were chosen as technical means to verify the treaty’s objectives. This exercise provided an opportunity to 
analyze each technology and comment on its fitness for specific tasks. Recommendations were then given 
for courses of action to improve or further develop these technologies for application to arms control.

INTRODUCTION
Nuclear arms control agreements rely on the ability of interested parties to sufficiently verify 
properties or processes. How “sufficient” is defined in this context is case-specific and presents a 

1.  SAND2018-13881J.
2.  Michael Hamel is a senior member of the Technical Staff at Sandia National Laboratories. Sandia National Laboratories is 
a multimission laboratory managed and operated by National Technology and Engineering 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.
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challenge to producing the overall agreement. Two main factors that define a party’s capability 
to verify an agreement are the scope and observability of the desired strategic outcomes and the 
technical means to produce certainty in the observations or measurements. With radiation detection 
presenting one of the few means for non-destructive assay (NDA), the advent of new technologies 
in this field will increase the technical means available for a hypothetical future agreement. If more 
advanced technical means allow for increased certainty in verification then different policy objectives 
not previously feasible will become possible. This work examines how new devices and methods for 
measuring and quantifying radiation signals could affect the goals and outcomes of a hypothetical 
arms control agreement.

Radiation detection in current treaties such as the New Strategic Arms Reduction Treaty3 (New 
START) and the Intermediate-Range Nuclear Forces (INF) Treaty4,5 has been limited to simple 
neutron counting. For the INF Treaty, the U.S. radiation detection equipment (U.S. RDE) was used to 
“assure that a Soviet SS-20 missile (a treaty-limited item) [was] not contained in the canister of a 
SS-25 missile (not treaty-limited).”6 This process involved measuring “spatial pattern[s] of neutrons 
emitted from the nuclear warheads on the missiles.”7 In contrast, New START allows only absence 
measurements to confirm that an item declared as non-nuclear is, in fact, non-nuclear.

More complex detection techniques have long existed that can quantify warhead attributes such 
as isotopic composition, fissile mass, and other weapons characteristics, but they have presented an 
unacceptable risk of compromising sensitive information. New detection capability developments 
in the arms control field have made it a priority to factor in both authentication and certification 
considerations. Authentication is a process by which the inspecting party gains confidence that the 
instrument provides the desired information as intended, and certification is the process by which the 
host party gains confidence in the safety and security of the instrument, which includes minimizing 
the risk that sensitive information is released to the inspecting party or that harm or damage comes 
to the measured assets. With new technology development aimed at improving certification potential, 
the possibilities for future hypothetical arms control agreements can be expanded to include 
objectives that were not previously technically feasible.

Identifying characteristics such as the amount of fissile material contained in a warhead could 
allow for an estimate of weapon yield. If such a technique was reliable and trusted by both parties, 
a hypothetical treaty could include a limit on yield. A radiography technique would allow for the 
verification of other weapon components and provide more confidence that a declared item is in 
fact a warhead. If future weapons reductions occur and countries also improve individual weapon 
effectiveness, treaties that focus on verifying individual warheads will provide more security than 
current treaties, which rely on delivery vehicle counting.

This work identifies radiation detection technologies, and other means of NDA in the open literature, 
that have been proposed or are under development. Other works have provided a similar survey of 

3.  The Treaty between the United States of America and the Russian Federation on Measures for the Further Reduction and 
Limitation of Strategic Offensive Arms is commonly referred to as The New Strategic Arms Reduction Treaty.
4.  The 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 is commonly referred to as the Intermediate-Range Nuclear Forces Treaty. 
5.  On-site inspection and monitoring activities for the INF Treaty were terminated on May 31, 2001.
6.  Ronald Ewing and Keith Marlow, “A fast-neutron detector used in verification of the INF Treaty,” Nuclear Instruments and 
Methods in Physics Research Section A: Accelerators, Spectrometers, Detectors and Associated Equipment 299, no. 1-3 (December 
1990): 559-61, doi:10.1016/0168-9002(90)90843-U, https://www.sciencedirect.com/science/article/pii/016890029090843U. 
7.  Ibid.

https://www.sciencedirect.com/science/article/pii/016890029090843U
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arms control technologies and methods, but this work uses a different framework by evaluating how 
a mature version of the technology could be applied to a hypothetical arms control agreement.8,9,10,11,12 
A set of hypothetical objectives was developed that the agreement would seek to achieve. Some 
examples of hypothetical objectives include:

 ▪ Limits on amount of fissile material

 ▪ Verified dismantlement of weapons

 ▪ Limits on other weapon components/materials

 ▪ Limits on number of warheads on a delivery vehicle

Current and developing NDA techniques were then chosen to create a simulated verification 
architecture for this hypothetical treaty framework. Considerations such as the effectiveness of 
a given method and its potential for authentication and certification were considered. It should 
be noted that a somewhat idealistic outlook was used in this analysis concerning authentication 
and certification for proposed NDA techniques. As an example, NDA techniques that collect high 
resolution gamma-ray spectra have a greater potential to release sensitive information than a 
technique with lower resolution. For many of these techniques, an information barrier that provides 
only the agreed upon data or a yes/no confirmation and is trusted by both parties would be required. 
While many successful advances in information barrier technology have been achieved recently, these 
technologies have not been deployed in actual treaty scenarios. 

A HYPOTHETICAL BILATERAL TREATY WITH DIFFERING 
NUCLEAR CAPABILITIES
U.S. and Russian arms control treaties to date have been between two counties that had roughly the 
same arsenal size. As such, the agreements between the two countries, including the INF Treaty, The 
Strategic Arms Reduction Treaty13 (START I), and New START, all contained similar objectives. The INF 
Treaty involved the destruction of missiles and verification of non-production for both sides. START I 
and New START both called for reductions in the number of warheads and launchers for both sides. 
In START I and New START, both countries agreed to use neutron detection as a means of verification, 
which aided authentication and certification because both countries were using the same type of 
detection. In the future, however, a treaty between two states may allow for an agreement where 
each state uses a different type of detection. In this case, technical means of verification would differ 
to achieve separate objectives. States employing differing verification technologies pose challenges 
to authentication and certification. The case of the radiography system developed to scan Russian 

8.  Henrietta Toivanen, “The Frontiers of Technology in Warhead Verification,” Project on Nuclear Issues: A Collection of Papers 
from the 2017 Conference Series and Nuclear Scholars Initiative, ed. Mark Cancian (Lanham: Rowman and Littlefield, 2018), 184-
96.
9.  Jacob Benz, Paul Booker, and Benjamin McDonald, “Verification Challenges at Low Numbers,” Project on Nuclear Issues: A 
Collection of Papers from the 2012 Conference Series, ed. Stephanie Spies and Sarah Weiner (Lanham: Rowman and Littlefield, 
2013), 14-27.
10.  Jie Yan and Alex Glaser, “Nuclear Warhead Verification: A Review of Attribute and Template Systems,” Science & Global 
Security 23, no. 3 (October 2015): 157-70, doi:10.1080/08929882.2015.1087221, https://pdfs.semanticscholar.org/602b/2f-
308b769a556e6a0df4b5cf3a54f307961e.pdf.
11.  Morse, “Arms Control and Treaty Verification.”.
12.  Benjamin McDonald et al., “Image-based verification: Some advantages, challenges, and algorithm-driven requirements,” 
(PNNL-SA-80551; paper presented at the INMM 52nd Annual Meeting, Palm Desert, CA, July 17-21, 2011).
13.  The Treaty Between the United States of America and the Union of Soviet Socialist Republics on the Reduction and Limita-
tion of Strategic Offensive Arms is commonly referred to as the Strategic Arms Reduction Treaty.
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railcars for the verification of the INF treaty is a good model for understanding the challenges 
associated with the deployment of a technology by only one state. 

To explore the challenges and possible technical means for verifying an asymmetric treaty, a sample 
agreement between two hypothetical states follows. The two countries used in the hypothetical scenario 
have been created for illustrative purposes and any similarities to real countries is unintentional.

BACKGROUND
Country A is a hypothetical state possessing nuclear weapons that employs several delivery systems 
with a strong second-strike capability. Country A has become increasingly worried about the nuclear 
capabilities of Country B (also a hypothetical state possessing nuclear weapons), which lacks similar 
numbers of warheads but has expressed a strong desire to build its capabilities and arsenal. Country 
B only deploys nuclear submarine-launched ballistic missiles (SLBMs), which provide a strong 
second-strike capability. Both are seeking a nuclear arms control agreement to ease increasing 
tensions between the two states and support stability.

Country A has a total of 1000 deployed warheads. Its arsenal is composed of 200 intercontinental 
ballistic missiles (ICBMs) (each containing three warheads), 100 nuclear SLBMs (single-warhead), 
and 300 nuclear air-launched cruise missiles (ALCMs) (single-warhead). Country B has a total of 100 
nuclear SLBMs with single warheads deployed. Table 1 provides a summary of both states’ nuclear 
forces pre-agreement. Country A has a desire to halt the increase of Country B’s nuclear stockpile 
and capabilities. Country B feels particularly threatened by Country A’s possession of nuclear cruise 
missiles because it represents an asymmetry in strike capabilities. Whereas, Country A is concerned 
about any future attempts that Country B may take towards expanding delivery systems and weapon 
capabilities. As a result, Country A’s goal is to freeze Country B’s nuclear capabilities, and Country 
B wants to eliminate an asymmetry in strike capabilities between the two countries. Negotiators 
from the two countries have decided that Country B will cap its weapons numbers and capabilities 
at current levels. As a concession, Country A will dismantle its nuclear ALCMs and cap the number 
of warheads on an ICBM to one. Table 2 provides a summary of both states’ nuclear forces post-
agreement. From Country A’s perspective, this treaty would ensure that they maintain a verifiable 
strategic advantage over Country B as long as the treaty is in force. For Country B, the treaty helps 
bring them closer to parity with Country A while maintaining their second-strike capability.

Table 1. Nuclear Forces Pre-Agreement

Force Type Country A Forces Country B Forces
ICBM 200 (3 warheads each) —
SLBM 100 (1 warhead each) 100 (1 warhead each)
ALCM 300 (1 warhead each) —

Table 2. Nuclear Forces Post-Agreement

Force Type Country A Forces Country B Forces
ICBM 200 (1 warhead each) —
SLBM 100 (1 warhead each) 100 (1 warhead each)
ALCM — —
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Other aspects of the two states’ arsenals that are pertinent to the treaty are as follows. Country A has 
deemed the shape of their re-entry vehicles to be sensitive information. Country B deploys two types 
of warheads on their SLBMs: a plutonium and a uranium design. They consider the number of each 
design type deployed to be sensitive information.

VERIFICATION REGIME
An effective verification regime for Country A requires various properties of Country B’s weapons to 
be verified. Because Country A wants to limit the nuclear capabilities of Country B, they are looking to 
cap the amount of fissile material for each design. Country A must also verify the number of deployed 
warheads by Country B. 

VERIFYING AMOUNT OF FISSILE MATERIAL 
Negotiators have agreed on two upper limits for the amount of fissile material contained in both 
the plutonium and uranium designs, so Country A must have to ability to verify the amount of fissile 
material in each weapon for both designs. Because true numbers for each design are considered 
sensitive information by Country B, attribute measurements must be performed to verify the type 
of weapon as well as its yield. Template matching is not feasible in this situation, because it would 
use a template for each design and provide Country A with estimates of deployed numbers for each 
type of weapon. As a general technique, attribute measurements measure characteristics of a Treaty 
Accountable Item (TAI). These measurements may include characteristics such as nuclear material 
presence and/or isotopics. In contrast, template matching does not isolate individual characteristics 
of a TAI to verify, but simply creates a template of a trusted item and verifies that any TAI presented 
matches the original template. In both cases, an information barrier is extremely vital since the 
measurements would likely involve the collection of sensitive information. An information barrier 
provides a simple yes or no answer for either attribute measurements or template matching in order 
to ensure that the sensitive information is not released to the monitoring party.

For effective verification of Country B’s weapons, it first must be determined if the weapon is 
plutonium or uranium and then whether the amount of fissile material it contains is below the limit. 
Neither the type of weapon nor amount of fissile material can be revealed to the inspecting party. 
As specific attributes of the weapon are being measured, an information barrier must be present to 
prevent disclosure of weapon attributes to inspectors. 

Determining fissile mass can be achieved by using neutron multiplicity measurements. Gamma-ray 
detection methods will only analyze the outermost layers of the material because the high density of 
uranium and plutonium attenuates gamma rays produced further inside the material. Neutrons, which 
are better moderated by low-density materials, will be less affected by the high-density material, 
allowing for better analysis of the entire sample. Fissile material that is more massive will emit 
more neutrons than less massive samples. And in a more massive sample, the neutron producing 
fission chains will be more sustained because neutrons created in each fission event are more likely 
to induce a subsequent fission event due to the presence of additional material. Weapons-grade 
plutonium contains some Pu-240, which has a high spontaneous fission rate that produces fission 
chains naturally. From a detection perspective, plutonium would produce enough neutrons to perform 
a passive neutron multiplicity analysis. The term “passive” in this setting means that emissions from 
a source are measured without having to induce more emissions by using an interrogating radiation 
source. For a uranium weapon, the small spontaneous fission rate of U-235 compared to Pu-240 
may make passive neutron multiplicity analysis impractical. To verify the amount of fissile material 
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contained in weapons-grade uranium through neutron multiplicity, active interrogation may be 
required. Active interrogation uses another radiation source, usually neutrons or gamma-rays, to 
induce fission chains in the material, which produces more fission events to aid detection.

In this verification scenario, the process could occur with containerized nuclear material in a 
monitored area. Creating an effective monitored area that provides the necessary confidence level 
to the inspecting party requires chain-of-custody (CoC) practices that have been the subject of other 
scholarly work and will only be discussed in a limited manner in this piece.14

A sample instrument that can analyze both the amount of uranium and plutonium present is 
the Nuclear Material Identification System (NMIS) developed by Oak Ridge National Laboratory 
(ORNL).15,16 A fieldable version, FNMIS, designed for verification applications has also been 
studied and is more applicable in this context.17 FNMIS uses a D-T neutron generator as an active 
interrogation source with an array of plastic scintillators to detect both neutron and gamma-rays 
that are transmitted through the TAI or produced in the TAI. FNMIS can use both a passive and active 
process to verify the fissile mass of plutonium by using a time-dependent coincidence method to 
measure the induced or spontaneous fission rate. The same method is used to estimate the fissile 
mass of uranium but can only be done actively. For this hypothetical treaty, FNMIS could be run in 
active mode to determine the type of material and fissile mass in the TAI. Because the system must 
determine if the TAI contains plutonium or uranium, it collects information that Country B considers 
sensitive. For this data collection to be acceptable, the authors state that an information barrier 
hiding this information from the inspectors would need to be incorporated.18

An information barrier incorporates a “red” side, which handles processing of sensitive information, 
and a “black” side, which is used to communicate with the host and/or inspector. For FNMIS, a 
containerized TAI would be interrogated by the system first to determine if the material is plutonium 
or uranium. The fissile material limits for each material would be pre-loaded into the red side of the 
system, and it would compare the measured amount of fissile material to the appropriate value. If 
the material passes, a simple “yes” or “no” is passed to the black side for the inspector to determine if 
the TAI conforms to the treaty. An example of this type of information barrier is the Trusted Radiation 
Identification System (TRIS), under development by Sandia National Laboratories (SNL).19

The FNMIS system includes design aspects that are both positive and negative for authentication 
and certification. One problem is the complexity of the system. The more components and electronics 
that are used, the more avenues are available for tampering with the device to cause the leak of 
sensitive information. FNIMS uses many detectors and requires extensive signal processing to verify 
the material. The system also has the potential to collect a large amount of sensitive information 

14.  Danielle Hauck and Iain Russell, “Review of the U.S.-U.K. Warhead Monitored Dismantlement Exercise,” (paper presented at 
the Institute of Nuclear Materials Management [INMM] 57th Annual Meeting, Atlanta, GA, July 24-28, 2016).
15.  John Mihalczo et al., “Physical Description of Nuclear Materials Identification System (NMIS) Signatures,” Nuclear In-
struments and Methods in Physics Research Section A: Accelerators, Spectrometers, Detectors and Associated Equipment 450, 
no. 2-3 (August 2000): 531-55, doi:10.1016/s0168-9002(00)00304-1, https://www.sciencedirect.com/science/article/pii/
S0168900200003041.
16.  John Mihalczo et al., “NWIS Signatures for Confirmatory Measurements with B33 Trainers,” Journal of Nuclear Materials Man-
agement 25, no. 3 (June 1997): 64–80.
17.  Daniel Archer et al., “Fieldable Nuclear Material Identification System,” (paper presented at the INMM 51st Annual Meeting, 
Baltimore, MD, July 11-16, 2010).
18.  Ibid., 4.
19.  Peter Merkle et al., “Next Generation Trusted Radiation Identification System,” (paper presented at the INMM 51st Annual 
Meeting, July 11-16, Baltimore, MD, 2010).
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such as relative isotopic contents and images of the TAI. The large amount of information collected 
ensures that any leak through the information barrier would be costlier for the host than if less 
information was collected overall. Creating a tamper-indicating design for such a large system is also 
a challenge. 

A benefit of FNMIS for certification is its use of plastic scintillators for radiation detection. Plastic 
scintillators are not capable of collecting high fidelity gamma-ray spectra, which may be considered 
more sensitive than spectra from other detector types such as NaI(Tl) or HPGe. A potential way to 
improve certification of the system includes using field-programmable gate arrays (FPGAs), that have 
less extraneous functionality compared to general purpose processors. Work to authenticate and 
certify FPGAs has so far produced positive results.20

Another potential option to verify this aspect of the agreement could be the use of a fission meter. 
Active interrogation may still be required, and using an isotope that produces neutrons, instead of 
a complex neutron generator, would provide more confidence for both parties. In this case, a TAI 
would be presented and neutron sources such as AmLi or AmBe, which do not produce correlated 
neutrons from spontaneous or induced fission like fissile material does, could be placed near it. A 
fission meter, based on He-3 detectors, would then estimate the material type and fissile mass of the 
TAI. This method would still require pre-loaded fissile material values into the fission meter and an 
information barrier that would not disclose the type of TAI to the inspector. Kerr et al. have designed 
a software-based information barrier for the ORTEC Fission Meter, which limits the available 
information to a “pass” or “fail” for a Pu-240 mass threshold.21 Authentication and certification of the 
system hardware would still be required for this method to be used in an agreement, presenting 
similar issues to other measurement devices. One advantage to using a He-3-based fission meter is 
that it cannot detect gamma rays and does not provide neutron energy information. Because less 
information is collected, certification may be easier to achieve. 

VERIFYING NUMBER OF WARHEADS ON A MISSILE
Both states have agreed to warhead number limitations on some of their missiles. However, Country 
A considers the design of their re-entry vehicles sensitive information. In New START, the inspected 
party is permitted to use covers that still allow the inspecting party to determine how many warheads 
are on a missile.22 However, in this treaty, negotiators have decided that radiation detection should be 
used to verify the number of warheads on Country A’s ICBMs and Country B’s SLBMs.

Imaging techniques for warhead counting have not yet gained acceptance, with the exception of 
the INF Treaty. In a 1994 study by the Defense Nuclear Agency, no technical solution was found that 
could improve upon visual inspection in terms of “confidence, cost, intrusiveness, operational impact, 
and inspector burden” for verification of re-entry vehicle numbers on a missile.23 The study evaluated 
gamma-ray and neutron detectors, gamma-ray imaging systems, active interrogation techniques, and 
other non-radiation-based techniques. Morse and McDonald et al. provide thorough overviews of 

20.  Jay Brotz et al., FPGA Authentication Methods (SAND2017-5214R; Albuquerque, NM: Sandia National Laboratories, April 5, 
2017), https://prod-ng.sandia.gov/techlib-noauth/access-control.cgi/2017/175214r.pdf.
21.  Phil Kerr et al., Fission Meter Information Barrier Attribute Measurement System – NA-243 FNI/UKC FY2017 Task 1-2 Report 
(LLNL-TR-744285; Livermore, CA: Lawrence Livermore National Laboratory, January 2018, https://e-reports-ext.llnl.gov/
pdf/875804.pdf.
22.  Amy Woolf, The New START Treaty: Central Limits and Key Provisions (R41219; Washington, DC: Congressional Research 
Service, February 5, 2018), https://fas.org/sgp/crs/nuke/R41219.pdf.
23.  Mary Abe, Reentry Vehicle On-Site Inspection Technology Study (DNA-TR-94-22; Alexandria, VA: Defense Nuclear Agency, 
November 1994), http://www.dtic.mil/dtic/tr/fulltext/u2/a285960.pdf.



New Technologies for Next-Generation Nuclear Arms Control Treaties  |  45

imaging systems for warhead counting.24,25 McDonald et al. conclude that “[i]nspector confidence and 
technology intrusiveness have suffered an inversely proportional relationship for consideration in 
warhead counting,” which has led to “flat-out rejection for consideration in warhead counting.”26 

A version of imaging was used by the United States to contribute to verification of the INF treaty 
by measuring the neutron flux from a Soviet missile at different positions. The RDE allowed for use 
by the United States in the New START treaty relies on He-3 thermal neutron detection, which is 
the same type of detection used in the RDE for the INF Treaty.27,28 For this hypothetical agreement, 
the US New START RDE could be used in a similar fashion to the RDE from the INF treaty to map 
out neutron flux rates and determine how many warheads are present on top of a missile.29 A 
template-matching approach could be used where a trusted template of a single warhead missile is 
established and used as a basis of comparison in subsequent missile inspections. Alternatively, if both 
countries deem it acceptable, each individual measurement could be analyzed to try and spatially 
determine the number of warheads on the missile. 

While imaging with a single neutron counter has been used in a past agreement, it is tedious and 
time consuming. Using a radiation imager would provide a faster alternative, allowing for more 
missiles to be inspected and providing higher confidence for both parties. Imaging techniques can 
include image creation based on detection of particles emitted from the warheads themselves or 
through radiography techniques. Many of these existing technologies are technically capable of 
counting warhead numbers but would likely be deemed too intrusive. As such, the discussion in this 
work will focus on general properties that may lead to future adoption of imaging techniques.

Several themes for technologies adopted in current and past arms control agreements can inform 
future imager development. Based on the INF Treaty and New START RDE, it seems that neutron 
detection is considered less intrusive than gamma-ray detection. As such, a future device should 
seek to detect neutrons while eliminating sensitivity to gamma-rays. One such device is the 
thermal neutron imager that uses He-3 detectors that has been developed at Brookhaven National 
Laboratory.30 He-3 does not have gamma-ray sensitivity and has already been adopted in past 
agreements. Other imaging systems are based on organic scintillators, such as the neutron scatter 
camera MINER developed by SNL and a fast-neutron coded-aperture imager developed by ORNL.31,32 
Organic scintillators do have sensitivity to gamma rays, but may be preferable to other popular 
gamma-ray detectors such as NaI(Tl) and HPGe because of their poor resolution. Potential imagers 
should seek to include image resolution limitations that achieve only the fidelity needed for a 
specific agreement. Resolution can be affected by detector materials, detector sizes, and other system 

24. Morse, “Arms Control and Treaty Verification.” 
25.  McDonald et al., “Image-based verification: Some advantages, challenges, and algorithm-driven requirements.”
26.  Ibid., 2-3.
27.  Annex on Inspection Activities to the Protocol to the Treaty Between the United States of America and the Russian Feder-
ation on Measures for the Further Reduction and Limitation of Strategic Offensive Arms, U.S.-R.F., Apr. 8, 2010, T.I.A.S. 11-205, 
https://www.state.gov/documents/organization/27363.pdf.
28.  Ewing and Marlow, “A fast-neutron detector used in verification of the INF Treaty.” 
29.  Ibid.
30.  Peter Vanier, “Improvements in coded aperture thermal neutron imaging,” (BNL-71468-2003-CP; paper presented at the 
Society of Photographic Instrumentation Engineers 48th Annual Meeting, San Diego, CA, 2003).
31.  John Goldsmith et al., “A compact neutron scatter camera for field deployment,” Review of Scientific Instruments 87, no. 8 
(2016), doi: doi.org/10.1063/1.4961111, https://aip.scitation.org/doi/10.1063/1.4961111.
32.  Paul Hausladen and Matthew Blackston, Passive and Active Fast-Neutron Imaging in Support of AFCI Safeguards Campaign 
(ORNL/TM-2009/210; Oak Ridge, TN: Oak Ridge National Laboratory, August 2009), https://info.ornl.gov/sites/publications/
files/Pub21226.pdf.
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components such as the size of elements in a coded aperture mask. Because components of imaging 
systems are limited by physical constraints due to the need to create images, focusing on algorithms 
that eliminate sensitive information may offer a faster route for adoption of this technology.33

A zero-knowledge protocol (ZKP), developed at Princeton University was designed using principles 
that increase confidence.34 This template-matching technique uses neutron bubble detectors—which 
collect minimal energy information and are not sensitive to gamma-rays—for a neutron radiography 
system. The technique proposes starting with a pre-loaded complementary image that would not 
reveal any design information if the TAI is not a hoax or spoof. In contrast to an information barrier, 
the technique itself conceals sensitive information instead of relying on electronic systems to 
protect it. A large-scale implementation of this technique could be used for warhead counting. While 
promising, the ZKP has only performed in a laboratory setting and requires more development before 
it reaches the maturity of existing imaging radiography systems. A template-matching technique also 
maintains the challenge of obtaining a “golden warhead” template.35

VERIFYING DISMANTLEMENT OF NUCLEAR ALCMS
Verification for weapon reduction remains a difficult challenge. Past treaties such as START I relied 
on verifiable dismantlement of launchers. START I stipulated that to eliminate a heavy bomber, it 
must be chopped into pieces and left visible to national technical means (NTM) for verification.36 It 
also outlines procedures for eliminating ICBM silos and mobile launchers, SLBM launchers, and soft-
site launchers. Outside U.S. verification of SS-25 missiles by detecting radiation from their warheads, 
the INF Treaty also focused on verification by destruction of missiles. Launcher verification schemes 
were implemented because the technical means to achieve them (primarily visual inspection) do 
not risk disclosure of sensitive information. Conversely, moving to verifiable warhead dismantlement 
presents the risk of disclosure for participating states.

In this hypothetical agreement scenario, Country B must verify that Country A irreversibly eliminates 
their force of 300 nuclear ALCMs. Verification for this part of the agreement is two-fold: Country B 
must verify that conventional ALCMs are non-nuclear and must verify that the 300 declared nuclear 
ALCMs are eliminated. As part of the agreement, negotiators consider a nuclear ALCM to have been 
eliminated once the nuclear material (NM) and high explosive (HE) have been removed from the 
missile and de-mated. The nuclear material is then sealed and placed under monitoring. Country B 
has determined that the following steps are required for verification:

1. Obtain a “golden warhead” template

2. Verify a nuclear ALCM based on template

3. Verify removal of warhead from missile

4. Verify de-mating of NM and HE

5. Seal and place NM under monitoring

 

33.  McDonald et al., “Image-based verification: Some advantages, challenges, and algorithm-driven requirements.”
34.  Alexander Glaser et al., “A zero-knowledge protocol for nuclear warhead verification,” Nature 510, (June 2014): 497-502, 
doi:10.1038/nature13457, https://www.nature.com/articles/nature13457.
35.  Yan and Glaser, “Nuclear Warhead Verification: A Review of Attribute and Template Systems.” 
36.  “Protocol on Procedures Governing the Conversion or Elimination of the Items Subject to the Treaty Between the United 
States of America and the Union of Soviet Socialist Republics on the Reduction and Limitation of Strategic Offensive Arms,” 
U.S. Department of State, July 31, 1991, https://www.state.gov/documents/organization/27363.pdf.
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A similar scenario was exercised by United States and United Kingdom in 2010 and 2011 in which 
a fictional agreement called for the dismantlement of twenty nuclear landmines. The monitored 
dismantlement method and technologies used for this scenario are described by Hauck and Russell.37 
The monitored area for dismantlement contains temporary walls that create a “room within a room,” 
with the gap between existing and new walls monitored to give the inspecting party confidence.38 The 
monitored area also contains an array of cameras, break beams, and radiation portal monitors that are 
sensitive to neutrons and gamma rays to verify movement of both personnel and NM.

The first element of the agreement is to obtain a “golden warhead,” which presents one of the largest 
challenges for any template matching technique. Yan and Glaser provide several ideas to address 
this challenge.39 They suggest randomly selecting several examples of the deployed warhead and 
establishing a template that is an average of the selected warheads. They also argue that the lack 
of a trusted template does not immediately invalidate template-matching techniques. It would still 
be possible to confirm that many TAIs are the same item. Confirming the similarity of TAIs, however, 
would be more applicable in a long-term monitoring regime in which deployed items could be 
randomly selected and compared to past measurements over a period of years. For this hypothetical 
agreement scenario, a trusted template is required because, after the agreement, Country A will no 
longer deploy nuclear ALCMs.

Randomly selecting a number of deployed nuclear ALCMs, creating a template based on their 
average, and verifying the attributes of any number of the selected ALCMs would provide Country B 
with the most confidence in the template’s validity. Verifying attributes of any warhead is not a trivial 
process and was discussed in the previous section. While verifying attributes would provide more 
confidence to Country B, Country A may feel that it presents an unacceptable risk.

Once a satisfactory template has been produced, a template-matching strategy could be applied to 
verify the full arsenal of nuclear ALCMs. One candidate technology uses a physical cryptographic 
strategy to conceal weapon design information.40 In this active interrogation technique, a TAI is 
interrogated with a bremsstrahlung source, which absorbs source photons at a rate consistent with 
the density of various isotopes in the item. After passing through the TAI, the beam contacts an 
“encrypting foil” that contains the same isotopes as in the TAI. The source photons are absorbed by 
the foil and undergo nuclear-resonance fluorescence, producing gamma rays that are characteristic 
of the isotopes absorbing the photons. These gamma rays are then measured using an HPGe detector. 
The TAI is interrogated in many configurations to create a tomographic projection. To reconstruct 
the isotopic composition and the shape of the TAI, the exact composition of the encrypting foil 
is necessary. If the host produces the foil such that its composition is unknown to the inspector, 
reconstruction of the TAI by the inspector is not possible. If the same foil is used for measurement 
of two different items of the same type, the same response will be produced by the system without 
revealing design information.

This method presents one of the few processes that conceals sensitive information through physical 
processes, instead of information barriers, making it an attractive option for warhead verification. One 

37.  Hauck and Russell, “Review of the U.S.-U.K. Warhead Monitored Dismantlement Exercise.”
38.  Jennifer Tanner et al., “The ‘Room within a Room’ Concept for Monitored Warhead Dismantlement,” (PNNL-SA-101724; 
paper presented at the 35th Annual ESARDA Meeting, Bruges, Belgium, May 27-30, 2013). 
39.  Yan and Glaser, “Nuclear Warhead Verification: A Review of Attribute and Template Systems.”
40.  Scott Kemp et al., “Physical cryptographic verification of nuclear warheads,” Proceedings of the National Academy of Sciences 
of the United States of America 113, no. 31, (2016): 8618-23. doi:10.1073/pnas.1603916113.
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drawback to this method is that it shifts much of the uncertainty from certification to authentication. 
A host party would likely be confident that sensitive design information is not being revealed, but 
the inspecting party would need to have confidence that the interrogating source, encrypting foil, 
and radiation detector all function as designed. Because of the electronic components required 
for operation of the interrogating source and radiation detector, much of the confidence burden is 
moved to verifying electronic components and software that operates the system. Regarding practical 
implementation, this system is large and complex, likely requiring a dedicated facility for its use. 
While an attractive option in theory, much work is still needed to make this technology viable for use 
in an agreement.

TRIS is another instrument that could be used to perform the template matching in this scenario.41,42 
TRIS makes use of an information barrier to conceal sensitive information instead of using a 
physical process. Elements of TRIS that improve confidence include the use of both a single, low-
resolution NaI(Tl) detector and tamper-indicating enclosures for systems electronics. “Red” and 
“Black” processors are isolated from each other with the red side handling all sensitive information 
processing, and the black side acting as a “buffer for communication” that ensures sensitive 
information is not passed to the inspector. To ensure future template authenticity, it is digitally 
signed with a private key through a digital signature algorithm that uses a pair of random number 
seeds, one that is input by the host and another that is input by the inspector. During this process, a 
public key is generated that is used to confirm authenticity of the template. TRIS is a more mature 
technology than the physical cryptographic process evaluated above. It was demonstrated in the 
Warhead Monitored Dismantlement Exercise performed by the United States and United Kingdom 
in 2010/2011.43 Because TRIS collects and handles sensitive information, its utility relies on the 
robustness of the information barrier. To date, no information barrier has been deployed as part of a 
verification technology for an arms control agreement.

The next step in dismantlement is to verify that the warhead has been removed from the missile. The 
dismantlement would occur in the “room within a room,” and the missile would be brought out to 
another room where it could be measured. Radiation portal monitors would ensure that none of the 
NM removed from the missile and containerized was removed from the monitored area. To confirm 
that no NM was left in the missile, a device similar to the New START RDE could be used. Next, a 
joint report by the United States and the United Kingdom lists several aspects of the containerized 
material that must be verified to ensure that de-mating is complete:

1. to confirm the presence of [Fissile Material (FM)] in the “FM” container

2. to confirm the absence of HE in the “FM” container

3. to confirm the presence of HE in the “HE” container

4. to confirm the absence of FM in the “HE” container

5. to confirm that all of the FM is in the “FM” container44 

41.  Kevin Seager et al., “Trusted Radiation Identification System,” (paper presented at the INMM 42nd Annual Meeting, July 15-
19, Indian Wells, CA, 2001).
42.  Merkle et al., “Next Generation Trusted Radiation Identification System.”
43.  Hauck and Russell, “Review of the U.S.-U.K. Warhead Monitored Dismantlement Exercise.”
44.  National Nuclear Security Administration Office of Nonproliferation and Arms Control and the UK Ministry of Defense 
Atomic Weapons Establishment, Joint U.S.-U.K. Report on Technical Cooperation for Arms Control, (Washington, DC: United States 
Department of Energy, 2015).
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For measurements 1 and 5, both attribute and template matching techniques discussed throughout 
this paper could be applied. For measurement 4, techniques to confirm absence of NM used in START 
and New START are applicable. This study does not address verification of HE, but it will be an 
important aspect of any future dismantlement process.

Finally, the NM must be sealed and placed under monitoring. An array of tags and seals have been 
developed as part of arms control and safeguard efforts. These devices include electronic seals such 
as the commercially available Remotely Monitored Sealing Array, which uses a fiber optic loop seal 
and transmits the seal status to a remote host.45 This is a mature technology that has been approved 
for use by the International Atomic Energy Agency (IAEA) in nuclear safeguards and is currently in use 
at the Savannah River Site K-Area Material Storage Facility.46

CONCLUSIONS
This study evaluates potential radiation detection technologies that could be deployed as part 
of a hypothetical future arms control agreement. The created scenario was a complex treaty that 
involved more verification than has been included in any real agreement to date. The evaluations of 
potential technologies to accomplish treaty objectives highlighted why only very simple detection 
technologies have been implemented in agreements so far. Many of the technologies that can be 
used to verify attributes of TAIs are complex, such as FNIMS and radiation imaging systems, making 
authentication and certification very challenging. Other concepts that build on these concepts, such 
as physical cryptographic verification and a ZKP, are still immature and need further development 
and demonstration before serious adoption is considered. This work also found that the RDE 
developed for START/New START could be adopted for use in other situations where the absence 
of NM must be verified, including in post dismantlement and to ensure that dual-use launchers do 
not contain warheads. This RDE could also be potentially used for counting warheads on missiles, 
which would deploy the technology in a similar way to its use in the INF Treaty. Future technology 
development for the objectives outlined in this work must either incorporate information barriers 
that can be trusted by both parties or seek solutions that conceal sensitive information through 
physical processes. Because extensive work has been performed on information barrier technologies 
without successful implementation, using physical processes may be a better path to pursue.

45.  Canberra, “RMSA Remotely Monitored Sealing Array,” Canberra (now Mirion Technologies), accessed June 15, 2018, https://
www.mirion.com/products/rmsa-remotely-monitored-sealing-array. 
46. “IAEA installs high-tech replacement seals at NNSA site to enhance nuclear material monitoring,” National Nuclear Security 
Administration, November 16, 2016, accessed June 14, 2018, https://www.energy.gov/nnsa/articles/iaea-installs-high-tech-re-
placement-seals-nnsa-site-enhance-nuclear.
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Standoff Over the LRSO
Assessing the Long-Range Stand-Off Missile’s 
Impact on Strategic Stability

Brandon W. Heimer1

ABSTRACT
While there is consensus in the executive branch and Congress regarding the need to recapitalize the U.S. 
nuclear weapons enterprise, the delivery system and W80-4 warhead that are proposed to comprise the 
long-range stand-off (LRSO) missile have generated considerable debate. Much of the public debate has 
focused on its potential to affect strategic stability. This paper seeks to elucidate both Russian and Chinese 
perspectives on strategic stability and apply them to a systematic analysis of how the LRSO might either 
enhance or diminish strategic stability for the purpose of better informing the decision-making process 
rather than advocate a particular position on this issue.

INTRODUCTION 
The U.S. nuclear deterrent is aging. Both weapons and delivery platforms across all three legs of 
the triad are nearing the ends of their design life.2 Realizing the critical role of a safe, secure, and 
effective nuclear deterrent in U.S. national security, the Obama administration initiated a plan to 
modernize U.S. nuclear forces across the 2017-2046 period at a cost of approximately $400 billion.3 

1.  Brandon W. Heimer is a senior member of the technical staff, Systems Analysis and Engineering, Sandia National Labora-
tories, Livermore, California. Sandia National Laboratories is a multimission laboratory managed and operated by National 
Technology and Engineering 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-NA0003525. The author would like to 
express his appreciation to the Center for Strategic and International Studies for the opportunity to participate in the Nuclear 
Scholars Initiative and to Sandia National Laboratories for its support during the NSI experience. At SNL, thanks are due to Drs. 
Jarret Lafleur, Paul Nielan, and Jason Reinhardt, Mr. Mike Keifer, Mr. Anthony Juarez, and Mr. Janson Wu. Thanks are also due to Dr. 
Justin Anderson at National Defense University for his mentorship and feedback on this research.
2.  U.S. Strategic Forces Posture: Testimony before the Subcommittee on Strategic Forces, 114th Cong. (2016) (statement of Cecil 
Haney, Former Commander, U.S. Strategic Command).
3.  The Congressional Budget Office estimates the total cost of the plans for nuclear forces in this timeframe to be $1.2 trillion. 
Congressional Budget Office, Approaches for Managing the Costs of U.S. Nuclear Forces, 2017 to 2046, (Washington, D.C.: Govern-
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The ongoing modernization effort spans the entire U.S. nuclear triad, which consists of land-based 
intercontinental ballistic missiles (ICBMs), submarine-launched ballistic missiles (SLBMs), and bomber 
aircraft armed with gravity bombs and air-launched cruise missiles (ALCMs).4 Together, these three 
legs provide U.S. nuclear forces with responsiveness (ICBM), survivability (SLBM), and flexibility 
(gravity bombs & ALCM). The air-delivered leg, under the 2018 Nuclear Posture Review (NPR), is 
comprised of the B61 and B83 gravity bombs and the AGM-86B ALCM. Gravity bombs are released 
from a bomber aircraft and fall to their targets. Cruise missiles fly guided, low-altitude trajectories at 
nominally constant speed, which gives them the unique ability to strike precisely from long distances 
rather than having to be released nearly above their targets. These attributes allow defense planners 
to hold distant, high-value targets at risk without putting pilots’ lives at risk, particularly in denied 
airspace. Relative to ballistic missile systems, nuclear air-launched cruise missiles are flexible, 
recallable, serve as a hedge against failure in either of those two legs, and are not susceptible to 
anti-ballistic missile systems.

The AGM-86B ALCM equipped with the W80–1 nuclear warhead is one of several legacy systems 
requiring replacement.5  The ALCM is currently twenty-six years beyond its original design life.6, 7 
As such, the United States Air Force (USAF) issued a request for a proposal on July 29, 2016, for a 
nuclear air-launched cruise missile replacement—the long-range stand-off (LRSO) missile—as part 
of the nuclear forces modernization effort.8 The USAF subsequently awarded contracts on August 23, 
2017, for $900 million each to Lockheed and Raytheon for technology maturation and risk reduction 
(TMRR) development tasks.9 These contracts terminate in FY2022 when the engineering and 
manufacturing development phase is expected to begin.10 Little is known about the LRSO’s attributes 
in the open literature and press; however, the USAF has announced its intent to begin fielding the 
missile in the late 2020s on B-52H, B-2A, and B-21 aircraft. 11, 12, 13 The current USAF plan is to acquire 
approximately 1,000 LRSO cruise missile bodies and field a number equivalent to the current ALCM 
nuclear force.14

 

ment Printing Office, 2017), https://www.cbo.gov/system/files/115th-congress-2017-2018/reports/53211-nuclearforces.pdf.
4.  U.S. Department of Defense, Nuclear Posture Review Report, (U.S. Department of Defense, 2018), https://media.defense.
gov/2018/Feb/02/2001872886/-1/-1/1/2018-NUCLEAR-POSTURE-REVIEW-FINAL-REPORT.PDF.
5.  “AGM-86B/C/D Missiles,” U.S. Air Force, 2010, http://www.af.mil/About-Us/Fact-Sheets/Display/Article/104612/agm-86bcd-
missiles/.
6.  Ibid. The ALCM became operational in December 1982 with a ten-year design life.
7.  Air Force Nuclear Weapons Center Public Affairs, “AF Releases Request for Proposal,” U.S. Air Force press release, July 29, 
2016, http://www.af.mil/News/Article-Display/Article/881056/af-releases-request-for-proposal-for-nuclear-air-launched-
cruise-missile-replac/.
8.  Ibid.
9.  Air Force Nuclear Weapons Center Public Affairs, “USAF Awards Contracts for New Nuclear Missile to Lockheed, Raytheon,” 
U.S. Air Force press release, August 23, 2017, http://www.af.mil/News/Article-Display/Article/1287616/usaf-awards-contracts-
for-new-nuclear-missile-to-lockheed-raytheon/.
10.  U.S. Department of Defense, Department of Defense Fiscal Year (FY) 2018 Budget Estimates, Research, Development, Test & 
Evaluation, Airforce, Vol-II, (U.S. Department of Defense, May 2017), http://www.saffm.hq.af.mil/Portals/84/documents/Air%20
Force%20Research,%20Development,%20Test%20and%20Evaluation%20Vol-II%20FY18.pdf?ver=2017-05-23-160041-060.
11.  Air Force Nuclear Weapons Center Public Affairs, “USAF Awards Contracts for New Nuclear Missile to Lockheed, Raytheon.”
12.  Air Force Nuclear Weapons Center Public Affairs, “AF Releases Request for Proposal.” 
13.  The U.S. Air Force reports the B-21 Raider will begin replacing B-2 Spirit aircraft beginning in the mid-2020s at Dyess, 
Ellsworth, and Whiteman Air Force Bases. Secretary of the Air Force Public Affairs, “Air Force selects locations for B-21 aircraft,” 
U.S. Air Force press release, May 2, 2018, http://www.af.mil/News/Article-Display/Article/1510408/air-force-selects-locations-
for-b-21-aircraft/.
14.  Department of Defense Nuclear Acquisition Programs and the Nuclear Doctrine: Testimony before the Subcommittee on Strategic 
Forces, 115th Cong. (2017) (statement of Robin Rand, Commander, Air Force Global Strike Command).
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STRATEGIC STABILITY FOUNDATIONS
The United States, Russian Federation, and People’s Republic of China have all expressed their desire 
for stable strategic relations.15 However, since the beginning of the nuclear age, the United States and 
Soviet Union/Russian Federation agreed only one time, articulated in the Joint Statement of [June] 
1990, that “Strategic stability was understood as such a balance of strategic forces of the USSR and 
the U.S. (or such state of the two powers’ strategic relations) where there were no incentives for a 
first-strike.”16 Despite this momentary agreement, perspectives on strategic stability have diverged to 
the point that both now disagree on its definition and requirements.17  

TRADITIONAL AMERICAN PERSPECTIVE
Derived largely from the seminal work of Thomas Schelling, the traditional American conception 
of strategic stability is comprised of two elements: crisis and arms race stability.18 Crisis stability is 
most frequently understood to mean, “[The absence of perceived or actual incentives] to use nuclear 
weapons first out of the fear that the other side is about to do so.”19, 20 Each leader involved in the 
crisis would be expected to make such decisions while considering the vulnerability of his strategic 
forces to his opponent’s.21 In this conception, “Crisis stability differs from first-strike stability in that 
the former includes each leader’s perception—influenced by emotional and psychological stress, 
miscalculation, and disinformation—of desperate alternatives in a crisis. Therefore, crisis instability 
includes first-strike instability, which along with many other factors might feed crisis stability.” 22, 

23 For the purpose of this analysis, only first-strike stability will be considered, because the human 
element additionally involved in crisis stability is unpredictable and subject to many variables, and 
rigorously quantifying these is beyond the scope of the current work. The second element in the 
traditional conception, arms race stability, may be taken to mean, “The absence of perceived or actual 
incentives to augment a nuclear force—qualitatively or quantitatively—out of the fear that in a crisis 
an opponent would gain a meaningful advantage by using nuclear weapons first.” 24, 25

CONTEMPORARY AMERICAN PERSPECTIVES
The United States has offered extended deterrence commitments to allies and partners for nearly 
seventy years in the form of its nuclear umbrella in order to advance its nuclear nonproliferation 
goals. Since the end of the Cold War, the world has seen the United States’ conventional military 
superiority challenged and China rise as a great power.26 Some have argued the American conception 
of strategic stability needs to be reconsidered in light of these. One such definition was articulated 

15.  U.S. Department of Defense, Ballistic Missile Defense Review Report, (U.S> Department of Defense, 2010), https://dod.de-
fense.gov/Portals/1/features/defenseReviews/BMDR/BMDR_as_of_26JAN10_0630_for_web.pdf.
16.  From the U.S.-Soviet Joint Statement on the Treaty on Strategic Offensive Arms of 1990.
17.  Brad Roberts, The Case for U.S. Nuclear Weapons in the 21st Century, (Stanford, CA: Stanford University Press, 2016), 120-121.
18.  James M. Acton, “Reclaiming Strategic Stability,” in Strategic Stability: Contending Interpretations, ed. Elbridge A. Colby and 
Michael S. Gerson (Carlisle, PA: Strategic Studies Institute and U.S. Army War College Press, 2013), 121.
19.  Thomas C. Schelling, The Strategy of Conflict (Cambridge, MA: Harvard University, 1960).
20.  Acton, “Reclaiming Strategic Stability,” 121.
21.  Glenn A. Kent et al., First-Strike Stability: A Methodology for Evaluating Strategic Forces, R-3765-AF, (Santa Monica, CA: RAND, 
1989), https://www.rand.org/content/dam/rand/pubs/reports/2008/R3765.pdf.
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23.  Robert Powell, “Crisis Stability in the Nuclear Age,” American Political Science Review 83, no. 1 (March 1989): 61, https://doi.
org/10.2307/1956434.
24.  Acton, “Reclaiming Strategic Stability,” 121.
25.  James M. Acton, Deterrence During Disarmament: Deep Nuclear Reductions and International Security (Abingdon, UK: Rout-
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26.  Andrew F. Krepinevich, Jr., “The Pentagon’s Wasting Assets: The Eroding Foundations of American Power,” Foreign Affairs 88, 
no.4 (July/August 2009): 18-33.
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by Elbridge Colby, “Strategic stability should be understood to mean a situation in which no party has 
an incentive to use nuclear weapons save for vindication of its vital interests in extreme circumstances…
As in the classic understanding of first-strike stability, a stabilizing force posture should both be 
demonstrably survivable and exhibit restraint  such that an opponent does not fear excessively for 
the effectiveness of his retaliatory capability.”27 This conception emphasizes that nuclear use in a 
strategically stable relationship would necessarily need to be limited, discriminate, and restrained. 
Crucially, such use would communicate a leader’s resolve and willingness to escalate further if 
necessary. Force postures under this conception would, therefore, need to provide the capability to 
execute discriminate and limited nuclear strikes as well as an assured, massive, retaliatory strike. 
Colby further emphasizes the need for an “assured ability to penetrate even sophisticated air 
defenses and accurately and reliably deliver a lower-yield weapon to target.”28

RUSSIAN PERSPECTIVE
Strategic stability, in the narrow sense, has traditionally been viewed as a state of “rough parity” 
between the U.S. and Soviet/Russian military potentials.29, 30 This conception is best represented by 
the definition of strategic stability articulated in the Joint Statement of 1990. Under this conception, 
the incentives for a first-strike are reduced. Therefore, nuclear use is less likely in a strategically stable 
relationship, which results in a lower risk of war. In contrast to the American view that is comprised 
solely of crisis and arms race stability, Russians subscribe to a second, broader understanding of 
strategic stability that encompasses the collective “political, economic, military, and other measures 
implemented by the states.”31 These disjointed views lead to differences in the perceived threat posed 
by advances in conventional weapons, because, through the Russian lens, those advances affect the 
strategic balance, even though the strategic nuclear balance remains unchanged.

A second Russian conception of strategic stability relies less on “rough parity” with the United States. 
Rather, “It instead focuses more on leveraging Russia’s nuclear deterrent as a trump card to prevent 
what it perceives as bullying with respect to its core interests, especially in the post-Soviet space.”32 
In this view, Russian nuclear forces need to maintain strong enough capabilities to ensure they 
remain a credible deterrent.

Numerous factors have been specifically identified as affecting strategic stability: 33, 34

1. Survivability of strategic offensive arms, 

2. Anti-ballistic missile (ABM) systems,

3. Conventional precision guided weapons, including conventional prompt global strike (CPGS),

4. Nuclear weapons of third countries,

27.  Elbridge A. Colby, “Defining Strategic Stability: Reconciling Stability and Deterrence,” in Strategic Stability: Contending Inter-
pretations, ed. Elbridge A. Colby and Michael S. Gerson (Carlisle, PA: Strategic Studies Institute and U.S. Army War College Press, 
2013), 55.
28.  Ibid., 67.
29.  Matthew Rojansky, “Russia and Strategic Stability,” in Strategic Stability: Contending Interpretations, ed. Elbridge A. Colby and 
Michael S. Gerson (Carlisle, PA: Strategic Studies Institute and U.S. Army War College Press, 2013), 306.
30.  Alexei Arbatov et al., Strategic Stability after the Cold War, (Moscow: Institute of World Economy and International Relations 
Russian Academy of Sciences, 2010), http://www.nuclearsecurityproject.org/uploads/publications/STRATEGICSTABILITYAFTER-
THECOLDWAR_020211.pdf.
31.  Ibid.
32.  Rojansky, “Russia and Strategic Stability,” 306.
33.  Ibid.
34.  Arbatov et al., Strategic Stability after the Cold War.
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5. Tactical nuclear arms,

6. Space weapons, and 

7. Anti-submarine warfare (ASW).

Most of these factors relate directly to mutual vulnerability. Some experts assert that such mutual 
vulnerability provides the “basis for [U.S.-Russian] strategic stability.”35 The dynamics existing among 
these factors as they relate to vulnerability to strategic, offensive arms are shown in Figure 1.

Figure 1. System diagram showing the dynamics of factors affecting the survivability and effectiveness of 
strategic offensive arms. Here, “survivable” means an assured, retaliatory nuclear capability and “effective” 
means that a weapon can produce the desired effects on target when called upon by the command 
authority. In this diagram, an increase in a variable residing within a round node either increases (+) 
or decreases (–) the variable value at the end of the connecting arrow. For example, an increase in the 
number or quality of strategic nuclear arms of third countries will likely lead to an increase in ABM system 
deployments, which, in turn, decreases the effectiveness, or perceived effectiveness, of an adversary’s 
incoming strategic offensive arms. 

CHINESE PERSPECTIVE
China, like Russia, embraces both broad and narrow interpretations of strategic stability.36 Both 
U.S. and Chinese experts suggest Americans tend to favor a narrow view focused on “the strategic 
offense/defense equation” whereas the Chinese prefer a broader view encompassing “the broader 
strategic environment.”37 Under the broader view, Chinese experts see nuclear weapons as only one 

35.  James N. Miller Jr. et al., Navigating Dangerous Pathways: A Pragmatic Approach to U.S.-Russian Relations and Strategic Stabili-
ty, (Washington, D.C.: Center for a New American Security, 2018), https://www.cnas.org/publications/reports/navigating-danger-
ous-pathways.
36.  Ralph Cossa et al., A Realistic Way Forward for the U.S.-China Strategic Nuclear Relationship, (Beijing: Pacific Forum CSIS, 
2018), https://www.pacforum.org/sites/default/s3fs-public/publication/issuesinsights_vol17no15.pdf?QqRQZW4UDfsmMWP-
3PluiU3V4NsvEBZmt.
37.  Ibid.
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element affecting the bilateral, strategic relationship between great powers.38 Consequently, they 
advocate for “grand strategic stability,” which encompasses a stable nuclear deterrence relationship as 
well as cooperation on nuclear nonproliferation objectives and interdependence in civilian nuclear 
energy.39 Working productively toward such an objective may “gradually establish a framework for 
long-term cooperation, rather than confrontation.”40, 41

A constructive U.S.-China relationship would rely more significantly on crisis-avoidance and 
mitigation than on formal treaty processes.42 The Chinese also call for statements of U.S. intent, 
a bilateral no-first-use policy, and an explicit statement by the United States accepting mutual 
vulnerability with China as the basis for strategic stability.43 Chinese expert Wu Riqiang also argues 
that “enhancing the survivability of China’s nuclear weapons would be beneficial for U.S.-China 
strategic stability.44

ARGUMENTS REGARDING LRSO’S IMPACT ON STRATEGIC  
IN/STABILITY
Arguments regarding LRSO’s potential to either enhance or diminish strategic stability were 
identified from the ongoing debate within the United States. This analysis surveyed expert 
assessments from the military (current and retired), U.S. Department of Defense, U.S. Department of 
Energy, U.S. Department of State, members of Congress, and think tanks. The purpose was to ensure 
inclusion of diverse perspectives.

IMPLICATIONS FOR CRISIS STABILITY
The air leg of the strategic nuclear triad was afforded special counting rules under New START 
because it is believed to be the least destabilizing leg of the triad: each bomber aircraft, regardless of 
loadout, is counted as only one accountable unit.45 The rationale for such significant discounting was 
that neither the United States nor Russia maintain their bomber force (i.e., the aircraft that would 
potentially deliver a nuclear-capable cruise missile) on day-to-day alert.46 Further, the B-52H and 
B-2 long-range bombers fly at sub-sonic speeds requiring multiple hours for intercontinental flight, 
which stands in contrast to ballistic missile systems’ significantly shorter flight times. Bomber aircraft 
range limitations additionally require either aerial refueling (from non-stealthy KC-135 Stratotanker 
aircraft) or basing proximate to theatre. As such, rich signature sets (e.g., aircraft generation, weapon 
loadout, aerial refueling, and bomber basing) and relatively long delay times associated with the 
air leg of the triad offer detection and signaling opportunities, as well as additional time for a crisis 

38.  Lu Yin, “Reflections on Strategic Stability,” in Understanding Chinese Nuclear Thinking, ed. Li Bin and Tong Zhao (Washington, 
DC: Carnegie Endowment for International Peace, 2016), 129.
39.  Ibid., 130.
40.  Ibid.
41.  Cossa et al., A Realistic Way Forward for the U.S.-China Strategic Nuclear Relationship.
42.  Ibid.
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44.  Wu Riqiang, Issues in Sino-US Nuclear Relations: Survivability, Coercion and Escalation (London: Foreign & Commonwealth 
Office, 2013), https://www.gov.uk/government/publications/issues-in-sino-us-nuclear-relations-survivability-coercion-and-es-
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45.  New Strategic Arms Reduction Treaty, U.S.-Rus., April 8, 2010, U.S.T. 11-205.
46.  Eric Schmitt, “Bush’s Arm Plan; Cheney Orders Bombers Off Alert, Starting Sharp Nuclear Pullback,” New York Times, Septem-
ber 29, 1991, http://www.nytimes.com/1991/09/29/world/bush-s-arm-plan-cheney-orders-bombers-off-alert-starting-sharp-
nuclear-pullback.html.
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to be resolved without the use of force.47, 48, 49, 50 Former Senior Director for Defense Policy and Arms 
Control on the National Security Council staff, Franklin Miller, a proponent of the LRSO, argues that, 
for these reasons, neither U.S. nor Russian doctrine regards the air-delivered leg as a first-strike 
weapon.51 Therefore, the LRSO is unlikely to pose a threat of a disarming strike to either Russia or 
China.52, 53, 54 They further contend that the capability of nuclear armed cruise missiles to hold “high 
value targets at risk in an evolving threat environment, including targets deep within an area denied 
environment” maintains stable deterrence.55, 56 Having an updated, modern missile may be necessary 
to maintain a credible deterrent effect if adversaries do not believe the current ALCM is survivable 
against modern, or future, integrated air defense systems (IADS).

Critics argue that, in a crisis or conflict, the LRSO could be used in a role “beyond deterrence” to 
initiate a “tactical” nuclear war which may escalate to a major nuclear exchange.57, 58, 59 While little 
is known about the LRSO’s attributes, some have speculated it may utilize stealth technology.60, 

61 When paired with a stealthy, penetrating bomber such as the B-2 or B-21 in development, the 
LRSO may create the possibility of a no-warning nuclear strike. Faced with this possibility, the 
capability of a delivery platform to carry both conventional and nuclear forces may create warhead 
ambiguity for adversaries, which could lead to unintended nuclear war.62, 63, 64 A related argument is 
that it is redundant and unnecessary to deploy both a stealthy, penetrating bomber and a stealthy 
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stand-off missile together.65 This argument, however, is predicated on the assumption that such 
bomber aircraft will be able to indefinitely penetrate denied airspace and drop gravity bombs on 
target despite adversaries’ sustained investments in  anti-access/area denial (A2/AD) technologies 
and strategies.66

IMPLICATIONS FOR ARMS RACE STABILITY
The LRSO is being proposed as a replacement for the nuclear capable AGM-86B that the United 
States has had for three decades. No new military capability is being created within the nuclear 
explosive package as defined by the U.S. Department of Defense.67 The program of record only calls 
for refurbishing the existing W80 warhead.68 

The LRSO complies with all U.S. commitments under the New START and Intermediate-Range 
Nuclear Forces (INF) Treaties.69, 70 It may also be used as a bargaining chip in future arms reductions 
negotiations.71 In the shorter term, the LRSO advances U.S. non-proliferation objectives by enabling 
the United States to carry out its extended deterrence commitments, particularly if bomber aircraft 
are unable to penetrate denied airspace to drop gravity bombs.72, 73 The flexible options afforded 
by the LRSO allow the United States to deter limited nuclear attacks on its allies and partners.74 
Following the U.S. Navy’s retirement of the nuclear Tomahawk Land Attack Missile (TLAM-N), the 
LRSO will be the single weapon system maintaining the nuclear cruise missile capability until the 
sea-launched cruise missile (SLCM) proposed as a supplementary capability in the 2018 NPR is 
fielded.75 Assuring allies that the United States has a credible nuclear option to respond to an attack 
on their territory provides for their security without having to develop their own nuclear arsenals and, 
therefore, promotes stability. 

Will Saetren argues that what really matters in this debate is “how America’s nuclear posture is 
perceived by potential adversaries.”76 If Russia and China perceive the LRSO as a threat capable of 
evading their air defenses, each may choose to invest in new capabilities to counter it.77 Further, each 
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66.  Frank Rose, “Five Myths About a Controversial Nuclear Weapon,” War on the Rocks, last modified June 20, 2017, https://
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may develop its own nuclear, offensive capability to “offset the perceived advantage that the LRSO 
has given the United States.”78 The successive development of offensive and defensive capabilities 
initiated by the deployment of LRSO would, therefore, constitute arms race instability.

ANALYSIS OF STRATEGIC STABILITY IMPACTS
Mutual vulnerability to nuclear forces is the most consistently articulated basis for strategic stability 
from both Russia and China. The United States formally accepts mutual vulnerability between itself 
and Russia. While the U.S. government does not formally recognize mutual vulnerability with China, 
a 2009 Council on Foreign Relations task force on U.S. nuclear weapons policy concluded that 
“mutual vulnerability with China—like mutual vulnerability with Russia—is not a policy choice to be 
embraced or rejected, but rather a strategic fact to be managed with priority on strategic stability.”79 
If that statement is accurate, the question becomes, “Does the LRSO threaten mutual vulnerability by 
enabling the United States to successfully execute a disarming first-strike?” Given the delay and rich 
signature sets associated with the air-delivered leg of the triad, it seems highly unlikely the LRSO 
would provide a capability that makes a disarming first-strike more possible or attractive.

Modern American perspectives on strategic stability provide reasoning for the use of nuclear 
weapons to “[defend vital U.S.] interests in extreme circumstances.”80 Under this conception, nuclear 
weapons are intended to be instruments of “violent signaling” that may be used discriminately and 
allow for demonstrating restraint in response to an adversary’s limited strikes. The LRSO would 
be one weapon U.S. leaders might consider using in order to provide flexible options in such 
employment. This issue of “limited” nuclear use and its ramifications are the subjects of another, 
ongoing debate and will not be addressed here beyond stating that there is no guarantee that 
escalation to a major nuclear exchange could be avoided beyond first use. Engaging with both Russia 
and China to establish reliable communication channels, as well as to develop shared understanding 
of each other’s policy and intent, may alleviate potential instability in such a crisis.

The prospect of a completely unexpected strike without warning seems possible when a stealthy 
bomber aircraft may be used to deliver a stealthy weapon. However, as stated above, bomber 
range limitations require aerial refueling from non-stealthy tanker aircraft or deployment to bases 
within range of theatre, which, itself, may be observable. Context also matters for plausibility. U.S. 
nuclear use would only be considered in “extreme circumstances,” such as following a significant 
strategic attack; at which point, the parties in conflict would undoubtedly be expending significant 
resources to ascertain the readiness condition of each other’s strategic forces. Further, one side 
may deliberately choose to mobilize strategic forces in order to signal resolve. Therefore, it begins 
to seem less plausible that a peer or near-peer nation state would be surprised by a nuclear attack 
or would misinterpret a conventional air-launched cruise missile as a nuclear one. The historical 
record may support this conclusion. There has been no reported instance where a U.S.-launched 
conventional air-launched cruise missile (CALCM) was misinterpreted to be nuclear despite over 
100 CALCMs being employed across no fewer than five military operations from 1991 through 
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2003.81 However, it is important to note these CALCMs were not used in a conflict with Russia, 
China, or another nuclear State.

Figure 2. Notional Bayesian network to assess the probability that an incoming U.S. bomber or missile 
is nuclear. The diagram is presented from the perspective of an adversary that “sees” inbound U.S. forces. 
Realizations for each variable are shown in parentheses following the variable name.

Both of these issues, (1) interpreting the mission of an inbound stealth bomber and (2) 
discriminating cruise missile warhead type, are inference problems. Figure 2 presents a notional 
Bayesian network that shows how these variables may affect an adversary’s belief that the attack 
will be nuclear. Arrows show conditional dependence between variables residing within the 
ovals. For example, the first link is read as “what is the probability an incoming U.S. bomber or 
missile is nuclear given that ‘I’ recently launched a strategic attack against the United States.” This 
framework shows how numerous factors may be interpreted collectively. If the United States has 
not been attacked by a strategic weapon, has not alerted its strategic forces to a high readiness 
condition, is currently prosecuting an unrelated, conventional conflict (e.g. , a campaign against 
Al-Qaeda or ISIS), and is not involved in a crisis or conflict with a peer nation, it seems highly 
unlikely a flying stealth bomber is executing a nuclear first-strike mission. The converse may 
be also be true. If the United States is engaged in a conflict with a peer nation, has sustained 
a strategic attack from that nation, generated strategic bomber aircraft, and communicated 
intent, it may be reasonable to believe the incoming strike is nuclear. The extremes that these 
scenarios represent are inherently the most certain. Cooperation between nations to prevent 
miscommunication and misperception will be most important to address the range in between 
these extremes, where uncertainty is the greatest.

81.  Operation Desert Storm (1991); Operation Desert Strike (1996); Operation Desert Fox (1998); Operation Allied force 
(1999); and Operation Iraqi Freedom (2003).
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USSTRATCOM Commander Gen. John Hyten said, in reference to the analogous high-yield versus 
low-yield discrimination problem for SLBMs, that he would not immediately recommend a massive 
nuclear response if he detected a limited number (one or two) of inbound missiles, realizing that 
they do not pose an existential threat to the United States.82 With this public statement, he may 
be implicitly suggesting that other nations follow a similar course of action when confronted with 
a warhead discrimination problem. Establishing a “wait and see” norm for some situations could 
promote stability by reducing the danger of misinterpretation and unintended escalation that can 
result from a potentially ambiguous missile employment.

It is unclear whether the proposed LRSO has or will inspire either Russia or China to develop 
similar systems or countermeasures. It has been reported that, as of late 2017, Russia is upgrading 
its heavy bomber aircraft to be able to carry the Kh-102 air-launched cruise missile.83 Due to the 
more advanced state of the Russian nuclear modernization effort, it is doubtful this missile is a 
direct response to LRSO. However, if the LRSO is similar enough to the Kh-102, Russia may believe 
these two missiles maintain the strategic balance, thereby promoting stability, and choose not to 
develop additional arms in response. The extent of China’s recent developments makes it difficult, if 
not impossible, to determine whether any particular system is a response to LRSO or not. Given the 
value China places on mutual vulnerability, it may feel compelled to develop new systems (defensive 
or offensive) if it believes the survivability of its strategic forces are threatened by the LRSO. The 
Russians may follow a similar course of action and augment air defense capabilities if they believe 
the LRSO could similarly threaten the credibility of their nuclear deterrent.

CONCLUSION
Mutual vulnerability to strategic forces seems to remain the de facto foundation for strategic stability 
across the U.S.-Russia and U.S.-China dyadic relationships.

 ▪ This work has suggested that the bomber force tasked with delivering the LRSO is characterized 
by relatively long flight times and rich signature sets, which make its use inconsistent with the 
requirements for a disarming first-strike. Therefore, the LRSO would not be expected to disrupt 
mutual vulnerability by making a disarming strike more possible or attractive.

 ▪ Even if a stealthy air-launched cruise missile is paired with a stealth bomber aircraft, both the 
signatures associated with bomber generation and the need for aerial refueling from non-
stealth tanker aircraft make it unlikely that the LRSO could be launched against a peer or near-
peer nation-state without advance warning.

 ▪ To the extent that a nuclear armed air-launched cruise missile deters would-be U.S. adversaries 
from nuclear use, maintaining a survivable weapon system is crucial for maintaining that 
stable deterrent effect. A modern stand-off weapon and stealth delivery platform increase 
the probability that this capability will be maintained in the future against other nations’ 
increasingly capable A2/AD systems.

 ▪ The LRSO has been touted as a flexible option to deter, or conduct should deterrence fail, limited 
nuclear strikes pursuant to Russia’s reported “escalate-to-deescalate” doctrine. The concept of 
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limited nuclear use is still intensely debated, and there is no guarantee that escalation could be 
controlled even with tailored LRSO employment.

 ▪ The challenge of warhead discrimination has not historically led to a nuclear response to a 
cruise missile launch, but there is no guarantee that cannot change. Having accurate military 
intelligence coupled with discerning analysis of the context in which cruise missiles are 
employed (e.g., how escalated is the conflict, how many missiles have been launched, have there 
been signatures of strategic force mobilization, or has the nuclear threshold been crossed?) 
will likely be essential for reducing the danger of misperception. Developing norms and/or 
communication channels in the aforementioned dyadic relationships may also further these ends.

In sum, this work has identified and analyzed many of the major arguments in the debate regarding 
the LRSO’s impact on strategic stability. During this study and survey of other nation’s conceptions 
of strategic stability, it became clear that the LRSO is neither inherently stabilizing or destabilizing; 
rather, it is one instrument—in addition to unambiguous U.S. policy, clear messaging, and signaling of 
intent—that may promote stability by reducing the risk of miscalculation and unintended escalation.
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Emerging Submarine 
Detection Technologies 
and Implications for 
Strategic Stability
Ari Kattan1

ABSTRACT
As the revolution in remote sensing, computing power, big data analytics, and the biosciences continues to 
accelerate, it is possible that nuclear-armed submarines (SSBNs) will become vulnerable to detection and 
tracking. If nuclear-armed states were to acquire submarine detection and tracking capabilities of sufficient 
quality—or were believed to have acquired such capabilities—the implications for strategic stability could 
be dire. This paper explores some of the technologies that might enable states to reliably detect and track 
SSBNs and how the invention or deployment of such capabilities might impact strategic stability. Different 
scenarios are considered, including possible U.S. superiority in submarine detection, possible adversary 
superiority in submarine detection, and the effects of degraded SSBN survivability on extended deterrence. 
As arms control fades as a tool for maintaining superpower stability, new forms of communication between 
countries must be developed and expanded to manage the possibility that emerging technologies, 
including submarine detection technologies, upend the strategic landscape in dangerous ways. 

 

1.  Ari Kattan is a policy analyst at Science Applications International Corporation (SAIC), where he supports the Defense 
Science Board. The views expressed here are those of the author and do not necessarily represent the views of SAIC or its 
government clients.
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INTRODUCTION
For decades, the logic of deterrence and strategic stability has been underpinned by an assured 
second-strike capability—having the means to survive a nuclear first-strike and retaliate with 
unacceptable damage against an adversary. For the United States, this assured retaliation 
capability has been cemented, operationally and conceptually, in its sea-based leg of the nuclear 
triad, currently comprised of 14 Ohio-class nuclear-powered and nuclear-armed submarines 
(SSBNs). Finding and tracking these extremely quiet and sophisticated vessels was, and currently 
is, so difficult that strategists and policymakers view their stealth as axiomatic.2 By all accounts, no 
adversary currently has the technology or tactics to reliably locate and hold at risk SSBNs when 
they are deployed to their patrolling stations deep in the ocean. This provides confidence to the 
United States that it will possess sufficient means of retaliation even if it were attacked first and 
denies any adversary the ability to disarm the United States sufficiently in a crisis or a war for it 
to consider attempting a nuclear first-strike. Among other factors, this mutual assured destruction 
paradigm contributed to the United States and the Soviet Union surviving the Cold War without a 
nuclear exchange.  

Despite considerable effort by the U.S. Navy to develop submarine detection technologies and tactics 
that would have undercut the logic of mutual assured destruction,3 neither the United States nor 
the Soviet Union were able to acquire the capability to track and destroy the other side’s SSBNs 
with enough certainty to completely undermine strategic stability, especially when coupled with the 
inability to assure complete destruction of land-based and air-based weapons. However, the very fact 
that the United States attempted to do this, even as it endorsed mutual vulnerability as the basis of 
its national security, shows that the drive to improve military capabilities and the allure of escalation 
dominance was, and likely still is, strong enough to overcome political decisions about strategic stability. 

During the Cold War, the technologies for exquisite submarine detection and tracking were simply 
not mature enough to seriously threaten strategic stability,4 even though recent scholarship shows 
that the intention to outmaneuver mutually assured destruction was clearly there.5 It was the state 
of the technology—not the decision to avoid researching and deploying that technology—which 
accounts for the expected survivability of second-strike forces during the Cold War.

However, the state of computing power, advanced software, remote sensing technology, and 
biotechnology is advancing rapidly, with massive but not yet fully understood implications for 
international security. This technological revolution is beginning to touch the realm of undersea 
warfare.6 Emerging technologies and substantial improvements in existing technologies may be on 
the verge of revolutionizing anti-submarine warfare (ASW) capabilities, which could, in time, enable 
advanced militaries to locate and track submarines, including SSBNs, with increasing reliability. 

2.  Linton Brooks, “Strategic Stability and Submarine Operations: Lessons from the Cold War,” Carnegie-Tsinghua Center, Febru-
ary 11, 2015, http://carnegieendowment.org/files/Speaker_Remarks%20-%20Ambassador%20Linton%20Brooks.pdf. 
3.  For a comprehensive discussion on anti-submarine warfare developments during the Cold War, see Donald C. Daniel, An-
ti-Submarine Warfare and Superpower Strategic Stability (Chicago: University of Illinois Press, 1986). For more on the U.S. Navy’s 
success in tracking and threatening the Soviet Union’s SSBNs, see Austin Long and Brendan Rittenhouse Green, “Stalking the 
Secure Second Strike: Intelligence, Counterforce, and Nuclear Strategy,” Journal of Strategic Studies 38, nos. 1-2 (2015): 38-73, 
http://www.tandfonline.com/doi/pdf/10.1080/01402390.2014.958150. 
4.  Daniel, Anti-Submarine Warfare and Superpower Strategic Stability, 201-206. 
5.  For a comprehensive historical overview of U.S. anti-submarine efforts, see Owen R. Cote, Jr., The Third Battle: Innovation in 
the U.S. Navy’s Silent Cold War Struggle with Soviet Submarines (Newport: Naval War College Press, 2003).
6.  Bryan Clark, The Emerging Era in Undersea Warfare (Washington, DC: Center for Strategic and Budgetary Assessments, January 
2015), http://csbaonline.org/uploads/documents/CSBA6292_%28Undersea_Warfare_Reprint%29_web.pdf. 

http://carnegieendowment.org/files/Speaker_Remarks%20-%20Ambassador%20Linton%20Brooks.pdf
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Many of the enabling technologies for ASW will be invented and perfected by the private sector for 
commercial purposes but could be adopted or adapted by governments for military use. It is likely 
that, as the United States and China continue to compete in the Asia-Pacific, these technologies 
will be developed, adopted, and deployed with conventional aims in mind—such as tracking and 
destroying attack submarines—without considering the possible unintended consequences of these 
new capabilities for nuclear deterrence. 

The remote sensing technologies fueling the potential for improved submarine detection, coupled 
with the continued proliferation and improvement of precision strike capabilities, also pose serious 
risks to the survivability of ICBMs and bombers.7 It is possible that all legs of the triad could become 
less secure within a relatively short window of time, introducing an uncertainty to nuclear strategy 
that is currently moderated by the existence of secure sea-based second-strike forces.

Of course, making predictions about the functionality and reliability of new technologies involves a 
great deal of speculation and is notoriously difficult. Predictions are often incomplete, untimely, or 
simply wrong.8 This is especially the case when attempting to analyze a field as secretive as ASW, 
where so much of the relevant history and information is highly classified. It may well be that these 
new submarine detection technologies do not materialize in a militarily significant way or that 
countermeasures to new capabilities quickly negate their utility. But it is also possible that a major 
leap in technological progress will undermine strategic stability, especially if nuclear powers do not 
respond to these changes effectively and responsibly. It is important to think about possible future 
conditions now in order to prepare for any reality that might arise.

This paper will attempt to think through those possible future conditions and what their implications 
might be for strategic stability. The paper will begin with an overview of the improvements to 
existing ASW capabilities and possible new capabilities that threaten the ability of SSBNs to avoid 
detection. Because of the limitations of surveying this issue at the unclassified level, this section of 
the paper is intended only to provide necessary context and raise theoretical questions—it is not 
intended to make a definitive determination about any of these technologies, nor should it be viewed 
as exhaustive. The maturity of these technologies for military use, and the intentions to develop them 
as such, can only be speculated about. 

Next, it will explore the possible impact of game-changing advancements in submarine detection 
on deterrence and strategic stability. If a strategic environment materialized wherein submarines 
could no longer be relied upon to provide an assured retaliatory capability (especially if this 
coincides with increasing threats to land-based nuclear weapons), how would this affect U.S. 
confidence during a crisis? Would this threaten U.S. extended deterrence guarantees? How will U.S. 
adversaries, both near-peer and regional, view the nuclear landscape and crisis bargaining in such 
an environment? 

The paper will end with recommendations for how the United States should manage its deterrence 
relationships given the possibility of such technological advances. Deploying game-changing 
technologies, or coupling new technologies together in innovative ways, without assessing how 

7.  Kier A. Lieber and Daryl G. Press, “The New Era of Counterforce: Technological Change and the Future of Nuclear Deterrence,” 
International Security 41, no. 4 (Spring 2017): 9-49, https://www.mitpressjournals.org/doi/full/10.1162/ISEC_a_00273.
8.  C. Wes Spain, “Curious Incidents: Dogs that Haven’t Barked,” in Strategic Latency: Red, White, and Blue: Managing the National 
and International Security Consequences of Disruptive Technologies, eds. Zachary S. Davis and Michael Nacht (Livermore, CA: Cen-
ter for Global Security Research, 2018), 52-70, https://cgsr.llnl.gov/content/assets/docs/STATEGIC_LATENCY_Book-WEB.pdf. 
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such actions might threaten strategic stability could increase the danger of nuclear war in the 
emerging second nuclear age. Reducing that danger will be one of the most important policy 
issues of our time. 

ASW TECHNOLOGIES
CURRENT CAPABILITIES AND PROSPECTS FOR IMPROVEMENT
Submarine detection falls into two broad categories: acoustic and non-acoustic. Acoustic detection 
relies on detecting the sound that the submarine itself makes or the sound of its effects on its 
environment. Non-acoustic detection encompasses all other forms of detection. Technological 
progress posits significant improvements on both fronts.  

ACOUSTIC DETECTION
Acoustic detection methods and technologies can further be divided into reflected acoustic signals and 
radiated acoustic signals.9 Sonar—the underwater equivalent of radar—is used to detect both. Active sonar 
works by emitting sound and receiving the return signal with a hydrophone. Passive sonar consists of 
hydrophones deployed to detect radiated submarine noise.10 These sound emitters and receivers can be 
deployed on a wide variety of platforms and in many different arrays to achieve different effects. 

To avoid detection from active and passive sonar, SSBNs are designed to be as quiet as possible. The 
ocean—covering over 70 percent of the Earth, filled with marine life, and defined by temperature 
differentials and the attenuating properties of water—is a large, noisy, and chaotic place. Detecting 
and tracking a single quiet vessel in the vast expanse of the ocean through acoustic means is an 
expensive and difficult endeavor. Because of sensor limitations, the combination of towed and 
dipping sonars and sonobuoys used during the Cold War were largely limited to tracking and trailing 
missions, not searching wide swaths of the ocean for first contact.11

Those limitations appear to be washing away. Further improvements to noise reduction may not 
be enough to keep pace with improvements in sonar detection, especially the computer processing 
power and big data analytics techniques that will drastically improve the signal to noise ratio and 
quickly sort out the chaos of the ocean to find the submarine needle in the ocean’s haystack.12 
Running sufficiently sophisticated oceanographic models quickly enough to be useful for ASW has 
been theoretically possible for decades, but computers and software did not have the power to do so. 
Now, in an age where the average smartphone has more computing power than the supercomputers 
of decades past, analysis of sonar signals could soon be good enough to detect SSBNs in 
circumstances where they previously would have been invisible. 

NON-ACOUSTIC DETECTION
The range of non-acoustic detection methods and technologies are too numerous to list in detail. 
However, the rapid progress being made with regard to sensor accuracy, sensitivity, miniaturization, 
mass manufacturability, and integration affect many types of potential sensors that could be used for 
submarine detection. 

 

9.  Daniel, Anti-Submarine Warfare and Superpower Strategic Stability, 28. 
10.  Ibid.
11.  Ibid., 67. 
12.  Clark, The Emerging Era in Undersea Warfare, 10.
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DETECTION FROM AIR AND SPACE 
Submarines produce wakes, called Kelvin waves, whenever they are mobile.13 The slower and deeper 
under water the submarine travels, the smaller the Kelvin wave becomes. At a certain depth and 
speed, the wave becomes so small that it was previously immeasurable. However, with advancements 
in synthetic aperture radar (SAR) technology, coupled with the computing power necessary to 
quickly find the shape of the wake amongst the many disturbances of the ocean’s surface, the wakes 
produced by submarines might soon be detectable from aerial and space-based platforms.14 

New laser and interferometry capabilities might also enable detection of previously unmeasurable 
differences on the ocean’s surface. If a sufficient number of satellites or drones were equipped with 
SAR or laser-enabled detection capabilities, it is not inconceivable that surveillance of the entire 
ocean could be possible in the future. 

BIOLUMINESCENCE AND BIOSENSING
When some marine plant and animal life are disturbed, they emit light that can be observed by 
sensors. The United States and the USSR both attempted to harness bioluminescence for naval 
purposes during the Cold War, but the technology never matured to the point where it could 
be used for SSBN detection.15 Significant improvements in biotechnology, however, might make 
bioluminescence or other novel forms of biosensing feasible for detecting submarines. The Defense 
Advanced Research Projects Agency (DARPA) is currently exploring the possibility of using the 
properties of certain marine creatures to create a sensor network capable of monitoring underwater 
threats to U.S. naval vessels.16 Biosensors could also be used to detect microbial signatures from 
ports known to base SSBNs. 

The opportunities created by the revolution in biological technologies (biomedicine, bioinformatics, 
synthetic biology, etc.) appear to have the potential to remake our world; ruling out the possibility 
that bio-enabled sensors could illuminate the oceans in ways that are currently inconceivable would 
be a failure to appreciate the pace at which progress is being made in the biosciences. 

CONTAMINANTS DETECTION
Submarines leak or otherwise introduce trace amounts of various contaminants into the ocean, from 
fuel to lubricants to waste products.17 While monitoring the entirety of the ocean for trace particles 
seems impossible, advancements in pollution detection (including in the parts per quadrillion, or one 
thousand times a trillion) may make monitoring of wide swaths of the ocean possible. 

There are many other potential forms of detection, including thermal detection and electromagnetic 
detection, but a full detailed treatment of these technologies is beyond the scope of this paper. This 
section gives just a sample of some of the possible detection technologies and techniques that might 
degrade the invisibility of the SSBN force. 

13.  G.G. Wren and D. May, “Detection of Submerged Vessels Using Remote Sensing Techniques,” Australian Defence Force Journal, 
no. 127 (November/December 1997): 10, https://fas.org/nuke/guide/usa/slbm/detection.pdf.  
14.  Carlo Kopp, “Evolving ASW Sensor Technology,” Defence Today, December 2010, 27-28 https://www.ausairpower.net/SP/DT-
ASW-Sensors-Dec-2010.pdf. 
15.  Sarah Laskow, “How the Navy Tried to Turn Bioluminescence Against the Soviets,” Atlas Obscura, January 13, 2017, https://
www.atlasobscura.com/articles/how-the-navy-tried-to-turn-bioluminescence-against-the-soviets. 
16.  Todd South, “From shellfish to plankton, DARPA program turns creatures into sensors,” Navy Times, February 27, 2018, 
https://www.navytimes.com/news/your-navy/2018/02/28/from-dolphins-to-plankton-darpa-program-turns-creatures-into-sen-
sors/. 
17.  Daniel, Anti-Submarine Warfare and Superpower Strategic Stability, 43. 
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If an adversary flooded the ocean with large numbers of small, networked electronic sensors or 
biosensors, they would not only improve the chances of initial detection, they would improve 
cross correlation as well. When sensors were expensive to produce and deploy, the production and 
deployment scale needed for ocean-wide coverage was impossible. The revolution in electronics, 
which is being driven by the private sector and government research organizations like DARPA, may 
be changing what is possible faster than many realize. 

THE STRATEGIC IMPLICATIONS OF REDUCED CONFIDENCE IN 
THE SEA LEG OF THE TRIAD
While the actual survivability of SSBNs during the Cold War is open to debate, the belief that they 
were survivable enough for assured destruction of countervalue targets greatly contributed to 
stability.18 Even if some of the SSBN force were to suffer attrition, enough submarines would survive 
that the adversary would not be tempted to risk nuclear war for fear that such a war would produce 
unacceptable destruction. 

In a hypothetical security environment wherein some or all of the technologies discussed above 
mature in operationally meaningful ways, what might the implications be for U.S. nuclear strategy 
and strategic stability? There are three vantage points from which to explore this landscape. The 
first is a U.S. belief in its ability to detect and track enemy submarines with much higher confidence 
than exists today. The second is degraded U.S. confidence in its own SSBN force’s survivability due 
to increased adversary ability to detect and track U.S. submarines. The third is the perception of U.S. 
allies and the ability of the United States to maintain extended deterrence guarantees. Each of these 
vantage points will be surveyed in turn. 

U.S. SSBN DETECTION SUPERIORITY 
What issues of concern might arise if the United States possessed the ability to detect and track 
submarines with significantly greater confidence than exists today? The two relevant countries to 
this discussion are Russia and China. Both the United Kingdom and France have nuclear weapons 
deployed on submarines, but they are close U.S. allies, and thus their nuclear weapons are not seen 
as threats to the United States. India and Pakistan are both moving towards deploying nuclear 
weapons on submarines,19 and while this certainly has implications for the United States, it is unlikely 
that the United States will be directly threatened by Indian or Pakistani nuclear forces. Therefore, 
nuclear deterrence is unlikely to define the U.S.-Indian or the U.S.-Pakistani relationship. Nuclear 
deterrence and strategic stability will, however, almost certainly loom large over the U.S. relationship 
with Russia and China. 

The U.S.-Russia relationship is defined by Russian fear of its own weaknesses (economic, 
technological, etc.) and paranoia about U.S. and NATO threats to its security. Russia currently fears 
U.S. conventional superiority20 and has invested in capabilities and tactics to circumvent it.21 It is 

18.  For more on the logic of assured destruction and its role in shaping the Cold War, see Richard Smoke, National Security 
and the Nuclear Dilemma: An Introduction to the American Experience in the Cold War (New York: McGraw-Hill, 1993). For a more 
theoretical discussion of this logic, see Thomas C. Schelling, Arms and Influence (New Haven: Yale University Press, 2008). 
19.  Diana Beth-Wueger, “Deterring war or courting disaster: an analysis of nuclear weapons in the Indian Ocean,” (master’s 
thesis, Naval Postgraduate School, 2015), 1, https://calhoun.nps.edu/bitstream/handle/10945/45278/15Mar_Wueger_Diana.
pdf?sequence=1&isAllowed=y. 
20.  Jeffrey Edmonds, “How America Could Accidentally Push Russia into a Nuclear War,” The National Interest, February 6, 2018, 
http://nationalinterest.org/feature/how-america-could-accidentally-push-russia-nuclear-war-24378. 
21.  Christopher S. Chivvis, “Understanding Russian ‘Hybrid Warfare’ And What Can Be Done About It,” The RAND Corporation 
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embarking on a modernization program for its nuclear weapons in part because it feels insecure 
about the survivability of its nuclear forces as the United States increases its progress on ballistic 
missile defense. If the United States were able to track Russian nuclear-armed submarines with 
increased confidence, it could exacerbate these Russian fears even more, causing Russia to respond in 
destabilizing ways. 

While it is true that Russia has never relied as much on submarine-based weapons as the United 
States has, the degradation of the survivability of Russia’s nuclear-armed submarines would 
likely cause Russia to compensate for this new vulnerability. This is especially true if continued 
advancements in precision strike make Russia’s air- and land-based nuclear forces more vulnerable. 
If Russia can no longer rely on hardening and concealment for survivability, they may double down 
on redundancy, producing and deploying larger numbers of nuclear weapons to complicate U.S. 
targeting and increase the odds that a retaliatory capability survives any U.S. first strike. This, in turn, 
could put the final nail in the coffin of arms control and lead to an arms race with the United States 
that drains resources, intensifies mistrust, and makes miscalculation more likely. In short, a significant 
U.S. advantage in submarine detection (which would likely develop in parallel with a U.S. advantage 
in remote sensing and precision strike capabilities in other domains) would likely be destabilizing 
due to Russian sensitivity over its technological inferiority. 

This could compel Russia not only to increase redundancy with a larger number of warheads, but to 
change the doctrine governing their use as well. It is possible that in an environment of degraded 
second-strike stability, Russia could move further towards a first-use doctrine to deter escalation and 
to avoid the “lose them or lose them” dilemma.  

China would likely be less sensitive to advancements in U.S. submarine detection capabilities for two 
reasons. First, China’s strategic relationship with the United States, at least currently, is not defined 
by an assumed need for parity but by a need for a minimum reprisal capability, which it believes it 
has and will continue to have in the future.22 It currently has a much smaller nuclear arsenal than the 
United States and relies on hardened and road-mobile land-based ICBMs for its retaliatory capability, 
which it believes is sufficient as long as it can hit the United States with just a few nuclear warheads, 
or even a single nuclear warhead.23 

Second, China has not historically relied on SSBNs for its second-strike capability, and even 
as it begins deploying a credible sea-based nuclear deterrent for the first time,24 it recognizes 
that its submarines are less advanced and thus more vulnerable to ASW than U.S. submarines. 
Therefore, China will likely continue to rely on land-based nuclear forces.25 The remote sensing 
and precision strike revolution will certainly have implications for U.S.-China relations, but in the 
narrow hypothetical of U.S. superiority in submarine detection, China would be less concerned 
than Russia. They may, however, be sufficiently concerned that they decide to expand the size of 
their arsenal as a hedge.

(testimony), March 22, 2017, 1, https://www.rand.org/content/dam/rand/pubs/testimonies/CT400/CT468/RAND_CT468.pdf. 
22.  David Logan, “Hard Constraints on China’s Nuclear Forces,” War on the Rocks, November 8, 2017, https://warontherocks.
com/2017/11/china-nuclear-weapons-breakout/. 
23.  Ibid.; Fiona S. Cunningham and M. Taylor Fravel, “Assuring Assured Retaliation: China’s Nuclear Posture and U.S.-China Stra-
tegic Stability,” International Security 40, no. 2 (Fall 2015): 7-8, https://www.mitpressjournals.org/doi/pdf/10.1162/ISEC_a_00215. 
24.  David C. Logan, “China’s Future SSBN Command and Control Structure,” Institute for National Strategic Studies, SF no. 299 
(November 2016), http://ndupress.ndu.edu/Portals/68/Documents/stratforum/SF-299.pdf?ver=2016-11-28-093723-680. 
25.  Cunningham and Fravel, “Assuring Assured Retaliation: China’s Nuclear Posture and U.S.-China Strategic Stability,”28-29. 
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Overall, conditions under which the United States had a significant advantage in submarine detection 
could push some adversaries away from an assured retaliation nuclear posture and towards what 
Vipin Narang calls an asymmetric escalation nuclear posture.26 An asymmetric escalation nuclear 
posture entails threatening to use nuclear weapons first in a conflict to deter conflict and to prevent 
successful counterforce targeting by an adversary. If nations currently predisposed towards adopting 
assured retaliation postures no longer feel that the second-strike forces necessary for such a posture 
are secure, they may be forced to adopt asymmetric escalation postures.

ADVERSARY ADVANCEMENTS THAT THREATEN U.S. SSBNS
If adversaries such as Russia and China develop capabilities that put U.S. SSBNs at risk, or are 
perceived to put U.S. SSBNs at risk to an unacceptable degree by U.S. leadership, what might the 
ramifications be? The United States places more value in its sea-based second-strike capabilities 
than either Russia or China, so adversary threats to the U.S. sea-based deterrent would be more 
destabilizing than U.S. threats to adversary sea-based nuclear weapons. 

The United States does not view its nuclear weapons as a deterrent solely against enemy nuclear 
attack and does not rule out the possibility of using nuclear weapons first in a conflict.27 However, it 
is extremely unlikely that the United States would use nuclear weapons first or use them in response 
to anything other than the first use of nuclear weapons by another country. Surely the extremely 
high threshold for U.S. nuclear first use or the use of nuclear weapons in response to a non-nuclear 
attack stems from the U.S. desire to preserve the taboo against first use. But it is also enabled by 
the confidence that the United States has in its sea-based deterrent, which gives the United States 
the luxury of additional decision-making time while under attack. If the insurance policy of assured 
second-strike capabilities were to disappear, or if confidence in those capabilities were to decrease, 
the psychological impact on U.S. decision-makers could be destabilizing. 

Luckily, China—the U.S. adversary most likely to develop and deploy such a capability—is also the 
adversary for whom possession of such a capability would be less destabilizing. This is because 
China’s nuclear arsenal is small and thus incapable of counterforce targeting against U.S. land-based 
ICBMs and bombers. If China were to develop sufficiently sophisticated ASW technologies and tactics, 
either intentionally or as a byproduct of its conventional military posture against the U.S. Navy in the 
Asia-Pacific, it would not be able to threaten the U.S. ability to retaliate with the air- and land-based 
legs of the triad. Of course, if China’s nuclear arsenal grows and it develops a nuclear capability and 
posture similar to Russia’s, this calculus would change. 

Because Russia currently has (or will soon have) the ability to conduct counterforce targeting 
against U.S. land-based ICBMs and bombers, if it acquired the ability to track U.S. SSBNs as well, the 
consequences for strategic stability could be dire. U.S. confidence in its nuclear deterrent during a 
crisis would likely fall, creating a dynamic where the United States might feel compelled to prepare 
its nuclear assets for use earlier than it otherwise might. Such moves could be perceived by Russia 
as preparation for a first-strike, which could lead Russia to make moves that would be seen by the 
United States as preparations for a first-strike, causing a downward spiral of misinterpreted signals 
that could lead to war. 

26.  Vipin Narang, Nuclear Strategy in the Modern Era: Regional Powers and International Conflict (Princeton: Princeton University 
Press, 2014). 
27.  Rebecca Hersman, “Nuclear Posture Review: The More Things Change, The More They Stay The Same,” Center for Strategic 
and International Studies, February 6, 2018, https://www.csis.org/analysis/nuclear-posture-review-more-things-change-more-
they-stay-same. 
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OCEAN TRANSPARENCY, EXTENDED DETERRENCE, AND NONPROLIFERATION
In addition to adversary advancements in ASW being destabilizing in their own right, there could be 
ripple effects that impact U.S. extended deterrence guarantees and even the global nonproliferation 
regime. Extended deterrence commitments are fundamentally difficult to make credible, as they 
entail convincing other states that the United States would be willing to incur serious damage 
to itself to defend them.28 Since the end of World War II, the United States has been impressively 
successful at establishing such security guarantees with many countries, including those in NATO, 
Japan, and South Korea. These security guarantees have dissuaded many nations from acquiring their 
own nuclear weapons, leading to fewer nuclear weapons worldwide and fewer opportunities for 
nuclear-armed states to go to war.  

How would these allies view U.S. security guarantees if the United States had reduced confidence 
in its second-strike capabilities? If threats to U.S. SSBNs became severe enough, the United States 
would feel less secure and thus less willing to engage in behavior that could result in war. Because 
extended deterrence is, at its most basic, a series of behaviors that indicate a U.S. willingness to go 
to war, anything that reduces U.S. confidence in its security would also reduce the credibility of its 
extended deterrence commitments. 

It is, of course, impossible to know exactly how states will react to any event in the future because 
all future variables cannot be known in advance. But given rising isolationist sentiment and growing 
political dysfunction in the United States, U.S. security guarantees are already coming under question 
in allied nations.29 Introducing a threat to a capability that the United States views as essential to 
its own security is unlikely to bode well for allied faith in U.S. extended deterrence, especially in the 
emerging political environment. This, among other factors, could contribute to decisions by U.S. allies 
to develop their own nuclear weapons, leading to the degradation of the global nonproliferation 
regime and unpredictable consequences for international security. 

POLICY RECOMMENDATIONS
As technological and scientific progress continues, often for commercial or conventional military 
applications, the United States and other nations must be cautious and prudent about the 
ramifications for nuclear stability. There is no magic bullet solution that will guarantee wise 
decision-making on this front. The advancement of science cannot (and should not) be stifled, and 
even if it were, U.S. restraint would not be reciprocated in other countries. However, there are a few 
things that can be done to help prepare the United States and other nations for a world without 
secure sea-based nuclear forces, should that reality materialize. 

First, additional scholarship is needed to explore the theoretical and practical implications of 
such a security environment. Much of the literature about nuclear weapons and strategic stability 

28.  Evan Brandon Montgomery, Extended Deterrence in the Second Nuclear Age: Geopolitics, Proliferation, and the Future of U.S. 
Security Commitments (Washington, DC: Center for Strategic and Budgetary Assessments, 2016): 2, http://csbaonline.org/up-
loads/documents/CSBA6183-ExtendedDeterrence_PRINT.pdf. 
29.  President Donald Trump’s statements about NATO and U.S. global commitments have exacerbated these trends and caused 
many foreign leaders to question the reliability of the United States. One notable example was German Chancellor Angela 
Merkel stating in a campaign speech that Germany “really must take our fate into our own hands.” See Henry Farrell, “Thanks 
to Trump, Germany says it can’t rely on the United States. What does that mean?” Washington Post, May 28, 2017, https://www.
washingtonpost.com/news/monkey-cage/wp/2017/05/28/thanks-to-trump-germany-says-it-cant-rely-on-america-what-does-
that-mean/?noredirect=on&utm_term=.51493ae73168. Also see Keren Yarhi-Milo, “After Credibility: American Foreign Policy in 
the Trump Era,” Foreign Affairs (January/February 2018), https://www.foreignaffairs.com/articles/2017-12-12/after-credibility. 

http://csbaonline.org/uploads/documents/CSBA6183-ExtendedDeterrence_PRINT.pdf
http://csbaonline.org/uploads/documents/CSBA6183-ExtendedDeterrence_PRINT.pdf
https://www.washingtonpost.com/news/monkey-cage/wp/2017/05/28/thanks-to-trump-germany-says-it-cant-rely-on-america-what-does-that-mean/?noredirect=on&utm_term=.51493ae73168
https://www.washingtonpost.com/news/monkey-cage/wp/2017/05/28/thanks-to-trump-germany-says-it-cant-rely-on-america-what-does-that-mean/?noredirect=on&utm_term=.51493ae73168
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presupposes secure sea-based second-strike forces, at least for the United States and Russia. 
If academics, think tank researchers, and policy practitioners begin to think seriously about the 
possibility of degraded stealth under the world’s oceans, such an eventuality will not come as a shock 
if it emerges. It would be extremely dangerous for the governments and militaries of nuclear-armed 
states to find themselves in a world with advanced technological capabilities for which they are not 
conceptually prepared. 

Second, a renewed focus on strategic stability is needed among the world’s nuclear powers—one 
that acknowledges the possibility of rapid technological change and puts in place mechanisms 
for dealing with concomitant complications from it. This will include determining how much 
transparency is necessary about U.S. advancements in underwater tracking and detection in order 
to avoid the possibility that adversaries might make unwise decisions based on U.S. capabilities 
that do not exist or are not yet deployed. Increased dialogue between nuclear-armed states will be 
critical for untangling misperceptions and strengthening the channels that can help countries avoid 
miscalculation. As the age of Cold War-style arms control agreements comes to an end, new forms of 
dialogue and communication will be needed to fill the void. 

Lastly, the United States must take seriously the possibility that its submarine-based nuclear 
weapons could be detectable and trackable in the future and begin thinking about how it would base 
its nuclear weapons under such conditions. If major changes to delivery vehicle designs, positioning, 
or numbers will be needed, a plan for ensuring the industrial capacity exists to execute those 
changes should be drafted. 

CONCLUSION
If history is any guide, it is unlikely that states will restrain themselves and hold back from deploying 
submarine detection technologies if they become viable, at least not initially. The probability 
that such capabilities will materialize is unknown, and it is certainly possible that even if they do, 
countermeasures will quickly be found to restore the status quo under the world’s oceans. However, 
if states acquire the ability to locate and track SSBNs and no countermeasures are found (or aren’t 
found quickly enough), it would upend decades of nuclear weapons theory and muscle memory. 
Ensuring that the United States and the world’s other nuclear-armed nations are as prepared as 
possible for this contingency will be an essential component of any successful strategy for keeping 
the peace during the second nuclear age. 
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Potential Areas for 
Renewed U.S.-Russian 
Collaboration to Advance 
Technical Nuclear Forensics
Marie C. Kirkegaard1

ABSTRACT
Following the dissolution of the Soviet Union, scientific collaboration between the United States and 
Russia helped establish productive cooperation on nuclear threat reduction in the former Soviet states. In 
recent years, however, these bilateral efforts have essentially ceased, and any form of cooperation between 
U.S. and Russian nuclear scientists has become increasingly challenging. Nuclear forensics is a field where 
scientific collaboration is both imperative in order to improve the response to a potential crisis and may 
be feasible despite the challenging political climate due to a shared goal of preventing nuclear terrorism, 
mutual scientific expertise in nuclear chemistry, and pre-existing connections through international 
frameworks. Although formal scientific collaborations between U.S. and Russian national laboratories 
are unlikely to proceed in the near future, more informal methods of collaboration to advance technical 
nuclear forensics could be pursued, including coordinated basic research, bilateral student engagement, 
and co-taught training courses in other countries. 

 

1.  Marie C. Kirkegaard is a DHS Nuclear Forensics Graduate Fellow at Oak Ridge National Laboratory and PhD candidate at 
the University of Tennessee, Knoxville. The views contained in this document are those of the author alone and should not be 
interpreted as representing the official policies, either expressed or implied, of the U.S. Department of Homeland Security or 
U.S. Department of Energy.
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INTRODUCTION
U.S.-Russian bilateral cooperation on nuclear threat reduction has essentially ceased in recent years, 
jeopardizing progress in global nuclear security.2 Since the 1990s, joint efforts have secured hundreds 
of kilograms of nuclear material and improved physical security at many nuclear facilities in the 
former Soviet Union. These efforts helped avert crisis, but the need for U.S.-Russian collaboration 
in nuclear security is not over. Radiological and nuclear terrorism is a global threat, and efforts 
to prevent it will require the support and leadership across a range of areas from the two largest 
nuclear powers.

International collaboration is especially important in nuclear forensics—the examination of nuclear 
or radiological materials in the context of legal proceedings to identify the type of material, where 
it came from, and its intended use.3 Because nuclear material can be smuggled across borders, 
countries must be able to work together to address potential threats. It is vital that countries have 
confidence in each other’s technical abilities and are willing to exchange data and information as 
appropriate in a crisis scenario. Besides necessary legal frameworks and effective communication 
among government officials, this requires a good working relationship among scientists. For this 
reason, previous studies have stressed the need for U.S.-Russian scientific collaboration in technical 
nuclear forensics, including joint simulation exercises, to prepare for potential crises.4 Bilateral 
collaboration has become politically complicated though, especially following the 2014 Russian 
invasion of Crimea.

Despite increasing political challenges, strengthening scientific ties in the area of nuclear forensics 
is not infeasible. Preventing nuclear terrorism is a priority of both the United States and Russia, 
and this shared mission space may facilitate collaboration. Future collaborative efforts should be 
mutually beneficial and bring the United States and Russia together as peers and co-leaders in the 
international nuclear security regime. With these requirements in mind, three potential avenues for 
collaboration are presented: (1) coordinated basic research, (2) bilateral student engagement, and (3) 
co-leading training workshops in other countries. The potential benefits and challenges of each form 
of collaboration are discussed in this paper, and steps forward are recommended.

HISTORY OF U.S.-RUSSIAN SCIENTIFIC COLLABORATION
The United States and Russia have a history of scientific collaboration on issues relating to weapons 
of mass destruction. Cooperative scientific programs were established shortly after the dissolution 
of the Soviet Union during a series of meetings in 1992 between the directors of Los Alamos 
National Laboratory (LANL) and Lawrence Livermore National Laboratory (LLNL) and their Russian 
counterparts at the All-Russian Scientific Research Institute of Experimental Physics (VNIIEF) 
and the Zababakhin All-Russian Scientific Research Institute of Technical Physics (VNIITF). These 
initial meetings established a protocol for lab-to-lab cooperation and identified areas of potential 

2.  Siegfried S. Hecker, “US-Russia Rift Threatens Science Ties That Keep Us Safe,” Bulletin of the Atomic Scientists, December 8, 
2016, https://thebulletin.org/2016/12/us-russia-rift-threatens-science-ties-that-keep-us-safe/.
3.  International Atomic Energy Agency, Nuclear Forensics in Support of Investigations, Report no. STI/PUB/1687 (Vienna, Austria, 
2015), https://www-pub.iaea.org/books/iaeabooks/10797/Nuclear-Forensics-in-Support-of-Investigations. 
4.  Michael J. Kristo, “U.S. and Russian Collaboration in the Area of Nuclear Forensics,” in Future of the Nuclear Security Environ-
ment in 2015: Proceedings of a Russian-U.S. Workshop, (Washington, DC: The National Academies Press, 2009); M. Dreicer et al., 
“International Nuclear Forensics Cooperation - Future Opportunities.” Paper presented at the Institute for Nuclear Materials Man-
agement Annual Meeting, Tucson, AZ, July 12-16, 2009, https://www.inmm.org/INMM/media/Archives/Annual%20Meeting%20
Proceedings/2009/363.pdf.; Nuclear Threat Initiative, “Avoiding Catastrophic Terrorism: Lessions Learned,” Nuclear Threat 
Initiative, December 7, 2011, https://www.nti.org/analysis/reports/avoiding-catastrophic-nuclear-terrorism-lessons-learned/.

https://www.nti.org/analysis/reports/avoiding-catastrophic-nuclear-terrorism-lessons-learned/
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collaboration in fundamental science. High-energy physics and computer modeling were identified as 
initial topics, in part because there had been prior engagement between U.S. and Russian scientists 
on these topics at international conferences before the dissolution of the Soviet Union.5

Early collaborations faced significant operational difficulties. Travel between the countries required 
permission and visas, transferring equipment and material was complicated by export laws, and no 
mechanism initially existed for transferring funds to Russia. Despite these challenges, the first joint 
high-energy experiment was carried out in September 1993 at VNIIEF, with follow-up experiments 
that December at LANL. Joint VNIIEF/LANL high-energy physics experimental campaigns continued 
for several years, resulting in hundreds of conference presentations and peer-reviewed articles.6 
Collaboration also expanded to other areas, such as materials science, after the signing of the 1996 
Moscow Protocol for Scientific and Technical Cooperation.7

These early collaborations helped establish relationships between U.S. and Russian scientists and 
paved the way to productive cooperation on more sensitive nuclear security matters like material 
protection, control, and accounting (MPC&A) through the Cooperative Threat Reduction (CTR) 
Program.8 Bilateral threat reduction cooperation has since been responsible for securing hundreds 
of kilograms of nuclear material and deactivating thousands of warheads.9 As the U.S.-Russian 
relationship began to shift away from one of assistance, however, the scope of this collaboration 
was reduced. Russia opted not to renew the CTR umbrella agreement when it expired in June 
2013, instead continuing a limited subset of cooperative nuclear security projects under the 2003 
Framework Agreement on a Multilateral Environmental Programme in the Russian Federation 
(MNEPR) protocol.

At the same time that bilateral nuclear security cooperation was becoming more limited, the United 
States and Russia reaffirmed their commitment to scientific cooperation by signing the Agreement 
on Cooperation in Nuclear- and Energy-Related Scientific Research and Development in 2013. This 
agreement between the Department of Energy (DOE) and Russian State Atomic Energy Corporation 
Rosatom provided the legal framework necessary to expand cooperation between U.S. and Russian 
nuclear research laboratories, institutes, and facilities in a broad range of areas, including nuclear 
technology, nonproliferation, energy, and the environment.10

This renewed call for scientific cooperation was short-lived, however. Following the Russian 
annexation of Crimea in early 2014, the United States announced the suspension of projects under 
the U.S.-Russia Bilateral Presidential Commission, which had been established in 2009 as part 
of President Obama’s “reset” policy with Moscow.11 Suspended activities included collaborative 

5.  Siegfried S. Hecker, “Section V: Introduction,” in Doomed to Cooperate, Vol. II, ed. Siegfried. S. Hecker (Los Alamos, NM: Bathtub 
Row Press, 2017), 177–189.
6.  I. R. Lindemuth and R. E. Reinovsky, “LANL-VNIIEF Collaboration in Pulsed-Power-Based High-Energy Density Physics—An 
American Perspective” in Doomed to Cooperate, Vol. II, ed. Siegfried. S. Hecker (Los Alamos, NM: Bathtub Row Press, 2017), 
199–214.
7.  Hecker, “Section V: Introduction,” 177–189.
8.  Ibid.
9.  Defense Threat Reduction Agency, “Nunn–Lugar Cooperative Threat Reduction Scorecard,” May 2013, http://www.dtra.mil/
Portals/61/Documents/20130501_fy13_ctr-scorecard_slides_may13.pdf.
10.  Agreement between the Government of the United States of American and the Government of the Russian Federation on 
Cooperation in Nuclear- and Energy-Related Scientific Research and Development, U.S.–Russian Federation, September 16, 
2013, https://www.energy.gov/articles/united-states-russia-sign-agreement-further-research-and-development-collabora-
tion-nuclear.
11.  “U.S.-Russia Relations: ‘Reset’ Fact Sheet,” The White House, June 24, 2010, https://obamawhitehouse.archives.gov/reality-
check/the-press-office/us-russia-relations-reset-fact-sheet.
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projects within the nuclear energy and nuclear security and scientific cooperation working groups. 
In December 2014, Russia announced its intention to terminate projects under the MNEPR Protocol. 
Finally, in October 2016, responding to U.S. sanctions, Russia suspended the U.S.-Russian Plutonium 
Management and Disposition Agreement as well as the 2013 U.S.-Russian Agreement on Cooperation 
in Nuclear- and Energy-Related Scientific Research and Development.

Following these developments, scientific collaboration between the United States and Russia 
has largely stalled. Resuming scientific collaboration could help establish relationships between 
scientists that will support future bilateral threat reduction efforts or crisis response, just as it did 
in the 1990s.12 Technical nuclear forensics is one area where the United States and Russia could 
strengthen such collaboration.

NUCLEAR FORENSICS
According to the International Atomic Energy Agency (IAEA), nuclear forensics is defined as “the 
examination of nuclear or other radioactive material, or of evidence that is contaminated with 
radionuclides, in the context of legal proceedings under international or national law related 
to nuclear security. The analysis of nuclear or other radioactive material seeks to identify what 
the materials are, how, when and where the materials were made, and what their intended uses 
were.”13 Nuclear forensic scientists use analytical techniques, such as gamma spectroscopy, mass 
spectrometry, and scanning electron microscopy to characterize nuclear or radiological material of 
interest. These analytical results are interpreted by comparing and associating the characteristics of 
the sample in question with information on the corresponding characteristics of existing or known 
materials. The characteristics of a given sample that may identify it as consistent or inconsistent with 
a particular nuclear or radioactive material used, produced, or stored in a State are called signatures. 
Signatures may help identify the processes that created the material and its subsequent history. 
The use of a combination of signatures, such as both isotopic and chemical information, can provide 
increased confidence in the forensics interpretation. 

Collaborating with other countries in nuclear forensics is not just beneficial but necessary. Since 
nuclear material can be smuggled across borders, in the event of material interdiction, countries 
need to be able to work together by exchanging data, material samples, or both to achieve as 
complete of a conclusion as possible from forensic analysis. The importance of sharing material in 
a crisis scenario was illustrated in a bilateral tabletop exercise that was facilitated by the Nuclear 
Threat Initiative (NTI) in 2011 in which prominent U.S. and Russian experts, including former 
senior government officials, responded to a fictitious seizure of highly enriched uranium (HEU). As 
summarized in the report of the exercise, “In the scenario, the Russians initially were in possession 
of the seized material. They immediately recognized the benefit of sharing the samples, in particular 
because the United States still uses gaseous diffusion enrichment technology and would be better 
able to attribute the sample to a source if it were enriched in this way.”14

The United States has worked to strengthen nuclear forensics collaboration with a variety of 
countries, but cooperation with Russia is especially important because the United States and Russia 

12.  Hecker, “US-Russia Rift Threatens Science Ties That Keep Us Safe.”; Siegfried S. Hecker and Peter E. Davis, “Why the US 
Should Keep Cooperating with Russia on Nuclear Security,” Bulletin of the Atomic Scientists, May 29, 2014, https://thebulletin.
org/2014/05/why-the-us-should-keep-cooperating-with-russia-on-nuclear-security/.
13.  International Atomic Energy Agency, Nuclear Forensics in Support of Investigations.
14.  “Avoiding Catastrophic Terrorism: Lessions Learned.”
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have the vast majority of global nuclear material between them and are thus potential targets 
for terrorists seeking such material. Establishing trust and confidence in their respective nuclear 
forensics capabilities is paramount, and currently lacking. The same NTI report found that “Russia and 
the United States are a long way from being fully prepared to effectively cooperate on an operational 
level in the case of a nuclear terrorism event.”15 Specific barriers were identified, such as a lack of 
clear guidelines on the transfer of material and data. Effective cooperation was also complicated by a 
fundamental lack of trust. As one U.S. participant reportedly commented, “we would be suspicious of 
the political and technical data and information that is being shared from Russia.”16

In the past, the United States has recognized the need to strengthen scientific ties with Russia in 
order to build trust and develop technical capabilities. When the political relationship between 
the United States and Russia was less strained, lab-to-lab projects engaged laboratories involved 
in nuclear forensic analysis in both countries. Between 2004 and 2006, LLNL and the A. A. Bochvar 
High-Technology Scientific Research Institute of Inorganic Materials (VNIINM) collaborated on the 
analysis of an HEU sample indicted in Bulgaria in 1999. Funded by DOE programmatic funds, the goal 
of this collaboration was to establish a model for real-time interaction between the U.S. laboratories 
and Russian institutes on a nuclear forensics case.17 LLNL also collaborated with VNIITF in a separate 
project in 2007, which was funded by the DHS Domestic Nuclear Detection Office. This project sought 
to identify characteristics of research reactor fuel, which is considered a significant nuclear security 
risk because it is often highly enriched.18

The success of these projects led to calls to increase nuclear forensics collaboration between 
the United States and Russia, including more joint analysis exercises.19 The worsening political 
relationship following the 2014 Russian invasion of Crimea has precluded such collaboration, 
however. Although a 2017 joint report by the NTI and the Russian Center for Energy and Security 
Studies (CENESS) on future U.S.-Russian nuclear cooperation highlighted the potential for joint 
nuclear forensics exercises in the future,20 such projects are unlikely to proceed in the current 
political climate, especially following the suspension of the 2013 Agreement on Cooperation in 
Nuclear- and Energy-Related Scientific Research and Development. Maintaining collaboration in 
technical nuclear forensics in the near term will require other, less politically sensitive, mechanisms.

While reestablishing government-funded lab-to-lab cooperative projects is unlikely in the 
current political climate, technical nuclear forensics is still an area with potential for U.S.-Russian 
collaboration. The United States and Russia have complementary technical expertise in nuclear 
science and forensic analysis, allowing for mutually beneficial collaboration. The prevention of 
nuclear terrorism is also a shared mission space for the United States and Russia, as is demonstrated 
by their co-leadership of the Global Initiative to Combat Nuclear Terrorism (GICNT), which builds 

15.  Ibid.
16.  Ibid.
17.  Kristo, “U.S. and Russian Collaboration in the Area of Nuclear Forensics.” 
18.  Ibid.
19.  Kristo, “U.S. and Russian Collaboration in the Area of Nuclear Forensics”;
Dreicer et al., “International Nuclear Forensics Cooperation - Future Opportunities.”; Michael J. Kristo, “US-Russian Collaboration 
in Nuclear Forensics,” Paper presented at the Institute for Nuclear Materials Management Annual Meeting, Desert Springs, CA, 
July 17-21 2011, https://www.inmm.org/INMM/media/Archives/Annual%20Meeting%20Proceedings/2011/a596_1.pdf.; “Avoid-
ing Catastrophic Terrorism: Lessions Learned.”
20.  Nuclear Threat Initiative and Center for Energy and Security Studies, Pathways to Cooperation: A Menu of Potential U.S.-Rus-
sian Cooperative Projects in the Nuclear Sphere (Washington, DC: Nuclear Threat Initiative, February 2017), https://www.nti.org/
media/documents/Pathways_to_Cooperation_FINAL.pdf.
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policy-level awareness at the presidential level and includes a Nuclear Forensics Working Group, 
currently chaired by Australia. In addition to working together through the GICNT, the United 
States and Russia are also engaged with each other at a more operational level through the IAEA—
which provides nuclear forensics guidance and training for members states—and the Nuclear 
Forensics International Technical Working Group (ITWG), which brings together technical experts 
to develop best practices and mechanisms of information exchange. Russia recently demonstrated 
a commitment to strengthening global nuclear forensics capabilities by participating in the two 
latest ITWG Collaborative Material Exercises (CMXs), in which laboratories compare their analysis of 
identical samples. These existing frameworks may help facilitate increased technical engagement.21

REQUIREMENTS FOR COLLABORATION
Although nuclear forensics may be an area with potential for renewed scientific collaboration, 
significant political constraints still exist. U.S.-Russian relations soured dramatically following 
Russia’s 2014 invasion of Crimea and have further deteriorated in the past few years for a myriad of 
reasons, not limited to, tension regarding the conflict in Syria, Russian interference in the 2016 U.S. 
presidential election, Putin’s announcement of new Russian nuclear capabilities, and the March 2018 
nerve agent attack in the UK and resulting expulsion of diplomats on both sides. Preventing nuclear 
terrorism is hardly a controversial goal, but collaborations in this area are not immune to political 
tensions. For example, strained U.S.-Russian relations contributed to Russia’s decision to boycott the 
2016 Nuclear Security Summit in Washington.

To overcome these political barriers, future collaborative projects must be mutually beneficial 
and must engage the United States and Russia as equals. Preventing nuclear terrorism is clearly 
beneficial to both countries, but historically, U.S. and Russian priorities in this area have differed. 
While the United States has expressed more concern about terrorists obtaining an improvised 
nuclear device or radiological dispersion device, Russia has been more concerned about terrorists 
sabotaging nuclear facilities.22 In addition, while the United States continues to prioritize securing 
loose nuclear material, Russia has been more reluctant to fund efforts to secure what they view as a 
relatively small amount of material that does not pose a significant risk. This presents an additional 
challenge for motivating collaborative work on technical forensics, and it requires the consideration 
of additional motivating factors, such as international leadership and prestige.

Future collaboration must also engage the United States and Russia as partners. Rosatom alluded 
to this in early 2015 by stating, “we will be ready to return to the cooperation when the American 
side is ready for that, and, certainly, strictly on the basis of equality, mutual benefit and respect.”23 In 

21.  Nuclear forensics is an interdisciplinary field involving policy makers, law enforcement officers, and scientists. Potential 
opportunities to advance nuclear forensics capabilities thus exist on a number of levels. For example, at the more policy-ori-
ented level, the 2011 NTI tabletop exercise revealed a need for clearer guidelines on material and data exchange (“Avoiding 
Catastrophic Terrorism: Lessions Learned.”). In addition, the IAEA has noted that the development of “national nuclear forensics 
libraries” may help facilitate nuclear forensic interpretation. (International Atomic Energy Agency, Nuclear Forensics in Support 
of Investigations.) Exploring the potential to increase collaboration with Russia on these types of issues is worth further study 
but is beyond the scope of this report, which focuses on the technical aspects of nuclear forensics and specifically increasing 
collaboration between U.S. and Russian scientists.
22.  R. Gottemoeller and A. A. Sarkisov, “Building partnership on the strength of experience: Trends, priorities, and tools for 
continued Russian-U.S. cooperation,” Future of the Nuclear Security Environment in 2015: Proceedings of a Russian-U.S. Workshop 
(Washington, DC: The National Academies Press, 2009),https://www.nap.edu/read/12590/chapter/1.
23.  Nickolas Roth, “U.S.-Russian Nuclear Security Cooperation: Rebuilding Equality, Mutual Benefit, and Respect,” Deep Cuts 
Issue Brief #4 , Institute for Peace Research and Security Policy, University of Hamburg, June 2015, https://www.belfercenter.org/
publication/us-russian-nuclear-security-cooperation-rebuilding-equality-mutual-benefit-and-0.
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the 1990s, the United States funded and managed the bulk of the collaborative work to secure loose 
nuclear material in the former Soviet Union, because the Russian economy was in a state of crisis. 
This model of collaboration was effective at the time but led to tension in the following decades as 
the Russian economy improved. Even before the invasion of Crimea, Russia was withdrawing from 
bilateral technical collaboration and becoming increasingly wary of U.S.-led initiatives. To address 
this, future collaborative efforts should focus on areas where the United States and Russia can come 
together on equal footing and provide co-leadership.

With these requirements in mind, three areas of potential collaboration have been identified: 
(1) coordinated basic research, (2) bilateral student engagement, and (3) cohosting training workshops 
in third countries. These avenues for collaboration are well-aligned with the three areas identified as 
necessary to advance nuclear forensics by Dr. Klaus Mayer, a nuclear forensics expert from the EU Joint 
Research Centre: (1) accelerating research and development, (2) developing subject-matter expertise, 
and (3) building technical capabilities.24 Precedents, benefits, and challenges associated with each form 
of collaboration will be discussed, as will recommendations on a path forward.

COORDINATED RESEARCH
Advancing technical nuclear forensics is dependent on research and development to enable 
high-confidence forensic interpretation. In recent years, nuclear forensics research has focused on 
identifying new forensic signatures, improving methods of measuring and predicting signatures, and 
understanding how signatures develop and may persist or be altered by various processes. These 
research goals require both applied research on method development and more basic research on 
the physical and chemical properties of nuclear materials of interest. The United States and Russia 
have both been active in these research areas, although any scientific collaboration has stalled in 
recent years.

In the near term, since formal bilateral research projects between the United States and Russia are 
unlikely due to legal, political, and logistical constraints, focus should be on the coordination of 
independent research efforts. Increasing communication between U.S. and Russian scientists and 
promoting the exchange of scientific findings and new ideas will accelerate progress in nuclear 
forensics research. These exchanges can occur at meetings associated with multilateral organizations 
like the IAEA and ITWG, as well as at established scientific conferences or new workshops and 
symposia. Since advancing technical nuclear forensics relies in part on basic research that seeks to 
understand the physical and chemical properties of nuclear material, interactions do not necessarily 
need to focus specifically on nuclear forensics but could, instead, focus on advancing research in 
nuclear science and radiochemistry more broadly.

PRECEDENT
The need for coordinated research to advance technical nuclear forensics has led to the 
establishment of multiple nuclear forensics-related Coordinated Research Projects—multi-year 
research initiatives facilitated by the IAEA that bring several national research institutions together 
to work towards a similar goal.25 Institutions participating in each CRP discuss progress and next 
steps at periodic Research Coordination Meetings, and results are published in a final report. CRP 

24.  Klaus Mayer, “Nuclear Forensics: The Way Ahead, a Personal View,” ITWG Nucl. Forensics Update, no. 3 (June 2017), http://
www.nf-itwg.org/newsletters/ITWG_Update_no_3.pdf.
25.  “Coordinated Research Activities,” IAEA, http://cra.iaea.org/cra/index.html.

http://cra.iaea.org/cra/index.html
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J02001, “Application of Nuclear Forensics in Illicit Trafficking of Nuclear and other Radioactive 
Material” was funded from 2008 to 2011, 26 and CRP J02003, “Identification of High Confidence 
Nuclear Forensics Signatures for the Development of National Nuclear Forensics Libraries” was 
funded from 2013 to 2016.27 The establishment of a new forensics-related CRP (J02013), “Applying 
Nuclear Forensic Science to Respond to a Nuclear Security Event” was recently announced and is 
currently open for proposals.28 

While research institutions in the United States and Russia have not formally participated in past 
nuclear forensics CRPs,29 CRP J02003 was complemented by additional results from individual 
nuclear forensic research contracts with three Russian institutes – the Laboratory for Microparticle 
Analysis, V. G. Khlopin Radium Institute, and Bochvar Institute. U.S. and Russian scientists were 
also heavily involved in a “World Café” session at the 2016 ITWG annual meeting, which brought 
technical experts together to identify future nuclear forensics research topics, in part to help focus 
forthcoming IAEA CRPs. 

In 2017, the U.S. National Academies of Sciences (NAS) and Russian Academy of Science (RAS) 
cohosted an international symposium in Vienna on “Opportunities and Approaches for Supplying 
Molybdenum-99 and Associated Medical Isotopes to Global Markets,” which was similarly intended 
to identify current research needs and coordinate future efforts in a field relevant to global nuclear 
security.30 The idea for the symposium was born out of conversations between U.S. and Russian 
scientists about how to ensure a global supply of molybdenum-99, a crucial medial isotope, while 
converting reactors from using HEU to low-enriched uranium fuel.31 Russian and U.S. scientists 
shared a mutual interest in this topic and recognized a need for an international discussion, making 
the jointly hosted symposium a possibility. Mutual concern about the risks of nuclear terrorism and 
proliferation could similarly bring scientists together to discuss how best to approach research in 
nuclear forensics or related topic areas.

In the past, bilateral workshops have even led to the establishment of joint research projects. A series 
of Actinide Chemistry Workshops between the DOE and RAS starting in 2000 led to the establishment 
of multiple contracts between 2001 and 2007 that were focused on the study of the alkaline chemistry 
of actinides, a topic area in which Russia had significant expertise.32 Since 2007, some more limited 
collaborations on actinide environmental behavior continued outside of this framework. For example, 

26.  International Atomic Energy Agency, Application of Nuclear Forensics in Combating Illicit Trafficking of Nuclear and Other 
Radioactive Material, Report no. IAEA-TECDOC-1730 (Vienna, Austria, 2014), https://www-pub.iaea.org/MTCD/Publications/PDF/
TE-1730_web.pdf.
27.  International Atomic Energy Agency, Identification of High Confidence Nuclear Forensics Signatures: Results of a Coordinated 
Research Project and Related Research, Report no. IAEA-TECDOC-1820 (Vienna, Austria, 2017), https://www-pub.iaea.org/MTCD/
Publications/PDF/TE-1820_web.pdf.
28.  David Kenneth Smith and Timofey Tsvetkov, “NEW CRP: Applying Nuclear Forensic Science to Respond to a Nuclear Security 
Event (J02013),” IAEA, May 7, 2018, https://www.iaea.org/newscenter/news/new-crp-applying-nuclear-forensic-science-to-re-
spond-to-a-nuclear-security-event-j02013. 
29.  CRP J02001 involved contracts and agreements with research institutions in Australia, Brazil, the European Commission, 
Germany, Greece, Hungary, and South Korea. Participating countries for CRP J02003 were Australia, Brazil, Canada, Germany, 
Greece, Hungary, India, Indonesia, South Africa, and Sweden. 
30.  The symposium was held in cooperation with the IAEA and sponsored by the DOE National Nuclear Security Agency 
(NNSA).
31.  According to Rita Guenther, a senior program officer at the NAS and member of the symposium organizing committee.
32.  These projects were funded by DOE Office of Science grants, with Russia contributing in kind, and involved scientists from 
national laboratories and universities within the United States and Russia. Six research contracts were established between 
2001 and 2004, and a second round of seven contracts was funded between 2004 and 2007.

https://www.iaea.org/newscenter/news/new-crp-applying-nuclear-forensic-science-to-respond-to-a-nuclear-security-event-j02013
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a study at LANL compared soil samples from contaminated sites in Russia and the United States.33 
Although even these basic science collaborations have stalled following Russia’s suspension of the 
2013 U.S.-Russian Agreement on Cooperation in Nuclear- and Energy-Related Scientific Research and 
Development, relationships between scientists still exist and may promote future collaboration in 
basic science areas that are relevant to advancing technical nuclear forensics. 

BENEFITS
Coordinated research efforts would accelerate advancements in technical nuclear forensics by 
leveraging the complementary expertise of U.S. and Russian scientists. Past collaborative projects 
have benefited from complementary analytical approaches. For example, in Doomed to Cooperate, 
LANL chemist David Clark describes the complementary nature of past collaborative work on alkaline 
chemistry of actinides: “The Russian work relied on UV-Visible-NIR spectroscopy and electrochemical 
measurements, while the US work made use of nuclear magnetic resonance, laser Raman 
spectroscopy, and advanced synchrotron x-ray absorption and scattering techniques.”34 Although joint 
research initiatives as described by Dr. Clark may be unlikely to resume in the near-term, discussions 
among scientists with distinct expertise could lead to a more complete shared understanding of 
relevant materials and spark new ideas for future research efforts.

Coordinated research is also a method of confidence building. Nuclear forensic investigations rely 
on confidence in respective scientific capabilities. Because the United States and Russian nuclear 
science infrastructure developed relatively independently, scientists have different approaches 
to nuclear science research and forensic analysis. Scientist-to-scientist engagement allows for a 
better understanding of the distinct approach taken by different research institutions and for the 
development of best practices. 

Strengthening scientific ties with Russia would also engage Russia as a technical peer, addressing 
Russia’s desire to be recognized as a scientific leader. Many top scientists left Russia because of 
economic hardship after the dissolution of the Soviet Union, and decades later, the Russian scientific 
community is still recovering.35 International collaboration has been a key part of Russia’s effort to 
rebuild its scientific prowess and was pursued heavily in the late 2000s before it became politically 
difficult.36 Recognizing Russia as a scientific leader in nuclear chemistry research could relieve 
tension in bilateral relations and encourage Russia to take a more active leadership role within 
multilateral organizations such as the ITWG.

CHALLENGES
Although informal collaborations in basic research may be more feasible in the near term than 
formal joint-applied research projects, significant challenges remain. For one, security concerns 
have historically limited engagement between nuclear scientists. This is especially complicated 
by the fact that security restrictions on information exchange are not symmetrical, as the United 
States and Russia consider different types of technical information classified versus unclassified.37 
These concerns may be at least partially mitigated by focusing discussions on basic science 

33.  Olga N. Batuk et al., “Multiscale Speciation of U and Pu at Chernobyl, Hanford, Los Alamos, McGuire AFB, Mayak, and Rocky 
Flats,” Environ. Sci. Technol 49 (2015): 6474–6484, https://pubs.acs.org/doi/pdf/10.1021/es506145b.
34.  D. L. Clark, “Cooperation in Acatinide Chemistry” in Doomed to Cooperate, Vol. II, ed. Siegfried S. Hecker (Los Alamos, NM: 
Bathtub Row Press, 2017), 323–328.
35.  Q. Schiermeier, “Russian Science: The Battle for Russia’s Brains,” Nature 449 (2007): 524–527.
36.  Q. Schiermeier and K. Severinov, “Russia Woos Lost Scientists,” Nature 465 (2010): 858.
37.  Kristo, “U.S. and Russian Collaboration in the Area of Nuclear Forensics.” 
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research and less sensitive materials like uranium ores or reactor fuel pellets, rather than HEU or 
plutonium.38 Still, scientists may be unable to share details about their work that would be relevant 
to collaborative discussions.

Maintaining scientific ties with Russia is also challenged by turmoil in the Russian scientific 
system following controversial reforms to the RAS in recent years. The RAS was absorbed into the 
government, and research funding was restructured to move toward a proposal-driven system more 
like the United States. This bureaucratic reshuffling has complicated international collaboration on 
the Russian side and has also made it more difficult for U.S. scientists to connect with their Russian 
counterparts, because the Russian scientific enterprise has become more opaque to outsiders.39 

Scientists in both the United States and Russia have also faced travel restrictions in recent years. 
Some Russian scientists have claimed that RAS reforms have led to increased skepticism about the 
need for international travel.40 On the other side, the United States suspended visits of Russians 
to DOE facilities in 2014 and prevented U.S. scientists from attending some recent conferences in 
Russia.41 Even when travel is approved, obtaining visas for nuclear scientists can take a long time.42 
To help address this constraint, previous joint workshops have been held in third countries. However, 
this means that participating scientists from both countries must travel, which in the past has led to 
caps on the number of scientists able to participate.43

RECOMMENDATIONS
U.S.-Russian scientific ties can be strengthened in the near-term by increasing interactions among 
scientists at conferences and workshops. These interactions can help maintain relationships and 
keep a dialogue open, which could potentially lead to fruitful collaborative projects in the future 
if relations improve. Focusing on basic science research coordination in the near future may help 
minimize political and security constraints. A new bilateral workshop series on actinide chemistry, for 
example, could help steer future research in this area and better utilize the complementary expertise 
of U.S. and Russian scientists to advance the field. Workshops on basic actinide science would not just 
be relevant to advancing technical nuclear forensics, but also other fields, such as nuclear safeguards, 
treaty monitoring, environmental remediation, and waste management. Thus, different applications 
could be stressed depending on scientific priorities and the nature of political constraints.

From a logistical point of view, it would be easiest to connect such a workshop to an existing 
international conference that attracts nuclear forensics experts from both countries. This has been 
done in the past; for example, U.S. and Russian plutonium experts hosted additional bilateral 
meetings at previous Plutonium Futures conferences.44 Since bringing Russian scientists to the 

38.  Ibid.
39.  According to Rita Guenther at NAS.
40.  Geoff Brumfiel, “Russian Physicists Protest Government Consolidation,” Nature News, January 27, 2012, https://www.nature.
com/news/russian-physicists-protest-government-consolidation-1.9921.
41.  R.E. Reinovsky, “Building Cooperation: Reflections on the Role of Scientific Conferences and Meetings in Lab-to-Lab Ex-
changes,” in Doomed to Cooperate, Vol. II, ed. Siegfried S. Hecker (Los Alamos, NM: Bathtub Row Press, 2017), 345–356.; Kintisch, 
E., “Geopolitics Disrupt Scientific Exchange with Russia,” Science (2014).
42.  National Research Council., Overcoming Impediments to U.S-Russian Cooperation on Nuclear Non-Proliferation: Report of a 
Joint Workshop, (Washington, DC: The National Academies Press, 2004), doi:10.17226/10928, https://www.nap.edu/read/10928/
chapter/1.
43.  G.N. Rykovanov et al., “Scientific Collaboration Between VNIITF and the US Nuclear Weapons Laboratories,” in Doomed to 
Cooperate, Vol. II, ed. Siegfried S. Hecker (Los Alamos, NM: Bathtub Row Press, 2017), 303–316.
44.  B.A. Nadykto. “Russian-US Cooperation on Plutonium Science Workshops,” in Doomed to Cooperate, Vol. II, ed. Siegfried S. 
Hecker (Los Alamos, NM: Bathtub Row Press, 2017), 247–260.
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United States and vice versa can be challenging, focus should be on identifying conferences in more 
neutral locations. Two potential candidates are the International Conference on Radioanalytical 
and Nuclear Chemistry in Budapest and the IAEA Technical Meeting on nuclear forensics in Vienna. 
To that end, an additional bilateral workshop could be arranged informally by nuclear scientists 
from both countries. An informal initial workshop could also provide an opportunity to discuss the 
potential for a more formal international symposium in the future, which could be cohosted by the 
NAS and RAS and modeled after the successful 2017 molybdenum-99 symposium.

BILATERAL STUDENT ENGAGEMENT
Nuclear forensics investigations rely on technical experts to analyze samples and interpret data. 
Because nuclear forensics is such a specialized field, many experts are trained on the job. Maintaining 
nuclear forensics expertise is thus reliant on a robust pipeline of nuclear scientists who can be 
further specialized. However, the number of nuclear chemists and engineers has decreased since the 
Cold War, and both the United States and Russia have struggled to recruit new nuclear scientists.45 

Since the United States and Russia are both invested in maintaining nuclear forensics expertise, 
another potential avenue of U.S.-Russian collaboration is developing workshops that would bring U.S. 
and Russian students together for training in nuclear forensics. Depending on various constraints, 
these workshops could consist of theoretical discussions or hands-on training. Such courses should 
be geared toward graduate students in both countries who are studying nuclear forensics or have a 
significant interest in the field.

PRECEDENT
In the United States, few universities offer degrees or even courses in nuclear chemistry, especially 
at the undergraduate level. To help introduce students to nuclear science, a variety of short-term 
training programs have been established, some specifically in nuclear forensics. For example, the 
Nuclear Chemistry Summer School and the Nuclear Forensics Undergraduate Summer School—which 
are funded by the DOE and DHS, respectively—are six-week summer courses designed to expose 
students to nuclear chemistry. At the graduate level, the Nuclear Forensics Summer Internship 
Program through the Seaborg Institute at LLNL provides graduate students with summer research 
opportunities in nuclear forensics.

These training programs do not incorporate international collaboration, but other forms of 
international student engagement in nuclear science exist. Young nuclear professionals from the 
United States and Russia continue to interact via international educational programs such as the 
International Youth Nuclear Congress, which seeks to integrate youth organizations that promote 
the nuclear industry in each country. Participants from the United States, Russia, France, and Slovakia 
planned the first Congress in Bratislava in 2000, and meetings have continued biennially since. 
Although these sessions are not specifically nuclear-forensics focused, the IAEA and Joint Research 
Centre of the EU Commission have collaborated to host workshops on nuclear forensics at both the 
2016 and 2018 Congress.

Some U.S.-Russian bilateral student exchange has also been able to persist despite the tense 
political climate, which former LANL Laboratory Director Siegfried Hecker describes as a “current 

45.  Organisation for Economic Co-operation and Development, Nuclear Energy Agency, Nuclear Education and Training: Cause 
for Concern? A Summary Report (2000), https://www.oecd-nea.org/ndd/reports/2000/nea2428-education.pdf.; personal commu-
nication. 
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bright spot in relations.” As collaboration became more strained in other areas, Dr. Hecker established 
a bilateral student forum between Stanford University and the Moscow Engineering and Physics 
Institute (MEPhI). A team of U.S. technical and policy students and instructors has met with Russian 
counterparts four times—in Moscow in May 2016, April 2017, and November 2018, and at Stanford 
in May 2018.46 These forums have provided U.S. and Russian students the opportunity to discuss 
issues in nuclear security and nonproliferation with each other and to learn from experts from both 
countries. The success of this program suggests that it could serve as a model for a similar program 
focused on nuclear forensics.

BENEFITS
A U.S.-Russian nuclear forensics student workshop would provide an additional method of recruiting 
and training the next generation of nuclear forensics experts in each country. Students would 
have the opportunity to learn from both U.S. and Russian experts and would develop a stronger 
understanding of the international aspect of nuclear forensics in addition to technical expertise. 
Participants would thus be better prepared to assume leadership positions at international 
organizations such as the IAEA and ITWG in the future. Connecting the next generation of nuclear 
forensics experts in the United States and Russia may also lead to greater bilateral cooperation in 
the future as students maintain ties and seek to collaborate in future positions.

A bilateral student engagement program in nuclear forensics would also be beneficial to the 
experts from both countries who are serving as instructors. The workshop would provide a forum for 
technical experts to discuss their own work and generate new ideas for advancing nuclear forensics 
without some of the political sensitivity of an official meeting between such experts. A student 
workshop that involved technical training could also provide a hands-on opportunity for forensics 
experts from both countries to exchange best practices with each other.

CHALLENGES
Although bilateral student engagement would be less politically sensitive than technical exchanges 
between government laboratories, such interactions are not immune to political constraints. For 
example, the second meeting of the Stanford-MEPhI forum was originally scheduled to take place 
at Stanford in Fall 2016 but was canceled because of strained US-Russian relations. To overcome 
growing political constraints, establishing a new student program would require buy-in from 
prominent figures on both sides. Past participants of the Stanford-MEPhI forum have attested that 
a significant reason that the program has been successful is the strong commitment from both Dr. 
Hecker and MEPhI Rector Mikhail Strikhanov. The founding of the program was also facilitated by the 
fact that Dr. Hecker is member of the MEPhI International Advisory Board. 

There are also political and security challenges that arise when discussing technical issues in an 
international setting. The Stanford-MEPhI forum has sought to avoid this by focusing on theoretical 
scenarios rather than real-world examples and by avoiding technical details. Political and security 
concerns also make it difficult to bring students into state-affiliated laboratories in either the 
United States or Russia. For this reason, the Stanford-MEPhI forums in Moscow were hosted at a 
hotel. Exchanges with hands-on technical components could potentially be hosted by independent 
universities in the United States or Russia, but travel is still constrained by the challenge of obtaining 
visas, which was further exacerbated by recent reductions in diplomatic staff. Hosting a workshop in 

46.  The author participated in the third and fourth Stanford-MEPhI forums in May and November 2018.
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a third country may be more feasible, although involving students from additional countries could 
dilute the intended effect of building ties between U.S. and Russian students in particular.

A bilateral student workshop would also require funding in both the United States and Russia. Such 
a program would ideally be funded through private foundations in order to avoid the additional 
political challenges introduced by government funding. The Stanford-MEPhI forum is part of the 
Stanford Center for International Security and Cooperation’s Nuclear Risk Reduction Project, a 
collection of Track II diplomacy to support nuclear nonproliferation, funded by both the Carnegie 
Corporation and MacArthur Foundation. Similar funding avenues would be necessary to establish an 
additional program that is more focused on nuclear forensics.

RECOMMENDATIONS
Efforts to establish bilateral student engagement in nuclear forensics should start by engaging 
U.S. and Russian scientists who could help lead such programs, as the commitment of prominent 
instructors in both countries is essential to overcome the political barriers to such an exchange. 
The ideal instructors are those who have previously been involved in U.S.-Russian collaboration or 
international nuclear forensics and are well respected in both countries. On the U.S. side, scientists 
at Washington State University and the University of Michigan have been involved in the Stanford-
MEPhI program. Washington State University in particular has a strong nuclear chemistry program 
and has previously hosted the Nuclear Forensics Undergraduate Summer School. On the Russian side, 
MEPhI, Moscow State University, and Tomsk Polytechnic University all have historically participated in 
collaborations with the United States. Establishing informal partnerships between some of these key 
universities could facilitate future student exchanges.

In the near term, one feasible way to connect U.S. and Russian nuclear forensics students would be to 
conduct a student workshop in conjunction with a scientific conference that U.S. and Russian students 
and experts are already likely to attend. As previously mentioned, the International Conference on 
Radioanalytical and Nuclear Chemistry in Budapest as well as the IAEA Technical Meeting on nuclear 
forensics in Vienna are conferences in fairly neutral locations that may be feasible.

A student workshop could be modeled on the successful nuclear forensics workshops at the 
International Youth Nuclear Congress but cotaught by U.S. and Russian experts and geared 
specifically towards promising graduate students in nuclear chemistry with an interest in forensics. 
Lectures could introduce students to the field of nuclear forensics and the role of international 
organizations like the IAEA and ITWG. From personal experience with the Stanford-MEPhI forum, 
hands-on scenario exercises are especially useful to facilitate discussions between student 
participants. Depending on interest and constraints, different types of scenario exercises may be 
appropriate. If technical conversations are feasible, students could be tasked with developing an 
example analytical plan for characterizing fictitious interdicted material. Alternatively, students 
could work together on a more policy-focused scenario, acting as government officials working to 
coordinate international actions after the theoretical interdiction of smuggled nuclear material. This 
type of exercise would introduce technical students to the policy aspects of nuclear forensics and 
would convey the importance of international cooperation in the field.

CO-LED TRAINING WORKSHOPS
Nuclear forensic investigations rely upon national and international infrastructure. Although several 
countries, including the United States and Russia, already have state-of-the-art laboratories for 
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forensic analysis, building basic technical capabilities in other countries is important for conducting 
rapid initial identification and characterization of material discovered outside of regulatory control.47 
Training scientists across the world in common nuclear forensics techniques such as gamma and 
alpha spectroscopy allows for at least a rudimentary analysis of interdicted material near where it 
was recovered. These techniques can be used to broadly identify material and determine whether 
additional analysis at a more advanced laboratory is necessary. This presents another potential area 
for U.S.-Russian collaboration in nuclear forensics: building technical capabilities by co-leading 
training workshops in third countries.

PRECEDENT
Nuclear forensics training workshops have become routine as the United States and partners, such as 
the IAEA, have worked to help other countries develop indigenous nuclear forensics capabilities. Multiple 
U.S. agencies have been involved in these efforts; the NNSA recently facilitated a training workshop in 
Argentina in February 2017, and the Department of State led a workshop in the Nordic region in January 
2018. The IAEA has led additional national and regional introductory nuclear forensics trainings at the 
request of Member States, most recently in Hungary, the United Arab Emirates, Australia, and South Africa.

In addition to introductory trainings for countries interested in developing nuclear forensics 
capabilities, the IAEA also offers a more applied training course in nuclear forensics methodology. 
This international workshop has been hosted at Pacific Northwest National Laboratory in 
collaboration with the U.S. NNSA in 2012, 2013, 2015, and 2018, and it was hosted at the Joint 
Research Centre in Karlsruhe in collaboration with the EU Commission in 2016. These workshops 
have engaged participants from over 30 IAEA Member States, including Russia. A team of nuclear 
forensics experts from the NNSA and Federal Bureau of Investigation as well as from the IAEA, UK, 
EU Commission, and Australia developed the training curriculum and lead the workshops, which 
involve a mix of classroom and hands-on education, including scenario-based exercises. Topics 
include sample receipt and evidence inventory, basic physical measurements and analytical planning, 
high resolution gamma spectroscopy, high resolution alpha spectroscopy, an introduction to advanced 
analytical techniques, and nuclear forensics data evaluation.

Russia has not been involved in nuclear forensics training to the same extent as the United States, 
but they did recently work with the IAEA to host a regional seminar. The interactive seminar—held at 
the Laboratory for Microparticle Analysis in Moscow—was specifically designed to engage Russian-
speaking experts in the field. This was identified as a need by Russian-speaking IAEA Member States 
because concepts in nuclear forensics do not often translate well between English and Russian. 
Participants in the regional seminar included experts from Armenia, Belarus, Bulgaria, Kazakhstan, the 
Republic of Moldova, Romania, the Russian Federation, Slovakia, Tajikistan, and Uzbekistan.48 Russia’s 
involvement in this event demonstrates an interest in playing a leadership role in this area and 
sharing technical expertise. Co-leading a workshop in a third country may thus be a possible avenue 
of U.S.-Russian collaboration in the future.

BENEFITS
The United States has prioritized developing technical capabilities in other countries to strengthen 
the global nuclear forensics regime. Although the United States has the technical capabilities to 

47.  Mayer, “Nuclear Forensics: The Way Ahead, a Personal View.”
48.  T. Tsvetkov and V. Stebelkov, “Moscow Regional Seminar on Nuclear Forensics, September 2017,” ITWG Nucl. Forensics Update, 
no. 5 (December 2017), http://www.nf-itwg.org/newsletters/ITWG_Update_no_5.pdf.
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host these training workshops independently or with partners such as the IAEA or EU Commission, a 
U.S.-Russian partnership could provide practical benefits for conducting trainings in countries with 
Russian-speaking participants. In fact, the need for Russian-language training was a catalyst for the 
recent regional training in Moscow.

In addition to providing benefits to participants, co-led training workshops would help connect the 
U.S. and Russian experts serving as educators. Co-leading training workshops could provide a hands-
on opportunity for nuclear forensics experts from both countries to exchange best practices with 
each other as well as with third-country participants. Cohosted workshops would engage Russia as a 
technical partner and could help promote Russian leadership both within the IAEA and regionally. In 
2009, Lev Ryabev, former Russian First Deputy Minister of Atomic Energy, expressed frustration that “the 
west still chooses to embrace its consistent views about proliferation threats emanating from Russia.”49 

Playing a leadership role by training scientists in neighboring countries could provide an opportunity 
for Russia to be viewed as part of the nuclear security solution rather than part of the problem.

Finally, co-leading training workshops with Russia would reinforce the international nature of 
nuclear forensics. One of the recommendations that came out of the first IAEA Nuclear Forensics 
methodology training hosted at Pacific Northwest National Laboratory was to use experts from 
outside the host facility to “reinforce that the course is the result of an international effort for the 
benefit of the global community of nuclear forensics practitioners.”50 Nuclear security is a global 
challenge and requires international commitment and cooperation. Visible co-leadership by the 
United States and Russia in nuclear forensics may serve to promote engagement among other 
countries, strengthening the global forensics regime.

CHALLENGES
Conducting a joint training workshop would be a fairly high-profile form of collaboration, making it 
potentially politically sensitive. Pursuing this form of collaboration would require the cooperation of U.S. 
and Russian officials in addition to scientists. Working through the IAEA could help mitigate organizational 
challenges, especially because the United States and Russia both have a good working relationship with 
the IAEA and a sense of leadership within the organization. Using an IAEA-approved curriculum would 
also mitigate concerns that co-leading workshops could reveal sensitive technical capabilities.

The most apparent barrier to collaborating on such a workshop through the IAEA is that IAEA 
trainings in specific countries are conducted at the request of the Member State. Therefore, a co-
taught training would necessitate a third party interested in working with both U.S. and Russian 
experts. For political reasons, not many countries likely fit into this category, especially where joint 
English and Russian-language instruction would be useful. Kazakhstan, Armenia, and Belarus are 
potential candidates because they are all interested in expanding technical capabilities, are open 
to working with both the United States and Russia, and contain large numbers of both English and 
Russian speakers. Alternatively, other countries outside of the former Soviet Union, such as Sweden, 
may be interested in hosting such a workshop.

49.  Lev D. Ryabev, “Fundamental Principles of Russian-U.S. Cooperation in the Nuclear Arena: A Review of Opportunities and 
Threats,” Future of the Nuclear Security Environment in 2015: Proceedings of a Russian-U.S. Workshop (Washington, DC: The Nation-
al Academies Press, 2009), 37, doi:10.17226/12590.
50.  Jon M. Schwantes, David K. Smith, and Wayne Mei, “The First International Training Course on Basic Nulcear Forensics 
Methodologies for Practitioners,” in 2013 International Nuclear Atlantic Conference—INAC 2013 (2013), https://inis.iaea.org/col-
lection/NCLCollectionStore/_Public/45/075/45075419.pdf.
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RECOMMENDATIONS
Conducting a joint training workshop would require a significant amount of planning because 
of the involvement of both technical experts and government officials as well as international 
organizations like the IAEA and ITWG. In the near-term, the possibility can be explored by starting 
informal conversations between the United States, Russia, the IAEA, and potential third country hosts 
of such a workshop. These conversations should happen on a variety of levels, including within the 
GICNT Nuclear Forensics Working Group and the ITWG, and they should focus on the current needs 
that a joint workshop could address.

CONCLUSION
Expanding U.S.-Russian collaboration in technical nuclear forensics is challenging in the current 
political environment but ultimately worth pursuing. Nuclear terrorism is a serious, global issue. 
Advancements in nuclear forensics are necessary to address this threat, and collaborating with 
Russia is important to make that happen. It may be tempting to focus solely on collaboration with 
our allies, but the strength of international nuclear security relies on the support and leadership of 
the two largest nuclear powers.51 Mutually beneficial U.S-Russian collaboration has the potential to 
strengthen the global nuclear forensics infrastructure and build trust and communication that would 
improve the international nuclear forensics response in the event of a crisis.52

The three areas discussed in this report are feasible ways to pursue U.S-Russian nuclear forensics 
collaboration in the near- to mid-term. Although significant political constraints may prevent formal 
collaborative projects, more informal efforts can help maintain relationships between U.S. and 
Russian scientists and build trust that can set the stage for future, in-depth collaboration. For each 
area presented, the recommended path forward is similar. The first step to increasing collaboration 
in any form is to increase communication between U.S. and Russian scientists and each country’s 
scientific organizations. To be successful, collaboration needs to be mutually beneficial and bring the 
United States and Russia together as partners. Future endeavors should be co-led, and early input 
from Russian scientists on what forms of collaboration are feasible and of interest is crucial. In this 
tense political climate, it is necessary to begin with modest steps, taking advantage of windows 
of opportunity and focusing first on what is of interest to both sides rather than what might have 
the largest impact on nuclear security. These efforts will build trust and partnerships that will lead 
to strengthened scientific engagement over time, therefore bringing the United States and Russia 
together to advance technical nuclear forensics and improve international nuclear security.

51.  National Research Council., Overcoming Impediments to U.S-Russian Cooperation on Nuclear Non-Proliferation: Report of a 
Joint Workshop, (Washington, DC: The National Academies Press, 2004), doi:10.17226/10928.; Petr Topychkanov, “Nonprolifer-
ation Requires More Cooperation Between Russia, the West,” Russia Direct, March 21, 2016, https://russia-direct.org/opinion/
nonproliferation-requires-more-cooperation-between-russia-west.
52.  “Avoiding Catastrophic Terrorism: Lessions Learned.”
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U.S. Options for  
Nuclear Deterrence in 
the Hypersonic Era
Ryan Kuhns1

ABSTRACT 
With purported Russian and Chinese successes in developing and testing hypersonic glide vehicles 
(HGV) and hypersonic cruise missile (HCM) technology and reported goals to arm those delivery 
systems with nuclear warheads, the United States must consider what the deployment of those 
systems will mean for its nuclear deterrent. Beyond missile defense options and arms control, the 
United States will also face questions about whether it should develop and deploy nuclear armed 
HGVs or HCMs. This paper identifies three major considerations that will shape U.S. deliberation on 
nuclear armed hypersonic glide vehicle (HGV) and hypersonic cruise missile (HCM) technology. First, 
U.S. policymakers must consider whether the unique characteristics of HGVs and HCMs alone (speed, 
maneuverability, and flight path) warrant developing and arming them with nuclear weapons. Second, 
those same policymakers should consider the unique characteristics of HGVs and HCMs with regards 
to the challenges posed by Russian and Chinese anti-access / area denial (A2/AD) systems, particularly 
air and ballistic missile defense. Third, the geopolitical trends that accelerate and exacerbate the 
risks associated with improved adversary military capability, and which would make the unique 
characteristics of HGVs and HCMs necessary for nuclear deterrence, must be fully considered and 
adequately projected in order to determine when or if the United States must arm HGVs and HCMs 
with nuclear weapons. The paper concludes with three options: maintaining the U.S. nuclear weapons 

1.  Ryan Kuhns is a federal program analyst with the National Nuclear Security Administration’s (NNSA) Defense Programs 
(DP). His academic background is in political science, security studies, and international commerce with interests in defense 
economics, grand strategy, and war gaming. The views in this paper are his own and do not necessarily reflect those of the U.S. 
Department of Energy (DOE), NNSA, or any other agency of the U.S. government.
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program of record, developing an HGV and / or HCM capability, or using the Department of Defense’s 
(DOD) national hypersonics initiative and Department of Energy’s (DOE) Stockpile Responsiveness 
Program as vehicles for preparing to meet future nuclear deterrence challenges that may require mating 
an HGV or HCM with a nuclear weapon.

INTRODUCTION
On March 1, 2018, Russian President Vladimir Putin gave a State of the Union speech which 
highlighted a number of new nuclear weapons. Among them were two hypersonic nuclear delivery 
systems; the Avangard, a hypersonic glide vehicle launched via an intercontinental ballistic missile 
(ICBM), and the Kinzhal, an air launched cruise missile.2 This public development took a discussion 
that had been taking place among defense analysts for some time, namely the rate at which 
Russia and China have been developing and testing hypersonic systems, and made it a part of the 
mainstream news cycle.3 Given Russia’s public disclosure, and the rate at which China appears to be 
testing, the United States could face one or both countries armed with hypersonic delivery systems in 
the short to medium term. These hypersonic weapons would likely carry nuclear weapons in addition 
to conventional weapons. How should the United States respond to facing potential adversaries with 
nuclear tipped hypersonic weapons?

Ultimately, this paper identifies three paths of analysis which should help shape deliberation on 
this difficult question. First, the United States must consider the capabilities of HGVs / HCMs and 
whether they are necessary to deliver U.S. nuclear warheads to target. Second, short to medium 
term Chinese and Russian aerospace anti-access / area denial (A2/AD) capabilities must be at the 
center of these discussions. These considerations should also include anticipation of degraded 
U.S. penetration of potential adversary A2/AD systems over the short to medium term and the 
possible effects of these trends on the U.S. nuclear deterrent. Third, in order to predict the rate 
of development within the second path of analysis to some degree and pace U.S. technological 
development and weapon deployment, the United States must consider geopolitical trends and 
their effect on long term investments and improvements in adversary military capabilities. 

Using these paths of analysis, the paper identifies the following options for the long term: (1) the 
U.S. could continue to support its nuclear weapon program of record, to include the 2018 Nuclear 
Posture Review (NPR) supplements, (2) the United States could design, produce, and field nuclear 
warheads for HGVs / HCMs, or (3) the U.S. could link the DOD’s national hypersonic initiative with the 
DOE/NNSA’s Stockpile Responsiveness Program to create a design and production hedge with the 
capability to swiftly manufacture nuclear warheads for HGVs / HCMs if and/or when they are required 
for U.S. nuclear deterrence.

 
 
 

2.  Steven Pifer, “Putin on the Nukes,” Order from Chaos (blog), Brookings, March 3, 2018, https://www.brookings.edu/blog/or-
der-from-chaos/2018/03/02/putin-on-the-nukes/.
3.  For detailed information on Russian and Chinese hypersonic testing, see pg. 141 Rachel Wiener, “The Impact of Hypersonic 
Glide, Boost-Glide, and Air-Breathing Technologies on Nuclear Deterrence,” in Project on Nuclear Issues: A Collection of Papers 
from the 2016 Nuclear Scholars Initiative and PONI Conference Series ed. Mark Cancian (Washington, DC: Center for Strategic 
and International Studies, 2017), 136-160, https://csis-prod.s3.amazonaws.com/s3fs-public/publication/170421_Cancian_
PONI2016_Web.pdf?nwHMP3v85oG_fo1GB6E.w9aqWw7.SsvK. 
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HYPERSONIC CAPABILITIES
Hypersonic delivery systems have been in development since the late 1960s.4 The three countries 
with the most advanced, militarily significant programs are the United States, Russia, and China.5 
There are three general characteristics of hypersonic delivery systems (HGVs/HCMs) that inform both 
their military utility and the larger debate about their strategic utility—speed, maneuverability, and 
flight path (which includes trajectory and range). 

First, in order to be considered hypersonic, a delivery vehicle must reach speeds of Mach 5 (or “3,853 
miles per hour (mph) at sea level and [3,293 mph] at high altitudes…”.6 Second, while many airborne 
military systems can maneuver, only HGVs and HCMs can maneuver across all or the majority of 
their flight path at the speeds described above. Finally, HGVs and HCMs can glide or cruise along 
flight paths that are difficult to detect or intercept. In contrast to ballistic missiles, which follow an 
easily predictable trajectory, HGVs are launched like an ICBM but then conduct a “pull-up” maneuver 
and glide along the upper atmosphere until reaching their target and diving in to meet it.7 HCMs 
are typically brought to hypersonic speed by a booster and then are powered through burning 
atmospheric oxygen.8 HGVs and HCMs are capable of powered, maneuverable flight at “altitudes 
between 20km and 30km” and 40 to 100 km respectively.9 This could put HGVs and HCMs outside the 
reach of many modern air defense systems while also flying below ABM’s exo-atmospheric, midcourse 
interception altitudes.10

Ultimately, HGVs and HCMs, by virtue of possessing all three of these characteristics, are meant to 
provide weapon effects precisely on target, promptly, and without a significant risk of interception 
by current technology. For the United States, hypersonics were originally developed as part of the 
conventional prompt global strike (CPGS) in order to target peripatetic terrorist leaders that might 
only reveal themselves for brief travel times before disappearing.11 In contrast, Russia and China, 
faced with growing U.S. missile defense and precision strike capability, have apparently decided that 
unless they develop hypersonic technology, their nuclear and conventional deterrent capabilities will 
be at risk. This focus has been evident in Russian and Chinese test tempos when compared to the 
United States’ and is now evident in Putin’s March 1 declaration of Russia’s hypersonic capability.12 

To date, the utility of nuclear-armed HGVs/HCMs has not been fully and publicly explored in 
the United States, likely due to high U.S. confidence in its nuclear deterrent. However, adversary 
technological advancements and changing geopolitical circumstances may require the United 

4.  James Acton, Silver Bullet?: Asking Questions About Conventional Prompt Global Strike (Washington, DC: Carnegie Endowment 
for International Peace, 2013), 37, http://carnegieendowment.org/2013/09/03/silver-bullet-asking-right-questions-about-con-
ventional-prompt-global-strike-pub-52778.
5.  Richard H. Speier et al., Hypersonic Missile Nonproliferation: Hindering the Spread of a New Class of Weapons (Santa Monica, 
CA: RAND Corporation, 2017) 21, DOI: 10.7249/RR2137; Acton, Silver Bullet?, 98.
6.  See footnote 9, pg. 138; Wiener, “The Impact of Hypersonic Glide, Boost-Glide, and Air-Breathing Technologies on Nuclear 
Deterrence.”
7. James Acton, “Hypersonic Boost-Glide Weapons,” Science and Global Security 23 (2015): 194, DOI: 
10.1080/08929882.2015.1087242; Wiener, “The Impact of Hypersonic Glide, Boost-Glide, and Air-Breathing Technologies on 
Nuclear Deterrence,” 138.
8.  Acton, Silver Bullet?, 6.
9.  Speier et al., Hypersonic Missile Nonproliferation, 15. 
10.  Ibid.
11.  Acton, Silver Bullet?, 16-17.; Abel Olguin, “Employment of Hypersonic Glide Vehicles: Proposed Criteria for Use,” in Nuclear 
Scholars Initiative: A Collection of Papers from the 2014 Nuclear Scholars Initiative, ed. Sarah Minot, 143-159 (Washington, DC: 
Center for Strategic and International Studies, 2015), 151, https://csis-prod.s3.amazonaws.com/s3fs-public/legacy_files/files/
publication/150724_Minot_NuclearScholars2014_Web.pdf.
12.  Wiener, “The Impact of Hypersonic Glide, Boost-Glide, and Air-Breathing Technologies on Nuclear Deterrence,” 141
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States to reconsider whether to deploy nuclear-armed hypersonic weapons. Although the utility of 
conventionally-armed HGVs or HCMs to supplement or replace nuclear weapons is often discussed, 
this paper will be limited to the question of whether the United States will, at some point, need or 
desire HGVs or HCMs in order to carry out nuclear missions.

AEROSPACE A2/AD
In considering whether to deploy nuclear-armed hypersonic weapons, the United States will have 
to re-evaluate potential adversary Anti-Access / Area Denial (A2/AD)13 technologies—particularly 
advanced air defenses and Ballistic Missile Defense (BMD) capabilities—in order to determine 
how valuable hypersonic capabilities might be for maintaining U.S. nuclear deterrence. If potential 
adversary capabilities could grow significantly over the short- to medium-term, their effect on certain 
nuclear deterrent missions or U.S. nuclear deterrence as a whole could require a more focused and 
urgent response. If advanced air defenses do not pose a significant immediate or medium-term 
threat, the United States may have the luxury of relying on its current stockpile and working to build 
a technological and industrial hedge to counter any adversary breakthroughs in the future.

Russia currently fields some of the most advanced Surface to Air Missile (SAM) systems in the world. 
These include the S-300, the S-400, and, reportedly, Russia is testing and developing the S-500 and 
A-235 ABM system.14 China has procured both Russian systems (the S-300 and S-400) and developed 
its own SAMs and ABMs (the HQ-9 and HQ-19).15 Over time, given the value of U.S. stealth aircraft and 
cruise missile assets to conventional and nuclear missions, Russia and China have focused sensor and 
interception capabilities on countering these assets and securing their A2/AD envelopes.16 Both Russian 
and Chinese air defense systems have boasted of sensors nominally capable of detecting and tracking 
stealth aircraft. China has been rumored to be researching quantum technology for stealth detection.17 
The importance of aerospace defense to Russia is evident in its State Armaments program,18 where air 
defense was a fifth (~$100 billion) of that investment.19 In parallel with Russian investments, China’s 
domestic defense industrial capacity and military spending are increasing.20  While Russian and Chinese 
trends in air defense highlight the importance of these systems and their development to their defense, 

13.  “Anti-access (A2) challenges prevent or degrade the ability to enter an operational area…Area denial (AD) refers to threats 
to forces within the operational area.” See John Gordon IV and John Matsumura, The Army’s Role in Overcoming Anti-Access Area 
Denial Challenges (Santa Monica, CA: Rand Corporation, 2013), 1-2, https://www.rand.org/pubs/research_reports/RR229.html.
14.  Amanda Macias, “Russia quietly conducted the world’s longest surface-to-air missile test,” CNBC, May 24, 2018, https://www.
cnbc.com/2018/05/24/russia-quietly-conducted-the-worlds-longest-surface-to-air-missile-test.html; Joseph Trevithick, “Rus-
sia’s S-500 Air Defense System Reportedly Hits Target Nearly 300 Miles Away,” The Drive: The Warzone, May 28, 2018, http://
www.thedrive.com/the-war-zone/21080/russias-s-500-air-defense-system-reportedly-hits-target-nearly-300-miles-away; Keir 
Giles, Russian Ballistic Missile Defense: Rhetoric and Reality (Carlisle, PA: United States Army War College Press, 2015), 15-29, 
accessed February 17, 2018, http://publications.armywarcollege.edu/pubs/2347.pdf.
15.  Eric Heginbotham, et al., The U.S.-China Military Scorecard: Forces, Geography, and the Evolving Balance of Power 
1996–2017(Santa Monica, CA: RAND Corporation, 2015), 98-99, accessed March 30, 2018, https://www.rand.org/pubs/research_re-
ports/RR392.html; Franz-Stefan Grady, “Russia Delivers 1st S-400 Missile Defense Regiment to China,” The Diplomat, April 3, 
2018, https://thediplomat.com/2018/04/russia-delivers-1st-s-400-missile-defense-regiment-to-china/.
16.  Office of Secretary of Defense, Annual Report to Congress: Military and Security Developments Involving the People’s Republic 
of China 2017 (U.S. Department of Defense, 2017), 51, https://www.defense.gov/Portals/1/Documents/pubs/2017_China_Mili-
tary_Power_Report.PDF.
17.  Stephen Chen, “Could ghost imaging spy satellite be a game changer for Chinese military?,” South China Morning Post, 
November 26,2017, http://www.scmp.com/news/china/society/article/2121479/could-ghost-imaging-spy-satellite-be-game-
changer-chinese.
18.  Moscow’s effort to modernize 70 percent of Russian military forces by 2020.
19.  Giles, Russian Ballistic Missile Defense, 3; For detailed table on Russian air defense systems planned for procurement under 
the State Armament Program 2020 see Swedish Defense Research Agency, Russian Military Capability in a Ten-Year Perspective 
-2016, 165, accessed March 31, 2018, https://www.foi.se/rapportsammanfattning?reportNo=FOI-R--4326--SE. 
20.  As the U.S. DoD assessed in 2017, “China has the fiscal strength and political will to sustain increased defense spending, 
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they don’t appear to provide the type of threat representing a serious negation of the U.S. nuclear triad 
in the short to medium term. Support for this conclusion includes the fact that the current U.S. nuclear 
weapon program of record largely continues with the addition of the 2018 NPR’s “supplements” versus 
the immediate development of radically new weapons and capabilities.21

What Chinese and Russian air defense capabilities22 actually do in the short to medium term is 
pose considerable problems for and strain on U.S power projection, particularly to high-value 
stealth assets in both conventional and nuclear employment scenarios.23 The burden of preparing 
the battlespace in these environments may be too high for damage limitation and counterforce 
strategies, which may require surprise and / or hardened target capabilities limited at the moment 
to the B83 and B61-11 gravity bombs carried on increasingly vulnerable platforms.24 With a low 
number of stealth aircraft (e.g., 21 B-2 bombers), high demand for those assets in near peer conflict 
scenarios, and an unfavorable cost curve associated with stealth aircraft employed against capable 
SAMs, the viability of stealth aircraft in nuclear deterrence scenarios could come into question.25 This 
is especially relevant if Chinese and Russian integrated air defense system (IADS) technologies and 
deployed systems are anticipated to significantly advance and increase in number. While Russian 
and Chinese IADs and BMD do not appear to pose a severe threat to the U.S. nuclear deterrent at 
this time, medium to long term trends in development and deployment of advanced IADS could 
accelerate with geopolitical tensions or advance rapidly in sophistication due to the absorption of 
American intellectual property and technology and / or breakthroughs in research and development.

GREAT POWER COMPETITION / GEOPOLITICS
In addition to considering current weapon capabilities and projected threat environments, the United 
States should analyze growing great power competition and international dynamics when deciding 
whether to develop nuclear hypersonics. Should the United States anticipate that these geopolitical 
trends will accelerate competition in military innovation and procurement?  Will the United States 
have time to respond to adversary development of advanced military capabilities as they appear, or 
must it act at once to avoid being left behind? Will U.S. overreaction in the near-term delegitimize 
development and deployment of nuclear-tipped HGVs and HCMs if they are needed in the future?

Both Russian and Chinese high level national security documents have listed the United States 
as their number one threat or adversary.26 In turn, in 2017 and 2018, the U.S. National Security 
Strategy, National Defense Strategy, and Nuclear Posture Review heralded the return to great power 

which supports the continued modernization of the Chinese People’s Liberation Army (PLA), the development of a sophisticat-
ed defense industry, and the exploration of new technologies with defense applications.” See Office of Secretary of Defense, 
Annual Report to Congress: Military and Security Developments Involving the People’s Republic of China 2017, 65. For most up to 
date information on China’s defense spending, see also Office of Secretary of Defense, Annual Report to Congress: Military and 
Security Developments Involving the People’s Republic of China 2018 (U.S. Department of Defense, 2018), 81-90, https://media.
defense.gov/2018/Aug/16/2001955282/-1/-1/1/2018-CHINA-MILITARY-POWER-REPORT.PDF.
21.  U.S. Department of Defense, Nuclear Posture Review (Washington, DC: U.S. Department of Defense, 2018), 52. https://media.
defense.gov/2018/Feb/02/2001872886/-1/-1/1/2018-NUCLEAR-POSTURE-REVIEW-FINAL-REPORT.PDF.
22.  To include layered and integrated sensor capabilities, deployed and potential A2/AD capacity, and attendant Electro Mag-
netic Spectrum (EMS) challenges.
23.  For a detailed discussion of these challenges and illustrations on how U.S. forces might be forced to operate within these 
EMS environments, see Bryan Clark and Mark Gunzinger, Winning the Airwaves: Regaining America’s Dominance in the Electro-
magnetic Spectrum (Washington, DC: Center for Strategic and Budgetary Assessments, 2015), https://csbaonline.org/uploads/
documents/CSBA6147-EW_Report_Final.pdf.
24.  Office of the Secretary of Defense, 2018 Nuclear Posture Review, 47.
25.  Timothy Heath, “How China’s New Russian Air Defense System Could Change Asia,” War on the Rocks, January 21, 2016, 
https://warontherocks.com/2016/01/how-chinas-new-russian-air-defense-system-could-change-asia/.
26.  Defense Intelligence Agency, Russia Military Power: Building a Military to Support Great Power Aspirations (U.S. Department of 
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competition and directly referenced Russia and China as strategic competitors.27 The U.S. National 
Security Strategy in particular referenced this competition as a part of “intertwined, long term 
challenges that demand [the United States’] sustained national attention and commitment.”28

Barring major changes to the foreign policies of the United States, Russia, or China, it would be 
prudent to anticipate that medium- to long- term competition expectations will inform technological 
innovation in the defense sectors of these countries. During the Cold War, this was certainly the case. 
The United States (and the USSR) would invest in weapons development at crisis points in order to 
close perceived capability gaps and impose new costs on their adversaries’ defense planning.29 In U.S. 
studies of the Cold War, this was one of the most significant trends in nuclear weapon procurement.30 
The most reliable projections of U.S. and USSR arms procurement activities were related to the 
tenor of relations between the international competitors and the potential or perceived capabilities 
of their fielded weapon systems.31 For example, the launch of Sputnik was the manifestation of a 
capability gap, ostensibly an ICBM related technological achievement in the midst of the “Space 
Race,” which was perceived by the United States within the context of the Cold War’s intense 
geopolitical competition and augmented existing concerns about Soviet resources already going to 
missile development.32 The shock of Sputnik’s launch, in conjunction with U.S. technical difficulties, 
increased U.S. investments in relevant defense technologies and accelerated the deployment of U.S. 
submarine-launched ballistic missiles (SLBMs) from seven years to two.33

There is little to indicate that the nature of inter-state competition has significantly changed. In the 
case of hypersonics, the revelation of Russian programs, and more subtle concerns over Chinese 
developments, have proven to be an accelerant for U.S. efforts.34 Just as in the Cold War, this very 
public emergence of a capability gap between the United States and its potential adversaries could 
support concerted efforts to close that gap and manufacture new advantages for the United States. 
Increasingly competitive relations between the United States and near-peer military powers, as 
mentioned above, could also accelerate trends within technological development and deployment 

Defense, 2017), 15, http://www.dia.mil/Portals/27/Documents/News/Military%20Power%20Publications/Russia%20Military%20
Power%20Report%202017.pdf; Eric Heginbotham et al., China’s Evolving Nuclear Deterrent: Major Drivers and Issues for the Unit-
ed States (Santa Monica, CA: Rand Corporation, 2017), 50-51, https://www.rand.org/pubs/research_reports/RR1628.html.
27.  The White House, National Security Strategy of the United States of America (Washington, DC: White House, 2017), 25, https://
www.whitehouse.gov/wp-content/uploads/2017/12/NSS-Final-12-18-2017-0905.pdf; Office of the Secretary of Defense, Sum-
mary of 2018 National Defense Strategy of the United States of America: Sharpening the American Military’s Competitive Edge (U.S. 
Department of Defense, 2018), 2, https://www.defense.gov/Portals/1/Documents/pubs/2018-National-Defense-Strategy-Sum-
mary.pdf; U.S. Department of Defense, Nuclear Posture Review, 6
28.  The White House, National Security Strategy of the United States of America, 3.
29.  Ernest M. May, John D. Steinbruner, and Thomas W. Wolfe. History of Strategic Arms Competition 1945 – 1972: Part II (Wash-
ington, DC: Office of Secretary of Defense Historical Office, 1981), 810-811, https://archive.org/details/HistoryoftheStrategi-
cArmsCompetition19451972Part2.
30.  Ibid; Andy W. Marschall, Long Term Strategic Competition with the Soviets: A Framework for Strategic Analysis (Santa Monica, 
CA: RAND Corporation, 1972), 7-15, https://www.rand.org/pubs/reports/R862.html.
31.  Michael D. Ward, “Political Economy of Arms Races and International Tension,” Conflict Management and Peace Science 7, no. 
2 (February 1984): 4, https://doi.org/10.1177/073889428400700201.
32. History Staff, Center for Study of Intelligence, Intentions and Capabilities: Estimates on Soviet Strategic Forces, 1950 – 1983 
(Washington, DC: Central Intelligence Agency, 1996), 24, https://www.cia.gov/library/center-for-the-study-of-intelligence/
csi-publications/books-and-monographs/Est%20on%20Soviet%20Strategic.pdf.; Ron Lehman, “Sputnik-like’ Events: Responding 
to Technological Surprise” Strategic Latency: Red, White, and Blue: Managing the National and International Security Consequences 
of Disruptive Technologies, ed Zachary S. Davis and Michael Nacht, (Lawrence Livermore National Laboratory, 2018), 37, https://
cgsr.llnl.gov/content/assets/docs/STATEGIC_LATENCY_Book-WEB.pdf
33.  Ibid, 40.
34.  Valerie Insinna, “STRATCOM head: Don’t doubt Russia’s drive to develop ‘invincible’ hypersonic missile,” Defense News, April 
17, 2018, https://www.defensenews.com/digital-show-dailies/space-symposium/2018/04/18/stratcom-head-dont-doubt-rus-
sias-drive-to-develop-invincible-hypersonic-missile/.
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for A2/AD, particularly in situations where Russia or China could impose unfavorable costs in terms 
of resources and capabilities. Elite signaling to the American public and political battles over the 
direction of the U.S nuclear deterrent will happen in the shadow of these trends. The fact that great 
power competition is once again acknowledged in national level policy documents is enough of a shift 
that policy options in nuclear deterrence that were once thought impractical may be reconsidered.

OPTIONS
With Russia brandishing hypersonic delivery systems for its nuclear weapons and China’s successes 
in flight tests that indicate that China is either ahead or not too far behind,35 the United States 
must consider its options with the elements above in mind. Three potential paths forward are (1) 
to maintain the current program of record for Nuclear Modernization Programs; (2) to create new 
capabilities and field new weapons and delivery systems; or (3) to fund real and substantial efforts 
at creating a technological hedge in case policymakers determine that future changes may warrant a 
sudden and orderly shift from the program of record to rapidly fielding new nuclear weapons. 

Each option extends from different perspectives on the opportunities for or challenges to the U.S. 
nuclear deterrent presented by HGVs and HCMs, A2/AD, and geopolitical tensions. While these options 
revolve around both military capabilities and the security provided through latent nuclear capabilities, 
which are assumed to contribute to nuclear deterrence, they do not provide analysis on important and 
valid diplomatic options. These options are detailed elsewhere and should be pursued vigorously and 
with an appreciation for the damaging effects which extend from international arms races.36

MAINTAIN CURRENT U.S. NUCLEAR WEAPON (NW) PROGRAM OF RECORD (POR) 
The United States should continue to pursue its current modernization plan while executing the 
supplements detailed in the 2018 Nuclear Posture Review.37 This path would almost certainly include 
the development of HGVs or HCMs, depending on the priority ascribed to these capabilities by the DOD 
and Congress; although, the resulting delivery systems would not carry nuclear warheads. Instead, the 
United States would assume that its current nuclear capabilities are capable of ostensibly deterring a 
range of adversaries into the 2040s and may even be sufficiently enhanced by conventionally armed 
HGVs and HCMs. The major assumption at the core of this option is that the military capabilities 
(speed, maneuverability, flight path and trajectory) provided by nuclear-armed HGVs and HCMs are 
not really any more useful for nuclear deterrence or warfighting purposes than current or future U.S. 
nuclear armed ballistic missiles and gravity bombs in the NW POR. The precision and discrimination 
of current nuclear capabilities, along with their ability to penetrate enemy IADs and BMD, will give the 
U.S. military options with sufficient probability of arrival (PA) that are relevant to realistic targeting 
scenarios.38 This capability, regardless of potential adversary nuclear capable HGVs and HCMs, would be 
assumed to deter nuclear use or escalation through credible nuclear options. 

35.  Stephen Chen, “China builds world’s fastest wind tunnel to test weapons that could strike US within 14 minutes: Research-
ers want new facility to be up and running by 2020 as race to develop hypersonic technology intensifies,” South China Morning 
Post, November 15, 2017, http://www.scmp.com/news/china/policies-politics/article/2120072/china-builds-worlds-fastest-
wind-tunnel-test-weapons.
36. Wiener, “The Impact of Hypersonic Glide, Boost-Glide, and Air-Breathing Technologies on Nuclear Deterrence,” 158-159.; See 
Speier et al., Hypersonic Missile Nonproliferation, 35-45.
37.  The current POR includes the B61-12 life extension program (LEP), the W80-4 LEP for the Long-Range Standoff (LRSO) 
cruise missile, and LEPs and Alts for the US SLBMS and ICBM stockpile. The NPR’s supplemental capabilities includes a low-
yield SLBM warhead and a possible Sea-Launched Cruise Missile (SLCM) capability.
38.  PA = weapon system reliability x pre-launch survivability x probability to penetrate (PTP) –See Office of Deputy Assistant 
Secretary of Defense for Nuclear Matters, Nuclear Matters Handbook: 2016 (U.S. Department of Defense, 2016), 201, https://
www.acq.osd.mil/ncbdp/nm/nmhb/docs/NMHB_2016-optimized.pdf.
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For the purposes of U.S. deterrence, over the long-term, this means that the United States can either 
threaten counterforce strikes to sufficiently disable its opponent’s capability to visit damage on 
the United States or, in the event the United States does not have sufficient sensor capabilities or 
penetrating power to carry out a counterforce strike, the United States is comfortable with its ability 
to sufficiently penetrate enemy airspace and threaten enemy countervalue targets with unacceptable 
damage. The countervalue option must also be considered credible since it possibly risks significant 
nuclear escalation and increased collateral damage. If an adversary does not believe the U.S. would 
carry out a countervalue strike, due to technical, political, or moral impediments, then its deterrence 
value is void. Both counterforce and countervalue scenarios might assume use of conventional HGVs 
and HCMs in order to carry out suppression of enemy air and missile defenses and increase PA for 
NW POR weapons. Conventional HGVs and HCMs could also be used against targets that formerly 
required a nuclear weapon, potentially reducing collateral damage and increasing counterforce 
capability. It bears repeating that all of these assumptions rest on a bedrock of maintaining, over 
the long term, an outstanding U.S. capacity to penetrate air defenses, locate targets, and utilize its 
weapons to gain its desired military and political effects. It also assumes that the United States 
maintains this edge in a highly competitive international environment, which may accelerate the 
development of means to deny the United States this capacity.

In addition to the military capabilities provided by the NW POR, the political value of the current 
and planned U.S. nuclear stockpile would need to be considered to be sufficient for deterring 
potential adversaries and assuring allies. The tenor of global geopolitical competition should also 
be acknowledged as a major factor in this. If the U.S. public perceives a “hypersonics gap” the same 
as it perceived the so-called bomber and missile “gaps” during the Cold War, this could encourage 
Congress to mandate the development and fielding of nuclear capable HGVs and HCMs. Maintaining 
the current NW POR requires Congressional consensus on the utility of the POR. Additionally, a 
rejection of fleeting political opportunities provided by highlighting the “hypersonics gap”39 will be 
essential to maintaining a stable domestic and international stance on the U.S. NW POR. Instead, as 
mentioned previously, the U.S. Government and Congress could highlight that even during the Cold 
War, “the U.S. and Soviet leadership rarely, if ever, developed and deployed a nuclear weapon system 
only because the other side had it. Instead, leaders weighed a number of factors such as domestic 
political support, budget commitments, arms control priorities, allied support, development time, 
deterrent effect and more.”40

CREATE NEW CAPABILITIES
If relevant agencies in the U.S. government believe that the U.S. ability to deliver nuclear warheads 
to target would be significantly hindered by adversary A2/AD in the near future or that U.S. nuclear 
deterrence could greatly benefit from the development of nuclear armed HGVs and HCMs with 
additional capabilities in speed, maneuverability, flight path and trajectory, the United States should 
develop HGVs and HCMs and field them as soon as possible. The decision to do so should be 
informed by either Russian and Chinese capacity to deny the United States access to airspace in such 
a way that the United States cannot deliver its nuclear weapons through either enhanced SAM and/
or BMD technology or through adversaries’ ability to detect stealth enabled platforms and delivery 
systems. In addition to air defense concerns, the set midcourse trajectories of ballistic missiles in 

39.  Dan Goure, “A Real Missile Gap Is Looming in Hypersonic Weapons,” The National Interest, May 1, 2018, http://nationalinter-
est.org/blog/the-buzz/real-missile-gap-looming-hypersonic-weapons-25650.
40.  Matthew Costlow, “A US-Russia Nuclear Arms Race? Where?,” Defense News, March 29, 2018, https://www.defensenews.
com/space/2018/03/28/what-arms-race/.
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relation to their Cold War basing could prove complicating in the event of a conflict which may 
involve China but not Russia.41 It is also possible that this decision could be affected by domestic and 
international political considerations. Finally, the United States could develop an immediate nuclear 
HGV and/or HCM capability if it decided that such a delivery system would be essential to holding 
Hardened Deeply Buried Targets (HDBTs) at risk.

Ultimately, current air defense technologies, in conjunction with advances in sensors, do not appear to 
immediately threaten the United States’ ability to deliver nuclear weapons.42 Although, in the specific 
area of “protected targets,” the United States maintains two weapons systems essential to holding 
these “at risk”: the B83-1 and B61-11.43 Both of these systems are air-delivered gravity weapons, which 
ostensibly require stealth capabilities on the aircraft delivering them to target. The United States 
is currently planning to replace these systems with the B61-12.44 If U.S. stealth capabilities were 
suddenly marginalized or made irrelevant through a shift in U.S. adversaries’ technical capabilities, the 
United States may need an additional system for “protected targets”. HGVs and HCMs both have unique 
capabilities that enhance their ability to penetrate current and future IADs, while also maintaining the 
possibility of being enhanced with a ground penetration capability.45 A ground penetration capability 
would allow for a “coupling” effect upon nuclear weapon detonation, which would be uniquely tailored 
for destroying HDBTs, a specialized subset of protected targets.46

It is possible that members of Congress or leaders in the U.S. Government might consider developing 
nuclear armed HGVs and HCMs in order to simply match Chinese and Russian fielded capabilities in 
the near future. This is likely not a good use of American technological and material resources, and it 
could create a backlash against nuclear force modernization generally, putting legitimate capability-
based arguments for fielding nuclear armed HGVs and HCMs at risk when or if they are needed. As in 
the previous option, U.S. Government officials and members of Congress should communicate to the 
American public, U.S. allies, and potential adversaries the reasons why the United States will field or 
not field nuclear-armed HGVs and HCMs. If these capability-based arguments are made coherently, 
the U.S. actions following them should bolster U.S. deterrence.

GIVE PRIORITY TO A REAL HEDGING CAPABILITY
If the United States feels that its delivery of nuclear weapons is not immediately threatened, and it 
has no immediate reason to warrant fielding nuclear weapons with capabilities unique to HGVs and 
HCMs, the DOE and DOD could at least prime themselves to field a warhead for a future HGV and/or 
HCM when needed. This option is predicated on the assumption that current geopolitical trends will 
lean towards encouraging development of advanced A2/AD capabilities by potential U.S. adversaries, 
but those systems that truly threaten U.S. nuclear weapons or platforms will not be fielded in the short 
to medium term. The option is also informed by current U.S. national security policy as detailed in the 

41.  Bruce W. Bennett, “On US Preparedness for Limited Nuclear War,” On Limited Nuclear War in the 21st Century, eds. Jeffrey A. 
Larsen and Kerry M. Kartchner (Stanford, CA: Standford University Press, 2014), 229.
42.  Dave Majumdar, “Could Russia’s S-400 Do the Unkthinkable: Kill a F-22, F-35 or B-2 Bomber?,” The National Interest, Janu-
ary 18, 2018, http://nationalinterest.org/blog/the-buzz/could-russias-s-400-do-the-unkthinkable-kill-f-22-f-35-or-b-24114. 
43.  U.S. Department of Defense, Nuclear Posture Review, 47.
44.  Ibid.
45.  James M. Acton, “Supplement to Hypersonic Boost-Glide Weapons,” Science and Global Security 23 (2015): 6-7, DOI: 
10.1080/08929882.2015.1087242.
46.  “Only a few meters of penetration into the earth is required to achieve a ‘coupling’ effect, in which most of the energy that 
would have gone up into the air with a surface burst is trapped by the material near the surface and reflected downward to 
reinforce the original shock wave.” See Office of Deputy Assistant Secretary of Defense for Nuclear Matters, Nuclear Matters 
Handbook, 187.
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most recent National Security Strategy, National Defense Strategy, and  Nuclear Posture Review, which 
all recognize that “great power competition” and “rapid technological advancements” are shaping a 
challenging security environment for the United States.47 Specific to nuclear deterrence, the NPR calls 
for a “capacity to hedge against an uncertain future.”48 Luckily, the policy architecture and bureaucratic 
inertia are in place to support this effort, it is now a matter of adequate funding and focused execution.

As directed in the 2018 NPR, the “DOD will explore prioritization of existing research and 
development funding for advanced nuclear delivery system technology and prototyping capabilities” 
in order to “focus, as necessary, on the rapid development of nuclear delivery systems, alternative 
basing modes, and capabilities for defeating advanced air and missile defenses.”49 In conjunction 
with the DOD’s “national hypersonic initiative” and DARPA’s increased funding, DOD will likely field 
a hypersonic delivery system in the relatively near future.50 Thus, the bottleneck for a nuclear armed 
HGV or HCM will be the DOE’s NNSA, which is responsible for U.S. nuclear warhead development and 
production. Current life extension programs (LEPs) have shown that development and production 
in the post-Cold War Nuclear Security Enterprise (NSE) can be difficult and time intensive.51 With 
this in mind, the 2018 NPR directed that the “NNSA will explore approaches for rapid prototyping 
and develop options for modifying warheads to increase flexibility and responsiveness…”52 As the 
NPR asserts, the ability to do this already exists as Congressional direction through the Stockpile 
Responsiveness Program, and this capability is “an important element of the U.S. hedging strategy 
because it promises to provide more timely availability of new capabilities if they are needed to meet 
changes in the security environment.”53

With the direction of the NPR and congressional fiat, the DOE and DOD could develop hypersonic 
capabilities for conventional application while creating a design and production hedge at NNSA 
to provide short turnaround nuclear warheads to the DOD in case of a capability-based need 
for nuclear-tipped HGVs and/or HCMs. This would also provide new energy to the Stockpile 
Responsiveness Program mandated by Congress, expanding those efforts beyond halting the atrophy 
of design and development skills by tying NNSA to the national hypersonic initiative. This could also 
provide the additional financial and human resources necessary to work through current nuclear 
weapons lifecycle challenges and recapitalizing the NSE.

This option also provides a balanced U.S. approach to the emergence of nuclear-armed HGVs and 
HCMs. While the United States proves it is technically capable of producing hypersonic delivery 
systems and supplements its nuclear deterrent capabilities with enhanced conventional capabilities, 
the U.S. Government and Congress will be able to address concerns on a potential nuclear 
“hypersonics gap” through both enhancing capabilities in the Nuclear Security Enterprise and 

47.  Office of the Secretary of Defense, Summary of the 2018 National Defense Strategy of the United States of America, 3.
48.  U.S. Department of Defense, Nuclear Posture Review, IX.
49.  Ibid, 40.
50.  Stew Magnuson, “National Hypersonics Initiative Gets Green Light,” National Defense Magazine, March 20, 2018, http://
www.nationaldefensemagazine.org/articles/2018/3/20/national-hypersonics-initiative-gets-green-light; Sydney Freedberg, 
“DoD Boosts Hypersonics 136% in 2019: DARPA,” Breaking Defense, March 1, 2018, https://breakingdefense.com/2018/03/dod-
boosts-hypersonics-136-in-2019-darpa/.
51.  See Figure 2-5 in the FY2018 Stockpile Stewardship and Management Plan (SSMP) for a perspective on how long it takes 
a nuclear weapon to go from design to production. 2-20. U.S Department of Energy, National Nuclear Security Administration, 
Fiscal Year 2018 Stockpile Stewardship and Management Plan Report to Congress (Washington, DC: National Nuclear Security 
Administration, 2017), 2-20, https://www.energy.gov/sites/prod/files/2017/11/f46/fy18ssmp_final_november_2017%5B1%5D_0.
pdf.
52.  U.S. Department of Defense,  Nuclear Posture Review, 63.
53.  Ibid.
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supporting research and development. In addition to addressing domestic or international concerns 
about U.S. capabilities, this option buys down security risks while avoiding the costly political battles 
that are likely to accompany actually fielding HGVs and HCMs without adversary BMD or air defense 
systems that actually warrant them. Finally, the U.S. abstention from developing nuclear-armed 
HGVs and HCMs may help preserve the United States’ reputation as a leader in nuclear disarmament 
through illustrating that the United States outright spurns unnecessary nuclear arms races that are 
not tied directly to preserving its vital military capabilities.

CONCLUSION
If the United States does not face immediate threats to its capability to deliver its current stockpile, 
it would be difficult to justify the potentially large scale and risky political maneuvering needed 
to approve and fund a new or modified nuclear warhead for an HGV or HCM. There could be a case 
for pursuing the development of nuclear warheads for HGVs and / or HCMs where nuclear weapon 
delivery methods or missions face significant challenges over the short to medium term that could 
be relieved by the characteristics of HGVs and/or HCMs. The acceleration and multiplication of these 
potential challenges due to the contemporary international security environment should also be a 
factor in that decision. Ultimately, if trends in defensive technology and geopolitics are assessed to 
not pose a threat to the U.S. nuclear deterrent over the short to medium term, the DOE and DOD 
should work together—under the auspices of the national hypersonics initiative and congressionally 
mandated Stockpile Responsiveness Program—to provide a real capability to design, manufacture or 
modify, and certify nuclear warheads for HGVs and / or HCMs.
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ABSTRACT
The Plutonium Management and Disposition Agreement (PMDA), while less visible and contentious 
than other U.S.-Russia bilateral nuclear agreements, is an important case study in cooperation, failure, 
and blame in international agreements. Although the agreement should have ended after Russia 
suspended the treaty, the United States has remained committed to fulfilling its side of the agreement 
despite decades of headaches and ballooning costs. While the nonproliferation efforts of the treaty are 
important and could be a step towards better bilateral relations with Russia, the benefits of plutonium 
disposition are outweighed by concerns over feasibility, cost, and national security. The United States has 
an opportunity to pivot away from the PMDA and towards a plutonium strategy that is cost-effective and 
beneficial to the security of the United States. 
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INTRODUCTION
The PMDA took years to negotiate, was amended once, and was financially costly for both the 
United States and Russia. Even after Russia pulled out of the PMDA, the United States has continued 
to operate as if the agreement was still in effect. This decision to continue to try and meet the 
objectives of the agreement has led the United States down an expensive path in the hopes of 
finally fulfilling the original goals of the PMDA and convincing Russia to re-enter the agreement. The 
history of the agreement highlights some lessons learned as well as the politics surrounding this 
arms control effort, which are essential for understanding what the options are going forward, and 
whether or not it is politically, financially, and strategically worth it for the United States to continue 
to operate as if the agreement were fully in effect. 

CREATING THE PLUTONIUM MANAGEMENT AND DISPOSITION 
AGREEMENT
As the Cold War came to an end in the 1990s, the global nuclear conversation shifted from how 
to produce fissile material used to make nuclear weapons to finding a way to dispose of this 
material. As Russia and the United States dismantled their nuclear stockpiles, they found excess 
uranium and plutonium that needed to be protected from theft or loss.2 The former adversaries 
shared proliferation concerns over excess special nuclear material and spent the 1990s discussing 
a solution. As a result of these discussions, the PMDA was signed in 2000, under which both sides 
mutually agreed to dispose of 34 metric tons (MT) of weapons-usable plutonium.

The agreement was signed after years of debate on how disposition would be completed. The 
National Academy of Sciences (NAS) recommended a “spent fuel standard,” which defined disposition 
as putting the plutonium “in a form from which the plutonium would be as difficult to recover for 
weapons use as the larger and growing quantity in commercial spent fuel.”3 The spend fuel standard 
was a main factor in determining which disposition process would best render the plutonium 
unusable. The U.S. Department of Energy (DOE) had reviewed 37 different pathways for disposition 
ranging from doing nothing to burying the plutonium in boreholes.4  The 1997 report analyzed 
these pathways based on both technical and policy factors, and the United States decided it would 
utilize the plutonium to create mixed-oxide (MOX) fuel that could be used in nuclear power reactors, 
resulting in irradiated and unusable plutonium.5  

The process, as described in the DOE study Nonproliferation and Arms Control Assessment of Weapons-
Usable Fissile Material Storage and Excess Plutonium Disposition Alternatives, irradiates the plutonium by 
using the plutonium as fuel in light-water reactors (LWR). LWRs are the most common type of reactors 
and the only type of commercial reactor used in the United States. The plutonium from both the pits 
of nuclear weapons and existing plutonium oxide would be combined with uranium oxide to create 
mixed oxide. The MOX fuel would only contain 3-7% of plutonium per rod. The plutonium would fission 
in the reactor or be imbedded into the material, making it difficult to proliferate. The weapons grade 

2.  U.S. Department of Energy, Nonproliferation and Arms Control Assessment of Weapons-Usable Fissile Material Storage and 
Excess Plutonium Disposition Alternatives (Washington D.C.: January 1997), v, https://www.osti.gov/biblio/425259-nonprolifera-
tion-arms-control-assessment-weapons-usable-fissile-material-storage-excess-plutonium-disposition-alternatives.
3.  National Academy of Sciences, Management and Disposition of Excess Weapons Plutonium (Committee on International Securi-
ty and Arms Control, 1994).
4.  Ibid, vi. 
5.  Pavel Podvig, “Can the US-Russia plutonium disposition agreement be saved?,” Bulletin of the Atomic Scientists, April 28, 2016, 
https://thebulletin.org/2016/04/can-the-us-russia-plutonium-disposition-agreement-be-saved/.
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plutonium would become reactor grade plutonium, which decreases its risk of theft or proliferation.6 
Another benefit of this technique is that these rods of MOX fuel could be made by the United States 
and Russia and sold to commercial reactor operators, mitigating the cost of making them. 

The main risk of the LWR MOX alternative was that it required a new facility to conduct the large-
scale fuel fabrication. This was a political risk as it meant delaying the down blending, building 
a costly facility, and safeguarding the material in the interim.7 However, Russia favored the MOX 
approach because it made the plutonium reusable. Russia viewed their plutonium as a valuable 
resource and was reluctant to just get rid of it. The United States decided to go forward with the 
MOX approach while also utilizing another option, immobilization.8

The term immobilization refers to an option to mix the plutonium with glass or radioactive fission 
products to create radioactive glass cylinders of plutonium. The United States uses this technique, 
called vitrification, to fuse radioactive waste into molten glass. Doing so greatly decreases the 
value and risk of proliferation of the material. However, it still required a new facility and a geologic 
repository for the glass cylinders.9

Russia eventually agreed to these outlined alternatives and signed the PMDA with the stated 
stipulation that disposition could be done by the LWR MOX irradiation method, immobilization, or 
“any other methods that may be agreed by the Parties in writing”.10 

However, the debate for which method to use was not over for the United States. By 2002, 
the immobilization option had been cancelled. The Bush administration reviewed the Clinton 
administration’s plutonium disposition plans and determined it would be more cost effective to 
take a MOX-only approach because the MOX approach would only require one new facility.11 They 
also believed that MOX was a more mature technology and worried that a shift to immobilization 
may jeopardize the agreement because Russians believed immobilization did not fully meet the 
spent fuel standard.12

The “cost savings” would be short lived. The MOX Fuel Fabrication Facility (MFFF) was to be 
built at the Savannah River Site (SRS) in South Carolina at Savannah River National Laboratory. 
The DOE cost baseline for MFFF in 2008 was $4.86 billion, but by 2015, the DOE’s budget stated 
that the life-cycle cost estimate had risen to $30 billion. The 1997 DOE report suggested that it 
would take about 12 years to have the facility ready, while current estimates have completion as 
late as 2048.13 

6.  U.S. Department of Energy, Nonproliferation and Arms Control Assessment of Weapons-Usable Fissile Material Storage and 
Excess Plutonium Disposition Alternatives, 82-83.
7.  Ibid, 85-86. 
8.  Podvig, “Can the US-Russia plutonium disposition agreement be saved?.”
9.  U.S. Department of Energy, Nonproliferation and Arms Control Assessment of Weapons-Usable Fissile Material Storage and 
Excess Plutonium Disposition Alternatives, 109-110. 
10.  Agreement between the government of the United States of America and the government of the Russian Federation 
Concerning the Management and Disposition of Plutonium Designated as no longer required for defense purposes and related 
cooperation, U.S.-Russ., April 2000. 
11.  Philipp C. Bleek, “U.S. to Continue Plutonium Disposition Pact with Russia,” Arms Control Association, March 1, 2002, https://
www.armscontrol.org/act/2002_03/plutmarch02.
12.  National Nuclear Security Administration U.S. Department of Energy before the House Armed Services Committee Subcommittee 
on Strategic Forces, 112th Cong. (2006), (Statement of Ambassador Linton F. Brooks Under Secretary for Nuclear Security and 
Administrator).
13.  Plutonium Disposition and the MOX Project before the House Armed Services Committee, 114th Cong., 114-54 (2015). 
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These ballooning costs and schedule delays affected Russia as well. The cost of the MOX LWR option, 
which Russia had never fully supported, had outgrown estimates, and Russia was looking for a way 
to boost their civilian nuclear energy sector. By 2010, Russia decided to pursue a MOX fast neutron 
reactor option that would use the plutonium in its nuclear power industry. These fast breeder 
reactors can burn 1.7MT of plutonium per year from dismantled weapons.  Russia went through the 
amendment process outlined in the PMDA in order to be in compliance with the agreement. The 
PMDA was amended and signed again in September of 2010, and Russia officially abandoned the 
MOX LWR option.14

While Russia had finally found an effective disposition option, the United States was still struggling 
with implementing MFFF. In addition to problematic costs and schedules, political hurdles impacted 
the process. South Carolina’s governor and several congressional representatives were concerned 
about storing the special nuclear material on a long-term basis in their state.15 MOX has been on the 
budgetary chopping block seemingly every year, and yet the project has lived; in large part this was 
due to the effort of other South Carolina representatives. Senator Lindsay Graham has advocated for 
the project since its inception because of the promise that it would bring highly technical jobs to his 
home state. He has used his position on the Senate Armed Services Committee to protect the project 
even as President Obama, the Department of Energy, and other members of Congress sought ways to 
eliminate the project. 

The Obama administration initiated a review for plutonium disposition in order to explore 
options that might resolve the issues associated with MOX. By 2015, the MFFF building was $3 
billion over budget and was still five years away from completion.16 The review determined that 
dilute-and-dispose would be the best option. Dilute and dispose downgrades the weapons grade 
plutonium with inert materials at SRS, packages the mixed material into shipping containers, and 
sends them to another site to be buried underground for permanent disposal. It was a pivot away 
from the spent fuel standard, a metric previously used to evaluate plutonium disposition options. 
Previously, the disposition option was judged on whether or not it would make the plutonium 
“roughly as difficult to acquire, process, and utilize in nuclear weapons as is the plutonium in 
typical spent fuel from civilian nuclear reactors”.17 This option would undoubtedly be cheaper, as 
it utilized existing facilities and focused on disposal instead of transforming the plutonium into 
usable fuel, but it did not meet the spent-fuel standard fully since it was technically possible to 
reprocess the buried containers. 

The biggest risk this approach presented was a political one: Russia had not previously accepted this 
option as a viable PMDA option, and the U.S. choice to go forward with this option hinged on Russia’s 
agreement.18 Unlike Russia, the United States did not go through the PMDA amendment process to 
make dilute and dispose an officially compliant disposal option. The United States got its answer on 
Russia’s stance when President Vladimir Putin pulled out of the agreement in October 2016. 

14.  “Plutonium Management and Disposition Agreement (PMDA) Enters Into Force,” Nuclear Threat Initiative, April 25, 2012, 
http://www.nti.org/analysis/articles/plutonium-management-and-disposition-agreement-pmda-enters-force/.
15.  Bleek, “U.S. to Continue Plutonium Disposition Pact with Russia.”
16.  Richard Lugar, “The Danger of Mothballing the MOX,” Politico, November 2, 2015. https://www.politico.com/agenda/sto-
ry/2015/10/dont-mothball-the-mox-000297/
17.  National Academy of Sciences, The Spent-Fuel Standard for Disposition of Excess Weapon Plutonium (National Academy Press, 
2000). 
18.  Ibid.
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SUSPENSION AND CURRENT STATUS 
President Putin issued a decree and submitted a State Duma Draft Law on suspending the agreement 
on October 3, 2016. The stated reasons listed for the suspension included the United States revising 
its plutonium disposition strategy from the one outlined in the 2010 Protocol and the United States 
taking actions that fundamentally changed strategic stability.19

The decree asserted that the United States had not requested Russia’s approval before changing its 
plutonium disposition methods and that Russian experts had previously objected to the dilute and 
dispose method because it was not irreversible. They also claimed the 2010 agreement rejected the 
possibility of burying plutonium. These points were revisited by Putin during a local media forum:

“We signed this agreement and settled on procedures for the material’s destruction, agreed 
that this would be done on an industrial basis, which required the construction of special 
facilities. Russia fulfilled its obligations in this regard and built these facilities, but our 
American partners did not. Moreover, only recently, they announced that they plan to dispose 
of their accumulated highly enriched nuclear fuel by using a method other than what we 
agreed on when we signed the corresponding agreement, but by diluting and storing it in 
certain containers. This means that they preserve what is known as the breakout potential, 
in other words it can be retrieved, reprocessed and converted into weapons-grade plutonium 
again. This is not what we agreed on. Now we will have to think what to do about this and 
how to respond to this.”20

In terms of changing the strategic environment, Russia objected to the United States military 
presence in Europe and to the expansion of NATO after the Crimea crisis. They also claimed that 
the United States had taken steps to weaken the Russian economy, as well as the rights of Russian 
citizens, by passing the Russia and Moldova Jackson–Vanik Repeal and Sergei Magnitsky Rule of Law 
Accountability Act of 2012, a law that blocked 18 Russian officials and businessmen from entering 
the U.S. and froze their assets in U.S. banks. The decree further cited 2014 sanctions against the 
Russian Federation and its territories as evidence of U.S. attempts to weaken the Russian economy 
and violate the rights of Russian citizens.21

The suspension took place within a larger series of negative U.S.-Russia arms control relations, in 
particular disputes over the Intermediate Range Nuclear Forces Treaty (INF). This treaty restricts 
ground-launched ballistic and cruise missiles, their launchers, and support structures between 500 
and 5,000 kilometers of each country’s borders. In July 2014, the United States declared that Russia 
had fallen out of compliance with the treaty when they developed the Russian designator 9M729 
missile. The Russian Federation believes that the U.S. Aegis Ashore Ballistic Missile Defense system, 
ballistic target missiles, and unmanned aerial vehicles (UAVs) violate the treaty.22 Both countries 
claim they are still in compliance. This disagreement has touched all aspects of arms control 
agreements and is now placing the continuation of the New Strategic Arms Reduction Treaty (START) 

19.  President of Russia, “Draft Law Suspending the Russia-US Plutonium Management and Disposition Agreement submitted 
to the State Duma,” Kremlin News, October 3, 2016, http://en.kremlin.ru/acts/news/53009.
20.  “Statement by Russian President Vladimir Putin at Truth and Justice regional and local media forum,” Kremlin, April 7, 2016. 
http://en.kremlin.ru/events/president/news/51685.
21.  President of Russia, “Draft Law Suspending the Russia-US Plutonium Management and Disposition Agreement submitted 
to the State Duma.”
22.  Bureau of Arms Control, Verification and Compliance, “Refuting Russian Allegations of U.S. Noncompliance with the INF 
Treaty,” U.S. Department of State, December 8, 2017, https://www.state.gov/t/avc/rls/2017/276360.htm.
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past 2021 in doubt.23 The New START treaty focuses on reducing the levels of deployed ICBMs, 
SLBMs, deployed heavy bombers, nuclear warheads, and launchers.24 

The suspension of the PMDA is a warning sign for all future arms control agreements between the 
United States and Russia. The 2018 Nuclear Posture Review mentions the necessity of stable relations 
with Russia, while some U.S. officials have said U.S.-Russian relations are at an all time low. The PMDA 
is not currently a priority for either country and is not being discussed, but it may be easier to reach 
a compromise on a PMDA restart than a higher priority agreement, like New START or INF. The PMDA 
could be the first step back on track because it is less politically visible than New START and INF 
and could signal warming nuclear bilateral relations. However, if bilateral relations continue to be 
tumultuous and strained, it may not be worth it to expend diplomatic and political capital on the PMDA.

However, if the PMDA cannot be revived, the United States should take an internal look at its 
plutonium disposition. The United States has decided to move forward unilaterally with disposing of 
34MT of plutonium, even without Russia’s participation. Budget, schedule, and political challenges 
remain, even with a unilateral approach. If PMDA revitalization is not an option, this provides the U.S. 
with an opportunity to reevaluate the current U.S. plutonium disposition plan. 

THE FUTURE OF U.S. PLUTONIUM
The overarching goal of the PMDA was to dispose of 34MT of plutonium, and achieving that goal 
would be positive for nonproliferation efforts. Nonproliferation aside, there are other options for 
utilizing the plutonium for a national benefit that have not been considered. However, these benefits 
need to be weighed against the financial costs, feasibility issues, and national security concerns. 

BENEFITS OF ADHERING TO PMDA
The main stated benefit of plutonium disposition is nonproliferation by rendering weapons-grade 
plutonium unusable for nuclear weapons and making it subject to mutual verification. Whether 
immobilizing, diluting, or mixing it, the plutonium becomes less dangerous and less usable after the 
disposition process.25 The plan to use the plutonium to create MOX fuel rods to sell to commercial 
reactors would have been financially viable long-term if the United States could overcome the 
initial construction and upstart costs. There are currently about 40 MOX reactors, mostly in Japan 
and Europe, which shows there is still potentially a market for the fuel. China and Russia have both 
embraced MOX, but for fast reactors.26 While the past has shown the financial and political issues of 
the MOX option, it could theoretically be profitable eventually. 

If this nonproliferation project was abandoned altogether and the plutonium was repurposed for 
weapons use, it would likely anger arms control partners and may inflame arms race tensions with 
Russia and other nuclear weapons states. This would be a dangerous move, especially in the current 
international security environment with North Korea and Iran. Non-nuclear weapons states are 
becoming more vocal about the P5’s lack of progress on Nuclear Nonproliferation Treaty Article VI 

23.  U.S. Department of Defense, Nuclear Posture Review (Washington DC: Department of Defense Special Reports, 2018), 
https://media.defense.gov/2018/Feb/02/2001872886/-1/-1/1/2018-NUCLEAR-POSTURE-REVIEW-FINAL-REPORT.PDF.
24.  Bureau of Arms Control, Verification, and Compliance , “New START,” United States Department of State, https://www.state.
gov/t/avc/newstart/. 
25.  Mark Holt and Mary Beth D. Nikitin, Mixed-Oxide Fuel Fabrication Plant and Plutonium Disposition: Management and Policy 
Issues, CRS Report No. 7-700 (Washington, DC: Congressional Research Service, 2017), https://fas.org/sgp/crs/nuke/R43125.pdf.
26.  “Mixed Oxide (MOX) Fuel,” World Nuclear Association, updated October 2017, http://www.world-nuclear.org/information-li-
brary/nuclear-fuel-cycle/fuel-recycling/mixed-oxide-fuel-mox.aspx.
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obligations to pursue good faith efforts to disarm.27 An example of this is frustration can be seen 
in the Treaty on the Prohibition of Nuclear Weapons, or the Ban Treaty movement, which is looking 
to push disarmament and a prohibition of nuclear weapons faster than just “good faith efforts.”28 
Officially killing PMDA could trigger further discussions on the lack of nonproliferation effort 
progress by nuclear weapons states, so continuing to adhere to the PMDA’s goal may avoid further 
outcry from non-nuclear weapons states and arms control advocates. 

Another reason to consider maintaining the status quo is the large amount of time, effort, and money 
already expended for this project. Billions of dollars have been spent building MFFF, and it would 
take hundreds of millions more to decommission it or redesign it for another use. Sticking to the plan 
would at least prevent additional costs for reconfiguring the specialized building. 

Abandoning MOX also has additional legal complications. South Carolina has sued the Department 
of Energy and the National Nuclear Security Administration for breaching an agreement between the 
state and federal governments and leaving unwanted plutonium at the Savannah River facility. South 
Carolina has also filed an injunction to prevent the MOX project from being shuttered. The lawsuit 
claims that the decision violates the terms of a 2003 agreement under which the DOE was supposed 
to process, or remove, 1 ton of plutonium from South Carolina before Jan. 31, 2016, or pay $1 million 
a day up to a maximum of $100 million annually.29 Continuing with PMDA prescribed options to 
dispose of the plutonium in South Carolina may reduce legal tensions and avoid the headache of 
finding somewhere to take the “unwanted plutonium.”  

Moving away from the PMDA has a technological development component as well. One of the 
reasons for the PMDA was a practical one: to catalyze a discussion and development of plutonium 
disposition methods.30 While this two-decade-long process has led to more research on MOX, 
dilute and dispose, immobilization, and other methods, the United States has still not effectively or 
efficiently tried and completed a successful model of plutonium disposition. The United States would 
be more likely to find a long-term, sustainable solution to plutonium disposition if it continues with 
its commitment to find a way to dispose of the 34MT. 

Staying the course would also increase the ability for Russia to come back to the table. A pivot away 
from PMDA language would require a renegotiation of plutonium disposition policies if the two 
countries were ever to attempt a bilateral effort on the matter again in the future. The PMDA can be 
changed simply by mutual agreement in writing since it is not a formal treaty, which takes some of 
the bureaucratic and political process concerns off the table when considering renegotiation.31 

OPPORTUNITIES TO CHANGE COURSE
Without the restrictions of the PMDA, there are opportunities to utilize the plutonium stockpile in 
other ways.

27.  “Treaty on the Non-Proliferation of Nuclear Weapons (NPT),” UN Department for Disarmament Affairs, United Nations, 
https://www.un.org/disarmament/wmd/nuclear/npt/.
28.  “Treaty on the Prohibition of Nuclear Weapons,” Nuclear Threat Initiative, last updated September 12, 2018, https://www.
nti.org/learn/treaties-and-regimes/treaty-on-the-prohibition-of-nuclear-weapons/.
29.  “South Carolina Sues Energy Department Over MOX Termination,” ExchangeMonitor, May 29, 2018, https://www.exchange-
monitor.com/south-carolina-sues-energy-department-mox-termination/.
30.  Elena Sokova, “Plutonium Disposition,” Nuclear Threat Initiative, September 16, 2010, https://www.nti.org/analysis/articles/
plutonium-disposition-14/.
31.  Tom Clements, Edwin Lyman, and Frank von Hippel, “The Future of Plutonium Disposition,” Arms Control Today 43, no. 6 
(July/August 2013): 8-15, https://www.armscontrol.org/files/ACT_JulyAug_2013_Digital_Issue_Final.pdf. 
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There is a possibility of salvaging Pu-238 from the weapons-grade plutonium for use in National 
Aeronautics and Space Administration (NASA) missions. The PMDA states that there can be no 
more than 7kg of Pu-238 in the 34MT of unblended plutonium.32 This is a resource that could be 
utilized in space exploration, or even space colonization, as proposed by scientists at Los Alamos 
National Laboratory in 1996.33 Pu-238 has a decay heat that can be used as an electricity source in 
radioisotope thermoelectric generators (RTGs). Pu-238 has powered spacecraft, satellites, and rovers 
for NASA in the past. A Government Accountability Office (GAO) report in 2017 recognized that there 
was a shortage of Pu-238 and that the DOE could improve its project management and plutonium 
production support to produce more Pu-238. A pivot from the planned PMDA disposition into a 
process that resulted in producing more of this resource could solve problems for both NASA and the 
DOE.34 In the past, Production of Pu-238 used to be at Savannah River. With plutonium pit production 
being moved to Savannah River in the near future, it would be beneficial to restart this capability and 
collocate it with other NNSA plutonium functions.35 

A bolder move would be reconstituting disassembled pits for nuclear use. The United States is 
currently spending billions of dollars disposing plutonium while simultaneously spending billions 
of dollars revitalizing its plutonium pit production capability to create more weapons-usable pits. 
With the PDMA no longer in effect, the United States could repurify this plutonium to bolster U.S. 
plutonium stockpiles. While this would be a hard turn against the nonproliferation effort, the newest 
nuclear posture review acknowledges that the United States does not have a sustained plutonium 
pit manufacturing capability. The document also calls for the production of 80 pits per year and 
the pursuit of new sea-launched nuclear capabilities.36 If it is possible to repurify and reuse the 
plutonium from the disassembled pits, it may save the United States money as it pursues a more 
sustained plutonium pit capability. Russia is actively producing more pits and weapons. If the United 
States is eliminating strategic material while Russia is building its own stockpiles back up, there 
could come a point where the United States is at a strategic disadvantage against Russia in terms of 
nuclear capabilities. 

While Russia disagrees with the dilute and dispose option, it has proven through numerous cost 
estimates to be much less expensive than the MOX option.37 The current procedure of temporary 
storage at various sites is not sustainable, but it is also not expensive. Safely storing the material 
while a long-term solution is debated would be less costly than going through with the plans to 
finish MFFF, hire additional labor, and start the process of dilution and down blending. And while 
MFFF will require more money to finish and edit, the building will still be used in some capacity in 
the U.S. nuclear enterprise, for example plutonium pit production. Moving away from PMDA and the 
MOX option opens up other enterprise operation possibilities for MFFF.

32.  Agreement between the Government of the United States of America and the Government of the Russian Federation 
Concerning the Management and Disposition of Plutonium Designated as no longer required for defense purposes and related 
cooperation, U.S.-Russ., April 2000.
33.  Anthony C. Muscatello and Michael G. Houts, “Surplus Weapons-Grade Plutonium—A Resource for Exploring and Ter-
raforming Mars,” (Los Alamos National Laboratory, July 17, 1996), https://inis.iaea.org/collection/NCLCollectionStore/_Pub-
lic/28/064/28064933.pdf?r=1&r=1.
34.  U.S. Government Accountability Office, Space Exploration: DOE Could Improve Planning and Communication Related to Pluto-
nium-238 and Radioisotope Power Systems Production Challenges, GAO 17-673 (Washington, DC: U.S. Government Accountability 
Office, 2017), https://www.gao.gov/assets/690/687031.pdf.
35.  “Plutonium,” World Nuclear Association Library, updated December 2018, http://www.world-nuclear.org/information-li-
brary/nuclear-fuel-cycle/fuel-recycling/plutonium.aspx.
36.  U.S. Department of Defense, Nuclear Posture Review.
37.  Holt and Nikitin, Mixed-Oxide Fuel Fabrication Plant and Plutonium Disposition: Management and Policy Issues. 
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Another concern with continuing with the MOX option is that it assumes the United States will 
be able to sell the MOX fuel to commercial reactors. The reality is that it would take additional 
infrastructure for companies to receive, transport, and use the fuel rods in reactors. International 
commercial nuclear power is declining rapidly, meaning there are less customers to sell to.38 
Additionally concerning is the fact that Russia’s path to MOX has been faster and smoother, meaning 
it would be difficult for the United States to break into the market as a MOX rod producer this late in 
the Russian process.39 

EVALUATING THE PATHS FORWARD
The decision on whether or not to abandon the United States’ commitment to the PMDA and 
plutonium disposition comes down to how one frames the issue. If the main concern for the United 
States is nonproliferation and ensuring the stability of the U.S.-Russian relations and the Nuclear 
Nonproliferation Treaty, then sticking to the guidelines in the PMDA makes sense. Moving away from 
the PMDA would negate chances to unsuspend the treaty and would also be moving away from both 
the United States’ role as a nonproliferation activist and its Article VI disarmament agreements. 

However, if the United States is primarily concerned with cost and a more efficient solution, then 
sticking to a plan that is costly and difficult while the other side is building up a nuclear arsenal 
could be economically and strategically dangerous. Even if the United States were to fully comply 
with the amended text of the treaty to the word, it is unlikely this would sway Russia. Russia holds 
the diplomatic and political leverage in this scenario because Russia was able to fulfill its PMDA 
obligations with the agreed upon methods, while the United States has failed to complete the goals 
of the agreement and used a noncompliant disposition method under the PMDA.40 However, sticking 
to the agreement with the hopes of getting Russia to unsuspend the agreement in the future ignores 
the fact that Russia’s decision to suspend the agreement was likely more of a political move to protest 
sanction and cool relations than it was a true fundamental issue with plutonium disposition methods. 
Even if the United States remains committed to the agreement and finds a method of plutonium 
disposition that Russia sees as favorable, it might not matter to the Russians. It would therefore make 
more sense to make the decision to remain committed to PMDA based on plutonium needs and budget. 

While it would help the United States achieve its plutonium pit production goals outlined in the 
NPR, completely abandoning its disposition agreements and pivoting to repurification of the excess 
plutonium to bolster strategic reserves would be an aggressive move in the eyes of non-nuclear 
weapons states and adversaries. The international backlash would almost certainly outweigh any 
strategic advantages. However, there are intermediate options that involve stepping away from the 
PMDA in order to find more cost-effective solutions to disposition that may free up funding for the 
new infrastructure revitalization projects laid out in the NPR and in the Department of Energy’s 
budget requests. 

Perhaps the best path forward is an intermediate option. Since Russia has pulled out of the PMDA 
and is very unlikely to rejoin, the United States should free itself to pursue cost-effective options of 

38.  Mycle Schneider et al., World Nuclear Industry Status Report 2017 (Paris: Mycle Schneider Consulting, 2917),12, https://www.
worldnuclearreport.org/IMG/pdf/20170912wnisr2017-en-lr.pdf. 
39.  World Nuclear Association, World Nuclear Performance Report 2017 (London: World Nuclear Association, 2017), https://
www.world-nuclear.org/getattachment/Our-Association/Publications/Online-Reports/World-Nuclear-Performance-Re-
port-2017-Asia-Edition/world-nuclear-performance-report-2017-asia.pdf.aspx. 
40.  Jerrica Goodson, “An Alternative Method for Disposition of U.S. Excess Weapons-Grade Plutonium: Addressing the Challeng-
es of the PMDA,” (Lawrence Livermore National Laboratory, 2016), https://e-reports-ext.llnl.gov/pdf/934245.pdf.
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disposition that achieve arms control goals even if they may not be compliant under the PMDA. If 
the United States can find a way to utilize MFFF for other Department of Energy objectives or find 
ways to use the excess plutonium in ways that achieve a nuclear energy benefit, then it would be 
stepping away from the PMDA in a way that is economically beneficial without being aggressive or 
abandoning disposition for arms control purposes all together. 
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Sustaining the Credibility 
of the Nuclear Umbrella in 
the Twenty-First Century
Anthony D. Mascaro1

ABSTRACT 
How should the United States manage its military capabilities and diplomatic institutions to mitigate 
South Korean and Japanese fears of being “decoupled” from the U.S. nuclear umbrella? The U.S. policy of 
extended deterrence in Northeast Asia depends heavily on maintaining the credibility of the U.S. nuclear 
umbrella over South Korea and Japan. Since the early 1950s, extended deterrence has provided the basis 
for the security relationship between the United States, South Korea, and Japan. North Korea’s recent 
advances in Intercontinental Ballistic Missile (ICBM) technology have raised questions about the credibility 
of the nuclear umbrella in South Korea and Japan. The components of American nuclear forces are also 
beginning to age, which will place additional strain on the credibility of nuclear umbrella over time. 
American nuclear modernization provides an opportunity to revitalize the military capabilities that provide 
the foundation for extended deterrence. In a similar manner, sustaining high level dialogue on extended 
deterrence between the United States, Japan and South Korea provides an opportunity to directly address 
Japanese and South Korean fears of decoupling. Capitalizing on these opportunities is critical to sustaining 
the credibility nuclear umbrella.    

INTRODUCTION
In the years following World War II and the Korean War, the United States publicly declared through 
a series of treaties that the United States would defend South Korea and Japan from external 
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110  |  On the Horizon: A Collection of the Papers from the Next Generation

aggression. This marked the advent of the U.S. policy of extended deterrence towards South Korea 
and Japan. The proliferation of nuclear weapons in the 1950s and 1960s led the United States to 
include a nuclear umbrella as one component of its extended deterrence relationship with South 
Korea and Japan.2 The nuclear umbrella provided at first secret and then public assurances of a U.S. 
nuclear response should Japan or South Korea be attacked by nuclear weapons. In return, South 
Korea and Japan refrained from developing their own nuclear weapons. The U.S. nuclear umbrella 
grew into a core tenant of Japanese and South Korean security policy and contributed to an era of 
relative geopolitical stability in northeast Asia through the Cold War and the 1990s. However, recent 
developments in North Korea have strained the credibility of the nuclear umbrella. Since taking 
power in 2011, Kim Jong-un has conducted four nuclear tests.3 These tests have generated significant 
concern in the United States and have also rattled the nerves of leaders and citizens alike in South 
Korea and Japan.

In South Korea, several prominent conservative party leaders have recently called for their nation to 
develop nuclear weapons.4 Conservative South Korean leader Won Yoo-chul stated that “his country 
should develop ‘peaceful’ nuclear weapons to counteract North Korea’s ‘fearful and self-destructive’ 
ones.”5 A significant portion of the South Korean public also supports this idea, as evidenced by a 
2017 Gallup poll showing that 60% of South Koreans support developing an indigenous nuclear 
weapons capability.6 In Japan, former Defense Minister Shigeru Ishiba expressed concern that “the 
American pledge to defend Japan with nuclear force could lose credibility” in light of North Korea’s 
recent developments in ICBM technology and their potential to strike the continental United States.7 
In addition, while estimates vary, some experts believe that Japan and South Korea could quickly 
build a nuclear weapon if they decided to do so.8  

While North Korean threats to South Korea and Japan are nothing new, the heart of Japanese and 
South Korean concerns stems from the North Korea’s potential to strike the United States. This had 
led South Korean and Japanese leaders to question whether the United States would be willing 
to risk one of its own cities to defend Seoul or Tokyo from a North Korean attack. Adam Taylor 
summarizes these concerns, stating that with the “increasing likelihood that North Korea may soon 
be able to hit a major U.S. city with a nuclear weapon, it’s no surprise that South Koreans [and the 
Japanese] wonder how protected they really are.”9  

As questions arise about the credibility of the nuclear umbrella, the United States is also at the 
beginning of modernizing its nuclear force structure. The U.S. Nuclear Triad is composed of nuclear 
capable B-52 and B-2 bombers, intercontinental ballistic missiles (ICBMs), and submarine-launched 
ballistic missiles (SLBMs). The United States also maintains Non-Strategic Nuclear Weapons 

2.  Terence Roehrig, Japan, South Korea and the United States Nuclear Umbrella: Deterrence After the Cold War (New York, NY: 
Columbia University Press, 2017), 17.
3.  “North Korean Missile Launches & Nuclear Tests: 1984-Present.” Missile Threat: CSIS Missile Defense Project, March 6, 2018 
November 29, 2017, accessed April 21, 2018, https://missilethreat.csis.org/north-korea-missile-launches-1984-present/.
4.  Ibid., 149. 
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(NSNW), such as dual-capable aircraft (DCA). The 2018 Nuclear Posture Review (NPR) outlines the 
modernization plan for all three legs while also calling for the development of another NSNW known 
as the sea-launched cruise missile (SLCM).10  

With a growing North Korean threat, there is a critical need to understand how the United States can 
posture its political institutions and military capabilities to maintain the credibility of the nuclear 
umbrella over South Korea and Japan. While providing effective assurance to South Korea and Japan 
represents a problem that can never be fully resolved, there are several measures U.S. leaders can 
take to bolster the credibility of the nuclear umbrella. Nuclear modernization and renewed diplomatic 
engagement will provide the United States with the military capabilities and diplomatic tools necessary 
for providing a credible nuclear umbrella well into the 21st century. This paper will investigate how 
the U.S. nuclear umbrella has been successful in the past, the current challenges it faces, and how the 
U.S. can posture its military capabilities and alliance structure over the next 30 years to maintain the 
credibility of the nuclear umbrella in the eyes of Japanese and South Korean leaders. 

HISTORY OF THE NUCLEAR UMBRELLA 
In the aftermath of WWII and the Korean War, the United States began to invest heavily in defending 
South Korea and Japan. This led to the U.S. policy of extended deterrence, formalized by several 
bilateral treaties. In 1951, the United States and Japan signed the U.S.- Japan Security Treaty, which 
granted the United States the right to “station land, air and sea forces in and about Japan… to 
contribute to the maintenance of international peace and security in the Far East and to the security 
of Japan against armed attack.”11 This treaty was replaced by the 1960 Treaty of Mutual Cooperation 
and Security Between the United States and Japan, which reaffirmed that the United States would 
defend Japan from any external attack. Of note, neither treaty made mention of the nuclear umbrella. 
The nuclear umbrella remained a secret verbal agreement between U.S. and Japanese leaders until 
1975, when President Gerald Ford provided a joint statement with Prime Minister Takeo Miki that 
recognized the U.S. nuclear deterrent as a key contributor to the security of Japan.12 Since then, 
the nuclear umbrella has been repeatedly acknowledged by the leaders of both countries as a key 
contributor to Japanese security.

After the Korean War, many U.S. leaders believed they had failed to adequately signal U.S. resolve 
to defend South Korea. This led to the Mutual Security Treaty between the United States and 
South Korea, which was signed in 1953.13 This treaty positioned U.S. military forces in South Korea 
indefinitely, with the intent of demonstrating “a credible extended deterrence commitment to 
dissuade North Korea from attacking again.”14 Soon after, it was widely believed that the United 
States began deploying nuclear weapons to South Korea for its defense.15 Even after U.S. nuclear 
weapons were removed from the Korean peninsula by George H.W. Bush in 1991, the United States 
continued to publicly acknowledge a nuclear umbrella over South Korea.  

10.  U.S. Department of Defense, Nuclear Posture Review (U.S. Department of Defense, 2018), X, https://media.defense.gov/2018/
Feb/02/2001872886/-1/-1/1/2018-NUCLEAR-POSTURE-REVIEW-FINAL-REPORT.PDF.
11.  Roehrig, Nuclear Umbrella, 40.
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of the Presidents of the United States: Gerald Ford, 1975, vol 2 (Washington DC: GPO, 1976), 1115.
13.  “Relations with the Republic of Korea,” U.S. Department of State, January 25, 2017, https://www.state.gov/r/pa/ei/bgn/2800.
htm.
14.  Terrence Roehrig, From Deterrence to Engagement: The U.S. Defense Commitment to South Korea (Lanham, MD: Lexington, 
2006) 164.
15.  Brad Roberts, The Case for U.S. Nuclear Weapons in the 21st Century (Stanford, CA: Stanford University Press, 2016) 197.
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U.S. leaders have traditionally maintained the credibility of the nuclear umbrella through private 
and public political support and a variety of weapon systems. The Security Consultative Meeting 
(SCM) provides an example of this combination of political and military support. Since the 1960s, the 
SCM has brought the U.S. secretary of defense and the South Korean minister of defense together 
on an annual basis to discuss defense cooperation and evaluate emerging strategic threats. Since 
1978, every SCM has produced a joint communique reaffirming “South Korea’s inclusion under the 
U.S. nuclear umbrella” and the overall importance of the U.S.-ROK alliance.16 In a similar manner, U.S. 
and Japanese leaders have regularly convened for the Extended Deterrence Dialogue (EDD) since 
2009. The stated goal of the EDD is to maintain a deep discussion about the elements of nuclear 
deterrence” between the United States and Japan.17 The EDD meets roughly biannually and regularly 
includes visits to U.S. nuclear sites such as U.S. Strategic Command, Malmstrom AFB, and Sandia 
National Laboratories.18    

A variety of military capabilities have supported these political commitments. The United States has 
maintained a steady troop presence in South Korea and Japan since the end of World War II. While 
the United States removed nuclear weapons from Japan in 1972, and South Korea in 1991, the United 
States maintains nuclear capable assets in Northeast Asia through its Continuous Bomber Presence 
(CBP) mission in Guam and frequent Ohio-class ballistic missile submarine deployments in the 
region. This military presence has allowed the United States to visibly demonstrate its commitment 
to the nuclear umbrella during times of crisis. Since 2013, each time North Korea has tested a 
nuclear weapon, U.S. leaders have used political and military instruments of power to maintain the 
integrity of the nuclear umbrella. The U.S. response to the North Korean nuclear test in February 
2013 illustrates this point. After the North Korean nuclear test, South Korean leaders were under 
significant domestic pressure to provide a potentially aggressive military or diplomatic response 
to North Korea. To reassure the South Korean public and alleviate pressure on the South Korean 
government, the United States flew B-52 and B-2 bombers over South Korea as part of exercise Foal 
Eagle, and it “did much to calm nerves in the South and build trust” between the United States and 
South Korea. 19 The American response in 2013 arguably had a calming effect on South Korean and 
Japanese fears over the integrity of the nuclear umbrella.20  

CURRENT CHALLENGES TO THE NUCLEAR UMBRELLA 
Kim Jong-un’s development of long-range missiles along with continued nuclear testing presents a 
direct challenge to the credibility of the nuclear umbrella. In addition to the four nuclear tests since 
2011, North Korea’s test launches of the Hwasong-14 and Hwasong-15 missiles in 2017 demonstrate 
North Korea’s growing capability to credibly threaten the continental United States with nuclear 
weapons.21 Compounding this issue is the fact that Kim Jong-un likely views his nuclear arsenal as 
critical to the survival of his regime, and he is unlikely to trade or give up his limited, but growing, 
nuclear capability.22 Unless diplomatic efforts towards de-escalation and denuclearization are 
successful, North Korea’s ability to target the United States with nuclear weapons has the potential to 
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“alter security dynamics in East Asia and elevate regional concerns about peace and stability to a new 
level, with major implications for the credibility of the nuclear umbrella.23 Specifically, these concerns 
“will raise questions about the U.S. commitment to defend its allies using its strategic arsenal.”24 
Japanese and South Korean leaders will now have to consider if the United States will honor its 
commitment to defend Seoul or Tokyo at the potential risk of a nuclear attack on Los Angeles or 
Seattle. This development will create greater demands in South Korea and Japan for more explicit 
and visible security assurances from the United States.25 Japanese and South Korean fears of being 
abandoned by the United States present a new and unaccounted for strain on the nuclear umbrella, 
known as “decoupling”. Phrased another way, decoupling can be defined by the question, “Would 
North Korea’s ability to hit the U.S. homeland cause Washington to hesitate or not respond at all to a 
North Korean nuclear strike?”26   

The fear of decoupling is already visible in South Korean domestic politics. South Korea and Japan have 
not pursued their own nuclear deterrent largely due to “the faith they have placed in the American 
nuclear umbrella.”27 This faith is beginning to erode, as is evidenced by more frequent demands from 
the conservative South Korean Saenuri Party to develop nuclear weapons. A recent editorial in South 
Korea’s second-largest newspaper stated, “As nuclear weapons are being churned out above our heads, 
we can’t always rely on the US nuclear umbrella and extended deterrence.”28 Clark Murdock and Thomas 
Karako reach a similar conclusion in their analysis of potential factors pushing South Korea and Japan 
towards developing their own nuclear capability. One of the potential factors they identify is the 
“erosion of U.S. extended deterrence and the loss of credibility of the U.S. ‘nuclear umbrella’ stemming 
from increased regional threats, particularly nuclear-armed North Korea.”29

While North Korea remains an immediate challenge to the credibility of the nuclear umbrella, the aging 
state of U.S. nuclear forces represents a gradual but growing threat to the nuclear umbrella’s credibility. 
The bomber fleet consists primarily of 1960s era B-52s, with an additional twenty 1980s era B-2 stealth 
bombers. 1970s era Minuteman III missiles compromise the entire land-based ICBM force. The Ohio 
class nuclear ballistic missile submarines are also from the 1980s, along with their associated Trident 
II missiles. Despite the staggering cost, numerous academic experts and military leaders have argued 
that modernizing American nuclear forces remains foundational to maintaining a credible nuclear 
deterrent. In the case of America’s extended deterrence relationship with South Korea and Japan, the 
future credibility of the U.S. nuclear umbrella rests on upgrading current capabilities in order to remain 
relevant in the 21st century. As the U.S. military begins the process of nuclear modernization, it is critical 
to assess how the United States can equip its nuclear forces to provide effective assurance to South 
Korea and Japan and maintain the credibility of the nuclear umbrella.  

Maintaining the credibility of the nuclear umbrella and mitigating fears of decoupling will be a two-
part process. First, U.S. leaders must understand what political and military elements of the nuclear 
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umbrella in the past have provided the greatest level of assurance to South Korean and Japanese 
leaders. Second, U.S. leaders must also understand how they can continue to provide assurance to 
South Korean and Japanese leaders against future threats.  

Considering that the nuclear umbrella began as a simple series of statements of assurance by 
U.S. leaders, it is important to note the effectiveness of public statements from senior U.S. leaders 
affirming the nuclear umbrella. Beginning in 1965, Japanese leaders formally requested a U.S. 
nuclear deterrent to defend Japan.30 President Lyndon Johnson discreetly provided this commitment. 
Japanese leaders have since incorporated the nuclear umbrella into “their most important defense 
planning document, the National Defense Program Guidelines.”31 Each iteration of this document has 
specifically referenced reliance on the nuclear capability of the United States to defend Japan against 
a nuclear threat.32 In a similar manner, following the North Korean nuclear tests in 2006, “Secretary 
Rumsfeld offered assurances of firm US commitment and immediate support to the ROK, including 
continuation of the extended deterrence offered by the U.S. nuclear umbrella.”33 

In addition to verbal commitments, political commitments such as the EDD, SCM, and Security 
Consultative Committee (SCC) continue to provide assurance to Japanese and South Korean leaders. 
These functions blend the political and military aspects of the nuclear umbrella by showing Japanese 
political leaders specific weapons systems, as exemplified by their visit to Sandia national labs in 
2014.34 During one round of the EDD, one U.S. analyst noted that “Japan loves to see the nuclear 
facilities; seeing the capability reassures them and makes the nuclear umbrella real.”35 Indeed, 
“simply announcing and then holding the Extended Deterrence Dialogue has gone a long way toward 
reassuring the Japanese public.”36

Complementing diplomatic assurance, specific military capabilities can also be a source of assurance 
to Japan and South Korea. Both nations in the past have reportedly been assured by flights from B-52 
and B-2 bombers during times of heightened tensions with North Korea. As an example, in 2013, 
Seoul’s defense ministry spokesman Kim Min-seok stated in a briefing, “As North Korea threatened 
to attack South Korea with nuclear weapons, the exercise involving B-52s is meaningful as it shows 
the U.S. commitment to provide its nuclear umbrella on the Korean Peninsula.”37 In a similar manner, 
in October of 2017 USSTRATCOM ordered a 37-hour B-2 mission into the Pacific ahead of President 
Trump’s visit to Asia. According to the Japan Times, the intent of the flight was to “reassure South 
Korea and Japan.”38 In the past, Japanese leaders have also felt reassured by the presence of NSNW 
capabilities outside the nuclear triad, such as the Tomahawk Land Attack Missile / Nuclear (TLAM/N) 
on Los Angeles-class attack submarines. Now retired, some U.S. analysts maintained “that Japan saw 
TLAM/N as ‘their weapon,’ by providing a tangible capability below strategic nuclear weapons that 
could be used to retaliate in the event of a nuclear strike.”39 The decision to retire TLAM-N during the 
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2010 NPR surprised many in Japan, eroding assurance. A recent article in the Japanese newspaper 
Mainichi highlights this point, describing how Japanese leaders in the late 2000s had conveyed their 
concerns to Washington “over nuclear disarmament programs that could lead to the weakening of 
deterrence, such as eliminating nuclear arms to be mounted on cruise missiles.”40 

These visible, often forward-deployed components of the U.S. nuclear force have been essential to 
reassuring the South Korean and Japanese public and removing pressure from South Korean and 
Japanese leaders. South Korean defense analysts have also echoed this sentiment. Park Byung-
kwang, director of the center for North-East Asia at the Institute for National Security Strategy in 
Seoul, summarized this position, stating “with the North Korean nuclear threat getting worse, we 
should bring US tactical nuclear weapons back into South Korea.”41 With the continued growth of the 
North Korean threat, there is a renewed interest in both countries for returning a limited U.S. nuclear 
presence to the region.

POLICY RECOMMENDATIONS 
As the threat from North Korea continues to grow, it should be no surprise that “the demand 
signal emanating from America’s allies and partners for U.S. engagement, activism, and leadership 
is stronger than ever.”42 To address these demands, U.S. leaders should continue to pursue the 
diplomatic and military rebalance towards Asia begun during the Obama administration.43 As the 
rebalance continues, U.S. military and diplomatic policy must focus on addressing the South Korean 
and Japanese fears of decoupling from the U.S. nuclear umbrella.  

Mitigating Japanese and South Korean fears of decoupling will require the United States to 
strengthen both its diplomatic and military commitments to the region. The United States should 
continue to publicly declare their intention to defend South Korea and Japan using any means 
necessary, including nuclear weapons. As part of this step, U.S. leaders should also reaffirm their 
support for the Treaty of Mutual Cooperation and Security Between Japan and the United States as 
well as the Mutual Security Treaty between the United States and South Korea. Bilateral institutions 
such as the EDD, SCC, and SCM must continue to be strengthened. U.S. leaders should also increase 
cooperation on nuclear policy with Japan and South Korea when appropriate. U.S outreach to 
Japan and South Korea during the development of the 2018 Nuclear Posture Review represents an 
excellent example of this type of cooperation, as one former Department of Defense (DOD) official 
noted: “we probably engaged more with Japan and South Korea on the 2018 NPR than we did 
with any other ally.”44 Moving forward, the United States should continue to pursue the current set 
of bilateral institutions, which represent an excellent foundation from which to address fears of 
decoupling and strengthen the U.S. alliance with South Korea and Japan.    

In addition to the current set of bilateral institutions, the United States should consider hosting a 
trilateral extended deterrence dialogue between the United States, South Korea, and Japan if North 
Korea begins to back away from the current denuclearization process. At present, no official trilateral 
dialogue exists between the United States, South Korea, and Japan. The overall intent of a trilateral 
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extended deterrence dialogue would be to reduce Japanese and South Korean fears of decoupling; 
prevent North Korea from driving a wedge between the United States, South Korea, or Japan; and 
bolster the credibility of the U.S. nuclear umbrella. This step would address two immediate needs 
in the event of a crisis. A trilateral summit would provide a visible sign of assurance to South Korea 
and Japan in light of a provocative action by North Korea. It would also be a significant diplomatic 
signal intended to drive North Korea back into the denuclearization process. Yet, it would be less 
provocative and more defensive in nature than resuming joint military exercises (such as Foal Eagle) 
along the ROK-DPRK border.  

The antipathy of South Korean leaders and citizens alike towards Japan has been the primary reason for 
the absence of an official trilateral dialogue. A 2015 survey by Tokyo think-tank Genron NPO revealed 
that 72.5 percent of South Koreans had a negative impression of Japan.45 Former South Korean President 
Park echoed this sentiment in a March 2015 speech in which she demanded that Japan “come clean 
on its colonial and wartime atrocities, including the sexual enslavement of women.”46 Resentment of 
Japan extends to President Moon’s administration. This was evident during President Trump’s first visit 
to South Korea. Instead of seeking to bolster ties between South Korea, the United States, and Japan, 
Moon introduced the U.S. President to a former South Korean ‘comfort woman’ and served shrimp from 
an island at the center of a territorial dispute between South Korea and Japan for dinner.47 According to 
Hanyang University associate professor Joseph E.Yi , Moon’s actions demonstrated that he is “focused 
on redemption against the past.”48 Yi also stated that “this kind of focus on the past shapes politics in an 
unhealthy way,” undermining broader efforts to strengthen trilateral ties. 

Despite these tensions, recent trilateral dialogues conducted at the Track II and Track 1.5 level 
between the United States, Japan, and South Korea have revealed room for cooperation and 
opportunities to decrease tension. The atmosphere between South Korea and Japan at the 2016 
Track II trilateral dialogue hosted by Pacific Forum CSIS was described as “positive and cooperative.”49 
Concerns expressed in previous years, such as Japanese fears about a South Korean “tilt” towards 
China and South Korean concerns about Japanese militarism “were muted if expressed at all” during 
the 2016 dialogue.50 The November 2016 signing of the General Security of Military Information 
Agreement (GSOMIA) between South Korea and Japan represents an additional step towards 
increasing cooperation.51   

If North Korea attempts to undermine the current denuclearization process, the United States should 
emphasize the following points to help South Korea overcome its historical animosity towards Japan 
and enter into an official trilateral dialogue. First, the United States should reiterate that “a central 
focus of Pyongyang’s policy and nuclear doctrine is to drive wedges between and within the US and 
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its allies… and to exploit political divisions in the ROK to its advantage.”52 Refusing to convene a 
trilateral dialogue for historical reasons in these circumstances essentially equates to playing into 
North Korea’s hands. The United States should also directly challenge a South Korean and Japanese 
assumption that emerged in the 2016 Pacific Forum CSIS trilateral dialogue, specifically that “in the 
event of conflict on the Peninsula, South Korea and Japan would work things out.”53 The United States 
should make clear to Seoul that waiting until conflict begins to “work things out” could significantly 
undermine South Korean security. A lack of trilateral planning prior to a conflict could delay U.S. 
forces in Japan from quickly responding to a crisis on the Korean peninsula. South Korea must be 
prepared to lay aside their historical animosity for Japan to counter the threat from North Korea in 
this situation.  

Recognizing the delicate political relationship between South Korea and Japan, U.S. leaders should 
focus the beginning of an official trilateral extended deterrence dialogue on simple, concrete steps 
designed to build trilateral trust. As one former DOD official noted during the 2018 NPR process, 
simply sharing information between the United States, South Korea and Japan provided assurance and 
also bolstered the deterrence posture of all three nations.54 A simple first step could involve inviting 
South Korean and Japanese leaders to visit U.S. nuclear facilities together. This would effectively 
create a trilateral version of the May 2012 EDD, when Japanese leaders toured USSTRATCOM and 
an ICBM facility at Malmstrom Air Force Base. U.S. leaders should work to develop the forum into a 
contingency planning group focused on building predictably between all three sides in the event 
of a security crisis in Northeast Asia. Previous unofficial Track 1.5 dialogues have already identified 
examples of contingencies that need to be addressed through official channels. For example, a 
2014 Track 1.5 trilateral dialogue hosted by Pacific Forum CSIS “highlighted the dependence of the 
conventional defense of South Korea on [U.S.] forces stationed in Japan.” These forces, however, could 
only be used if authorized by the Japanese prime minister, “whose decision would reflect in part his 
concern about potential retaliation on Japan.”55 An official trilateral extended deterrence dialogue 
would help each side understand the intricacies of these types of situations and assist each side in 
developing plans of action amenable to the other two in the event of a crisis. All sides have already 
unofficially recognized the benefits of a contingency discussion, as the 2016 trilateral dialogue hosted 
by Pacific Forum CSIS made plain that “progress has been made in and among the three countries as 
they contemplate responses to nuclear contingencies in Northeast Asia.”56

While stopping short of creating a trilateral alliance or nuclear planning group, this policy should 
strengthen the U.S. commitment to extended deterrence by mitigating or removing elements of 
unpredictability between all three nations in the event of a security crisis. In addition, mitigating 
political friction would decrease the potential room for an adversary nation to “drive a wedge” 
between South Korea, Japan and the United States during a crisis.57 This should have the subsequent 
benefit of mitigating fears of decoupling in Seoul or Tokyo. At the conclusion of the trilateral 
dialogue, U.S., South Korean, and Japanese leaders would shape the post-summit environment by 
both issuing a joint statement expressing their desire to continue the denuclearization process 
and also potentially offering to not hold another trilateral dialogue if North Korea returns to the 
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denuclearization process. Providing greater levels of assurance to South Korea and Japan would 
also benefit the United States. As one former U.S. defense official noted, “to the extent that we have 
confident and well-informed allies, we also have a stronger deterrent.”58  

Underlying U.S. diplomatic efforts to strengthen extended deterrence is the nuclear modernization 
effort within the U.S. Department of Defense. As the U.S. military begins the process of 
modernization, part of those efforts should be focused not only on identifying the deterrent effect 
of weapons systems on U.S. adversaries, but also the ability of those weapons systems to provide 
assurance to U.S. allies. Within the context of Northeast Asia, it is important to consider the specific 
weapon systems and force composition that will assure Japanese and South Korean leaders for 
the next 20-25 years. Drawing on past lessons, the bomber force has traditionally provided the 
greatest level of assurance to South Korea and Japan during times of crisis. A former commander of 
USSTRATCOM supports this assessment, noting that “despite the importance of SLBMs and ICBMs, the 
most credible part of our extended deterrence commitment today is the manned bomber.”59 According 
to the 2018 NPR, the bomber force of B-52s and B-2s will be modernized through the development 
of the B-21 and the Long Range Standoff Weapon (LRSO). This component of modernization is 
central to maintaining the credibility of the nuclear umbrella, as both South Korean and Japanese 
leaders have been publicly appreciative of the U.S. bomber presence in the Pacific for many years. To 
maintain a credible nuclear umbrella into the foreseeable future, the U.S. government should seek 
to acquire a minimum of 100 B-21 bombers. Replacing the aging fleet of AGM-86B Air Launched 
Cruise Missiles with the LRSO will also enable the B-52 to remain a credible nuclear deterrent for 
the next several decades. In addition, the reintroduction of a Sea-Launched Cruise Missile (SLCM) 
should have a positive effect on the credibility of the nuclear umbrella. As noted previously, Japanese 
leaders especially felt as if the previous iteration (TLAM-N) was “their weapon.” SLCM reintroduces a 
non-strategic nuclear response and potentially a low yield warhead, making it a more responsive and 
plausible option to be used in response to a North Korean nuclear strike on Japan or South Korea. 
This enhances its deterrent value to South Korean and Japanese leaders, as it represents a more 
measured (and thus potentially more plausible) response to a North Korean attack. This sentiment 
was echoed in one of Japan’s major newspapers after the release of the 2018 NPR. The newspaper 
stated that “the latest NPR included the deployment of nuclear cruise missiles, which served as one 
of the reasons for Tokyo to welcome the policy.”60 In line with this analysis, one former DOD official 
noted that Japanese leaders had asked for the re-introduction of an SLCM capability into Northeast 
Asia in order to enhance the credibility of the nuclear umbrella.61 In South Korea, several South 
Korean  analysts have also concluded that the reintroduction of tactical nuclear weapons in South 
Korea is necessary to deter a nuclear-armed North Korea.62 SLCMs benefit to the nuclear umbrella 
resides in its capacity to provide similar levels of assurance to South Korea without the vulnerability 
or political drawbacks of reintroducing land-based tactical nuclear weapons on the Korean Peninsula.        

The United States should also work to bolster Japan’s indigenous missile defense capability as a 
complement to the nuclear umbrella. This step would provide a public and politically palatable 
means of enhancing the U.S. commitment to Japan’s defense. In addition, it would lessen the 
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burden on the U.S. Aegis class destroyers tasked with missile defense in Northeast Asia. This idea 
is supported by Gen (ret) Robert Kehler, who commented that “bolstering Japan’s missile defense 
capability would complement nuclear weapons as part of an all aspect deterrence posture.”63 U.S. 
involvement in South Korean missile defense remains a more complicated issue. As a former DOD 
official noted, “South Korea is more hesitant to acquire advanced missile defense capabilities, 
primarily due to significant Chinese opposition.”64 This was most prominently evidenced by the China 
–South Korea dispute over the U.S. deployment of the Terminal High Altitude Air Defense (THAAD) in 
South Korea in 2016.       

The United States should also move to rapidly complete the nuclear certification of the B-21, F-35, 
B-61 Mod-12, and the LRSO. Once operational, these systems will replace existing legacy systems 
and become the most visible components of extended deterrence. Nuclear certification of these 
weapons systems will provide an immediate boost to the long-term credibility of the U.S. nuclear 
umbrella by “removing a huge question mark about the future of American extended deterrence 
capabilities.”65 Publicly achieving nuclear certification of these systems provides tangible evidence 
to South Korea and Japan of the United States’ long term commitment to extended deterrence. In 
addition to modernizing strike assets, “it is also extremely important to have a nuclear certified air 
to air refueling capability.”66 To this extent, the U.S. Air Force needs to ensure that the appropriate 
number of KC-46 tankers achieve nuclear certification as quickly as possible. Recent electromagnetic 
testing of the KC-46 represents a positive step in this direction, as these tests demonstrated the KC-
46’s ability to withstand the electromagnetic pulses associated with a nuclear environment and still 
deliver fuel to the receiver aircraft.67

Failure to modernize carries significant risks to the credibility of the nuclear umbrella. Clark Murdock 
and Thomas Karako’s analysis highlights the dangers of sacrificing elements (or all) of U.S. nuclear 
modernization. North Korea will likely continue to feel at risk from increasing U.S. conventional 
capabilities, while Japan and South Korea will have further doubts about the credibility of the U.S. 
nuclear umbrella if its aging nuclear hardware is not upgraded. This situation incentivizes North 
Korea to strengthen its nuclear capability in order to deter an attack by superior U.S. conventional 
forces, while it also pressures South Korea and Japan to develop their own nuclear arsenals as 
the North Korean nuclear threat continues to grow and U.S. nuclear capability decays.68 Reversing 
these trends requires the United States to “make the necessary investments to keep the American 
nuclear arsenal robust and credible.” Otherwise U.S. nuclear capabilities will continue to degrade 
and “America’s ability to deter a wide range of adversaries… will dangerously decrease.”69 Overall, U.S. 
investment in nuclear modernization, especially in the most visible elements of the enterprise, will 
ensure the credibility of its nuclear umbrella to South Korea and Japan well into in the 21st century.70
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CONCLUSION
For over 60 years, the United States has supported the defense of South Korea and Japan through 
its policy of extended deterrence. The United States has also provided a nuclear umbrella to South 
Korea and Japan as a component of extended deterrence. Traditionally a central tenant of stability, 
the nuclear umbrella now faces a new challenge from North Korea’s increasing capability to threaten 
the United States with a nuclear weapon. This has led Japanese and South Korean leaders to 
question whether the United States will risk its own homeland to defend Japanese and South Korean 
territory. Known as “decoupling,” U.S. leaders must allay this fear or risk the potential undermining of 
the nuclear umbrella. Fortunately, U.S. nuclear modernization offers ample opportunity to reinvest 
in the most visible elements of the nuclear umbrella. Nuclear capable bombers and cruise missiles 
have proven effective at assuring South Korea and Japan, and modernized versions of these systems 
will likely continue to provide assurance in the future. Bilateral institutions such as the EDD, SCC and 
SCM also continue to provide assurance by connecting mid and high level leaders between all three 
countries. Pursuing a trilateral extended deterrence dialogue should create additional confidence 
in the U.S. commitment to extended deterrence and help mitigate fears of decoupling. Combining 
nuclear modernization with a reinvigorated diplomatic effort offers the most effective method for 
providing credible assurance to South Korea and Japan well into the twenty-first century.
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ABSTRACT
Currently, the only defense that the U.S. military employs to protect the continental United States, and 
Hawaii, from an attack by an intercontinental ballistic missile (ICBM) is the Ground-based Midcourse 
Defense (GMD) interceptor system. There are two active GMD sites along the West Coast of the United 
States with 44 deployed Ground-based interceptors (GBIs) stored in silos and ready for launch at a 
moment’s notice. 

Building a third GMD site on the East Coast has been discussed on Capitol Hill for over a decade as the 
United States’ relationship with nuclear capable, or close to capable, countries (i.e. North Korea and Iran) 
has remained in flux. But a third site would likely not improve the United States’ chances of stopping an 
ICBM launched by a foreign adversary. Due to a lack of testing and funding, the current GMD system is 
woefully unprepared to defend against a real attack. Since 1999, the GMD system has been tested less 
than 20 times, and only 53% of those tests have been successful. 

Spending billions of dollars on a third GMD site would be a mismanagement of resources. It likely 
wouldn’t make Americans safer from an ICBM attack, and even if it did, the diversion of resources from 

1.  John Maslin is a U.S. naval officer stationed in Washington, D.C. where he works for the Naval Nuclear Propulsion Program 
(Naval Reactors). 
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the rest of the Missile Defense Agency’s budget could create a net detriment to U.S. national security. 
Instead, resources should be allocated to advance research and development, increase the number of tests 
performed, and improve kill vehicles. 

INTRODUCTION
The United States’ most recent Nuclear Posture Review (NPR), published on February 2, 2018, opens with 
a section titled an ‘evolving and uncertain international security environment.’2 In this section, it reads: 

“While the United States has continued to reduce the number and salience of nuclear weapons, others, 
including Russia and China, have moved in the opposite direction. They have added new types of nuclear 
capabilities to their arsenals, increased the salience of nuclear forces in their strategies and plans, and 
engaged in increasingly aggressive behavior, including in outer space and cyber space.”3

The section in the NPR goes on to discuss the threat of North Korean proliferation as well as 
Iran’s technological capability to develop a nuclear weapon within 12 months. It discusses the 
unprecedented accumulation of conventional, chemical, nuclear, cyber, and space threats, and it 
mentions the United States’ deteriorating relationship with Russia4.

Inevitably, with the NPR’s release, the pervasive discussion of missile defense has reappeared in 
newspaper titles, on social media, and among political pundits. Intensified by talk about first strike 
nuclear warfare and false missile threats in Hawaii, how prepared is the United States to protect 
itself from a nuclear armed missile—specifically an intercontinental ballistic missile (ICBM) launched 
from an adversary like North Korea or Iran? 

TECHNICAL BACKGROUND
According to the Missile Defense Agency (MDA)—the agency in charge of protecting the U.S. and its allies 
from a limited ballistic attack—the Ground-based Midcourse Defense (GMD) interceptor system “employs 
integrated communications networks, fire control systems, globally deployed sensors, and Ground-Based 
Interceptors (GBI) that are capable of detecting, tracking and destroying ballistic missile threats.”5

In other words, if an intercontinental ballistic missile (ICBM) was launched at the United States, the 
GMD system would launch one, or multiple, GBIs, which would employ a grid of sensors and networks 
to track and locate the ballistic missile. The GBI would then deploy an Exo-atmospheric Kill Vehicle 
(EKV), which is a sensor/propulsion package that uses the kinetic energy from a direct hit to destroy 
the incoming target vehicle (hit-to-kill technology). This would all occur during the ICBM’s “midcourse 
phase,” the longest phase of the flight of a ballistic missile, during which it has exited the atmosphere 
and is on a ballistic trajectory followed by a “target cloud” comprised of an amalgam of warheads, 
decoys, and debris.

There are two active GMD sites within the United States, both deployed along the West Coast of 
the United States, one site is located at Fort Greely, Alaska and the other at Vandenberg Air Force 
Base, California. Between the two sites, 44 deployed GBIs are currently emplaced. The two sites 

2.  U.S. Department of Defense, Nuclear Posture Review 2018 (Washington, DC: U.S. Department of Defense, 2018), https://media.
defense.gov/2018/Feb/02/2001872886/-1/-1/1/2018-NUCLEAR-POSTURE-REVIEW-FINAL-REPORT.PDF.
3.  Ibid.
4.  Ibid.
5.  “Ground-based Midcourse Defense (GMD),” Missile Defense Agency, last modified April 20, 2018, https://www.mda.mil/sys-
tem/gmd.html.
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were first formally used for missile defense after 2002, when the United States withdrew from 
the Anti-Ballistic Missile Treaty.  The current GMD sites cover the entire United States from a 
missile threat.6

As countries like North Korea have gained access to nuclear weapon technology, the United States 
has continued to operate the two West Coast sites. This makes sense, as the westward orientation of 
the system’s sensors implies that North Korea has always been the main concern. But like any system, 
the GMD has its limits. The system was created to defend against a country that would only be able 
to use a limited number of missiles in an attack. The GMD system would be useless to an attack from 
an adversary like Russia, as the number of missiles it has in its arsenal would easily overwhelm any 
defenses that the United States employs. 

POLITICAL BACKGROUND
Since 2002, the Department of Defense (DOD) has spent over $40 billion on the GMD system and 
approximately $132 billion on the United States’ general ballistic missile defense system.7 It has 
developed, improved, and deployed several missile defense systems across the globe, including the 
Aegis Ballistic Missile Defense, Terminal High Altitude Area Defense (THAAD), and Patriot. These GMD 
contemporaries are primarily terminal phase defense systems, meaning that they are used once a 
missile has reentered the atmosphere and is “falling” toward its target.  This makes the GMD unique 
in that it is the only missile defense system designed for both the midcourse phase and explicitly for 
homeland defense. 

A third GMD site on the East Coast has been talked about on Capitol Hill since 2003, but action was 
first taken in 2012, when members of the House Armed Services Committee appropriated $20 - $30 
million to study its feasibility8. The study has yet to be released but has narrowed down a potential 
East Coast site to three locations: Fort Drum in upstate New York, Fort Custer in southern Michigan, 
and Camp Ravenna Joint Military Training Center in northeastern Ohio. A 2012 Congressional Budget 
Office (CBO) review estimated the cost of building the site would be $3.6 billion and would take 
roughly four years to construct.9 

CBO East Coast Missile Defense Site Cost Breakdown
Procurement of 20 GBIs $1.3 billion
Purchase of Ground Equipment $1.2 billion
Site Development, Building, and Silo Construction $1.0 billion
Operations $0.1 billion
Total Cost $3.6 billion

Despite these seemingly positive steps made by members of Congress, there have been several vocal 
opponents, including senior military and defense officials. For example, when asked during a Congressional 

6.  “Is Guam Covered by the U.S. GMD National Missile Defense System,” MostlyMissileDefense.com, March 21, 2013, https://
mostlymissiledefense.com/2013/03/21/is-guam-covered-by-the-u-s-gmd-national-missile-defense-system-march-21-2013/.
7.  U.S. Government Accountability Office, Missile Defense; Opportunities Exist to Reduce Acquisition Risk and Improve Reporting 
on System Capabilities, GAO-15-345 (Washington, DC: U.S. Government Accountability Office, 2015), https://www.gao.gov/as-
sets/680/670048.pdf.
8.  Sebastien Roblin, “Congress is Asking for an East Coast Missile Defense Site (That the Pentagon Doesn’t Want),” The National 
Interest, published December 3, 2017, http://nationalinterest.org/blog/the-buzz/congress-asking-east-coast-missile-defense-
site-the-pentagon-23456?page=show.
9.  Congressional Budget Office, H.R. 4310 National Defense Authorization Act for Fiscal Year 2013 (Washington, DC: Congressional 
Budget Office, 2012), https://www.cbo.gov/publication/43252.
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hearing if he could use $250 million for construction of a new site, Vice Admiral James Syring, the Director 
of the Missile Defense Agency (MDA), said that he saw “no validated military requirement to deploy an East 
Coast missile defense site.”10 Additionally, Admiral William Gortney, Commander of the North American 
Aerospace Defense Command and Northern Command, was quoted saying, “If I had one more dollar to 
do ballistic missile defense, I wouldn’t put it against the East Coast missile site; I’d put it against those 
technologies that allow us to get to the correct side of the cost curve.”11

In the face of these direct remarks by the commanders who oversee the GMD system and military 
application in space, respectively, some parties on Capitol Hill continue to discuss the benefits that 
another GMD site would create. 

ARGUMENTS FOR BUILDING A THIRD GMD SITE 
INCREASED PROTECTION
The possibility of building a third GMD site has garnered debate over how the military should go 
about protecting the continental United States. Proponents of creating a third GMD site have touted 
a few main arguments. The first is that a site located on the East Coast of the United States would 
deepen and expand the coverage that the current system provides. While current GMD sites fully 
cover the entirety of the continental United States, proponents cite that an East Coast site would 
expand the U.S. coverage of the Atlantic Ocean and could create a shield that stretches north across 
Canada. They argue that this expanded coverage could be beneficial in the case of a missile attack 
from an eastern adversary, like Iran. An eastern site’s network and sensor systems could pick up the 
incoming missile faster, allowing the operators to deploy the GBIs faster and giving the operators 
a longer window to determine whether the first attempt was effective. This strategy could be 
important, as the checkered test rate of the GMD system has left some critics skeptical that the 
system would be effective in a live scenario.

A second argument is that the increased number of interceptors within the military’s arsenal could prove 
to be an effective deterrent and safeguard to an attack. There is a general consensus that more GBI’s are 
needed to face the uncertain geo-political security environment that the United States currently finds 
itself in. However, there is disagreement of where to put them. It makes more fiscal and logistical sense to 
add more GBIs at the sites that are currently operational. With infrastructure and supply chains already in 
place, the GBIs would be operationally available sooner, and large overhead expenses would be avoided. 
Under the oversight of Secretary of Defense Mattis, the Trump administration seems to be moving in this 
direction. In November 2017, the White House requested an additional $2.1 billion to expand current 
missile defense systems, including the purchase of twenty more GBIs that would be added to the site at 
Fort Greely (raising the number of GBIs to 64 by the end of 2018).12 

NOW OR NEVER
In May 2017, Secretary of Defense James Mattis ordered the Pentagon to conduct a Ballistic Missile 
Defense Review—recently changed to Missile Defense Review. The review was expected to come out at 

10.  VADM James Syring and Lt. Gen. Richard Formica, Letter to Senator Carl Levin (D-MI), June 10, 2013.
11.  Commander of North American Aerospace Defense Command and U.S. Northern Command Adm. Bill Gortney, “Department 
of Defense Press Briefing by Admiral Gortney in the Pentagon Briefing Room,” U.S. Department of Defense, April 7, 2015, https://
dod.defense.gov/News/Transcripts/Transcript-View/Article/607034/department-of-defense-press-briefing-by-admiral-gortney-
in-the-pentagon-briefin/.
12.  Ankit Panda, “The Trump White House Seeks an Additional $4 Billion for Missile Defense in Fiscal Year 2018,” The Diplomat, 
published November 7, 2017, https://thediplomat.com/2017/11/the-trump-white-house-seeks-an-additional-4-billion-for-mis-
sile-defense-in-fiscal-year-2018/. 

https://thediplomat.com/2017/11/the-trump-white-house-seeks-an-additional-4-billion-for-missile-defense-in-fiscal-year-2018/
https://thediplomat.com/2017/11/the-trump-white-house-seeks-an-additional-4-billion-for-missile-defense-in-fiscal-year-2018/
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the beginning of 2018, but its release was delayed in the wake of a summit with North Korean dictator 
Kim Jong-un and the United States’ decision to withdraw from the Iran Nuclear Deal. It has been 
speculated that if a third GMD site is recommended, it will be announced in the Missile Defense Review, 
and the location of the third site would be released in as little as 60 days following the review.13

Many argue that if a third site is going to be built, now is the time. In March 2018, Congress passed a 
two-year spending package valued at $1.3 trillion with nearly $700 billion appropriated for military 
spending.14 Many think that this influx of federal spending, specifically military funding, will only be 
temporary, so if a third site is going to be built, now may be the best, and only, time to do it. 

CANADIAN PARTNERSHIP POTENTIAL
Another reason some members of Congress are so keen on a third site is the opportunity to 
further partner with Canada on missile defense. Although a member of NATO, Canada has 
generally remained a neutral bystander to much of the geo-political turmoil that has befallen 
the United States. Currently, Canada has no reliable missile defense systems in place and does 
not look to be developing one any time soon. With that said, the United States and Canada have 
an information-sharing agreement in place through their mutual participation in the North 
American Aerospace Defense Command (NORAD).15 While Canada could track an incoming 
missile, it would need to rely solely on the United States for protection. Although Canada has 
had very few geo-political or economic issues that could spiral into a military conflict, Colin 
Robertson, Vice President of the Canadian Global Affairs Institute framed it by saying, “it’s not 
that Canada is a target, but the danger is…if those missiles are coming over the pole (from 
Russia), they may be aimed at Chicago but they (could) wind up in Toronto”.16  And as more 
countries become nuclear capable and show a potential willingness to attack the United States 
with a nuclear weapon, it may be time to discuss creating a stronger missile defense alliance 
between the two countries.  

Talks between the two countries have occurred before. In fact, there was a high-level debate in 2004-
2005 during the war in Afghanistan amongst Canadian officials as to whether joining the United 
States missile defense program would be beneficial. In the end, on February 24, 2005, Canadian 
Foreign Affairs Minister Pierre Pettigrew announced that the two countries would not join forces, as it 
could damage international relations and had the potential to spark a new arms race.17 

Despite unsuccessful attempts in the past to develop a missile alliance with Canada, the United 
States may be trying again, and looks to be already making moves. This can be seen in the three site 
locations outlined in the DOD study results. There are a few interesting similarities between the 
three proposed sites (northern Ohio, upstate New York, and eastern Michigan) that would support 
this theory. All three sites are along, or very close to, the Canadian border. Even more, they are close 
to Canada’s capital of Ottawa, with Fort Drum, the site in upstate New York, less than 115 miles away. 
The choice of location sends a clear message—that the United States is willing to share its resources 

13.  Mark Weiner, “Pentagon nears decision on Fort Drum as East Coast missile defense site,” Syracuse.com, February 27, 2018, 
https://www.syracuse.com/politics/index.ssf/2018/02/pentagon_nears_decision_on_fort_drum_as_east_coast_missile_defense_
site.html.
14.  U.S. House of Representatives Rules Committee, H.R. 1625 Consolidated Appropriations Act 2018, March 21, 2018. 
15. “The Canada-U.S. Defence Relationship,” National Defence and the Canadian Armed Forces, December 4, 2014, http://www.
forces.gc.ca/en/news/article.page?doc=the-canada-u-s-defence-relationship/hob7hd8s.
16.  CTV News Channel, Canada, aired September 14, 2017.
17.  “Canada Won’t Join Missile Defence Plan,” CBC News, February 24, 2004, http://www.cbc.ca/news/canada/canada-won-t-
join-missile-defence-plan-1.541081.
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and protect the Canadian countryside. Actions speak louder than words, and it could be a smart step 
in pressuring the Canadian government to move toward a missile defense agreement. 

From a U.S. perspective, a United States-Canada missile defense agreement would strengthen the network 
of alliances that the United States has been able to construct. As of December 1, 2017, the United States 
had reached agreements with 15 different countries, selling them the Patriot missile defense system 
(The Netherlands, Germany, Japan, Israel, Kingdom of Saudi Arabia, Kuwait, Taiwan, Greece, Spain, Republic 
of Korea, United Arab Emirates, Qatar, Romania, Poland, and Sweden)18. Additionally, countries like Japan 
have supported the United States by allowing it to station forward based radars on its soil, which gives 
operators access to movements in North Korea, China, and Eastern Russia.  

A Canadian relationship would send a clear message to Western adversaries that the United States 
is prepared to defend against an attack. It would also further link the two countries politically and 
economically, giving the United States more leverage in regards to buying power, sanctions, and 
geographic hegemony. 

ARGUMENTS AGAINST BUILDING A THIRD GMD SITE 
UNDERDEVELOPED TECHNOLOGY
Some experts are skeptical of the effectiveness and reliability of the GMD system. Examining the 
data, it is easy to understand why. Since 1999, the MDA has conducted 19 GMD interceptor tests. Of 
those 19 tests, only 10 have been successful, giving the GMD system a lackluster 53 percent success 
rate. This is concerning when compared to its contemporaries, the Aegis and THAAD systems, which 
have an 83 percent (37 of 47) and 100 percent (15 of 15) success rate respectively.19 A 53percent 
test success rate does not engender much confidence in a system that has cost taxpayers billions of 
dollars. Additionally, while the technology for GMD has advanced far beyond the capabilities that the 
system originally had, it can only defend against a limited attack. Experts on the CSIS Missile Defense 
Team assert that the U.S. military would most likely deploy up to four GBIs against an incoming 
ICBM.20 If true, and given the current arsenal of 44 GBI’s, the United States would only be able to 
defend itself against, at most, eleven ICBMs. Some experts argue that rather than building a new 
site with more unrefined interceptors, funding should be directed towards Research, Development, 
Testing & Evaluation (RDT&E) to make the current GBIs faster and more accurate. As the technology 
of adversaries becomes more complex and evasive, the United States must continue improving the 
defensive tracking and maneuvering capabilities that its current systems employ. Those at the MDA 
seem to agree, as 68 percent of their FY19 Budget Request is within the RDT&E funding line.21

Another idea to improve the current system would be investing money into creating new Multi-
Object Kill Vehicles (MOKV). Currently, GBIs have one EKV that seeks out the target using multi-color 
sensors, an onboard computer, and a rocket motor used for steering in space. It tracks its target using 
the various satellite networks and space-based sensors, and collides with the missile, destroying it 
using nothing more than the force of the collision. 

18.  “Patriot Missile Defense System,” Missile Defense Advocacy Alliance, December 1, 2017, http://missiledefenseadvocacy.org/
missile-defense-systems-2/missile-defense-systems/u-s-deployed-intercept-systems/patriot-missile-defense-system/.
19.  “Ballistic Missile Defense Intercept Flight Test Record,” Missile Defense Agency fact sheet, last modified December 2018, 
https://www.mda.mil/global/documents/pdf/testrecord.pdf.
20.  Thomas Karako, Ian Williams, and Wes Rumbaugh, Missile Defense 2020: Next Steps for Defending the Homeland (Washington, 
DC: CSIS, 2017), https://csis-prod.s3.amazonaws.com/s3fs-public/publication/170406_Karako_MissileDefense2020_Web.pdf.
21.  “PB 2019-23 Budget Summary,” Missile Defense Agency, last modified April 20, 2018, https://www.mda.mil/global/docu-
ments/pdf/budgetfy19_sum mary.pdf. 

https://www.mda.mil/global/documents/pdf/testrecord.pdf
https://www.mda.mil/global/documents/pdf/budgetfy19_sum%20mary.pdf
https://www.mda.mil/global/documents/pdf/budgetfy19_sum%20mary.pdf
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Alternatively, a MOKV is designed to hit several targets within the threat cloud created by a given 
threat missile, referred to as “volume kill”. These MOKV’s would do the job of multiple GBIs, as 
each one would carry a number of smaller kill vehicles with semi-autonomous targeting. MOKV’s 
would increase the likelihood that the current GBI systems will be able to properly discriminate 
between decoys, debris, and the payload as more targets would be hit, increasing the probability 
of success. The MOKV’s could also use an approach similar to the “look-shoot-look” strategy that 
is currently used, but at a much closer and more precise distance.22 While most think of MOKVs 
as a future technology that would be developed after EKV reliability is figured out through the 
Redesigned Kill Vehicle program at the MDA, it makes sense to work on future technologies 
that would 1) make the current kill vehicle’s more reliable and; 2) render the EKV’s currently in 
operation obsolete. 

ECONOMICALLY IMPRACTICAL
In Fiscal Year (FY)19, the MDA requested $9.915 billion in funding. The FY19 budget request was 
broken up into five distinct categories: 1) Homeland Defense; 2) Regional Defense; 3) Developing New 
Capabilities.; 4) Space; and 5) Other Program Highlights.23 The GMD program, which falls under the 
Homeland Defense category, requested $2.405 billion in funding to “strengthen and expand homeland 
missile defense”.24 Comprising nearly 25 percent of the overall budget, the request included funding for: 

 ▪ 20 additional GBIs at Fort Greely, Alaska (completed by 2023)

 ▪ GBI sustainment upgrades and maintenance of fielded interceptors

 ▪ Construction of two additional silos in Missile Field #1 and purchase of six additional 
Configuration 2 boost vehicles

 ▪ Improvements to the GMD Communications Network and Fire Control Equipment

GMD Budget Request Breakdown
Research, Development, Testing & Evaluation (RDT&E) $926.4 million
Procurement to support the construction and emplacement of the 
20 additional GBIs

$524.0 million

Defense Tests to support further interceptor tests in accordance 
with the “Integrated Master Test Plan”

$81.9 million

Maintenance and Sustainment for operation and maintenance of 
the GMD weapons system

$147.2 million

Long Range Discrimination Radar to improve the midcourse sen-
sors responsible for discriminating between debris, decoys, and 
warheads during a launch

$164.6 million

Improved Homeland Defense Interceptors that will improve kill 
vehicle reliability and develop a new booster for the GBI fleet25

$561.2 million

Total Cost $2.405 billion

22.  “Missile Defense Review 2.0, ”Missile Threat, CSIS Missile Defense Project, March 1, 2017, https://missilethreat.csis.org/
missile-defense-review-2-0/.
23.  Missile Defense Agency, Fiscal Year (FY) 2019 Budget Estimates (Missile Defense Agency, 2018), https://www.mda.mil/global/
documents/pdf/budgetfy19.pdf.
24.  Ibid.
25.  Ibid.
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With GMD comprising ~25 percent of the MDA’s budget request, if a third site was approved, the MDA 
would need to do one of two things. 1) Request an additional $900 million per year for four years 
(based on the CBO projection of a $3.6 billion construction cost) – which would be an addition of 
approximately 40 percent to the FY19 GMD program budget request; or 2) cut ~10 percent of the 
funding allocated for one of its other programs – Regional Defense, Developing New Capabilities, 
Space, or Other Programs.

The funding increase could come from a White House request to spend an additional $10 billion 
on missile defense, but that is only if it is appropriated. Even then, with President Trump’s desire to 
recapitalize the entire nuclear triad (ICBMs, ballistic missile submarines, B-2 bombers), there would 
likely be little funding leftover.26  

Additionally, in MDA’s FY19 Budget Estimate, there is no mention of a third site. In fact, the request 
reflects a sole focus on the two sites that are currently in operation. The request focuses on 
building another missile field at the Fort Greeley base and investing in new and improved GBIs, 
communication networks, and tracking systems show a conscious effort to “expand and strengthen 
homeland missile defense.”27 

POLITICALLY MOTIVATED
Also in play are the political benefits that a third site would yield for a congressional district and 
state. Delegations from Ohio, Michigan, and New York have all begun campaigning for why Camp 
Ravenna, Fort Custer, and Fort Drum, respectively, would be the ideal location for a third GMD 
site. The effort stems from the economic benefits and full-time jobs that are forecasted to come 
from construction of the site. In a 2016 letter to the MDA, the Ohio delegation projected that the 
construction of a third GMD site would create 2,300 construction jobs and 850 full-time jobs once 
the system was operational.28 Additionally, it has been projected that a new site would generate up to 
$220 million per year in economic value to the hosting community.29 

CONCLUSION
While the threat of a nuclear weapon attack is unlikely to be resolved in the near future, the United 
States must fund and streamline resources to ensure that operational and effective defense systems 
are created. This means making difficult decisions in a resource constrained environment. It also 
means improving and building upon the systems that are currently in place.

While a third site would provide the optic that the United States is strengthening its missile 
defenses, it would only make Americans marginally safer from an ICBM attack, and at a very high cost 
as the diversion of resources from the rest of the Missile Defense Agency’s budget could create a net 
detriment to overall U.S. national security.

If more money is allocated to missile defense, it should be spent on RDT&E for GBIs and improved 
kill vehicles. Additionally, more testing must be done. 19 GBI tests over a twenty-year span is well 
below what it should be. This lack of testing can be partially attributed to lawmaker’s apprehension 
of funding a system that has had multiple test failures, but it was Admiral Rickover, the Father of the 

26.  Jessica Wehrman, “U.S. nears decision on Ravenna as missile defense site,” CantonRep.com, published February 25, 2018, 
http://www.cantonrep.com/news/20180225/us-nears-decision-on-ravenna-as-missile-defense-site.
27.  Missile Defense Agency, Fiscal Year (FY) 2019 Budget Estimates. 
28.  Wehrman, “U.S. nears decision on Ravenna as missile defense site.”
29.  Weiner, “Pentagon nears decision on Fort Drum as East Coast missile defense site.”
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nuclear Navy, who said, “we learn nothing from success, we only learn from failure.”30 Only by putting 
the GMD system through harder, more complex tests can the United States improve the system and 
confidently say that the GMD would work in a live scenario. 

In addition to increased RDT&E in the current GBI fleet and increased GBI testing, money should 
be invested to create new kill vehicles—specifically, ones that have the potential to “kill” multiple 
targets. This would allow the United States to mitigate the number of new GBIs and could create a 
scenario where a handful of updated GBIs with MOKV functionality replace the entire arsenal. Not 
only would this be more effective in accomplishing the mission, it could also save taxpayers billions 
of dollars in the long run. Again, while some view MOKVs as a future development, investing time and 
resources now could bring the benefits of the technology to practical use sooner.

Of course all of this is dependent on the political realities, domestic and abroad, that the United 
States is currently facing. The North Korean summit was a positive first step in improving diplomatic 
relations, but there are still doubts as to what concrete steps will take place to verifiably denuclearize 
Kim Jong-un’s regime. Russia is currently in the middle of its largest nuclear weapon overhaul since 
the Cold War. China has shown military aggression with its takeover of land in the South China Sea 
and has produced submarines at a faster rate than ever. The world waits as Iran responds to the 
United States pulling out of the Iran Nuclear Deal. 

The GMD program was put in place to protect the United Sates from an ICBM attack—investment in 
quality, not quantity, is what will improve the United States’ chances of doing that. 

30.  Rebeccah Heinrichs, “Don’t Hold Missile-Defense Hostage to the Illusion of a Perfect Grade,” Defense One, January 18, 2018, 
https://www.defenseone.com/ideas/2018/01/dont-hold-missile-defense-hostage-illusion-perfect-grade/145271/.
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The Hidden Costs of  
Alert Forces
Benjamin Petry and Andrew Treiman1

ABSTRACT
From 1957 until 1992 bombers maintained continuous readiness for nuclear war. This mission, known as 
being on “alert”, consisted of different levels of readiness including aircraft loaded with weapons waiting 
on the ground to continually flying nuclear armed bombers to survive a surprise attack. This alert posture 
required vast resources of equipment and people and was the primary mission of Strategic Alert Command 
(SAC). With the elimination of SAC and the vast reduction in available resources, the impact of even a small 
percentage of bombers being kept on continuous alert would be keenly felt by the Air Force and divert 
resources from other missions.

Bomber forces’ ability to message through generation (i.e., increasing readiness to respond and survive) 
and alert operations is often touted as their greatest strength. In discussions, it is relatively easy to 
use raw numbers of total bombers to shape arguments in support of academic theory or to advocate 
for specific policies. Without specialized, cross-functional experience, critical nuances of bomber 
operational realities can be missed. These nuances include actual availability based on maintenance 
requirements, personnel demands, and support assets (including tankers and their associated 
maintenance and personnel). In the United States, experience in nuclear-capable bomber operations is 
largely concentrated across three bases, but there is no single Air Force specialty solely responsible for 
alert operations.

The following provides historical context of alert operations and an in-depth look at the requirements for 
maintaining a limited alert force. The goals are to share experience gained from specialized careers and 
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provide additional nuance for consideration in academic and policy discussions. With a more accurate 
understanding of the details of an issue, better theory and strategy can be further developed. 

INTRODUCTION
In late October 2017, it was incorrectly reported that the Air Force was preparing to place B-52 
bombers back on 24-hour nuclear alert.2 Within a day, both the Air Force and United States Strategic 
Command were clarifying their position: The reported preparations were simply to provide a 
capability and not directly linked to any specific near-term plan.3 The speed and veracity of reactions 
raises questions about the impact of posturing in today’s strategic environment and the military 
requirements necessary to support such posturing. While the strategic importance of messaging with 
bombers is often discussed academically, both the impact and requirements on military personnel is 
usually not well understood by those outside of the Air Force bomber operations bases. 

When discussing the possibility of maintaining a continuous alert posture, it is imperative to ask 
what are some planning factors and possible impacts on military and civilian culture? This paper 
seeks to introduce and examine these factors and impacts in an academic manner. It offers no 
specific recommendations or judgements regarding any specific readiness level. The scenarios and 
discussion are designed to aid others in understanding a highly complex operation and framing 
policy recommendations that are grounded in operational reality.

Due to the sensitivity of military plans, some factors under consideration are deliberately kept vague. 
Additionally, all scenarios presented were created arbitrarily to provide a basis for approximate 
extrapolation in further discussions.

For the purposes of this research, “continuous alert” or “alert” means nuclear-capable bombers loaded 
with nuclear weapons with aircrews ready to “launch” within a specified time. The alert construct can 
be further broken down into “ground alert” and “airborne alert.” In ground alert, aircraft remain parked. 
In airborne alert, aircraft are continuously flown and are receiving aerial refueling to extend the time 
they remain airborne. Each of these modes has advantages and disadvantages that will be discussed 
later, but fundamentally, they are the same concept.

Similarly, “alert” is also used to describe the ready-state of intercontinental ballistic missiles (ICBMs). 
The primary difference in the case of ICBMs is that if launched, the result is a nuclear strike against a 
target. By contrast, when a bomber is launched, it may still be recalled to land, remain airborne for an 
indefinite period (based on its fuel and oil), or proceed to strike a target.

Before examining current issues, historical operations will be briefly highlighted providing a 
framework for understanding the context of alert. As a case study, a hypothetical two B-2 Spirit alert 
force will be examined for factors of aircraft availability and manpower considerations. Additional 
infrastructure requirements will be briefly examined followed by possible cultural impacts both on 
military and civil culture.

 

2.  Marcus Weisgerber, “US Preparing to Put Nuclear Bombers Back on 24-Hour Alert,” Defense One, October 22, 2017, http://
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alert,” Business Insider, October 23, 2017, accessed June 18, 2018, http://www.businessinsider.com/air-force-and-stratcom-no-
plans-for-nuclear-bombers-on-24-hour-alert-2017-10.
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HISTORICAL CONTEXT
The United States has maintained a variety of nuclear-armed weapon systems on various states of 
alert since 1957. With the collapse of the Soviet Union in 1991, the United States stood down its 
bomber force from continuous alert, though ICBMs have carried on. While the bomber force today is 
primarily focused on conventional (i.e., non-nuclear) missions to combat asymmetric threats that are 
predominantly in the Middle East, bomber units engage in regularly scheduled and no-notice nuclear 
alert exercises. These serve to assure allies and deter adversaries by demonstrating the viability of 
the air leg. 

Modern nuclear alert operations were first implemented by Strategic Air Command (SAC) in late 1957 
to counter the perceived threat of a surprise attack by the Soviet Union that could severely damage 
the United States’ retaliatory capabilities. SAC was charged with “organizing, training, equipping, 
administering, and preparing strategic forces for combat.”4 In order to ensure the execution of this 
mission, SAC placed aircraft on nuclear alert in order to provide greater survivability in case of a 
surprise attack. While initially limited, alert operations grew to include one-third or more of SAC’s 
bombers. Eventually, 1,000 Minuteman missiles, 50 Peacekeeper missiles, and numerous tankers 
and command and control assets would be placed on alert. When combined with the demands of 
conventional operations during the Vietnam War, the continuous alert posture proved to be challenging 
to maintain. The peak of nuclear alert operations occurred in November 1968. Standard operations 
required 40 percent of bombers on alert, but during this period, 62 percent of the bomber force and 73 
percent of the tanker force were off alert.5 During the Cold War, in addition to their nuclear alert duties, 
bombers delivered a disproportionate amount of the total munitions employed by the joint forces in 
major operations. During this period, bombers contributed 27-44 percent of munitions while accounting 
for 3-8 percent of Air Force or naval combat forces. In the post-Cold War years, this would grow to 
27-66 percent in Operations Allied Force, Enduring Freedom, and Iraqi Freedom, while still accounting 
for only 5-10 percent of forces.6 These later operations are also significant, as they were executed 
with a force almost 50 percent smaller than at the end of alert operations. It is reasonable to expect 
that the demand for delivery of large amounts of conventional weapons during extended contingency 
operations would continue even with maintenance of an alert posture.

Initial alert rotations required trained and qualified aircrews to be on alert—ready to stop whatever 
they were doing and respond to aircraft—for one to three days at a time. Further, crews were 
eventually required to be on alert for up to seven days. Major General Chris Adams, a bomber crew 
and missile combat crew member, reflected that “the underpinning of the long days and years of 
standing alert was the seriousness of the requirement. There was the occasional ‘why don’t they do it 
this way?’ or ‘that way’ but seldom ‘why are we doing this?’”7

Conversely, as interest and focus shifted toward counter-insurgency and counter-terrorism, the value 
of nuclear deterrence operations was questioned. This was cited in an Air Force assessment of the 
unauthorized movement of nuclear weapons and components in 2007 as being at “the heart of the 
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problem.”8  The cultural impact of reduced focus on nuclear operations plagued the newly formed 
Air Force Global Strike Command and was highlighted when a scandal implicating almost 100 
officers at Malmstrom Air Force Base, Montana, in cheating that was related to earning perfect scores 
on monthly proficiency tests, which resulted in a breach of classified data and led to the firing of 
nine commanders.9 This incident spurred the appointment of an independent review of the entire 
Department of Defense nuclear enterprise.

The review found a division of responsibilities that meant that nuclear issues received only intermittent 
attention, and while it was detrimental to the nuclear mission, the conventional mission of the bombers 
was cited as providing “professional satisfaction.”10 A focus and emphasis on the nuclear mission in 
actions, not just words, can have a significant influence on the culture of the military.  

It is far more challenging to draw exact lines between nuclear weapons on alert and its impact on 
civilian culture. During the Cold War, Americans accepted the risk of accidents, the expenses, and the 
demands on an alert force for the sense of security it provided. Today’s social, political, economic, and 
military environments are very different from those of the 1960s-1980s.

The Cold War shaped and defined many aspects of world culture from 1946-1992. Nuclear weapons 
kept in various states of readiness were a key component of this relationship. These weapons 
were first introduced as a surprise conclusion to World War II, and despite several close calls, this 
remains the only time they have been employed in combat. In his book By the Bomb’s Early Light, 
Paul Boyer investigates how American society reacted to “the bomb” and how its use—or threatened 
use—impacted their reactions. He shows that the initial reaction was overall strongly positive (69 
percent approving of its development), but by October of 1947, this would drop to a much smaller (55 
percent) majority.11

Changing attitudes toward nuclear weapons have also influenced political climates. While the United 
States has maintained close relationships with a number of countries, these partners sometimes have 
very negative views of nuclear weapons, and American policies can further strain these relationships. 
Thorsten Olesen examined one such relationship between Denmark and the United States, and that 
examination is specifically centered on the nuclear accident near Thule, Greenland, in 1968, in which 
four nuclear weapons were lost on the ice pack when a B-52 crashed during an overflight mission. 
The crux of Olesen’s analysis is that the accident served as leverage for the Danish government 
to extract concessions from the United States that banned the introduction of nuclear weapons to 
Danish territory during peacetime.12  It is clear from Olesen’s analysis that an accident of a nuclear-
loaded aircraft can have significant implications for international relationships, even between allies.

The force structure of the Air Force is very different today from the days of SAC. Currently, there 
are 20 B-2 bombers and 76 B-52s (not all of which are nuclear capable) in service. While there has 
been a steady-state number of B-2s in service, this represents the lowest number of B-52s since 

8.  Michelle Spencer, Aadina Ludin, and Heather Nelson, The Unauthorized Movement of Nuclear Weapons and Mistaken Shipment 
of Classified Missile Components (Maxwell Air Force Base, A:: USAF Counterproliferation Center, Air University, 2012), 7, https://
apps.dtic.mil/dtic/tr/fulltext/u2/a557097.pdf.
9.  Helene Cooper, “Air Force Fires 9 Officers in Scandal Over Cheating on Proficiency Tests,” New York Times, March 27, 2014, ac-
cessed February 20, 2018, https://www.nytimes.com/2014/03/28/us/air-force-fires-9-officers-accused-in-cheating-scandal.html.
10.  Larry D. Welch and John C. Harvey, Independent Review of the Department of Defense Nuclear Enterprise (Washington DC: 
Office of the Secretary of Defense, 2014).
11.  Paul Boyer, By the Bomb’s Early Light: American Thought and Culture At the Dawn of the Atomic Age (Chapel Hill, NC: Universi-
ty of North Carolina Press, 1985), 184.
12.  Thorsten Borring Olesen, “Tango for Thule,” Journal of Cold War Studies 13, no. 2, (2011): 117.



134  |  On the Horizon: A Collection of the Papers from the Next Generation

1955. Therefore, maintaining even a relatively small number of bombers on continuous alert would 
heavily task the associated units of costly resources. Developing and investigating different alert 
models (i.e. percentage of aircraft kept on alert) highlights the personnel demands of an alert 
posture. In addition to the aircraft themselves, multiple crews, maintainers, security forces, and 
support personnel will all be required to provide support to the aircraft. Finally, from the operational 
perspective, maintaining an alert force also requires sufficient fuel to reach designated targets. This 
requires an alert tanker force, with its associated support personnel.

In conjunction with operational demands of bombers returning to continuous alert, there are political 
ramifications to consider. For example, one of the primary arguments in support of maintaining 
strategic bombers has been their use as a means of signaling resolve to an adversary during an 
escalating crisis. If the U.S. bomber forces are placed back on constant alert, this could affect how 
adversaries perceive our posture and elicit a military response in kind, though this response may 
not be perfectly reciprocal (i.e., an increase in conventional border forces or new short-range 
conventional missiles to counter deployment of a U.S. anti-ballistic missile (ABM) system).

AIRCRAFT AVAILABILITY
The most basic requirement for an alert force is having an appropriate amount of aircraft for the 
mission. For the purposes of this research, Whiteman Air Force Base, home of the B-2 Stealth Bomber, 
is used as a case study in which 10 percent of the overall fleet (two aircraft, in the case of the B-2) 
are kept on continuous alert. Aircraft are a limited resource that is utilized by many agencies on an 
installation. Each flying squadron (bomb squadron, training squadron, etc.) and support squadron 
must fly training missions to keep aircrew qualified, train the next generation of aircrew members, 
and field new modifications or upgrades. Whiteman supports five flying squadrons using the 20 
B-2s in service. Aircraft are also set aside to support maintenance training events and undergo both 
routine and unscheduled (i.e., fixing broken items) maintenance while maintaining combat readiness. 
Allocating these aircraft requires a flying-hour program plan that is built to meet the operational and 
training needs of different agencies. 

There is no capacity or capability to produce any additional B-2s, and only one B-52 has returned 
from the “boneyard” depot at Davis-Monthan AFB, Arizona.13 At any given time, several B-2s are 
unavailable for operational use for long periods. Some of these aircraft are in Programmed Depot 
Maintenance (PDM), a year-long inspection and overhaul of critical systems, and some are in 
Developmental Testing (DT) to certify systems are ready for operational testing. Once an aircraft 
begins PDM, it is very difficult and expensive to remove it early, and doing so can cause cascading 
failures of scheduled maintenance timelines fleet-wide for many years. While in DT, an aircraft will 
receive upgrades and testing for next generation modifications and upgrades that will enter the 
rest of the fleet in the future. Without significant lead time, this aircraft requires months to be made 
ready to send to war. Additionally, removing an aircraft from DT incurs significant costs and may 
delay the flow of modifications required to keep the B-2 viable in changing threat environments and 
operational employment.

The remaining B-2s are flown and maintained at Whiteman AFB, Missouri. However, these aircraft are 
also allocated to a variety of maintenance and sustainment activities, including operational testing or 

13.  Brad Lendon, “’Ghost Rider’: B-52 resurrected from desert Boneyard,” CNN, March 2, 2015, accessed June 20, 2018, https://
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system improvements that have already been tested on the DT aircraft but require additional testing 
prior to final introduction to the remaining fleet. This aircraft can be made combat ready but may be 
affects unavailable for other missions. 

Additional aircraft may be receiving modifications that include significant structural, hardware, or 
software changes, though they have completed developmental and operational testing. To maintain 
the health of the fleet over time, several aircraft are in scheduled maintenance, including inspections 
of critical areas and components, changing parts that have a specified life span, and preventative 
maintenance to ensure the safety and effectiveness of the aircraft. These aircraft can be combat ready 
given an appropriate amount of time, but unless these aircraft are set aside and allowed to complete 
all required maintenance items, the fleet will quickly be grounded due to overdue inspections or 
require waivers for critical systems. 

Accounting for these sustainment and maintenance activities, a quarter or more of a fleet may be 
unavailable for flying operations. The remaining aircraft must be allocated between routine training 
missions, operational missions, and all other requirements, including unscheduled maintenance, 
ground training, or other requirements. Additional aircraft can be made available if necessary to 
meet mission requirements given proper planning, fleet management, and increased demands on 
personnel, but extended surge operations may be detrimental to a fleet’s long-term health. 

When planning how many aircraft are expected to actually be available, an additional factor known 
as the Mission Capable (MC) rate is used. The MC rate is defined as “the percentage of possessed 
hours for aircraft that can fly at least one assigned mission”. Airmen charged with maintaining the 
health of the fleet monitor the MC rate and strive to maintain the highest rate reasonably achievable. 
It is used to assess overall fleet health and can be an indicator of either poor maintenance practices 
or over utilization of the fleet, leading to excessive wear and tear on the jets. In 2017, average MC 
rate for the Air Force was 71.82 percent, which the B-52 matched, though the B-2 had a rate of 53.83 
percent.14 Many factors drive these MC rates, including an increased operational tempo, a dwindling 
level of supply parts, an inability to procure new parts, and an aging fleet, and these rates have 
important implications if some aircraft need to be designated for continuous alert. 

An expected aircraft availability can be calculated by multiplying the total number of aircraft not 
dedicated to sustainment or test operations by the MC rate. If we assume a quarter of the fleet 
is unavailable due to test and sustainment, using the 2017 rate gives approximately 7.5 aircraft 
available for operations. Dedicating two aircraft to nuclear alert would leave fewer than six aircraft 
for routine training flights, conventional combat contingencies, and other operational exercises 
and weapon system tests. Additionally, if a higher than average number of aircraft experience a 
problem that requires unscheduled maintenance for an extended period of time, even fewer aircraft 
are available to meet the competing demands on the flying schedule. Supporting alert operations 
would impact how aircraft would need to be allocated to meet all the demands. Reducing aircraft 
in any category has long-term implications, including reduced aircrew training; delays in fielding 
of new weapon system improvements, potentially endangering the survivability of the aircraft; and 
increasing the duration between major inspections and potentially prolonging the time before 
serious faults that may pose significant risk to the aircraft and aircrew are discovered and fixed. 
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Putting even 10 percent of the bomber fleet on nuclear alert, while possible, comes at significant 
cost. While this case study specifically addresses the B-2, similar requirements would be found in all 
bomber aircraft and in the tankers, which are critical to bomber operations.

While strategic bombers have extremely long unrefueled ranges, they are not unlimited. A typical 
long range mission may only require one or two air-to-air refueling, but operational considerations 
can require considerably more. In the case of the longest B-2 mission, five separate air-to-air 
refuelings were conducted in order to allow the bombers to transition across the Pacific Ocean rather 
than overfly unfriendly or potentially hostile countries.15 If bombers were being kept on constant 
alert against a variety of threats around the globe, it can be expected that two to five tankers are 
required per bomber. Additionally, if flexibility in the alert bomber force is desired, on-alert tanker 
bridges are required for both western and eastern routes, which doubles the requirement to as 
many as 10 tankers per bomber. Using the case study of the 509th Bomb Wing, supporting a B-2 
force of two aircraft could require as many as 20 tankers on alert. Assuming an additional eight 
B-52s (approximately 10 percent of the total inventory), the tanker alert requirement grows to 
approximately 100 tankers out of a projected force of fewer than 575. This represents 10-15 percent 
of the total force, and that is without considering the MC rate of tankers or tanker sustainment 
similar to that previously described for bombers. Designating this many aircraft to the alert mission 
would dramatically reduce the available tanker force for all other operations, including the Global 
War on Terror. In addition to aircraft requirements, maintaining alert requires substantial investment 
in personnel.

MANPOWER CONSIDERATIONS
From the 1950s to the early 1990s, the United States military-maintained bombers on alert, 
providing a credible deterrent to any first strike. This was possible partly because of the large 
number of personnel available. In 1958, the number of active duty personnel in the Air Force peaked 
at 959,946.16 This has gradually decreased to a current size of 319,214 active duty personnel.17 
Additionally, while previous Airmen were engaged in a number of military conflicts over several years, 
the Global War on Terror has already lasted nearly 17 years, with many military members deploying 
away from home stations to support contingency operations, which further reduces personnel 
available to support long-term alert operations.18 While this is indicative of a possible problem with 
overall Air Force manning, continuous alert would place additional strain on the force, especially in 
the areas of aircrew, maintainers and security forces (or “defenders”).

Aircrew requirements for alert are one of the more visible and easy-to-understand elements. Each 
B-2 requires a crew of two, B-52s require a crew of five, while KC-135 tankers require a crew of three. 
This only accounts for a small percentage of the total crew force but does not meet all requirements. 
In addition to the crews on alert, some aircrew will be recovering from prior alert and may be 
unavailable for other duties. These crews will further constrain a force that must balance crews 
assigned to upgrade training (to become aircraft commanders, flight instructors and other flight 
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related duties), professional development, and other temporary duties away from their home station 
in addition to crews unavailable due to leave, illness, or injury.  All of these demands fall on a crew 
force that continues to face shortages and departures.

The well-documented pilot shortage facing the Air Force has significant impacts on general 
readiness and will likely affect wartime capability for many years to come.19 This limits the number 
of aircrew members available to meet alert requirements while maintaining both conventional 
and nuclear training requirements and also supporting conventional deployments or global strike 
requirements. Even if enough people were recruited to bolster aircrews, training them traditionally 
takes several years, and experience is not readily gained without spending significant time in the 
air. As previously highlighted, the number of available aircraft limits the number of aircrew that can 
be produced each year based on meeting the current required number of sorties, hours, and training 
objectives to rate aircrew combat mission ready. Aircrew are not the only limiting factor of personnel, 
as maintainers are also required to reach acceptable mission capability rates. Maintaining an alert 
posture places additional strain on a small crew force.

Much like pilot availability, maintenance was hit hard during the drawdown of 2014.20 However, since 
the end of the drawdown, there has been significant growth, improving the number of available 
personnel.21 While numerically the maintenance force is reaching a healthier, sustainable state, the 
metrics do not reflect the entire story necessary for growing a technically proficient cadre. While 
new Airmen arriving at their first duty station count for reaching stated personnel goals, they are 
not yet fully trained or qualified in all aspects of their new profession. Like aircrew, it takes years of 
experience, additional training, and growth to develop a technically proficient and reliable aircraft 
maintainer. These highly skilled personnel are the backbone of sortie production for the Air Force. 
Having maintainers away from their current daily duties to, instead, support alert operations is 
detrimental to day-to-day maintenance, training, and overall war time readiness, as they are no 
longer available for non-alert duties. 

Supporting two nuclear alert aircraft requires numerous maintainers per shift, potentially requiring 
more than 150 maintainers per day depending whether shift schedules are used. This could require 
as much as 15 percent of an aircraft maintenance group’s total personnel. Additional personnel, while 
not needed daily, must be available on short notice for specialized support.  Continuously manned 
support agencies (e.g., Maintenance Operations Control and Munitions Control) would likely also 
require extra manpower to support the expanded requirements.

In addition to the aircrew and maintenance personnel, operations support personnel are required 
to ensure the safety, security, and efficacy of alert. Personnel including airfield operations (for 
management of flight lines) specialists, air traffic control tower controllers, weather operations, civil 
engineering specialists for snow removal, cryptographic material custodians, logistics personnel 
for maintaining and supporting crew vehicles, aircrew flight equipment technicians, alert facility 
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controllers, cooks, and related supervisory personnel also support essential functions. With the 
non-stop demands of the alert force, multiple shifts of these personnel are necessary to support not 
only alert operations, but also all other operations. Another large contingent of personnel are those 
dedicated to ensuring the security of the aircraft, crews, and most importantly, nuclear weapons.  

Finally, Security Forces members maintain physical nuclear surety. Current operations require security 
of nuclear weapons in specially designed facilities in Weapons Storage Areas (WSA) that provide 
the highest level of security. These areas are heavily guarded with large personnel and equipment 
footprints. In 2014, the Security Forces career field saw 15 percent of its total manpower eliminated, 
creating new considerations and damaging career field morale.22

Current force structures are not designed to maintain security requirements for constant nuclear 
generation. While limiting the number of aircraft on alert reduces the requirements to a degree, it 
is not a linear relationship, because some security requirements represent a fixed cost in personnel 
required whether one, or all, of a base’s fleet is on alert. When considering three bomber bases and 
a host of mobility bases (securing the alert tanker force), several thousand additional Airmen may be 
required if the Air Force were to return to a continuous alert posture. 

INFRASTRUCTURE SUPPORT
Maintaining an alert force at all times requires significant investment in onsite infrastructure to 
allow for personal and professional growth, basic standards of living, and mission requirements. 
Simple amenities like sufficient numbers of bathrooms and sleeping accommodations do not 
currently exist in many locations, as alert facilities were decommissioned following the end of the 
Cold War. As the mission and need for such facilities has changed, the buildings were repurposed 
or destroyed to eliminate the resource drain from having a facility that was no longer needed. 
Therefore, to properly maintain health, morale, and to enable proper execution of mission by the 
Airmen at installations that are going back on nuclear alert, adequate Alert Facilities would need 
to be constructed. Construction can be very costly and can have a lead time measured in years to 
receive funding. It is this type of refurbishment of structures that drew attention in 2017 and led to 
questions about returning bombers to alert.23

OPERATIONS CULTURE
The Air Force became an independent service in 1947, and in 1948 was assigned the primary 
function of conducting strategic air warfare, a mission that would be carried out by SAC through 
the use of atomic weapons, or so senior leaders believed.24 This belief in the supremacy of nuclear 
weapons would drive the development of bomber aircraft and operations during the Cold War, with 
conventional operations as a secondary operation. As was previously highlighted, this was accepted 
as a matter of course and believed necessary given the threat of the Soviet Union.

When bombers were placed on alert in October 1957, the threat environment was substantially 
different than it is today. In the preceding 20 years, the United States had suffered a devastating 
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surprise attack at Pearl Harbor, fought in World War II culminating in nuclear first-use, fought in the 
Korean War, and was confronting the Soviet Union—a nuclear-armed peer adversary. Maintaining an 
alert posture and remaining ready for nuclear strikes would be the primary bomber mission for the 
next 45 years.

Since the formation of Air Force Global Strike Command, there has been an increased emphasis on 
describing nuclear deterrence as the “number one mission” or “primary mission” for nuclear-capable 
bombers. This has manifested in National Military Strategies, the Flight Plan for the Air Force Nuclear 
Enterprise from 2013, and numerous speeches by senior leaders. This has been done at least partly 
in response to address the root cause of failures in nuclear operations since 2001 by using direct 
and subtle messaging that the conventional, and not nuclear, mission was the “fight that mattered.”25 
There continues to be the perceived “say-do gap” identified by the Independent Review of the Nuclear 
Enterprise partly due to unintentional messaging. 

From a crew member perspective, nuclear weapon employment is comparatively straightforward. The 
aircraft were designed specifically to support the mission, and the procedures are highly-structured 
specifically to reduce human error. Additionally, for B-52 crews, when nuclear weapons are employed, 
it is from beyond the range of hostile air defenses, and the need for complex tactics is reduced.

As a result of more complicated procedures for the employment of modern precision weapons, 
not greater importance, much of a bomber crew’s training is focused on employing conventional 
munitions. The unintentional devaluing of the nuclear mission may continue as graduates of this 
course commonly rise to command squadrons, groups, wings, and the Air Force as a whole.

Command focus on conventional, especially non-bomber, operations is not a new problem for the 
Air Force. The last Chief of Staff, the highest ranking officer in the Air Force, with primarily a bomber 
background was General Lew Allen Jr. from July 1978 to June 1982.26 This focus on fighters has 
continued to grow as the number of bombers has decreased. Additionally, it has been more than 25 
years since the stand-down of Strategic Air Command and removing bombers from alert. There are 
very few officers left in the Air Force who served during the Cold War, and all of them are likely to 
retire in the next five to ten years. Combined with the overall reduction in personnel, commanders 
of flying units are having less overall nuclear experience, and even some new bomber wing 
commanders have no nuclear experience prior to command if they have previously operated only 
non-nuclear-capable aircraft. This changing experience naturally shifts focus away from nuclear to 
conventional operations.

Posturing bombers on alert would focus many daily efforts away from conventional training and 
tasks and balance them against the needs of a continuous, tangible nuclear mission. This could 
reduce the “say-do gap” in bomber operations, as the aircraft- and personnel-assigned alert duties 
would be a visible and audible reminder of the primacy of the nuclear mission over all other 
considerations. However, if this is done without addressing questions of the necessity of the 
mission, it could cause negative attitudes toward alert duty as a task that adds additional strain on 
task-saturated units without the tangible benefits to national security that conventional combat 
operations bring.

25.  Spencer, Ludin, and Nelson, The Unauthorized Movement of Nuclear Weapons and Mistaken Shipment of Classified Missile 
Components
26.  “Gen Lew Allen Jr,” United States Air Force, September 1981, accessed June 24, 2018, http://www.af.mil/About-Us/Biogra-
phies/Display/Article/107824/general-lew-allen-jr/.
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CIVILIAN CULTURAL CONSIDERATIONS
While the fear of a nuclear accident or lost weapon can grip the public’s imagination, ground alert 
operations with nuclear weapons have been conducted with thousands of aircraft, missiles, and 
submarines and have had an extremely low accident rate. There are 32 declassified “broken arrows” 
or accidents involving “non-nuclear detonation or burning of a nuclear weapon or radioactive 
weapon component, including a fully assembled nuclear weapon, an unassembled nuclear weapon, 
or a radioactive nuclear weapon component, radioactive contamination, seizure, theft, or loss of 
a nuclear weapon or radioactive nuclear weapon component, including jettisoning.”27 Of these 
accidents, 18 occurred while aircraft were in flight and three were ground-operations accidents 
(e.g., ground fires). From an operational perspective, the risk of a broken arrow incident are greater 
with nuclear-armed aircraft in nuclear alert posture, due to the proximity and frequency of contact 
with personnel. However, there are processes and procedures in place to mitigate this risk, and it 
is still a routine and safe operation. That said, nuclear incidents, even those that do not meet the 
requirements of an “accident” can have considerable political impact as shown with a number of 
incidents in 2006-2008 that led to the firing of the Chief of Staff and Secretary of the Air Force.28 In 
addition to domestic political costs for an accident, an alert posture for bombers would likely have 
international impacts.

CONCLUSION
Continuous alert operations were conceived to ensure survivability of a bomber force against a 
surprise attack during the Cold War. The requirements to sustain alert were factored into base 
construction, aircraft procurement, and personnel levels. Since the end of the Cold War, the new 
strategic and political environment has led to a series of decisions that resulted in a force that is not 
designed to support a permanent alert posture.

Placing just a few bomber aircraft on alert continuously has second- and third-order effects that must 
be carefully considered before any decision is made or advocated. These effects extend to all other 
mission areas including training, test, and conventional operations while further complicating the 
maintenance of airframes that are between thirty and seventy years old. The tanker support necessary 
for a bomber force would also place additional strain on high-value assets that are needed for nearly 
all Air Force missions world-wide.

The manpower necessary to support an alert force for an extended period of time would necessitate 
additional personnel in many different career fields. These personnel would not be immediately available, 
even if they were recruited rapidly, due to time required for training and gaining experience in their fields.

While nuclear deterrence remains a key component of national strategy, it does not provide the same 
job satisfaction for Airmen that conventional operations do. While an alert posture might refocus the 
bomber community on the nuclear mission, it would be out of step with the rest of the combat air 
force and exasperate dissatisfaction with the bomber career path.

Finally, the political realities of today’s culture dramatically lower the tolerance for serious accidents 
or incidents involving nuclear weapons.  During the Cold War, the risks of nuclear alert were largely 

27.  “Broken Arrows,” GlonalSecurity.org, accessed April 23, 2018, https://www.globalsecurity.org/wmd/ops/broken-arrow.htm.
28.  Ann S. Tyson and Josh White, “Top Two Air Force Officials Ousted,” Washington Post, June 8, 2008, accessed April 23, 2018, 
http://www.washingtonpost.com/wp-dyn/content/article/2008/06/05/AR2008060501908.html?sid=ST2008060502708.
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considered acceptable or worth the risk, because of the immediate existential threat perceived from 
the Soviet Union. Today, incidents face much greater scrutiny, and any missteps could have a long-
term impact on the acceptance of nuclear weapons in general. 

If the Air Force were required to resume continuous alert, all of these factors would need to be 
addressed. When discussing policies or strategies academically, it is essential to include military and 
cultural impact and to appreciate the complexities of these considerations.
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Strategies of Limited 
Nuclear War with Modern 
Authoritarians
Major Shane “Axl” Praiswater1

ABSTRACT
This paper proposes that any nuclear conflict will most likely begin in a limited nature. Rational actors will 
seek to contest a given objective while still guarding against nuclear escalation because of the undesired 
effects of retaliation. It is important that U.S. leaders consider the effect that any U.S. nuclear response will 
have on an authoritarian adversary during the onset of a limited nuclear war. This paper argues that the 
nature of authoritarian regimes has changed dramatically with globalization and that the regime’s security 
interests will drive decision-making in a nuclear conflict. Using Robert Powell’s limited retaliation model 
as a basis, this paper identifies three variables unique to authoritarians that will determine their response 
after absorbing a U.S. nuclear attack. How well the United States applies these variables to a given 
authoritarian regime may determine both how far U.S. leadership is willing to go in pursuit of a contested 
objective and how likely nuclear escalation is. 

WHY LIMITED NUCLEAR WAR?
Limited nuclear war is a controversial subject. The oft-implied connotation is that adherents of 
limited warfare are advocates for the use of nuclear weapons early in a difficult conflict. The 
argument is reminiscent of the controversy over Herman Kahn’s works, where critics exclaimed 

1.  Major Shane “Axl” Praiswater is a B-52 evaluator pilot and weapons officer currently stationed at Barksdale AFB, LA. He has 
over 2000 hours in the B-52 (including 300+ combat hours) and is a PhD student at Pepperdine University. He is a striker path-
finder in Air Force Global Strike Command and is a member of National Defense University’s Program for Emerging Leaders. 
The views expressed in this paper are the author’s alone and are not reflective of the U.S. government or Air Force.
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that Kahn was disregarding the human casualties associated with any sort of nuclear conflict.2 The 
pervasiveness of this criticism is so persistent that in the 2018 Nuclear Posture Review (NPR), the 
Trump administration found it necessary to state explicitly that support for lower nuclear yield 
devices is not a promotion of “nuclear war-fighting.”3 

This paper argues that limited nuclear war is not a desired situation, but it is the most likely 
scenario if any party finds it necessary to employ a nuclear device.4 This attitude is due to the 
unique downfalls that accompany any use of a nuclear weapon; unlike overwhelming conventional 
capabilities, the use of even a small-yield nuclear weapon could invite a reprisal that is strategically 
harmful. However, it is not the size of the nuclear weapon that determines an adversary’s reaction, but 
the effect. A 5-kiloton weapon detonated over troops in the open, for example, does not necessarily 
carry the same gravitas as a 1-kiloton weapon employed in the middle of a capital city. Even with 
small-scale nuclear weapons, it is reasonable to assume that rational actors will attempt to de-
escalate any nuclear conflict or at least resist an escalation towards mutually assured destruction 
(MAD). The United States must understand what factors will most heavily influence an adversary’s 
decision-making if either party crosses the nuclear threshold. Many U.S. government and military 
theorists have at least accepted the idea that a limited nuclear war might be possible, but the 
question remains: how do we keep the limited nuclear war limited? 

This paper argues that the nature of authoritarianism has changed. Modern regimes are primarily 
motivated not by state goals, but by the desire to remain securely in power (also known as the regime 
insecurity dilemma).5 Furthermore, this paper proposes three variables (presented as addendums to 
Robert Powell’s model), that will determine whether an adversary elects to retaliate in kind, de-
escalate, or escalate a limited nuclear conflict.

U.S. DE-ESCALATION ASSUMPTIONS
Barring a MAD scenario, it is reasonable to assume that the United States would only consider using 
a nuclear weapon for a very specific tactical or strategic purpose. More importantly, one can assume 
that given its overpowering conventional capabilities, the United States will likely not be the first to 
go nuclear (although it certainly reserves the right to). The rationale for this point of view, while not 
explicitly stated in any official doctrine, lies in the fact that the introduction of nuclear weapons into 
a conflict might mitigate U.S. conventional advantages. The horrors of nuclear war are obvious, but 
the United States also holds a distinct military advantage when a “consensus supporting the non-use 
of nuclear weapons” exists.6 

For example, if Russia attempted an “escalate to de-escalate” nuclear strike, the U.S. response might 
not even involve nuclear weapons if there was no immediate objective that conventional means 
could not achieve. In an “escalate to de-escalate” scenario, Russia doctrine appears to hope that 
such a nuclear employment will reverse a conventional conflict favorable to the United States.7 If 

2.  Herman Kahn, “The Nature and Feasibility of War and Deterrence” (Santa Monica, CA: RAND Corporation, 1960), https://www.
rand.org/pubs/papers/P1888.html.
3.  U.S. Department of Defense, The Nuclear Posture Review (U.S. Department of Defense 2018), https://media.defense.gov/2018/
Feb/02/2001872886/-1/-1/1/2018-NUCLEAR-POSTURE-REVIEW-FINAL-REPORT.PDF.
4.  Kerry Kartchner and Michael Gerson, “Escalation to Limited Nuclear War in the 21st Century,” in On Limited Nuclear War 
(Stanford University Press, 2014), 373. 
5.  Gregory Koblentz, “Saddam versus the Inspectors: The Impact of Regime Security,” Journal of Strategic Studies 41, no. 3 (2018): 
384.
6.  Vince A. Manzo and John K. Warden, “After Nuclear First Use, What?” Survival 60, no. 3 (2018): 135.
7.  Mark Schneider, “Minimum Deterrence and Russian and Chinese Threat Developments,” Comparative Strategy 33, no. 3 (July 
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the United States were to resist a nuclear response, it might still hold a tactical advantage while 
retaining the legitimate and moral high ground.8 Such a situation would allow the United States to 
avoid possible escalation toward MAD, as U.S. calculations about whether or not to employ nuclear 
weapons must include the risk that an adversary will respond with an attack against the homeland.9

Of course, it might be wildly optimistic to hope that the United States would not respond in kind 
to a nuclear attack, as there are a number of reasons a nuclear strike might be necessary, such as 
preserving the U.S. alliance system.10 However, while U.S. leaders are not immune to the domestic 
political consequences of a limited nuclear conflict, tactical and strategic considerations will have 
the most influence on nuclear-employment decisions. In other words, U.S. leaders will most likely use 
nuclear weapons in a manner that is consistent with the interests of the nation. 

REGIME SECURITY DILEMMA
The same is not true for potential adversaries of the United States, all of whom are different 
variants of modern authoritarians. The behavior of authoritarians has evolved with the spread of 
globalization, open markets, and democracy. Historically, an authoritarian regime could assume that 
what was best for the nation would also strengthen its legitimacy, but that is no longer necessarily 
the case.11 If economic success coincides with a rise in democratic demands, authoritarians might 
face a difficult balancing act. Their legitimacy would ultimately depend on a reasonably content, 
but not overwhelmingly successful, population. The extent to which modern authoritarianism 
has changed is the opinion of this author. Recently, despots have found creative ways to exploit 
nationalist sentiments and distract their populations from poor economic conditions. However, even 
authoritarians that allow some sense of “competitiveness” with “less repressiveness” have found 
themselves periodically under attack from various types of revolutions or demonstrations.12

This “balancing act” is a natural byproduct of the regime insecurity dilemma, which states that 
the interests of the party outweigh the interests of the nation.13 This theory has important 
implications for a nuclear conflict. If, unlike the United States, an authoritarian party is primarily 
interested in maintaining domestic control, rather than being focused on a tactical objective, the 
United States must be very careful when considering how a rational adversary may react to a 
limited nuclear conflict.14 

2014): 193-204.
8.  Manzo and Warden, “After Nuclear,” 135. 
9.  Ibid., 136. 
10.  Manzo and Warden, “After Nuclear,” 134. The authors of After Nuclear do an excellent job in their article of breaking down 
how important preserving the U.S. nuclear umbrella might be in a limited nuclear conflict. It is difficult to predict how import-
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desire to de-escalate ultimately be the deciding factor?
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tified their absolute power in the 20th century by using economic growth. South Korea’s growth, however, was not enough to 
save Chung-hee from assassination. Today, the best evidence for this theory lies in how modern authoritarians, such as Putin, 
resist reforms that would benefit their populations, all the while rigging elections to “prove” their popularity. It is also worth 
noting that less-known authoritarians legitimize their rule less on economic incentives (which they are unable or unwilling to 
provide) and more on stoking nationalist fears about imperial plots or hordes of immigrants. For a brief review of this concept, 
see “How Democracy Dies,” Economist, June 16, 2018, https://www.economist.com/leaders/2018/06/16/lessons-from-the-rise-
of-strongmen-in-weak-states.
12.  Valerie J. Bunce and Sharon Wolchik, “Modes of Popular Mobilizations Against Authoritarian Rulers: a Comparison of 1989, 
the Color Revolutions, and the MENA Uprisings,” Demokratizatsiya 26, no. 2 (2018): 149-171.
13.  Koblentz, “Regime Security,” 385.
14.  “Rational” in this context implies that the actor ultimately wishes to survive and stay in power if possible. 
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Depending on the authoritarian’s domestic situation, the “regime insecurity” assumption may 
determine if the regime chooses to escalate or de-escalate a limited nuclear conflict. The United 
States may see an extremely small-scale nuclear retaliation as obviously not detrimental to the 
adversary’s domestic security, but if such a strike somehow undermines the authoritarian party, 
escalation might be inevitable. Internal unrest could represent a type of “catalytic escalation,” which 
would be similar to the disruptive and unpredictable effects of a third party entering a nuclear 
conflict.15 On the other hand, if the United States can effectively message a sense of security to an 
authoritarian adversary during a small-scale nuclear strike, escalation may be controllable. 

OPPOSING END STATES
As a democratic republic, concerns over the longevity of their regimes do not bind U.S. national 
leaders outside of re-election. Domestic politics may very well affect the decision-making of U.S. 
leaders in certain conflicts (the cautionary tale of President Lyndon Johnson and Vietnam comes to 
mind), but in a nuclear situation, limiting escalation and protecting the homeland may clash with 
securing tactical objectives.16 Authoritarians, however, may not even be as concerned with tactical 
objectives as they are about their own personal grip on power. Therefore, since the United States 
must act in a manner that ultimately limits damage against the homeland, U.S. decision makers 
must consider not only the presumed tactical benefits of nuclear strikes, but also their effects on the 
adversary’s psyche. If a nuclear response achieves a tactical advantage for the United States (or even 
decisively wins the war), that does not mean much if a nuclear-armed authoritarian is still at risk 
of losing power. Such an authoritarian might still be compelled to escalate if such actions provide a 
domestic advantage.

Therefore, while winning a contested objective will be the United States’ primary goal in a limited 
nuclear conflict, it is also crucial to ensure that the adversary is not compelled to escalate. Depending 
on the nature of the objective and the motivations of the authoritarian, this could go one of two 
ways. First, it is possible that the contested objective was never critical to the authoritarian in the first 
place. In such a scenario, as long as the United States is able to effectively message that its nuclear 
responses do not threaten regime change, using nuclear weapons to win the war efficiently might be 
beneficial both tactically and in terms of strategic messaging. However, if the authoritarian decides 
that the contested objective is critical to his grip on power, then the United States might not be able 
to win the conflict (even via conventional means) without compelling the adversary to escalate. 

REGIME INTERNAL FACTORS ARE KEY IN A LIMITED NUCLEAR 
CONFLICT
Stating that internal factors will be critical in an adversary’s decision-making process during a 
limited nuclear war seems obvious, but in the traditional world of international relations (IR), it 
is a relatively new topic. The key concept of this article—regime insecurity—theorizes that, in IR 
terms, what constitutes “security” for an authoritarian government has evolved from what is in the 
interests of the state overall into what is in the best interest of the regime specifically. While it is 
entirely possible that winning a nuclear conflict at all costs might make the party more popular and 
therefore more secure, it is also conceivable that incurring the humanitarian costs of a nuclear strike 

15.  Kartchner and Gerson, “Escalation to Limited Nuclear War in the 21st Century,” 421.
16.  H. R. McMaster, Dereliction of Duty: Lyndon Johnson, Robert McNamara, the Joint Chiefs of Staff, and the Lies That Led to Viet-
nam (New York: Harper-Perennial, 2017). 
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might be a step too far for a population already skeptical of the necessity of a single-party system. 
In every authoritarian system, it is incumbent on the regime to deliver a measure of prosperity 
and relative stability. If authoritarians do not meet these criteria, the regime must either maintain 
power through force or risk a revolt. That revolt might not be total; in fact, depending on the nature 
of the government, the threat to an authoritarian might come from within the party itself. Nikita 
Khrushchev, for example, lost his premiership partly because of how close he brought the Soviet 
Union to nuclear war during the Cuban Missile Crisis.17 It is not difficult to imagine Xi Jinping 
suffering a similar fate, unless the circumstances of the nuclear conflict were beneficial to the 
Chinese Communist Party (CCP), or at least did not invite instability. By its very nature, even a limited 
nuclear war is detrimental to stability. If their very existence is at stake, authoritarian populations 
must be properly motivated in order to withstand the threat of nuclear extinction without losing 
confidence in the regime.  

How a nuclear conflict affects an adversary’s level of nationalism, therefore, is critical towards 
determining the likelihood of escalation. Modern authoritarians have proven themselves adept at 
utilizing the primal emotions that are associated with nationalism in order to shore up popular 
support, but using a population’s passions might also be dangerous in the high stakes of a nuclear 
conflict. The modern authoritarian paradox endures. A skeptical population might rally around the 
authoritarian in a nationalist manner, but that might make it that much harder for the leader to de-
escalate when the United States refuses to concede an objective. Depending on how the population 
or party reacts, the modern authoritarian may be faced with a choice between escalating (and risking 
further nuclear responses), or de-escalating (and appearing weak). Managing these types of internal 
dilemmas is critical for the United States as it considers the effect that any nuclear response will 
have on an adversary. 

THE DANGER OF BENEFICIAL ESCALATION
Unfortunately, it is not difficult to imagine realistic situations where escalation, no matter how 
dangerous, might benefit a nuclear-armed authoritarian’s legitimacy. Some scenarios are simple; if 
North Korea found itself handily losing a conventional conflict where regime change was the stated 
goal of the United States, Kim Jong-un would likely use his nuclear weapons as either a last resort or 
a type of final retaliation.18 However, North Korea—as currently constituted—is a unique authoritarian 
state that is not subject to the normal outside pressures wrought by globalization. The regime is 
both “repressive” and “non-competitive,” but there is no immediate chance for an internal revolution, 
barring a dramatically unexpected interparty conflict.19 Therefore, the decision making for U.S. leaders 
and their allies is simple. Presumably, if regime change is the stated goal, planners have accounted 
for the risk of a nuclear attack.20

In a state such as China, however, the calculus might not be so simple if the regime is under some 
sort of internal strain. For example, a global recession and reduced economic growth might induce a 
backlash against the CCP. If the CCP was unable to stifle internal dissent, and democratic movements 

17.  William J. Tompson, “The Fall of Nikita Khrushchev,” Soviet Studies 43, no. 6 (December 1991): 1101.
18.  Sukjoon Yoon, “The August Crisis: Militarization versus Civilization on the Korean Peninsula,” Pacific Forum, August 13, 2017, 
https://www.pacforum.org/analysis/pacnet-57-august-crisis-militarization-versus-civilization-korean-peninsula.
19.  Bunce and Wolchik, “Modes of Mobilizations,” 160. “Repressive and non-competitive” in Bunce and Wolchik’s analysis 
describes regimes that do not allow challenges to the state and actively suppress expressions of freedom. North Korea is such 
a regime. 
20.  U.S. Department of Defense, The Nuclear Posture Review, 33.
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began to pick up steam, China’s leaders would be under a considerable amount of pressure even 
before a limited nuclear conflict began. The addition of a large-scale conflict over Taiwan would 
greatly complicate the CCP’s decision-making, depending on how the risk of absorbing nuclear 
weapons or conceding defeat to the United States affected the considerable nationalist capabilities 
of the Chinese people.21 On one hand, harnessing the population’s nationalist energies in support 
of the war over Taiwan might suppress any nascent democratic movements by focusing popular 
attention toward an external enemy and away from the regime itself. Those same movements, 
however, might be inflamed if the CCP failed to deliver a victory. Escalation might be the only 
conceivable option for a regime that cannot lose without also risking their internal grip on power. In 
such a case, the United States would have to use extreme caution when considering how to react to a 
limited nuclear strike. 

THE BENEFITS OF REGIME SECURITY IN A NUCLEAR CONFLICT
Situations where a U.S. nuclear attack does not necessarily invite reprisal might occur due to the 
security of an adversary regime. If the regime believes that employing a nuclear weapon would invite 
not only a nuclear response but also dangerous internal dissent, the advantageous option is for the 
authoritarian to de-escalate. In Iran, the Green Revolution of 2009 proved that much of the Iranian 
population is skeptical of the Ayatollah’s legitimacy and the inability of the government to bring 
about economic growth.22 If Iran rebooted its nuclear program, and the United States responded by 
destroying its nuclear facilities via conventional or limited nuclear attacks, the population’s reaction 
might be critical of the Ayatollah and/or the elected president. An Iranian population intolerant 
of escalation and the risks of more extreme attacks could heavily induce the Ayatollah’s (or the 
president’s) decision-making. With no immediate tactical advantage to be gained by escalating the 
war with the United States, the regime would rationally seek to de-escalate the conflict (or conduct a 
limited response) as long as they remained securely in power.  

Whether or not the United States is likely to break the nuclear taboo—even under extreme 
circumstances—is a matter for debate. However, a U.S. nuclear response is extremely possible if an 
opponent crosses the nuclear threshold, particularly with the addition of smaller yield weapons in 
the 2018 NPR.23 There are a number of factors that might influence U.S. decision-making, including 
what effects not employing may have on the tactical situation and the attitude of U.S. allies.24 The 
United States must calculate the effect that any nuclear response will have on the adversary’s 
internal security, as well as what escalation risks are ultimately necessary. 

LIMITED NUCLEAR WAR VARIABLES
Assessing adversary variables is difficult because several internal factors unique to each authoritarian 
state may determine decisions. However, because of the unique and destructive nature of nuclear 
weapons, it is possible to assume three main variables that will generally apply to any potential 
U.S. adversary. The first variable, the Authoritarian’s Sense of Stability, is arguably the most important, 
but the other two variables play significant roles and weigh heavily on one another depending 
on the circumstances. This paper does not place any importance on who started the nuclear war: 

21.  Yinan He, “Nationalism and the China-Japan Island Disputes,” Council on Foreign Relations, September 18, 2012, https://
www.cfr.org/blog/nationalism-and-china-japan-island-disputes.
22.  Farideh Farhi, “Tehran’s Delayed Spring?” Globalizations 8, no. 5 (October 2011): 617-621.
23.  U.S. Department of Defense, The Nuclear Posture Review, 54.
24.  Manzo and Warden, “After Nuclear,” 139.
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these variables only intend to predict how a U.S. adversary would react to absorbing a nuclear strike 
relatively early in a limited nuclear conflict. In other words, these variables best apply when the 
United States still has an interest in limiting the scope of the nuclear conflict.25 These variables will 
determine which actions an adversary may pursue, as defined in Table One below: 

Table 1: Adversary Options

Adversary Options Definitions

De-escalate
The adversary does not respond with a nuclear attack. The war may 
continue, but not with nuclear weapons.

Retaliate
The adversary responds with a “tit-for-tat” nuclear strike or significant 
conventional effort that creates similar effects (either tactically or 
strategically).

Escalate
The adversary responds with an attack that inflicts greater harm than the 
U.S. strike and increases the likelihood of more nuclear use.26

Should the United States elect to employ a nuclear weapon, its leaders must assume that retaliation 
is a possibility. If a conventional option would accomplish the same tactical objective, it makes 
strategic sense to avoid using a nuclear weapon even in response to a nuclear attack. Depending 
on the circumstances, such a U.S. response could represent either de-escalation or retaliation to the 
adversary, so the effects of any response—even a conventional one—on a regime willing to resort 
to nuclear weapons are inherently complicated. Additionally, traditional nuclear norms make this 
proposition difficult. If the U.S. conventional response to a nuclear attack is not impressive enough, 
it might result in allies and adversaries alike losing confidence in the United States’ willingness to 
cross the nuclear threshold.27 Such a scenario might embolden U.S. adversaries and compel U.S. allies 
to acquire nuclear programs of their own. This complicates the calculus for U.S. decision makers, 
who might be able to win the war without nuclear weapons but might also be inadvertently sending 
the message that nuclear weapons are acceptable in limited doses. This in turn might persuade 
an adversary to employ yet another nuclear capability to counter U.S. conventional efforts. For the 
United States, limited nuclear warfare presents a potentially devastating paradox: retaliating to a 
nuclear attack automatically risks escalation, but not responding in kind also invites a subsequent 
nuclear attack if the United States appears poised to win the contested objective anyway.

Therefore, the variables are very important. In a limited nuclear war, the United States must employ 
its arsenal in a manner that convinces the adversary that the price for using a nuclear weapon is too 
high to stomach, while also not enraging the adversary or its population to the point where another 
strike is inevitable. 

Predicting the course of action in a nuclear war is difficult. Robert Powell’s model, for example, 
envisions the simplest version of a conflict where actors exchange nuclear attacks but, ideally, are 
also naturally inclined to avoid a total nuclear conflict. For the purposes of this paper, Powell’s model 
provides a useful foundation on which to theorize how authoritarian regimes would act in a limited 
nuclear conflict. In Figure One, Ω represents decision points, with “C” and “D” representing two actors: 
the “challenger” and the “defender.” At each Ω, C or D can decide whether to launch an “unlimited 

25.  U.S. Department of Defense, The Nuclear Posture Review, 23.
26.  The precursor for this journal article is on the PONI blog: https://nuclearnetwork.csis.org/limited-nuclear-war/. 
27.  Manzo and Warden, “After Nuclear,” 135.
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nuclear attack, “A,” refrain from challenging, “Q,” or respond with a limited attack, “E,” and shift the 
decision to the opponent.28

Figure 1: Powell’s Limited Retaliation Model

This paper is an initial attempt to address the most important variables (see Figure Two below) in a 
specific authoritarian’s Ω, particularly in the early stages of a nuclear conflict. For the purposes of this 
exercise, the assumption is that the United States absorbed a single nuclear strike and is deciding 
how to respond. This paper also assumes that U.S. leaders are committed to the contested objective, 
are not deterred by the adversary’s use of a nuclear weapon, and wish to keep the nuclear war as 
“limited” as possible. The goal of the United States is to win the objective while ensuring that the 
adversary does not escalate with further nuclear attacks after the U.S response. 

Table 2: Variables Determining Ω

Variable Definition
Authoritarian’s Sense of Stability How secure is the regime after the U.S. nuclear response?

Target Suitability
Is there a tactically advantageous target that requires a 
nuclear weapon?

Certainty of Information and 
Transparency of Motives

Is the adversary regime confident that the United States 
used the nuclear weapon only to win the contested 
objective and not to enable regime change?

To illustrate these variables, this paper will employ a vignette similar to scenarios posited by other 
policy theorists. Please note that the scenarios presented below are purely theoretical and not 
representative of any known U.S. policies or strategies. 

SCENARIO: 2030 TAIWAN STRAITS
In 2030, the CCP is under a significant amount of internal duress. The regime has not been able to 
address China’s unique debt concerns, and a global recession occurred after numerous populist-
minded trade wars amongst Western allies.29 As China’s economic growth has slowed, democratic 
movements have become more aggressive. Most alarming to the CCP, an increasing number of PLA 
officers have expressed relatively open disgruntlement, and mass protests—like those in Tiananmen 
Square—broke out after the regime attempted a surprise purge of dissident-minded mid-tier 
officers. Sensing weakness in the CCP’s grip on power, the liberal government of Taiwan seizes the 

28.  Robert Powell, Nuclear Deterrence Theory: The Search for Credibility (Cambridge, UK: Cambridge University Press, 1990), 149.
29.  “Xi, Make Me Chaste,” Economist, June 16, 2018, https://www.economist.com/leaders/2018/06/16/china-has-made-progress-
in-tackling-financial-risks?frsc=dg|e.
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opportunity and declares independence.30 The Chinese population is outraged and briefly unites in 
the demand that the CCP finally solves the One-China issue. As hostilities break out, the United States 
rushes forces to the region. Despite full Chinese efforts and the sinking of an U.S. aircraft carrier by a 
Chinese DF-26, the United States and its allies are able to repel Chinese invasion efforts and force a 
tenuous military stalemate thanks to U.S. naval dominance in the Strait.31 

The CCP is now contending with a regional war against the United States and renewed demands 
from a population frustrated at the CCP’s inability to achieve victory. Desperate to break the 
stalemate, China launches a nuclear attack against Guam, decimating Andersen AFB. The United 
States must now debate the effect that a nuclear response will have, as its stated goal is to defend 
Taiwan while also preventing further nuclear escalations. For the time being, the protests in China 
decrease, as the population is relatively content with both the CCP’s nuclear show of strength and the 
lack of a total or immediate U.S. response. The stalemate in Taiwan continues, but the U.S. war effort 
is potentially in peril due to the loss of Guam. The outlook for a U.S. victory is unclear.

AUTHORITARIAN’S SENSE OF STABILITY
This paper theorizes that the most important question an authoritarian regime will ask itself after 
absorbing a nuclear strike is how secure their internal grip on power is. This thesis is a direct result 
of the regime insecurity dilemma; despite the unique threat to the population that is inherent to a 
nuclear conflict, this paper argues that the modern authoritarian will still value its party’s interests 
over those of the nation. While each authoritarian is unique, many modern dictators excel in pseudo-
democratic environments, where putting the nation’s security first would be self-conflicting and 
potentially suicidal. If “Russia is Putin,” for example, it is less a question of selfish evil than a question 
of an ingrained and inescapable culture that even the authoritarian himself believes.32 This idea 
is important, because once the United States has proven its willingness to respond to a nuclear 
attack in kind, the calculus has drastically changed for the rational authoritarian. Presumably, the 
authoritarian used a nuclear weapon to win a contested objective, but if that effort failed, it is not 
in his best interests to escalate the conflict. This does not mean that the contested objective is lost, 
only that continuing to use nuclear weapons will result in absorbing more strikes from the United 
States. Therefore, using Powell’s verbiage, it is in the best interests of the adversary to choose “Q”, quit 
the nuclear exchange piece of the conflict and accept the status quo where the United States is a 
resolute actor that will levy a strategically disadvantageous response to any nuclear attack.33 Again, 
this does not mean that the adversary must quit the contested objective, only that the war must 
occur in such a manner that it does not induce a nuclear response from the United States. 

However, this line of thinking only makes sense if the contested objective is not integral to the 
adversary’s regime. If losing the contested objective creates an untenable internal situation for the 
adversary, due to a destabilizing loss of credibility, the net effect of a U.S. limited military victory 
might be akin to a full-scale invasion. As the third variable will show, messaging is critical and can 
have a compounding effect on an adversary’s sense of stability. 

30.  “Squeeze of Access,” Economist, June 14, 2018, https://www.economist.com/news/asia/21744075-meanwhile-america-rein-
forces-its-alliance-taiwan-bricks-and-mortar-china-fights-taiwan?frsc=dg%7Ce.
31.  Sam J. Tangredi, “Antiaccess Warfare as Strategy: From Campaign Analyses to Assessment of Extrinsic Events,” Naval War 
College Review 71, no.1 (2018): 33-51. 
32.  David White, “State Capacity and Regime Resilience in Putin’s Russia,” International Political Science Review 39, no. 1 (January 
2018): 130-143.
33.  Powell, Nuclear Deterrence Theory, 159.
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Figure 2: First Variable (Regime Security)

As Figure Two shows, the United States has two rational options. If U.S. leadership elects Q and 
does not respond with a nuclear attack, Taiwan is still in danger, but there is no immediate risk 
of escalation. If the United States elects E and responds with a nuclear weapon, the decision 
shifts to China. Most importantly, Figure Two shows that if the CCP is still secure after the U.S. 
nuclear attack, the worst-case scenario is retaliation (with de-escalation still being possible). In 
this specific vignette, China’s population is now content with a potential settlement over Taiwan, 
because the CCP showed its strength through a nuclear attack. Internal dissension also slows 
because activists have a refreshed fear of how far the CCP is willing to go to remain in power. 

The United States has a difficult decision due to the dual nature of its objective. Not responding with 
a nuclear weapon risks the end of the non-proliferation global order, but matching the CCP’s nuclear 
strike risks undermining the regime and forcing China into escalation. In terms of the first variable 
alone, the United States might determine that a nuclear response is not worth the risk of escalation. 
With Taiwan still secure, the United States “takes the moral high road” and publicly commits to 
defending Taiwan while withholding its nuclear arsenal for the time being. The limited nuclear war 
remains limited as long as the United States either chooses Q or retaliates in a limited manner (via 
E) that does not induce escalation. Either way, the objective (Taiwan) is still immediately secure, the 
onus has shifted to the CCP, and escalation is still preventable. 

The obvious issue with this theory is that it assumes a healthy dose of unemotional rationality. At 
some point, if an adversary continued to use nuclear force, the United States would be unable to 
resist retaliation, regardless of the circumstances. However, in the early stages of a nuclear conflict, 
restraint on the part of the United States might very well be the best way to secure an objective 
while also preventing total nuclear war. 

TARGET SUITABILITY
Some scholars have pointed out that fears over potential nuclear wars, while justified, often leave out 
the theoretical impact of the ongoing conflict itself.34 Assuming that both parties in a limited nuclear 
war are rational (and therefore seek the cessation of nuclear warfare), the nature of the target will be 
a significant factor in nuclear decision-making. 

 
 

34.  Lawrence Freedman, The Evolution of Nuclear Strategy 2nd ed. (Basingstoke, Hants: Macmillan, 1989).
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There is always the possibility that an actor may feel forced to retaliate to a nuclear attack for the 
purposes of strategic messaging.35 However, when the potential price of any nuclear use is unwanted 
escalation, it would be wise for rational actors to weigh the benefits of strategic messaging versus 
the potential negative response. Given that internal security is not an issue, using a nuclear weapon 
without an appropriate target—one that conventional weapons could not service—might be 
inherently irrational. 

In the 2030 Taiwan Straits scenario, if the United States responded to China’s nuclear attack with a 
target-appropriate nuclear weapon (i.e. one that directly kept Taiwan secure), the CCP would be in 
a difficult position if no nuclear appropriate targets existed after the decimation of Guam. Striking 
U.S. bases in South Korea or Japan might bring more belligerents into the war and would almost 
certainly invoke yet another U.S. nuclear response. These particular targets, however, would be 
tactically appropriate if the United States was using those bases as integral parts of Taiwan’s defense. 
At the same time, if the United States had already shown its willingness to employ nuclear weapons 
in defense of Taiwan, destroying regional U.S. bases might bring negligible tactical advantages. It is 
a difficult variable to quantify, but the risks associated with using a nuclear weapon are likely not 
worth it if no necessary target exists. Figure Three shows how the addition of the second variable 
complicates the decision making for China. The variables may or may not influence one another; for 
example, if the first variable drives China to de-escalate, the second variable may do the opposite if 
there is a nuclear-suitable target that enables a definite victory in Taiwan. Alternatively, if a suitable 
target exists but the CCP is secure, de-escalation is the most rational choice. The choices are not 
sequential but are variables that the adversary will most likely consider simultaneously. Which 
variable weighs more heavily on the authoritarian’s decision-making might vary wildly depending on 
the circumstances. 

Figure 3: Second Variable Added (Target Suitability)

This idea of target suitability is not particularly unique, at least in the history of U.S. leaders. During 
the Kennedy administration, “flexible response” doctrine stated that the United States and its allies 
should have the conventional means necessary to stop a Soviet invasion of Europe without resorting 
to nuclear weapons.36 Modern pundits have even theorized that given the use of a nuclear weapon 
by North Korea, the United States would not necessarily retaliate via nuclear means, because 

35.  Manzo and Warden, “After Nuclear,” 135.
36.  David Kunsman and Douglas Lawson, A Primer on U.S. Strategic Nuclear Policy, report no. SAND2001-0053 (Albuquerque, 
NM: Arms Control Dept, Sandia National Laboratories, 2001).
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conventional weapons would be sufficient to conduct regime change (the 2018 NPR references 
only regime change, not the explicit use of nuclear weapons).37 That line of thinking might be 
overly optimistic, but accomplishing tactical objectives without the use of nuclear weapons has the 
enormous advantage of maintaining a moral high ground while also reducing the risk of retaliation.

CERTAINTY OF INFORMATION AND TRANSPARENCY OF MOTIVES 
Powell’s limited model also varies depending on whether or not the adversaries have “complete 
information.”38 Resoluteness is a variable that Powell attempts to quantify in his model, and it 
determines the ability of an adversary to de-escalate because a “resolute” defender will always 
at least retaliate to a nuclear attack if the contested objective is still at play.39 Given the modern 
authoritarian, however, what determines the “resoluteness” of an U.S. adversary? This paper argues 
that the answer lies in a third variable closely related to the first: the adversary, regardless of its 
internal security, will have its decision at “E” affected by its perception of U.S. intentions. Specifically, 
if the United States loses the capability to convince the adversary that its goals in a nuclear conflict 
are limited to a specific tactical objective and do not extend to regime change, the adversary will 
be more inclined to retaliate or escalate in an attempt to deter the United States. This concept 
is essentially a specifically tailored form of “A.” The United States may not be launching a total 
nuclear attack, but if the adversary values regime security over national interests, a perceived threat 
mandates some type of extreme response, albeit not a self-destructive escalation toward “A.” 

Therefore, if the United States desires limiting escalation, then in the event of a limited nuclear 
war, messaging and communication become just as critical as tactical execution. Significantly, for 
authoritarians such as Putin, words and assurances such as those routinely stated in NPRs will almost 
certainly not suffice.40 As frustrating as it is to Western leaders, Putin is famously obsessed with the 
concept that the United States will always have the ultimate goal of regime change in Russia.41 While 
it is possible that Putin and his generals have simply been successful in spreading this belief for 
their own legitimacy needs, it is also worth noting that Putin reportedly obsessed over the video of 
Muammar Gaddafi.42 Actions will be critical. The United States has routinely used its nuclear bombers 
for strategic messaging, but when assets are postured in the midst of a nuclear war, these past 
threats may make reassurances difficult to believe.43 

Tactical actions will also be important. In the Taiwan Straits scenario, China may react very differently 
to perceptions of messaging. B-52s and B-2s placed on alert might convince the CCP that regime 
change efforts are possible, which will then dictate at least retaliation. Similarly, attacking targets on 
China’s coast may directly relate to the defense of Taiwan, but they may also convince the CCP that 
regime change efforts via invasion are inevitable, which would then compel escalation. As Figure Four 
shows, the addition of the third variable makes the situation even more complicated. In this scenario, 

37.  U.S. Department of Defense, The Nuclear Posture Review, 33.
38.  Powell, Nuclear Deterrence Theory, 150.
39.  Ibid., 159. 
40.  Aurel Braun, “Resetting Russian–Eastern European relations for the 21st century,” Communist and Post-Communist Studies 
45, no. 1 (September 1, 2012): 389-400.
41.  Katri Pynnöniemi, “Russia’s National Security Strategy: Analysis of Conceptual Evolution,” Journal of Slavic Military Studies 31, 
no. 2 (April 2018): 240-256.
42.  Stephen Sestanovich, “What Might Be Keeping Putin from a Good Night’s Sleep?,” Washington Post, March 17, 2018, https://
www.washingtonpost.com/opinions/global-opinions/what-might-be-keeping-putin-from-a-good-nights-sleep-watch-this-
film/2018/03/17/61524ffe-2963-11e8-874b-d517e912f125_story.html?noredirect=on&utm_term=.8eb10bff65e2.
43.  Choe Sang-Hun and Steven Erlanger, “North Korea Threatens U.S. Military Bases in Pacific,” New York Times, March 21, 2013, 
https://www.nytimes.com/2013/03/22/world/asia/north-korea-threatens-us-military-bases-in-the-pacific.html.
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it is possible that the CCP is internally secure, a tactically suitable nuclear target is available, and that 
the United States is acting in a manner that suggests imminent regime change. The extent to which 
the United States is able to convince China of its limited objectives directly affects whether the CCP 
has the option to de-escalate, or if retaliation is the minimum rational response. 

Figure 4: Third Variable Added (Certainty and Transparency)

Given the insecurity of men like Putin regarding U.S. attitudes, it is easy to see how difficult it might 
be to conduct a limited nuclear war over a specific objective without inadvertently convincing the 
authoritarian that, no matter what the United States claims, regime change is the ultimate goal. The 
addition of target-rich situations and unpredictable internal factors further complicates the process. 

CONCLUSION
The perils of even a limited nuclear war are obvious. The era of modern authoritarianism takes what 
is already a fraught and unknown territory and adds an element of unpredictability. If the United 
States seeks to keep any potential nuclear war limited, its leaders must anticipate what specifically 
will drive an authoritarian adversary to de-escalate, retaliate, or escalate. No longer can the United 
States assume that its nuclear-armed adversaries will operate with respect to what is in the best 
interests of their nation. Instead, as authoritarians seek to consolidate their grips on power in a 
globalized world, they increasingly make decisions at the expense of their populations’ freedoms. 
There is no reason to think that under the stresses of a nuclear conflict, modern authoritarians will 
operate differently. In the right circumstances, this reality may make the United States confident that 
it can respond with nuclear weapons without risking escalation. However, if the United States does 
not properly account for the three variables listed in this paper, it risks unanticipated escalations in a 
limited nuclear conflict.   
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Increasing Autonomy in 
ICBM Operations and 
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ABSTRACT
The objective of this paper is to explore the viability of implementing an increased level of autonomy in 
the ICBM leg of the United States’ Nuclear Triad. Greater autonomy will be explored primarily in the areas 
of operations and maintenance. The proposed approaches will range from the introduction of minimally 
disruptive technologies to the consideration of a concept for a singular, remote, ICBM launch control center 
for the whole fleet. Increased personnel safety, increased materiel availability and improved crew morale 
are all benefits that could be realized through the adoption of the ideas introduced in this paper. This 
analysis focuses on the technologies that could be employed and leaves the navigation of the nuclear 
surety and cybersecurity issues as a separate topic for exploration. The concepts in this paper are generally 
framed within the context of the current weapon system; however, they are applicable—and some are 
even more viable—for implementation in a future ICBM weapon system, which could include design 
accommodations for greater autonomy integration. 

INTRODUCTION
While multiple arms-reduction treaties have succeeded in reducing the number of intercontinental 
ballistic missiles (ICBM) that the United States has in its possession and keeps on alert, the United 

1.  Jennifer is a senior systems architect at Northrop Grumman Corporation (NGC). She holds a Master of Science in Applied 
Mathematics and a Bachelor of Science in Mathematics from the University of Florida. Her background is in model-based 
system engineering, guidance, navigation and control, and autonomy. Before joining NGC in 2007, she was a research associate 
at the Institute for Defense Analyses (Alexandria, VA) and a research analyst at Logos Technologies (Arlington, VA). 
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States continues to maintain 400 Minuteman III (MMIII) missiles on alert across three U.S. Air Force 
(USAF) bases. There have been many advances in autonomy that could be integrated with ICBMs 
deployment and have the potential to increase personnel safety, increase system safety, increase 
materiel availability, and even improve crew morale. Before these concepts are introduced, a brief 
synopsis of the current weapon system will be provided to frame the discussion. The United States’ 
land-based leg of the nuclear triad is based on the LGM-30G MMIII ICBM. The MMIII has been 
deployed since 1970, and it has been through a number of upgrades and technology refreshes since 
its initial fielding. The first operational U.S. ICBM developed was the Atlas, which in 1959, achieved its 
first alert status and was capable of delivering a nuclear weapon to overseas targets. Over the years, 
there have been a number of other missile programs deployed and then decommissioned, including: 
Titan I, Titan II, Minuteman I, Minuteman II, and Peacekeeper. 

The MMIII installations are at the 90th Missile Wing at F.E. Warren Air Force Base (AFB) in 
Wyoming, the 341st Missile Wing at Malmstrom AFB in Montana, and the 91st Missile Wing at 
Minot AFB in North Dakota.2 At each of these bases, the MMIII missiles are deployed in groups of 
ten missiles called Flights, which are controlled by a single Launch Control Center (LCC). Each LCC 
is a subterranean structure buried up to 100 feet underground and is part of a larger installation 
called the Missile Alert Facility (MAF). The LCCs are small structures designed for two Missile 
Combat Crew (MCC) members (often referred to as missileers) to live in for 24 hours at a time while 
they are in direct control of their Flight of missiles. The 24-hour shifts are referred to as alerts and 
are the standard for MMIII operations across the force. Above the LCC, at the MAF, is the support 
infrastructure for Security Forces base operations, communications, the standard entry point for 
the LCC via an access shaft housing an elevator, and an emergency exit point of escape. Each MAF’s 
property spans about five acres and is enclosed by a security fence. The MAFs even include facilities 
for Security Forces, Maintenance Crew, and MCC members to stay overnight in the event of inclement 
weather, which given the location of these bases in the northern plains, is a likely event.3 

The MAFs and LFs are connected via an underground Hardened Intersite Cable System (HICS) for 
command and control, in addition to being connected above ground via a network of defense access 
roads that span the gaps between the LF or MAF locations and local public roadways. The HICS is 
designed such that any LCC in a Squadron of five Flights can take over the operations of the missiles 
that are in any other Flight in the event of a failure that renders a given LCC unable to positively 
control its missiles. Each missile is housed in an underground silo at a location referred to as a 
Launch Facility (LF). Each LF covers over an acre of land area and is also surrounded by a security 
fence. The LFs are located at least three miles from every other LF, and each LCC is located at least 
14 miles from every other LCC at the wing.4 

The MMIII missile itself has a three-stage solid-propellant rocket-motor booster, is approximately 
60 feet tall and 5.5 feet in diameter, weighs nearly 80,000 pounds, and can deliver a nuclear weapon 
over 6,000 miles from its launch location.5 Each deployed MMIII missile is housed in a launch tube, 

2.  ICBM 50th Golden Legacy Enduring Deterrent, National Museum of the U.S. Air Force accessed April 4, 2018, http://www.
nationalmuseum.af.mil/Portals/7/documents/other/af_space_command_icbm50th.pdf.
3.  David Ahlborn et al, Environmental Assessment Minuteman III Deactivation, (Malmstrom AFB: 341 Civil Engineer Squadron, 
2007), 2-1–2-5, https://apps.dtic.mil/dtic/tr/fulltext/u2/a496029.pdf.
4.  A more detailed description of the weapon system including facility and missile illustrations is included in the Environmen-
tal Assessment Minuteman III Deactivation published by the USAF.
5.  LGM-30G Minuteman III, Air Force Global Strike Command Public Affairs Office, accessed April 5, 2018, http://www.af.mil/
About-Us/Fact-Sheets/Display/Article/104466/lgm-30g-minuteman-iii/.

http://www.nationalmuseum.af.mil/Portals/7/documents/other/af_space_command_icbm50th.pdf
http://www.nationalmuseum.af.mil/Portals/7/documents/other/af_space_command_icbm50th.pdf
http://www.af.mil/About-Us/Fact-Sheets/Display/Article/104466/lgm-30g-minuteman-iii/
http://www.af.mil/About-Us/Fact-Sheets/Display/Article/104466/lgm-30g-minuteman-iii/


Increasing Autonomy in ICBM Operations and Maintenance  |  157

which is part of the LF. There are two LF access points, one is a 110-ton launcher closure door, 
and the other is a smaller personnel access hatch. The launcher closure door is opened only when 
necessary, for example to access, remove, or replace certain components of the missile, like the 
reentry system or guidance set. Opening the Launcher Closure Door necessitates a long, logistical 
trail, including employing a specialized truck that is driven over the launch tube opening to protect 
the open hole and maintain positive control of the nuclear weapon housed within it.6 There are also 
requirements for the number of armed security personnel who must be present when the critical 
components of the missile are exposed via an open launcher closure door.7

In addition to the MCC who directly operate the Flights of MMIII missiles from their LCCs, there are 
also teams of maintenance individuals and Security Forces who provide key roles in maintaining the 
fleet. Maintenance is generally divided into scheduled maintenance tasks, periodic maintenance tasks, 
and those that arise due to failures or other issues that require immediate attention. The Periodic 
Maintenance Teams (PMT) are responsible for conducting the scheduled maintenance on the weapon 
system as well as performing regular inspections and fixing certain issues that they come across in 
their inspections and scheduled maintenance.8 There are also teams that are on stand-by 24-hours 
a day in order to react to the ad hoc high priority maintenance activities. Security force teams, called 
Missile Support Fire Teams (MSFTs), patrol the LF and MAF areas on a roaming basis. There are also 
Security Escort Teams (SETs) who are assigned to escort maintenance teams to provide ground level 
security at the LF sites.9

PROBLEM STATEMENT
The MMIII fleet has a proven track record of high fleet-wide availability and reliability. This capability 
is in partly demonstrated through test launches performed several times a year on randomly 
selected missiles. These missiles are transported to Vandenberg AFB (VAFB)—after their warhead 
has been removed—and launched from LFs and MCCs that are at VAFB specifically to support these 
operational test launches. Despite this continual reassurance of the fleet’s readiness, the MMIII 
weapon system deployment and operations are not without problems.10 There have been well-
documented and publicized issues with ICBM operations and maintenance (O&M) teams, including 
morale and behavioral problems. 

In 2014, the Air Force Secretary at the time, Deborah Lee James, pronounced her “profound 
disappointment” after visiting all three operational MMIII wings and seeing the state of crew 
morale.11 The crew members were reported to experience burnout from the highly demanding, and 
somehow simultaneously highly monotonous, work. An Air Force-directed RAND study that looked 
across the full spectrum of ICBM O&M crews “found low job satisfaction and workers distressed by 
staff shortages, equipment flaws and what they felt were stifling management tactics”.12 Many ICBM 

6.  Aaron M. U. Church, “Nuke Field Vigilance,” Air Force Magazine, August 2012, http://www.airforcemag.com/MagazineArchive/
Pages/2012/August%202012/0812nuke.aspx. 
7.  Dale L. Overholts II, Improving Intercontinental Ballistic Missile Maintenance Scheduling Through the Use of Location Analysis 
Methodologies (Air Force Institute of Technology, 2006), https://apps.dtic.mil/dtic/tr/fulltext/u2/a444999.pdf.
8.  Daniel Brosam, Periodic Maintenance Team Completes 7,000 Overdue Tasks, accessed April 5, 2018, http://www.malmstrom.
af.mil/News/Article-Display/Article/824642/periodic-maintenance-team-completes-7000-overdue-tasks/.
9.  Overholts, Improving Intercontinental Ballistic Missile Maintenance Scheduling.
10.  “Vandenberg AFB Launch History,” Space Archive, last updated March 6, 2016, http://www.spacearchive.info/vafblog.htm.
11.  John LaForge, “Air Force Launches Cosmetic Fixes for “Self-Inflicted Rot” in Nuclear Missile Crew,” Truthout, September 19, 
2014, accessed April 5, 2018, https://truthout.org/articles/air-force-launches-cosmetic-fixes-for-self-inflicted-rot-in-nuclear-
missile-crews/.
12.  Robert Burns (Associated Press), “Study: Nuclear Force Feeling ‘Burnout’ from Work,” Military.com, accessed April 4, 2018, 
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crew members are discouraged by a lack of opportunities in the ICBM career field and, as a result, 
view their assignments as temporary, or terminal. In many cases, a missileer’s objective throughout 
their assignment is to graduate out of their assignment, to pull as few 24-hour alerts as possible, 
and then get an assignment in a field other than ICBMs, become an instructor, or be assigned to 
Vandenberg to support test operations.13 In reaction to the discoveries of behavioral issues of some 
of the ICBM crew in 2014, and also based on the additional issues they learned of while investigating 
them, the USAF implemented a Force Improvement Program (FIP).14 The FIP implemented significant 
changes to how it approaches training and personnel management. It increased funding to make 
equipment improvements and reduced administrative burdens on the forces.15 While the FIP 
has vastly improved day-to-day life for the ICBM forces, there are still some opportunities for 
improvement through the integration of autonomous technology.

The location of the wings and distance of travel for the forces is one issue the FIP cannot resolve. 
The officers assigned to the ICBM crews are typically young, in their 20s, and college educated. It 
should not be a surprise that these individuals would often not be excited about an assignment to 
a remote region of the nation’s Midwestern states, where weather is often extreme, and they are 
far removed from population centers offering social networks and employment opportunities for 
spouses. On top of that, the missileers pull 24-hour alerts inside the LCC. The clock on that duration 
does not start until they have taken control of the LCC’s Flight of missiles from the crew pulling the 
prior alert. This means that by the time they leave their home, travel to the base for their briefing, 
travel to the LCC, and perform the handoff with the previous crew, they could be many hours into the 
day before their 24-hour clock begins. In 2011, it was reported that “during a typical four-year tour, 
missileers spend more than a year separated from their families and work an average of 25 days a 
month on alert or in training”16

In addition to personnel morale issues, there are even more practical matters that present 
challenges. These include scheduling maintenance activities and responding to them in a way that 
both addresses their identified priority level and utilizes the necessary maintenance teams, Security 
Forces, and equipment they need to perform their duties. One of the contributors to this difficulty is 
the sheer land area over which the wings are dispersed. Combined, they cover over 23,000 square 
miles.17 Top priority maintenance issues are those required to be addressed to maintain strategic 
alert status or those that present a safety hazard. These tasks often are addressed immediately, thus 
pushing the scheduled maintenance activities further to the right in scheduling.18 

The great expanse of land area of each Wing results in a significant amount of transit time spent 
by crew members for day-to-day operations and ad hoc tasks. To give an idea of the amount of time 
spent in transit between sites, in 2012, it was reported that the O&M teams of F.E. Warren’s 90th 
Missile Wing travelled about 7.5 million miles performing necessary tasks to keep the wing operating 

https://www.military.com/daily-news/2013/11/21/study-nuclear-force-feeling-burnout-from-work.html.
13.  John C. Harvey Jr and Larry D. Welch, Independent Review of the Department of Defense Nuclear Enterprise (Washington DC: 
U.S. Department of Defense, 2014).
14.  Adam Lowther, A year later: Responding to problems in the ICBM force, The Bulletin, February 12, 2015, accessed August 5, 
2018, https://thebulletin.org/2015/02/a-year-later-responding-to-problems-in-the-icbm-force/. 
15.  U.S. Department of Defense, Fact Sheet: Implementing Changes to the Nuclear Enterprise, accessed June 1, 2018, https://www.
defense.gov/Portals/1/Documents/pubs/NER-Fact-Sheet.pdf.
16.  John Noonan, “In Nuclear Silos, Death Wears a Snuggie,” Wired, January 14, 2011, accessed April 5, 2018, https://www.wired.
com/2011/01/death-wears-a-snuggie/.
17.  Ahlborn, Environmental Assessment Minuteman III Deactivation.
18.  Overholts, Improving Intercontinental Ballistic Missile Maintenance Scheduling.
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at the necessary levels.19 Much of this is due to an aging weapon system that was fielded in 1970, 
and has lived far beyond the design life it was intended for. Modernization efforts have relieved some 
of the pressures that an aging weapon system present; however, until the weapon system is replaced 
entirely by a new one, the incidence of failures due to age will likely continue to increase and thus 
will the demands on the teams who address them. 

AUTONOMY AND THE CURRENT WEAPON SYSTEM
As with any nuclear weapon employment, current policy mandates that ICBMs cannot be launched 
without the explicit authorization of the President of the United States. Each missile is individually 
assigned a specific target via a meticulous targeting process, involving many highly trained 
individuals in a tightly controlled process. After a certain point in the launch sequence, however, 
the missile operates as a fully autonomous system, meaning that once operationally launched, it is 
impossible for a human to intervene in the missile’s attempt at executing the mission that it was 
assigned.20 In this sense, using the National Institute of Technology’s definition of levels of autonomy, 
the MMIII weapon system can be referred to as a human-supervised semi-autonomous weapon 
system. That is to say that an ICBM requires explicit human interaction and authorization to be 
targeted and launched; however, once given the command to initiate its assigned task, the ICBM will 
perform its mission as instructed without the need of, or even allowing for, human intervention.21 
While there is a vocal portion of the community who have an inherent distrust of autonomy being 
married with weapons, there is already a precedent set on leveraging autonomy for ICBMs O&M, with 
the important distinction of maintaining the requirement for human intent for launch authorization.22

In addition to the general nature of the MMIII’s flight mission execution, there are other examples 
of how autonomy is already being used in the O&M of the weapon system. One example of this is 
how MMIII collects and reports health and status of each missile and reports this to the LCC in a 
remote location at least three miles away. This necessitates some level of human-programmed logic 
to determine what the critical and non-critical faults are, so that the crew knows when a missile 
must be taken off of alert. It also necessitates a certain trust not only in that determination, but 
also the delivery mechanism from the missile to the LCC that is in control at that time. This is a 
specific realization of remote command and control (C2), and the fact that the LCCs are miles away 
from each LF indicates that the MMIII is already under a degree of remote C2. Another example of 
how autonomy is used in the current MMIII fielding is the Remote Video Assessment (RVA) program. 
This program employs a set of cameras that are installed at the LFs in order to monitor the area for 
technical and security issues, such as detecting unauthorized intruders into the site. RVA is capable 
of producing alerts to notify the MCC if an anomaly is detected. The crew then calls up to the MAF to 
ask for a visual review of the RVA footage and live stream and request that the MAF either provide 
a confirmation or a rejection of the RVA’s alarm. If it is determined that there is a valid concern, 
maintenance crews and/or Security Forces are sent out to inspect the area.23

19.  Church, “Nuke Field Vigilance.”
20.  TRW Systems, Minuteman Weapon System History and Description (Hill Air Force Base: Intercontinental Ballistic Missile 
System Program Office, 2001).
21.  Min-Hui Huang, Autonomy Levels for Unmanned Systems Framework, Volume I: Terminology (National Institute of Standards 
and Technology, 2008).
22.  Tobin Harshaw, “Nobody’s Ready for the Killer Robot,” Bloomberg, December 30, 2017, accessed April 5, 2018, https://www.
bloomberg.com/view/articles/2017-12-30/nobody-s-ready-for-the-killer-robot.
23.  W.A. Stewart and G.G. Wagner, G.G, Remote Video Assessment for Missile Launch Facilities, Sandia National Laboratories, July 1, 
1995.
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ANALYSIS 
Advancements in autonomous technologies create opportunities to reduce the demand for human 
support on site, reduce time in transit, reduce the demand on the scheduling, free up maintenance 
crew to more easily respond to high priority items, improve responsiveness times, and perhaps even 
both increase materiel availability and reduce cost. In addition to advancements in technology, 
Federal Aviation Administration (FAA) policy changes that are currently in work may enable the 
further integration of autonomy into the execution of ICBM O&M. Using autonomy could reduce the 
frequency and necessity of dispatching maintenance crews and security personnel, or it could even 
further reduce the number of LCCs. There are existing mature autonomy technologies that could 
support the ICBM weapon system, such as Unmanned Aircraft Systems, Unmanned Ground Vehicles, 
Robotics, Virtual Reality, and Remote Command & Control. The following is a set of proposals as to 
how they could be employed and the benefits and risks they present.  

Throughout this paper many possible technologies will be proposed as viable options for use in ICBM 
O&M. It should be stated that the current Nuclear Surety procedures and requirements, derived from 
the four major tenants of Nuclear Surety listed in Table 1, may not be entirely compatible with the 
ideas explored below. That said, the governing documents that the United States government uses to 
ensure the surety of nuclear weapons have evolved over time, as have their interpretations. With new 
technologies introduced, new vulnerabilities may be discovered, and, as a result, new protections must be 
put into place. The emplacement of appropriate and sufficient nuclear surety measures has been, and will 
continue to be, a complicated task that must evolve as the United States and its adversaries’ capabilities 
evolve as well.24 It is not the objective of this paper to present the implementation details of how these 
proposed technologies could be integrated into an operational weapon system such that the nuclear 
surety standards are met. It is also not the intent to minimize the effort necessary in order to realize some 
of these ideas. It is, however, the intent to bring forward some candidate technologies that have been 
proven through use in commercial and military realms, to highlight the benefits that they may provide, 
and to stimulate a conversation about what might be considered for further exportation to integrate into 
the currently fielded MMIII system—or for future systems, which would allow more time for the nuclear 
surety community to formulate mediation techniques to address the challenges they present. 

UNMANNED AIRCRAFT SYSTEMS
Unmanned Aircraft Systems (UAS) span the autonomy spectrum ranging from remote controlled to 
fully autonomous. The majority of those discussed below fall into the semi-autonomous category, 
requiring some level of human interaction, in particular for mission planning.25 The 2012 Airspace 
Modernization Act directed the FAA to make provisions to integrate UAS into the National Airspace 
(NAS).26 Although the FAA has not met their initial five year roadmap plan to introduce civil UAS 
into the NAS, they are working through the necessary policy and technology hurdles to make this a 
reality by 2025.27 Eventually, properly equipped UAS will be able to file and fly an Instrument Flight 
Rules (IFR) flight plan without the need for the special approvals or chase aircraft that are currently 
required. Taking advantage of this new capability, UAS could be used to aid ICBM operators and 
maintainers in the field. 

24.  Office of The Assistant Secretary of Defense for Nuclear, Chemical, and Biological Defense Programs, Nuclear Matters Hand-
book, https://www.acq.osd.mil/ncbdp/nm/NMHB/.
25.  Huang, Min-Hui, Autonomy Levels for Unmanned Systems Framework, Volume I: Terminology.
26.  112th Congress, Public Law 112-95 (2012).
27.  NASA, NASA UAS Integration Efforts UAS-NAS RFI Package (National Aeronautics and Space Administration, 2018). 



Increasing Autonomy in ICBM Operations and Maintenance  |  161

One implementation could be the use of unmanned rotorcraft to transport tools and equipment 
between central base locations, MAFs, and the LFs. The U.S. military has proven the utility of such 
transport aircraft through the utilization of vehicles like the K-MAX in theater which boasts a payload 
capacity of 6,000 (at sea level) and an ability to operate in challenging weather conditions which is 
directly applicable to the climate at the wing locales.28 Consider the following scenario to illustrate 
the benefits of utilizing a UAS for supply delivery. 

A maintenance crew and accompanying Security Forces are dispatched to an LF in the 
middle of winter to perform a relatively high priority task that involves accessing the LF 
via the personnel hatch. After accessing the components within the LF that require their 
attention, the maintenance crew realize they require a tool and some supplies that they 
had not brought with them. These supplies are over an hour away by car in favorable 
weather conditions. Going to get them would require adding over two hours to their task 
time, and a decision would have to be made to either re-secure the LF and come back later 
or leave it open and keep the Security Forces in place and wait for them to return with the 
parts. They decide to leave the Security Forces in place while they drive to get the supplies 
they need. Hours later, upon their return, they realize a storm is coming in, and they wind 
up not being able to return to the base and must remain overnight at the MAF. 

Using an unmanned asset for supply delivery removes the requirement on those maintainers 
to have to drive back to where those supplies are and then return to the LF, a process that, 
depending on the weather, road conditions, and location can take hours. The long and 
monotonous drive, often through challenging weather, is also one of the most dangerous tasks 
performed at the wings. Tasking a crew or an individual to load the necessary supplies onto a UAS 
and send it on its way accomplishes the task while also reducing the personnel transit time that 
would have otherwise been required. Using UAS for supply delivery also could reduce the time 
that maintainers and their security escorts are present at a particular site. Keeping individuals out 
of the business of supply delivery, or at least reducing their time in transit for certain tasks, also 
has a positive impact on their personal safety and perhaps even morale. Keeping them off of the 
roads, especially in times of inclement weather, reduces the chance that they could be injured in 
an accident. It also eliminates the chance that those individuals would need to remain overnight 
at the MAF if the weather or crew rest requirements mandate it necessary, which can increase the 
time they are home with their families and personal engagements. This also reduces the time that 
the missile is exposed to a security vulnerability and thus overall increases the nuclear surety of 
the system.

The U.S. military currently uses many fixed wing UAS as well. They are largely used for Intelligence, 
Surveillance, and Reconnaissance (ISR), although some are weaponized, and the missions of these 
aircraft continue to evolve and grow in complexity over time.29 UAS spanning all five of the UAS 
Categories are deployed across the nation’s armed services. It has been reported that even the B-21, 
a nuclear-capable bomber in development by the U.S. Air Force, has a requirement to be designed as 
optionally manned, enabling future unmanned bomber flights.30 

28.  “K-MAX,” Lockheed Martin, accessed April 5, 2018, https://lockheedmartin.com/us/products/kmax.html.
29.  Frank Kendall and James A. Winnefeld Jr., Unmanned Systems Integrated Roadmap FY2013-2038 (U.S. Department of De-
fense), https://fas.org/irp/program/collect/usroadmap2011.pdf.
30.  U.S. Department of Defense, United States Air Force Fiscal Year 2016 Budget Overview (U.S. Department of Defense, 2015), 
http://www.airforcemag.com/DRArchive/Documents/2015/February%202015/Air%20Force%20Fiscal%202016%20Budget%20
Overview.pdf.
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Piggybacking off of the well-established long-endurance ISR missions of aircraft like Northrop 
Grumman’s Global Hawk, a similar mission could be applied to ICBMs, where persistent surveillance-
capable aircraft are deployed in order to add another layer of security in monitoring the top-side of 
the LFs and MAFs. As a Group 5 UAS, the Global Hawk boasts over 30 hours in mission endurance. 
It is a semi-autonomous, human-delegated system in which the operators on the ground define 
the flight plan, can update its mission during execution, and can task its sensor payload based on 
the real-time feedback they receive.31 A vehicle like this could be deployed to perform day-to-day 
monitoring wherein reconnaissance data is collected, and it can be recalled in order to investigate 
potential unauthorized intruders, unapproved tasks being performed, or even to respond to alerts 
of systems on the ground at the sites. If a UAS like this was being used, or other smaller ones that 
would fly lower missions in a more conspicuous manner, it may be possible to reduce the frequency 
with which the MSFTS need to perform their roaming security missions via manned helicopter. This 
could further relieve some of the man-power and scheduling burdens the wings face. 

Another job for UAS at the missile wings could be post-incident investigation. The National Nuclear 
Security Administration’s Aerial Measuring System currently conducts airborne detection missions 
using manned, fixed-wing airplanes and rotorcraft.32 Removing the humans from these aircraft and 
employing unmanned aircraft instead would allow the missions to still be performed, but with the 
added benefit of keeping humans at a safe distance from potential radiological threats. There is a 
proven track record of using UAS of all sizes during disaster relief efforts. These range from Group 
1, hand-launched drones like the Indago, to the larger UAS such as the Textron Shadow and K-MAX. 
Their usages include mapping, damage assessment, wide-area and localized imaging, and supply 
delivery.33 Given the possible hazards present after incidents at an LF, a UAS could be deployed to 
fly over the area and provide visual and other sensory feedback to the base in order to report on the 
structural integrity of the visible portions of the facility and report on if there are any detectable 
hazardous emissions coming from the site that would need to be understood prior to dispatching 
maintenance crews or Security Forces. This would add to the safety of the personnel who would 
be sent to support the site after the incident occurs. It would also serve to better inform them as 
to what they are going to be walking into when they arrive, helping ensure they bring all of the 
necessary equipment and personnel along with them. 

While the missile wings are indeed located at USAF bases, the LFs and MAFs are dispersed out across 
private land, and thus, if a UAS wanted to fly between the locations today, the operators would need to 
obtain waivers from the FAA in order to do so. With the new regulations that will be implemented by 
the FAA, soon there will be mechanisms in place to allow these sorts of UAS uses without the burden 
of obtaining special permission by the FAA. Given the strategically selected location of these sites 
being out in rural country, far from large population centers, the ability to execute these unmanned 
aerial operations is further enabled by the ease of flying in a relatively uncongested airspace.

UNMANNED GROUND SYSTEMS
In addition to UAS, there is a broad suite of high-technology-readiness-level Unmanned Ground 
Systems (UGS) to draw from for aiding in the O&M of ICBMs. UGS have proven their capabilities 

31.  “RQ-4 Global Hawk,” U.S. Air Force accessed April 5, 2018, http://www.af.mil/About-Us/Fact-Sheets/Display/Article/104516/
rq-4-global-hawk/.
32.  “Aerial Measuring System (AMS),” NNSA, accessed Jun 1, 2018, https://www.energy.gov/nnsa/aerial-measuring-system-ams.
33.  American Red Cross, Drones for Disaster Response and Relief Operations (2015), https://www.issuelab.org/resourc-
es/21683/21683.pdf.
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and value to the warfighter through extensive fielding in both Iraq and Afghanistan. Their mission 
capabilities range from unexploded ordnance disposal, land-mine / improvised explosive devices 
detection, supply transport, and ground-based ISR.34 DARPA’s Grand Challenge and subsequent 
autonomous vehicle competitions have helped spur the innovation in autonomous car technology. 
Less than 15 years after their initial Grand Challenge, where not a single entry completed the course, 
there are prototypes of driverless cars on public roads and several commercially available cars have 
some level of autonomy in them, such as adaptive braking (that now comes as a standard feature in 
many mid-level cars) and lane keeping (for example, that offered by Tesla).35 UGS have proven their 
ability to navigate, guide, and control themselves as well as collect sensor data and deploy payloads 
in a variety of applications, which include being used in space exploration for decades and their use 
by the nation’s military and civil communities.

UGSs could be deployed to MAF and LF sites, outfitted with a variety of sensors and tooling to 
detect problems, such as unauthorized personnel on-site and system failure/malfunction, and 
diagnose root causes. Unlike UAS, where there is a relatively limited mission endurance, UGS could 
be deployed to the field and stay deployed for indefinite periods. One implementation of this might 
include an electric UGS that is designed as an all-terrain vehicle and includes a variety of sensors, 
communications antennae, and tooling. This UGS could be assigned to a Squadron, or a single MAF 
and park itself at a charging station when it needs charging or is not in use. It could then perform 
regular security detail tours, collecting imagery and other sensor data, which is then monitored via 
algorithms and humans back at the LCC or base. These sensors could collect not only visual imagery, 
but they could also detect radiation and chemical emissions, which could indicate an issue with part 
of the weapon system or even exist as a byproduct of an unauthorized intruder’s activities. If properly 
equipped, they could even resolve issues by utilizing their suite of on-board tooling. UGS offer the 
ability to provide a quick reaction since they could live on-site, thus eliminating the transit time a 
maintenance crew has to spend before they can get on site to check something out.

In addition to regular security details, a UGS could respond to investigate alarms produced by the RVA 
or other monitoring systems.36 Upon an alert from the RVA system, a UGS could be quickly dispatched 
to the location to provide an on-demand, closer look at the situation. In cases where the RVA 
cameras do not provide sufficient resolution or dexterity to view the area in question, the UGS could 
drive up to the area and get a closer look and relay that data back to the crew. Given the potential 
for unfavorable weather conditions at these missile wing locations, having a UGS that, aside from 
mechanical failures due to exposure, doesn’t care about the weather could not only keep maintainers 
and Security Forces out of dangerous conditions, but it could provide a faster initial response to 
further investigate an anomaly. 

In the event of a mishap, there may be a hazardous environment, which would pose a danger to 
a maintenance crew and Security Forces. As has been proven by the explosive ordnance disposal 
(EOD) teams that utilize UGS for bomb neutralization and disposal, UGS now have the capability to 
carry and even use tools, allowing the operator to remotely manipulate the UGS arms and its tools 
in order to carry out tasks that require a high level of dexterity, all the while keeping the human 
operators out of harms reach. The Talon, a UGS made by QinetiQ North America, has been in service 

34.  Kendall, Unmanned Systems Integrated Roadmap FY2013-2038.
35.  “Autonomous-vehicle Technology is Advancing Ever Faster,” Economist, accessed April 4, 2018, https://www.economist.com/
news/special-report/21737420-making-vehicles-drive-themselves-hard-getting-easier-autonomous-vehicle-technology.
36.  Stewart and Wagner, Remote Video Assessment for Missile Launch Facilities.
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with the U.S. military since 2001, performing a variety of missions such as hazardous material, EOD, 
rescue, and reconnaissance.37 

Similar to the UAS supply delivery scenario previously discussed, UGS could also be used to deliver 
supplies over roads and over rugged terrain. For example, they could be employed in a way such that 
the UGS is tasked by a maintainer to drive to a location, wait while it gets loaded with supplies, and 
then returns back. Delivery services would not need to be limited to just supplies. UGS could be used 
to drive missileers, maintainers, and Security Forces out to the MAF and LF sites. Services such as 
Tesla Loop are already implementing a level of autopilot capability in their transport services offered 
in Southern California, and the potential for complete autonomous vehicles to be transporting cars is 
seen as only a few years away.38 Not requiring humans to be part of this transit between locations for 
simple supply runs allows for those resources to be performing tasks where the human is essential 
and thus helps relieve pressure on scheduling and manpower limits. Furthermore, using the vehicles 
to transport personnel would allow the individuals to relax and remove the strain that the long 
drives across the plains induces. 

ROBOTICS AND STATIONARY AUTONOMY
Robotics used in the commercial, biomedical and manufacturing industries have been evolving 
rapidly over the last few decades. Since their debut on the scene in 1959, beginning as large uni-
taskers, they have matured into dynamic machines that can change out their tools, learn dynamically 
to improve their performance, and perform complex tasks that require dexterity and finesse.39 The U.S. 
manufacturing industry has produced nearly 40 percent more product volume in the last 20 years, 
despite fewer jobs in manufacturing during this time. This increase in output despite a decrease in 
jobs is in large part due to the increased use of robotics.40

One potential usage of robotics in the O&M of ICBMs is to have the robots live in the silo and act 
as the on-call maintenance crew, ready to support whenever duty calls. Robots, unlike humans, 
can stay enclosed in the LF underground as long as their design life allows them, assuming they 
have the necessary support for endurance operations, such as access to continuous power, or the 
ability to recharge and perform its own periodic maintenance. One could imagine a host of periodic 
maintenance tasks that the PMTs typically have to perform, which the robots could programmed 
to do. In the event the missile and LF have limited-life components in the silo that are designed 
as replaceable, there could be spares stored in the silo, and the robots could be programmed to 
remove and replace those items as needed. The robots could also travel up and down the silo on 
tracks, inspecting the missile for anomalies, or investigating reported faults, and reporting the 
imagery or findings back to the MCC. This would reduce the amount of time personnel have to 
access the LF, enter the launch tube and attempt to get to the location on the missile that needs 
attention, which currently involves aids such as a suspended basket that a maintenance crew 
member must reach out from in order to reach the missile.41 This particular application would be 
cost-prohibitive to attempt to retrofit into the existing MMIII system, however, and would be most 

37.   “TALON Tracked Military Robot,” Army Technology, https://www.army-technology.com/projects/talon-tracked-military-robot/.
38.  “Vehicles,” Tesloop, accessed August 5, 2018, https://www.tesloop.com/vehicles/.
39.  International Federation of Robotics, History of Industrial Robots from the First Installation Until Today – IFR (2012), https://
ifr.org/robot-history.
40.  Matthew Randall, “Industrial Robots Will Replace Manufacturing Jobs – And That’s a Good Thing,” Techcrunch, October 9, 
2016, accessed April 4, 2018, https://techcrunch.com/2016/10/09/industrial-robots-will-replace-manufacturing-jobs-and-thats-
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well-suited to be part of a new system that is designed to include such a capability as part of its 
system maintenance concept. 

Having a robot, or multiple robots, living inside the LF would have the potential to reduce the 
frequency that the launcher closure door or personnel hatch have to be opened, thus allowing those 
individuals to perform other duties of a more pressing nature and saving in the cost that opening the 
launcher closure door incurs. Additionally, having to expose the missile and its critical components 
introduces a threat to the nuclear surety of the weapon system. Enabling those access points to be 
opened less often would have the overall effect of increasing the level of security to the weapon 
system. Robots also can perform certain tasks in a much more repeatable and reliable fashion than 
humans. They don’t take shortcuts, forget tools, or make mistakes like a human would. Recalling the 
Damascus incident at the Titan II complex, a maintenance crew member forgot a tool that the recently 
updated standard required for the maintenance job his team was tasked to perform. Having made this 
realization late in the process of getting in to the silo, which was a time consuming and arduous task 
for many reasons—one of which was the suit he had to wear to protect him from the possible toxic 
fumes in the silo—he decided to proceed with the tool he had. The procedure had recently changed, 
and he felt he could do the job just the same with the tool the old procedure called for. While carrying 
out his task with his team mate, he dropped the nine-pound socket from that un-approved tool 
from 2/3rds up the missile stack. The tool ricocheted into the booster tank causing a rapid leak of 
hypergolic fuel. This resulted in a catastrophic failure, destroying the missile, killing one and injuring 
many other crew members, becoming one of the more famous mishaps in the nations ICBM history.42 A 
robot would not have forgotten the right tool. A robot would probably not have dropped the socket. If 
programmed, tested and implemented properly, robots could increase the safety of the weapon system. 
Machines simply do not make human errors, and they do not forget tools or skip procedural steps. They 
perform the tasks they were programmed to perform with precision and determinism. Of course, their 
behavior is dependent on them being properly deployed and thoroughly tested; however, these are 
items that are more deterministically avoided than generally unpredictable human errors.

Robotics and autonomy could also be used to improve upon existing technology fielded in the 
current MMIII system, such as the RVA. The RVA cameras can be controlled remotely by the MCC to 
investigate when the system detects movement, which could indicate an unauthorized intruder. As 
one might suspect, being that the LF sites are in rural areas surrounded by fields and farms, the vast 
majority of RVA alerts come from wildlife.43 Advances in imagery analysis, pattern recognition, and 
machine learning have enabled robust capabilities to fuse together imagery, detect anomalies in 
that imagery over time, and even identify (within some constraints) what the anomalies are. In an 
expansion of RVA, some of these capabilities could be employed to classify the nature of the event 
that triggered the alert, identify the anomaly detected, and even to filter out false alarms caused by, 
for example, a small mammal wandering through the site.44

REMOTE COMMAND AND CONTROL
Remote C2 of complex systems has increased as the capability to remotely monitor status, relay 
information, and transmit information rapidly across long distances in a reliable and secure way has 
increased. UAS and UGS, by their very nature, are controlled by some remote C2 capability. Some 

42.  Eric Schlosser, Command and Control, (New York, NY: Penguin Books, 2014).
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UAS, such as the Global Hawk,45 and even weaponized UAS, like the Reaper,46 are controlled by 
operators thousands of miles away via a secure C2 link. Commercial industries such as oil drilling and 
exploration utilize remote C2 in order to keep a close eye on their systems that spread over large 
geographical areas in challenging environments, such as underwater or underground.47 Furthermore, 
the current architecture of the MMIII LCCs and LFs is itself an implementation of remote C2 due 
to the fact that each LF is miles apart from its LCC. Currently, the MMIII C2 is performed over the 
HICS, which provides a secure and direct physical connection between the operators and the 
LF. Nevertheless, this is a separation of how the original C2 was set up with the Titan missiles, 
which had the silo and launch control center co-located. One could extrapolate that in the future, 
it is reasonable to pull the LCCs even further away from the LFs than MMIII has from the Titan 
implementation.48 An extreme instantiation of this would be to have all of the missiles of a wing 
under the control of one centralized LCC located back at that wing’s base. Alternatively, all of the 
missiles at all of the wings could even be controlled by a single LCC. Now clearly a single, or one of 
three, LCC would make for a highly valued target and would pose quite a survivability risk. To mitigate 
this, there could be many of these remote, universal, LCCs implemented across the country, and at 
any given time, one could take over the control of all of the missiles in a wing—or in the fleet. These 
remote universal LCCs could then be located above ground in covert and generally more desirable 
locations, such as closer to the base center or near population centers, which are closer to schools 
and other necessities for family life. Their location and proximity could then allow for shorter alerts 
to be pulled and thus have an improved impact on crew morale. These operators could have access 
to the intelligence that the in-silo robots could provide, the data and video stream provided by the 
UGS at the MAF and LFs, and persistent or period surveillance and extended awareness of the RVA 
system provided by patrolling UAS. 

CONCLUSION
While there often is a resistance to adopting new technology, in particular those that include a higher 
level of autonomy than people are accustomed to, history has shown that over time new technologies 
and increased levels of autonomy are eventually adopted as people realize the benefits they bring 
and as they are proven over time.49 The advancements in autonomy spearheaded by the U.S. military 
and commercial applications hold many opportunities for the USAF to take advantage of for ICBM 
O&M. Increases in personnel safety, increased system safety and materiel availability, and improved 
crew morale are all benefits that could be realized through the adoption of the ideas discussed 
above. The use of UGS for supply delivery and transport as well as site monitoring and anomaly 
investigation is the application that would be most easily integrated into the current weapon system. 
The use of UAS would be the next most readily adoptable implementation once the FAA policies 
are in place allowing them NAS access. The more drastic measures, like implementing robots in the 
silos and the suggested changes to the LCCs, would require some assessment for how to integrate 
them into the weapon system and ensure that the nuclear safety and security of the weapon system 

45.  Northrop Grumman Systems Corporation, Q-4 Enterprise (Northrop Grunman Systems),  http://www.northropgrumman.com/
Capabilities/GlobalHawk/Documents/Brochure_Q4_HALE_Enterprise.pdf.
46.  “Predator B RPA,” General Atomics, http://www.ga-asi.com/predator-b.
47.  “ROCC Remote Operations Command and Control Center,” Haliburton, http://www.halliburton.com/en-US/ps/stimulation/
remote-operations-command-and-control/rocc-remote-operations-command-and-control-center.page
48.  Schlosser, Command and Control.
49.  Steven Overly, “Humans Once Opposed Coffee and Refrigeration. Here’s Why We Often Hate New Stuff,” Washington Post, 
July 21, 2016, July 21, 2016, accessed April 4, 2018, https://www.washingtonpost.com/news/innovations/wp/2016/07/21/hu-
mans-once-opposed-coffee-and-refrigeration-heres-why-we-often-hate-new-stuff/?utm_term=.32fbfadde147.

https://www.washingtonpost.com/news/innovations/wp/2016/07/21/humans-once-opposed-coffee-and-refrigeration-heres-why-we-often-hate-new-stuff/?utm_term=.32fbfadde147
https://www.washingtonpost.com/news/innovations/wp/2016/07/21/humans-once-opposed-coffee-and-refrigeration-heres-why-we-often-hate-new-stuff/?utm_term=.32fbfadde147
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is indeed improved by these changes. Given the plan of the USAF to modernize the current ICBM 
force—replacing the MMIII system with a newly designed weapon system—now is the right time to 
consider such innovative applications and work the policy and technology issues necessary to enable 
their use while maintaining proper weapon system safety.50 

50.  Wilson Brissett, “Replacing Minuteman,” Air Force Magazine, February 2018, accessed April 4, 2018, http://www.airforcemag.
com/MagazineArchive/Pages/2018/February%202018/Replacing-Minuteman.aspx.

http://www.airforcemag.com/MagazineArchive/Pages/2018/February%202018/Replacing-Minuteman.aspx
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Russian Nuclear Ambiguity 
and its Implications for U.S. 
Deterrence and Bilateral 
Strategic Stability
Maggie Tennis1

ABSTRACT
This paper explores the ambiguities in Russia’s current nuclear weapons program, including policy, 
doctrine, capabilities, and testing, all of which have contributed to the Western debate regarding the level 
of Russia’s nuclear threshold. This paper explores the implications of this debate for bilateral strategic 
deterrence and strategic stability, and concludes by proposing measures to increase transparency, improve 
communication, and build confidence.

INTRODUCTION
Analysts and policy-makers in the West disagree about whether Russia has lowered it threshold for 
nuclear first-use. Several ambiguities in Russia’s nuclear posture and planning—including particulars 
of doctrine, technological development, and testing—stoke the debate. It may be that Moscow is 
purposefully cultivating ambiguity as a deterrence measure. If so, that strategy would be missing the 
forest for the trees. Excessive ambiguity could bring about an erosion of deterrence and strategic 
stability because it raises the risk of miscalculation and accidents. 

1.  Maggie Tennis is a 2018 nuclear scholar with the Project on Nuclear Issues at the Center for Strategic and International 
Studies, working on Russian nuclear policy and force modernization as well as on U.S.-Russia strategic stability. She was previ-
ously a Herbert Scoville Jr. Peace fellow at the Arms Control Association. She works at a think tank in Washington D.C.
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Hence the need to understand the various ambiguities of Russia’s current nuclear weapons program 
and their implications for Western deterrence and warfighting strategy. The Western response to 
Russian nuclear ambiguity includes the revision of U.S. and NATO policy and U.S. expansion of low-
yield and nonstrategic nuclear weapons. 2 

I define ambiguous nuclear policy and posture as enabling observers to draw multiple and varying 
interpretations about a state’s threshold for nuclear first-use as well as the type of first-use that 
would occur should that threshold be met, which creates uncertainty about what type of policy 
and planning an opponent should craft in response. 3 In order to examine this topic, it is helpful to 
discuss the meaning of deterrence in both the Russian and U.S. views, as there are significant and 
problematic differences.

To Russia, strategic deterrence is a multifaceted approach to threat containment, war prevention, 
and escalation control through military and non-military means. Strategic deterrence is aimed at 
demonstrating to an opponent the preparedness to use military (including nuclear) force in order to 
deny an opponent the attainment of political-military objectives at an acceptable cost. The U.S. view 
of deterrence is focused on constraining threats and convincing “a potential adversary that the risks 
and costs of his proposed action far outweigh any gains” that could be achieved.4 

Russia’s understanding of strategic deterrence has both nuclear and non-nuclear components, and 
both influence policymaking in peacetime and wartime. This duality is intended to ensure that 
opponents take the nuclear option seriously and never conclude that Russian nuclear use is off the 
table.5 The United States, meanwhile, limits its concept of strategic deterrence to nuclear weapons.6 
At the same time, conventional weapons are frequently viewed as contributing to both U.S. and NATO 
deterrence postures. The U.S. deterrent is aimed at precluding an attack by an opponent, whereas 
Russia does not necessarily aim solely to preclude attack but rather to prevent that opponent from 
achieving coordinated ‘political-military objectives.’ Russia recently demonstrated the use of its 
conventional deterrent in Syria by employing long-range, precision-guided missiles that played a 
functional role in the conflict (Sergey Minasyan calls this type of warfighting “sub-strategic”), while 
also serving as an intended strategic deterrent to U.S. intervention.7 

2.  There is disagreement regarding precisely how to use these terms. Amy Woolf writes in a 2018 report to Congress on 
Nonstrategic Nuclear Weapons that “most analysts consider nonstrategic weapons to be shorter-range delivery systems 
with lower-yield warheads that might be used to attack troops or facilities on the battlefield.” (See Amy Woolf, Nonstrategic 
Nuclear Weapons, CRS Report No. 705700 (Washington, DC: Congressional Research Service, 2018, https://fas.org/sgp/crs/nuke/
RL32572.pdf). For this paper, I use both terms, low-yield and nonstrategic, with the latter intended to capture any weapon not 
limited by New START, which could have significant yield.
3.  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/files/cpgs.pdf.
Warhead ambiguity—risk of an adversary mistaking a deployed conventional precision guided strike weapon for a nuclear 
one. Target ambiguity—an observing state’s uncertainty about whether the United States intended to attack a conventional or 
nuclear target with a CPGS weapon. Destination ambiguity—an observing state’s uncertainty about whether it was the target 
of a CPGS attack
4.  Richard Bush, et al., “U.S. Nuclear and Extended Deterrence: Considerations and Challenges,” Brookings Arms Control Series, 
no. 3 (May 2010): 1, https://www.brookings.edu/wp-content/uploads/2016/06/06_nuclear_deterrence.pdf.
5.  Although Gen. Hyten has said that the U.S. definition may be changing in the direction of the Russia and Chinese definition 
that goes beyond nuclear strategic deterrence.
6.  Anya Loukianova Fink, “The Evolving Russian Concept of Strategic Deterrence: Risks and Responses,” Arms Control Today, July 
10, 2017, https://www.armscontrol.org/act/2017-07/features/evolving-russian-concept-strategic-deterrence-risks-responses.
7.  Sergey Minasyan, “Russia’s Conventional Deterrence: An Enhanced Tool for both Warfighting and Political strategy,” PONARS 
Eurasia, Policy Memo, no. 466 (March 2017): 5, http://www.ponarseurasia.org/memo/russias-conventional-deterrence-both-war-
fighting-and-political-strategy/.

https://carnegieendowment.org/files/cpgs.pdf
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Some claim that strategic ambiguity promotes deterrence by retaining a high degree of flexibility in 
response options and raising the potential costs that an opponent would face for an attack. In fact, 
the United States has long maintained a strategy known as “calculated ambiguity.” Then-Secretary of 
Defense William Cohen described this strategy as bolstering security by keeping potential adversaries 
unsure of the level of a U.S. response to any attack.8 

However, in the current security environment featuring new and evolving threats, any lack of clarity 
erodes deterrence. Experts have shown that explicitness around nuclear thresholds and intentions 
“provides a moderating effect on the nuclear behaviors of allies, competitors, and rivals,” whereas 
ambiguity can cause “dangerous misinterpretation.”9 When substantial ambiguity exists, a crisis 
could become inflamed by the potential for preemptive nuclear use. The likelihood increases that 
both sides adapt a high readiness posture, which raises the risk of brinksmanship and accidents. 
In the current environment, deterrence is more effective when opponents understand each other’s 
intentions and capabilities, and especially the actions that might provoke an unwelcome response.10

Both Russia and the United States must maintain an effective deterrent in order to preserve strategic 
stability, a condition generally defined as the “absence of incentives” to use nuclear weapons (crisis 
stability) or build up nuclear forces (arms race stability).11 Communication and transparency build 
confidence on both sides and reduce the chances of miscalculation.

THE WESTERN DEBATE OVER RUSSIA’S NUCLEAR THRESHOLD 
The objective of this paper is not to identify the level of Russia’s nuclear threshold, but rather to look at 
the implications of the lack of expert consensus on a critical question for U.S.-Russian strategic stability.  

NATO doctrine ascribes to Russia a strategy of escalating to nuclear use if Russia finds itself on the 
losing side of a conflict that was initiated by a conventionally superior opponent. A more recent, 
prevailing view in the U.S. defense community contends that Russia’s current military doctrine, policy, 
and planning directs the use of limited nuclear attacks to gain an advantage or forestall defeat in a 
conflict initiated by Russia against a conventionally superior opponent.12 This strategy is often called 
“escalate-to-de-escalate” or “escalate-to-win.” 

The debate over whether Russia subscribes to this strategy is waged largely in the community of 
non-governmental analysts and outside experts, many of whom disagree that there is sufficient 

8.  Scott Sagan, “The Commitment Trap: Why the United States Should Not Use Nuclear Threats to Deter Biological and 
Chemical Weapons Attacks,” International Security 24, no. 4 (Spring, 2000): 85-115, https://www.mitpressjournals.org/doi/
abs/10.1162/016228800560318#.WNrJbFUrKUk.
9.  Lt. Col. David Franklin, “Miscalculated Ambiguity: The Effects of US Nuclear Declaratory Policy on Deterrence and Nonprolif-
eration,” (thesis, School of Advanced Air and Space Studies Air University, 2010), 13. 
10.  Andrey Baklitskiy & Olga Oliker, “The Nuclear Posture Review and Russian ‘De-Escalation:’ A Dangerous Solution to a 
Nonexistent Problem,” War on the Rocks, February 20, 2018, https://warontherocks.com/2018/02/nuclear-posture-review-rus-
sian-de-escalation-dangerous-solution-nonexistent-problem/. 
Kristin Ven Bruusgaard, “The Russian Rogue in the New Nuclear Posture Review,” Texas National Security Review, February 13, 
2018, https://tnsr.org/roundtable/policy-roundtable-trump-administrations-nuclear-posture-review/#essay8.
11.  James M. Acton, “Reclaiming Strategic Stability: Looking Beyond Cold Warriors and Nuclear Weapons,” in Strategic Stability: 
Contending Interpretations, ed. Elbridge A. Colby & Michael S. Gerson (Washington, DC: Strategic Studies Institute and U.S. Army 
War College Press, 2013), http://publications.armywarcollege.edu/pubs/2216.pdf.
12.  The theory gained a following in Moscow in the 1990s, when Russia had a less conventionally-advanced military than the 
United States. At that time, Russia relied on its nuclear capability for deterrence—which is no longer the case today. The idea 
is founded upon a theory of escalation that originated in the United States during the Cold War. It holds that a state could use 
limited nuclear first-strikes to escalate out of a conventional war.
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evidence for a definite conclusion.13 A similar dispute is underway within the government. Some 
analysts argue that Russia has raised its nuclear threshold, while still others believe multiple 
thresholds exist. One side, supported by the majority of the U.S. defense community, looks beyond 
Russian nuclear doctrine itself. For example, Gen. John Hyten, former Deputy Secretary of Defense 
Robert Work, and Defense Secretary Jim Mattis have argued that Russia’s capabilities, rhetoric, 
and military exercises demonstrate that Russia has lowered its nuclear threshold. Former Deputy 
Assistant Secretary of Defense Elbridge Colby argues that Moscow has increasingly displayed an 
interest in, and development of, capabilities needed for an escalate-to-de-escalate strategy through 
recent planning and exercises.14 A handful of experts agree that Russia employs this strategy, but 
hold varying views on whether nuclear use would occur early in a conflict to achieve victory or later 
to prevent battlefield defeat, loss of statehood, or regime change.15 

On another side, Olga Oliker of the Center for International and Strategic Studies argues it would 
not be logical for Russia to engage a strategy that lowers its nuclear threshold without explicitly 
declaring that strategy through official nuclear doctrine. She contends that the purpose of a state’s 
nuclear doctrine is to apprise adversaries of intention, and that Russia’s most recent doctrinal 
statement sets a bar that is even higher than that of the United States.16 Furthermore, Oliker and 
Kristin Ven Bruusgaard, a Stanton Nuclear Security Fellow at Stanford, demonstrate the unlikelihood 
of another common view in the West that Moscow maintains a confidential, non-declared doctrine.17 
Ven Bruusgaard shows that no Russian open or official source has confirmed an escalate-to-de-
escalate strategy. Instead, with Austin Long, Ven Bruusgaard argues that Russia’s doctrine, strategic 
debate, and emphasis on improving and expanding conventional and non-military capabilities 
demonstrate that Russia’s nuclear threshold has risen.18 

Dave Johnson, a staff officer at NATO, represents yet another view. He perceives Russia as 
possessing multiple nuclear thresholds. He writes that Russia’s nuclear threshold has not 
necessarily increased or decreased in recent years, but rather has grown “fluid and less predictable.” 

13.  Jon Wolfsthal, “Press Briefing: The Trump Administration’s New Nuclear Posture Review,” Arms Control Association, January 
23, 2018, https://www.armscontrol.org/events/2018-01/press-briefing-trump-administrations-new-nuclear-posture-review.
14.  Elbridge Colby, “Russia’s Evolving Nuclear Doctrine and its Implications,” Fondation pour la Recherche Strategique, January 
12, 2016, https://www.frstrategie.org/publications/notes/russia-s-evolving-nuclear-doctrine-and-its-implications-2016-01.
15.  Jeffrey Edmonds, “How America Could Accidentally Push Russia into a Nuclear War,” The National Interest, February 6, 2018. 
http://nationalinterest.org/feature/how-america-could-accidentally-push-russia-nuclear-war-24378.
Andrey Baklitskiy and Olga Oliker, “The Nuclear Posture Review and Russian ‘De-Escalation:’ A Dangerous Solution to a Nonex-
istent Problem.”
Juri Luik and Tomas Jermalivicius, “A plausible Scenario of Nuclear War in Europe, and How to Deter it: A Perspective from Esto-
nia,” Bulletin of the Atomic Scientists, June 15, 2017. https://www.tandfonline.com/eprint/umSnuTKFrMZggbaRv3SR/full.
Matthew Kroenig, “The Case for Tactical U.S. Nukes,” Wall Street Journal, January 24, 2018, https://www.wsj.com/articles/the-
case-for-tactical-u-s-nukes-1516836395.
Jacek Durkalec, “Russia’s Evolving Nuclear Strategy and What it Means for Europe,” European Council on Foreign Relations, July 
5, 2016, https://www.ecfr.eu/article/commentary_russias_evolving_nuclear_strategy_and_what_it_means_for_europe.
16.  Olga Oliker, Russia’s Nuclear Doctrine: What We Know, What We Don’t, and What That Means (Washington, D.C.: Center for 
Strategic and International Studies, 2016), https://csis-prod.s3.amazonaws.com/s3fs-public/publication/160504_Oliker_Rus-
siasNuclearDoctrine_Web.pdf.
17.  Ibid.; Kristin Ven Bruusgaard, “The Myth of Russia’s Lowered Nuclear Threshold,” War on the Rocks, September 22, 2017, 
https://warontherocks.com/2017/09/the-myth-of-russias-lowered-nuclear-threshold/.
18.  Kristin Ven Bruusgaard, “The Myth of Russia’s Lowered Nuclear Threshold.”; Austin Long, “Nuclear Strategy in an Era of 
Great Power Competition,” Policy Roundtable: The Trump Administration’s Nuclear Posture Review, Texas National Security Review, 
February 13, 2018, https://tnsr.org/roundtable/policy-roundtable-trump-administrations-nuclear-posture-review/.
Kristin Ven Bruusgaard, “The Russian Rogue in the New Nuclear Posture Review,” Policy Roundtable: The Trump Administra-
tion’s Nuclear Posture Review, Texas National Security Review, February 13, 2018, https://tnsr.org/roundtable/policy-roundta-
ble-trump-administrations-nuclear-posture-review/.
Kristen Ven Bruusgaard accuses U.S. strategists of fanning a ‘de-escalation’ theory to justify expanding the nuclear arsenal. 
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As a result, it is impossible to definitively identify the threshold.19 Johnson argues that Western 
experts “over-focus” on Russian escalatory policy. Despite having the clues needed to identify a 
nuclear threshold, “practical limitations” go out the door in a crisis. Similarly, Alexander Velez-
Green, formerly of the Center for a New American Security, writes that even if Russia does possess 
a classified doctrine of escalate-to-de-escalate, that does not mean that Russia would act on 
it in a conflict. The reverse is also true. Velez-Green argues that a doctrine, classified or not, is 
“prescriptive,” not “determinative.”20 Finally, Jay Ross, a U.S. Army Reserve Nuclear Weapons Officer, 
criticizes the term ‘escalate to de-escalate’ for focusing too specifically on nuclear use and 
thresholds. He describes Russian strategy as “escalate to control,” arguing that any de-escalatory 
strike would be aimed at deterring further aggression, e.g. controlling escalation, rather than trying 
to win or de-escalate a conflict.21 

THE AMBIGUITIES 
A state’s nuclear policy is commonly viewed as the sum of its doctrine, military theory, political 
rhetoric, exercises, and capabilities. The ambiguity surrounding many facets of Russia’s nuclear 
program is responsible for entrenched debate and worst-case assumption-making in the West. 

DOCTRINE, MILITARY THEORY, AND RHETORIC
Russia nuclear policy is obscure, sometimes inconsistent, and difficult to comprehend. The United 
States has released its Nuclear Posture Review—the Pentagon’s primary statement of nuclear policy—
regularly since 2002, but Russia has never issued anything nearly as detailed. Nuclear doctrines 
of nuclear-armed states are intended to outline the ‘when’ and ‘why’ of nuclear use. Russia’s most 
recent nuclear doctrine was published in 2014. It describes Russia’s right to use: “nuclear weapons in 
response to use against it and (or) its allies of nuclear and other weapons of mass destruction, as well as 
in the case of aggression against the Russian Federation with the use of conventional weapons, when the 
very existence of the state is under threat.”22

Beyond the above passage, Russian nuclear doctrine is vague or silent about many aspects of 
nuclear use, including the scale of a nuclear response to a so-called existential threat. If Russia only 
envisions nuclear use as a response to an existential threat, then the notion of an ‘escalate-to-de-
escalate’ strategy seems less likely. 

Russia’s declared nuclear doctrine, on its own, is not objectionable. If the U.S. and NATO believed 
that it constituted the whole of Russia’s action doctrine, then they would not be adjusting their own 
nuclear postures. Instead, that adjustment is based on an assessment of Russian capabilities, military 
theory, the rhetoric of leading officials, and military exercises. 

A document from 2003, titled the Report of the Defense Ministry of the Russian Federation, and 
widely known as the “Ivanov Doctrine,” lends credence to the theory that Russia subscribes to an 

19.  Dave Johnson, “Russia’s Conventional Precision Strike Capabilities, Regional Crises, and Nuclear Thresholds,” Livermore Pa-
pers on Global Security No. 3, (Lawrence Livermore National Laboratory Center for Global Security and Research, February 2018), 
https://cgsr.llnl.gov/content/assets/docs/Precision-Strike-Capabilities-report-v3-7.pdf.
20.  Alexander Velez-Green, “Why Moscow Might Not Reveal an ‘Escalate to De-escalate’ Strategy,” Next Gen Perspectives, Center 
for Strategic and International Studies, May 8, 2018, https://nuclearnetwork.csis.org/why-moscow-might-not-reveal-an-esca-
late-to-de-escalate-strategy/. 
21.  Jay Ross, “Time to Terminate Escalate-to-De-Escalate—It’s Escalation Control,” War on the Rocks, April 24, 2018, https://
warontherocks.com/2018/04/time-to-terminate-escalate-to-de-escalateits-escalation-control/.
22.  “The Military Doctrine of the Russian Federation,” The Embassy of the Russian Federation to the United Kingdom of Great 
Britain and Northern Ireland Diplomacy Online, December 25, 2014, https://rusemb.org.uk/press/2029.
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‘escalate-to-de-escalate’ strategy. 23 The Ivanov Doctrine outlines the threat and use of “conventional 
and (or) nuclear” strikes of “varying intensity” to compel an adversary to back down in a crisis. That 
document has clouded discourse on Russian nuclear policy in the West ever since, although there is 
no explicit evidence that the Ivanov Doctrine ever garnered a serious following in Russia.24 

Russian President Vladimir Putin and other top Kremlin officials have made comments that allude to 
nuclear first-use or retaliation and emphasize the strength of the Russian nuclear arsenal. Yet, it was 
Putin who attempted to initiate talks on an extension of the New START treaty, only to be rebuffed by U.S. 
President Donald Trump. Further muddying the waters is a debate among Russian military analysts on 
how to confront the NATO threat. A few hardliners have advocated for preventative strikes, while another 
school of thought strongly rejects that idea and instead promotes non-nuclear strategic deterrence.25 

Oliker writes that “a stated strategy of restraint at odds with a real strategy of escalation seems 
counterproductive” because deterrence works best “when the adversary understands which actions 
will trigger an undesirable response.”26 It is difficult to identify Russia‘s true intentions based on the 
state‘s nuclear doctrine, military documents, and political rhetoric.

CAPABILITIES
DUAL-CAPABLE TECHNOLOGIES
Velez-Green writes that rapid technological advances, which many Russian strategists believe “give 
growing advantage to the side that escalates first,” demonstrate that Moscow would consider a first 
strike in a conflict situation.27 Russia has increased development and deployment of dual-capable 
systems, which are weapons that can be deployed in both nuclear and conventional variants. The 
Kalibr sea-launched cruise missile (SLCM) and Iskander ground-launched ballistic missiles (GLBM) 
are both dual-capable. So are the nuclear-capable Iskander-M systems, which are nearing full 
deployment and set to replace the Tochka-U missiles.28 The Russian navy utilizes dual-capable anti-
submarine rockets, torpedoes and depth bombs.29 

In 2015, Russia demonstrated its dual-capable systems—specifically the Kh-101, Russia’s dual-
capable air-launched cruise missile, and the Kalibr (in their conventional variants)—in Syria. There 
is also evidence that Russia launched a conventionally-armed Iskander missile as part of its 2008 
invasion of Georgia. Expanding development of these weapons along with conventional deployment 
seems to be part of a trend toward greater reliance on dual-capable technology in both Russia and 
the United States since the 1980s.3031  

23.  Named for Sergei Ivanov, who served as the Russian Minister of Defense from 2001 to 2005.
24.  Paul Bernstein, “Countering Russia’s Strategy for Regional Coercion and War Workshop Report.”
Elbridge Colby, “Russia’s Evolving Nuclear Doctrine and its Implications.”
25.  Gudrun Persson, “Russian Strategic Deterrence—Beyond the Brinkmanship?,” RUFS Briefing No. 29, September 2015. 
26.  Andrey Baklitskiy and Olga Oliker, “The Nuclear Posture Review and Russian ‘De-Escalation:’ A Dangerous Solution to a 
Nonexistent Problem.”
27.  Alexander Velez-Green, The Unsettling View from Moscow: Russia’s Strategic Debate on a Doctrine of Pre-emption (Washington, 
DC: Center for New American Studies, 2017), https://s3.amazonaws.com/files.cnas.org/documents/CNASReport-RussiaStrike-Fi-
nalb.pdf?mtime=20170428143631. 
28.  The Iskander-M is a variant of the short-range ballistic missile Iskander system with a rumored range of 500 kilometers. 
29.  Hans M. Kristensen, “Russian Nuclear Forces: Buildup or Modernization,” Russia Matters, Harvard Kennedy School Belfer 
Center for Science and International Affairs, September 14, 2017, https://www.russiamatters.org/analysis/russian-nuclear-forc-
es-buildup-or-modernization.
30.  Pavel Podvig,”Blurring the line between nuclear and nonnuclear weapons: Increasing the risk of accidental nuclear war,” 
Bulletin of the Atomic Scientists, May 3, 2016, https://thebulletin.org/2016/05/blurring-the-line-between-nuclear-and-nonnu-
clear-weapons-increasing-the-risk-of-accidental-nuclear-war/.  
31.  Ibid. 
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Moscow’s “eager pursuit” of dual-use systems has “limited, if not undermined, the credibility of 
its stated high threshold for nuclear use.”32 Dual-capable weapons are dangerous because of the 
ambiguity they create through a “blurring of the line that separates nuclear weapons and their 
delivery systems from their conventional counterparts.” Some scholars describe this phenomenon 
as “entanglement” of nuclear and non-nuclear capabilities and argue that dual-capable systems 
threaten to imbue any conflict situation with a heightened risk of miscalculation and inadvertent 
escalation.33 The weapons make it more difficult for opponents to identify or measure the extent 
of an attack, which could make miscalculated escalation of a conflict from conventional systems to 
nuclear ones more feasible. In fact, Gen. Curtis Scaparrotti, commander of U.S. European Command, 
testified to Congress in 2017 that Russia’s fielding of dual-capable systems “creates a mismatch in 
escalatory options with the West.”34 Furthermore, employing any system with a nuclear component 
could be interpreted as a greater willingness to employ nuclear force. 

Dual-capable technology weakens strategic stability by increasing the chance of miscalculation. 
Uncertainty about whether an attack is conventional or nuclear generates uncertainty about the “related 
threshold for employment.”35 Imagine a conventional conflict scenario in which the United States detected 
a small launch of Kh-101 ALCMs that were seemingly aimed at its armed forces in a theater of operations. 
Observing the launch, the Pentagon could not be certain if the attack was conventional or nuclear, 
and depending on other factors, they may have reason to conclude by necessity that it was the latter.  
Finally, by reducing decision time and increasing incentives for early use, advances in conventional and 
reconnaissance technology have created a security environment that makes the use of force that has the 
potential to escalate to nuclear use vastly more plausible in a wider range of circumstances. 

Furthermore, if dual-capable systems become stealthier, they will be more difficult to classify and 
assess. Hypersonic boost-glide systems are one example. Russia, as well as the United States and 
China, have accelerated their pursuit of these weapons.36 It appears that Russia is arming these 
systems with nuclear warheads that could penetrate NATO missile defenses.37 Although not yet 
fielded, the risk that the proposal and development of these weapons presents is amplified by both 
the lack of understanding about the implications of their use and a lack of coverage by existing arms 
control treaties.38

Moscow is also concerned about the advanced capability of U.S. non-nuclear high-precision 
weapons, especially to disarm Russia. In fact, Moscow seeks to replicate the U.S. capability with its 

32.  Andrey Baklitskiy and Olga Oliker, “The Nuclear Posture Review and Russian ‘De-Escalation:’ A Dangerous Solution to a 
Nonexistent Problem.”
33.  Pavel Podvig,”Blurring the line between nuclear and nonnuclear weapons: Increasing the risk of accidental nuclear war.”; 
Acton et. al., Entanglement: Chinese and Russian Perspectives on Non-nuclear Weapons and Nuclear Risks (Washington, DC: Carn-
egie Endowment for International Peace, 2017), https://carnegieendowment.org/2017/11/08/entanglement-chinese-and-rus-
sian-perspectives-on-non-nuclear-weapons-and-nuclear-risks-pub-73162.
34.  United States European Command, 114th Cong. (2017) (Statement of General Curtis M. Scaparrotti, Commander, United 
States European Command), https://docs.house.gov/meetings/AS/AS00/20170328/105780/HHRG-115-AS00-Wstate-Scaparrot-
tiC-20170328.pdf.
35.  Dave Johnson, “Russia’s Conventional Precision Strike Capabilities, Regional Crises, and Nuclear Thresholds.”
36.  Pavel Podvig,”Blurring the line between nuclear and nonnuclear weapons: Increasing the risk of accidental nuclear war.”
Acton, Silver Bullet? Asking the Right Questions About Conventional Prompt Global Strike.
37.  In the United States, hypersonics are being developed as part of the Conventional Prompt Global Strike project, so they are 
unlikely to be nuclear-capable. 
38.  It should be noted that hypersonic glide vehicles differ from hypersonic cruise missiles, which are powered to their targets 
on an advanced propulsion system and fly at a maximum altitude of 100,000 feet.  Hypersonic glide vehicles exceed that 
height maximum. They are more dangerous because they are hard to track and elicit destination ambiguity (when an observing 
state wrongly concludes the target of an incoming weapon).



Russian Nuclear Ambiguity and its Implications for U.S. Deterrence and Bilateral Strategic Stability  |  175

own precision-guided long-range conventional strike systems. The 2014 doctrine even introduced 
the concept of non-nuclear deterrence into Russia’s nuclear doctrine. Western analysts disagree 
whether Russian non-nuclear deterrence indicates a lowering of the nuclear threshold or is merely 
a “diversionary tactic.”39 Objectively speaking, it is logical that Russia would develop a strategy of 
non-nuclear deterrence while continuing to acquire greater accuracy in its long-range conventional 
systems. Ultimately, it is difficult to discern whether and how Russia would use non-nuclear 
instruments in a conflict, or the effect these systems would have on nuclear deterrence.

DEVELOPMENT OF LOW-YIELD AND NONSTRATEGIC WEAPONS
The 2018 Nuclear Posture Review calls on the U.S. to develop new capabilities that could deter a 
potential Russian limited strike. Specifically, the document calls for low-yield supplements to existing 
low-yield weapons, to include the D-5 submarine-launched ballistic missile (SLBM) and a new SLCM, 
which is deployed on attack submarines and surface ships.40 

Russia’s arsenal of low-yield and nonstrategic nuclear weapons is larger than that of the U.S. and 
NATO and includes a wider array of weapons. Russia’s low-yield force may be intended for use 
in a conflict with NATO.41 If Russia were to escalate a conventional crisis to the nuclear level, it 
would likely do so by using low-yield and nonstrategic weapons. Moscow believes these weapons 
compensate for Russia’s conventional inferiority.42 Russia’s reliance on nonstrategic nuclear 
weapons has caused considerable disagreement in the West about the feasibility of Russian limited 
first-strikes. 

MILITARY EXERCISES
The lack of transparency involved in Russian military exercises—namely, whether they contain 
nuclear elements—factors into the discussion of Russia’s nuclear threshold. Moscow tends not to 
clarify when these exercises contain a nuclear component, nor which doctrines or approaches are 
being simulated. Furthermore, Russia does not distinguish between nuclear or conventional systems 
when exercising dual-capable technologies.43 

Russian nuclear exercises often occur at the beginning and end of large-scale military exercises. 
Russia tested its RS-24 ICBMs both two days before and on the last day of the 2017 Zapad exercises. 
Because Zapad 2017 was modeling a conflict at the NATO border, some analysts interpreted these 
tests as a simulation of a de-escalatory limited strike in a conventional NATO-Russian war. Book-
ending its nuclear simulations allows Russia to avoid notifying other countries under the Vienna 
document protocol. Furthermore, Russia’s use of dual-capable weapons in its regular military 
exercises increases the level of ambiguity. A dual-capable, medium-range Tu-22M3 bomber mock 
nuclear attack on Sweden in March 2013 was described by a NATO report as nuclear, but Russian 
sources, both anonymous and not, would neither confirm nor deny that assessment. 

39.  Ven Bruusgaard, “The Myth of Russia’s Lowered Nuclear Threshold”; Long, “Nuclear Strategy in an Era of Great Power Com-
petition”; Ven Bruusgaard, “The Russian Rogue in the New Nuclear Posture Review.”
40.  U.S. Department of Defense, Nuclear Posture Review (U.S. Department of Defense, 2018), V, https://media.defense.gov/2018/
Feb/02/2001872886/-1/-1/1/2018-NUCLEAR-POSTURE-REVIEW-FINAL-REPORT.PDF.
41.  Ven Bruusgaard, “The Russian Rogue in the New Nuclear Posture Review.”
42.  It should be noted that Conventional Prompt Global Strike does not yet exist,
43.  Oliker, Russia’s Nuclear Doctrine: What We Know, What We Don’t, and What That Means.
Bruno Tertrais, “Russia’s Nuclear Policy: Worrying for the Wrong Reasons,” Survival 60, no. 2 (2018): 33-44, DOI: 
10.1080/00396338.2018.1448560, https://www.tandfonline.com/doi/abs/10.1080/00396338.2018.1448560?journalCode=t-
sur20.
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INTENTIONAL AMBIGUITY: IS IT A STRATEGY OF DETERRENCE?
Available evidence suggests that Moscow cultivates nuclear ambiguity as a strategy of deterrence. 
James Acton, co-director of the Carnegie Nuclear Policy Program, writes that any nuclear-armed state 
can calibrate “the degree of ambiguity and uncertainty that it imposes on other nations about its 
nuclear threshold” depending on its declaratory policy and capabilities.44 The expansion of dual-
capable systems, obfuscation about exercises and testing, and the contradictory and confusing 
nature of policy, theory, and rhetoric all convey a Russian strategy of nuclear ambiguity. So does 
Russia’s military tradition of opaque and psychological warfare. Johnson writes that Russian strategic 
ambiguity is designed to “mask intentions, confuse adversaries, slow down their decision making and 
impede effective responses.”45

During the Soviet period, the military invoked a strategy of warfighting called maskirovka, which 
is defined as “officially declared aims intended to hide actual aims.”46 According to the Central 
Intelligence Agency, maskirovka includes “deception at the strategic planning level” and was 
employed by the Soviets at the outset of the Cuban Missile Crisis to conceal the dispatch of nuclear 
weapons to Cuba.47 The Gerosimov Doctrine, as it is known in the West, outlines Soviet hybrid warfare, 
including information warfare tactics. The document suggests that maskirovka is a component of 
Russian warfighting today.48 This tradition of maskirovka also may influence a strategy of nuclear 
ambiguity designed to obscure intentions and objectives in order to frustrate the strategic military 
planning of opponents. Analysts argue that strategic ambiguity would enable Moscow to maximize 
its flexibility in times of conflict. That advantage that could preclude a wide range of adversary 
responses in order to conclude a conflict on terms favorable to Russia.49 Russian military theorists 
frequently describe ambiguity as “beneficial,” and the Russian military has demonstrated a preference 
for it in Ukraine.50 

Psychological warfare is a key feature of Russian strategic ambiguity because it weakens an 
adversary’s abilities to “observe, assess, decide, and act” in a conflict, thereby giving the upper 
hand to Russia.51 Moscow prefers that its nuclear activities and intentions be ambiguous in order 
to strengthen the psychological effects of escalatory action in a conflict, which could bolster its 
deterrent. Nuclear ambiguity fits nicely into Russia’s understanding of deterrence as an approach to 
threat containment, war prevention, and escalation control with the ultimate goal of demonstrating 
potential readiness to employ nuclear force. 

 

44.  Acton, Silver Bullet? Asking the Right Questions About Conventional Prompt Global Strike.
45.  Dave Johnson, “Russia’s Approach to Conflict—Implications for NATO’s Deterrence and Defence,” Research Paper No. 111, 
Research Division—NATO Defense College (April 2015): 11, https://www.files.ethz.ch/isn/190782/rp_111.pdf.
46.  Johnson, “Russia’s Approach to Conflict—Implications for NATO’s Deterrence and Defence.” 8. 
47.  James M. Hansen, “Soviet Deception in the Cuban Missile Crisis: Learning from the Past,” Central Intelligence Agency, April 
14, 2007, https://www.cia.gov/library/center-for-the-study-of-intelligence/csi-publications/csi-studies/studies/vol46no1/arti-
cle06.html.
48.  Valery Gerasimov, “The Value of Science in Anticipation,” Military-Industrial Kurier, no. 8 (2013): 476.  It is important to note 
that the text has been largely evaluated out of context by the English-speaking analyst community,
49.  Ven Bruusgaard, “The Russian Rogue in the New Nuclear Posture Review”; Johnson, “Russia’s Conventional Precision Strike 
Capabilities, Regional Crises, and Nuclear Thresholds”; Fink, “The Evolving Russian Concept of Strategic Deterrence: Risks and 
Responses.” 
50.  Fink, “The Evolving Russian Concept of Strategic Deterrence: Risks and Responses”; Podvig, “Blurring the Line Between 
Nuclear and Nonnuclear Weapons: Increasing the Risk of Accidental Nuclear War?”
51. Johnson, “Russia’s Conventional Precision Strike Capabilities, Regional Crises, and Nuclear Thresholds.”
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THE IMPLICATIONS OF AMBIGUITY FOR U.S.-RUSSIAN 
STRATEGIC STABILITY  
Moscow’s employment of nuclear ambiguity has significant implications for NATO and U.S. policy 
and planning. The United States and NATO are revising policies and planning to account for 
the possibility of a lowered Russian nuclear threshold and escalate-to-win strategy.52 In fact, in 
September 2016, then-Secretary of Defense Ashton Carter said, 

“Across the Atlantic, we’re refreshing NATO’s nuclear playbook to better integrate 
conventional and nuclear deterrence to ensure we plan and train like we’d fight and to deter 
Russia from thinking it can benefit from nuclear use in a conflict with NATO, from trying to 
escalate to de-escalate, as some there call it.” 

According to NATO’s Readiness Action Plan, implemented in 2016, plans to strength NATO’s 
“deterrence and defence posture” was motivated in part by “Russia’s military doctrine, the scale and 
pace of its military modernization…its aggressive rhetoric, aggressive actions against neighbours, 
and increased military activity and provocations close to NATO’s borders.” The Plan reiterates NATO’s 
analysis that Russian military activities appear to “lower the threshold for the use of nuclear weapons 
in Russia’s approach to conflict.” 

This view has also led to a revision of U.S. policy outside of NATO. The NPR recommends that the U.S. 
develop a nuclear-armed SLCM with low-yield options, modify existing SLBM warheads to provide 
a low-yield option, and initiate a deeper examination of other low-yield options in order to “help 
ensure that potential adversaries perceive no possible advantage in limited nuclear escalation, 
making nuclear employment less likely.” That language is a result of the U.S. defense community’s 
perception that Russia would consider escalating a conventional conflict to the nuclear level. The 
review claims that additional low-yield options ensure “the preservation of credible deterrence.”

However, it is possible that Russian nuclear policy does not include an ‘escalate-to-de-escalate 
strategy.’ That would mean that NATO and the U.S. are unnecessarily revising defense policy and 
spending money on weapons development and expansion. That revision of policy could lead to a 
build-out of new and more dangerous types of weapons and draw additional adherents to dangerous 
lines of nuclear theory. If Russia does not ultimately possess an ‘escalate-to-de-escalate’ strategy, 
the U.S. development of low-yield SLCMs and D5 warheads could well look to Moscow like the U.S. 
is lowering its nuclear threshold and lead Russia to reevaluate its own nuclear policy and planning. 
Venn Bruusgaard argues that if the NPR’s proposals “change Russian behavior and calculus in any 
way, it will be to intensify Russia’s paranoia regarding U.S. intentions.”53 It is likely that if the U.S. 
expands its role for low-yield weapons, “the Russian leadership will become more receptive to the 
recommendations of its ‘nuclear scalpel lobby,’” which advocates development of low-yield weapons 
for ‘surgical’ strikes against local targets.54 

Both sides should limit the expansion of low-yield nuclear weapons. It is unclear what, if any, 
control of these weapons would be possible once they were employed. The security environment 
has transformed in the last decade. Greater roles for disinformation, cyber activities, and covert 

52.  Conversation with U.S. Nuclear Expert (off the record). 
53.  Ven Bruusgaard, “The Russian Rogue in the New Nuclear Posture Review.”
54.  Dmitry Adamsky, “Nuclear Incoherence: Deterrence Theory and Non-Strategic Nuclear Weapons in Russia,” Journal of Strate-
gic Studies 37, no. 1 (2014): 91-134, https://www.files.ethz.ch/isn/156904/Adamsky_policy%20memo.pdf.
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operations amplifies the potential for miscalculation on either side. Furthermore, any use of these 
weapons would probably not occur on the domestic territory of either Russia or the United States, 
meaning that “geographic restraint on responses would be significantly diminished.”55 

Some analysts argue that ‘usable’ nuclear options will enhance U.S. deterrence by emphasizing to 
Russia a U.S. capability and mindset to employ nuclear weapons in extreme circumstances. But if the 
United States is evaluating Russia’s low-yield force posture as a lowering of its nuclear threshold, 
then Russia may view a U.S. build-out of these weapons in the same way. If both states perceive the 
other as lowering their respective nuclear threshold, the incentives increase for each side to expand 
its nuclear forces and put their nuclear weapons on alert. 

Deterrence is aimed at preventing conflict, and if that fails, it is intended to control escalation within 
a conflict.56 Yet, deterrence is significantly less effective when adversaries are unclear about a state’s 
intentions and instead must account for worst-case assessments. Worst-case thinking may incline 
planners toward expanding arsenals of more usable weapons. While Moscow might prefer Western 
uncertainty about Russia’s nuclear intentions in order to maximize its own flexibility in a conflict, 
the realistic outcome is that it leads to misunderstandings that jeopardize Russian security. Russian 
ambiguity possibly “fails to take into account the likelihood of deterrent action being interpreted 
offensively, causing escalation and triggering conflict.”57 If the West misinterprets—and overestimates—
Russian intentions in a crisis, NATO’s response may go far beyond what Moscow envisions. By raising the 
risk of miscalculation, ambiguity has endangered U.S.-Russian strategic stability. 

MANAGING RISKS ASSOCIATED WITH AMBIGUITY
It is critical to pursue measures that will manage the risks of nuclear ambiguity in order to prevent 
unintended conflict between the United States and Russia. Washington and Moscow should 
collaborate on enhancing transparency, communication, and risk reduction. One guiding question 
should be: What is the best way to deter limited nuclear war and its inevitable damage? 

Lapsed cooperation and increasing tensions in non-nuclear realms have severely wounded the 
U.S.-Russian nuclear relationship. Still, a joint interest in global stability and awareness of nuclear 
dangers from third-country nuclear states should motivate the two powers to expand their 
diplomatic and military-to-military communication. The low hanging fruit, is, of course, a resumption 
of strategic stability talks between Moscow and Washington. As part of these talks, the two sides 
should agree on a shared definition of “strategic stability” that aligns with the current security 
environment. That definition should address the risks posed by stealthier and dual-capable weapons.  

Moscow and Washington need a frequent, efficient, and reliable high-level military channel to 
maintain critical communication and transparency, including at the working level. Such a channel 
must be more conflict-durable than previous approaches to bilateral military communication and 
should be regularly tested to assure efficacy in a crisis. Sporadic meetings are not useful in managing 
crisis situations; instead, the Pentagon and Kremlin need a plan of attack for hypothetical crises, 
especially those carrying a risk of escalation. Perhaps this channel could include exchanges on 

55.  John Gower, “The Dangerous Illogic of Twenty-First-Century Deterrence Through Planning for Nuclear Warfighting,” Carne-
gie Endowment for International Peace, March 6, 2018, http://carnegieendowment.org/2018/03/06/dangerous-illogic-of-twen-
ty-first-century-deterrence-through-planning-for-nuclear-warfighting-pub-75717.
56.  Fink, “The Evolving Russian Concept of Strategic Deterrence: Risks and Responses.” 
57.  Kristin Ven Bruusgaard, “Russian Strategic Deterrence,” Survival 58, no. 4 (2016): 7-26, DOI: 
10.1080/00396338.2016.1207945, https://www.tandfonline.com/doi/pdf/10.1080/00396338.2016.1207945?needAccess=true.
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nuclear doctrine between either the United States or NATO and Russia, although the details of such 
an arrangement would be complicated to negotiate.

An agreement dating from the end of the Cold War, known as the U.S.-Soviet/Russian 1989 
Agreement on the Prevention of Dangerous Military Activities, could serve as a foundation for either 
a memorandum of understanding between NATO and Russia aimed at managing border encounters 
or an entirely new agreement between Russia and the NATO border states (or even all NATO 
members and partner states). The existing agreement “governs the activities and personnel of each 
side when operating in close proximity to the other in peacetime” along with measures for “caution, 
communication to avoid dangerous incidents and misunderstandings, and action to terminate 
injurious activity.”58 A similar example is the Prevention of Incidents at Sea Agreement, a bilateral 
agreement between the United States and Soviet Union designed to reduce the risk of unintended 
incidents, or escalation of incidents, between their two navies.  

Such measures could be critical in preventing miscalculation between the U.S./NATO and Russian 
militaries. Any accident or misunderstanding at the NATO-Russia border would carry a particularly 
strong risk of escalation. In fact, the most likely scenario leading to a U.S.-Russian nuclear exchange 
is the escalation of a conventional conflict. Therefore, the sides have a shared interest in reducing 
the risks of accidents or miscalculations between conventional forces. Any critique of this type of 
agreement as rewarding Russian sabre rattling is short-sighted. When the risks involve nuclear 
weapons, security is more important than making a political statement. 

Scaling back rhetoric on both sides will abate the “nuclear psychosis” that is “feeding frenzy on 
nuclear issues in both Russia and the West”; that frenzy is probably responsible for many of the 
more provocative proposals on the table.59 In addition, arms control remains an underutilized and 
underappreciated tool of deterrence. 60 In the case of nuclear ambiguity, arms control should play a 
role if and when it becomes possible to both implement and regulate transparency measures and 
limitations that are acceptable to both sides. Furthermore, a negotiated extension of the New START 
treaty (if it occurs), or any other future agreement limiting nuclear weapons, could remedy the more 
explicit risks of ambiguous systems. At present, the arms control regime is not structured to address 
the risks posed by nuclear ambiguity.61 

The United States should analyze the ambiguities present in its own nuclear doctrine and planning 
and should work on clarifying areas where increasing transparency and soothing Russian concerns 
may be more beneficial than obscuring strategy. Just as Russian nuclear ambiguity raises the risk 
of unintended escalation, so too could Russian misinterpretations of U.S. policy, especially at the 
Russian periphery.62 

 

58.  Ian Kearns, “Avoiding War in Europe: The Risks From NATO-Russian Close Military Encounters,” Arms Control Today, No-
vember 2015, https://www.armscontrol.org/print/7244; “Agreement on the Prevention of Dangerous Military Activities (1989),” 
Wikisource, https://en.wikisource.org/wiki/Prevention_of_Dangerous_Military_Activities_Agreement.
59.  Anya Loukianova Fink, “The Evolving Russian Concept of Strategic Deterrence: Risks and Responses.” 
60.  Following the July 16 Helsinki one-on-one summit between Presidents Putin and Trump, President Putin said it is import-
ant that the United States and Russia continue dialogue on strategic stability and global security, including extending the New 
START treaty. Trump did not explicitly agree. 
61.  Podvig, “Blurring the Line Between Nuclear and Nonnuclear Weapons: Increasing the Risk of Accidental Nuclear War?” 
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CONCLUSION     
Moscow certainly has succeeded in spurring debate and disagreement in the West. Worse, Russian 
ambiguity has prompted ‘solutions’ to a problem that may or may not exist—solutions that are 
inherently dangerous, may exacerbate existing ambiguities, and may further destabilize the situation. 
Of course, the United States and Russia—and all nuclear-armed states—have a solid justification 
for purposefully obscuring their nuclear policy and planning. It is rational for a state to preserve its 
flexibility. Yet, it is important to work within the bounds of some necessary ambiguity to decrease the 
risk of miscalculation.  

The United States and Russia have the joint power to destroy the world many times over, but they 
also have the power to prevent nuclear conflict from ever occurring. There is much work to be 
done to improve the current poor state of relations, communication, and cooperation between the 
superpowers. Small steps, such as implementing effective and secure methods for transparency and 
dialogue, could mean the difference in a crisis between collaborative de-escalation and total disaster.
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ABSTRACT
This paper discusses the changing landscape of safeguards within the nuclear non-proliferation 
community as non-nuclear weapon states make progress with nuclear technology that is outside of 
the original scope of the Nuclear Nonproliferation Treaty. Currently, non-nuclear weapon states such as 
Brazil are pursuing nuclear-powered submarines, which provide a potential pathway to diverting nuclear 
material and incognito enrichment due to international inspection loopholes. Through open-source 
research, as well as interviews with former IAEA employees, current ABACC officials, and Brookhaven 
scientists and safeguards experts, this paper provides recommendations to the international community 
on how to best maintain comprehensive safeguards on emerging nuclear technology. It also provides 
suggestions of changing established norms and setting a precedent through Brazil’s achievement of 
nuclear-powered submarines to set the stage moving forward. 
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182  |  On the Horizon: A Collection of the Papers from the Next Generation

INTRODUCTION 
The Nonproliferation Treaty (NPT) is facing unforeseen challenges as non-nuclear weapon states 
(NNWS) are obtaining technologies that push the boundaries of norms established by the NPT. To 
limit nuclear weapon possession solely to nuclear weapon states (NWS), the NNWS NPT signatories 
agreed not to pursue nuclear explosives and to safeguard their civilian energy sectors. Now, several 
NNWS with an ability to enrich uranium, such as Brazil and Iran, have demonstrated an interest in 
pursuing naval nuclear propulsion for use in nuclear-powered submarines. Because Brazil’s military is 
using this technology, and the NPT does not safeguard military sectors, Brazil is technically allowed 
to remove this nuclear material from safeguards. Brazil was selected as the case study for this paper 
because of its advancements towards achieving nuclear-powered submarine. It can also serve as a 
precedent in demonstrating areas in which the international community and the International Atomic 
Energy Agency (IAEA) can preempt the rise of new technology that blurs the line between NWS and 
NNWS capabilities.  

Brazil’s pursuit of nuclear-powered submarines would make it the first NNWS signatory to the NPT 
to acquire this technology. While the submarines themselves are not a cause of concerns relating to 
nuclear proliferation, the uranium fuel powering the submarines can be removed from safeguards 
verification due to an NPT loophole. It is this removal from safeguards that raises alarms for the 
diversion of nuclear material for enrichment and use in a nuclear weapon. The enrichment level of 
concern for uranium usage in nuclear weapons starts at 20 percent, extending through 90 percent and 
above for weapons-grade enrichment. At 20 percent enrichment, the separative work already completed 
within the enrichment cascade makes the transition from 20 percent to 90 percent enriched uranium 
easier to achieve.2 For context, the United States Navy currently uses weapons-grade uranium enriched 
to 97 percent in its naval reactors, Russia uses 40 percent enriched uranium in submarines, and France 
uses uranium enriched to less than 10 percent in newer submarines.3 While Brazil has agreed to 
maintain enrichment levels below 20 percent, other NNWS that are inspired by Brazil’s nuclear-powered 
submarines might not choose to remain below 20 percent enrichment.  

This paper will start with an explanation of the NPT loophole as a cause of concern for the 
nonproliferation regime. Then it will discuss Brazil’s need for nuclear-powered submarines and 
the pros and cons for nuclear vs diesel technologies to propel submarines. Starting the safeguards 
discussion, the paper will then explain Brazil’s relationship with the NPT, the IAEA, and the Additional 
Protocol (AP). The succeeding section will then discuss the Latin American regional safeguards 
organization, The Brazilian-Argentine Agency for Accounting and Control (ABACC), and its relationship 
with the IAEA. The paper will end with future recommendations for the IAEA, as it will inevitably deal 
with other non-nuclear weapon states that pursue nuclear propulsion.

LOOPHOLE IN THE SAFEGUARDS REGIME 
Upon signing the NPT, NNWS agreed not to develop nuclear explosives and to use their nuclear 
material solely for peaceful purposes. However, the authors of the NPT did not address military non-
explosives—which includes nuclear propulsion—in article III, which only places safeguards on “all 
source or special fissionable material in all peaceful activities.”4 Because the military will use the 

2.  Robert F. Mozley, The Politics and Technology of Nuclear Proliferation (Seattle: University of Washington Press, 1998), 273-275.
3.  Cole J. Harvey, “At Sea Over Naval HEU: Expanding Interest in Nuclear Propulsion Poses Proliferation Challenges,” Nuclear 
Threat Initiative,  November 29, 2010, http://www.nti.org/analysis/articles/expanding-nuclear-propulsion-challenges/.
4.  Jeffrey Kaplow, “The Canary in the Nuclear Submarine: Assessing the Nonproliferation Risk of the Naval Nuclear Propulsion 
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naval nuclear propulsion technology, the uranium used in naval nuclear propulsion is not subject to 
safeguards. This means that nuclear material can legally be removed from safeguards to be used in 
naval nuclear propulsion. As NNWS become more advanced and start to enrich uranium themselves, 
it is becoming increasingly difficult to deny them access to non-explosive technology. 

The IAEA currently tries to protect against this loophole by requiring a non-nuclear weapon state 
to declare both its military nuclear activities and the amounts of material used as well as provide 
assurances to the IAEA that the material will not be used for nuclear weapons. For material that is 
exempted from safeguards and used in defense, the state must also agree to reinstate safeguards on 
the material when its military purpose concludes. Because this involves a state’s self-report, there is 
ample space for deception and diversion of nuclear material. Nuclear material withdrawn from IAEA 
safeguards can only be verified and inspected immediately before and after it is used. Once the state 
reinstates the material to safeguards, the IAEA’s ability to verify the use of the nuclear material and 
detect the diversion will be drastically delayed due to the NPT loophole. 

BRAZIL’S ACQUISITION OF NUCLEAR-POWERED SUBMARINES 
In 2008, the Brazilian construction firm Odebrecht and the French defense firm DCNS signed a 
contract to share submarine technology and construction assistance, which would result in Brazil 
obtaining diesel-electric attack submarines.5 Brazil intends to use the diesel electric submarine 
technology to eventually obtain six nuclear-powered submarines.6 It is important to note that France 
agreed to cooperate through sharing technology and constructing the diesel-electric submarines; 
however, technology for Brazil’s first nuclear-powered submarine will be pursued independently 
by Brazil.7  In February 2018, Brazil received the first of the promised French Scorpene submarines, 
which is set to enter into service in 20208. The Scorpene submarine is capable of anti-surface and 
anti-submarine warfare as well as intelligence gathering, surveillance, and mining. 

The Brazilian Navy declared their need for nuclear-powered submarines to better protect its oil and 
trade interests on Brazil’s extensive coastline.9 Scholars such as Jeffrey M. Kaplow, writing for the 
Nonproliferation Policy Education Center, have argued that Brazil is pursuing prestige and relevance 
within the international community rather than pursuing the nuclear-powered capability for military 
necessity10. Brazil has historically vied for a seat on the United Nations Security Council (UNSC) and 
hopes that nuclear-powered submarines will bring the country into the spotlight. Throughout the 
past decade, Brazil has attempted to project its military strength in an effort to be recognized as a 
major military power and be invited to join the UNSC.11 Between 2016 and 2017, Brazil increased 
in ranking as a high military spender and occupied the 11th rank totaling 29.3 billion on military 

Loophole,” The Nonproliferation Review 22, no. 2 (2015), https://www.tandfonline.com/doi/full/10.1080/10736700.2015.1116767.
5.  “Brazil to join elite club of nations building nuclear-powered submarines,” South China Morning Post, June 4, 2014, http://
www.scmp.com/news/world/article/1525347/brazil-join-elite-club-nations-building-nuclear-powered-submarines.
6.  Vincent Groizeleau, “Update on Brazil’s Subamarine Programme,” Mer et Marine, July 21, 2017, https://www.meretmarine.com/
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7.  Anthony Boadle, “Brazil launches program to build nuclear submarine in a decade,” Reuters, March 1, 2013, https://www.
reuters.com/article/brazil-defense-submarines-idUSL1N0BT5WK20130301.
8.  Joanne Stocker, “Brazil Receives First of 4 Scorpene Submarines from Naval Group,” The Defense Post, February 20, 2018, 
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expenditures in 2017.12 Brazil’s pursuit of nuclear-powered submarines adds to its profile of 
increasing its military presence and spending within the region and worldwide with hopes of gaining 
a permanent seat on the UNSC. 

Brazil is a unique case because it is a member of two safeguards regimes, the IAEA and the ABACC, 
and it is also a South American leader in nonproliferation efforts. However, a closer examination of 
the history of Brazil’s nuclear ambitions shows a history of diverting nuclear material for nuclear 
weapon usage. In 1979, former Brazilian President and Dictator João Baptista de Oliveira Figuieredo 
supported a parallel military nuclear program with the goal of obtaining a nuclear weapon.13 The 
three branches of the military all played a role in research and development. The Air Force worked 
on laser enrichment, fast breeder reactors, and a satellite launching program to develop their missile 
program. The Army developed graphite-moderated reactors for plutonium production. The Navy 
developed cyclone-centrifuge enrichment and nuclear propulsion technology. This program was 
discontinued when Brazil became a democracy in 1989, but it is important to note that the nuclear 
propulsion research from the secret parallel program provided the framework for Brazil’s nuclear-
powered submarines today. 

WHY NUCLEAR-POWERED SUBMARINES? 
Nuclear propulsion has more realized benefits than diesel-electric submarines. Nuclear-powered 
submarines contain a nuclear reactor within the submarine, which provides larger amounts of energy 
than diesel-electric submarines. Most nuclear-powered submarines use Pressurized Water Reactors 
(PWR), which use enriched uranium to create the energy.14 PWRs deliver large amounts of power from 
a small reactor, and highly enriched uranium (HEU) within PWRs deliver greater amounts of energy 
than low-enriched uranium (LEU) and diesel electric submarines. HEU has a larger energy yield, 
which would allow the submarine to patrol for longer periods of time. 

Nuclear-powered submarines with PWRs benefit from having long core lives, so the need for 
refueling is drastically reduced compared to the diesel-electric model. The submarine would only 
need to resurface to restock the ship with supplies and switch out personnel. However, even with 
these stated benefits, there are still many risks involved. As aforementioned, when pursuing this 
technology, the state can technically remove nuclear material from IAEA safeguards, because it is 
used by the military, which the IAEA does not safeguard. Removing the enriched nuclear material 
from safeguards creates the potential for NNWS to divert the unsafeguarded enriched uranium for 
use in a nuclear weapon, decreasing the breakout time that it would take for a NNWS to obtain a 
nuclear weapon. 

This NPT loophole demonstrates a crack in the foundation of the nonproliferation regime. When the NPT 
was drafted, NNWS wanted to maintain the possibility of using nuclear material for civil, non-nuclear 
weapon purposes such as peaceful nuclear explosives for construction or ice breakers. However, the 
militaristic, non-explosive use of the nuclear material falls outside of the scope of the NPT and the 
jurisdiction of the IAEA, undermining the NPT. This issue presents a threat to the current nonproliferation 
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regime that needs to be addressed, as there is currently no regulation surrounding nuclear propulsion. 
As Brazil pursues nuclear naval propulsion, it can set a precedent for the how the NPT and the IAEA can 
ensure that states don’t divert nuclear material after withdrawing it from safeguards. 

BRAZIL’S RELATIONSHIP WITH THE NONPROLIFERATION REGIME 
Brazil was one of the last states to sign the NPT in 1998 and presently maintains reservations 
about signing the Additional Protocol (AP). Commonly cited reasons for Brazil’s reluctance to join 
the NPT and the AP include the perception that the NPT divides the world into the “haves” and 
“have nots.”15 They believe that nuclear weapon states are given preferential treatment and have 
made little to no progress on the disarmament goals put forth in the NPT, while non-nuclear 
weapon states have limited access to nuclear military technology. Brazilian officials state that the 
NPT fails to clearly delineate the obligations and responsibilities of both non-nuclear and nuclear 
weapon states. Brazilian Foreign Minister João Augusto de Araujo Castro has stated, “The NPT drafts 
propose limitations only for those countries that do not possess nuclear weapons and they include 
restrictions which are not essential to the objectives of nonproliferation.”16  

The AP supplements the NPT and gives power to the IAEA so that the agency can have more access 
and information as it verifies the nonexistence of undeclared materials or activities. Brazil has 
refused to adopt the AP for similar reasons as those that led to a delayed its signing of the NPT. 
Brazilian officials say that they will not sign the AP until Russia and the United States disarm a 
significant amount of their stockpiles. According to officials from countries that have not signed the 
AP, signing it would place more technological limits on NNWS, since they will have to obtain more 
funding to ensure that they are adhering to the regulations placed on them by the AP.17 Brazil also 
does not want to conform to a more intrusive inspection regime from the IAEA, as it wants to protect 
its sovereignty. 

ROLE OF THE IAEA AND ABACC 
Because the IAEA does not safeguard naval nuclear propulsion, examining the safeguards placed on 
Brazil through the regional safeguards agency ABACC is important when analyzing Brazil’s nuclear 
weapon proliferation potential through nuclear propulsion. ABACC was created in 1991 through the 
Guadalajara Agreement signed by Brazil and Argentina. This agreement stated that both Argentina 
and Brazil are only allowed to develop civilian nuclear programs and that both countries will prohibit 
and prevent their territories from “carrying out, promoting, or authorizing directly or indirectly or from 
participating in any way in the testing, manufacture, production, or acquisition by any means of any 
nuclear weapon.”18 The Common System of Accounting and Control of Nuclear Material (SCCC) outlined 
in the agreement delineates the regional safeguards that Brazil and Argentina must uphold in their 
facilities. In 1994, ABACC, Argentina, Brazil, and the IAEA formalized their cooperation by signing the 
Quadripartite Agreement to specify safeguards applications between the IAEA and ABACC.19 

15.  Togzhan Kassenova, “Brazil, Argentina, and the Politics of Global Nonproliferation and Nuclear Safeguards,” Carnegie En-
dowment for International Peace, November 29, 2016, https://carnegieendowment.org/2016/11/29/brazil-argentina-and-poli-
tics-of-global-nonproliferation-and-nuclear-safeguards-pub-66286.
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17.  Mark Hibbs, “The Unspectacular Future of the IAEA Additional Protocol,” Carnegie Endowment for International Peace, April 
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A closer examination of the cooperative efforts between ABACC and the IAEA reveals the benefits 
and drawbacks to regional and international safeguard regimes. While both ABACC and the IAEA 
safeguard the peaceful uses of nuclear material, ABACC’s safeguards do not exclude military 
bases.20 This means that ABACC can inspect military uses of nuclear material within Brazil. In the 
case that Brazil does attempt to divert nuclear material from naval nuclear propulsion, ABACC 
will be able to determine if the material has in fact been diverted from Brazil’s naval program. 
Due to its regional capacity, ABACC has greater liberties and access to Brazilian and Argentine 
facilities and commissioners for both countries, so there is constant dialogue between both 
countries and ABACC. 

The close relationship between Argentina and Brazil arose out of both countries signing the 
Guadalajara Agreement and the Quadripartite Agreement and, therefore, creating an environment of 
peace, trust, and cooperation between the two countries, which continues today. However, the open 
relationship that ABACC has fostered between Argentina and Brazil does not translate directly to 
full nuclear cooperation with the IAEA. This is because of the above-mentioned reasons of perceived 
unequal treatment internationally between NWS and NNWS, which leads to Brazil’s hesitation in 
signing the NPT and the AP. The relationship created between Argentina and Brazil means that 
ABACC can even perform surprise inspections in military bases, further demonstrating how the 
detection capabilities of ABACC will be a support system even when inspecting nuclear material is 
beyond the IAEA’s scope of civilian and military sites. 

Brazil is not a signatory to the AP, so the IAEA does not have the liberty to visit Brazilian facilities 
and take environmental samples to fully ensure that no material is being diverted and no undeclared 
facilities are operating. Even though the IAEA has limited access, ABACC inspectors have freedom in 
other areas of monitoring Brazilian facilities—even when those facilities are not safeguarded—due to 
the close relationship between the two countries. For instance, in the case of Argentina’s unfinished 
reprocessing plant, ABACC inspectors were able to request access to the facility and verify that it was, 
in fact, not being used, even though this facility was not safeguarded under ABACC.21 In the absence 
of a regional safeguard regime, it would have been difficult for an international agency like the IAEA 
to request access to a facility in a country that is not a signatory to the AP. 

One of the guiding principles for the coexistence of ABACC and the IAEA is the need for independent 
evaluations from both agencies. Both examine facilities independently while using the same 
equipment, standards, and procedures.22 The IAEA and ABACC even attempt to coordinate their 
inspection periods so as not to inspect simultaneously. There is constant communication between 
both agencies, so they can ensure that they are, in fact, using the same inspection criteria and 
sampling plans when examining facilities. In this regard, it is important that ABACC shows it is able 
to do work at the same caliber as an international inspection agency such as the IAEA. 

Due to the levels of bureaucracy when interacting between international and regional safeguard 
regimes, lines of communication between the IAEA, ABACC, the national authorities in both Brazil and 
Argentina, and the individual facility operators are challenged. With this long chain of command, it is 
difficult and strenuous to coordinate changes in the implementation of safeguards between agencies 
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and facilities at a regional and international level. In addition to coordinating challenges between 
safeguards regimes, logistics associated with ABACC inspectors make their inspections a challenge. 
While the IAEA has full time inspectors, ABACC’s inspectors are part-time and are only called upon 
and trained when they are needed for inspections. Even though Brazil is a member of a regional 
safeguards regime, it is still important to provide continued legitimacy and support to the IAEA, as 
well as international norms, through signing the AP and providing the IAEA additional access to 
nuclear facilities, because it will inevitably set a precedent and serve as an example for other NNWS 
pursuing this same technology. 

While Brazil is the case study for this paper, the danger of nuclear material diversion is drastically 
reduced due to the presence of ABACC. The uncertainty that the authors of the NPT left when they 
did not account for naval nuclear propulsion is addressed in Brazil through ABACC safeguarding 
all nuclear activity in Brazil. While Brazil is not in danger of violating nonproliferation norms, other 
NNWS that do not have a regional safeguard safety net nor an AP in effect, such as Egypt, Iran, and 
Syria, can withdraw nuclear material from safeguards without further IAEA inspection if they claim it 
is for naval nuclear propulsion. Since this technology is unprecedented, when Brazil finally achieves 
nuclear-powered submarines, NNWS will need to decide how to handle the international community 
reactions in the wake of nuclear material being publicly requested to be withdrawn from safeguards. 
This next section will provide recommendations for not only the IAEA, but also the international 
community, as this will be a foreseeable challenge in the future. 

RECOMMENDATIONS 
When it comes to dealing with NNWS, it is important to keep in mind the spirit of the NPT and to 
try to foster equality between NWS and NNWS. Therefore, NWS states should continue to aim for 
eventual disarmament and promote the peaceful uses of nuclear energy. It is also up to the NNWS to 
maintain both peaceful uses of nuclear energy and the status quo within the nonproliferation regime. 

First, NWS can promote use of naval reactors fueled though the use of LEU and set an example for 
NNWS pursuing this technology. France has successfully made the change to LEU usage in their 
submarines by using caramel fuel. This fuel is composed of a uranium-dioxide composite embedded 
in a zirconium alloy grid.23 Caramel fuel increases the burning efficiency of uranium so that it can 
create a larger energy output. Studies have found the use of caramel fuel allows the reactor core to 
last for upwards of 33 years.24 So far only France and China have adopted this method, and the United 
States sets a poor example for the rest of the international community.25  

In both 1995 and 2014, the Navy and the Department of Energy (DOE) presented reports to Congress 
stating that the United States should not pursue LEU, due to costs associated with redesigning the 
submarine vessel to fit the larger reactors associated with LEU. They state that using LEU in naval 
reactors “would result in a reactor design that is inherently less capable, more expensive…and would 
compete for necessary resources against all other NNSA and DOD priorities.” 26  Despite this, Congress 
has demonstrated its support for completing research into LEU so that it becomes a feasible, 
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widespread source of energy in naval reactors. To this end, U.S. lawmakers have consistently approved 
money in the budget for continuing research into LEU usage in nuclear reactors. In fiscal years 17 
and 18, Congress approved $5 million to the naval reactors office to study the LEU system, allocating 
$10 million total for LEU research. In addition, a 2016 NNSA report stated that if the United States 
actively pursued LEU research, it would “demonstrate United States leadership toward reducing HEU 
and achieving nuclear non-proliferation goals.” 27

An example of the United States’ active research into LEU is the Reduced Enrichment for Research 
and Test Reactors (RERTR) program. RERTR was launched in 1978 by the Department of Energy.28  By 
furthering research into the viability of LEU along with the financed support of Congress, the United 
States can signal to NNWS that LEU is a viable option and that even the states with the highest 
number of nuclear weapons find the use of HEU unnecessary.

Many NNWS have looked to the NWSs to lead by setting an example. This can be seen when NNWS 
criticize the NPT for its unequal treatment of NWS and NNWS. The NPT calls for NWS to “pursue 
negotiations in good faith on effective measures relating to cessation of the nuclear arms race.”29 To 
date, NNWS believe that there has been little to no progress made amongst the United States and 
Russia that specifically aims to further decrease their stockpiles. Ultimately, NNWS want to see NWS 
living up to their nonproliferation and disarmament goals and hold NWS to a higher standard. In fact, 
part of Brazil’s reluctance for signing the AP stems from Brazilian officials believing that the United 
States has not made further efforts to decrease its stockpile as promised and that Brazil should not 
have more safeguard restrictions if the United States isn’t making a demonstrated effort. To instill 
more confidence into NNWSs, the United States and Russia can outline specific steps that they plan 
to take to further disarm during the NPT Review Conference in 2020. 

NNWS also need to make a concerted effort to sign the Additional Protocol and uphold its values so 
that the IAEA has an easier time detecting diverted material using a wider range of techniques. For 
instance, both Brazil and Argentina are not signatories to the AP, because they want NWS to start 
fulfilling their promises of disarmament. However, instead of being penalized in an effort to pressure 
these countries to sign on to the AP, Brazil and Argentina have been able to gain access to nuclear 
technology through the Nuclear Suppliers Group (NSG).30 To become a member of the NSG, states 
are required to be a signatory to the AP; however, Brazil and Argentina have been able to bypass 
that requirement because of their participation in ABACC. While it is reassuring that Brazil and 
Argentina have a regional safeguards regime, their admission into the NSG without signing the AP 
reinforces that they do not need to sign it. These types of shortcuts should not be tolerated within 
the international community, and the nuclear nonproliferation community should further reinforce 
these protocols by both placing pressure on member states to renew their membership every 10-15 
years and explicitly requiring members to sign and ratify the AP in order to continue to be an active 
member. This will present a more unified front throughout the nonproliferation regime and towards 
future nuclear threats of diversion. 
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CONCLUSION 
At first glance, it appears that Brazil is a rebel within the nonproliferation regime, but it has been a 
regional leader in nonproliferation and disarmament. Brazil is a signatory to the Treaty of Tlatelolco, 
which created a nuclear weapon free zone in Latin America and the Caribbean. The former energy 
rivalry between Argentina and Brazil has culminated in peaceful agreements such as the Cooperation 
Agreement for the Development and Application of the Peaceful Uses of Nuclear Energy, the Joint 
Declaration on Nuclear Policy, and the Quadripartite Agreement, which led to the creation of ABACC. 
In addition to the regional cooperative agreements prohibiting the spread and use of nuclear 
weapons, Brazil has written into its constitution that it is illegal to pursue nuclear weapons. While 
Brazil has made efforts to safeguard its technology and intentions, other countries might not have 
the same intentions. 

Because Brazil is the first NNWS to develop nuclear-powered submarines, Brazil will serve as an example 
for the rest of international community and the IAEA of what can result from the lack of safeguards and 
verification techniques for naval nuclear propulsion. The IAEA and the international community will need 
to formulate an appropriate response to NNWS, such as Egypt, Iran, and Syria, removing nuclear material 
from safeguards and suspending verification for use in nuclear-powered submarines. The burden should 
not be placed solely on the IAEA. The rest of the international community and NWS should also set an 
example to further promote nonproliferation and disarmament.
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Defensive Satellites
Who Will Shoot First? 

Rachel Webb1

ABSTRACT
Due to recent technological advances and changing political and defense perceptions, directed energy 
weapons (DEWs) are closer to a military reality than ever before. Political support for space-based, satellite, 
missile defense programs is back after an over twenty-year hiatus. Basing this capability on satellites 
would continue to press the stressed norms of not militarizing space. What will happen if the United 
States or one of its near-peer adversaries actually fields this capability? This paper focuses on how these 
systems could impact arms race stability. After reviewing the potential outcomes, this paper concludes 
by discussing the most beneficial outcome for the United States, which is a superior technological hedge 
capability to counter potential adversary weaponization of space.

INTRODUCTION
In testimony to the House Armed Services Committee on April 17th 2018, Dr. Michael Griffin, the Under 
Secretary of Defense for Research and Engineering, said, “By the later part of the next decade, I want 
to have a megawatt-class device that can go in space and protect us against enemy strategic missiles. 
These things are within our grasp if we focus our efforts. They absolutely are within our grasp.”2 

Under the Trump administration, there is a new push in the Department of Defense (DOD) for a 
space-based directed energy weapon (DEW) that would augment current ballistic missile defense 
systems. Due to technological advances in recent years, DEWs are closer to a realized military 
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capability than ever before. The United States has been researching and attempting to achieve 
weaponization of directed energy since the 1960’s, but according to Military Aerospace, the DOD is 
expected to complete a Directed Energy Roadmap in 2018.3 The roadmap will provide the public with 
more information on the department’s vision for DEWs. A productive roadmap will provide critical 
information about this administration’s plans for funding and acquisition strategies in the field, 
which would inform the field for years to come. If the roadmap does not address these issues, it will 
simply provide clarification on the administration’s vision for directed energy. Increased investment 
in space-based DEWs may spark arms race competition with Russia or create strategic advantages for 
the United States as a sole owner of such systems. 

This research will first review the historical and technological background, along with the existing 
literature on DEWs; how DEW technology for defense against nuclear weapons may affect stability; 
and potential impacts to nuclear arms race stability. The paper will explore three different scenarios: 
United States unilateral capability, adversary capability, and bilateral capability. The recommended 
outcome is that the United States maintains a technological hedge, with the ability to break out to a 
unilateral capability in the event that the current moratorium on weaponizing space is broken. 

BACKGROUND AND TECHNOLOGICAL HISTORY
Research into DEW technology is decades old. According to a public Government Accountability Office 
(GAO) report, the Department of Defense began pursuing high-energy laser weapon systems in the 
late 1960s.4 DEWs are plagued by a history of unfinished systems, which were cancelled for political 
reasons or due to withdrawal of funding.  The last effort at a space-based missile defense program 
was Ronald Reagan’s Strategic Defense Initiative. The formal initiative ended when the Strategic 
Defense Initiative Organization (SDIO) was renamed the Ballistic Missile Defense Organization, 
now the Missile Defense Agency.5 The initiatives of the SDIO were cancelled primarily due to lack 
of political support after the end of the Cold War.6 Political support waned in part due to the end of 
the Cold War, and it was dealt its final blows by the new administration trying to cut back on defense 
spending in the face of a yearlong recession. In May 1993, Secretary of Defense Les Aspin declared 
the program dead. 7 

There are several modern programs receiving public attention: Air Force programs to equip both 
AC-130s with lasers and fighter aircraft with lasers; a Missile Defense Agency (MDA) program, the Low 
Power Demonstrator Laser (LPLD) which utilizes laser on drones; and renewed interest in space-
based missile defense. 8 Most of these programs are relatively new. These newer programs built upon 
decades of previous research. However, the field still faces challenges because of the lack of success 
of previous programs. These challenges include lower investment in the field by industry due to lack 
of government funding as well as a resulting shrinking industrial workforce with experience in DEWs. 

3.  J.R. Wilson, “At long last, laser weapons are nearing deployment,” Military Aerospace 28, no. 7 (July 25, 2017), http://www.mili-
taryaerospace.com/articles/print/volume-28/issue-7/special-report/at-long-last-laser-weapons-are-nearing-deployment.html.
4.  Comptroller General of the United States, The Department of Defense’s High-Energy Laser Technology Program – Direction and 
Focus, (Washington, DC: Government Accountability Office, 1980), https://www.gao.gov/products/116735.
5.  “History of the Agency,” Missile Defense Agency, accessed June 12, 2018, https://www.mda.mil/about/history.html. 
6.  Stephen M. Walt, “Rush to Failure,” Harvard Magazine, May 1, 2000, https://harvardmagazine.com/ 2000/05/rush-to-failure-html.
7.  Frances Fitzgerald, Way Out There in the Blue (New York, NY: Simon and Schuster, 2000), 491.
8.  Richard Sisk, “Air Force Special Ops Short on Funding for AC-130 Gunship Laser,” Defense Tech, Military.com, April 11, 2018, 
https://www.military.com/defensetech/2018/04/11/air-force-special-ops-short-funding-ac-130-gunship-laser.html; Yasmin 
Tadjdeh, “Air Force to Test Laser Weapon on Fighter Jet by 2021,” National Defense, November 8, 2017, http://www.nationaldefen-
semagazine.org/articles/2017/11/8/air-force-to-test-laser-on-fighter-jet-by-2021; and http://www.defenseone.com/technolo-
gy/2018/03/pentagons-new-arms-research-chief-eyes-space-based-ray-guns/146863/.
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Such challenges may be remedied if the high level of DOD support translates to financial support to 
DEW programs. 

This paper will not focus on the means of DEWs used, but rather the implications of using a DEW for 
strategic deterrence and stability. There are several types of DEWs, including particle beams, high 
energy lasers (HELs), and microwave weapons. Interested readers can review the 2007 Defense Science 
Board Task Force on Directed Energy Weapons Report for more information on these technical aspects. 
DEWs will potentially upset stability and change strategic deterrent relationships. Further investment 
and focus should be scrutinized with an eye to how the United States would use such weapons and 
how they would affect our current deterrent strength.

LITERATURE REVIEW
The literature regarding DEWs’ strategic effects varies. Most scholarly reviews date to the 1980’s, 
during Reagan’s SDI. The most holistic review of the subject is Former Secretary of Defense Ash Carter’s 
background paper, “Directed Energy Missile Defense in Space.”9 For readers that are further interested 
in the physics of DEWs, Carter’s work is essential. Carter’s background paper addresses the technical 
physics of potential DEW systems in space, essential elements of boost-phase intercept systems, and 
countermeasures to boost-phase intercepts. He outlines the advantages and disadvantages of chemical 
lasers, nuclear-bomb pumped x-ray lasers, particle beams, and kinetic energy weapons.10 Carter also 
outlines potential countermeasures to space-based missile defenses, including anti-satellite (ASAT) 
capabilities, shielding, decoys, and offensive buildups.11 He provides an outline for a hypothetical 
future U.S. defense against a hypothetical future Soviet offense, which includes an architecture of 900 
x-ray laser satellites and thousands of supporting interceptors.12 Finally, he closes with nine principal 
judgments and observations. The key observation is that the “prospect that emerging ‘Star Wars’ 
technologies… will providea perfect or near-perfect defense system… is so remote that it should not 
serve as the basis of public expectation or national policy about ballistic missile defense.”13 His other 
observations draw on this principal and provide key insight into the defense policy ramifications of 
spending on a system that could not provide a perfect defense. 

Robert Gromoll’s 1987 article in Political Science Quarterly, “SDI and Dynamics of Strategic 
Uncertainty” provides a review of the potential outcomes of space-based ballistic missile defenses. 
Gromoll’s review makes the case that ballistic missile defenses would create nine different potential 
relationships between dyads. These relationships would be based on perceptions of both offensive 
and defensive capabilities.14 These nine dyads are based on whether Side A has an offense better 
than, equal to, or worse than Side B’s defense and whether Side A has a defense better, equal to, or 
worse than Side B’s offense. One of his conclusions is that including the defensive dimension in 
the strategic environment expands the possible number of strategic relationships that can occur.15 
Gromoll concluded that it was better to invest in passive defenses, like hardening and mobility, 

9.  Ash Carter, Directed Energy Missile Defense in Space – A Background Paper (Washington, DC: U.S. Congress, Office of Technology 
Assessment, April 1984), https://www.princeton.edu/~ota/disk3/1984/8410/8410.PDF.
10.  Ibid, 16-32. 
11.  Ibid, 46-52. 
12.  Ibid, 60. 
13.  Ibid, 81. 
14.  Robert H. Gromoll, “SDI and the Dynamics of Strategic Uncertainty,” Political Science Quarterly 102, no. 3 (Fall 1987): 490, 
https://www.psqonline.org/article.cfm?IDArticle=12168.
15.  Ibid, 491. 
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rather than invest in SDI.16 This paper will build upon Gromoll’s inclusion of the defensive elements 
of strategic relationships—but updated to today’s strategic environment. Unlike Gromoll’s review, the 
United States already has ground-based ballistic missile defenses, so strategic deterrence has already 
been further complicated by the existence of both offensive and defensive systems. Additionally, 
the United States has withdrawn from the ABM Treaty, removing several of the political obstacles to 
action discussed in his analysis. 

For the purposes of this paper, the following definitions will be used to describe deterrence and arms 
race stability. According to Joint Publication 1-02, the Department of Defense defines deterrence as 
“the prevention of action by the existence of a credible threat of unacceptable counteraction and/or 
belief that the cost of action outweighs the perceived benefits.”17 Strategic deterrence as discussed in 
this paper is the deterrence of nuclear use. 

Arms race stability is one of the critical elements of stability in a nuclear world. This form of stability 
describes how actors perceive their need to adjust their nuclear forces. This paper will utilize the 
following definition of arms race stability: 

The absence of perceived or actual incentives to augment a nuclear force—qualitatively  
or quantitatively—out of the fear that in a crisis an opponent would gain a meaningful  
advantage by using nuclear weapons first.18

From this, we can tell that part of stability is force dependent. If there is a change in a country’s 
strategic forces, it may drive changes in arms race stability. Part of this calculus is still dependent 
on a leader’s decision making and their beliefs. A breakdown in arms race stability is driven by a 
country’s belief that they are no longer successfully deterring their adversary. 

DETERRENCE RELATIONSHIPS AND ARMS RACE STABILITY
To review the potential consequences of a fielded space-based missile defense platform, this paper 
reviews three potential relationships. The first, and most prominent, future scenario is one in which 
the United States has a unilateral capability. In this scenario, neither of the United States’ near-
peer nuclear adversaries will have achieved the same capability. The second reviews the potential 
scenario in which an adversary has this capability, but the United States does not. Finally, it reviews a 
bilateral relationship in which both the United States and Russia have achieved this capability. 

SCENARIO 1: UNITED STATES UNILATERAL CAPABILITY
United States unilateral space-based laser missile defense presents several challenges to arms race 
stability. In this case, the United States would achieve a unilateral defensive nuclear advantage 
against its adversaries. This characterization splits nuclear forces into offensive and defensive 
categories. With a space-based missile defense capability, the United States would gain a strategic 
advantage by having better nuclear-related defenses than their adversary. This advantage would lead 
to negative reactions from our near-peer nuclear adversaries, and they may improve their offenses in 
order to defeat a U.S. defensive capability. 

16.  Ibid, 500. 
17.  For the definition of “s.v. deterrence (n.)” see U.S. Department of Defense, Joint Publication 1-02, Department of Defense Dic-
tionary of Military and Associated Terms (U.S. Department of Defense, 2010), https://fas.org/irp/doddir/dod/jp1_02.pdf.
18.  James Acton, “Reclaiming Strategic Stability,” in Strategic Stability: Contending Interpretations, ed. Elbridge A. Colby and Mi-
chael S. Gerson (Carlisle, PA: U.S. Army War College, 2013), 121, http://publications.armywarcollege.edu/pubs/2216.pdf.
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If this reaction took the form of a large research and development program, it would most likely lead 
to adversary powers investing in ASAT capabilities in order to hold the missile defense capability at 
risk. In the early stages of these technologies, it is not likely that either the United States or Russia 
would be able to build smaller disaggregated systems, reducing the potential advantages of those 
with ASAT capabilities. After further technological maturation, such disaggregation would counter the 
ASAT threat by providing a larger number of targets and dispersing the potential damage.19 

The ability to start a conflict by taking out satellites, which perform missile defense warning 
functions, space-based missile defense functions, or both, would provide the adversary its own 
first-strike advantage and potentially destroy any U.S. advantage based upon space-based missile 
defenses. Alternatively, these countries could simply increase the number of missiles they deploy 
to overwhelm U.S. defenses, employ decoys, or multiple independently targetable reentry vehicles 
(MIRVs). Countries may also invest more heavily in bomber or fighter components of a nuclear triad to 
circumvent space-based missile defenses.20 Several of these solutions are far cheaper and more likely 
than anti-satellite capabilities. 

However, Russia’s increasing funding and testing of ASAT systems warrant concern about 
countermeasures to space-based missile defenses. 21 Russia recently successfully tested a credible 
ASAT, the ‘Nudol,’ which could threaten space-based missile defenses.22 If the United States achieved 
a space-based missile defense capability, Russian ASAT and other counter-capabilities would likely 
follow. Due to the nascent systems in Russia, any fielded capability by the United States would 
open the door to Russian vertical proliferation into new systems. Breaking the Treaty on Principles 
Governing the Activities of States in the Exploration and Use of Outer Space, Including the Moon and 
Other Celestial Bodies (Outer Space Treaty), would end consensus on not weaponizing space and 
allow other countries to follow more easily. Space-based missile defenses would clearly break 
the norms of not weaponizing space. The case of Russian ASAT and countermeasures may or may 
not clearly weaponize space, depending upon if they are ground-based or satellite systems. The 
Outer Space Treaty clearly bans weapons of mass destruction (WMD) in space. Depending upon the 
technical method of a DEW (if a nuclear element is involved to create the laser), it may or may not be 
classified as a WMD. However, outside of the clear limits of the Outer Space Treaty, there are current 
international norms against weaponizing space that would be violated.

Likely Russian reactions can be drawn from their public statements regarding the Reagan SDI 
program as well as more recent ballistic missile defenses. Reactions to space-based laser missile 
defense would potentially be more radical, as it is a departure from current practice. In the 1980’s, Yuri 
Andropov dismissed President Reagan’s SDI speech as propaganda, and said that the two countries 
had “recognized the fact… that it is only mutual restraint in the field of ABM defenses that will allow 
progress in limiting and reducing strategic systems.”23 Gorbachev was more concerned, saying in 

19.  James Acton, “Command and Control in the Nuclear Posture Review: Right Problem, Wrong Solution,” War on the Rocks, 
February 5, 2018, https://warontherocks.com/2018/02/command-and-control-in-the-nuclear-posture-review-right-problem-
wrong-solution/
20.  Gromoll, “SDI and the Dynamics of Strategic Uncertainty,” 485 and Carter, Directed Energy Missile Defense in Space – A Back-
ground Paper, 46-52.
21.  Ankit Panda, “Russia Conducts New Test of ‘Nudol’ Anti-Satellite System,” The Diplomat, April 2, 2018, https://thediplomat.
com/2018/04/russia-conducts-new-test-of-nudol-anti-satellite-system/.
22.  Ibid.
23.  Patrick E. Tyler, “How Edward Teller Learned to Love the Nuclear-Pumped X-Ray Laser,” Washington Post, April 3, 1983, 
https://www.washingtonpost.com/archive/opinions/1983/04/03/how-edward-teller-learned-to-love-the-nuclear-pumped-x-
ray-laser/6df462e5-26e0-428c-a90b-c39bb8075210/?noredirect=on&utm_term=.7093a5c2ccc5.



Defensive Satellites: Who Will Shoot First?  |  195

Reykjavik in October 1983, “the continuation of the S.D.I. program will sweep the world into a new 
stage of the arms race and would destabilize the strategic situation.”24 While similar charges are likely 
to resurface regarding the credibility of space-based missile defense, the field of arms control has 
drastically changed. This change is marked by the United States’ withdrawal from the ABM Treaty in 
2002, allowing them to explore previously banned missile defenses.25 Further defensive capabilities 
may also provide U.S. adversaries a strategic messaging opportunity. This approach was evidenced in 
Vladimir Putin’s March 1 announcement that Russia now had a nuclear cruise missile that could evade 
all anti-missile defenses.26 In nuclear deterrence, introducing doubt into the adversary’s decision-
making process regarding their ability to act or defend themselves can be valuable. 

As the 2018 Nuclear Posture Review reiterated, U.S. policy is to maintain a degree of ambiguity 
regarding the circumstances under which a nuclear response is warranted.27 While uncertainty is 
a positive aspect to maintaining strategic deterrence, suspicion regarding the capabilities on each 
side can be confusing and harmful. Ambiguity of capabilities can cause leaders to overestimate the 
enemy’s retaliatory capability—ballistic missile defense or anti-satellite capabilities in this scenario—
changing the leaders’ calculus of their ability to succeed or fail.28 As Gromoll points out in his review, 
this can be a positive in one case—where the enemy perceives your BMD to be so capable that they 
are deterred from a first strike. Alternatively, he explains, they could be encouraged by their own 
perceived strength to act aggressively. 

The perception of capability is critical in all three scenarios. In the United States unilateral capability 
scenario discussed here, Russian perception of the U.S. ability to preventatively strike down missiles 
in boost phase from space will determine their reaction. U.S. space-based missile defenses are not 
likely to be tested in a real-world exercise countering a ballistic missile. The ability of such a system 
to counter a missile also heavily depends upon the intelligence, surveillance, and reconnaissance 
(ISR) capabilities that would inform such a timely strike. The political messaging of such a test, as 
well as the chance for misinterpretation by the adversary, makes the stakes incredibly high. 

In a worst-case scenario, Russia would seek to catch up with the United States through similar or 
other means. One of the worst outcomes would be an adversary choosing to massively increase 
their nuclear arsenal in order to ensure their nuclear capability regardless of their adversary’s 
defensive measures. This would starkly impact vertical nuclear proliferation and impact arms control 
agreements. Vertical nuclear proliferation is proliferation within a single state’s nuclear arsenal.29 
Vertical proliferation by the United States or Russia would be a major turning point in the current era 
of bilateral arms control agreements. The primary arms control agreement impacted would be the 
Treaty on Principles Governing the Activities of States in the Exploration and Use of Outer Space, Including 
the Moon and Other Celestial Bodies (Outer Space Treaty), as well as the international norm of not 
weaponizing space. 

24.  Mikhail Gorbachev, “Excerpts from Gorbachev Speech on the Reykjavik Talks and ‘Star Wars,’” New York Times, October 23, 
1983, https://www.nytimes.com/1986/10/23/world/excerpts-from-gorbachev-speech-on-the-reykjavik-talks-and-star-wars.html.
25.  Treaty Between the United States of American and the Union of Soviet Socialist Republics on the Limitation of Anti-Ballis-
tic Missile Systems, U.S.-U.S.S.R., October 3, 1972, U.N.T. 13445. 
26.  “Russia’s Putin unveils ‘invincible’ nuclear weapons,” BBC, March 1, 2018, http://www.bbc.com/news/world-eu-
rope-43239331.
27.  U.S. Department of Defense, Nuclear Posture Review (U.S. Department of Defense, 2018), https://media.defense.gov/2018/
Feb/02/2001872886/-1/-1/1/2018-NUCLEAR-POSTURE-REVIEW-FINAL-REPORT.PDF.
28.  Gromoll, “SDI and the Dynamics of Strategic Uncertainty,” 486.  
29. Susan Turner Haynes, Chinese Nuclear Proliferation: How Global Politics is Transforming Chinas Weapons Buildup and Modern-
ization (Omaha, NE: Potomac Books, 2016), 5. 
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SCENARIO 2: ADVERSARY UNILATERAL CAPABILITY
Russia may achieve a unilateral space-based missile defense capability. This scenario is the least 
likely to occur, though Russia does have a significant DEW research program. Most of it, however, 
focuses on conventional warfare, rather than defending against strategic systems. Russia has tested 
laser anti-satellite capabilities.30 They claim these weapons are for use against satellites and not for 
employment in space itself. However, the significant research into DEW technology is transferable 
and does not rule out their potential continued research towards a “Star Wars” like capability. 

If the United States’ major competitor, Russia, achieved this capability unilaterally, the U.S. potential 
response is likely similar to scenario one, with some specific distinctions. Russia continues to posture 
its research into DEW capabilities as anti-satellite weapons (ASAT). This posturing allows them 
to claim they are not weaponizing space as long as ASAT capabilities are ground-based and not 
militarily used. Earlier this year, Russian Foreign Minister Sergey Lavrov said, “All other countries 
understand the urgency of this problem, but the United States continues nurturing plans to militarize 
outer space, in the sense of the deployment of weapons in outer space, which will, naturally, add 
another negative dimension to the problems of international security.”31 Publicly, Russia continues 
to promote not placing weapons in space. However, according to U.S. government reports, Russia 
continues to pursue ASAT weapons.32 While ASAT does not necessarily move a weapon system into 
space, it is part of the growing inclusion of space as a warfighting domain. While space will be a 
contested domain, the contestation of space is largely outside the scope of this paper. However, it 
is highly likely that Russia will accuse the United States of violating international law, in this case 
the Outer Space Treaty, in a similar manner to current accusations regarding the Intermediate-range 
Nuclear Forces (INF) Treaty.33 This strategy allows Russia to continue its own actions while blaming 
the United States for the potential demise of the Outer Space Treaty. 

In the case of adversary unilateral capability, arms race incentives are similar to those in the United 
States unilateral capability scenario. The United States would be pushed to the limits of arms race 
stability. If another country continued to build up its nuclear forces, and potential nuclear escalation 
presented itself, the United States would also potentially want the element of surprise by striking 
first. U.S. policy is that it would “only consider the employment of nuclear weapons in extreme 
circumstances to defend the vital interests of the United States, its allies, and partners.”34 While the 
Nuclear Posture Review also recognizes a negative security assurance to non-nuclear weapons states, 
it does not adopt a “no first use” policy.35 This means that, under some extreme circumstances, nuclear 
first use is still a possibility. The fielding of directed energy ballistic missile defense platforms is not 
likely to lead to extreme circumstances alone. But, in a potentially nuclear conflict where the U.S. 
adversary has such defenses, it may tip the balance towards the United States favoring a first-strike 

30.  Sandra Erwin, “U.S. intelligence: Russia and China will have ‘operational’ anti-satellite weapons in a few years,” Space News, 
February 14, 2018, http://spacenews.com/u-s-intelligence-russia-and-china-will-have-operational-anti-satellite-weapons-in-a-
few-years/.
31.  Harry Cockburn, “China and Russia developing ‘destructive’ weapons for space conflict, US warns,” The Independent, Feb-
ruary 14, 2018, https://www.independent.co.uk/news/world/americas/us-space-wars-russia-china-conflict-antisatellite-direct-
ed-energy-weapons-lasers-cia-fbi-a8211181.html.
32.  U.S. Director of National Intelligence, Statement for the Record: Worldwide Threat Assessment of the US Intelligence Communi-
ty (Washington, D.C.: Office of the Director of National Intelligence, 2018), 13, https://www.dni.gov/files/documents/Newsroom/
Testimonies/2018-ATA---Unclassified-SSCI.pdf. 
33.  Panda, Ankit, “The Uncertain Future of the INF Treaty,” Council on Foreign Relations, February 21, 2018, accessed August 1, 
2018, https://www.cfr.org/backgrounder/uncertain-future-inf-treaty.
34.  U.S. Department of Defense, Nuclear Posture Review, VIII. 
35.  Ibid., 21-22. 
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option. The country without the defensive system in this dyad would likely favor a first-strike option 
because the element of surprise may counter the readiness of the defenses by challenging their 
ability to act without any warning. 

SCENARIO 3: BILATERAL OR MULTILATERAL CAPABILITY
Bilateral capability theoretically offers the most stable situation. Both countries in a deterrent 
relationship would have the same capability. This offers a return to a mutually assured destruction 
(MAD) relationship with Russia. If Russia were to invest in defensive capabilities to match the United 
States, an arms race would exist during that time, but it would lead to a more stable position. For a 
time, deterrence may shift to a focus on these defensive capabilities. 

Several of the potential outcomes outlined above, such as greater investment in offensive 
capabilities, or calls that actors have violated international treaties could still occur in this situation. 
Both actors could assume a lower success rate of missiles’ probability of kill given the new defensive 
capability. Both countries would adjust their strategies and potentially increase the number of 
vehicles to increase the overall chances of destroying their intended targets. The worst-case scenario 
would be that both countries simultaneously increase their arsenals to meet this challenge. After 
the large financial burden of fielding a space-based missile defense capability, countries may shift 
back to cheaper offensive systems. Both countries could opt to stay at similar numbers of weapons, 
maintaining their current offensive position. There is no guarantee that defensive capability drives 
offensive movement, particularly if the countries reach a state of nuclear parity.36  

Neither country in a strategic deterrence dyad is guaranteed success if they strike a country with 
superior defenses. If this does not lead to mutually assured destruction, any threats to arms race 
stability would be decided by any offensive capability disparity. Unequal offensive capabilities would 
present a threat to arms race stability. In the case of true nuclear parity, a persistent state of equality 
may be unacceptable to either party—it may tip the scales to begin technological competition for 
new emerging capabilities and more offensive capabilities, or it might drive competition towards 
conventional warfare to achieve dominance. 

The likelihood of making space-based platforms the target of a first strike is increased beyond 
the current threat to satellites for missile warning and/or command and control.37 This may 
be further amplified if space-based ballistic missile defenses are dual-use for either missile 
warning or command and control. In the future, satellite technology is also pushing towards more 
resiliency, including disaggregated systems.38 Disaggregation would disincentivize single strikes 
against satellite systems, and it would require a more spectacular first strike capability to take 
down a resilient architecture. While it is unclear whether any DEW systems would benefit from 
disaggregation, it would solve the potential issue of a strike against a dual-use system. 

If the U.S or Russia are all able to gain a space-based missile defense capability, both countries are 
at a defensive advantage. This would place the onus of nuclear deterrence on the country that dares 

36.  Nuclear Parity is defined as “A condition at a given point in time when opposing forces possess nuclear offensive and de-
fensive systems approximately equal in overall combat effectiveness,” in U.S. Department of Defense, The Dictionary of Military 
Terms (U.S. Department of Defense, 2018), http://www.dtic.mil/dtic/tr/fulltext/u2/ 734441.pdf, s.v. 
37.  James Acton, “Command and Control in the Nuclear Posture Review: Right Problem, Wrong Solution,” War on the Rocks, 
February 5, 2018, https://warontherocks.com/2018/02/command-and-control-in-the-nuclear-posture-review-right-problem-
wrong-solution/. 
38.  Thomas Taverney, “The Move from Survivability to Resilience,” Space News, May 9, 2018, http://spacenews.com/op-ed-the-
move-from-survivability-to-resilience/. 
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to break a defensive stature. No country would have an overriding advantage, barring any additional 
technological advances. Each country would need to further invest in offensive capabilities before 
perceiving that they can offset their opponent’s defenses. No deterrent condition is permanent. When 
one country feels that is threatened, it will break a status quo. 

ANALYSIS
As discussed above, there are multiple potential outcomes for each possible scenario. However, 
there is a most likely situation for each. The most likely scenario gives a defensive advantage to the 
country with a unilateral defense capability. When the adversary perceives that they are at such an 
uneven defensive disadvantage, the stakes increase the pressure they feel to strike first. This first-
strike incentive occurs when the defensively disadvantaged power feels that in order to succeed, they 
must have the element of surprise to either eliminate the defensive capabilities or potentially evade 
them if they are not in a constant state of readiness. If the defensively disadvantaged power does not 
have enough offensive power to overpower their adversary’s defenses, they end up in this first-strike 
incentive scenario. The country still has the option of investing in more offensive capabilities, which 
in this situation would be cheaper than the research and design of a new defensive capability. 

Each scenario is also not likely to be a permanent status quo. As technology continues to advance, 
countries may leapfrog ahead of each other in one area while their adversary focuses on another. For 
example, the United States may invest in space-based missile defense while Russia focuses on ASAT. 
One natural evolution could be from one of the unilateral states to the bilateral or multilateral state. 
The world would have first-strike instability for a time, until adversaries either matched the force 
posture of the other, creating mutually-assured destruction, or found a way to counter the capability 
through other means, regaining first-strike stability. 

Increased defensive capabilities will run the risk of adversaries investing in better offensive 
capabilities and countermeasures. In nuclear deterrence, they may also bluff regarding their 
offensives capabilities in order to introduce doubt. While a unilateral directed energy capability by 
our adversaries is unlikely, the United States should be prepared for states to transfer the knowledge 
gained in their anti-satellite research to other fields. Continued research by the United States 
would ensure that if our adversaries did attain this technology, they would not maintain a defensive 
advantage for long. 

Arms race stability is contingent on several factors. These include offensive and defensive capability 
as well as the adversary’s perception of both. In the cases discussed above, arms race stability 
would be broken by either country pursuing space-based missile defense capabilities. The unilateral 
weaponization of space by the United States or Russia would not be an acceptable situation to their 
adversaries or arms control advocates. In the current environment of decaying bilateral arms control 
treaties, breaking norms is more likely than in the decades immediately following the collapse of 
the Soviet Union. The 2018 Nuclear Posture Review calls this a “return to Great Power competition.”39 
Competition includes the potential for an arms race, with the arena to be decided by the United 
States and Russia. 

Table 1 below outlines the major causes for potential breakdowns in two of the elements of strategic 
stability discussed in this paper. This uses the case of the first scenario, United States unilateral 

39.  U.S. Department of Defense, Nuclear Posture Review, 1. 
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capability. In this case, the United States begins the trend of upsetting arms race stability. This 
creates a situation in which Russia is overwhelmingly incentivized to then continue upsetting arms 
race stability (as well as first strike stability). The second scenario, of Russian unilateral capability, 
would be a role-reversal of the incentives in table 1. In the third scenario, as previously discussed, 
strategic stability is restored. 

Table 1: Incentives to Break Strategic Stability

Reasons for 
Upsetting 
Strategic Stability 
in Scenario One

Arms Race Stability First Strike Stability

Russia

▪▪ Imperative to respond to U.S. 
unilateral capability

▪▪ Incentive to break out of bilateral 
arms race agreements with the 
United States on the number 
of strategic systems in order to 
overwhelm defensive capabilities

▪▪ Incentive to strike first to 
potentially avoid defenses with 
the element of surprise

▪▪ Incentive to strike first to strike 
missile defense capabilities and 
remove United States advantage

United States
▪▪ Starts breakage in arms race 

stability by fielding new missile 
defense system 

▪▪ No first strike incentive with 
superior missile defense 
capabilities

The effects of space-based missile defense capabilities on nuclear deterrence and arms race 
incentives are diverse. Such a unique platform may spark new competition among great powers for 
emerging technology. It may lead to faster fielding by near-peers of ASAT systems. A bilateral space-
based missile defense capability offers the most stability because neither country is guaranteed 
success if they launch a nuclear attack first. Both or all are burdened with the compelling need 
to find a way to counteract the defensive improvement of the other nuclear powers. However, 
multilateral mutually-assured destruction based on near equal capabilities is not likely to be a 
permanent situation. Each country is likely to devote different resources to space-based missile 
defenses and different countermeasures. 

CONCLUSION 
While the end state is unknown, this paper seeks to explore the potential outcomes and incentives to 
incur an arms race. The United States should continue research and development of space-based missile 
defense. Practically, the United States will be at a defensive advantage if it can kill incoming missiles 
in boost-phase. If the assumed purpose is deterring attacks on and defending the homeland, allies and 
partners, then cautious hedging with research and development will best serve the national interest. 

While Under Secretary Griffin’s ten year estimate is encouraging, it has been decades since the U.S. 
military could acquire and field a weapon that quickly. Our adversaries will continue their research 
into space-related and DEW technologies. The United States should seek to maintain its deterrent 
relationship with near-peers through relative parity in these emerging technologies. Continued 
investment and research now would leave the option of space-based missile defense on the table for 
future consideration.  
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