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Introduction and
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The 2012 Nuclear Scholars Initiative featured an outstanding class of 21 graduate students and young professionals from across the United States, as well as one from the
United Kingdom. Together, they participated in six monthly workshops that covered
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contained in this year’s journal.
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Edward Ifft, Tim Morrison, Steven Pifer, Brad Roberts, Gary Samore, Thomas Scheber,
Andrew Semmel, Baker Spring, and Richard Wagner for speaking to the group.
Last but not least, we would like to thank our partners at the Defense Threat Reduction Agency and the National Nuclear Security Administration for making this project
possible through their consistent support.
John K. Warden
Project on Nuclear Issues
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Examining the Broader Implications of the
Ballistic Missile Industry’s Influence on Soviet
and Russian Decisionmaking
Michael G. Albertson1
This paper compares the influence of the ballistic missile industry on Soviet and
post-Soviet Russian decisionmaking regarding the country’s strategic nuclear
forces. This comparison is conducted in an effort to determine the broader political, economic, and international implications of this relationship for the Kremlin
and for the United States. Using the bureaucratic politics model outlined by Graham Allison in Essence of Decision, the paper examines declassified intelligence
reporting from the Cold War, interviews with former Kremlin officials just after
the collapse of the Soviet Union, and analyses of current Russian force decisions
by outside experts.
In 1995, a widely circulated report titled “Soviet Intentions 1965–1985” summarized a
series of interviews with high-ranking Soviet defense officials, including Soviet military
analysts, military-technical specialists, industrial managers, General Staff officers, and
military and political staff members.2 This report was noteworthy because it was one of
the first glimpses of what had been occurring within the Kremlin regarding Soviet nuclear decisionmaking during the Cold War. One of the key unforeseen findings of this study
was the key role of the Soviet defense industry, in particular ballistic missile design
bureaus, in driving the development and production of missile systems during the later
stages of the Cold War. The report highlighted that “the volume of arms production in
the USSR was conditioned by the internal dynamics and logic of the vast, civilian-dominated defense-industrial establishment.”3 The central question for this paper is whether
a similar dynamic is now occurring—namely, that the Russian ballistic missile industry
1. Michael Albertson is an analyst at the U.S. Department of Defense. The views expressed
in this paper are those of the author and do not necessarily reflect the views of the Department of
Defense or the U.S. government.
2. John G. Hines, Ellis M. Mishulovich, and John F. Shull, Soviet Intentions 1965–1985,
Volume I: An Analytical Comparison of U.S.-Soviet Assessments during the Cold War (Alexandria,
Va.: BDM Federal, Inc., 1995), vii–xi, http://www.gwu. edu/~nsarchiv/nukevault/ebb285/index.
htm.
3. Ibid., 59.
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is a powerful yet overlooked player in current Kremlin decisionmaking and whether this
has significant political, economic, and international implications for Russia.
There have been glimmers of this influence in the available literature. There is a
wide body of Russian press articles from the post–Cold War period colored by advocacy for one strategic missile program or another, with authors touting their preferred
systems’ capabilities while questioning the need for others. Some of these articles are
written by professional defense analysts or academics, while others are more open advocacy pieces or interviews conducted with heads of design bureaus. The Nuclear Vertical, written by the chief designer of a major Russian ballistic missile design bureau,
hints at the heavy lobbying campaigns going on behind the scenes.4 Long-serving think
tank analysts are increasingly puzzled by decisionmaking concerning Russia’s strategic
nuclear forces, especially by those decisions considered to be destabilizing, such as the
development of heavy-liquid intercontinental ballistic missiles (ICBMs) equipped with
multiple independently targeted reentry vehicles (MIRVs). One commentator noted:
“Russia relies on exaggerated, unrealistic security goals to maintain the illusion of being
a superpower.”5 These analysts increasingly question whether these force developments
and acquisitions, which they see as both unnecessary and destabilizing, are the result of
increased lobbying and influence by players within the defense industry.6
There are two main sections to this paper. The first section is a discussion of two
analytic frameworks drawn from international relations theory. The analytic frameworks
for the research center on the unitary rational actor and the bureaucratic politics models
as outlined by Graham Allison in his book Essence of Decision.7 The second section examines cases of Soviet and Russian decisionmaking using this structure. While there are
certainly limitations regarding the bureaucratic politics model, there is sufficient available information to acknowledge that the ballistic missile industry has, not surprisingly,
played a key bureaucratic role in both Soviet and Russian force structure and procurement decisions. This role is larger than outside observers would expect at first glance,
given the seeming unitary nature of both the Soviet and Russian political regimes to the
outside world.
The research shows that there are several reasons why the ballistic missile industry
is a powerful player but is often overlooked when examining the issue of its influence on
strategic forces decisionmaking. Some of these reasons result from the nature of the defense industry itself, as both its massive size and its technical complexity hinder political
insight into its inner workings. Others originate in how the Soviet and Russian leadership use strategic ballistic missiles as symbols of their political strength. In conducting
4. Yuriy Solomonov. The Nuclear Vertical: Events and Thoughts (Moscow: Intervestnik,
2009).
5. Alexander Golts, “A U.S. Defense Strategy for Russia To Emulate,” Moscow Times,
January 13, 2012.
6. Pavel Podvig, “Russia’s New Arms Development,” Bulletin of the Atomic Scientists,
January 16, 2009; Pavel Podvig, “The Truth about Russia’s Military ‘Resurgence,’” Bulletin of
the Atomic Scientists, January 28, 2008.
7. Graham T. Allison. Essence of Decision: Explaining the Cuban Missile Crisis (Boston:
Little, Brown, 1971).
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this comparison of the Soviet and Russian cases, one sees that the partnership between
the Kremlin and the ballistic missile industry has political, economic, and international
consequences, which in turn have broader implications for the U.S.-Russian relationship.

The International Relations Theory Framework
Graham Allison’s book Essence of Decision provides one of the most useful analytic
frameworks for attempting to understand the role of the Soviet and Russian ballistic missile industries in governmental decisionmaking.8 Allison outlined his overall argument
as follows:
When we are puzzled by a happening in foreign affairs, the source of our puzzlement is typically a particular outcome. . . . In searching for an explanation, one
typically puts himself in the place of a nation, or national government, confronting
a problem of foreign affairs, and tries to figure out why he might have chosen the
actions in question. . . . We are assuming government behavior can be most satisfactorily understood by analogy with the purposeful acts of individuals. In many cases
this is a fruitful assumption. Treating national governments as if they were centrally
coordinated, purposive individuals provides useful shorthand for understanding
problems of policy. But this simplification—like all simplifications—obscures as
well as reveals. In particular, it obscures the persistently neglected fact of bureaucracy: the “maker” of government policy is not one calculating decisionmaker but
is rather a conglomerate of large organizations and political actors.9
This statement is instructive on several accounts. First, Allison argued that analysts
use conceptual models to rationalize foreign policy events and that the simple act of using these frameworks has significant consequences for their thoughts. Models help decisionmakers to understand complex issues, for, as Robert K. Merton noted, they “make
for the codification of methods of qualitative analysis in a manner approximating the
logical, if not the empirical, rigor of quantitative analysis.”10 Second, of the frameworks
available, Allison commented that the unitary rational actor model, which attempts to
explain national decisions by recounting the aims and calculations of nations or governments, is the most commonly applied framework and is useful in simplifying a complex
issue. Third, and finally, Allison concluded that the rational actor model had inherent
limitations, namely, its inability to grasp the role of actors within the system. Alternative
concepts, such as a bureaucratic politics model, could thus “provide a base for improved
explanations and predictions,” if utilized appropriately.11
8. There is, of course, a huge body of international relations literature available that
analyzes the various ways in which states make decisions. Allison’s models were chosen for their
familiarity and the ease of comparing his various models against one another.
9. Ibid., 2–3; emphasis in the original.
10. Robert K. Merton, Social Theory and Social Structure (New York: Free Press, 1965),
12–16; emphasis in the original.
11. Allison, Essence of Decision, 5.
CSIS PROJECT ON NUCLEAR ISSUES
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The unitary rational actor model, which Allison simplified to the formula “monoliths perform large actions for large reasons,” explains international events through the
actions of nations or governments.12 As Allison understood, most contemporary thought
about foreign policy proceeds within the unitary actor model, due mainly to its ease in
synthesizing large volumes of information to determine a single rational decision.13 The
Soviet Union and its successor, the Russian Federation, are, at first glance, in many ways
the epitome of a monolith as defined by Allison: a complex, centralized machine led by
a single powerful figure in the form of the Soviet general secretary or Russian president.
The national decision is seen as a rational decision by the single leader following discussion and deliberation with his inner circle.
While it is ultimately the general secretary’s or president’s decision that is observable to the public and analysts, the inputs and lobbying that shaped this decision are
often opaque. Allison highlighted the importance of internal deliberations taking place
behind the scenes: “(1) Monoliths are black boxes covering various gears and levers in
a highly differentiated decisionmaking structure and (2) large acts result from innumerable and often conflicting smaller actions by individuals at various levels of bureaucratic
organizations in the service of a variety of only partially compatible conceptions of national goals, organizational goals, and political objectives.”14 Allison cautions us that the
unitary actor model has serious limitations, namely, the failure to understand the internal
workings of the bureaucratic decisionmaking process.
A bureaucratic politics model, in which decisions result from games played between
various powerful bureaucratic organizations within the system, can supply this additional information and hopefully provide more fidelity as to why a decision was made. The
bureaucratic politics model views government as a “conglomerate of semifeudal, loosely
allied organizations, each with a substantial life of its own.”15 Each organization has its
own goals that drive its interests in the eventual outcome. Allison treated institutions as
“players who act in terms of no consistent set of strategic objectives but rather according
to various conceptions of national, organizational, and personal goals.”16 A hidden game
takes place between these competing organizations and interests, with the end decision
being the output of this process.
The use and efficacy of the bureaucratic politics model are limited, however, by several interlinked factors. First, this model is the hardest of the three frameworks outlined
by Allison to process and understand: “[It] tells a fascinating story, but is enormously
complex. The information requirements are often overwhelming, and many of the details
of the bargaining may be superfluous.”17 Second, there is an existing bias by analysts in
favor of the cleaner, neater unitary rational actor model. Allison explained that “the conception of national security policy as political resultant contradicts both public imagery
12.
13.
14.
15.
16.
17.
4 |
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and academic orthodoxy. Issues vital to national security are considered too important
to be settled by political games.”18 Because of this bias, the bureaucratic politics model
is not as fully developed from a methodological standpoint. Third, bureaucratic politics
is frequently under-reported in most of the foreign policy literature, outside occasional
memoirs, anecdotes in historical accounts, and a few case studies. There is thus a cascade effect from the first issue, as the bias limits the amount of available information that
analysts can utilize. Thus, due to a combination of the first two factors, the analyst often faces difficulties when assembling information needed to accurately reflect ongoing
bureaucratic infighting. These challenges must be understood when trying to accurately
examine what occurs within a complex bureaucracy.

Looking at Soviet and Russian Examples of Defense Industry
Influence
During the Cold War, there was always a debate regarding Soviet military strategy between those who believed that strategy was set by the military leadership and those who
asserted that it resulted from “pulling and hauling among competing bureaucracies with
divergent interests.”19 This was true of both academics and analysts within the intelligence community. The Soviet Union’s decisionmaking regarding its strategic nuclear
forces in many ways resembled the “monolith” or “black box” described by Allison,
frustrating analysis of the bureaucratic infighting taking place behind the scenes. As
Allison predicted, the rational actor model was a commonly used model in attempting to analyze decisionmaking. The size of the Soviet and Russian defense industrial
establishment, the inherent secrecy of the Kremlin bureaucracy, and the lack of information regarding internal deliberations often compelled analysts to employ a rational actor
model, because it was the easiest model for synthesizing information in such an opaque
system. Thus the final decisions or outputs were often described as “the Soviet leadership seeks” or “Moscow desires” without a deeper look at the players operating within
the system. While observers could see the end results of decisions, such as what missiles
were selected for production, they were often unable to comprehend the complex internal discussions and deliberations driving the decision. In most cases this led analysts
to the right conclusions, but as Allison predicted, the bureaucratic politics model could
provide greater insight into why decisions were made.

18. Ibid., 146.
19. Stuart J. Kaufman, “Organizational Politics and Change in Soviet Military Policy,”
World Politics 46, no. 3 (April 1994): 356. William and Harriet Scott favored a unitary rational
actor model, having long insisted that “there were never any serious differences between the
military and the Party and that the Party nomenklatura system, which included top military
leaders, commanded a loyalty that always transcended that to any other institutional affiliation.”
Harriet Fast Scott and William F. Scott, Soviet Military Doctrine: Continuity, Formulation, and
Dissemination (Boulder, Colo.: Westview Press, 1988), 166–168. Regarding a more bureaucratic
politics model, see, e.g., Edward L. Warner, The Military in Contemporary Soviet Politics: An
Institutional Analysis (New York: Praeger, 1977).
CSIS PROJECT ON NUCLEAR ISSUES
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Throughout the Cold War, some U.S. policymakers and outside experts relied on
the bureaucratic politics model in their analysis of the Soviet Union’s decisionmaking
regarding its strategic forces. Thomas Schelling understood that the Soviet Union was
likely dealing with the same bureaucratic infighting as the United States: “I see no reason
to suppose that the Soviets react in a more rational, more coolly deliberate way, than the
West. They surely suffer from budgetary inertia, interservice disputes, ideological touchstones, and the intellectual limitations of a political bureaucracy, as well as from plain
bad information.”20 Similarly, Michael Howard understood that “the growth of the Soviet military power, however formidable, is the result of a whole complex of reasons, in
part reactive to the external situation, in part driven by internal processes.”21 During the
Cold War, however, observers outside the Soviet decisionmaking process were limited
in that they could only guess at what was happening inside the Kremlin. As Lawrence
Freedman explained, McNamara’s analysis on the offense/defense balance was influenced by his sobering recognition that “strategic assessments on which planning had to
be based involved imperfect information, particularly with regard to the future capabilities of the other side, and so could be driven by institutionalized mistrust as much as
rational analysis.”22 This was especially difficult when military procurement decisions
did not track with Kremlin political rhetoric, making a Soviet unitary actor appear to be
duplicitous or bipolar.
This conflict between Soviet words and actions was a particular problem during
détente and likely resulted in the increasing validity of a bureaucratic politics approach.
Referencing the Soviet ICBM buildup, Freedman noted that given the numbers being
produced, outside analysts could only assume that the Soviet Union was seeking strategic superiority: “There had been an assumption that the buildup would stop at the magic
figure of 1,000 ICBMs, which would mean equality with the United States. But the
buildup continued to over 1,500 ICBMs. It was increasingly suggested that this could
only be explained in terms of a drive for superiority.”23 One key example of how the
bureaucratic politics model was applied within the intelligence community was the declassified National Intelligence Estimate (NIE) from 1973 titled “Soviet Strategic Arms
Programs and Détente: What Are They Up To?”24 While other Cold War NIEs were often
forced to take a unitary view of Soviet actions given the breadth of the subject, this NIE
clearly indicated that the Soviet ballistic missile industry was likely driving many of the
20. Thomas C. Schelling, Arms and Influence (New Haven, Conn.: Yale University Press,
2008), 276. This statement was originally written by Schelling in 1966.
21. Michael Howard, The Causes of Wars (Cambridge, Mass.: Harvard University Press,
1983), 3.
22. Lawrence Freedman, “The First Two Generations of Nuclear Strategists,” in Makers
of Modern Strategy from Machiavelli to the Nuclear Age, edited by Peter Paret (Princeton, N.J.:
Princeton University Press, 1986),, 759.
23. Lawrence Freedman, The Evolution of Nuclear Strategy. (New York: St. Martin’s Press,
1983), 364.
24. “SNIE 11-4-73: Soviet Strategic Arms Programs and Détente: What Are They Up
To?” in Intentions and Capabilities: Estimates on Soviet Strategic Forces, 1950–1983, edited
by Donald P. Steury (Washington, D.C.: Center for the Study of Intelligence, U.S. Central
Intelligence Agency, 1996), 297–308.
6 |
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force decisions being made. The decisions to MIRV systems and develop new missiles
were “probably influenced by very important institutional interests in the Soviet defense
establishment. . . . The three major missile design entities presumably pressed the opportunity to engage themselves in follow-on programs.”25 These interests were echoed later
in the estimate: “In deciding on and implementing strategic force policy, Soviet leaders
face a multitude of specific choices. Diverse pressures bear upon them, particularly pressures from military claimants and weapons producers.”26
The information necessary to demonstrate the key role of the ballistic missile industry in driving decisions was only available years or even decades after the observed
decision was made, when either key players involved could speak freely or when government archives opened to the public. The shocking revelation was just how large a
role the defense industry had played in decisionmaking, and how little control the Soviet
political leadership had over the system. Hines noted this important shift in analysis:
“While it has been commonly assumed by Western observers that the military, as the
consumer of defense-industrial products, was the senior partner in the relationship with
industry, the opposite was true.”27 The comments of Mikhail Gorbachev indicated that
even the Soviet general secretary lacked information on what was happening within his
own defense industrial system: “This Moloch was devouring everything that hard labor
and strain produced. . . . What made matters worse was the fact that it was impossible
to analyze the problem. All the figures related to the military-industrial complex were
classified. Even Politburo members didn’t have access to them.”28 Dmitri Volkogonov,
former director of the Soviet Institute of Military History, wrote the following on how
the increasing defense spending of the 1970s and 1980s bankrupted the Soviet economy:
The stagnation was particularly marked by inordinate efforts in the military sphere.
The achievement of strategic parity with the USA was regarded as an event of historic importance, but less was said of the fact that American economic power was
twice that of the Soviet Union, or that America was not making a special effort to
increase its military capability. Washington assessed the position correctly: to win
a duel, one does not need a dozen pistols, as long as the one pistol is absolutely
reliable. The USA exhausted the Soviet Union with the arms race which the Soviet
Union entered mindlessly. They ostensibly reached the target of strategic superiority, but the cost determined the ultimate fate of the system.29
What emerged in the aftermath of the Cold War through the observations of Soviet
political participants and observers was that the decisions of its leadership and the self25. Ibid., 303; emphasis in the original.
26. Ibid., 305.
27. Hines, Mishulovich, and Shull, Soviet Intentions, vol. 1, 4.
28. Mikhail Gorbachev, Zhizn i Reformi, vol. 1 (Moscow: Novosti, 1995), 207. DavidHoffman
noted that the use of the term “Moloch” is an “allusion to a symbol of cruel and unusual force
demanding human sacrifice”; David E. Hoffman, The Dead Hand: The Untold Story of the Cold
War Arms Race and Its Dangerous Legacy (New York: Doubleday, 2009), 207–208.
29. Dmitri Volkogonov, Autopsy for an Empire: The Seven Leaders Who Built the Soviet
Regime (New York: Free Press, 1998), 280–281.
CSIS PROJECT ON NUCLEAR ISSUES
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promotions of its defense industry had led to a mindless and self-defeating arms race by
spending money on systems that it did not need.
One of the most important sources of this information was Vitalii Katayev, the former senior adviser to the chairman of the Central Committee’s Defense Industry Department.30 It was Katayev who noted that there was a piaterka or five-person group—composed of the secretary of the General Committee, the minister of defense, the Central
Committee secretary responsible for the defense industry, the head of the KGB, and the
chairman of the Military-Industrial Commission—that was responsible for important
political-military decisions.31 A similar decisionmaking structure was also noted in a
1988 U.S. government analysis: “The Politburo, in conjunction with the Defense Council, is responsible for all aspects of military and national security decisionmaking in the
Soviet Union.”32 However, within this group, the critical new information confirmed by
Hines in the mid-1990s was that the design bureaus had an inherent advantage in the bureaucratic system. Industrialists and designers were concentrated within the design bureaus, allowing these organizations to monopolize information and expertise on highly
technical systems such as the ballistic missiles.33
As David Hoffman noted in his conversations with Katayev, the ballistic missile industry had an agenda, not one which was rational to outside observers but one that served
the interests of the most powerful players within the game: “The defense establishment
was run in a way that was extremely random, ad hoc, and subjective. Katayev knew that
Soviet central planning did not work. Weapons were not built because they were needed,
but rather because of the power of vested interests of prominent designers, generals, and
Politburo members. To meet the artificial benchmarks of progress, everything had to
increase every year, so the military was often saturated with weapons it did not need.”34
The stakes were political power and resources. Power involved gaining influence in the
Kremlin decisionmaking system, whether within the piaterka structure mentioned by
Katayev or between the various power ministries. Resources were also critical in the
internal rivalries within the ballistic missile industry, as design bureaus jockeyed against
one another for lucrative ballistic missile design contracts. In the Soviet era, the most
heated rivalry was between the Yuzhnoye Design Bureau under M. K. Yangel and the
Central Machine-Building Design Bureau under V. N. Chelomey.35
Katayev noted that exaggerating the threat was an easy way for the defense industry
to increase support from the politicians: “The defense industry never accepted simple solutions. Changes were made only in favor of the growth of the complex. All intelligence
30. Vitalii Katayev’s last name appears with two different spellings in the relevant research,
“Kataev” in the Hines study and “Katayev” in the Hoffman book. I have used the latter spelling
in this paper.
31. Hines, Mishulovich, and Shull, Soviet Intentions, vol. 2, 98–99.
32. U.S. Government, Soviet Military Power: Prospects for Change 1988 (Washington,
D.C.: U.S. Government Printing Office, 1988).
33. Hines, Mishulovich, and Shull, Soviet Intentions, vol. 1, 6.
34. Hoffman, Dead Hand, 208.
35. Pavel Podvig, ed., Russian Strategic Nuclear Forces (Cambridge, Mass.: MIT Press,
2004), 130.
8 |
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assessments of the probable opponent were skewed in favor of the maximal threat when
they were made available to the leadership. The principle was that it is better to overestimate than to underestimate the opponent.”36 This overestimation of the threat produced
a seeming irrationality, in terms of overall numbers and types of systems produced. In
his history of the Soviet strategic nuclear forces, Pavel Podvig detailed that two “ICBMs
of the lightweight class,” one from each of the competing design bureaus, were selected
for procurement to replace a single retiring system.37 This duplication of effort, one that
benefited both design bureaus, would appear to be an economically irrational decision
to an outside observer and would certainly support Freedman’s point about the misinterpretation of motives.
There are many parallels in comparing interpretations of the ballistic missile industry’s influence on Soviet and Russian decisionmaking regarding its strategic nuclear
forces. The first is the continuing difficulty for outside experts to effectively apply a
bureaucratic politics model to this influence. Outside observers in the post–Cold War era
have surmised that bureaucratic politics continue to play a role in Russian decisionmaking given the often-perplexing force decisions that have been made in the last 10 years.
Alexei Arbatov and Vladimir Dvorkin, two senior nuclear policy experts at the Russian Institute of World Economy and International Relations, commented that multiple
governmental players seem to have an interest in influencing the character of Moscow’s
strategic forces modernization: “Powerful state, business, research, and political organizations are locked into sustaining nuclear confrontation in economic, technical, and
mental respects, instead of addressing the more realistic and urgent needs of national and
international security.”38
As during the Soviet period, outside analysts see irrationality in the decisions being
made regarding the strategic nuclear forces. Some feel that Moscow is spending excessive amounts of money on ballistic missiles, money that could be better used in other
areas such as domestic spending programs. Podvig, one of the most respected analysts
of Russian strategic nuclear forces, noted in 2008 that the Kremlin was wasting its resources in an unnecessary field: “With a strong economy, Russia can certainly afford
strategic forces that would be considered impressive by Cold War standards. But these
standards are irrelevant today and the strategic forces designed to fight the Cold War are
useless when it comes to the security threats that exist today. Therefore, this ‘grandiose resurgence’ will eventually prove unnecessary, expensive, and dangerous.”39 Podvig
cited not only economic waste but also the potential arms race between the United States
and Russia that this buildup causes.40
36. Hines, Mishulovich, and Shull, Soviet Intentions, vol. 2, 96.
37. Podvig, Russian Strategic Nuclear Forces, 130.
38. Alexei Arbatov and Vladimir Dvorkin, Beyond Nuclear Deterrence: Transforming the
U.S.-Russian Equation (Washington, D.C.: Carnegie Endowment for International Peace, 2006),
10.
39. Podvig, “Truth about Russia’s Military ‘Resurgence.’”
40. Charles Glaser and others have written extensively on this particular phenomenon in
international relations, noting the resulting action–reaction process of an arms race can leave a
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Others see irrationality in terms of traditional concepts of strategic stability and
nuclear deterrence. In particular, Russia’s pursuit of a new heavy-liquid-propellant, silobased IBCM is seen as destabilizing, given the “use-or-lose” dilemma that these systems pose in a nuclear crisis. This decision—coupled with Russian development of new
multiple-warhead, road-mobile ICBMs and a new submarine-launched ballistic missile
(SLBM)—increases Moscow’s future dependence on multiple-warhead systems and
goes against the last 20 years of arms control agreements stressing the downloading of
strategic offensive arms. In words very reminiscent of the NIEs on Soviet politics and
force decisions during détente, some criticize current Russian strategic force modernization plans with Moscow’s stated policy goals of nuclear arms control.41
Second, these debates regarding what is going on within Kremlin decisionmaking
are exacerbated by the lack of available information. Arbatov and Dvorkin lament that
this problem continues to hinder efforts to study why decisions are being made, despite
the end of the Soviet state: “Access to military information, open discussion, and professional mobility for military and civilian specialists all increased, as did freedom of
thought and expression. But in many respects the Soviet heritage has been kept alive to
the present day—there is still inadequate access to information, and decisions on military matters are made completely behind the scenes.”42 This lack of information raises
questions that are similar to those faced during the Soviet period: Who are the power
players behind the scenes, how much control does the Russian president have over the
defense industry, are strategic forces modernization and further nuclear reductions compatible, and why does Moscow invest in its strategic forces in seemingly “irrational
ways,” whether in terms of size or systems?
Third, information from industry insiders is beginning to show that the ballistic missile industry continues to play a large role in Kremlin decisionmaking regarding the strategic nuclear forces. The recent self-authored memoirs of Yuriy Solomonov, for many
years the chief designer of the Moscow Institute of Thermal Technology (MITT), serves
in many respects the same role as Katayev’s interviews of 15 years earlier in providing
an insider’s perspective into the defense industry’s role in strategic nuclear forces decisions.43 Solomonov corroborates Katayev’s earlier observations about the major role of
the design bureaus in the Soviet system: “The insatiable hydra of the military-industrial
lobby nourished the process with its own proposals, beyond which lay nothing but a
struggle for power and influence in society, the siphoning of additional resources, and
national exsanguination.”44 He explained that the chief designer at a major ballistic missile design bureau has enormous power within the system, as they manage the relationships involving research institutes, design bureaus, and fabrication plants.45 Solomonov
state less secure despite having more military assets. Charles L. Glaser, “The Security Dilemma
Revisited,” World Politics, vol. 50, no. 1 (October 1997): 175.
41. Podvig, “Russia’s New Arms Development.”
42. Arbatov and Dvorkin, 20.
43. The Moscow Institute of Thermal Technology is one of the two major ballistic missile
design bureaus in Russia.
44. Solomonov, Nuclear Vertical, 23.
45. Ibid., 65.
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also highlighted the competitive environment that existed between the various design
bureaus in Russia as they lobbied for government contracts:
The competitive environment created by the enormous efforts of the state as applied
to the ground-based systems led to the formation of several powerful design organizations who were constantly struggling to defend their place in the sun. Competition is the engine of progress, and while one can criticize what was created when
the positive potential of competitiveness was exhausted, and the process of creating
systems was transformed into a feeding trough, one cannot objectively deny that the
struggle of design ideas was an extremely powerful motivation in the work.46
More recently, there has been a competition between MITT under Solomonov and
the Makayev Design Bureau under Vladimir Degtyar over ICBM and SLBM contracts.
Heated contests between design bureaus over resources are common in the Soviet and
Russian systems. This competition existed not only in times of relative funding deprivation, such as the lean years of the mid-1990s, but also surprisingly in times of economic
plenty, such as the later Brezhnev years.
Fourth, this information from insiders nicely complements the questions outsiders
are raising about why decisions are being made. One example of this can be found regarding the issue of threat inflation. Solomonov verified that this was indeed the case
during the Soviet period: “Representatives of military science and various types of specialists, serving the interest of the military lobby and the country’s political leadership,
were essentially performing one and the same task—analyzing the conditions in which
the potential new threat to the country’s security could acquire real contours.”47 One
expects that this role has continued throughout the post–Cold War era. Contemporary
analysts such as Podvig are growing increasingly frustrated by what they see as a similar
trend in Putin’s Russia: “Since the military-industrial complex can only build missiles,
submarines, and bombers, it’s not surprising that Russia’s security threats are now defined to require missiles, submarines, and bombers. The result is that the discussion of
security issues in Russia is dominated by paranoid scenarios.”48

Conclusion
Graham Allison highlighted why the increased granularity of the bureaucratic politics
model is necessary for getting to the root causes of issues: “To explain why a particular
formal governmental decision was made, or why one pattern of governmental behavior
emerged, it is necessary to identify the games and players, to display the coalitions, bargains, and compromises, and to convey some feel of the confusion.”49 In examining this
paper’s comparison, however, it is not surprising that the ballistic missile industry would
have a vested interest in encouraging the members of the Soviet and Russian leadership
46.
47.
48.
49.

Ibid., 92.
Ibid., 34.
Podvig, “Truth about Russia’s Military ‘Resurgence.’”
Allison, Essence of Decision, 146.
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to invest in their companies and products. They are, after all, acting in their self-interest
as players within the system. What is useful, however, are the broader implications that
can be drawn from the comparison between the former Soviet and current Russian systems. Despite different political systems, players, and threat environments, one can see
key similarities that allow one to draw a number of interesting conclusions from this
study.
The first similarity is the political effects of the ballistic missile industry’s influence, the creation of a symbiotic relationship that existed in the Soviet system and exists
today in the Russian system between the highest levels of the industrial leadership and
the political leadership. The ballistic missile industry receives funding levels that, to an
outside observer, do not always appear to be the most rational expenditures given the circumstances. Examples can be seen in the Soviet-era decision to produce both the SS-18
and SS-19 MIRVed ICBMs, rather than choose one system in the competition. Other examples would include more recent decisions such as giving the solid-propellant Bulava
SLBM to a firm, MITT, that had previously produced only SLBMs, or giving the new
liquid-propellant heavy ICBM to the Makayev firm, which had previously concentrated
only on SLBMs.50 In return for its patronage, the Kremlin leadership receives a very visible sign of Soviet/Russian military strength in the form of launches of new missiles or
the appearance of a new vaunted system in a television report or in the annual Victory
Day Parade. Ballistic missiles provide demonstrable indications of Soviet and Russian
military modernization when other sectors of the military are not progressing in their
goals as scheduled and other sectors of the state, such as the economy or demographics,
may be stagnating. This is particularly true of Russian conventional forces, which are
currently undergoing a massive restructuring as part of Moscow’s “New Look” reforms
but are still suffering from myriad problems, including salaries, housing, and contract
soldier recruitment and retention.51
Podvig goes further in his analysis of this relationship, past the idea of symbiosis
to a state of parasitism of the defense industry on the political system: “It’s a story of
weak leadership, not one of strength. Instead of leading a resurgence, the current Russian
leadership has given the military and defense industry a free hand in setting national security policy and uncritically accepted their narrow view of the world and its problems.
Just like the Soviet Union during the Cold War, today’s Russia has little control over its
military-industrial complex.”52 This highlights one of the potential problems for both
sides in growing too dependent on the other for results. For the ballistic missile industry,
a failure to provide the results in which the political leadership has invested a great deal
of prestige can result in a fall from grace both for a firm and for an individual, as was
seen when Solomonov was forced to resign and change positions in 2009 due to contin-

50. Pavel Podvig, “New ICBM Contract Reportedly Went to Makeyev Design Bureau,”
http://russianforces.org/blog/2011/05/new_icbm_contract_reportedly_w.shtml.
51. Dmitry Boltenkov et al. “Russia’s New Army,” Center for Analysis of Strategies and
Technologies, 2011.
52. Podvig, “Truth about Russia’s Military ‘Resurgence’”; emphasis in the original.
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ued problems with the Bulava SLBM.53 For President Vladimir Putin and the Kremlin
leadership, staking too much political capital can lead to embarrassing results, as during
the 2004 exercise where Putin watched, TV cameras rolling, during an SLBM’s launch
failure.54
The second similarity is the effect of the ballistic missile industry’s influence on
priorities within defense spending as well as within the overall Soviet and Russian economy. This is not to say that the Soviet Union or Russia should be condemned for spending money on the replacement and modernization of its nuclear forces. However, due
to a variety of factors, strategic nuclear forces are consistently the number one priority
for defense spending programs, making progress when other lower-priority items such
as the ground forces armaments continue to slip. At a time though when Russian forces
will maintain rough numerical parity with the United States through New START, and
when the decline of its nuclear arsenal has largely been arrested through the deployment of MIRVed systems such as the SS-27 Mod 2, there seems little reason for Russia
to continue to funnel the majority of its defense spending into its nuclear forces. This
is particularly true given the problems stated above with the conventional forces, along
with larger social problems in Russia such as demographics, crumbling infrastructure,
and rampant drug addiction.
The final key similarity is the international implications that the ballistic missile
industry’s influence can have on a larger U.S.-Soviet or U.S.-Russian strategic relationship. Obviously, during the Cold War, the buildup of Soviet strategic systems sparked an
increase in concern within Western policy circles, especially when put into a seemingly
contrasting policy context of détente. Whatever the motivation for their creation, either driven by security needs or driven purely by economic self-interests, these systems
represented a clear threat to the United States’ nuclear deterrent. As Lawrence Freedman noted: “The fears that the Soviet Union was bent on obtaining a decisive strategic
advantage were given added force by the Soviet military buildup, covering all types of
military capabilities, that began in earnest in the mid-1960s. The worrisome parts of
Soviet doctrine had been present for some time. What made them more serious was the
apparent convergence between doctrine and capabilities.”55 These views, complicated by
the opacity of what was occurring within the Soviet bureaucratic monolith, had major
ramifications for Cold War thinking, as circles within the U.S. policy and intelligence
communities were quick to highlight the potential threats that these new offensive systems posed.56 This led to what Robert Jervis and others have termed a “spiral of misper53. Pavel Podvig, “Bulava Designer Resigned,” http://russianforces.org/blog/2009/07/
bulava_designer_resigned.shtml.
54. “Glitch Mars Russia’s Missile Test,” February 17, 2004, http://www.msnbc.msn.
com/id/4297870/ns/technology_and_science-space/t/glitch-mars-russias-missile-test/#.T_BrZ_
WmFyU.
55. Freedman, “First Two Generations,” 774.
56. Intelligence Community Experiment in Competitive Analysis, “Soviet Strategic
Objectives: An Alternative View: Report of Team ‘B,’” December 1976, declassified September
16, 1992.
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ception” between the two sides during the Cold War, where interpretations of state decisions led to an action–reaction chain that left both sides less secure.57
The question for analysts now is whether Moscow can pull off a major modernization of its strategic nuclear forces, coupled with the implementation of an arms control
reduction treaty, without creating a similar spiral of misperception. To do so requires an
extremely delicate, nuanced external communications message, one that the Kremlin has
not seemed capable of delivering. Instead, this rearmament, due to the above-mentioned
relationships between the political and ballistic missile industry leaderships, has been
trumpeted as a sign of Moscow’s military resurgence and strength, cheering domestic
audiences at the cost of alarming outside observers. Given the long history of this relationship between the Kremlin and the ballistic missile industry, dating back to the heyday of the Soviet era, as well as the symbiotic nature of their partnership, it is unlikely
that the problems inherent in this internal/external communication message will change,
resulting in what Jervis depicted as a threat spiral. Only by examining in closer detail
the heart of the problem—the issues that drive the relationship between the political and
defense industry leaderships—will outside observers be able to identify and begin to
consider the steps that need to be taken to address this potential spiral.

57. Robert Jervis, “Hypotheses on Misperception,” World Politics 20 (April 1968): 455.
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Nuclear Weapons Modernization in the Context
of the CTBT and New START Debates
Michaela Bendikova1
The United States last conducted an explosive test of a nuclear warhead almost
two decades ago, while covert nuclear testing has apparently continued in Russia
and China. India, Pakistan, and North Korea have overtly tested nuclear weapons. While the New Strategic Arms Reductions Treaty (New START) debate highlighted some of the issues that the U.S. nuclear weapons complex is facing, the
U.S. government’s commitment to nuclear modernization appears to be unsubstantiated. President Obama’s proposed funding for nuclear weapons activities
has been reduced in both the House and the Senate appropriations bills. Historical experience shows that neither the stockpile stewardship program advanced
in conjunction with the Senate debate of the Comprehensive Nuclear Test Ban
Treaty, before its rejection, nor the nuclear modernization promises made in concurrence with the New START debate were enough to gain political support for
the long-term sustainment of the U.S. nuclear weapons complex. While issues
associated with the vitality and resilience of the U.S. nuclear complex and future
modernization plans have a significant technical component, policy is the most
important factor in successfully addressing these issues.
During his 2009 Prague speech, President Obama committed to work toward a world
free of nuclear weapons. He said: “So today, I state clearly and with conviction America’s commitment to seek the peace and security of a world without nuclear weapons.”2
As long as other states have nuclear weapons, President Obama also pledged that the
United States “will maintain a safe, secure, and effective arsenal.” This paper seeks to
analyze the tensions stemming from these different visions. While funding for nuclear
weapons activities is relatively modest compared with other parts of the federal budget, nuclear modernization will require billions of dollars in investments in the nuclear
complex and delivery systems in the years to come. This paper also outlines the lessons
learned from the consideration of the Comprehensive Nuclear Test Ban Treaty (CTBT)
1. Michaela Bendikova is a research associate for strategic issues at the Heritage Foundation.
2. “Remarks by President Barack Obama, Hradcany Square, Prague, April 5, 2009,” http://
www.whitehouse.gov/the_press_office/Remarks-By-President-Barack-Obama-In-Prague-AsDelivered.
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and the New Strategic Arms Reductions Treaty (New START)—a major arms control
agreement between the United States and the Russian Federation.
The CTBT is considered by the Obama administration as a step on the road to fulfilling the vision of a world without nuclear weapons.3 According to the U.S. understanding, the treaty would ban all nuclear weapons experiments and tests that would produce
a nuclear yield.4 The Obama administration has been very vocal in its desire to bring the
CTBT, previously rejected in the U.S. Senate in 1999, back to the Senate floor.
As in the CTBT debate in the 1990s, one of the central questions in any future ratification deliberation will most likely be whether it is possible to sustain the U.S. nuclear
weapons stockpile absent of any yield-producing nuclear weapons experiments.5 This
paper seeks to offer a contribution to that discussion. While the substance of this question is technical, policy decisions are what ultimately set the course on whether and
under what circumstance the United States will conduct nuclear weapons experiments
producing yield. This is because the debate about the CTBT and nuclear weapons experiments producing yield has significant political and policy implications. There are
many arguments being made to support the current policy not to conduct experiments
producing nuclear weapons yield. There is very little discussion, however, about the
benefits that would stem from resuming nuclear weapons explosive testing or other nuclear yield-producing experiments.
This paper also seeks to underscore the importance of resilience within the U.S.
nuclear weapons complex. In the past, the United States found itself surprised by new
international developments (e.g., after the Soviets launched the Sputnik satellite in 1957
or the Indians tested a nuclear device in 1974 and again in1998). In a post–Cold War
environment that is proliferated and increasingly uncertain, it is essential for the United
States to be able to develop a new nuclear weapon in a timely manner if the strategic
environment were to dramatically change or a new military mission that its current conventional or nuclear weapons cannot fulfill were to be identified. This resilience is also
important because the United States provides nuclear security guarantees to over 30
countries around the world. If these states do not feel assured, they might develop their
own nuclear weapons.6 The scope of this paper is limited to strategic nuclear weapons,
although many of the lessons learned apply to tactical nuclear weapons as well.7

3. Ibid.
4. The treaty does not actually define what constitutes a nuclear weapons test. Critics argue
that this is one of the weakest points of the treaty.
5. The distinction between a “test” and “yield-producing nuclear experiment” is that “tests”
demonstrate that nuclear weapons perform as intended whereas “experiments” observe and
measure “physical phenomena that occur in nuclear explosions” to “improve and/or validate the
computer codes used to design and assess weapons.”
6. David Trachtenberg, “U.S. Extended Deterrence. How Much Strategic Force Is Too
Little?” Strategic Studies Quarterly 6, no. 2 (Summer 2012): 62–92.
7. Tactical nuclear weapons continue to play a significant political role in the U.S. nuclear
posture, especially in the context of the North Atlantic Treaty Organization. Their current
deployment does not have any military utility.
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The New START debate revived the discussion about important issues pertaining
to the U.S. nuclear weapons complex, such as preserving the institutional knowledge
of nuclear weapons designers and engineers as well as addressing current deficiencies
within its structure.

CTBT: A Close Look
From the 1960s through 1994, bilateral negotiations on a test ban treaty failed to produce
an agreement. From the U.S. perspective, the basic problems then and now were the difficulty of effectively verifying compliance and maintaining the effectiveness and safety
of the U.S. nuclear deterrent without testing.
Negotiations on the CTBT began in 1994 and were finalized in 1996. In 1995, in
order to secure the Senate’s advice and consent, President Bill Clinton proposed safeguards to ensure the effectiveness of the U.S. nuclear weapons arsenal without conducting nuclear weapons tests and yield-producing nuclear weapons experiments. Those
safeguards were to conduct a Science-Based Stockpile Stewardship Program to ensure a
high level of confidence in the safety and reliability of the nuclear weapons in the active
stockpile; to maintain modern nuclear laboratory facilities and programs; to maintain the
basic capability to resume nuclear test activities prohibited by the CTBT; to conduct a
comprehensive research and development program to improve U.S. treaty monitoring;
to conduct intelligence programs that would gather information on worldwide nuclear
arsenals, nuclear weapons development programs, and related nuclear programs; and to
establish an understanding that there is an option for the president, in consultation with
Congress, to withdraw from the treaty if the secretaries of defense and energy determine
that a type of nuclear weapon critical to U.S. national security can no longer be certified.8
The safeguard program, however, envisioned the resumption of testing when the safety
and reliability of weapons in the stockpile could not be certified. It did not take into account the military effectiveness of U.S. nuclear weapons or the need to respond in the
event that a new military mission is identified.9
Science-based stockpile stewardship is more of a political slogan than a policy because it rejects the essence of science—testing. As Ambassador Paul Robinson noted in
1999, “to forgo that validation through testing is, in short, to live with uncertainty.”10 The
techniques of “stockpile stewardship” are not new. Before the Clinton administration,
they were never regarded as a substitute for yield-producing nuclear weapons experiments or testing. It is reasonable to assume that these safeguards should have been in
place regardless of whether the CTBT passed, since the United States has not conducted
a yield-producing nuclear weapons experiment since 1992. Safeguards were deemed
8. National Institute for Public Policy, The Comprehensive Test Ban Treaty: An Assessment
of the Benefits, Costs, and Risks (Fairfax, Va.: National Institute Press, 2011), 49.
9. Baker Spring, “Why the Administration’s Stockpile Stewardship Will Harm the U.S.
Nuclear Deterrent,” October 7, 1999, http://www.heritage.org/research/reports/1999/10/
stockpile-stewardship-will-harm-the-us-nuclear-deterrent.
10. Paul Robinson, “Testimony before the Senate Armed Services Committee on the
Comprehensive Nuclear Test Ban Treaty,” October 7, 1999.
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essential for maintaining the effectiveness of the active weapons in the stockpile absent
any underground nuclear weapons tests or yield-producing experiments. In 2008, Secretary of Defense Robert Gates stated, “To be blunt, there is absolutely no way we can
maintain a credible deterrent and reduce the number of weapons in our stockpile without
either resorting to testing our stockpile or pursuing a modernization program.”11 Still,
successive administrations failed to secure political support and funding for executing
the full scope of the safeguard programs.12
The U.S. Senate rejected the CTBT by a majority vote after a full floor debate in
1999, and, while President Clinton signed the treaty, it has never entered into force.
Since the United States generally follows the Vienna Convention although it is not a
party to the treaty, it should not take any actions contrary to the purpose and the object
of the treaty. Unless the president asks the Senate to return the treaty to the executive
branch and announces that he has no intention of ratifying the CTBT, the United States,
under its own practices, should not take actions contrary to the object and purpose of the
treaty and therefore conduct a yield-producing nuclear weapons experiment.13

The CTBT Ratification Debate
The treaty’s objective, stated in its preamble, is to achieve nuclear disarmament through
cessation of nuclear explosions.14 The 1990s the debate during the treaty ratification
process mostly focused on the political benefits associated with the United States becoming a party to the CTBT. That debate also considered the ability of the national
nuclear laboratories to maintain safe, secure, and effective nuclear weapons absent their
testing or conducting yield-producing experiments.15 While the Senate refused to give its
advice and consent to the ratification of the CTBT, the discussion at that time provides
an important source of information regarding the state of U.S. nuclear weapons and the
complex that is responsible for their maintenance.

U.S. Nuclear Warheads
Since the end of the Cold War, the U.S. government has decided to dismantle many
types of nuclear warheads. During the Cold War, the diversity of the stockpile mattered
tremendously. Designers usually preferred higher yield-to-weight ratios, and the designs
of the weapons were complicated by the most stringent safety standards in the world.
If a flaw were found with one type of warhead and significant numbers of that type of
11. Robert Gates, “Nuclear Weapons and Deterrence in the 21st Century,” speech at the
Carnegie Endowment for International Peace, Washington, D.C., October 28, 2008, http://
carnegieendowment.org/files/1028_transcrip_gates_checked.pdf.
12. National Institute for Public Policy, Comprehensive Test Ban Treaty, 50.
13. Baker Spring, “U.S. Should Reject Ratification of the Comprehensive Test Ban
Treaty,” Heritage Foundation WebMemo 3272, May 26, 2011, http://www.heritage.org/research/
reports/2011/05/us-should-reject-ratification-of-the-comprehensive-test-ban-treaty.
14. Comprehensive Nuclear-Test Ban Treaty, Preamble, 1996, http://www.ctbto.org/
fileadmin/content/treaty/treaty_text.pdf.
15. Final Review of the Comprehensive Nuclear Test Ban Treaty (Treaty Doc. 105-28),
Hearing before the Committee on Foreign Relations, U.S. Senate, October 7, 1999.
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warhead had to be taken offline, the United States could rely on other types of warheads
for the ability to continually fulfill the mission.
That is why the United States developed diverse designs and types of nuclear weapons. Since the 1950s, nuclear weapons testing was considered essential to prove the
effectiveness of new or rebuilt weapons. This diversity has been largely lost since the
end of the Cold War; the current warhead stockpile comprises seven types of nuclear
weapons, and the number is declining. The United States produced its last new nuclear
warheads in 1989. These warheads are based on 1970s technologies. President George
H. W. Bush signed the appropriations bill containing a provision that imposed a moratorium on U.S. yield-producing experiments. His administration, however, rejected the
notion that the U.S. nuclear deterrent could be maintained without nuclear testing. He
says: “Specifically, Section 507 of H.R. 5373, which concerns nuclear testing, is highly
objectionable. It may prevent the United States from conducting underground nuclear
tests that are necessary to maintain a safe and reliable nuclear deterrent. This provision
unwisely restricts the number and purpose of U.S. nuclear tests and will make future
U.S. nuclear testing dependent on actions by another country, rather than on our own
national security requirements.”16
Since 1993, the National Nuclear Laboratories have been required to maintain a certain level of test-readiness at the Nevada test site (the last remaining U.S. test site). The
law stipulates that the United States must be able to conduct a test within two or three
years if directed by the president to do so, in the event that a circumstance arises when it
will be necessary for the United States to test its nuclear weapons.17 While the National
Nuclear Security Administration requested funding to be prepared to conduct a nuclear
test within 18 months of such a presidential notice, Congress refused in fiscal year (FY)
2006 to fund the request and lengthened the response time frame to 24 months.18 Since
then, budgetary pressures have led to the further deterioration of U.S. test preparedness.19
In concurrence with past nuclear weapons-testing arms control debates (Threshold
Test Ban Treaty, Sea Bed Test Ban Treaty, Limited Test Ban Treaty, CTBT), scientists
and engineers in the nuclear weapons complex have developed tools to monitor and
refurbish nuclear warheads and to keep them safe, secure, reliable, and effective. The
United States has never solely relied on explosive testing to assess the state of its stockpile. To achieve the goal of maintaining a safe, secure, and militarily effective arsenal,
the United States has maintained impressive computational tools and developed other
advanced mechanisms to reduce the margins of uncertainty when assessing the weapons
16. President George H. W. Bush, “Statement on Signing the Energy and Water Development Appropriations Act, 1993,” October 2, 1992, http://www.presidency.ucsb.edu/ws/index.
php?pid=21558.
17. PDD-15 Stockpile Stewardship, October 5, 1993 / November 1993, http://www.fas.org/
irp/offdocs/pdd_steward.htm.
18. Committee on Reviewing and Updating Technical Issues Related to the Comprehensive
Nuclear Test Ban Treaty; Policy and Global Affairs; National Research Council, “The
Comprehensive Nuclear Test Ban Treaty: Technical Issues for the United States,” 2012, 30.
19. Ibid.
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in the stockpile. Today, not surprisingly, the most powerful computer in the world is
housed at the Lawrence Livermore National Laboratory.20
Even the most sophisticated computational devices, however, do not guarantee that
nuclear weapons will perform as expected. This is because data inputs are derived from
previous nuclear weapons tests and experiments producing yield. They are limited by
measuring technologies that existed at the time of the nuclear test.21 In addition, we cannot check our computer codes against any yield-producing experiments. This is a problem at a time of cyberpenetration. How do we know that somebody has not penetrated
the network and manipulated data? As we make changes to our weapons, for example
as a result of Life Extension Programs, we are departing further from the designs from
which we have derived our codes. In the past, nuclear weapons scientists and engineers
were frequently surprised by the results of nuclear weapons tests and experiments. As
David Sharp points out, “As weapons depart further from the tested envelope, models
and simulations become increasingly problematic, and as test experience in the weapons
science community diminishes, its scientific judgment also becomes problematic.”22

The 1958–1961 Nuclear Weapons Testing Precedent
The 1958–1961 nuclear testing moratorium that occurred in the United States demonstrated that confidence in the performance of weapons could not be determined without
testing or conducting experiments producing yield. Due to the stockpiling of untested
weapons, “4 of the 24 weapon designs in the 1961 stockpile had problems that could
be resolved only by additional nuclear tests.”23 One of these was the W-47 warhead on
a Polaris submarine-launched ballistic missile. The United States had fielded nuclear
weapons that were found not to work properly under various conditions and found out
about it only because of nuclear weapons testing and experiments.24
Experience from this moratorium is not encouraging.25 Subsequent nuclear weapons
testing and experimenting revealed serious undetected stockpile problems. While technology and diagnostic tools have advanced significantly since then, it is still likely that
20. Erin Kim, “U.S. Reclaims Top Spot in Supercomputer Race,” June 18, 2012, CNNMoney,
http://money.cnn.com/2012/06/18/technology/sequoia-worlds-fastest-supercomputer/index.htm.
21. However, nothing prevents us from analyzing previously gathered data with today’s
technologies.
22. D. Sharp, “Nuclear Testing. Deterrence, Stewardship and Arms Reduction,” Comparative
Strategy 29 (2010): 295–307, 13.
23. This is the case with a caveat that 1 design of the 18 weapon designs in 1958 stockpile
had been retired and 7 new designs were added. See G. Miller, P. Brown, and C. Alonso, “Report
to Congress on Stockpile Reliability, Weapon Remanufacture, and the Role of Nuclear Testing,”
October 1987, Lawrence Livermore National Laboratory, 16.
24. G. Miller, P. Brown, C. Alonso, “Report to Congress on Stockpile Reliability, Weapon
Remanufacture, and the Role of Nuclear Testing,” 7-8.
25. It is also worth mentioning that the moratorium ended when the Soviet Union violated
it with a series of nuclear weapons explosions prepared during the moratorium. The United States
was caught by a complete surprise. While it was able to detonate nuclear weapons, it took about
two years to prepare meaningful nuclear weapons experiment.
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U.S. scientists would be surprised in some ways should the country decide to conduct a
nuclear weapons test or yield-producing experiment today.
There are also serious human resources problems associated with the lack of nuclear
weapons testing, conducting experiments producing yield, and designing new nuclear
weapons (even for training purposes). The absence of U.S. testing between 1958 and
1961 led to serious deterioration of personnel skills and infrastructure. According to an
insider’s account of the efforts to resume nuclear weapons testing in response to Soviet
violations, “the experience for America’s testing community was technically agonizing,
operationally painful, and economically very costly. The atmospheric component of test
resumption had especially high political obstacles and costs.”26
Today, the United States is facing a more serious challenge. In a few short years, for
the first time since the dawn of nuclear age, the next generation of U.S. nuclear weapons
scientists and engineers will be trained by people with no actual testing experience and
who have never designed a nuclear weapon.27 These scientists will eventually be relied
upon to make judgments about changes in U.S. nuclear weapons.28 These changes will
introduce more and more uncertainty regarding the functionality of weapons in U.S.
stockpile. According to the 1987 Lawrence Livermore National Laboratory Report to
Congress, “This is a script for failure.”29
Nuclear weapon testing and experimenting was deemed essential for maintaining
a healthy stockpile and necessary to validate new nuclear weapons designs. One of the
many lessons U.S. engineers and scientists have learned from nuclear testing is that
nothing is ever certain when it comes to nuclear weapons. They are made up of thousands of parts that must work with split-second precision and under extreme temperatures and pressures. Even molecular differences in different material batches can change
an outcome of a test or an experiment in unexpected ways.30
During the Cold War, the United States was able to produce the best and the safest
nuclear warheads in the world due to nuclear testing and experimenting. This led to
designs with lower margins between nominal functioning and catastrophic failure than
those of China or Russia, and therefore a greater reliance on nuclear testing. Scientists
26. William Ogle, “An Account of the Return to Nuclear Weapons Testing by the United
States after the Test Moratorium 1958–1961,” Nevada Operations Office, U.S. Department of
Energy, October 1985, 6.
27. Independent Working Group, Capitol Hill Conference: “Grand Strategy & the
Strategic Triad,” April 20, 2012, Washington, D.C., http://www.ifpa.org/confrncNworkshp/
confrncNworkshpPages/iwgApr2012.php.
28. Numerous high-level, congressionally mandated reports have found time and time
again that the U.S. nuclear weapons complex is facing problems regarding aging of its personnel
and retention of young scientists and engineers. See, e., Harold Agnew, John Foster, Sydell Gold,
Stephen Guidice, and James Schlesinger, “FY2000 Report to Congress of the Panel to Assess the
Reliability, Safety, and Security of the United States Nuclear Stockpile, February 1, 2001.
29. G. Miller, P. Brown, and C. Alonso: “Report to Congress on Stockpile Reliability,
Weapon Remanufacture, and the Role of Nuclear Testing,” October 1987, Lawrence Livermore
National Laboratory, 4.
30. This is also why the exact replication of nuclear weapons is impossible. Ibid., 3.
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have been surprised by the performance of nuclear weapons and the results of nuclear
tests in the past.
The United States now has the oldest nuclear arsenal in its history. The average age
of its nuclear warheads is getting close to 28 years. With aging, we have detected many
potential problems that have had to be fixed without nuclear testing or yield-producing
experiments. We do not know whether or not the fixes have had an impact on the reliability of the weapons. Without testing or conducting yield-producing experiments, the
assessments of the reliability of the weapons are nothing better than educated opinions.
Life Extension Programs are introducing additional changes in the weapons that are
moving them further and further from the originally tested designs.
Today, very few nuclear weapons scientists and engineers have participated in the
process of designing a new nuclear warhead. Yet, maintaining such a skill-set is essential
should the United States ever find itself geopolitically and strategically surprised, and
determine that it needs a nuclear weapon with new characteristics.31 Resilience is critical. The United States cannot find itself in a situation where it would take 10 years to
respond to new geopolitical developments. Ten years is about the time it would take to
develop a new nuclear weapon.32
New parts from the new materials used during the refurbishment of nuclear weapons
can cause design problems that were not anticipated during the time when the original weapons were assembled.33 While a materially modified warhead could be certified
without a nuclear test, such a certification would be a theory-based statement rather than
an experimental one. The question is whether the United States, its allies, and any adversaries will know for sure that it actually works or not until it is too late.34

New START Ratification Debate
The state of the U.S. nuclear weapons complex attracted considerable attention during
the New START ratification debate. As the number of nuclear warheads goes down,
it is essential to ensure that the reliability and effectiveness of the remaining nuclear
warheads are maintained. Additional resources for the nuclear weapons complex were
supposed to achieve this goal. To secure the Senate’s advice and consent, the administra31. Among these might be requirements to mitigate effects of biological or chemical
weapons attacks, destroy hard, deeply buried targets, and mitigate radiation effects of nuclear
weapons. See Robert Monroe, “Peace through Nuclear Strength,” Washington Times, March 23,
2012, http://www.google.com/search?q=Admiral+Robert+Monroe%2C+%E2%80%9CPeace+T
hrough+Nuclear+Strength%2C&rls=com.microsoft:en-us:IE-SearchBox&ie=UTF-8&oe=UTF8&sourceid=ie7&rlz=1I7ADBF_enUS259.
32. Vice Admiral Robert Monroe at Heritage Foundation conference “The Flawed Case for
Reconsidering the Comprehensive Test Ban Treaty,” March 30, 2012, http://www.heritage.org/
events/2012/03/ctbt-flawed-case.
33. Sometimes it is not possible to remanufacture the original material (e.g., due to
environmental restrictions preventing the usage of the original material or contractors going out
of business).
34. Sharp, “Nuclear Testing,” 14.
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tion promised to request more than $85 billion for the nuclear weapons complex over
the next 10 years.35 President Obama also committed to requesting the funds necessary
to ensure completion of the Uranium Processing Facility and Chemical and Metallurgy
Research Replacement Facility (CMRR).36
The Senate’s advice and consent to ratification of New START is contingent upon
the president’s certification: “I intend to (a) accelerate, to the extent possible, the design and engineering phase of the Chemistry and Metallurgy Research and Replacement (CMRR) building and the Uranium Processing Facility (UPF); and (b) request full
funding, including on a multi-year basis as appropriate, for the CMRR building and the
UPF upon completion of the design and engineering phase for such facilities.”37 At the
time, critics of the treaty pointed out that the president cannot guarantee funding because
Congress provides for the nuclear security complex through the annual appropriations
process. In FY 2012, Congress cut the president’s funding request by $400 million. The
administration did very little to prevent cuts to the nuclear modernization budget in
FY2012 and reneged on its commitments relating to nuclear weapons funding in its
proposed FY2013 budget.
After about a year since New START entered into force, President Obama decided to
abandon his own certification. The FY 2013 budget request defers the construction of the
CMRR facility by at least five years and cuts the funding by 83 percent (compared with
the FY 2012 enacted level).38 While, in 2010, President Obama pledged to provide the
National Nuclear Security Administration with $7.9 billion for weapons activities in FY
2013, his actual FY 2013 budget request provides only $ 7.6 billion for these accounts.39
Some of these cuts are driven by the Budget Control Act of 2011 passed by the
Congress. As a result of the caps established in the law, about $483 billion will be cut
from the defense portion of the budget over the next nine years (this varies depending
on which baseline is used). Unless the law is changed, another process called sequestration will result in the reduction of about another half trillion dollars from the defense
budget alone; other mandatory spending will be cut further. Such a reduction would have
significant effects on the U.S. defense industrial base, nuclear weapons complex, and
the nuclear triad itself. In his November 2011 letter, Secretary of Defense Leon Panetta
states that the sequestration process would cause a termination in the bomber program,
35. White House, “Fact Sheet: An Enduring Commitment to the U.S. Nuclear Deterrent,”
November 17, 2010, http://www.whitehouse.gov/the-press-office/2010/11/17/fact-sheetenduring-commitment-us-nuclear-deterrent.
36. Ibid.
37. Barack Obama, “Message from the President on the New START Treaty,” White House,
February 2, 2011, http://www.whitehouse.gov/the-press-office/2011/02/02/message-presidentnew-start-treaty-0.
38. Baker Spring, “Obama’s Defense Budget Makes Protecting America Its Lowest
Priority,” Heritage Foundation Backgrounder 2658, March 1, 2012, http://www.heritage.org/
research/reports/2012/03/obamas-defense-budget-makes-protecting-america-its-lowest-priority.
39. White House,“Fact Sheet: An Enduring Commitment” and U.S. Office of Management
and Budget, Budget of the United States Government, Fiscal Year 2013 (Washington, D.C.: U.S.
Government Printing Office, 2012), 104.
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a delay in the strategic submarine program, elimination of the intercontinental ballistic
missile (ICBM) leg of the triad, as well as other programmatic cancellations.40
The examples of CTBT and New START show that consensus on the funding levels for the modernization of the nuclear infrastructure and delivery vehicles cannot be
driven by arms control objectives. While the Senate seems to recognize the importance
of adequate funding levels during its treaty consideration, experience shows that such
a consensus does not last very long after the Senate gives its advice and consent to ratification of a treaty. Policy positions and fiscal considerations are more important than
consensus building driven by arms control when deciding how much the country will
spend on its nuclear modernization programs.
Since the United States stopped its nuclear weapons testing and yield-producing
experiments, the country has not developed any new long-range delivery systems. When
planning for follow-on submarine-launched ballistic missiles and ICBMs, the United
States will need to understand the effects of mounting “old” U.S. nuclear warheads on
new systems. Do new delivery vehicles have to be limited in design to fit these warheads? Will military planners be limited in the requirements they can place on a new
delivery system if those new systems are not constrained by “old” nuclear warheads?
In the past, each type of delivery vehicle was mated to its specific nuclear warhead in
order to survive extreme conditions unique to the delivery vehicle and targeting requirements.41 These questions are beyond the scope of this paper, but they will be analyzed
if the United States follows its nuclear modernization plan. Resilience is essential as
the United States faces an increasingly uncertain strategic environment while providing
nuclear security guarantees to some 30 nations in the world.

Conclusion
Given that more than 30 countries all around the world rely on U.S. nuclear security
guarantees, it is essential that U.S. leadership fully consider the implications of CTBT as
well as other arms control treaties. The New START experience demonstrated a lack of
political support for the effort to modernize the nuclear complex, even if that effort was
linked to arms control agreements. The safeguard program that was agreed to before the
Senate rejected the CTBT should have been in place, because the United States has not
conducted a nuclear test or yield-producing experiment since then. The program, however, has not even been fully funded. U.S. experiences do not offer much hope when it
comes to linking arms control and nuclear modernization funding.
In the absence of nuclear weapons testing or yield-producing experiments, the credibility of the U.S. nuclear arsenal will be questioned at some point in the future. According to William Ogle’s account of the nuclear testing moratorium of 1958–1961, “No one
40. Statement by Senators McCain and Graham on Secretary Panetta’s Letter Detailing
the “Devastating” Impact of the Sequester, November 14, 2011, http://www.mccain.senate.gov/
public/index.cfm?FuseAction=PressOffice.PressReleases&ContentRecord_id=a4074315-fd3e2e65-2330-62b95da3b0e9.
41. Miller, Brown, and Alonso, “Report to Congress on Stockpile Reliability,” 29.
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can predict when the nation may face a similar set of conditions in attempting to balance
political imperatives against the harsh truths of science, or the constraint which must
accompany diplomatic negotiations against the urgent need to be ready to move swiftly
should negotiation fail.”42
Proponents of “nuclear zero” believe that disarmament will somehow increase other
nations’ willingness to reduce their own nuclear stockpiles. Yet there is no demonstrated
link between nuclear proliferation, U.S. nuclear weapons testing, and the extent of the
funding devoted to the nuclear enterprise. In fact, South Africa and Argentina gave up
their respective nuclear weapons programs while the United States tested its nuclear
warheads. North Korea, India, and Pakistan conducted their nuclear weapons tests after
the United States stopped testing and conducting yield-producing experiments. While
issues associated with maintaining the U.S. stockpile or preserving the nuclear weapons
infrastructure and knowledge base are technical in nature, policy plays an essential role
in directing the activities of U.S. nuclear scientists and engineers. This is because policy
establishes the political and military purpose of nuclear weapons and therefore dictates
the military requirements for them.
The strategic choices that the United States makes today will have an impact on national security for decades to come. The New START debate has revived the interest in
the U.S. nuclear weapons complex. That debate has brought to the attention of decisionmakers the consequences of years of underfunding. As a result of the discussion about
the treaty in the Senate, the Obama administration promised to increase funding for the
U.S. nuclear weapons enterprise. Those promises have not survived the first anniversary
of New START’s entry into force. Furthermore, the modernization plans for strategic
delivery vehicles and the existence of the nuclear triad itself are threatened by the Budget Control Act of 2011. President Obama also stated that he would veto any legislation
that would prevent sequestration. Experience shows that agreements on the importance
of nuclear weapons funding forged during arms control debates do not guarantee followthrough regardless of whether the president certifies to the Senate.
Both the capability of the nuclear weapons complex to produce new warheads and
the capability of industry to produce delivery systems to meet new security requirements and fulfill new military missions have atrophied as a result of years of neglect and
the refocusing on sustainment and Life Extension Programs rather than designing new
weapons. As the Minuteman III ICBMs and Trident II submarine-launched ballistic missiles are retired, the United States will have to develop new delivery vehicles or move
to a dyad or monad.
Historical experiences have shown that neither the safeguard program from the
1990s nor the nuclear modernization promises made in concurrence with the New
START debate were able to gain enough political support for their long-term sustainment. The United States must make relatively modest investments in its nuclear weapons
infrastructure to preserve its own strategic security as well as that of the more than 30
countries around the world that depend on U.S. extended deterrence.
42. W. Ogle, “An Account of the Return to Nuclear Weapons Testing by the United States
after the Test Moratorium 1958–1961,” 9.
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Goodbye Geneva?

Options for Negotiating the Fissile Material Cut-Off Treaty
Andrea Berger1

As of 2012, the Conference on Disarmament (CD) will have been deadlocked for
more than half its existence. Designed as a negotiating forum for treaties on practically all multilateral arms control and disarmament issues, the consensus-based
CD is struggling to maintain its relevance amid a persistent stalemate. As a result,
a coalition of nonnuclear countries, led by Canada, is on a quest to free the Fissile Material Cut-Off Treaty (FMCT)—a CD agenda item since early 1994. Last
year, it succeeded in convincing a majority of UN member states that, should the
CD fail to agree to its own program of work in 2012, the General Assembly bears
special responsibility to evaluate options to negotiate the FMCT elsewhere. With
no breakthrough in Geneva, that subject is poised to become the center of heated
debates in the UN General Assembly in late 2012.
Before delving into the present state of the debate, this paper considers the history of
the FMCT with a view to outlining the central disagreements that have emerged between CD member states. In fact, no consensus exist on what the central obligation of
an FMCT should be. Compounding this divide, Pakistan’s fresh objections to perceived
double standards in the Nuclear Non-Proliferation Treaty (NPT) regime highlight South
Asia as a region that will demand particular, focused attention in any negotiation setting.
To resolve some of these difficulties, international political trade-offs such as a Nuclear
Suppliers Group waiver for Pakistan may have to be debated.
Getting the FMCT to a place where key players can exchange views and information on sensitive issues, without fear of international public reprimand, will be essential
to moving the initiative further forward. Four possible negotiating approaches outside
the CD will be assessed in this context. Each has been the subject of some discussion
in advance of the UN General Assembly’s First Committee debates this fall:2 Begin
1. Andrea Berger is a research fellow in Nuclear Analysis at the Royal United Services
Institute for Defence and Security Studies. This paper builds upon arguments outlined for the
October 2012 issue of Arms Control Today.
2. The United Nations First Committee is a Main Committee of the UN General Assembly
that deals with disarmament and international security issues. It provides recommendations to
the General Assembly and Member States in the form of resolutions. Unlike the CD, they are
not explicitly charged with negotiating treaties, and their decisions are taken by majority vote.
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negotiations in the General Assembly; follow the model selected for the Arms Trade
Treaty; pursue an FMCT through an ad hoc, extra-UN process similar to the Ottawa
Convention on antipersonnel land mines; and begin discussions in a parallel “P-5 plus”
process.3 (The “P-5 plus” includes Britain, China, France, Russia, the United States, and
Germany.)
While these forums have their clear merits, most run head-first into vocal objections
by nuclear-armed states. However, a “P-5 plus” process offers the General Assembly
First Committee a pragmatic way forward, improving chances that deep divides between
key states can be overcome in the long term.

The FMCT: 16 Years Not in the Making
The FMCT’s origins, historical hurdles, and the solutions deployed in attempt to resolve
those differences all have important implications for the present debate over negotiating options. The concept of regulating highly enriched uranium (HEU) and plutonium
used in nuclear weapons has a history nearly as long as the atomic age itself. The 1946
Baruch Plan called for “complete managerial control of the production of fissionable
materials.”4 Then as now, nuclear weapons states held the key to crafting any effective
agreement to control weapons-useable fissile material. During the Cold War, their participation in such initiatives was precluded by the centrality of nuclear weapons in their
strategic doctrine and security calculations. The Baruch Plan floundered in the face of
arms race enmities.
Proposals for fissile material regulation were genuinely revived in 1993, when U.S.
president Bill Clinton warned against the danger of nuclear terrorism posed by HEU
and plutonium and called for the negotiation of an international agreement to end their
production. Shortly thereafter, the General Assembly requested an international body to
negotiate a nondiscriminatory multilateral and internationally and effectively verifiable
treaty banning the production of fissile material for nuclear weapons or other nuclear
explosive devices. As this would be a treaty-drafting initiative, the CD was the logical
choice for FMCT negotiations.

Ambassador Shannon: Mandate and Legacy
NPT signatories met in 1995 to discuss whether that treaty should be indefinitely extended. As part of the agreement for extension, states outlined 13 practical steps to disarmament—one of which was the FMCT. As a result, Ambassador Gerald Shannon of Canada
was appointed as special coordinator in the CD, and he was charged with canvassing
See “UN First Committee,” Acronym Institute, http://www.acronym.org.uk/directory/buildingsecurity/united-nations-conference-disarmament/un-first-committee.
3. This paper draws on a number of personal discussions with government officials and
subject experts from Non-Proliferation and Disarmament Initiative countries, nuclear weapon
states, and nuclear-armed states. I am extremely grateful for their time and assistance with this
research project.
4. Nuclear Proliferation Factbook, Joint Committee Print, 99th Congress, 1st Session,
August 1985.
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the views of members on the scope and way ahead for such a treaty. This development
is of great importance for the current state of FMCT discussions for two reasons. First,
Shannon’s discussions illuminated the fact that member states do not agree on the central
obligation of an FMCT. Pakistan and several others argue that a treaty should go beyond
the simple obligation of a future cut-off in fissile material production for nuclear weapons purposes and perceive the FMCT as a long-term mechanism for disarmament. This
vision also leads Pakistan to advocate for the inclusion of existing stockpiles of fissile
material within the scope of the treaty, with a view to their reduction and elimination.
Conversely, most other nuclear weapon states (NWS) and India object firmly to anything that goes beyond the scope of a cut-off. For them, an FMCT is an immediate cap
on military fissile material production, allowing them to convert existing military stocks
into weapons, but manufacture no more weapons than its strategic-designated stockpile
at the time of treaty ratification allows. Most countries have now come around to the fact
that its relative popularity among nuclear-armed states renders it the only “negotiable”
way forward. Nevertheless, disagreement over the aim of an FMCT persists today as one
of the primary hurdles that negotiations must overcome. Shannon’s compromise was to
recommend the creation of an Ad Hoc Committee on an FMCT that left the question of
core obligations and existing stocks to be ironed out in discussions.
Second, Ambassador Shannon’s appointment cemented the FMCT as a legacy issue for Canada. As one of the world’s largest suppliers of uranium and reactor technology, Canada has long felt a sense of responsibility in promoting the development of
robust regulation. This has particularly been the case since India diverted plutonium
from a Canadian-built reactor for its first nuclear test in 1974; Canadian prime minister
Pierre Trudeau proposed increasing transparency and reducing strategic nuclear material
stocks shortly thereafter.5
Despite its broad approach, the Shannon Mandate failed to create momentum. NonAligned Movement states demanded that FMCT negotiations be explicitly linked to demonstrable progress toward the elimination of nuclear weapons. China made its support
contingent on simultaneous progress on the Prevention of an Arms Race in Outer Space
(PAROS). A draft Program of Work prepared by the CD president aimed to resolve this
by creating four substantive Working Groups: one addressing a ban on fissile materials;
one on broader steps toward nuclear disarmament; one on the provision of Negative
Security Assurances (NSA); and one on PAROS. This framework has been the starting
point for the vast majority of efforts to revitalize the CD, and it features in some of the
contemporary suggestions for negotiating avenues outside the CD.
In 2004, the Bush administration in the United States concluded that it could no
longer agree to pursue an FMCT on the basis of the Shannon Mandate, because such a
treaty could not be “effectively verifiable.”6 In 2009, the Obama administration repealed
5. George Maclean, “New Directions for Fissile Material Cutoff,” Foreign Affairs and
International Trade Canada, 2001, 3–4, http://www.international.gc.ca/arms-armes/assets/pdfs/
fissile_maclean.pdf.
6. “Proposed Fissile Material Cut-Off Treaty,” Nuclear Threat Initiative, 2011, http://www.
nti.org/treaties-and-regimes/proposed-fissile-material-cut-off-reaty/.
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this stance, and a number of states compromised on their positions regarding PAROS
and NSAs, accepting that a Program of Work need not have a negotiating mandate for
either. The Conference was therefore able to pass a Program of Work.

The Pakistan Problem
Breakthrough on a Program of Work was fleeting, as no consensus on how to operationalize it could be found. A period of reflection led Pakistan to again demand that
the mandate clearly mention existing stocks.7 An FMCT that capped future production
without including stockpiles would “freeze” a country’s weapons-usable material—and
therefore, the number of new weapons it could manufacture—at the time of ratification.
From Islamabad’s standpoint, “a wide disparity in fissile material stockpiles of India
and Pakistan could erode the stability of nuclear deterrence.”8 Pakistan has continued
to ramp up its fissile material production since it issued this statement. According to the
International Panel on Fissile Materials, it now possesses approximately 2.89 metric
tons of HEU and plutonium, compared with India’s 6.96 metric tons.9 Despite Pakistan’s
accelerated production, the gap remains wide.
A common misconception is that Pakistan’s primary objection still rests on the exclusion of “existing stocks.” This is patently not the case, as it has continued to elaborate
upon its position since 2009. By now, Islamabad has had time to formulate its view on
the 2008 United States–India nuclear deal, which detailed full bilateral cooperation on
civilian nuclear energy. From a Pakistani viewpoint, the agreement frees up its rival
neighbor’s indigenously produced fissile material for nuclear weapons, using facilities
excluded from the deal, thereby exacerbating Pakistan’s stockpile inferiority. Moreover,
Islamabad rejects outright the broader trend toward discrimination promoted by the
United States–India nuclear deal: “Selective and discriminatory measures that perpetuate regional instability . . . derogate from the objectives of nuclear disarmament and nonproliferation. . . . Pakistan will not support any approach or measure that is prejudicial to
its legitimate national security interests.”10 Pakistan’s ambassador to the CD has stated
plainly that he would acquiesce to negotiations only when Islamabad too had a nuclear
commerce arrangement and Nuclear Suppliers Group (NSG) waiver in hand.11
Support within the NSG to cater to Pakistani demands seems virtually nonexistent.
Taking Pakistan’s position at face value, NSG flexibility may be required for an FMCT
that includes Islamabad to be realizable. However, a waiver is presently unacceptable
7. “Fissile Material Negotiations in the Conference on Disarmament,” Version 2, UNIDIR,
2011, http://unidir.org/pdf/ouvrages/pdf-1-92-9045-010-H-en.pdf.
8. Zia Mian et al., “Playing the Nuclear Game: Pakistan and the Fissile Material Cut-off
Treaty,” Arms Control Today, April 2010.
9. Admittedly, much of India’s plutonium is declared “civilian,” though it could presumably
be converted with relative ease. See Report by the International Panel on Fissile Material, Global
Fissile Material Report 2011, January 2012, http://fissilematerials.org/library/gfmr11.pdf.
10. “Letter Dated 19 January 2010 from the Permanent Representative of Pakistan
Addressed to the President of the Conference on Disarmament” (CD/1883), January 22, 2010.
11. “The South Asian Nuclear Balance: An Interview with Pakistani Ambassador to the CD
Zamir Akram,” Arms Control Today, December 2011.
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to most Western governments, which have a strong memory of the proliferative activity
of the A. Q. Khan network. Change in this stance seems implausible without a broader
thawing of the currently tense relations between Washington and Islamabad, as well as
increased confidence by the international community in Pakistan’s ability to act as a
responsible nuclear user.
Other situations wherein Pakistan agreed to a cut-off without an NSG waiver are
foreseeable—namely, if it reached what it thought to be rough stockpile parity with
India. But betting on this would truly be a gamble—not least one that relies on vertical
proliferation as the key to future arms control.
As Pakistan’s concerns over the exclusion of existing stocks and fears of nonproliferation regime discrimination imply, the FMCT may not be ripe for formal negotiations.
Instead, it is now in desperate need of a forum that involves nuclear-armed states and
could treat some of these and other highly politicized issues, including verification and
fissile material production for naval reactors. These discussions should take place without being an explicit prelude to negotiations. Ultimately, it is this combination that holds
the potential of bridging the divide between certain CD member states.

National Positions in the Debate over Parallel Negotiations
For now, Pakistan’s persistent opposition in a consensus-based forum creates little hope
that the CD will break free from its paralysis in the near term—a challenge that the
FMCT’s long-standing proponents have recognized. Convincing Pakistan to reverse its
position on an issue that is essentially one of national security and of perceived NPT
regime bias, is beyond the abilities of the CD. Against this backdrop, a coalition of nonnuclear CD members is adamant that the FMCT is too important to let die in the CD.
They argue that it is time to consider other parallel forums to take FMCT discussions
further forward. 12
At the helm of this initiative is Canada. As mentioned above, Ottawa sees the FMCT
as a legacy issue, given its role in the Shannon Mandate. Its enthusiasm for rescuing it
from CD imprisonment, however, can be attributed to Canada’s leadership of “successful” Ottawa Convention negotiations regulating antipersonnel land mines—a process
entirely outside the UN system. These factors together have led Canada to nominate
itself as chief prosecutor in the CD’s trial. Most significantly, the Canadian delegation
drafted and sponsored UN General Assembly Resolution 66/44 (2011) on the FMCT.
Rather than the previous resolutions that condemned the impasse, implored adoption
of a Program of Work, and called upon efforts to “revitalize” the CD, Resolution 66/44
resolved to
consider options for the negotiation of a treaty banning the production of fissile
material for nuclear weapons or other nuclear explosive devices at its sixty-seventh
12. This position is represented by New Zealand, among others. A/C.1/66/PV.4 General
Assembly official records, 66th session, 1st Committee, 4th meeting, New York, Tuesday,
October 4, 2011, 18.
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session should the Conference on Disarmament fail to agree on and implement a
comprehensive Programme of Work by the end of its 2012 session.13
The resolution was adopted with 158 in favor, 2 against, and 21 abstentions.14 With
the CD still moribund after the conclusion of its 2012 session, the General Assembly
will, as agreed, discuss negotiating options for the FMCT in the coming months.

Supporting the Motion
Resolution 66/44’s voting record is a useful starting point for analyzing the current split
over the broad question of whether or not the UN General Assembly should seek a new
home for the FMCT. It should be noted that the suggestion is not to abandon the CD
per se; the CD could continue attempting to build the political will necessary to pass a
Program of Work. But the FMCT could progress in a parallel forum, independent of the
CD’s efforts.
Avidly supporting the resolution, and the broader initiative to pursue parallel negotiations, is the Non-Proliferation and Disarmament Initiative (NPDI), and many other
nonnuclear UN members such as Austria and Mexico. The NPDI is a relatively new,
increasingly vocal grouping of 10 like-minded countries,15 which are adamant that the
CD’s stalemate should not bridle the FMCT. As Australian foreign minister Kevin Rudd
warned in 2011, “if the Conference on Disarmament [does] not get down to the business
of negotiating, it [will] be washed away by history. And so it should be.”16
The five NWS and India voted in favor of Resolution 66/44, perhaps cautiously
viewing it as another opportunity to exert pressure on Pakistan. However, debate in the
First Committee demonstrated that they are less enthusiastic about the prospect of the
FMCT’s forceful removal from the CD than their NPDI counterparts. They reiterated a
number of concerns: namely, that another forum would be unable to ensure “key states”
were active participants, and that a nonconsensus voting system could have repercussions for their ability to direct the content of, and get buy-in to, an eventual treaty.
Washington’s stance has been confused in academic literature for genuine eagerness
to see the FMCT negotiated elsewhere.17 In 2011, both the secretary of state, Hillary
Clinton, and the assistant secretary of state for arms control, verification, and implementation, Rose Gotemoeller, warned the CD that the United States would explore other op-

13. “Treaty Banning the Production of Fissile Material for Nuclear Weapons and Other
Nuclear Explosive Devices,” A/RES/66/44, General Assembly of the United Nations, 66th
Session, New York, December 2, 2011.
14. Meeting Record of the 71st Plenary, A/66/PV.71, General Assembly of the United
Nations, New York, December 2, 2011.
15. The NPDI is composed of Australia, Canada, Chile, Germany, Japan, Mexico, the
Netherlands, Poland, Turkey, and the United Arab Emirates.
16. A/C.1/66/PV.4 General Assembly official records, 66th session,1st Committee, 4th
meeting, New York, Tuesday, October 4, 2011, 10.
17. Terrence Smith, “A Fork in the Road to an FMCT,” Center for Strategic and International
Studies, March 2, 2011, http://csis.org/blog/fork-road-fmct.
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tions if deadlock persists.18 More recent statements retreating from these threats suggest
that the United States was attempting to use their words as a last resort to exert pressure
on Pakistan.19
According to Russia and China, the CD should not be supplanted as the negotiating
forum for any fissile material treaty though their on-the-record comments do not attack
sideline discussions.20 That being said, China has not participated in the 2011 and 2012
Geneva-based, but not CD-housed, technical expert meetings.21 Its abstention is a repeated reminder that its active participation should in no way be taken as given.
For India, formal negotiation outside of the CD would come with the risk that it too
would lose its de facto veto over the progression of talks. At present, Pakistan’s fissile
material stockpile is inferior to India’s, and there remains a critical mass of CD member
states opposed to inclusion of existing stocks in any proposed treaty. For now, however,
New Delhi seems an enthusiastic but quietly cautious participant in any initiative that
involves repeated, high-level naming and shaming of its nuclear neighbor. However,
negotiating dynamics and the strategic environment in South Asia may change. This is
particularly plausible if the FMCT initiative continues to advance at its presently lethargic pace for some time into the future.
The array of support for General Assembly Resolution 66/44 illustrates that there is
broad receptiveness to evaluating options for parallel discussions, but not necessarily to
commencing official negotiations. But, as consideration of a “P-5 plus” process will later
show, should a forum offer sufficient control over the FMCT’s content, most nucleararmed states may also be willing to actively pursue the initiative outside Geneva.

Against the Motion
In large part, the Middle East proved more hesitant than NWS. Many members of the
Arab League and Iran abstained on Canada’s resolution out of preference for the control
and predictability afforded by the CD. For countries with changing and unfavorable
regional nuclear dynamics, CD membership and voting rules mean they can be assured
that an FMCT will not progress without Israel—and perhaps of future concern, Iran—
alongside it.22
Israel is itself an interesting FMCT case study. It has vowed not to hold up the start of
negotiations, contently removing itself from most FMCT discussions. Tel Aviv clarified
its position on abandoning the CD: “The rules of procedure, and in particular the rule of
consensus, reflect the necessity to protect vital security interests and provide negotiating
18. Hillary Rodham Clinton, “Remarks at the Conference on Disarmament,” U.S.
Department of State, February 28, 2011, http://m.state.gov/md157423.htm.
19. Statement by the United States, A/C.1/66/PV.4, General Assembly official records, 66th
session, 1st Committee, 4th meeting, New York, Tuesday, October 4, 2011, 12.
20. “The Pursuit of a Win-Win Situation at the Conference on Disarmament: Questions and
Answers with Wang Qun,” Arms Control Today, June 2011.
21. The 2011 meetings were hosted by Australia and Japan, and the 2012 iterations by
Germany and the Netherlands (the latter is scheduled for August 2012).
22. Statement by Dr. Mohammad Hassan Daryaei, prime minister of the Islamic Republic
of Iran, CD Plenary, Geneva, May 31, 2012.
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States with the comfort levels required for dealing with such critical issues. In principle,
Israel does not support taking [the FMCT] outside the Conference on Disarmament.”23
Like China, its active participation should not be counted on, and there is widespread
doubt that Israel would risk or abandon its nuclear opacity for an FMCT anyways.
Pakistan and North Korea are firmly opposed to the Canadian initiative. Should the
NPDI or any other coalition succeed in convincing the UN General Assembly that the
FMCT should be negotiated outside the CD, these two countries have made it clear that
they will not be at the table. Islamabad’s apparent “compromise” is that it will not oppose technical- or expert-level talks in a CD-associated process.24 Its apparent openness,
however, has not involved willingness to actually participate in those meetings.

The “Key State” Requirement
Careful consideration of the options for negotiation illuminates the prospects that any
particular forum will be able to address the primary concerns of nuclear-armed states. As
mentioned above, predictability in outcome is one preference held by many CD member
states. An equally prominent issue relates to the assertion by nuclear-armed nations that
a forum’s design should ensure “key states” are at the table, and increase the likelihood
that any resulting treaty will secure their buy-in.
The term “key state” is generally used to mean countries with military nuclear programs, specifically the P-5, India, and Pakistan.25 North Korea is intentionally excluded
by other nuclear-armed states, which seem to be in agreement that North Korea’s nuclear
weapons program should not be legitimized with an invitation to FMCT discussions
parallel to the CD. Israel is also deprioritized, as it is widely held that they are extremely
unlikely to partake in any treaty that would jeopardize their nuclear opacity. Instead,
nuclear-armed states appear happy with Israel’s current pledge not to obstruct the commencement of substantive FMCT discussions.
The FMCT would affect some nuclear-armed states more substantially than others.
France, Russia, the United Kingdom, and the United States already have voluntary moratoria on fissile material production in place, have large stockpiles, and therefore have no
security need for resuming production. The greater challenge is therefore to secure the
participation of fissile material manufacturers still producing HEU or plutonium (India
and Pakistan), or without a voluntary moratorium on fissile material production for use
in nuclear weapons (China).26 Without agreement to an FMCT by any of these countries,
23. Statement by Israel, A/C.1/66/PV.4, 7.
24. “The South Asian Nuclear Balance,” Arms Control Today, June 2011.
25. Statement by Ambassador Alexey Borodavkin, Permanent Representative of the Russian
Federation to the Conference on Disarmament, Geneva, January 31, 2012.
26. Yet, securing buy-in from even these states is not easy. As experience with the
Comprehensive Test Ban Treaty suggests, a split or Republican-controlled Congress in the United
States may very well obstruct ratification of an FMCT, preferring to keep the option of resuming
fissile material production open for some unknown future threat. It is also generally assumed
by diplomats in the P-5 that Israel will not join an FMCT, despite presumably having acquired
enough fissile material for foreseeable weapons requirements.
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the treaty would add little to the nonproliferation regime. In fact, a weak treaty that
does not involve one or more of China, India, and Pakistan may be more problematic
than not having a treaty in the near to middle term at all. Should a treaty be negotiated
and opened for signature without confidence that buy-in from one of China, India, and
Pakistan (as well as the rest of the P-5) could be won, the result would be that a weak
text is cemented in international law. Finding future agreement on an amendment is
normatively and procedurally more difficult when dozens of states have already signed
a text. Getting it right, rather than getting it now, should therefore be the approach. The
NWS seem to agree.

Options for Parallel Forums
Keeping this demand in mind, there are, as noted above, four possible courses of action
that could catalyze substantive FMCT discussions: Begin negotiations in a General Assembly plenary; follow the model selected for the Arms Trade Treaty; pursue an FMCT
through an ad hoc, extra-UN process similar to the Ottawa Convention on antipersonnel
land mines; and begin discussions in a parallel “P-5 plus” process.

General Assembly Negotiations
A common assumption in much of the literature on the Canadian initiative is that the
likely alternate forum for FMCT negotiations will be a General Assembly plenary or ad
hoc committee.27 Experience with the Comprehensive Nuclear Test Ban Treaty (CTBT)
demonstrated that the General Assembly can, in dire circumstances, be a foster home
for arms control initiatives plagued by the CD’s consensus rule. In June 1996, after two
years of negotiations in the CD, India blocked the draft CTBT. Without a consensus,
the CTBT could not be transmitted to the General Assembly for ratification. Australia
sought to circumnavigate New Delhi’s roadblock by submitting the identical text to the
General Assembly for adoption. In September 1996, the General Assembly adopted that
resolution, which requested the secretary-general to open the CTBT for signature at the
earliest possible date. CD abandonment is therefore directly responsible for the CTBT’s
existence as a treaty, albeit one not yet in force.28
The UN General Assembly is again being talked of as a means to surmount CD
deadlock. Some see its majority voting procedure as an opportunity to free the FMCT;
functionality, they say, should be prioritized over forum.29 For nuclear-armed states, however, the General Assembly’s procedures mean that non–nuclear weapon states (NNWS)
alone could determine the text of an eventual treaty, with key players getting lost in the
mix. The control afforded to them in the CD would be forsaken. In practice this would
27. Paul Meyer, “Free the Fissile Material Cut-Off Treaty: Functionality over Forum,”
Bulletin of the Atomic Scientists, September 19, 2011, http://www.thebulletin.org/web-edition/
op-eds/free-the-fissile-material-cut-treaty-functionality-over-forum.
28. “Comprehensive Nuclear Test Ban Treaty,” United Nations, http://www.un.org/Depts/
ddar/ctbt/ctbt.htm.
29. Paul Meyer, “Free the Fissile Material Cut-Off Treaty: Functionality over Forum.”
34 |

NUCLEAR SCHOLARS INITIATIVE

likely result in a negotiating process that avoids, rather than meaningfully confronts,
existing or emerging objections.
Broad membership is also a double-edged sword for the FMCT. On the one hand, all
nuclear-armed states and non-NPT members will be present for discussions or negotiations, by virtue of the UN’s composition. On the other hand, it could be argued that the
involvement of 193 states in the debate, compared with the CD’s 65, would be an unnecessary procedural complication likely to retard timely progress. This is particularly
so considering the FMCT would be negotiated essentially from scratch in the General
Assembly. Aversion to this arrangement flows from the conviction that NNWS are not
particularly significant for this treaty, and are therefore dispensable to the process. Not
producing fissile material themselves, NNWS under the NPT would not be subject to
any new obligations under an FMCT. However, for a NNWS’s adherence to a possible
FMCT to be verified, rather than redesigning verification procedures for an NNWS, the
treaty could very possibly mandate that the state implement a Safeguards Agreement and
an Additional Protocol. Widespread NNWS ratification of an FMCT and the Additional
Protocol would create a remarkable degree of regulatory harmony in the international
verification regime. Indeed, one of the few ideas that has attained consensus in the CD is
that an FMCT should be a tool for both disarmament and non-proliferation.
Recognition of the importance of eventual NNWS ratification does not necessarily
demand that those countries be integrally involved in the discussion process from the
start. By dealing with the fissile material production of states with nuclear weapons programs, a verifiable FMCT will have to confront serious technical challenges subject to
national security concerns. A total of 185 other delegations in the room for debates may
make nuclear weapon- and nuclear-armed states extremely hesitant to iron out how the
FMCT would, for instance, treat sensitive issues such as conversion of former military
facilities, verification of hybrid civil–military facilities, or mechanisms to ensure that
fuel for naval reactors is not diverted to weapons.30
Offering some counterbalance to the numerous disadvantages of a General Assembly process are a number of more favorable traits. As a UN body, the General Assembly offers increased legitimacy compared with an ad hoc approach such as the Ottawa
Process. In the same vein, it is also relatively transparent, and movement on the FMCT
within the General Assembly could be used by NWS to substantiate progress toward
meeting their commitments under the 2010 NPT Review Conference Action Plan. Similarly, the General Assembly is more open to expert and nongovernmental organization
(NGO) participation than other forums such as the P-5. However, transparent dialogue
that explicitly ties progress to the Action Plan may make NWS retreat rather than raise
and address sensitive political and technical topics.
Ultimately, the General Assembly’s downsides for an FMCT outweigh its merits.
Nuclear-armed states have made it clear that majority voting for the FMCT, and to a
30. Fissile material for naval nuclear propulsion programs is widely accepted as being
exempted from an FMCT. However, states do not agree on how diversion of this fuel to weapons
can best be guarded against. This will be particularly significant in the South Asian context,
where India has a new and active nuclear submarine program.
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lesser degree, extremely broad membership to potential negotiations, are unsuitable for
an arms control treaty of this kind. And, though NNWS opinions are important for the
added regulatory harmony that their eventual participation could offer, finding an informal forum with key players that is able to address the most salient issues should take priority. The General Assembly should therefore not be the first port of call for the FMCT.

Arms Trade Treaty- Style
Another possibility also benefiting from UN legitimacy is to pursue a process similar for
the Arms Trade Treaty (ATT). The ATT, which would regulate trade in certain categories
of conventional arms, began with a Governmental Group of Experts (GGE). Ordinarily
composed of representatives selected on a regional basis, GGEs are designed to identify
and discuss major areas of convergence and divergence between states, and report on
them to the General Assembly. Following its 2008 report to the General Assembly on
the feasibility, scope, and parameters of a potential ATT, the group was replaced by an
Open-Ended Working Group (OEWG). OEWGs are called “open-ended” because all
UN member and observer states and accredited NGOs are free to attend their meetings.
At the same time, however, the model does not guarantee any state’s participation. For
the ATT, the OEWG was asked to further discuss the issues raised earlier by governmental experts. Many crucial questions, such as which types of weapons or ammunition
would be regulated, were not resolved at this stage.
In 2009, the United States removed its opposition to the ATT and announced that it
would support a General Assembly resolution calling for a formal negotiating conference.31 Of particular importance, Washington made its support conditional on the implementation of consensus rule for any adopted text. The three-week-long July conference
commenced with swathes of disagreements raised in earlier stages, but still unsorted. A
total of 150 participating nations unsurprisingly failed to reach a consensus on a final
text. The conference disbanded, and the way forward has not yet been laid out.
Experience with proposals for alternate FMCT forums put forth in 2011 highlight
why it is improbable that an ATT process will be chosen to start negotiations for an
FMCT, but might be chosen to end them. Canada’s original draft of Resolution 66/44
included the GGE.32 The clause was ultimately dropped because of opposition from the
members of the Non-Aligned Movement, which clearly expressed their opposition to
any process too far-removed from the CD. This left the resolution with the pledge that
the General Assembly shall investigate options for pursuing an FMCT at its next session.
Adding to the concerns voiced by the Non-Aligned Movement, the GGE is simply
not the antidote for the problem. Identifying and reporting disagreements is work that
has already been done by General Shannon and countless CD presidents since. In itself,
31. “Saferworld and a History of the Arms Trade Treaty,” Saferworld, July 25, 2011, http://
www.saferworld.org.uk/downloads/Saferworld%20and%20the%20history%20of%20the%20
ATT.pdf.
32. “Draft Resolution: Treaty Banning the Production of Fissile Material for Nuclear
Weapons and Other Nuclear Explosive Devices,” A/C.1/66/L.40, General Assembly of the United
Nations, 66th Session, New York, October 14, 2011.
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it would do little to resolve rifts in opinion over verification or existing stocks, or to
address Pakistan’s security concerns and perception of Indian favoritism in the nonproliferation regime. Though selection of the GGE would undoubtedly have prioritized
nuclear-armed states, those adamant that they would not be involved in an extra-CD
process could again have abstained. The GGE’s final product—a report and recommendation to the General Assembly—is not sufficiently determinative of an FMCT’s content
to put outlier states at risk of being left without say.
The second step of an ATT—OEWGs—also met with opposition when they were
proposed by Norway, Austria, and Mexico at the 66th session of the General Assembly.
They asserted that if the CD did not pass its own program of work, then two OEWGs
should be established. The first would deal with “nuclear disarmament,” and the other
with “PAROS”—the latter presumably having been insisted upon by China. Furthermore, the proposal outlined that the disarmament group would “consider all relevant
views and proposals, past, present, and future”—CD language used to signal that the
existing stocks question is open to debate.33 However, their suggested mandate went further than draft CD Programs of Work, stating that it would be within working group purview to initiate formal negotiations on any of the subjects under discussion, “as deemed
appropriate.”34
This proposal troubled important constituencies for several reasons. First, it explicitly put FMCT discussions, and possibly even negotiations, under the wider heading of
nuclear disarmament. Linkage in this way made NATO members extremely nervous.
Signing up to FMCT discussions that were directly framed as a means of getting to zero
was thought to put tension on the NATO commitment to remain a nuclear alliance so
long as other states possess nuclear weapons.
Second, the members of the Non-Aligned Movement feared that creating a set of
working groups in Geneva, with a remit to discuss a wide range of topics under the
disarmament and PAROS headings, edged too close to their own proposal for a fourth
Special Session on Disarmament (SSOD). An “SSOD IV,” which would bring high-level
government officials together to discuss ways of eliminating global armaments, has long
been championed by the Non-Aligned Movement.35 If the OEWGs proposal by Norway,
Austria, and Mexico succeeded, it might drain political will to convene an SSOD IV
covering many of the same issues. Facing significant pushback, the three sponsors of the
draft resolution chose to withdraw it rather than allowing opposition to be “locked in”
by a formal vote.36
33. “Draft Resolution: Taking Forward Multilateral Disarmament Negotiations,” A/C.1/66/L.21,
United Nations General Assembly, First Committee, Sixty-Sixth Session, October 13, 2011.
34. Ibid.
35. “Fourth Special Session on Disarmament,” Reaching Critical Will, http://www.reachingcriticalwill.org/disarmament-fora/others/fourth-special-session-on-disarmament.
36. This draft is unlikely to reappear again in the sixty-seventh session without amendment
to its substantive framework. “New NAM” seems unenthusiastic about reinvesting the effort
to secure agreement to a modified draft, shifting its political focus to promoting a 2013 Oslo
conference on the humanitarian consequences of nuclear weapons.
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Failure of both the GGE and OEWG proposals suggest that FMCT negotiations are
unlikely to begin in the same way that the ATT did. Should FMCT discussions proceed
elsewhere in the first instance, however, a treaty conference framework would be plausible. Vocal attachment to the CD and a fear of majority voting by some delegations
suggest that if an ATT-style process was eventually favored, consensus decisionmaking
might be insisted upon. Effectively, the result would be a negotiating environment like
the CD, with up to three times the number of participants. With a significant investment
in political capital at earlier stages and in the right environment, or movement toward
an NSG waiver, there is a chance that Pakistan and other hesitant stakeholders could be
convinced that a verifiable FMCT is indeed in their interests. Only then might the challenge of consensus decisionmaking be overcome.
The ATT has also proven that its final negotiating stage can be useful in compelling
“key players” to stay at the table. Once granted its consensus caveat, the United States
seemed to recognize that having a say in the negotiations was preferable to being left
behind. Even politically charged issues like the status of Palestine, which held up the
conference for days, did not change the U.S. calculus that staying in the conference was
most in its interest.37 Owing to this realization, any ATT will now have to incorporate
U.S. concerns to avoid a Washington veto. A similar principle could be extended to Pakistan’s, India’s, and China’s roles in a negotiating body that had the potential and mandate
to produce an FMCT text.

The Ottawa Convention
With Canada at the helm of this debate, it should come as no surprise that there has been
mention of an ad hoc process outside the UN system similar to the Ottawa Convention.
In 1996, 50 states met in Ottawa to discuss the prospect of a treaty regulating antipersonnel land mines. At the end of the meeting, then–Canadian foreign minister Lloyd Axworthy issued a challenge to states to conclude the treaty by December 1997. Nearly twice as
many states subsequently met in Vienna to formulate an initial text. Austria took drafting
leadership throughout what became known as the Ottawa Process. At a follow-up meeting in June 1997, approximately 100 states agreed to ban antipersonnel land mines by
the Canadian foreign minister’s stated deadline. A final convention was negotiated over
three weeks in Oslo in September, and was opened for signature in Ottawa in December.
The key features of an “Ottawa Process” relevant to an FMCT are leadership by a
group of concerned and like-minded states, an ad hoc meeting framework outside the
UN, and a final (majority voting) drafting conference. On the first point, the NPDI has
already demonstrated that there is a coalition willing to lead FMCT negotiations. An ad
hoc meeting framework, drafting conference, and majority voting system leave the “key
states’” concern unaddressed, however. Hesitant nuclear-armed states would have little
incentive to join the early stages of an ad hoc process. Furthermore, majority voting in
37. Ted Bromund, “Palestinian Issue Continues to Vex Arms Trade Treaty Conference,”
Heritage Foundation, July 5, 2012, http://blog.heritage.org/2012/07/05/day-two-palestinianissue-continues-to-vex-arms-trade-treaty-conference-2/.
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the final stages removes the carrot of control over a final treaty text that an ATT process
uses to entice holdout states to participate.
Additionally, the utility of overlaying the Ottawa Convention experience on the
FMCT’s predicament erodes when the two are compared: The former was primarily a
normative humanitarian initiative without emphasis on verification, whereas the latter is
an arms control exercise in which verification plays a crucial role. Overcoming primary
differences such as existing stocks and technical questions relating to verification would
verge on impossible if the Ottawa Process was applied to the FMCT. An ad hoc process
without sustained engagement between key players does not cater to the significant political, technical, and security challenges involved in verifying moratoriums on military
fissile material production. This basic difference also undermines the traditionally cited
merit of an Ottawa Process: It can produce a treaty in mere months. Truly, the complex
issues involved in an FMCT cannot be rapidly untangled, no matter how removed from
the UN system the process is. In light of this, advantages of pursuing an Ottawa Process
for the FMCT are few.

A “P-5 Plus” Process
A final parallel option that could be evaluated is the P-5, which is composed of the five
recognized NWS. Having gained notable momentum since its 2009 London meeting,
this forum could be used to catalyze discussions (rather than negotiations per se) on an
FMCT in a closed setting. Admittedly, categorization of the P-5 as an “untried option” is
inaccurate. Though details are sparse, it seems that the P-5 are already making an effort
to prioritize the FMCT as an agenda item for their meetings. Their 2011 joint statement
noted that “in order to sustain the potential of negotiations in the CD, the P-5 will . . .
renew their efforts with other relevant parties to promote such negotiations.”38 More
recent statements confirm that cooperation between the NWS on this front is ongoing.39
One advantage of the P-5 process is that it carries the possibility of being selectively
expanded out to other nuclear-armed states. India, Pakistan, and possibly Israel would
likely be the targets of any enlargement into a “P-5 plus” process. It is rumored that invitations to these states have already been extended, with collaboration with India moving
forward. Fortunately for prospects of “key state” participation, the “P-5 plus” represents
a prestigious de facto nuclear club. In fact, it confers more than prestige on its members,
offering opacity as a door behind which sensitive issues can be treated. Slowed progress
resulting from tricky discussions cannot be held against any country. Together, these
qualities may in the near term make the “P-5 plus” forum sufficiently attractive to traditional outliers—namely, Pakistan.

38. “First P-5 Follow-Up Meeting to the NPT Review Conference, Paris,” Permanent Mission
of the United Kingdom to the United Nations in Geneva, July 1, 2011, http://ukmissiongeneva.
fco.gov.uk/resources/en/pdf/690410782/690411482/p5-press-statement.
39. Statement by John A. Bravaco, U.S. Representative, United Nations Disarmament
Commission 2012 Session, United States Mission to the United Nations, New York, April 4,
2012, http://usun.state.gov/briefing/statements/187495.htm.
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Moreover, China is already at the table in a P-5 forum—a point that should not be
understated. Though Pakistan is commonly focused upon as the CD’s sole roadblock,
Islamabad may merely be the convenient cover behind which other dissenters are hiding. Judging by China’s past reservations on the FMCT in the CD with regard to PAROS
issue linkage, it is reasonable to suggest they may be one. Encouraging China to expand
its cooperation on advancing an FMCT would be valuable in itself.
There is a flip side of P-5 opacity; NNWS may feel that inadequate progress is being made against the 2010 NPT Review Conference Action Plan’s commitment to work
toward an FMCT. Nevertheless, NNWS pressure has proven ineffective over 17 years of
CD deadlock. Truly, if nuclear-armed states’ political and technical concerns cannot be
adequately addressed in this forum, there is little hope of it being achieved elsewhere.

Conclusion
Despite the NPDI’s enthusiasm, it is clear that many of the new processes mentioned
above hold little hope of resolving major issues of international politics, such as the
question of existing stocks and a possible NSG waiver for Pakistan. An informal UN
General Assembly plenary, ATT approach, or ad hoc Ottawa Process may succeed in getting formal negotiations started sooner rather than later, offering immediate gratification
for those campaigning to free the FMCT. However, the beginning stages of each of those
frameworks would undermine the prospect that nuclear-armed states will ratify an eventual cut-off. Active discussion with nuclear-armed states should not be compromised, as
their involvement is crucial to ensuring that sensitive issues are addressed.
Increasing confidence in Pakistan’s ability to be a “responsible nuclear user,” possibly extending an NSG waiver to Islamabad, and verifying specific types of facilities
or material (including the nondiversion of material earmarked for naval reactors) are all
extremely complex and politically sensitive issues that must be tackled. Indeed, it is in
the FMCT’s long-term interest to treat them now, rather than leave them to a negotiating
conference as was done for the ATT. Without any one of the three countries Pakistan,
India, or China on board, it is difficult to see the others agreeing.
In essence, the FMCT is not yet ready for formal negotiations. In the first instance,
closed, selective, and less rigid discussions parallel to the CD should be prioritized.
While NNWS involvement in an FMCT is certainly valuable in creating a high degree
of regulatory harmony, it should be deferred to accommodate a process that focuses on
nuclear-armed states. A P-5 or “P-5 plus” forum is well suited to this job. Because of the
exclusivity and opacity it offers, the P-5 forum may be most likely to compel Pakistan
to partake in FMCT talks. Of particular importance, they also guarantee participation by
China—the only NWS yet to declare a voluntary moratorium on fissile material production. If the “P-5 plus” could overcome the stumbling blocks outlined over nearly two
decades and agree to a model verification protocol, FMCT discussions could then be
expanded to other processes and parties.
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It is at that point that the CD may again become integral to the FMCT’s progression.
Judging by the hesitation of NWS and nuclear-armed states to outright CD abandonment, their insistence on participation by key states, and their overt objection to majority
voting procedures for parallel FMCT discussions, consensus decisionmaking is likely
to feature at some point. At a minimum, it will probably be insisted upon at the final
negotiating stage. If divisions are effectively addressed earlier in the process, consensus
on a draft text may be achievable. Of the available consensus-based forums, returning
the FMCT to sender would be the least bad option. With 65 member states—relatively
few compared with the ATT conference, for instance—the CD involves dozens fewer
potential vetoes.
Ultimately, the unattractiveness of options outside the CD makes it doubtful that the
First Committee will opt for drastic measures at its 67th session. Doing so would cause
a wholesale loss of interest in the CD, with a corresponding drain of expertise from
Geneva. Self-inflicted or not, the death of the CD would be an unfortunate outcome,
as long-term pragmatism illuminates the CD’s potential utility in the FMCT’s future.
Instead of ignoring the concerns of nuclear-armed states and risking complete erosion of
the CD’s legitimacy, the First Committee will likely call for the CD to be “revitalized,”
as it has done so many times before. Canada’s initiative, manifested as Resolution 66/44,
will have nevertheless had a positive impact on the prospects for the FMCT’s advancement; it pushed the P-5 to assume leadership. Upon reflection, the P-5 discussions may
be the most progressive development in the FMCT’s seventeen-year-long imprisonment.
That is a matter with which NNWS should remain patiently seized, but satisfied.
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Security Interests in the Middle East: U.S.
Nonproliferation Policy
Sarah Bilson1

In the Middle East, energy diversification plans that allow for improved access
to key natural resources are critical to the region’s stability, determining whether
governments will be able to realize an acceptable quality of life for the region’s
nearly 400 million inhabitants. Nuclear power has emerged as a suitable option
for meeting the region’s growing energy and resource needs, with the United Arab
Emirates launching a full-scale nuclear power plan while neighboring Saudi Arabia and Jordan continue to entertain the idea. The United States has maintained a
policy of promoting regional access to peaceful nuclear energy while minimizing
the threat of proliferation. A policy question of great debate is whether to achieve
this objective by insisting on including restrictions on states’ rights to enrichment and reprocessing (ENR) within Civil Nuclear Cooperation Agreements (123
Agreements), in an effort to prevent the transfer of sensitive technologies and as
included for the first time in the United Arab Emirates’ “gold standard” agreement. This paper contends that it is unlikely that Middle East states will be willing
to permanently forgo rights to ENR. To promote U.S. nonproliferation objectives
in the region, the United States should employ other tools and requirements within
123 Agreements with Jordan and Saudi Arabia that reduce proliferation concerns
but do not eliminate the likelihood of the agreements being acceptable to those
countries. Doing so will enhance U.S. leadership on nuclear energy and nonproliferation in the region and serve to avoid a discriminatory policy principled on
excluding states’ rights.

Background
Nuclear Energy in the Middle East
Several countries in the Middle East are now placing the introduction of nuclear power
at the core of their economic growth and development strategies. The United Arab Emirates (UAE) is the first and only to have initiated construction of a reactor so far; Jordan
1. Sarah Bilson is currently a junior professional officer in the Office of Nuclear Security at
the International Atomic Energy Agency; from 2011 to 2012, she was a nonproliferation graduate
fellow in the U.S. Department of Energy’s National Nuclear Security Administration.
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and Saudi Arabia appear intent on moving forward, while Egypt and other countries that
belong to the Gulf Cooperation Council (GCC) continue to entertain the idea.
The interest in nuclear power is justifiable. While the growth in electricity demand
in advanced economies is nominal and matched by diverse, sustainable sources, Middle
Eastern states depend almost entirely on oil and natural gas to fulfill their rising energy
needs.2 Although the region is host to more than 55 and 40 percent of global oil and
natural gas reserves, respectively, individual countries need improved and diversified
sources of energy for domestic use for many reasons.3 The major oil producers in the
Gulf, facing rising oil prices and rising demand, have an interest in seeking alternative
energy sources in order to make the oil and gas currently used in electricity generation
available for exporting. Other nearby countries—including Egypt, Turkey, and Jordan—
are highly dependent on foreign oil and gas for electricity generation. Their rationale for
reducing the use of these increasingly expensive fuels and diversifying their electricity
portfolios is evident. Most are pursuing efforts in solar and wind power, but they are
more enthusiastically turning to nuclear power as a proven emission-free, scalable, and
reliable base load source of electricity generation.4
The need for improved energy sources could not be more pressing. Access to key
natural resources is essential to achieving an acceptable quality of life for the region’s
nearly 400 million inhabitants.5 The ever-growing population has aggravated issues of
water scarcity and access to arable land, as well as heightened the demand for electricity,
which itself is challenged by the increasing economic and environmental costs of using
fossil fuel for power generation. Insufficient and imbalanced access to key resources
perpetuates many of the socioeconomic problems of the region. The past year’s domestic uprisings only make addressing issues of social stability all the more important, as
improved access to key resources, specifically water and electricity, will be a critical
component of appeasing civil and regional discord by enabling governments to meet
their populations’ demands and improve the standard of living.
Jordan is a prime example. The country’s economy is under great strain from its
need to import more than 95 percent of its electricity-generating energy sources—oil
and natural gas—costing the country over 20 percent of its gross domestic product.6
Moreover, its significant uranium deposits (up to 25,000 metric tons of yellowcake)
could be mined and used to power its nuclear energy program.7 And though the mining
2. Charles Ebinger, John Banks, Kevin Massy, and Govinda Avasarala, “Models for Aspirant
Civil Nuclear Energy Nations in the Middle East,” Energy Security Initiative at Brookings
Institution, 2011.
3. Brian Finlay, Johan Bergenas, and Veronica Tessler, “Beyond Boundaries in the Middle
East: Leveraging Nonproliferation Assistance to Address Security/Development Needs With
Resolution 1540,” Stimson Center and Stanley Foundation, 2010.
4. Ebinger et al., “Models,” 38–50.
5. Finlay, Bergenas, and Tessler, “Beyond Boundaries.”
6. World Nuclear Association, “Nuclear Power in Jordan,” 2012, http://www.world-nuclear.
org/info/nuclear_power_in_Jordan_inf138.html.
7. Taylor Luck, “Uranium Reserves ‘Larger Than Previously Believed,” Jordan Times, May
24, 2012, http://jordantimes.com/uranium-reserves-larger-than-previously-believed.
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of lower-grade uranium was formerly believed to be economically unviable due to the
cost of uranium mining, rising energy costs and improved extraction technology have
now made this mining more attractive. Nuclear power has become a key goal in Jordan’s
development and economic security agenda, potentially able to turn it from an energy
importer into an exporter. Doing so would revitalize the economy, provide opportunities
for a domestic job market, and lead the way toward alleviating one of the country’s most
pressing socioeconomic issues: water scarcity.

Concerns about Nuclear Power in the Middle East
Fundamentally, a major expansion of nuclear power need not pose greater proliferation risks if two basic principles are applied: there should be no growth in the
amount of direct, weapons-usable fissile material nor in purely national enrichment capabilities. The implication is that civil reprocessing of spent fuel should
be curtailed rather than expanded.—Sharon Squassoni8
The stability of the Middle East—which is home to some of the world’s most complex
challenges and valuable global goods—is extremely sensitive. The introduction of civil
nuclear energy programs, feared by many to be the first step on a path toward a clandestine nuclear weapons program, raises alarm in a region of such sensitivity. Any tentative
balance of power that exists would be shattered by the overwhelming supremacy that
would accompany a state’s acquisition of a nuclear weapon, and the radical shift in the
balance of power that this capability would cause. Iran’s alleged clandestine nuclear
weapon program,9 Saudi Arabia’s supposed ties to Pakistan’s weapons program,10 and
Syria’s pursuit of advanced nuclear technologies underline the proliferation threat in the
Middle East.11 The sensitive regional balance of power has also led to a prevailing fear
both inside and outside government circles that the region is extremely susceptible to a
spiraling nuclear arms race—a fear acknowledged by President Obama in a speech earlier this year.12 This fear, in turn, is perpetuated by the potential for the Middle East to be
the region where proliferation and extremist terrorism meet.13 As such, many hesitate to
support the introduction of nuclear energy to the region, believing that it may be nothing
more than a cover for power-hungry states to gain the technology, material, and expertise
to launch a nuclear weapons program.
8. Sharon Squassoni, “Nuclear Cooperation and Nonproliferation: Reconciling Commerce
and Security,” Statement Before the House Foreign Affairs Committee, September 24, 2010.
9. . Nuclear Threat Initiative, “Country Profile: Iran,” 2012, http://www.nti.org/countryprofiles/iran/.
10. Julian Borger,. “Pakistan’s Bomb and Saudi Arabia,” Julian Borger’s Global Security
Blog, The Guardian, May 11, 2010, http://www.guardian.co.uk/world/julian-borger-globalsecurity-blog/2010/may/11/pakistan-saudiarabia.
11. Nuclear Threat Initiative, “Country Profile: Syria,” 2012, http://www.nti.org/countryprofiles/syria/nuclear/.
12. Barack H. Obama, “Transcript of Obama’s 2012 AIPAC Speech,” Politico, March 4,
2012, http://www.politico.com/news/stories/0312/73588.html.
13. Finlay, Bergenas, and Tessler, “Beyond Boundaries,” 4.
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However, the spread of peaceful nuclear energy does not necessarily pose a proliferation threat. If the countries that are interested in developing nuclear power choose to
purchase standard nuclear reactors, which run on low-enriched uranium (LEU), and to
not develop other fuel cycle capabilities such as enrichment and reprocessing, the spread
of nuclear power into the Middle East and beyond would be far less a cause for concern
from a proliferation perspective.
Nuclear weapons are made with either highly enriched uranium (HEU) or plutonium. Most nuclear power reactors operate predominantly on LEU fuel that cannot be
used in a nuclear bomb without further enrichment. Once the LEU fuel has been used
in a reactor, it is considered “spent” or “used” fuel, and contains a small amount of nonweapons-grade plutonium—approximately 1 percent by weight of the fuel assembly14—
as a result of the fission process that takes place while the fuel is in the reactor. The small
amount of plutonium in the spent fuel is also mixed with a number of other extremely
dangerous chemical elements, which makes the plutonium very difficult and dangerous
to extract. Reprocessing is a chemical process that separates plutonium from the other
chemical elements in spent fuel. The resulting plutonium could be used as fuel in certain
types of reactors, or mixed with uranium (to produce mixed oxide fuel) and used as fuel
for other types of reactors.
Because states do not need to produce their own LEU fuel for reactors given the
open international market for LEU fuel, enrichment and reprocessing (ENR) capabilities
are not a necessary component of a peaceful nuclear program. Many states opt instead
for geologic repositories or the storage of spent fuel at reactor sites instead of developing reprocessing to address spent fuel management issues. International fuel banks may
soon provide an additional source of nuclear reactor fuel, further allaying the need for
states to reprocess.
Though non–nuclear weapons states (NNWS) are afforded the right to enrich and
reprocess material under the Nuclear Non-Proliferation Treaty (NPT), the spread of this
capability presents numerous threats to the nonproliferation regime. Primarily, the facilities are very difficult and costly for the International Atomic Energy Agency (IAEA) to
safeguard and inspect.15 A state with ENR capabilities could feasibly decide to enrich
material, and then invoke Article 10—withdrawing, claiming that the treaty is no longer
responding to its needs, and giving 90 days’ notice to all members of the NPT, the United
Nations Security Council, and other members of the IAEA. The NPT does not include a
provision for dealing with a country that withdraws, paving the way for a state to legally
enrich and produce bomb-grade material, then exit the NPT to build a bomb, without
ever having broken any rules or commitments and without inspectors being any the
wiser. An additional concern is that even if a state has purely peaceful intentions, a large
14. Matthew Bunn and Martin B. Malin, “Enabling a Nuclear Revival—and Managing
Its Risks,” Innovations: Technology, Governance, Globalization 4, no. 4 (2009): 179, http://
belfercenter.ksg.harvard.edu/publication/19682/enabling_a_nuclear_revivaland_managing_its_
risks.html.
15. Fred McGoldrick, “Limiting Transfers of Enrichment and Reprocessing Technology:
Issues, Constraints, Options,” Report for Belfer Center for Science and International Affairs,
John F. Kennedy School of Government, Harvard University, 2011, 1.
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amount of bomb-grade material makes the facility a perfect target for a terrorist looking
to build an improvised nuclear device.16
Since 1974, when India “peacefully” exploded a nuclear device that had been made
using plutonium extracted from spent fuel using reprocessing technology provided by
the United States,17 the United States has sought to restrict the spread of reprocessing
technologies. Having itself abandoned its reprocessing facilities nearly three decades
ago,18 it has remained opposed to the development of ENR capabilities in NNWS. The
founding in the late 1970s of the Nuclear Suppliers Group (NSG), which was intended to
develop a common set of guidelines to restrain the supply of sensitive nuclear technologies, was a landmark achievement, and has largely succeeded in limiting the spread of
these technologies.19 Recent crises, however—such as the discovery of the transfers from
the Pakistani A. Q. Khan network to North Korea, Libya, and Iran—have raised serious
concerns.20 Accordingly, fortifying efforts to restrict the spread of ENR technologies
remains a central component of the United States’ nuclear policy, allowing it to support
the peaceful use of nuclear energy without spreading the risks of nuclear proliferation.

U.S. Civil Nuclear Cooperation Agreements
The United States, as a principal nuclear supplier, the upholder of the world’s strongest
nonproliferation standards, and the global leader in the safe and efficient operation of
nuclear power plants, has an important role to play in supporting new states’ access to
peaceful nuclear energy while ensuring that such programs do not lead to the spread of
enrichment and reprocessing technologies.
Section 123 of the U.S. Atomic Energy Act (AEA) requires an accord for cooperation as a prerequisite for nuclear trade between the United States and other nations.
What are known as “123 Agreements” thus establish the legal framework for significant
nuclear cooperation between the United States and other countries, along with other
nonproliferation tools such as the NPT.21 These 123 Agreements contain valuable nonproliferation controls and commitments, in the form of U.S. consent rights, access, and
other opportunities to positively influence the nuclear energy programs and nuclear fuel
cycles of partner countries. And the 123 Agreements also make possible other forms of
cooperation, including technical exchanges, scientific research, joint training, and safeguards discussions.
Section 123 of the AEA requires that all 123 Agreements meet nine nonproliferation
criteria. The seventh criterion mandates that nations cannot chemically separate uranium
and plutonium without U.S. approval. The 123 Agreements’ requirement of prior U.S.
16. Ibid., 1.
17. Steve Fetter and Frank N. von Hippel, “Is U.S. Reprocessing Worth The Risk?” Arms
Control Today 35 (September 2005), http://www.armscontrol.org/epublish/1/83.
18. Ibid.
19. McGoldrick, “Limiting Transfers,” 1.
20. Ibid.
21. U.S. National Nuclear Security Administration, “123 Agreements for Peaceful Cooperation,” http://nnsa.energy.gov/aboutus/ourprograms/nonproliferation/treatiesagreements/123a
greementsforpeacefulcooperation.
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consent if a country is to enrich or reprocess United States–origin material is a significant safeguard against the potential misuse of nuclear material. This is not required for
cooperation agreements with any other supplier nation.
In an effort to further prevent the spread of ENR capabilities, in 2009 for the first
time the total forswearing of rights to ENR was included in the U.S.-UAE 123 Agreement, whereby the UAE agreed to give up all rights to fuel cycle activities and instead
“to conclude long-term arrangements . . . for the secure supply of nuclear fuel, as well
as the safe and secure transportation and, if available, the disposal of spent fuel via fuel
leasing or other emerging fuel supply arrangements.”22 This 123 Agreement is now heralded as the “gold standard,” offering “total compliance with the pillars of U.S. nuclear
policy.”23 The Obama administration and the U.S. Congress are now considering insisting that all future 123 Agreements include this provision. This possible course of action
has obvious benefits but also has risks, and thus raises concerns about the overall course
of U.S. nonproliferation policy.

U.S. Nonproliferation Policy and ENR Restrictions
While the willingness of the UAE to forgo rights to ENR is a laudable landmark in efforts to prevent the spread of ENR technologies and capabilities, insisting that all future
123 Agreements include similarly stringent restrictions is risky, and may lead to the collapse of U.S. influence in the nonproliferation regime instead of the extension of U.S.
nonproliferation standards.

The Benefits of Including ENR Restrictions
Ensuring that standards for nonproliferation, safety, and security are not compromised
is an important goal for the United States, the strictest nuclear supplier and the leader in
setting the highest bar for ENR restrictions. Given the precedent set by the U.S.-UAE
123 Agreement, it is reasonable that the United States would want to raise the bar to
meet this standard in all future agreements. Not only would this serve to promote better
norms, but if the United States backtracks on this standard, it risks compromising the
benefits of the U.S.-UAE 123 Agreement, which could be renegotiated if the United
States were to negotiate a 123 Agreement in the Middle East with less strict terms.24 “If
the United States were to permit Iran, for example, to enrich uranium, the UAE might
feel emboldened to claim enrichment as a right—mooting the 123 Agreement and making it even more difficult for the United States to quell the nuclear ambitions of Iran and
22. World Nuclear Association, “Nuclear Power in the United Arab Emirates,” August
2012, http://www.world-nuclear.org/info/UAE_nuclear_power_inf123.html.
23. Thomas Pickering, “The UAE 123 Agreement: A Model for the Region?” Gulf Roundtable Summary with Ambassador Thomas J. Pickering, Center for Strategic and International
Studies, Washington, October 23, 2009.
24. Mark Hibbs, “Saudi Arabia’s Nuclear Ambitions,” Carnegie Endowment for International Peace, July 20, 2010, http://carnegieendowment.org/2010/07/20/saudi-arabia-s-nuclearambitions/58v.
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prevent nuclear breakout in the Middle East,” observes Ambassador Thomas Pickering.25
Instead, upholding the highest standards could make clear that the United States will
only support nuclear commerce when it poses no proliferation threat. U.S. engagement
with other supplier nations may allow it to bring other suppliers on board with these
higher standards, which would significantly strengthen the global nonproliferation regime.
Meeting this standard in all future 123 Agreements in the Middle East could also
create a strong diplomatic push against Iran. If Iran’s neighbors make explicit efforts to
prove the peaceful nature of their programs, Iran’s uncooperative behavior with IAEA
inspectors and clandestine approach to its program will stand in harsh contrast.
The United States may be able to insist on ENR restrictions because of the extent to
which partner nations want an agreement with Washington. To run a safe and economically feasible program, a nuclear cooperation agreement with Washington is considered
extremely beneficial. U.S. reactors are considered by some to be the best quality and
best performing, with the top 3 best-performing nuclear reactors in the world, 7 of the
top 10, and 16 of the top 20.26 Safety and security are not the sole factors. “Any nuclear
cooperation agreement with the United States is about why the country needs or wants
the U.S. blessing or cooperation for its nuclear energy program,” says Chen Kane.27 The
United States may be able to use this competitive advantage to promote its industry and
advance its nonproliferation goals, by weighing the degree to which countries value U.S.
cooperation over cooperation with other supplier countries and by setting the nonproliferation standards they require as high as possible. Not doing so would be a lost opportunity for advancing nonproliferation standards.

The Risks of Insisting on ENR Restrictions
Pressing countries to forswear what they regard as their sovereign rights as
states and their rights as enshrined in the NPT, or banning transfers of enrichment and technology except to existing technology holders, stiffens the resolve
of states to resist such demands and leads to discord and acrimony, hardly a
recipe for building a consensus on strengthening the nonproliferation regime.
—Fred McGoldrick28
Insisting that states give up rights to which they are entitled by an international treaty
poses serious risks to the United States’ nuclear cooperation relations with its foreign
25. Pickering, “UAE 123 Agreement.”
26. Everett Redmond, “U.S. Leadership Essential for International Nuclear Energy Programs,” Duly Noted, Public Interest Report, Federation for American Scientists, 2011, http://
www.fas.org/pubs/pir/oped/duly_noted_summer2011.html.
27. Chen Kane, “U.S. Nuclear Cooperation Agreements and the Middle East,” Arms Control and Regional Security for the Middle East Blog, August 3, 2012, http://www.middleeastarmscontrol.com/2012/08/03/us-nuclear-cooperation-agreements-and-the-middle-east/.
28. Fred McGoldrick, “The U.S.-UAE Peaceful Nuclear Cooperation Agreement: A Gold
Standard or Fool’s Gold?” Policy Perspectives, Center for Strategic and International Studies,
November 30, 2010, 5.
48 |

NUCLEAR SCHOLARS INITIATIVE

partners, possibly substantially depressing U.S. nuclear trade, and thus also diminishing
the extension of U.S. nonproliferation benefits in a region that is highly vulnerable to the
threat of proliferation. Moreover, it does not address the primary proliferation concerns
of the region, namely, the purchasing of a Pakistani weapon by Saudi Arabia, or Syrian
arms deals with North Korea.29
The primary and most plausible risk is that Middle Eastern states will refuse to agree
to this strict requirement, and instead will turn to other supplier countries to launch and
advance new nuclear energy programs. Jordanian officials have publicly declared that
Amman will not forfeit its right to enrich uranium. Instead, Amman has signed nuclear
cooperation agreements with nine countries—Japan, France, Spain, China, South Korea,
Canada, Russia, the United Kingdom, and Argentina—and is considering three partners
for the construction of its nuclear power plants: Rosatom, the Canada Deuterium Uranium (CANDU) reactor, and France’s AREVA.30 Saudi Arabia’s position is not yet clear,
but its initiation of cooperation with China, South Korea, and France could lead one to
conclude that it may pursue a nuclear program without U.S. support.31
Foreign competitors of the United States, which are increasingly becoming the chosen option for new countries looking to enter the nuclear market, do not impose as harsh
ENR conditions in their nuclear cooperation agreements. U.S. involvement could ensure
that much higher standards for nonproliferation, security, and safety are met, due to the
important consent rights over United States–obligated fuel included in 123 Agreements,
which allow the United States to shape the fuel cycle developments of its partners. If the
United States fails to negotiate 123 Agreements that are acceptable to partner nations, it
will lose the inherent nonproliferation, safety, and security benefits that accompany U.S.
nuclear trade with foreign partners.
A second risk is a further degradation of the view of the United States in the Middle
East. The Obama administration announced that it would negotiate agreements on a
“case-by-case basis,” indicating that it would insist on ENR restrictions for some and not
for others. Khaled Toukan, chairman of the Jordan Atomic Energy Commission, made
clear that he disapproves of the discriminatory approach of a case-by-case basis: “We
believe in the universality of the NPT. We do not agree on applying conditions and restrictions outside of the NPT on a regional basis or a country-by-country basis.”32 If Arab
and Muslim states feel as though they are being singled out, the widely held view of the
United States as anti-Islamic is sure to intensify. This would be a troubling development
that could impede U.S. foreign policy objectives and existing nonproliferation cooperation in the region. Alienating close allies whose cooperation is essential for strengthening the global nonproliferation regime would be an enormous loss.
29. Luis Charbonneau and Michelle Nichols, “Exclusive: U.N. Probes Possible North
Korea Arms Trade with Syria, Myanmar,” Reuters, May 17, 2012, http://www.reuters.com/
article/2012/05/18/us-korea-north-sanctions-idUSBRE84G1KI20120518.
30. McGoldrick, “U.S.-UAE Peaceful Nuclear Cooperation Agreement,” 4–5.
31. Ibid., 5.
32. Jay Solomon, “Jordan’s Atomic Desires Test Obama’s Nuclear Agenda,” Wall Street
Journal, June 12, 2012, http://www.nti.org/gsn/article/jordans-atomic-desires-test-obamas-nuclear-agenda/.
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A third and related risk is a degradation of efforts to diplomatically isolate Iran.
Initiating peaceful nuclear cooperation with countries in the region can send a powerful
signal to Iran that the benefits of cooperation with the United States and the international
community are numerous and greatly outweigh global isolation. The Obama administration has made Jordan a key potential partner in its global program to promote peaceful
nuclear energy, as part of a broader plan to push for transparency in other nuclear programs in the region.33 Cooperation with Saudi Arabia could provide similar benefits—as
a powerful axis in the region, its adherence to nonproliferation norms and receipt of
benefits from the United States could demonstrate to Iran the benefits of cooperation and
compliance. As mentioned above, insisting on standards that the United States does not
require with other countries could seriously risk alienating these partners, and reduce
its ability to employ these partnerships in efforts to marshal diplomatic pressure against
Iran.
The fourth loss would be for the U.S. nuclear industry. This industry is already in decline, but it could risk disappearing if, as the Middle East goes nuclear, the United States
has no stake in one of the world’s most energy-seeking regions. As it loses its ability to
compete in the international market, its strengths are likely to only further decline.

The Reasons for Compromise
Maintaining security in the Middle East is not solely a question of dispelling armed
conflict or an arms race; it is also dependent on governments’ abilities to provide for the
resource needs of their populations. Many of the region’s greatest sources of conflict are
perpetuated by critical needs for key resources, namely, water and electricity. Border
disputes, large domestic wealth gaps, levels of gross domestic product that differ vastly
between neighboring countries, and power struggles among religious and ethnic groups
are all aggravated by insufficient and uneven access to these resources. Last year, longheld dictatorships fell and opened the door to young, transitioning governments; the
success of these new governments will depend in part on their ability to provide for the
energy needs of their populations.
Stability in the region is in the best interests of the United States for numerous reasons, not least because of the Middle East’s critical role in the global economy, given
that it holds more than half the world’s oil reserves and over a third of its natural gas. The
United States can play a supportive and cooperative role in energy security in the Middle
East by helping states meet their energy and resource needs while ensuring the highest
possible standards in nonproliferation.
While the UAE willingly gave up its rights to ENR, asking other countries to do so
while other major suppliers do not include such restrictions will likely only lead new
countries to forgo U.S. cooperation, turning to other suppliers to fill their needs. Richard
Stratford, director of the Office of Nuclear Energy, Safety, and Security at the Department of State, explained, “A very large part of the Non-Aligned Movement and those
who might proceed into nuclear are not people who are going to sign away their ‘inalien33. Ibid.
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able’ Article IV rights to nuclear cooperation.”34 Though states value the conclusion of
an agreement with the United States as a validation of their nonproliferation credentials,
an agreement with the United States does not appear to be an absolute must. When push
comes to shove, Middle Eastern states look as though they will opt for choosing other
suppliers over forfeiting their rights under the NPT for the benefits of a U.S. 123 Agreement. Countries will not choose to forgo nuclear energy; rather, they will simply look
elsewhere for nuclear energy support if the U.S. terms are too rigid.
“While we have many ways to promote nonproliferation objectives, one important
nonproliferation tool that we cannot afford to lose is our ability to enter into peaceful nuclear cooperation agreements with other countries,” asserted Fred McGoldrick,
an expert on international nuclear cooperation. “This capability, among others, has allowed the United States to promote widespread acceptance of nonproliferation norms
and restraints, including international safeguards and physical protection measures and
the NPT.”35 Even without the total ENR restriction, the United States’ civil nuclear cooperation agreements include the most stringent nonproliferation controls of all suppliers, specifically through consent rights on the reprocessing, enrichment, and storage
of weapons-usable materials subject to its agreements.36 They lay the groundwork for
extensive collaboration in other areas of nonproliferation, helping the United States to
realize its nonproliferation goals.
If the United States fails to negotiate agreements with Jordan and Saudi Arabia by
insisting on standards to which they refuse to adhere, it will miss an opportunity to gain
insight and connections into nuclear programs that will be implemented regardless of
U.S. support.37 Moreover, alienating Jordan and Saudi Arabia, two of the United States’
closest and most stable allies in a tumultuous and globally important region, will significantly reduce U.S. clout in furthering a global and regional nonproliferation regime.
This is particularly risky given the alleged Iranian program—maintaining a cooperative
relationship on regional nuclear issues will be absolutely vital to marshaling diplomatic
pressure against Iran. While insisting on a hard line of no ENR has its merits, it will
bear no real fruits in advancing nonproliferation standards if the 123 Agreements do not
succeed.
Rather, if the United States succeeds in negotiating 123 Agreements and has U.S.
domestic companies at the forefront of constructing foreign facilities and providing vital
services, it will be in a better position to shape the fuel cycle decisions in the region. The
United States must devise alternatives to ENR restrictions that can be included in 123
Agreements and can work with existing nonproliferation tools in order to best prevent
the spread of ENR capabilities.
34. Richard Stratford, “U.S. Nuclear Cooperation: How and with Whom,” Transcript of the
2011 Carnegie International Nuclear Policy Conference, Washington, March 29, 2011, 3, http://
carnegieendowment.org/files/US_Nuclear_Cooperation-How_and_With_Whom.pdf.
35. McGoldrick, “U.S.-UAE Peaceful Nuclear Cooperation Agreement,” 9.
36. Ibid., 9.
37. Nuclear Threat Initiative, “Jordan’s Atomic Desires Test Obama’s Nuclear Agenda,”
Global Security Newswire, National Journal, June 14, 2010, http://www.nti.org/gsn/article/jordans-atomic-desires-test-obamas-nuclear-agenda /.
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Alternatives to Restrictions
While 123 Agreements are an important U.S. nonproliferation tool, they are not
the only ones available. U.S. nonproliferation policy and bilateral and multilateral initiatives are also a key part of U.S. influence on global nonproliferation
norms and actions. U.S. nonproliferation influence is also derived from its leadership role over the last 50 years in making nonproliferation a significant foreign
policy objective.—Jodi Lieberman38
To best prevent the spread of ENR capabilities, the United States should pursue alternatives to ENR restrictions in its 123 Agreements. There are mechanisms that can
be included in 123 Agreements that can better enhance the nonproliferation qualities
of the agreements as well other tools outside 123 Agreements that can promote U.S.
nonproliferation goals. The 123 Agreements will not be successful on their own, after
all—they will have the greatest impact if they are used along with other complementary
approaches. Pursuing these alternatives will allow the United States to support the energy and economic diversification plans of the Middle East while reducing the threat of
proliferation. These other approaches include the following:

■■ Enhanced multilateral nuclear fuel assurances. Providing states enhanced nuclear fuel assurances, as an attractive alternative to enrichment and reprocessing,
could serve as an incentive to not embark on the costly path of ENR to fulfill fuel
supply needs. An international fuel bank, specifically, is a transparent and secure
means of fulfilling enrichment and reprocessing needs. Saudi Arabia has previously made proposals for a multinational enrichment facility, to be located outside
the Middle East but available for regional use.39 To date, this idea has not been pursued. However, given the broad international support for international fuel banks
and the ability of these fuel supply systems to displace needs for ENR, this option
should be seriously considered. Other fuel assurance programs, such as “cradle to
grave” services, should also be offered.
■■ Multilateral controls on ENR facilities. States that currently have ENR facilities,
or new states seeking to develop ENR facilities, should be pressured to place these
facilities under multilateral controls. This approach does not deny states’ rights to
ENR, but rather encourages a collaborative, transparent framework for reprocessing. A global push by nuclear weapons states to place their sensitive nuclear fuel
cycle activities under multinational controls would be a powerful start.
■■ Strengthen ENR rules within the Nuclear Suppliers Group (NSG). The NSG
should adopt new guidelines that offer greater specificity in the rules governing
transfers of enrichment and reprocessing. Members should also register their com38. Jodi Lieberman, “Nonproliferation, Congress, and Nuclear Trade: Plus Ça Change, Plus
C’est la Même Chose,” Center for Strategic and International Studies, November 15, 2011, http://
csis.org/publication/nonproliferation-congress-and-nuclear-trade-plus-ca-change-plus-cest-lameme-chose.
39. McGoldrick, “U.S.-UAE Peaceful Nuclear Cooperation Agreement,” 8.
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mitments to promote access to nuclear energy to those states that are in compliance
with their NPT obligations.

■■ The Additional Protocol (AP) as a U.S. legal condition of supply. While the AP
is a condition of supply in U.S. policy, it is not yet cemented in U.S. law. Despite
the recent NSG decision to not make the AP a universal condition of supply, the
United States will only be able to garner support to move toward this goal if it is
first secured in U.S. law. This would simply require amending Section 123 (b) of
the AEA.
■■ Sustained diplomatic effort to discourage the development or transfer of ENR capabilities in the region. As McGoldrick notes, diplomatic interventions and interdictions have been effective in stopping the spread of ENR in the past.40 Middle
Eastern countries’ fear of the development of an Iranian nuclear weapon, and alliance with the United States against Iran, could lead U.S. diplomatic initiatives
to discourage ENR to be highly successful. While states may not be willing to
rescind their NPT rights, they are unlikely to make choices that they believe would
hurt the international case against Iran.

Conclusion
Middle Eastern states are embarking on nuclear energy programs in an effort to diversify
their energy and economic portfolios. Initiatives that will provide improved electricity
and water for the region could considerably help address the socioeconomic issues that
continue to fuel political conflicts, serving to appease civil and regional discords and
bring stability. A stable Middle East is in the best interests of the United States, and playing an integral role in the region’s forthcoming nuclear energy programs is part of this.
U.S. nuclear trade with new countries will best allow the United States to help shape the
path these programs take and advance U.S. nonproliferation objectives. However, the
United States will not be able to do so if it does not develop nuclear cooperation agreements that are acceptable to partner nations. The United States will struggle to uphold
the precedent it set with the UAE of no fuel cycle activities, and other suppliers will
likely not rise to match these standards. As such, if the United States insists that states
forswear rights that are considered inalienable under the NPT, it is likely to forfeit its
ability to shape the fuel cycle development plans in the region, and appear discriminatory in its approach toward nuclear trade, thus alienating its close allies. Therefore,
the United States should look for other mechanisms to restrict the transfer of sensitive
nuclear technologies that do not rely on denying states technologies that they will in any
case otherwise acquire. Doing so will allow the United States to advance U.S. nonproliferation interests and U.S. nuclear trade, while playing a cooperative and supportive role
in the region’s energy security.

40. McGoldrick, “Limiting Transfers,” 49.
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Domestic Constraints and Drivers of U.S.
Nuclear Policy
Alexander K. Bollfrass1

An examination of the George W. Bush and Barack Obama administrations’ nuclear weapons policymaking toward Russia and Iran finds evidence of the influence
of domestic factors on policy outcomes. In the cases examined, an administration’s ability to carry out its preferred policy was correlated with two variables.
First, if the coalition of interest groups favoring the policy was more influential
than those opposing it, the odds that the nuclear policy would be implemented
improved. Second, if the country subject to the policy had a benign government in
U.S. eyes, these odds also rose. Policies that have been elevated by the opposition
for a high-profile political critique were difficult for an administration to execute.
Contrary to common academic and practitioner predictions, public opinion, bureaucratic politics, and opposition control of Congress did not consistently constrain or drive nuclear policy.
American political culture is suffused with the “strong and widely held view . . . that it is
immoral to let domestic political considerations influence decisions that may affect war
and peace.”2 The norm favoring bipartisan foreign policy can even lead participants to
misunderstand their own motivations: “This belief is so strongly held that senior officials
frequently deny them in public—and even apparently to themselves—that they take domestic politics into account in making national security decisions.”3 Although Senator
Vandenberg’s notion that “politics stops at the water’s edge” appears unduly rosy to
even casual observers of the political process, the scholarly analysis of foreign policy
decisions primarily casts the analytical eye beyond the borders of the United States. This
paper is an effort to evaluate whether this focus misses other determining factors.
In academic discussions about nuclear weapons, domestic politics is rarely mentioned. Instead, nuclear decisions—from the initial choice to acquire them to later force

1. The author is a doctoral student in security studies at Princeton University’s Woodrow
Wilson School of Public and International Affairs.
2. Morton H. Halperin and Priscilla A. Clapp, Bureaucratic Politics and Foreign Policy
(Washington, D.C.: Brookings Institution Press, 2006), 63.
3. Ibid.
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sizing decisions—are typically presented as responses to international factors.4 How can
this be reconciled with the fierce domestic debates about nuclear-related issues like missile defense and Iran’s nuclear program?
To begin an investigation of the subject with a manageable set of cases and to be
relevant to future policymaking, this paper surveys the domestic factors affecting the
George W. Bush and Barack Obama administrations in their decisionmaking on the Iranian nuclear proliferation challenge and in making arms control decisions with Russia.
While both cases have nuclear weapons at their center, the policy substance and political circumstances differ. However, as the case study narrative given below shows, the
domestic dimensions of these policies are similar in the tools available to presidents, as
well as in the limits administrations face. Contrasting how presidents of opposing parties have fared in dealing with similar problems can make partisan effects more visible.
Interviews with policymakers suggest that most domestic concerns, including an
administration’s desire for reelection, are reflected and channeled in Congress. The combination of constitutional and legislative limits on presidential nuclear decisionmaking
also suggests that domestic factors can be seen most clearly through an examination of
executive–congressional interactions.5 Therefore, the analysis below emphasizes congressional efforts to drive or restrain presidential policy implementation.

Congress and the Presidency: Realpolitik and Real Politics
The Constitution endowed Congress with four formal levers over the president’s conduct of foreign affairs. First, Congress can use its legislative power to legally bind the
executive branch into conducting or refraining from certain activities. Second, the Senate must confirm high-ranking presidential appointments in the federal bureaucracy, including to positions necessary for the execution of nuclear policies. Third, all treaties
must be approved by a two-thirds majority in the Senate. Finally, Congress controls the
budget, an authority that can be used to starve presidential foreign policy initiatives of
the necessary funding.
In the nuclear policy realm, an example of the power of the budget authority is the
1994 Agreed Framework signed by President Clinton with North Korea. Throughout its

4. E.g., of the seven reasons Kenneth Waltz cites for states developing nuclear arms, none
are related to domestic factors. See Kenneth N. Waltz, Peace, Stability, and Nuclear Weapons,
Institute on Global Conflict and Cooperation Policy Paper 15 (San Diego: University of California,
1995), 5–6. For the most prominent advocate of the role of domestic politics, see Scott D. Sagan,
“Why Do States Build Nuclear Weapons? Three Models in Search of a Bomb,” International
Security 21, no. 3 (Winter 1996–1997).
5. Much of the information used is taken from interviews and research conducted for the
author’s separate projects. In exchange for candor, most conversations with current and former
government officials were conducted off the record or on background. However, all information
attributed to anonymous sources has been verified with at least one other source.
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troubled existence, the agreement suffered in part from congressional underfunding that
resulted in the United States reneging on its side of the bargain.6
Congress also has several informal, nonlegislative means of influencing foreign policy. Like the president, members of Congress enjoy the power of the bully pulpit. They
hold hearings, pass nonbinding legislation, and speak to the press.7 If they are members
of the opposition, in particular, the media and public look to them for informed critiques
of an administration’s policies. Senators and representatives can also engage with foreign governments on their own in fulfillment of their legislative work.

Nuclear Decisions from 2001 to the Present: Eight Variables
The following eight variables are examined in the following case studies. They are included on the basis of suggestions in the political science literature and by practitioners,
or because they offer a plausible explanation of the outcome:
■■ Interest groups: The influence of organized interests is frequently cited in studies
of domestic policy outcomes. Interest groups with international agendas or economic stakeholders also seek to shape government decisions. Like their domestically oriented counterparts, they exercise influence through direct lobbying of
Congress or the executive branch, citizen mobilization, and the media.
■■ Public opinion: With the exception of occasional high-profile decisions, foreign
policy is not a high priority for voters in the United States. Public opinion, however, has been described as a “trump card” in the “struggle between the President
and Congress over foreign policy.”8 The respective popularity of the president and
Congress may also be relevant.
■■ Elite opinion: Governments are influenced by the expertise and prescriptions offered by policy elites, which include academics, think tank analysts, editorial writers and journalists, retired government officials, and so forth. Elite opinion is often
reflected in the news media and can shape public opinion as well as persuade the
government’s policymakers directly.9

6. Selig S. Harrison, “Time To Leave Korea?” Foreign Affairs 80, no. 2 (March–April
2001), http://www.foreignaffairs.com/articles/56847/selig-s-harrison/time-to-leave-korea/.
7. James M. Scott, “In the Loop: Congressional Influence in American Foreign Policy,”
Journal of Political and Military Sociology 25 (Summer 1997): 61.
8. David L. Larson, “The Constitution and U.S. Foreign Policy: The President, the Congress,
and the People,” Fletcher World Affairs 32, no. 2 (2008): 151.
9. The literature surveyed suggests broad scholarly agreement that public, elite, and
congressional opinions all interact with each other and the administration to shape policy
outcomes, although no clear consensus has emerged on precise mechanisms. See Matthew A.
Baum and Philip B.K. Potter, “The Relationships between Mass Media, Public Opinion, and
Foreign Policy: Toward a Theoretical Synthesis,” Annual Review of Political Science, 2008.
http://www.annualreviews.org/doi/pdf/10.1146/annurev.polisci.11.060406.214132/.
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■■ Bureaucracy: All actors in the federal government, from departments to individual
officials, face the incentives of bureaucratic politics. They seek to maximize their
resources and standing, and may support, oppose, ignore, or sabotage the president’s policies accordingly.
■■ Perception of country’s regime: The forms of nuclear statecraft described in this
paper require the cooperation of other governments, some of which may be founded on very different ideological principles. If U.S. policymakers and the public
were indeed influenced by the long tradition of American liberal thought, the other
country’s regime type would be expected to influence the process.
■■ Institutional control: Politicians and policymakers affiliated with different parties
can be expected to exhibit differing policy preferences. If lawmakers of the president’s party control the houses of Congress, the executive branch is more likely
to receive support than if the opposition controls them. Even if the president’s
foreign policies were not substantively objectionable, aiding presidential achievement would be inimical to the opposition’s electoral goals.
■■ Other domestic factors: Policy on a given issue rarely appears in a political vacuum. Additional domestic factors that do not fall into the above categories may be
at play. This could take the form of competing policy questions distracting from
the nuclear issue at hand or greater trends in political culture, such as moments of
national unity or acrimony.
■■ Other international factors: In international relations, one would expect to find
explanations for foreign policy decisions in the international environment. This
paper is an effort to isolate domestic factors, but that can only be accomplished if
they are contrasted with broader developments in the international system or in the
nature of the relationship with the other country.

Cold War, Revisited: Arms Control with Russia
Arms control has a long history in the bilateral relationship between the United States
and Russia, the heir to the Soviet Union’s nuclear arsenal. Integral to President Nixon’s
détente with the Soviet Union was his willingness to negotiate mutual limits to land- and
sea-based ballistic missiles, as well as restrictions on missile defense systems, in the Strategic Arms Limitations Talks (SALT).10 A second SALT round was negotiated, but not
submitted to the Senate for ratification in response to the Soviet invasion of Afghanistan.
As the Cold War wound down, both sides returned to the principle of nuclear parity and agreed to reduce their arsenals under the 1991 Strategic Arms Reduction Treaty
(START). The subsequent START II, which would have required further strategic arms
reductions, never entered into force. Although the Senate agreed to ratify the treaty it10. Daryl Kimball and Tom Z. Collina, “U.S.-Russian Nuclear Arms Control Agreements
at a Glance,” Arms Control Association, March 2010, http://www.armscontrol.org/factsheets/
USRussiaNuclearAgreementsMarch2010/.
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self, Russia insisted on a strengthening of the Anti–Ballistic Missile (ABM) Treaty for
START II to take effect, which the Senate refused.11
With the exception of the unilateral Presidential Nuclear Initiatives—in which President George H. W. Bush withdrew the bulk of tactical nuclear weapons from Europe,
a move that was reciprocated by a crumbling Soviet Union’s Mikhail Gorbachev—all
bilateral arms control agreements have taken the form of treaties. Under the U.S. Constitution, treaties require the Senate’s “advice and consent.”12 Instead of the typical simple
majority vote required for domestic legislation, a two-thirds majority is necessary for
approval of treaties.
Throughout the Cold War and its aftermath in the early 1990s, this high hurdle was
not difficult for presidents to clear, as their vote counts demonstrate: The SALT I limits
were approved by 88 to 2, START I with 93 in favor and 6 opposed, and START II with
87 yeas and 4 nays. The exception was the Senate’s refusal to ratify the missile defense
protocol to START II.
The bilateral arms control process was driven by Republican administrations, which
negotiated all treaties that eventually entered into force. Democratic-majority Senates,
however, approved both SALT I and START I. The Senate refused to ratify President
Carter’s SALT II agreement, despite a Democratic majority. With START II, a Democratic president submitted a Republican-negotiated treaty to a Republican Senate.

George W. Bush: The Best Defense Is a Good Defense
The Bush administration was more skeptical of nuclear arms control’s benefits with
Russia in a post–Cold War environment. The administration reorganized the State Department’s arms control bureau, not anticipating any future treaty-based arms reductions.13 With regard to Russia, the Bush administration believed that negotiating limits to
weapons was appropriate for rivals, not countries cooperating on counterterrorism and
other matters of mutual interest. With a growing missile and nuclear proliferation threat
from rogue states, there was also little point in purposefully leaving the U.S. mainland
exposed to missile attack for the sake of strategic stability with Russia. Therefore, in
January 2002, the Bush administration withdrew from the ABM Treaty.
Russia reacted negatively. Vladimir Putin urged the Bush administration for an offensive limitations treaty, which eventually led to the signing of SORT, a four-page pledge
to limit deployed weapons on the last day of 2012. Signed in May 2002, the agreement,
also known as the Moscow Treaty, breezed through the Republican-controlled Senate in
a 95 to 0 vote in March of 2003. A high-ranking State Department official in the Bush
administration later expressed his surprise that Senate Democrats did not “ask hard questions” about the treaty.14
11. Ibid.
12. U.S. Senate, “Advice & Consent: Treaties,” http://www.senate.gov/general/Features/
Treaties_display.htm/.
13. Confidential interview with State Department official, July 8, 2011.
14. Confidential phone interview with former State Department official, July 15, 2011.
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Free from the restraints of the ABM Treaty, the Bush administration secured the
Czech and Polish governments’ permission to install a radar and up to 10 interceptors,
respectively. This missile defense system was aimed at a potential future ballistic missile
threat from Iran or other Middle Eastern nations and would not have diminished Russia’s
ability to deliver intercontinental ballistic missiles to the United States. Nevertheless,
Russia protested vehemently and refused to engage in negotiations for a replacement to
START I, which was due to expire in December 2009.

Barack Obama: The First Democratic Arms Control Treaty
The Obama administration came into office with very different nuclear priorities than
its predecessor. Rejecting the preceding administration’s focus on missile defense, the
incoming president directed the cancellation of the Central European system. Instead,
Barack Obama personally committed himself to advancing the multilateral and diplomatic approach to arms control and nonproliferation, articulating as his end goal the
“peace and security of a world without nuclear weapons,” allowing that, “this goal will
not be reached quickly—perhaps not in my lifetime.”15
Although the Obama administration has publicly rejected the interpretation that its
abandonment of the Polish and Czech missile defense system was connected to the irritation it had caused Russia, the cancellation opened the way for negotiations for a
follow-on treaty to START I. Talks were initially slowed by bureaucratic efforts to reorganize the State Department for such negotiations and by delayed Senate confirmations
of necessary staff.16 Furthermore, although the record has not been released, some observers of the negotiations believe they took longer than necessary because of Russian
insistence on missile defense limitations in the treaty, which the Obama administration
knew would never be approved by the Senate.17 A completed treaty, named New START,
was signed in April 2010.
The Obama administration did not expect the same blithe authorization that SORT
had received in 2003. It did not perceive the successful record of ratification for past bilateral arms reductions treaty to be the relevant precedent, but worried about a repetition
of the Senate’s 1999 rejection of the Comprehensive Nuclear Test Ban Treaty (CTBT).
The CTBT’s failure had surprised the Clinton administration, which many ascribe to its
ignorance of a behind-the-scenes campaign by Senator Jon Kyl, a Republican representing Arizona, to defeat the treaty.18
For New START, the administration recognized at the outset that it would need to
either win over or neutralize Kyl, who had risen in influence among his caucus at the expense of the longtime pro–arms control Richard Lugar of Indiana. Kyl was courted even
15. Remarks of President Barack Obama, Hradčany Square, Prague, April 5, 2009, http://
prague.usembassy.gov/obama.html
16. Confidential interview with State Department official, July 8, 2011.
17. For Russia’s willingness to hold the treaty hostage to missile defense, see Rose E.
Gottemoeller, U.S. Department of State, “START Follow-On Negotiations, Geneva,” November
25, 2009, http://www.letemps.ch/cables?id=09GENEVA1106/.
18. Confidential conversation with former staff to Senator Jon Kyl, November 2011.
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during the negotiation process, when a Senate Democrat used her private plane to fly
him to observe negotiations in Geneva. After months of legislative maneuvers, Kyl succeeded in negotiating an $84 billion, 10-year plan for the modernization of the nuclear
weapons complex.19 Having met Kyl’s demands, the administration risked a floor vote it
was not entirely confident it would win.20 In the December 2010 lame duck session, the
treaty garnered 71 votes, only 4 more than necessary, with 26 opposing.
This narrow victory was pyrrhic. New START had initially been viewed by the administration and outside observers as a stopgap measure to assure the continued verification of the Russian nuclear arsenal, which had been lost with START I’s expiration. The
nuclear infrastructure investments the administration committed had been planned as
the currency with which to secure ratification of the CTBT.21 After the bitter and costly
ratification battle, the administration has no actionable plans for a follow-on treaty with
Russia as a real step toward the president’s goal of nuclear disarmament. Russia also has
no interest in negotiating such an agreement, unless it addresses missile defenses, which
would have minute odds of securing Senate agreement. In sum, the Obama administration achieved the narrow objective of ratifying the treaty, but at great cost to the remainder of its nuclear agenda (table 1).
The successful ratifications of SORT and New START bore many similarities in
the relevant factors. In both instances, the Senate was controlled by the president’ party,
and the treaty enjoyed broad support among the public and elite, as well as within the
bureaucracy. Both floor votes were accompanied by other major events: the lead-up to
the Iraq war during SORT and a disputed lame duck session, which Democrats used to
pass a series of contested legislation.22 Presumably, the former may have been helpful
and the latter harmful. Another significant difference was Russia’s softer image during
the SORT ratification, which had degraded by the time of New START.

19. Charles Hoskinson, “START Debate Hasn’t Stopped,” Politico, May 9, 2011, http://
www.politico.com/news/stories/0511/54620.html.
20. Confidential conversation with Democratic staff member of Senate Foreign Relations
Committee, July 14, 2011, and National Security Council official, November 18, 2011.
21. This is the view of the pro–arms control lobby and is not necessarily indicative of
White House planning. Interview with Daryl Kimball, executive director of the Arms Control
Association, July 19, 2011.
22. Senator John McCain’s surprising vote against New START is generally attributed
to his displeasure with the repeal of the Don’t Ask, Don’t Tell policy for homosexuals in the
military. See Kimball interview.
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Table 1. Bilateral Arms Control with Russia under President Bush and President Obama
Variable

SORT, Bush (R)

New START, Obama (D)

Interest groups

Broad support from
nongovernmental
organizations (NGOs), little
opposition

Active support from NGOs, little
opposition2

Public opinion

Strong support3

Strong support4

Elite opinion

Support

Support5

Budgetary/economic impact

Reductions would bring savings6

Approximately neutral

Bureaucracy

Supported by weapons
laboratories, military, and
intelligence community

Supported by weapons
laboratories, military, and
intelligence community

Perception of country’s regime

Illiberal democratic7

Authoritarian8

Institutional control

Republican presidency and
Senate

Democratic presidency and Senate

Other domestic factors

Vote held two weeks before start
of Operation Iraqi Freedom

Vote held during acrimonious
lame duck session after heavy
Democratic losses

Other international factors

High point of post–Cold War
U.S. power

Russian threats to withdraw from
treaty if the United States fielded
missile defenses

Implementation of preferred
policy

Success

Strongly qualified success

1

1. Methodological note: Unless otherwise noted, these variables were determined by conversations with participants in the
debate, personal observations, and an extensive literature review and scored subjectively by the author.
2. NGOs favoring arms control enlisted faith-based and left-leaning organizations to organize grassroots campaigns in the
states of pivotal senators in the lead-up to the ratification vote. Other than the Heritage Foundation, very few conservative
organizations organized in opposition to the treaty.
3. Steven Kull, “Survey Says: Americans Back Arms Control,” Arms Control Today, June 2004, 22–26.
4. In one poll, 73 percent of respondents supported New START’s ratification, including a majority of Republicans surveyed.
CNN Opinion Research Poll, November 16, 2010, http://politicalticker.blogs.cnn.com/2010/11/16/cnn-poll-three-quarters-sayratify-start-treaty/.
5. The tenor of the mainstream policy elite’s discussions of the treaty was strongly favorable, with more opinion pieces
appearing in favor than opposed. One notable opponent was the current Republican presidential candidate, Mitt Romney.
See Mitt Romney, “Stop START,” Boston Globe, December 3, 2010, http://www.boston.com/bostonglobe/editorial_opinion/
oped/articles/2010/12/03/stop_start/.
6. Dan L. Crippen, “Estimated Costs and Savings from Implementing the Moscow Treaty,” Congressional Budget Office,
September 2002, http://www.cbo.gov/doc.cfm?index=3802&type=0/.
7. Although doubts were surfacing about the democratic health of the Russian political system, Russia was still broadly
perceived to be on a democratic trajectory. For example, it was still rated as “free” by Freedom House. See Freedom House,
“Russia: 2003,” http://www.freedomhouse.org/report/freedom-world/2003/russia/.
8. The treaty was negotiated with the newly elected President Medvedev, but the image of Russian democracy had been
degraded since SORT. The nation was branded “not free.” Freedom House, “Russia: 2009,” http://www.freedomhouse.org/
report/freedom-world/2009/russia/. New START opponents made frequent references to Russian untrustworthiness on the
basis of their domestic regime type.
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From Sanctions to Negotiations and Back Again: Iran’s
Nuclear Program
Following the Iranian Revolution in 1979, diplomatic relations between the United
States and the Islamic Republic were cut. In subsequent years, relations grew more hostile because of Iran’s support for assorted militants and terrorists and concerns over
Iranian weapons of mass destruction programs. The United States responded with embargoes and sanctions against the regime. These coercive diplomatic measures were
mostly imposed by executive order. However, Congress also formalized them in legislation, culminating in the 1996 Iran Sanctions Act (ISA).23

Revelation and Negotiation: The Bush Administration and Iran
The routine of mutual malign neglect was disrupted by an Iranian opposition group’s
revelation in August 2002 that Iran was constructing a clandestine uranium enrichment
facility near Natanz. In response to the alarm this created in the West, Iran is reported to
have used a Swiss channel in May 2003 to offer full nuclear transparency, as well as to
address many other key issues on the U.S. list of grievances. The Bush administration
denied having received such a comprehensive offer and opted for a policy of greater
pressure on Iran.24
The Bush administration did not oppose European-led negotiations with Iran, which
achieved a temporary Iranian suspension of uranium enrichment, but it finally broke
down in August 2005. In June 2006, the United States joined in the negotiations alongside China and Russia, but this new negotiating format achieved little by the time George
W. Bush left office in January 2009.
In building pressure on Iran, the Bush administration did not work closely with
Congress. Members complained that ISA was not being applied to punish international
companies still engaged in business with Iran. ISA vests the authority to determine violations with the executive branch. Members of Congress worked toward legislation that
would remove this presidential discretion to waive sanctions, but it never became law.25
To secure three UN Security Council sanctions against Iran, the Bush administration
was cautious not to antagonize China or Russia, whose companies would have qualified
for ISA sanctions. As additional unilateral measures, the Treasury Department led an
unprecedented campaign of financial measures against Iranian banks and companies.26

Dual Track: Pressure and Engagement under President Obama
The Bush administration received criticism in Congress and the press for the preconditions it placed upon negotiations with Iran, but was mostly free of domestic constraints
23. Kenneth Katzman, “Iran Sanctions,” Congressional Research Service, September 12,
2011, http://www.fas.org/sgp/crs/mideast/RS20871.pdf/.
24. Peter Crail, “History of Official Proposals on the Iranian Nuclear Issue,” Arms Control
Association, http://www.armscontrol.org/factsheets/Iran_Nuclear_Proposals/.
25. E.g., the September 2007 H.R. 1400 would have achieved this if it had become law. See
Katzman, “Iran Sanctions,” 7.
26. Katzman, “Iran Sanctions,” 23–24.
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to pursue its preferred policies. President Obama has had a very different experience,
which began during his pursuit of the party nomination, disagreeing with his main rival
Hillary Clinton over the prudence of engaging Iran. During the nomination process for
the 2012 Republican presidential candidacy, Obama’s Iran policy was described as his
“greatest failing.”27
The Obama administration began its efforts to diminish the Iranian nuclear threat by
acting on its promise of engagement with messages to the Iranian people and government. When Iran’s disputed 2009 presidential election gave rise to the Green Movement,
the administration restrained itself from the kinds of antiregime rhetoric some Republican members of Congress were advocating, fearing that they might imperil the efforts
at engagement.
Iran did not unclench its fist, and the Obama administration shifted emphasis toward
the other half of its dual-track strategy: pressure. In June 2010, the UN Security Council
agreed to U.S. insistence on a fourth round of sanctions against Iran, and, in November
2011, Obama signed an executive order to pursue further financial punitive measures.
However, even to lawmakers of his own party, President Obama has not been aggressive
enough. After the administration requested delays and less stringency from its Democratic sponsors over half a year, Congress passed an update to ISA in July 2010, although
the administration has not made much use of provisions in the new Comprehensive Iran
Sanction, Accountability, and Divestment Act (CISADA).28
Then came the most significant congressional impingement on the administration’s
freedom of action: the sanctions levied against Iran’s central bank as part of the 2012
National Defense Authorization Act. The administration “strongly opposed” this measure, and the president issued a signing statement that he would treat any provisions that
he believed would “interfere with [his] constitutional authority to conduct foreign relations” as “non-binding.”29
The above narrative might suggest that the Obama administration has repelled congressional attempts to shape its Iran policy, but that would miss the president’s self-restraining
political deference. Some inside the administration have advocated for greater risk taking
in engaging Iran, perhaps through unilateral gestures of good will. This view has been
quashed over concerns of the electoral harm such initiatives might cause. Thus, the political constraints imposed by Congress and the opposition amount to a failure of President
Obama to retain full control over the administration’s policy toward Iran (table 2).
27. Indira A.R. Lakshmanan and John Walcott, “Republican Answers on Iran Nukes
Face Same Reality as Obama’s,” Bloomberg Businessweek, November 17, 2011, http://www.
businessweek.com/news/2011-11-17/republican-answers-on-iran-nukes-face-same-reality-asobama-s.html/.
28. Josh Rogin, “Exclusive: State Department Letter to Kerry Outlines ‘Serious
Substantive Concerns’ with Iran Sanctions Bill,” The Cable, December 11, 2009, http://thecable.
foreignpolicy.com/posts/2009/12/11/exclusive_state_department_letter_to_kerry_outlines_
serious_substantive_concerns_wi/.
29. Carol E. Lee and Keith Johnson, “U.S. Targets Iran’s Central Bank,” Wall Street Journal,
January 4, 2012, http://online.wsj.com/article/SB10001424052970204720204577132923798499
772.html/.
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Table 2. Iran’s Nuclear Program during the Bush and Obama Presidencies
Variable

Pressure—Bush (R)

Dual Track—Obama (D)

Interest groups

Supportive groups more
powerful than those advocating
for negotiations.

General support for pressure
track, criticism of engagement
track from pro-Israel groups.

Public opinion

Divided

Support2

Elite opinion

Divided

Divided

Budgetary/economic impact

Sanctions affected a few U.S.
companies

Sanctions affect a few U.S.
companies

Bureaucracy

Interagency supportive, but
2007 National Intelligence
Estimate politically unhelpful3

Dissatisfaction with White
House at State Department

Perception of country’s regime

Repressive theocracy—enemy
of the United States4

Repressive theocracy—enemy
of the United States, with
new human rights abuses and
electoral fraud

Institutional control

Mixed D and R control of
House and Senate

D Senate throughout, House
went to R in 2011

Other domestic factors

Post–September 11th concerns
over weapons of mass
destruction

Iran is a Republican campaign
issue5

Other international factors

Iraq and Afghanistan wars
drew public and policymakers’
attention

Green movement repression
and Arab Spring make
accommodation with regime
unpalatable; Israeli desire for
prompt resolution6

Implementation of preferred
policy

Success

Qualified failure

1

1. Unless otherwise cited, the description and classification of variables are based on personal judgments informed by
conversations with relevant policy process participants.
2. German Marshall Fund of the United States, “Transatlantic Trends 2011,” 27, http://www.gmfus.org/publications_/TT/
TT2011_final.pdf/.
3. National Intelligence Council, “Iran: Nuclear Intentions and Capabilities,” National Intelligence Estimate, November 2007,
http://www.dni.gov/press_releases/20071203_release.pdf/.
4. A recent poll found that 83 percent of the U.S. public views Iran negatively, with half of all respondents characterizing the
Islamic Republic as an enemy of the United States. This negative perception increased by roughly 10 percentage points with
the revelation of Iran’s clandestine nuclear program and has been steadily inching up since. See CNN Opinion Research
Poll, May 31, 2011, 2, http://i2.cdn.turner.com/cnn/2011/images/05/31/rel9e.pdf/. In both periods, Iran was rated “not free.”
Freedom House, “Freedom in the World: 2003,” http://www.freedomhouse.org/report/freedom-world/2009/iran/.
5. Matt Viser, “Romney Rips Obama in CPAC Speech,” Boston.com, February 11, 2011, http://www.boston.com/news/politics/
politicalintelligence/2011/02/romney_rips_oba.html/.
6. “Netanyahu Deputy Voices ‘Disappointment’ with Obama on Iran,” Haaretz.com, January 15, 2011, http://www.haaretz.com/
news/diplomacy-defense/netanyahu-deputy-voices-disappointment-with-obama-on-iran-1.407450/.

Over the past decade, Iran has gotten significantly closer to a nuclear weapons capability. Although the problem has gotten worse, the Obama and Bush administrations
have faced very similar circumstances at home. However, Obama has not succeeded in
executing his preferred dual-track policy of simultaneous engagement and pressure. His
administration has emphasized the latter even as it has devoted its energies to assuring
that congressional pressure would not undermine its efforts to build an international
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coalition against Iran. By many of its top officials’ admission, the administration has
not fully exhausted opportunities for diplomatic engagement for reasons of domestic
politics, in spite of evidence of majority public support for Obama’s diplomacy-first
approach.
Three clear differences emerge in the variables under consideration. First is the political salience that the Iran issue assumed during the Obama presidency and the Republicans’ selection of it as a major 2012 presidential campaign theme. Israel’s publicly
vocal insistence on an end to Iran’s program is the second. The third is the wave of
protests washing over the region, beginning with the failed Iranian Green Movement.
The Obama administration may fear the domestic political consequences of striking a
diplomatic bargain with a repressive regime. Further, any agreement struck by Obama
would need to favor the West’s priorities more than one concluded by Bush. This further
narrows the possible zone of agreement between the United States and Iran.

Limitations to Presidential Nuclear Statecraft
Both the Bush and Obama administrations have faced similar domestic hurdles to implementing their nuclear weapons–related policies, but the Republican seems to have enjoyed greater success. A partisan interpretation may be that Bush may simply have had
better policies or was a more effective president. A Democratic retort might be that his
policies were less ambitious and therefore easier to achieve. With respect to each variable:
■■ Interest groups: In all four examined instances, the configuration of interest groups
is correlated with the outcomes. A more powerful constellation of advocacy groups
backed arms control with Russia than opposed it. Similarly, greater influence supported pressure on Iran rather than engagement.
■■ Public opinion: Public opinion was aligned with the Russian outcomes, but the
public’s support for diplomacy does not appear to have aided President Obama’s
failure to fully pursue his preferred engagement strategy.
■■ Elite opinion: It is difficult to ascertain the influence of policy elites on the Iran
question because they are very divided. With arms control, the predominant view
was supportive of the eventual outcome.
■■ Bureaucracy: Both administrations were united on the Russian treaties. The
Obama administration has suffered from greater internal divisions over its Iran
policy than was apparent in the Bush administration, which may be evidence for
the influence of bureaucratic politics.
■■ Perception of country’s regime: Both nations’ images degraded in line with presidential ability to pursue bargains with them.
■■ Institutional control: Contrary to expectations, the outcomes were not affected by
whether the president’s own party controlled the houses of Congress.
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■■ Other domestic factors: Unlike the Bush administration, the Obama presidency
found itself confronting an opposition that elevated its Iran and Russia policies to
major political and electoral issues.
■■ Other international factors: With the caveat that this paper has not included a full
survey of international variables, foreign factors do not appear available as major
determinants.
Contrary to some practitioners’ protestations, these nuclear statecraft cases demonstrate that domestic politics influences the shaping of foreign policy. It appears that on
nuclear policies, the president has his hands on the steering wheel, but Congress—like a
driver’s education instructor—has a second accelerator and brake pedal.
Congress appears to do the most damage to a president’s nuclear agenda not with
its formal authorities but through its ability to raise the political cost of acting against
its wishes. That is how, in the absence of legal restraints in determining U.S. policy toward Iran’s nuclear program, Congress demonstrably holds an informal veto against the
Obama administration. Congressional opposition can be overcome, but at a very high
political cost that the president is unlikely to incur for a high-risk and low-payoff initiative with Iran, which is unlikely to respond in kind.
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The Impact of Emerging Technology on the
U.S. Nuclear Triad
Jeffrey C. Boulware1

Treaty agreements limit the development of new weapon systems in the nuclear triad and their carrier vehicles; however, this does not prohibit the United
States from integrating new technology into its post–Cold War nuclear mission.
Research into nuclear forensics, enrichment, and modeling and simulation has
garnered much attention, but the bounds of science and technology are far more
vast. The intent of this project is to examine various aspects of emerging technology, what their role could be in the nuclear triad, and their impact on political,
fiscal, and strategic concerns.
Research into technological advances within the U.S. nuclear triad must focus on different aspects than those pursued during the height of the Cold War. Arms reduction
treaties, such as the Strategic Arms Reduction Treaty (START) and its successors, have
restricted the types of weapons systems that can be developed; however, this does not
necessarily limit the impact that emerging technology can have on military strategy. In
previous decades, heavy investments were made to increase yield, reduce weight, and
improve carrier vehicles. With the fall of the Soviet Union, the U.S. nuclear mission has
shifted its research to ensure a safe, secure, cost-effective, and enduring stockpile while
maintaining its primary role as a global deterrent. Bodies like the International Atomic
Energy Agency now require investments into areas like nuclear forensics, enrichment
techniques, and nuclear modeling and simulation, and while these areas will aid the U.S.
mission, other, less-explored areas of technology should also be considered for their impact. The intent of this paper is to review certain types of emerging technologies for the
roles they could play in the U.S. nuclear triad and the potential impact they could have
on political, fiscal, and strategic concerns.
1. Jeffrey C. Boulware is a civilian engineer with the U.S. Air Force. The views expressed
herein are those of the author and do not necessarily reflect the views of the Air Force or the U.S.
government. Due to the potential sensitivity of discussing military technology, it is critically
important to note that the author has not consulted with any member of the military or federal
government and acknowledges that the ideas expressed herein are his and his alone. The potential
applications described are purely theoretical and conceptual and do not in any way represent any
actual work being performed by the U.S. government or private industry.
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Military and Domestic Technology
Inarguably, technology plays a critical role in warfare. Some of the most notable examples are the Mongols’ use of mounted archers to expand through Central Asia, the conquistadors’ use of firearms to control indigenous American tribes, and Hitler’s blitzkrieg
invasions early in World War II. Each of these examples and countless others throughout
history are conflicts in which the successor overpowered its opponent through advanced
weaponry and tactics. The battlefield technological advantage, however, does not always
guarantee success. Infamously, the U.S. pullout in Vietnam and Custer’s Last Stand at
the Little Bighorn River represent instances where technology was trumped by other factors. Furthermore, battlefield technology is only made possible due to a strong domestic
base. For example, although his technological capabilities were near that of the Allied
Powers, Hitler’s demise near the end of World War II can be attributed to his lack of
resources and other infrastructural failures.
Through these lessons, history has shown that reduced research, development, test,
and evaluation (RDT&E) investments in weapon systems do not necessarily limit the effectiveness of the overarching U.S. nuclear posture. The 2010 Nuclear Posture Review
indicates investments into areas that indirectly improve U.S. military might, such as
life extension programs, command and control, modernization of the national laboratories, and stockpile stewardship including nuclear forensics, surety, and modeling and
simulation (M&S) as a replacement for testing.2 None of these research areas affect the
capability or quantity of nuclear weapons that the United States possesses; hence, they
are acceptable by treaty. But, unquestionably they augment the cost-effectiveness, flexibility, and confidence in the United States’ nuclear posturing. Internationally, the reaction to these investments is relatively silent when compared with the reaction garnered
from discussions on more sensitive areas, such as ballistic missile defense. Nonetheless,
investments into support infrastructure lead to a question that may have a serious influence in future negotiations with the United States’ nuclear partners and foes. That is, at
what point does the U.S. war machine become so cost-efficient that other countries will
want to limit not only U.S. military capabilities by treaty but also U.S. domestic capabilities? Fortunately, this is not an immediate threat, and it is doubtful that the United
States would allow others to have such a deep impact on its domestic industrial base.
But when discussing emerging technology, it is a relevant question if the technology is
a serious game-changer. For example, if the United States were to develop a revolutionary technology that somehow reduced operational costs by 90 percent, it would have a
significant advantage over its rivals. Or if the U.S. alternative energy industry made significant strides in solar cells for environmental purposes, a foreign country could argue
that it was dual-use technology that, when applied to an unmanned aerial vehicle (UAV),
would give the United States an unfair advantage by enabling the capability for a permanent airborne platform for reconnaissance or communication. Thus, the question regarding war machine effectiveness will be considered when reviewing emerging technology.
2. Department of Defense, Nuclear Posture Review Report, April 2010.
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Readiness Assessment
Integrating new technology in the nuclear triad requires cooperation from congressional
and defense research bodies. The RDT&E work itself may be performed by agencies
such as the Defense Advanced Research Projects Agency, Air Force Research Laboratory, the Department of Energy’s laboratories, or other private groups, but allocation of
the funding would be controlled by bodies such as the White House Office of Science
and Technology, the Senate Committee on Commerce, Science, and Transportation, or
the House Committee on Science, Space, and Technology. And although funding is the
literal bottom line of decisionmaking, economic requirements for RDT&E are difficult
to ascertain and cannot be addressed with high confidence. Instead, an assessment of the
technology readiness level (TRL) is used to estimate maturity simply because the actual
cost for procurement ranges widely on the application. Likewise, the manufacturing
readiness level (MRL) is often used alongside the TRL to ascertain when the technology
can be put into practice. Like the TRL, the MRL is dependent on application; thus, both
readiness levels will be concurrently estimated simply as low, medium, or high. While
this may seem indefinite compared with the actual TRL/MRL scales used by various
agencies, the intent of this paper is to give a top-level review of emerging technologies,
and a deeper discussion would require a much more focused analysis than the scope of
this paper allows.
As with cost, the time to development is largely dependent on national needs. An
inexperienced program manager may point to the Manhattan Project, Hoover Dam, or
Apollo program as examples of magnificent projects being accomplished in a relatively
short amount of time. And any scientist studying a particular area will state that his or
her research could be put into practice within just a few years if the necessary funding
were available. Unfortunately, when the national need is low, grand projects can take
several decades, if they can be completed at all. Some point to an overly bureaucratic
acquisition process as the reason for lengthy procurements; however, the relatively quick
procurement of the Predator UAV system in the mid-1990s shows that national need can
influence the time to deployment. National needs are ever changing and, again, due to
this variance, the TRL/MRL assessment can only be put into vague terms such as low,
medium, or high.
The undetermined cost and time required for deployment also leads to subjectivity
on what is considered an “emerging” technology. This study attempts to limit its scope to
technologies that could be deployed within approximately 10 years, assuming national
need is high. This restriction eliminates far-out concepts such as antimatter propulsion
engines or plasma artillery since these ideas still verge more on science fiction than anything else. However, some concepts seem far-out, such as carbon nanotubes or cloaking
devices, but have actually made significant progress recently and could become feasible
within a decade if national interest were high. These concepts are addressed here, even
though the depth of analysis is limited by publicly available knowledge.
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Analytical Parameters
To determine the impact a particular technology may have, the facets of an effective
military beyond the battleground must be identified. Millet and his colleagues point out
19 areas that are necessary for a successful military organization, but for the purpose of
discussion, these areas can be summarized into five pillars as sort of a pentagon for the
Pentagon.3 These five pillars are categorized as military fundamentals, technological
prowess, funding profile, domestic support, and foreign support.
For the purpose of this study, military fundamentals are considered as the components typically associated with a winning military campaign. These include, but are
not limited to, strong leadership, a well-defined organizational structure, experienced
soldiers and strategists, proficient intelligence, surveillance, and reconnaissance (IS&R)
capabilities, and well-guarded vulnerabilities. These military fundamentals enable tactics and are historically critical to the battlefield.
As mentioned in the previous examples listed, a significant technological advantage
typically leads to victory. Since the confrontation is not always guns versus arrows, these
technological advantages tend to affect the battlefield in less obvious ways. The advent
of nuclear technology also happened to coincide with the development of the turbojet
engine, ushering in the age of modern fighter jets. The nuclear arms race may have dominated headlines during the time, but discoveries and innovations regarding advanced
metal alloys, avionics, and supersonic aerodynamics led to increased ranges, speeds, and
firepower of American and Soviet forces. The fall of the Soviet Union left the United
States as the only remaining superpower, largely due to the technological prowess of its
nuclear and conventional forces developed over decades.
The fall of the Soviet Union also illustrates another critical pillar to an effective military: a strong funding profile. Considering the previous two pillars, military fundamentals and technological prowess, the Soviet Union and the United States were relatively
even and stood above all other nations. The Soviet Union’s fall can be attributed to basic
arguments concerning capitalism versus communism, arguments that are strengthened
by the fall of nearly every other communist nation on the planet. The economic failure
crippled the Soviet Union to the point of its demise, but the question of funding lies in
more than just the magnitude of wealth. Stability and the appropriate distribution of investments are also key factors. The success of the U.S. National Aeronautics and Space
Administration (NASA) during the Apollo program contrasts to its recent struggles with
high-level missions because of changes in goals during administration turnovers. Although it is well funded, the lack of a consistent goal causes program cancellations,
thereby wasting millions or billions of taxpayer dollars.
An entire nation backing the military mission can have a profound effect on warfighting success, particularly in democratic nations. The United States’ success in World
War II would not have been possible if the nation had not been united for these causes.
In contrast, the lack of support for the Vietnam War and the Iraqi War—whether from
3. Allan R. Millet, Williamson Murray, and Kenneth H. Watman, “The Effectiveness of
Military Organizations,” International Security 11, no. 1 (Summer 1986): 37–71.
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politicians, the population, or both—exacerbated what many would consider a failure,
particularly when augmented with other factors. Furthermore, with the advent of immediate global communication through the Internet, tyrannical governments today have an
even smaller chance of success compared with Roman, Chinese, or other dynasties during ancient times. An interesting example of this phenomenon is North Korea. The rest
of the world recognizes the fanatical, oppressive leadership of the Kim dynasty, which
has remained in power for over 60 years. Whether inspired by adoration or fear from the
populous, North Korea is an example of how domestic support can overcome shortfalls
in economy and technology in order to advance their military. For developed nations,
domestic support can vary depending on the issue at hand, whether it is national security,
global responsibility, or human rights.
If domestic support represents the internal relations of a government with its people,
foreign support represents its external relations with other governments. Modern international politics are an intertwinement of economies, cultures, military prowess, and a
host of other issues. Sanctions imposed by the United Nations, as well as other bilateral
and multilateral agreements, have the power to cripple a nation in one area if they are
not cooperative in another. For example, North Korea’s food agreement with the United
States was canceled because of its illegal rocket launch in April 2012. Foreign support
can be mixed, too, as shown by the Syrian uprising against al-Assad. Most nations condemned the regime’s violence, yet the area has been void of UN peacekeepers (as of the
time this paper was written) because of the opposition of Russia and China, which are
vetoing members of the UN Security Council. The lack of foreign support can also have
an economic effect on militaries in peacetime, as shown by the potential withdrawal of
Canada, Italy, and Norway in the development of the F-35 joint strike fighter.4 Without
these development partners, the vested countries bear a greater cost per aircraft and may,
therefore, need to reduce the size of their fleets accordingly.

Collective Analysis
Each of the five pillars described above is codependent and cannot be discussed in isolation. For example, the UN imposed sanctions against Iran’s oil exports due to the country’s lack of transparency with regard to its nuclear program. In terms of the five pillars,
the rising technological prowess of Iran introduced a serious military threat to other nations in the area. This led to reduced foreign support, which resulted in an attempt to penalize Iran’s economy. The hope was that the hindered economy would reduce domestic
support for the nuclear program and inspire the country’s leadership to be more willing
to compromise when negotiating with the UN.
However, for many nations, economic stability stems from a diverse portfolio of imported resources; thus, the reduction of oil being imported from Iran can be overcome by
4. Dave Majumdar, “Further Dramatic F-35 Cost Increases Could Force Norway to
Reconsider Programme,” Flightglobal, April 19, 2012, http://www.flightglobal.com/news/articles/
further-dramatic-f-35-cost-increases-could-force-norway-to-reconsider-programme-370856/;
Ian Austen, “Canada’s Plan to Buy F-35 Jets is in Doubt as Auditor General Cites ‘Significant
Problems,’” New York Times, April 3, 2012, http://www.nytimes.com/2012/04/04/business/
canada-hesitates-on-plan-for-f-35-jets.html?_r=1.
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increasing imports from Saudi Arabia. This diversity allows the sanctions to be effective;
however, imposing them can lead to rising costs, which may in turn reduce domestic
support for the enforcing nations. In the United States, the rising cost of gasoline aggravates people enough to the point where it can influence elections. Thus, the challenge for
the UN is how to employ policies that maximize efficiency without sacrificing its own
interests. In terms of the focus of this paper, implementing new technology, the five pillars are collectively taken into consideration through the respective technology’s effect
on military strategy, readiness (TRL/MRL), economic impact, domestic perception, and
foreign perception.

Emerging Technologies
The technologies to be considered are split into five main categories—information technology, material science, energy, robotics, and aeronautics—each with its own subsets,
and some being more generic than others. The advances discussed are meant to be the
next generation above the current state of the art.

Information Technology: Computing and Telecommunications
As is often cited, the computing industry advances faster than can be recorded. Processing speeds have shown strong correlation to Moore’s Law for over 30 years, but some
predict that a limit to computation is approaching due to the physical limitations of the
speed of light and the finite size of an atom. When this limit occurs, however, is debatable. Many experts believe performance will peak within the next decade due to the
aforementioned physical limitations such as single-atom transistors, but some predictions have it much further in the future.5 For example, Krauss and Starkman wrote that
the limit may not be broached for another 600 years.6 The Krauss and Starkman study
based its computations less on engineering and material limits and more on the nature
of energy in an expanding universe. The approach of the Krauss and Starkman study
may have ignored some undeniable restraints, but it at least gives way for unforeseen
innovation and ingenuity in the rapidly advancing field. For example, recent advances
in nanotechnology have allowed the usable production of graphene, which many believe
is the next miracle material. Graphene is essentially a single layer of carbon atoms arranged in a honeycomb structure that exhibits extraordinary conductivity as well as mechanical, thermal, and optical properties. For computers, replacing silicon with graphene
could create microchips 100 times faster than today.7 Other advanced methods include
using photons to transmit information, a process known as quantum computing. Canada,
5. Purdue University, “One and Done: Single-Atom Transistor is End of Moore’s Law; May
Be Beginning of Quantum Computing,” February 3, 2012, http://www.purdue.edu/newsroom/
research/2012/120219KlimeckAtom.html.
6. Lawrence M. Krauss and Glenn D. Starkman, “Universal Limits on Computation,”
Cornell University Library, May 10, 2004, http://arxiv.org/abs/astro-ph/0404510.
7. Lee Tune, “Physicists Show Electrons Can Travel More Than 100 Times Faster in
Graphene,” University of Maryland Newsdesk, March 24, 2008, https://newsdesk.umd.edu/
scitech/release.cfm?ArticleID=1621.
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Japan, and the European Union have already made plans to launch and test satellites
based on quantum computing, which, aside from incredibly quick transmission speeds
are also inherently hacker-proof and wireless.8
At the turn of the twenty-first century, residential wireless networks were relatively
rare, but now are standard and commonplace. Commercial airlines have begun offering wireless fidelity and will soon switch their communication links from ground-based
towers to satellites.9 A new antenna will enable long-range, secure military satellite communications for airborne platforms, providing voice, video, and chat capabilities at very
high speeds.10 The antennae are receivers of the data and satellites are the transmitters,
but changing the nature of the signal itself could have a drastic effect. Current signals
transmit through radio waves in the gigahertz-scale region, but attempts have been made
to transmit through microwaves or infrared waves, which would be 1,000 times faster,
in the terahertz-scale region.11 On the more innovative side, illegal file-sharing networks
have started using aerial drones to host their servers in an attempt to evade law enforcement, a concept that could be mimicked by military vehicles on or near the front lines.12
Data transmission is only useful if it can be stored, however. Flash memory has
become the latest and greatest due to its small size, large capacity, and low cost. Many
researchers are racing to replace it with their ideas; for example three-dimensional (3D)
optical memory storage. The transition from floppy disks to CDs showed the advantages
of optical memory over magnetic tape, but a CD is only two dimensional. Enabled by
nanotechnology, most designs for 3D optical memory are still in development, but the
ultimate product will be revolutionary. Researchers from Rice University have produced
a chip that is rugged enough to survive 1,000°F, flexible enough to fold like a sheet of
paper, and transparent enough to be used in windshields.13
In the Digital Age, all military systems benefit from faster, more secure communication. The advent of radio before World War I forever changed military tactics through
advanced situational awareness. The United States already holds a significant advantage
8. Jeremy Hsu, “Secret Codes Ready to Take Quantum Lead in Space,” Innovation News
Daily, February 29, 2012, http://www.innovationnewsdaily.com/916-secret-codes-quantumleap-space.html.
9. Roger Yu, “Airlines Look to Satellites for Wi-Fi Internet in the Sky,” USA Today, March 20,
2012, http://www.usatoday.com/tech/news/story/2012-03-19/airlines-wifi-satellite/53657410/1.
10. Patty Welsh, “Antenna Can Help Speed Communications,” Air Force Materiel
Command, November 29, 2011, http://www.afmc.af.mil/news/story.asp?id=123281236.
11. Rose Huber, “Pitt Research Team Says Communication Technologies Including
Smartphones and Laptops Could Now Be 1,000 Times Faster,” University of Pittsburgh, March
7, 2012, http://www.news.pitt.edu/terahertz.
12. Clay Dillow, “Pirate Bay Wants to Put Unassailable Servers in the Sky, Aboard Small
Aerial Drones,” PopSci, March 19, 2012, http://www.popsci.com/technology/article/2012-03/
pirate-bay-wants-put-network-nodes-sky-aboard-small-aerial-drones.
13. Michael Bernstein, “Transparent, Flexible 3-D Memory Chips May Be the Next
Big Thing in Small Memory Devices,” American Chemical Society, March 27, 2012, http://
portal.acs.org/portal/acs/corg/content?_nfpb=true&_pageLabel=PP_ARTICLEMAIN&node_
id=222&content_id=CNBP_029664&use_sec=true&sec_url_var=region1&__uuid=ae8cd373fa2a-4733-9ff0-ae5673e44cee.
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in all forms of computing on the battlefield, but the criticality of the nuclear enterprise
and the growth of cyberespionage are constantly raising the stakes. Because computers
are not independent weapon systems (outside cyberwarfare), foreign nations have not
previously protested U.S. development or integration of revolutionary advances. Domestically, the advances would have a clear commercial application and would, therefore, be welcome. Financially, the advances would be a huge boon once developed, but
the upfront cost may be too much for one organization to absorb. Fortunately, the wide
applicability and high interest in academia spread the research cost and allows for faster
development. Yet, though advances in computing and telecommunications are welcome
because they enable other technology increases, the close relationship to cyberwarfare
will drive the direction of research.

Information Technology: Cyberwarfare
Cyberattacks represent the hallmark of warfare in the Digital Age. They are often compared with a nuclear attack, and they could be just as debilitating—yet are far more likely
to occur. The average person experiences cyberwarfare through ploys known as phishing, whaling, or spoofing, often at an attempt to commit identity theft. For the armed
forces, the consequences are much more severe. The Center for Strategic and International Studies has identified 97 incidents since 2006 of successful attacks on government
agencies, defense and high-technology companies, or economic crimes with losses of
more than $1 million.14 The list of incidents, however, is only limited to publicly known
attacks as some victims may not wish to make it known (or do not know themselves)
that they were attacked. Furthermore, the list does not include the countless attempts that
occur on a daily basis. The lack of an effective response to a cyberattack has increased
their prominence since there are essentially no consequences. Some even believe that
Chinese cyberespionage is to blame for the rising costs of the F-35.15 In March 2012,
the deputy secretary of defense, Ashton Carter, stated that he is not “remotely satisfied”
with the Pentagon’s cybercapabilities.16 These cyberattacks have infuriated government
and military officials for years, prompting the establishment of a new unified command
center known as U.S. Cyber Command, which encompasses all aspects of offensive
and defensive cyber–war fighting and is supported chiefly by the Army, Navy, Marines,
and Air Force. The Obama administration likely utilized Cyber Command for its cyber-

14. Center for Strategic and International Studies, “Significant Cyber Incidents since 2006,”
May 4, 2012, http://csis.org/files/publication/120504_Significant_Cyber_Incidents_Since_2006.
pdf.
15. David Fulghum, Bill Sweetman, and Amy Butler, “Internet Hacking Drives Up Pentagon
Costs,” Aviation Week, February 6, 2012, http://www.aviationweek.com/Article.aspx?id=/articlexml/AW_02_06_2012_p30-419987.xml.
16. David Fulgham, “China, U.S. Chase Air-to-Air Cyber Weapon,” Aviation Week,
March 8, 2012, http://www.aviationweek.com/aw/generic/story.jsp?id=news/awx/2012/03/08/
awx_03_08_2012_p0-434247.xml&headline=China, percent20US percent20Chase percent20Air
-to-Air percent20Cyberweapon&channel=defense.
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attacks on Iran known as Olympic Games, which purportedly included the infamous
Stuxnet virus.17
At a conference two weeks after Carter’s comments, the secretary of the Air Force,
Michael Donley, remarked that the Air Force has 45,000 trained and certified professionals in cyberspace and is continuing to grow.18 As with any military campaign, these professionals will likely study vulnerabilities in U.S. systems, including the nuclear triad.
Foreign governments understand the issue as well as the United States and have probably stood up their own commands to some degree; thus, any objections to advances in
cyberwarfare would be seen as hypocritical, particularly among industrialized, unfriendly nations. The average American, however, primarily views cyberattacks as a means of
identity theft and may not be able to conceptualize a sophisticated offensive capability.
Defensive advances would undoubtedly be supported and also aided by commercial
ventures wishing to protect their interests.19 Unfortunately, the novelty and increasing
complexity of cyberwarfare make drafting international policy extremely difficult, and
the repercussions of attacks are negligible. And because protective measures lag behind
strikes, the solution may not be technologically based. Only once a physical war or loss
of life occurs will meaningful agreements take place that alter the scope of cyberwarfare.

Information Technology: Sensors and Imaging
Because a photographic image provides a distinct piece of evidence useful for a range
of purposes, sensors and imaging of sensitive locations, documents, and weapons make
up the heart of IS&R. Photographs of Soviet missile bases taken from a U-2 prompted
the Cuban Missile Crisis. Depictions of gadgetry in James Bond novels and movies are
not far off from the actual surveillance equipment used in Cold War espionage. The
launch of Sputnik began the space race and introduced spying from vast distances in
space. Conveniently, technology used to look down at the Earth from orbit often comes
from sensors used to look outward from orbit at the universe. For example, the European
Space Agency is constructing the largest array ever built to study the stars with over a
billion pixels.20 But just as important as imaging from space, imaging at the ground level
could play a large role in the nuclear triad. For IS&R, recent advances in lasers allow
for femtosecond-scale bursts that reflect off surfaces, allowing for an imaging system
17. David E. Sanger, “Obama Order Sped Up Wave of Cyberattacks against Iran,” New York
Times, June 1, 2012, http://www.nytimes.com/2012/06/01/world/middleeast/obama-orderedwave-of-cyberattacks-against-iran.html?hp.
18. Michael Donley, “Remarks of the Honorable Michael B. Donley,” Air Force Association
CyberFutures Conference, March 23, 2012, http://www.af.mil/shared/media/document/AFD120326-056.pdf.
19. Michael Riley and Sara Forden, “Hacking of DuPont, J&J, GE Were Google-Type
Attacks That Weren’t Disclosed,” Bloomberg News, March 8, 2011, http://www.bloomberg.com/
news/2011-03-08/hacking-of-dupont-j-j-ge-were-google-type-attacks-that-weren-t-disclosed.
html.
20. Clay Dillow, “ESA’s ‘Billion-Pixel Array’ Is the Biggest Digital Camera Ever Built for
Space,” PopSci, July 6, 2011, http://www.popsci.com/technology/article/2011-07/esas-billionpixel-array-biggest-digital-camera-ever-built-space.
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that can peer around corners.21 Advances in nanomaterials enable heightened infrared
or thermal imaging.22 Aside from IS&R, however, advances in microscopic imaging are
allowing researchers to view extremely fast movements in chemical reactions,23 and the
first-ever image of atoms forming a molecule.24 These techniques could possibly be applied to nuclear physics so that subcritical nuclear tests would become more valuable for
the knowledge gained and M&S would become more effective.
As stated above, the military aspects of sensors and imaging branch from IS&R to
M&S. The financial payback of developing such technology is debatable, as limited applicability exists on the commercial side. Law enforcement would be the primary sector
for IS&R applications; but with limited budgets, local offices outside major cities may
not be able to justify the cost of such sophisticated systems. Microscopic imaging, however, may have more suitors. Even just within the nuclear industry, private companies
wishing to advance their civil power generating reactors would benefit from the information gained from atomic-scale observations of actual reactions. Whether this would garner a favorable return on investment is undetermined and requires much further analysis.
The general American public would likely support advances in sensors and imaging due
to their application to personal point-and-shoot digital cameras. Internationally, the reaction would not be different. Governments may protest if and when advanced systems are
deployed on military vehicles, but typically the details of these systems are kept classified. Ultimately, advances in sensors and imaging indirectly benefit the triad by enabling
IS&R and fundamental research and do not have any major obstacles for development.

Material Science: Advanced Materials
Materials science has been a backbone of technological superiority for millennia. Iron
hand weapons are stronger than bronze. Aluminum has a greater strength-to-weight ratio than steel. Composites are tailorable, while isotropic materials are not. Possessing
advanced materials has always and will always be a critical component to winning on
the battlefield. The best hopes for the next generation of advanced materials seems to
revolve around smart materials and nanotechnology. Smart materials, also called metamaterials, are materials that react to the environment around them. The most common
method is the application of a small amount of electric voltage to change its intrinsic
properties.25 Reading glasses that change to sunglasses when one steps outside are reacting to a change in light. A special type of plastic is being created that reacts to damage
21. Larry Hardesty, “A Camera That Peers Around Corners,” MIT News Office, March 21,
2012, http://web.mit.edu/newsoffice/2012/camera-sees-around-corners-0321.html.
22. Joseph Kullman, “New Nano-Material Combinations Produce Leap in Infrared
Technology,” ASU News, February 13, 2012, https://asunews.asu.edu/20120213_zhanginfrared.
23. Michael Bishop, “First Step Taken to Image Ultra-Fast Movements in Chemical
Reactions,” Institute of Physics, March 16, 2012, http://www.iop.org/news/12/mar/page_54659.
html.
24. Pam F. Gorder, “Researchers Capture First-Ever Image of Atoms Forming a Molecule,”
Ohio State University, March 7, 2012, http://www.newswise.com/articles/researchers-capturefirst-ever-image-of-atoms-forming-a-molecule.
25. Andrew Myers, “Straintronics: Engineers Create Piezoelectric Graphene,” Stanford
University, March 20, 2012, https://engineering.stanford.edu/news/straintronics-engineers76 |
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by bleeding and healing itself.26 Smart materials have the potential to change the basic
nature of engineering design due to their flexibility. Likewise, nanotechnology has seen
vast growth over the past few years because of the possible super materials it could
introduce to the world, such as graphene. Nanotechnology focuses on the microscopic
scale of changing the molecular structure of materials and could lead to revolutionary
advances in many industries. Large structures could take advantage of a paint that uses
carbon nanotubes to detect structural cracks,27 or a “nanoear” could be developed to
listen to the faintest, most microscopic sounds.28 Both smart materials and nanotechnology are being heavily researched and have a rapidly rising TRL/MRL, but application
to the nuclear triad may be too far away for discussion today. Nonetheless, all forms of
advanced materials have spin-offs to civil applications, which in turn will likely lead to
domestic and foreign support. For example, the Minerals, Metals, and Material Society
has identified 54 specific breakthrough opportunities that could eliminate $65 billion in
unproductive energy expenditures as soon as in the next 2 to 10 years.29 These opportunities are not militaristic; so the nuclear triad will logically allow the commercial sector to
fund development and reap the gains when the time is right.

Material Science: Additive Manufacturing
For any design, development is not worthwhile if it cannot be manufactured feasibly.
Additive manufacturing is a process in which a powdered substance is sprayed into
layers using an adhesive to form larger-scale geometry. The eventual shape can either
be a prototype or final product depending on the application. A trade by many names,
additive manufacturing is also often referred to as rapid prototyping or 3D printing. Its
boon is that it allows designs to transition from a computer screen to a physical product
within a matter of minutes. Typically these products are metallic or plastic based, but do
not have quite the same properties as an isotropic product would; but again, they may be
create-piezoelectric-graphene; Richard Merritt, “Process Makes Polymers Truly Plastic,” Duke
University, March 15, 2012, http://www.pratt.duke.edu/node/3244.
26. Catherine Hockmuth, “Smart, Self-Healing Hydrogels Open Far-Reaching Possibilities
in Medicine, Engineering,” University of California, San Diego, News Center, March 5, 2012,
http://ucsdnews.ucsd.edu/pressreleases/smart_self_healing_hydrogels_open_far_reaching_
possibilities_in_medicine_en/; Michael Bernstein, “New Plastics ‘Bleed’ When Cut or
Scratched—and Then Heal Like Human Skin,” American Chemical Society, March 26, 2012, http://
portal.acs.org/portal/acs/corg/content?_nfpb=true&_pageLabel=PP_ARTICLEMAIN&node_
id=222&content_id=CNBP_029646&use_sec=true&sec_url_var=region1&__uuid=37c935d0671e-4151-ab01-785d5b213962.
27. Mohamed Saafi, “Smart Paint Could Revolutionise Structural Safety,” University of
Strathclyde, January 30, 2012, http://www.strath.ac.uk/press/newsreleases/headline_583703_
en.html.
28. Alexander Ohlinger, Andras Deak, Andrey A. Lutich, and Jochen Feldmann, “Optically
Trapped Gold Nanoparticles Enables Listening at the Microscale,” Phys. Rev. Lett 108, no.
018101 (2012).
29. Brajendra Mishra, Diana Lados, John Lewandowski, Ray Peterson, and George Spanos,
“Linking Transformational Materials and Processing for an Energy-Efficient and Low-Carbon
Economy-Innovation Impact Report,” Minerals, Metals, and Materials Society, February 28,
2012, http://energy.tms.org/newsArticle.aspx?ID=4258.
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suitable depending on the application at hand. An additive manufacturing capability is
often discussed as a need for astronauts at the International Space Station, and the same
argument could be made for sailors inside a submarine. As a complex machine that is
disconnected from the rest of the world for months at a time, a submarine could experience any number of unexpected failures.30 With the ability to create custom parts within
its hull, a submarine would be more self-sufficient and could reduce the number of spare
parts it has to carry; thereby reducing operating costs significantly. Furthermore, additive
manufacturing has become far more common in industry and academia, so the domestic
reaction would be mild. Likewise, the foreign reaction may be slightly negative, but not
significant enough to make a difference. The technology would bring an advanced capability to the submarines, but those capabilities do not have significant battlefield use. If
the submarines can already maneuver about the world without detection, increasing their
mean time between failures will not add a new capability that poses a threat.

Material Science: Cloaking
The F-22 and F-35 stealth aircrafts are fifth-generation fighters and are unparalleled by
the aircraft of any other nation. The B-2 is the only operational stealth bomber in the
world and has proven its worth in combat. Despite U.S. superiority in the skies, the demand for greater capabilities is ever growing, and advancing detection systems expedite
the date of obsolescence of these vehicles.31 Although the technology seems far-fetched,
the Navy has recently put out a call to develop vehicles with ultraviolet (UV) cloaking.32
Cloaking is essentially a means of stealth or invisibility and may not be as unreachable
as expected.
All forms of detection—whether through eyesight, sonar, or radar—are based on
reflections of certain types of waves. For eyesight, reflections of visible light off an
object are detected by the retina in the eyeball. For sonar, sound waves are detected; for
radar, infrared waves. Current stealth technology is based on evading radar detection by
using materials and shapes that either absorb the infrared waves or reflect them away
from the originating sensor. Although no formal definition classifies a stealth material
from a cloaked one, recent usage is beginning to distinguish one from another. Broadly
speaking, cloaking can be thought of as the overall masking of an object from detection,
whereas stealth has become mostly associated with infrared waves. If this definition is
adopted, stealth would become a subset of cloaking. At that point, further subsets can

30. Jeremy Hsu, “NASA Looks to 3-D Printing for Spare Parts for Space Station,” Scientific
American, December 8, 2011, http://www.scientificamerican.com/article.cfm?id=nasa-dprinting-spare-parts-space-station.
31. Jeff Schogol, “Study: AF Lacks Stealth Aircraft to Fight China,” Military Times, March
28, 2012, http://www.militarytimes.com/news/2012/03/air-force-lacks-stealth-aircraft-to-fightchina-study-says-032812w/.
32. David Axe, “Navy Wants Ultraviolet Cloaking Device for Jet Fighters,” Wired, May 9,
2012, http://www.wired.com/dangerroom/2012/05/navy-uv-cloak/.
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be defined for subsets like UV cloaking, visible light cloaking,33 thermal cloaking,34
magnetic cloaking,35 or virtually any other means of detection. While the TRL/MRL of
these advanced forms of cloaking may seem low, the high potential for military purposes
would keep sensitive information from the public. After all, stealth technology seemed
decades into the future even as the F-117 was deployed.
Because the B-2 is already stealthy, submarines are difficult to detect by nature, and
intercontinental ballistic missiles (ICBMs) deploy within a matter of minutes, the benefit
of cloaking to the nuclear triad by be vastly overweighed by the cost. Naturally, avoiding surveillance is a desirable feature, but if a lesson is to be learned from the F-22’s
production, it is that operating costs can be extremely high.36 Then again, the realizable
benefits of the F-22 as a fifth-generation fighter jet could be decades or more into the
future. Although the TRL of certain forms of cloaking could potentially see a dramatic
rise due to heavy academic interest, the MRL may remain low for quite some time. This,
in turn, drives an unfavorable economic impact, which would also induce an unfavorable
domestic reaction. The lack of a suitable civil spin-off application worsens the argument
for cloaking and, even if one did exist, the risk of proliferation to another country would
prevent its use. If, however, cloaking were employed either in the nuclear triad or in
conventional forces, the foreign reaction would surely be that of disapproval as it only
increases the technological asymmetry on the battlefield.

Energy: Solar Power
Advances in solar power give a good example of how a purely peaceful technology
could have unintended international consequences. For years, solar-based energy generation has been plagued by high costs and low efficiencies in terms of energy and
cost. The growing need for alternative energies and the availability of the sun’s energy
have driven the market to develop new methods for making this a viable power source.
Energy efficiency (the ratio of solar energy input versus electrical energy output) can

33. Angela Stark, “Researchers Discover a New Path for Light Through Metal: Novel Plasmonic Metal May Merge Photonic and Electronic Technologies,” Optical Society, March 27,
2012, http://www.osa.org/About_Osa/Newsroom/News_Releases/Releases/03.2012/Researchers-Discover-a-New-Path-for-Light.aspx.
34. Angela Stark, “Not Your Average Heat Shield: New ‘Thermal’ Approach to Invisibility
Cloaking Hides Heat to Enhance Technology,” Optical Society, March 26, 2012, http://www.osa.
org/About_Osa/Newsroom/News_Releases/Releases/03.2012/Not-Your-Average-Heat-Shield.
aspx.
35. Michael Bishop, “Cloaking Magnetic Fields-the First Antimagnet,” Institute of Physics,
September 23, 2011, http://www.iop.org/news/11/sept/page_52194.html.
36. David Axe, “Buyer’s Remorse: How Much Has the F-22 Really Cost?” Wired, December 14, 2011, http://www.wired.com/dangerroom/2011/12/f-22-real-cost/.
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be increased by changing the shapes,37 or the materials of the panels used,38 or even
using biomimicry.39 Naturally, lower-cost materials will also increase the cost-efficiency
of the panels.40 More drastic changes to the panels include nanotechnology-based energy
conversion41 and liquid-based cells that can be applied like paint.42 Even before these
technologies are implemented and put into production, the successful intercontinental
flight of the Solar Impulse vehicle shows that the industry has come a long way in recent
years and that the TRL/MRL of solar power technology can be deemed medium-high.43
The impact on the economy and domestic perception are both very positive, but foreign
perception is contingent upon applications within the military and, of course, the United
States’ willingness to share knowledge.
Militarily, the potential capability to produce a solar-powered aircraft provides tremendous boons to IS&R operations with UAVs and increased endurance for long-range
bombers. Solar-powered UAVs offer a permanent, nearly undetectable “eye in the sky;”
particularly when flown at high altitudes where solar intensity is greater. These UAVs
are already being explored; however, application to a long-range bomber may be more
complex.44 The need for stealth clearly trumps the need for an alternative energy source
if the two cannot be symbiotic. The primary advantage of a solar power source on a longrange bomber would be to eliminate the need for refueling operations midflight. Without
the need for large, heavy tankers to support the mission, the logistics and covertness
are greatly improved, but the amount of power needed is well beyond any foreseeable
capability of solar energy.

37. David Chandler, “A New Dimension for Solar Energy,” MIT News Office, March
27,
2012,
http://web.mit.edu/newsoffice/2012/three-dimensional-solar-energy-0327.html;
Scott Hernandez-Jason, “Researchers’ Refinement Increases Solar Concentrator Efficiency,”
University of California, Merced, January 19, 2012, , http://www.ucmerced.edu/news/researchersrefinement-increases-solar-concentrator-efficiency.
38. Marcia Goodrich, “Graphene Boosts Efficiency of Next-Gen Solar Cells,” Michigan
Tech News, April 24, 2012, http://www.mtu.edu/news/stories/2012/april/story67100.html.
39. Jennifer Chu, “Here Comes the Sun: A New Sunflower-Inspired Pattern Increases
Concentrated Solar Efficiency,” MIT News Office, http://web.mit.edu/newsoffice/2012/
sunflower-concentrated-solar-0111.html.
40. Lee See Heng, “Dye-Sensitized Solar Cells That Use Carbon Nanotube Thin Films
as Transparent Electrodes Offer Significant Cost Savings,” Agency for Science Technology
and Research, March 14, 2012, http://www.researchsea.com/html/article.php/aid/7057/cid/1/
research/solar_cells__a_clear_choice.html.
41. Catherine Hockmuth, “Nanotrees Harvest the Sun’s Energy to Turn Water into Hydrogen
Fuel,” University of California, San Diego, News Center, March 7, 2012, http://ucsdnews.ucsd.
edu/pressreleases/nanotrees_harvest_the_suns_energy_to_turn_water_into_hydrogen_fuel/.
42. Richard L. Brutchey and David H. Webber, “Researchers Develop a Path to Liquid Solar
Cells That Can Be Printed Onto Surfaces,” University of Southern California, April 25, 2012,
http://www.newswise.com/articles/researchers-develop-a-path-to-liquid-solar-cells-that-can-beprinted-onto-surfaces.
43. Zakia Abdennebi, “Solar Plane Completes Maiden Intercontinental Trip,” Reuters, June 6,
2012, http://www.reuters.com/article/2012/06/06/uk-aviation-solar-idUSLNE85500720120606.
44. Boeing Company, http://www.boeing.com/advertising/c4isr/isr/solar_eagle.html.
80 |

NUCLEAR SCHOLARS INITIATIVE

Even if the United States were to improve its solar energy industry to the point where
it replaces—or at least makes a significant contribution to the replacement of—expendable resources such as coal, natural gas, or oil, the international reaction could be negative if this knowledge was not shared. Ideally, any game-changing advances in alternative energy would be shared with all nations, but if this technology is developed by the
commercial market, financial considerations will play a large role. Foreign nations could
accept higher costs to overcome areas such as international patent rights and intellectual
property, but since the technology gives a clear battlefield advantage, export control
may also be involved with discussions. A lack of willingness to fully share trade secrets
will lead to deteriorating relations, increased espionage, and higher costs to the United
States for protecting and monitoring equipment. Furthermore, implementing alternative
energy advances will reduce the global demand for petroleum, directly affecting those
nations that belong to the Organization of the Petroleum Exporting Countries, which
will not react well. Although the advancement of alternative energy sources seems like a
simple issue at first glance, its impact should not be taken lightly. The above-mentioned
application to the nuclear triad through bombers and UAVs would give the United States
a major tactical advantage, and thus may meet resistance for the pure and simple reason
that it is a technological advance.

Energy: Conservation and Independence
Some analysts argue that the two worst threats to the country in terms of severity and
likelihood of occurrence are a nuclear terrorist attack and a shutdown of the electrical
grid via cyberterrorists. Doomsday scenarios of a life without the main power grid are
devastating and contain many common themes, one of which is that prevention is possible if the appropriate measures are taken beforehand. True to their name, microgrids
provide a way to partition the main electrical grid so that a shutdown in one area does
not have devastating effects in another. The controls between each partition also allow
for the most efficient use of power, since a city’s draw can be throttled to only what it
needs. Microgrids are effective ways to isolate key infrastructure, such as military bases
or missile silos, from cyberthreats in another part of the world. Furthermore, microgrids
are even more effective when combined with an independent energy source, such as a
small modular reactor (SMR). SMRs are basically downsized versions of nuclear power
plants. Approximately the size of a minivan, SMRs operate independently with a fissionbased fuel source and when combined with a microgrid have been shown to have a fairly
high TRL/MRL with the capability to power a small city.45 SMRs could be used to power
an entire base, but a more direct application to the nuclear triad exists. SMRs are designed to be securely buried underground and left untouched for up to 25 years, similar
to the fleet of ICBMs currently in their silos. Single-handedly, one SMR could power an
entire missile wing either as the primary or backup power source. When paired with a
45. Eric Schwartzel, “Westinghouse Designs Small Modular Nuclear Reactor Capable
of Powering a Suburb,” Pittsburgh Post-Gazette, March 3, 2012, http://www.post-gazette.
com/stories/business/news/westinghouse-designs-small-modular-nuclear-reactor-capable-ofpowering-a-suburb-224932/.
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microgrid, SMRs provide an independent, low-maintenance, and reliable power source
that is adept to the longevity of the ICBM mission.
Economic analyses of the use of SMRs and microgrids show a great payback from
the initial investment,46 and case studies are still being performed.47 The domestic perception would be very similar to that of large nuclear power plants. The public adores cheap,
abundant energy, but it fears a looming disaster or exposure to radiation. For microgrids,
independent operability would be welcomed, but the initial cost of installation may be
too much for some to accept. Internationally, the reaction to SMRs would be similar to
the proliferation of nuclear energy for peaceful purposes. Thus, the political handling of
implementing SMRs would be familiar, but so would the risks. As for microgrids, all nations, no matter their level of development, would welcome them if the financial benefits
could be made clear. As both technologies are further verified, however, the concerns
will decline and the potential economic benefits will become more apparent.

Energy: Alternatives
Solar power and energy conservation are aspects that most directly relate to the nuclear
triad; however, the entire energy industry is much more diverse. The automobile industry has faced heavy pressure regarding carbon emissions and has made great strides
toward advancing fuel cell technology over the past decade.48 Wind farms are becoming
a far more common sight along the horizon.49 Tidal, geothermal, and biomass energy
sources are also being heavily researched; but even if none of these forms of alternative
energy finds application in a nuclear carrier vehicle, their prevalence in civil applications
will have an effect for the reasons described in the above sections. Reduced manufacturing costs create a more cost-efficient military, thereby allowing greater production rates.
The benefits of alternative energy have an impact on every aspect of the military to some
degree, whether it is conventional or nuclear, operations or support, in peacetime or in
combat. Civil applications also benefit and, thus, the high support leads to increased
funding and, as the potential benefits transcend into reality, support further increases.
Some forms of alternative energy (wind, fuel cells) already have a high TRL/MRL, but
others need more time (tidal, biomass). Nonetheless, the future for alternative energy is
bright, and the roadblocks are few.

46. Galvin Electricity Initiative, “The Naperville Smart Grid Initiative,” April 2010, http://
www.galvinpower.org/naperville-smart-grid-initiative; Steve Koppes, “Small Reactors Could
Figure into U.S. Energy Future,” University of Chicago News, December 13, 2011, http://news.
uchicago.edu/article/2011/12/13/small-reactors-could-figure-us-energy-future.
47. Dan Lafontaine, “Army Scientists Develop Deployable Renewable-Energy Solutions,”
US Army, May 10, 2012 , http://www.army.mil/article/79471/Army_scientists_develop_
deployable_renewable_energy_solutions/.
48. Kerry-Ann Adamson, Clint Wheelock, “Executive Summary: Fuel Cells Annual Report
2011,” Pike Research, second quarter of 2011, www.pikeresearch.com.
49. American Wind Energy Association, “U.S. Wind Industry Fourth Quarter 2011 Market
Report,” January 2012, www.awea.org.
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Robotics: Unmanned Vehicles
In the past two decades, UAVs have seen considerable development and have repeatedly
proven themselves on the battlefield. From 2005 to 2011, the use of UAVs in Iraq and
Afghanistan grew from 5 percent to 33 percent and continues to climb.50 Advances in
UAVs are dependent on subsystem technologies, such as communication security, networks, and sensors. A subclass of UAVs are remotely piloted vehicles (RPVs), which require a human operator at a base station within the vicinity. As the subsystem technology
advances, new capabilities emerge. The subsystem advances lead to an increased ratio of
operators to RPVs, faster data downlink speeds, and increased operating range from the
base station. The lack of these advances leads to vulnerabilities, as was shown famously
with the downed RQ-170 Sentinel in Iran and the invasion of malware in 2011.51 The
success of UAVs has led to increased funding for the development of other unmanned
vehicles. Essentially, every type of manned vehicle has an unmanned counterpart. Unmanned ground vehicles have been extensively used for improvised explosive device
detection. The X-37 represents an unmanned space vehicle, but is still in its infancy.
Unmanned rotorcraft are soon to enter the battlefield.52 For ships and other naval vessels,
unmanned surface vehicles and unmanned underwater vehicles (UUVs) are used. Like
UAVs, UUVs have a direct counterpart within the triad and are currently being investigated by the Navy for mine detection.53
Whether aerial or underwater, unmanned vehicles could play a large role in nuclear
operations. Potential roles include IS&R activities, forward scouting, or as communication relay stations, depending on the time frame of the particular military campaign.
The conflicts in Iraq and Afghanistan have proven the usefulness of unmanned vehicles
for IS&R. As scouts, they could be directed to evaluate a target in minutes or seconds,
compared with the hours or days that may be required to position a satellite. They could
be programmed to not only identify potential threats but also for 3D mapping of the terrain.54 Each vehicle would be part of a network, which may contain satellites or other
types of unmanned vehicles for a vast communication system. The fear of losing one of
these vehicles has already materialized with the Iranian recovery of the RQ-170 Sentinel. American leadership has expressed doubt about Iranian claims that it has interpreted
data from the vehicle, but, nonetheless, this instance shows a vulnerability that must be
50. Mike Kelley, “AUVSI’s Owings Gives Glimpse Into Future of UAVs,” al.com, March
14, 2012, http://www.al.com/42/index.ssf/2012/03/auvsis_owings_gives_glimpse_in.html.
51. Noah Shachtman, “Exclusive: Computer Virus Hits U.S. Drone Fleet,” Wired, October
7, 2011, http://www.wired.com/dangerroom/2011/10/virus-hits-drone-fleet/.
52. Dave Majumdar, “Northrop Contracted to Build New Firescout Variant,” Flightglobal,
April 24, 2012, http://www.flightglobal.com/news/articles/northrop-contracted-to-build-newfirescout-variant-371014/.
53. Antoine Martin, “U.S. Expands Use of Underwater Unmanned Vehicles,” National
Defense, April 2012, http://www.nationaldefensemagazine.org/archive/2012/April/Pages/
USExpandsUseOfUnderwaterUnmannedVehicles.aspx.
54. Helen Knight, “New System Allows Robots to Continuously Map Their Environment,”
MIT News, February 16, 2012, http://web.mit.edu/newsoffice/2012/simultaneous-localizationmapping-kinect-0216.html.
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protected. As mentioned above, the readiness of unmanned systems is dependent on the
readiness of the sophisticated subsystems that are placed aboard them.
The economics of unmanned systems are mainly beneficial. The chief counterargument lies in their usefulness and vulnerabilities. With satellites already able to provide
secure data transmissions to any spot in the world, the sentiment is that they are unnecessary. This sentiment has been largely weakened in the past decade as UAVs have proven
to be a very valuable asset in the Middle East. Looking beyond the military, however,
unmanned vehicles have already been spun off into commercial roles. By providing
valuable data regarding agriculture, water resources, air quality and pollution, UAVs offer a low-cost solution to many civil problems. For this reason, their development should
be welcomed with domestic support; unfortunately, the issue may not be that simple.
Because each UAV failure gains much media attention, and because the public mainly
knows UAVs for their military roles, portions of the American public may actually disapprove of them. Plus, with an expected increase of use in law enforcement, public
perception may further deteriorate.55 Robots have been used on bomb squads for years,
but unmanned robots in the sky will inevitably draw a negative reaction from many.
Scenarios in which machines take over humanity are great material for Hollywood, and
unfortunately the unwarranted fears have carried over into real life. Even pilots themselves have opposed UAVs due to what they perceive as a lack of control and visibility.56
The economic advantages gained from UAVs are hampered by these fears, and legislative measures have only recently been able to overcome them.
Internationally, the reaction will be similar, depending on where UAVs are used. The
benefits that unmanned vehicles bring will be a major boon to impoverished nations, but
many will forever remember their military roles. Then again, these fears could actually
turn into an advantage for the United States. If UAVs are associated with a U.S. military presence, they could be used as a deterrent that would be visible to the population,
whereas bombers and submarines are not. For a tightly run, autocrat regime, the leadership may not share with its people if a serious threat is within the vicinity, thus reducing
the intent of deterrence. If the general populous were made aware through means of a
low-flying UAV, the leadership would be trapped into a corner and might be pressured
by its own people to concede. Of course, this could also backfire incredibly. Rather than
pressure their leadership toward cooperation, the population may instead express further
support, claiming that they are being persecuted or bullied. Using unmanned vehicles
for military roles, particularly as deterrents, must be a case-by-case decision, but their
peaceful roles would be welcomed by all. Figure 1 shows what many would consider to
be an unusual image. A team of female engineers from the United Arab Emirates (UAE)
recently took part in a competition to design, build, and fly a UAV of their own. Although
U.S.-UAE relations are good and the UAVs are for academic purposes, the image of
55. Darrell Preston, “Drones Take to American Skies on Police Search Mission,” Bloomberg,
May 30, 2012, http://www.bloomberg.com/news/2012-05-31/drones-take-to-american-skies-onpolice-search-missions.html.
56. Bob Brewin, “Pilots: Drones Pose Major Safety Threat in Civilian Air Space,” Nextgov,
April 27, 2012, http://www.nextgov.com/defense/2012/04/pilots-drones-pose-major-safetythreat-civilian-air-space/55455/.
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Arab women with hijabs working on the vehicles that beleaguered the Middle East, and
the fact that the competition was sponsored by an American corporation, illustrate that
peaceful applications of unmanned vehicles can have a uniting effect between nations.
Figure 1. An American Industry-Sponsored Competition for Female Engineers from the
United Arab Emirates: An Example of How UAVs Can Be an Integrator between the
United States and the Middle East

Source: Zaineb Al Hassani, “Students Spread their Wings,” The National, April 25, 2012, http://www.thenational.ae/news/
uae-news/students-spread-their-wings.

Robotics: Industrial Robots
For manufacturing purposes, robotics are perhaps most famous for their improvements
to the auto industry. By taking human factors out of the potential risk analysis for defects, companies are able to operate more quickly and more efficiently. The success
has been carried over to other industries as well. In 2011, the Taiwanese electronics
giant Foxconn was using 10,000 robots in their manufacturing plants, with projections
to bring that total up to 300,000 in 2012 and up to 1 million in 2014. The Japanese government estimated the industry at $5.6 billion in 2006 and $26 billion in 2010, and it
projects $70 billion in 2025.
With a very high TRL/MRL, the statistics are showing how robots can help all forms
of manufacturing and industrial output. Thus, the logical argument is that if the robots
have made such a tremendous impact on the commercial world, they could also make
one on the military world. Many industrial operations in the nuclear sector are specialized due to the high security and technical requirements, but as robots become more
commonplace, they also become more affordable. Understandably, fissile material will
never be left into the control of an automated robot without human oversight, but the
CSIS PROJECT ON NUCLEAR ISSUES

| 85

challenges of sustaining a weapon system over several decades span more than just that.
Maintenance costs are typically 50 to 60 percent of life-cycle costs, and the auto industry
has proven the positive impact that robots can have.
Even though the economics and readiness level are favorable for industrial robots,
the domestic perception may still be negative due to the loss of jobs. The traditional
argument is that workers must simply adapt to a new type of work; that is, to learn how
to operate the robot to do the work rather than to do the work themselves. Unfortunately,
this argument ignores the fact that the conversion is hardly even. A robot may create
one job for an operator, but it would eliminate several for workers on the manufacturing
floor. If a worker’s union decided to protest the installation of an industrial robot, that
company would be stumped with no economically viable way to proceed. Consequently,
a generic assessment of the economics of integrating robots at a production plant cannot
be made because of the difference in cultures and operations from plant to plant. But
given the level of contractor reliance that the federal government has on production and
manufacturing, that assessment can be left up to the plant managers. These managers
are a part of a commercial industry and are more swayed by economics and less by poliics. If the economics for the implementation of manufacturing robots is favorable, the
international reaction will be similar to that of energy production, where an advance in
civil applications only indirectly benefits the military. In the case of energy production,
the benefit to the military was greater cost-efficiency; for industrial robots, the military
obtains a better-quality product and greater cost-efficiency. This indirect military application will not be as highlighted as the prospect for a global, civil benefit from furthering
the use of robotics; therefore, foreign support will likely be high.

Robotics: Other Applications
The potential applications for robotics are as widespread as can be imagined. Research
is currently under way on insect-type flying robots that could one day serve as IS&R
platforms.57 Self-reconfiguring modular robots can be deployed in harsh, unknown terrains that humans cannot enter, and hardened versions could be deployed after a nuclear
event to take immediate measurements.58 Even shipboard, robots are being looked at
to fight fires, and smaller versions may be useful aboard submarines or bombers.59 The
merits of the impact of advances in robotics technology, however, are difficult to assess.
Reflecting on the arguments concerning unmanned vehicles and industrial robots, the
economic, social, political, and military effects must be studied case by case.
57. Phil Sneiderman, “Unraveling a Butterfly’s Aerial Antics Could Help Builders of Bug-Size
Flying Robots,” Johns Hopkins University, February 2, 2012, http://releases.jhu.edu/2012/02/01/
butterfly-study-could-help-builders-of-bug-size-flying-robots/; Arie Egozi, “Pictures: IAI’s
Unmanned Butterfly Spreads its Wings,” Flightglobal, March 20, 2012, http://www.flightglobal.
com/news/articles/pictures-iais-unmanned-butterfly-spreads-its-wings-369714/.
58. Mark Yim et al., “Modular Self-Reconfigurable Robot Systems,” IEEE Robotics and
Automation Magazine, March 2007.
59. Donna McKinney, “NRL Designs Robot for Shipboard Firefighting,” NRL News
Release, March 7, 2012, http://www.nrl.navy.mil/media/news-releases/2012/nrl-designs-robotfor-shipboard-firefighting.
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Aeronautics: Aircraft Design
As a stealth, flying wing, the B-2 represents a very modern constitution of design innovation, an aspect that is ubiquitous with aviation history. The Wright brothers were
not nearly the first to attempt to build a flying machine, but their ability to finally design
an adequate flight control system is what enabled them to become the first to succeed.
Major innovations are easily recognized for their significance, such as the concepts for
turbojets, swept wings, or composite airframes. Other innovations are not as noticeable,
but many are just as significant, such as wingtips, vortex generators, or cabin filtration
systems. Even failed experimental designs are stepping stones to proven, yet unusual
aircraft, such as the SR-71 or the Rutan Voyager. In general, discussing the impact of
new aircraft is difficult due to the secrecy that must be maintained if they are developed
for military purposes. Still, innovations in the public sector could be transferred to the
military if they are successful. For example, rising fuel costs and pressure from environmental enthusiasts have led to increased research in biofuels by the commercial aircraft
industry.60 Power inefficiencies during taxiing are being tackled by attempting to regain
energy from landing gear.61 The concept of “feathering” demonstrated by SpaceShip
One and the design of cylindrical wingtips represent two of many creative designs that
could see further usage (figures 2 and 3).62 Even biplanes are being reexplored for their
potential to reduce noise and drag in supersonic aircraft.63
Nonetheless, the military mission does differ from the commercial world, and it likely will not convert its aircraft if doing so would mean a loss in capability. But with only
a portion of military aircraft being fighters, the commonality may be greater than expected. Aircraft for cargo, surveillance, or even trainers could take advantage of commercial
innovations. For the nuclear triad, stealth bombers do not require significant maneuvering (depending on enemy detection and defense systems) and may or may not be able to
take advantage as well. Support aircraft, such as the Airborne Launch Control System,
are typically not limited by treaty and could undergo drastic modifications. For example, a reemergence of blimps or “lighter-than-air” platforms (LTAs) as IS&R systems or
communication relay stations seems to be occurring.64 A developed power, like Russia
or China, would have no trouble detecting and targeting an LTA in its airspace, but rogue
nations or terrorist cells would have difficulty shooting down the high-altitude, stealthy
observers. Like solar-powered UAVs, a solar-powered LTA could be a permanent eye in
the sky, but with a much larger communication range due to its physical size and flight
60. Daniel Cooper, “Boeing’s SUGAR Freeze Is a Cool Way to Power a Plane,” Engadget,
March 21, 2012, http://www.engadget.com/2012/03/21/boeing-sugar-freeze-propulsion-concept.
61. Paul Stewart, “Aircraft of the Future Could Capture and Re-Use Some of Their Own
Power,” Engineering and Physical Sciences Research Council, February 23, 2012, http://www.
epsrc.ac.uk/newsevents/news/2012/Pages/aircraft.aspx.
62. http://www.minix.fr/
63. Rebecca Boyle, “The Supersonic Jet of the Future Will Be a Biplane,” PopSci, March
19, 2012, http://www.popsci.com/technology/article/2012-03/future-supersonic-jets-will-bebiplanes-cut-noise-and-drag.
64. David Axe, “Army Readies Its Mammoth Spy Blimp for First Flight,” Wired, May 22,
2012, http://www.wired.com/dangerroom/2012/05/massive-spy-blimp/.
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Figure 2. SpaceShip One Used a Unique
Aerodynamic Concept Called “Feathering”

profile. When combined, UAVs and
LTAs could create a vast network of
high- and low-flying vehicles to communicate with the nuclear carrier vehicles.

Because the military mission has a
much heavier focus on capability, the
benefits of incorporating commercial
innovation would likely be financial
more than anything else. The state of
the national economy fluctuates, but
since the Department of Defense has,
by far, the largest budget of any federal
department, the general public would
support such innovations. The same
might not be said for capability-driven innovations, however. Just as the
American public is politically polarized, the need for new weapons techSource: Courtesy of Scaled Composites, LLC.
nology is debated between the sides,
particularly if it
is costly. InterFigure 3. A Cylindrically Shaped Wingtip Is a Novel Idea for
nationally,
the
Reducing Trailing Vortices
debate on capability-driven innovations would
be the same, except that the two
sides then would
be ally or enemy.
For financially
driven innovations, any obSource: Courtesy of Minix.
jections would
wane as the commercially-produced technology would be available to anyone for the right price.

Aeronautics: Hypersonics
Many consider the next great milestone of aviation to be a feasible means of air-breathing hypersonic flight—that is, to produce a fuel and air combustion engine and its carrier
vehicle that can travel at speeds greater than about Mach 3–5 (a formal definition does
not exist, but this is generally the area considered to be the transition from supersonic to
hypersonic). Hypersonic research is typically only possible through a few means. Space
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vehicles reentering the Earth’s atmosphere can reach speeds up to Mach 50, but, of
course, require an expensive launch. Wind tunnels at NASA use a vacuum to draw large
amounts of air through a very small cross-section available for testing. Chemical propulsion with rockets is reliable, but has a short duration and can be costly. These hurdles
have hindered research; yet the lessons learned through limited experiments and small
gains, coupled with theoretical M&S, have led to successes in vehicles like the X-43 and
its scramjet engine. After having been anticipated for years, the X-43 finally had its first
successful flight in 2004.65
A high-speed engine clearly has applicability to long-range bomber aircraft. Of all
proposed hypersonic engine designs, scramjets have the greatest readiness, but still must
overcome several issues before being seriously considered for use. For one, high-speed
vehicles are typically required to be extremely lightweight, and this may conflict with
the mission of the bombers to deliver high-yield weapons and a crew of at least two.
Also, aerodynamic drag and the heat it induces at hypersonic speeds drives the geometric shape of the vehicle, which may conflict with the shape requirements for stealth. At
first glance, the shape requirements seem similar (sleek, smooth surfaces), but subtleties
may arise during the design process, and the need for stealth outweighs the need for
hypersonics.
Currently, most hypersonic research is for military purposes, but the spin-off into
the commercial market is direct. For this, the general public has thus far supported the
development of hypersonic technologies. This opinion may be swayed as the technologies mature and the economics become more clear. After all, supersonic engines were
developed in the 1940s and still have not found a large-scale role in the commercial air
industry. The Concorde was the most famous supersonic heavy airliner, but its infamous
crash in 2000 led to its entire fleet being permanently grounded. Several designs for
supersonic business jets are beginning to emerge into reality; but nonetheless, these are
still decades behind military technology.
If the United States were to suddenly announce the deployment of a hypersonic vehicle, the foreign response would be overwhelming—not because of the technological
marvel that it would be, but because it would be a dramatic extension of the war-fighting
superiority that the United States maintains. Although the impact of hypersonics is not
as high as nuclear science, the technology could possibly be forced into the same type
of containment via treaty that nuclear weapons have had to endure over the past few
decades.

Aeronautics: Systems Engineering
Aerospace systems are all a conglomeration of various subcomponents, each with a different purpose. The Space Shuttle has often been called the most complex system ever
built by human beings. Both air and space vehicles depend on some form of computing,
material science, energy production, robotics, and a wealth of other types of technology
65. Elvia Thompson, “Faster Than a Speeding Bullet: Guinness Recognizes NASA Scramjet,” U.S. National Aeronautics and Space Administration, June 20, 2005, http://www.nasa.gov/
missions/research/x43-main.html.
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necessary to thrive. Advances made in each of these technologies individually often
overshadow an ability that the United States has refined and performed very well over
time: the ability to perform systems engineering so that all these technologies function
when integrated together. The science of systems engineering is not easily described, and
thus it is difficult to teach in a classroom setting. Expertise is typically gained through
experience. Individualism is a keystone of American culture and, because of this, anyone
who wants the experience can get it. Even George Washington was famous for allowing his young soldiers to take positions of high responsibility, a military tradition that
carries on today. This type of culture is not apparent in many other nations, and experience cannot be stolen via espionage. Even today, as nations are suspected of stealing or
illegally sharing information on long-range missiles, nuclear reactors, or stealth fighters,
the transfer does not register an immediate capability gain because of the experience
required to operate these highly complex systems of systems. Russia’s recent failure of
its Phobos-Grunt mission shows that, even with decades of experience in space, combining the sophisticated technology is still extremely difficult. Financial benefits of good
systems engineering are mostly seen through reduced operating costs. Reliability is a
fundamental aspect of systems engineering and is often achieved through a risk analysis.
Identifying and fixing the areas that are most likely to fail reduce the need for expensive
maintenance. The public may not realize that they support good systems engineering,
and other nations may not know how to react to a skill learned through experience, but
the benefits are far-reaching.

Summary and Conclusions
In all, this paper has reviewed 15 different types of technology for their impact on the
economy and politics if they were integrated into the nuclear triad. Again, the scope of
this study is not to provide a deep look into each technology, but rather to give a broad
assessment and determine which types deserve closer inspection. From the preceding
evaluations, metrics can be applied to each of the evaluating criteria, but an important
fact to remember is that not all parameters should be treated equally. For instance, often
the military need is a greater concern than foreign perception. For this, a weighting scale
was developed based on the importance of each parameter. This scale is subjective, per
the author’s opinion, and is not scientifically based. Creating the scale in this manner
was intentional because fluctuating national priorities prohibit a static scale. The scoring
metric and weight scale for each parameter is as follows in table 1. When this scale is
applied to the technologies reviewed, the scores given in table 2 are obtained:
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Table 1. Technology Scoring Metric

Score

Military
Effect

Economic
Impact

TRL/MRL

Domestic
Perception

Foreign
Perception

–2

Negative

Low

Expensive with
low payback

Very
unsupportive

Very
unsupportive

–1

None

Lowmedium

Expensive with
some payback

Unsupportive

Unsupportive

0

Low

Medium

Mixed or
unknown

Negligible or
mixed

Negligible or
mixed

1

Medium

Mediumhigh

Commercially
supported

Supportive

Supportive

2

High

High

Commercially
led

Very supportive

Very
supportive

Weight

40%

20%

25%

10%

5%

Table 2. Technology Scoring Results

Characteristic
Weight

Military
Applications
40

TRL/
MRL
20

2

1

Information technology
Computing and
Telecommunications
Cyberwarfare

2

Sensors and imaging

2
1

Economic
Impact
25

Domestic
Percent
10

Foreign
Percent
5

Flat
Total

Weighted
Total

2

2

1

8

1.75

0

2

-1

-1

2

1.15

1

1

1

0

5

1.35

0

2

2

2

7

1.2

2

2

2

0

0

6

1.7

1

-2

-2

0

-2

-5

-0.6

1

1

2

2

1

7

1.35

0

0

2

2

2

6

0.8

0

0

1

2

2

5

0.55

2

1

2

-1

-1

3

1.35

0

2

1

0

1

4

0.7

1

-1

0

0

0

0

0.2

Material science
Advanced materials
Additive
manufacturing
Cloaking
Energy
Solar Power
Conservation and
independence
Alternatives
Robotics
Unmanned vehicles
Industrial robots
Other robotic
applications
Aeronautics
Aircraft design

1

1

1

1

1

5

1

Hypersonics

1

0

0

1

-2

0

0.4

Systems engineering

2

2

2

0

0

6

1.7
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A few immediate observations stand out when studying the scores applied. First, the
military would not apply a technology that is detrimental to it, so no advances scored
negative in that category. Second, any actions of the government that would cause an
outcry from the U.S. population would be kept secret, and are, therefore, unknown to
the author. For this, no technology received a score of –2 for its domestic reaction. And
third, the information technology–related advances received the highest scores, which is
not surprising considering their well-recognized potential. Rather than translating a high
score as a technology that should be immediately invested in or applied to the nuclear
triad, a high score indicates a technology that should be studied more thoroughly in an
analysis similar to this one, but in far more depth. Because the weighting scale was subjective, table 3 shows the order of scores with and without the weights applied.
Table 3. Technologies Ranked by Scores
Flat Ranking

Weighted Ranking

Computing and
telecommunications

8

Computing and
telecommunications

Advanced materials

7

Additive manufacturing

1.7

Solar power

7

Systems engineering

1.7

Additive manufacturing

6

Sensors and imaging

1.35

Energy conservation and
independence

6

Solar power

1.35

Systems engineering

6

Unmanned vehicles

1.35

Sensors and imaging

5

Advanced materials

1.2

Other forms of alternative energy

5

Cyberwarfare

Aircraft design

5

Aircraft design

Industrial robots

4

Energy conservation and
independence

0.8

Unmanned vehicles

3

Industrial robots

0.7

Cyberwarfare

2

Other forms of alternative energy

Other robotic applications

0

Hypersonics

0.4

Hypersonics

0

Other robotic applications

0.2

Cloaking

–5

Cloaking

1.75

1.15
1

0.55

–0.6

Intuitively, both lists show computing and telecommunications at the top, with areas
like advanced materials, solar power, additive manufacturing, and systems engineering
not far behind. Counterintuitively, cloaking, other robotics applications, and hypersonics are near the bottom. A science fiction enthusiast would argue that these technologies
would revolutionize the battlefield, and they would be correct. Unfortunately, their low
readiness implies a high cost for development, particularly without a clear commercial
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spin-off. The low overall score implies that the technology is several years away from
serious conversation about its feasible applicability to the nuclear triad.
Finally, the author acknowledges that all scores given are subjective and arguable.
For the more generic types reviewed, readiness was assessed by the availability of its
next generation above the current state of the art. Domestic and foreign perceptions are
based on people and, therefore, change in time. Economics also change as some technologies enable others. The most critical aspect—the applicability to the military—cannot even be discussed in an openly available medium. In a fiscally tight environment,
however, research agencies compete more than ever, and government officials could
plausibly be overwhelmed by the large amount of technical jargon used in proposals
and exploited by lobbyists. Hopefully, this study provides a comprehensible manner in
which different types of technologies can be compared and leads to better decisionmaking for modernizing the U.S. nuclear triad.
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Preventing Nuclear Terrorism

Destigmatizing Nuclear Security and Promoting Regional
Engagement
Matthew Cottee1

The paper assesses the state of the nuclear security regime in Southeast Asia.
The region is important for a number of reasons, most notably its variety of constituent states and their nuclear ambitions. Indonesia and Malaysia are considering civil nuclear programs; Vietnam is in the early stages of developing such a
program; and Myanmar has been accused of clandestine nuclear ambitions. But
given numerous other pressing security concerns, nuclear terrorism is not currently a priority for regional actors. Moreover, the concept of nuclear security has
been stigmatized as a tool that developed states have attempted to impose globally
in spite of vastly divergent capabilities and perceptions of the threat of nuclear
terrorism. Regional interest in nuclear security is therefore limited. However, the
nuclear security regime must be truly international to be effective in preventing
an act of nuclear terrorism. Drawing on empirical evidence gathered in Southeast
Asia, this paper explores the extent to which the universality of nuclear security
can be enhanced, and how future iterations of the regime may be strengthened
with “buy-in” from regional actors.
The threat of nuclear terrorism has developed a new resonance in the post-9/11 security
environment. It was named as the number one threat to world security by the former director-general of the International Atomic Energy Agency (IAEA), Mohammed ElBaradei, in 2008.2 President Obama echoed this warning when he stated that the possibility
of nonstate actors obtaining fissile or radiological material was the “most immediate
1. Matthew Cottee is a Ph.D. candidate in the Department of War Studies at King’s College
London. His doctoral research explores the evolution of the “nuclear security” regime and
changing perceptions of the threat posed by nuclear terrorism. The research in Southeast Asia
was conducted as part of a project funded by the Carnegie Corporation of New York. The author
would like to thank John Warden and Stephanie Spies as well as the CSIS Project on Nuclear
Issues team for their hard work and logistical support throughout the 2012 Nuclear Scholars
Initiative.
2. Paul-Anton Krüger, “Interview with IAEA Director General Mohamed ElBaradei
(translated from German),” September 2008, http://www.iaea.org/NewsCenter/Transcripts/2008/
sz250908.html.
94 |

and extreme threat to global security” the following year.3 Responses to this threat have
consequently produced what is referred to as the “nuclear security regime”—a broad
and overarching web of policies, conventions, and initiatives that include binding and
nonbinding instruments, as well as bilateral and multilateral agreements, aimed at curbing terrorist access to vulnerable fissile materials. But this architecture is fragmented,
overlapping, and complex. Moreover, though the threat is deemed to be transnational
or international in nature, “the global nuclear security regime is fundamentally weak
because implementation lies with individual states.”4 To ensure effective prevention of a
nuclear terrorist event, an international response is required.
President Obama has been central in emphasizing the threat posed by nuclear terrorism. In April 2010, he convened a summit to highlight the far-reaching implications of
nonstate actors obtaining vulnerable fissile material. The first Nuclear Security Summit
represented the largest number of state leaders gathered by a U.S. president since the end
of World War II. It was billed as “an unprecedented meeting in response to an unprecedented threat.”5 But this assessment of the threat is not universally shared, as demonstrated by the indifferent responses by individual states, including several in Southeast
Asia. In order to strengthen the concept and encourage the broader development of a
nuclear security norm, it is important to encourage buy-in from those countries that feel
less threatened by the specter of nuclear terrorism than the United States, and therefore
less inclined to engage with global efforts to prevent it. By focusing on Southeast Asia as
a test case, it is hoped the experiences and challenges presented in the region can inform
future nuclear security policy more broadly.
Numerous countries in unstable regions of the world, particularly the Middle East
and Southeast Asia, are embarking on civilian nuclear power programs. They perceive
no real threat of terrorism, especially one involving nuclear materials. Although an attack anywhere in the world is likely to produce global ramifications, indiscriminately
affecting all, this possibility still lacks the impetus to convince a number of states to
commit to the nuclear security regime; the issue is often viewed as a problem exclusively
for states possessing nuclear weapons or civilian nuclear infrastructures. Moreover, divergent threat perceptions represent only one of the obstacles to be overcome. There is
no overarching body to ensure compliance, nor is there any verification procedure for
existing policies or conventions. Expanding the role of the IAEA is one option for providing the nuclear regime with greater power, but its resources are already stretched and
many states lack the appetite to commit to more regulation in the field of nuclear materials and technology. Finally, there is a stigma attached to nuclear security. It is viewed by
some members of the Non-Aligned Movement as a pretext for preventing states from
3. Embassy of the United States, Prague, “Remarks of President Barack Obama,” April 5,
2009, http://prague.usembassy.gov/obama.html.
4. Jack Boureston and Tanya Ogilvie-White, Seeking Nuclear Security Through Greater
International Coordination,” CFR IIGG Working Paper, March 2010, http://i.cfr.org/content/
publications/attachments/IIGG_WorkingPaper_1_NuclearSecurity.pdf.
5. U.S. Department of State, “Key Facts about the Nuclear Security Summit,” April 13
2010, http://www.whitehouse.gov/the-press-office/key-facts-about-nuclear-security-summit.
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freely accessing nuclear technology or materials for peaceful purposes, in spite of their
rights under Article IV of the Nuclear Non-Proliferation Treaty (NPT).
This paper seeks to examine how Southeast Asian states perceive the nuclear security agenda and how it may be advanced. The potential options for enhancing nuclear
security at both the national and regional levels are initially encouraging. Channeling
efforts via established regional institutions, notably the Association of Southeast Asian
Nations (ASEAN), could enhance the nuclear security regime. Furthermore, the precedent set by the 1995 Bangkok Treaty on the Southeast Asia Nuclear Weapon-Free Zone
(SEANWFZ) has demonstrated that norm-setting agreements in the nuclear field can be
achieved regionally. From a Western perspective, however, Southeast Asia faces a number of challenges, namely, previous associations with A. Q. Khan’s illicit proliferation
network, weak border controls, and an active conventional terrorist threat in the form
of Jemaah Islamiah. The influence of regional mechanisms as well as multilateral and
bilateral relationships are therefore explored to assess the best way to strengthen nuclear
security in the region.

The “Nuclear Security Regime”
Although fears of nuclear terrorism have been heightened in recent times, the threat
is not new. Early thinking on clandestine nuclear attacks dates back decades and has
become increasingly prominent as the growth of commercial nuclear power generation
has been paralleled by a rise in incidences of international terrorism. Efforts to prevent
nonstate actors from acquiring nuclear material or attacking nuclear facilities became
a mounting concern. Over time, policies have been created to strengthen the control of
nuclear materials, beginning in 1975 with the IAEA’s publication of Information Circular 225 (INFCIRC/225).6 This document, now in its fifth edition, contains guidelines for
the physical protection of nuclear material and forms the basis for what is now understood as the “nuclear security regime”—a system of instruments and initiatives aimed at
limiting the potential for a nuclear terrorism incident. As the threat of nuclear terrorism
has grown, responses have evolved, culminating in Obama’s Nuclear Security Summit
process.
But approaches and strategies vary in scope, membership, and required level of
commitment. The Convention on the Physical Protection of Nuclear Material (CPPNM),
for example, which was negotiated at the IAEA in Vienna and opened for signature
in 1980, is an important instrument with broad membership that underlies the nuclear
security architecture because of the legal requirements it places upon states to protect
nuclear material in transit. This was amended in 2005 in an effort to broaden its application. The International Convention for the Suppression of Acts of Nuclear Terrorism
(ICSANT) is another formally binding instrument aimed at criminalizing acts of nuclear
terrorism. In terms of legal commitments, all states are obliged to prevent the spread of
weapons of mass destruction to nonstate actors under UN Security Council Resolution
6. International Atomic Energy Agency, The Physical Protection of Nuclear Material (Vienna: International Atomic Energy Agency, 1975).
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1540. However, the Group of Eight’s Global Partnership Against the Spread of Weapons
and Materials of Mass Destruction, initiated in 2002, and the Global Initiative to Combat
Nuclear Terrorism, announced in 2006, are just two of the many informal, nonbinding
initiatives that also form the nuclear security architecture. These instruments are more
focused in their aims, and state participation is voluntary.
Concern about the contemporary threat has increased since the events of 9/11 and
the realization that catastrophic attacks on American soil are feasible. Reports suggesting terrorist groups—notably al Qaeda—had sought to acquire nuclear materials and
technical expertise further enhanced the fear of a surprise nuclear attack.7 This explains
the urgency with which newer policies have been created—minimizing lengthy negotiation and countering specific threats such as destroying weapons of mass destruction or
securing radioactive sources in the former Soviet Union, as was the case with the Global
Partnership. The evolving nature of responses explains, in part, the appearance of the
current policy landscape. In the wake of the events of 9/11, the threat is now seen to be
more explicit, so responses cannot afford the luxury of mass consensus and protracted
discussion. As a result of its ad hoc development, the nuclear security regime forms an
incomplete picture.
When compared with more established nonproliferation efforts, the nuclear security
regime has neither a legally binding accord such as the NPT nor an overarching verification mechanism in the style of the international safeguards regime. The strength of the
NPT is often debated, but it provides nonproliferation efforts a sense of cogency and
legitimacy that nuclear security lacks. The IAEA is responsible for validating states’
declarations about quantities of nuclear material and activities, whereas nuclear security
instruments cannot undermine state sovereignty for risk of disengagement. This balance
leaves “detailed implementation up to each state party. International verification of compliance and penalties for noncompliance are unknown.”8 Notwithstanding the voluntary
nature of nuclear security standards, “there are no reporting or peer review requirements
comparable [to those in the field of nuclear safety], nor is there effective peer review of
domestic physical protection systems.”9

Nuclear Ambitions in Southeast Asia
Having highlighted the weaknesses, the spread of nuclear materials and technology
to parts of the world deemed relatively unstable or lacking the necessary institutional
wherewithal is a significant concern. Given its variety of constituent states and their
nuclear aspirations, Southeast Asia is an important region, and its commitment to nuclear security efforts is important. Indonesia and Malaysia are considering civil nuclear
7. Rolf Mowatt-Larssen, “Al Qaeda’s Pursuit of Weapons of Mass Destruction,” Foreign
Policy, http://www.foreignpolicy.com/articles/2010/01/25/al_qaedas_pursuit_of_weapons_of_
mass_destruction?hidecomments=yes.
8. Trevor Findlay, “The Future of Nuclear Energy to 2030 and Its Implications for Safety,
Security and Nonproliferation,” Final Report of the Nuclear Energy Futures Project, February
2010, 33.
9. Ibid., 29.
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programs, Vietnam is in the early stages of developing such a program, and Myanmar
has been accused of clandestine nuclear ambitions. To be sure, the popularity of nuclear
energy has been checked by the events experienced in Fukushima, but a number of
Southeast Asian states remain committed to nuclear power in the longer term.
In Malaysia, nuclear power has often been mentioned as an important component
of its energy mix. A final decision on introducing nuclear power was expected in 2013,
although it is likely to be delayed to allow for a detailed assessment of events at Fukushima by the Malaysian Nuclear Agency.10 Indonesia also has had an interest in nuclear
power for some time, with a first reactor scheduled for 2010 as part of its Long-Term National Development Plan. Although the reactor is nonexistent and President Susilo Bambang Yudhoyono has publicly questioned the role of nuclear power in the wake of the
Fukushima disaster, the official development plan still stands, albeit behind schedule.11
A final decision is not thought to be likely before presidential elections in 2014 given
the negative public opinion against nuclear energy.12 Although Vietnam is in the early
stages of developing a nuclear program, it is the most technically advanced state in the
region and plans to have a nuclear power plant online by 2020. A total of 10 reactors are
planned by 2030.13 The regional reaction to Vietnam’s progress will likely be an important factor in other states’ decisions whether to pursue the development of nuclear power.

Threats and Challenges
The nuclear developments in Southeast Asia, whether aspirational or real, generate anxiety. From a Western perspective, the region faces three key challenges and these drive
the nuclear security agenda. First, as Trevor Findlay warns, “the acquisition of reactors by states with a poor security track record and non-existent security culture would
represent a significant challenge to the global nuclear security regime that it is currently
ill-prepared to meet.”14 Malaysia was a key part of A. Q. Khan’s nuclear black market,
acting as a transhipment hub and manufacturing base for nuclear components. But historical associations with the illicit proliferation network are just one element.15 The contemporary weaknesses of Malaysia’s security architecture were also highlighted when,
10. James Martin Center for Nonproliferation Studies (CNS, Monterey, Calif.), the Center for
Energy and Security Studies (CENESS, Moscow), and Vienna Center for Disarmament and NonProliferation (VCDNP, Vienna), “Prospects for Nuclear Security Partnership in Southeast Asia,”
May 2012, 6, http://cns.miis.edu/opapers/pdfs/120515_seasia_nuclear_security_partnership.pdf.
11. Agence France-Presse, “Indonesia Leader in Japan Sceptical of Nuclear Power,” June
17, 2011, http://www.google.com/hostednews/afp/article/ALeqM5hXYRC0P5uvVLaBDPFJTm
V9RC49Fw?docId=CNG.9357e94c5e1b5b9c66704795b6233e28.771.
12. Ibid., 5.
13. Doan Phac Le, “Vietnam’s Nuclear Power Development Plan: Challenges and Preparation Work for the First Nuclear Power Projects,” paper presented at INPRO Dialogue Forum
on Nuclear Energy Innovations: Common User Considerations for Small and Medium-Sized
Nuclear Power Reactors, Vienna, October 10–14, 2011, http://www.iaea.org/INPRO/3rd_Dialogue_Forum/20.LeDoanPhac-Vietnam.pdf.
14. Findlay, “Future of Nuclear Energy,” 31.
15. William Broad, David Sanger, and Raymond Bonner, “A Tale of Nuclear Proliferation:
How Pakistani Built His Network,” New York Times, February 12, 2004, http://www.nytimes.
98 |

NUCLEAR SCHOLARS INITIATIVE

following the seizure of dual-use material en route from China to the Middle East at a
Malaysian port, Malaysia’s home minister, Hishammuddin Hussein, admitted that the
country was still “likely being used as a transit point . . . for WMD [weapons of mass
destruction]” in 2011.16 Weak export controls are therefore a significant worry. Regional
commentators suggested that trade regulations are in fact often driven more by economic
considerations than security.17
Second, the region suffers from a terrorist threat in the form of Jemaah Islamiah. The
potential for the most active terrorist organization in the region to steal nuclear material or sabotage nuclear facilities is believed to heighten the perceived sense of threat
in Southeast Asia. There are worrying suggestions linking Southeast Asian nationals to
al Qaeda’s ambitions of obtaining WMD capability in 2004.18 However, interviewees in
the region were all quick to suggest that the threat posed by Jemaah Islamiah was vastly
overplayed; any links between the terrorist organization and an act of nuclear terrorism
had certainly never been made, they stressed.
Finally, Findlay suggests, “None of this engenders confidence in the ability of aspirant nuclear energy states to manage the security of nuclear facilities that they may
acquire, especially since other deficits in physical and institutional infrastructure and
governance, including corruption and mismanagement . . . have implications for establishing effective nuclear security regimes.”19 The lack of procedural experience for overseeing, protecting, or accounting for nuclear material is a significant practical concern.
This was reinforced by one expert from the region who stated, “Nuclear is new. We don’t
have lawyers, administrators, people who understand the nitty-gritty of agreements.”20
The challenges of nuclear power highlight common issues justifying the importance
of nuclear security: insufficient human capacity; the absence of interagency coordination; and poor understanding of concepts such as “nuclear security culture” or “dualuse” goods.21 The fears of more developed states are best summarized by Sidney Drell,
George Shultz, and Steven Andreasen, who caution: “States new to the nuclear enterprise may not have effective safeguards to secure nuclear . . . materials or the capability
to safely manage and regulate civil reactors.”22

com/2004/02/12/world/a-tale-of-nuclear-proliferation-how-pakistani-built-his-network.
html?pagewanted=all&src=pm.
16. “Malaysia ‘May Be WMD Transit Point,’” March 22, 2011, http://www.bbc.co.uk/
news/world-asia-pacific-12815075.
17. Project researcher’s interview with a Malaysian specialist, December 2011.
18. Global Security Newswire, “U.S. Action Halted Al-Qaeda WMD Effort in Afghanistan,
Officials Say,” Nuclear Threat Initiative, January 27, 2004, http://www.nti.org/gsn/article/usaction-halted-al-qaeda-wmd-effort-in-afghanistan-officials-say/.
19. Findlay, “Future of Nuclear Energy,” 31.
20. Project researcher’s interview with a Malaysian specialist, December 2011.
21. See CNS, CENESS, and VCDNP, “Prospects for Nuclear Security Partnership”; and
Doan Phac Le, “Vietnam’s Nuclear Power Development Plan.”
22. Sidney Drell, George Shultz, and Steven Andreasen, “A Safer Nuclear Enterprise,”
Science 336 (June 8, 2012): 1236.
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Regional Engagement
Given the situation outlined here, to what extent has the nuclear security regime been
adopted by key states in Southeast Asia? Indonesia has signed and ratified the CPPNM
and its 2005 Amendment. Officials have stated that the country is committed to ratifying the International Convention on the Suppression of Acts of Nuclear Terrorism at
the most recent summit in Seoul. It has not yet signed up to any voluntary instruments,
generally viewing agreements outside the United Nations as discriminatory. Malaysia,
meanwhile, has signed the ICSANT but does not yet have the CPPNM or any other international nuclear security-related legislation in place. Perhaps most worrying, given its
advanced progress on development of a civil nuclear power program, Vietnam has only
signed up to the Global Initiative to Combat Nuclear Terrorism.23 While representatives
of both the Malaysian and Vietnamese governments claimed that the Amended CPPNM
would be ratified soon, the list of actual commitments portrays the limited engagement
in Southeast Asia. More broadly, the Nuclear Materials Security Index, produced this
year by the Nuclear Threat Initiative and the Economist Intelligence Unit, viewed corruption as pervasive in Southeast Asia and rated Vietnam—the most developed nuclear
state in the region—poorly across a number of indicators used to judge the security of
nuclear materials and facilities in the country.24

Divergent Threat Perceptions and Ideological Differences
As the limited commitment to nuclear security demonstrates, combating nuclear terrorism is not currently a priority for states in Southeast Asia. But why is this the case?
Western perspectives of the threat are not universally shared, causing states to view the
regime differently. Nuclear security is seen to be an exclusive concern of developed
states that possess nuclear materials and facilities, many of which have already experienced terrorist attacks. These divergent perceptions of the threat of nuclear terrorism
not only undermine any hope for a truly global nuclear security regime but also have
the potential to entrench ideological differences associated with the wider nonproliferation regime. Experts in Southeast Asia were quick to note that issues other than nuclear
terrorism, such as health care and economics, dominate domestic political agendas. A
nuclear weapon has not yet been stolen or constructed by a terrorist organization as far as
we know, let alone detonated. The threat of nuclear terrorism is therefore abstract. One
Malaysian scholar, Shahriman Lockman, suggests that “developed countries should stop
describing in alarmist terms the security risks associated with nuclear energy programs.
Nothing more surely undermines the case for serious approaches to non-proliferation

23. Seoul Nuclear Security Summit Preparatory Secretariat, “Highlights of Achievements
and Commitments by Participating States as stated in National Progress Reports and National
Statements,” http://www.thenuclearsecuritysummit.org/userfiles/Highlights%20of%20the%20
Seoul%20Nuclear%20Security%20Summit(120403).pdf.
24. Nuclear Threat Initiative, “Nuclear Materials Security Index: Vietnam,” http://www.
ntiindex.org/countries/vietnam/.
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and nuclear security than exaggeration of threats.”25 Similarly, the 2010 Nuclear Security
Summit “did not forge a genuinely common assessment” of the threat posed by nuclear
terrorism.26 In addition, officials in the region commonly lack “a genuine appreciation
of why proliferation needs to be prevented. In some developing countries, the risk of
proliferation is regarded as the developed world’s peculiar obsession rather than as a real
threat to the nation’s own security.”27
Related to this division between developing and developed states, the ideological
lines along which disarmament negotiations experience friction also present themselves
in the nuclear security realm. This was highlighted most strikingly when former British
prime minister Gordon Brown mooted the idea of nuclear security becoming “an integral
part of the global nuclear framework—a new, fourth ‘pillar’ of the NPT regime.”28 The
concept quickly proved to be politically controversial and stopped being used starting
in late 2009 because nuclear security was seen as a responsibility by some states but not
others.29 As Deepti Choubey has highlighted, “Many states, particularly those for whom
nuclear terrorism is not a top priority, may object to attempts at creating equivalence between this fourth pillar and the other three.”30 The suggestion of an additional pillar was
seen as unfair by many nuclear aspirants, who felt cheated by developed states placing
more conditions on the peaceful use of nuclear energy in spite of limited disarmament
efforts themselves. The nuclear security regime is seen as an unfair set of “restrictions
to hinder progress.”31 The nuclear security regime and its constituent initiatives have
therefore been viewed with a certain degree of suspicion as “barriers to economic development at best, and, at worst, as part of a deliberate strategy on the part of the most
developed states to maintain the status quo.”32
In addition to a lack of urgency because of the nature of the threat, legislation fatigue
also contributes to the slow take up of initiatives. Indonesian officials, for example, expended great effort in 2011 to push through domestic legislation allowing the country
to accede to the Comprehensive Nuclear Test Ban Treaty.33 Having done so, the notion
25. Shahriman Lockman, “Nuclear Option: Developing World Weighs Energy Needs
and Security Risks,” Bulletin of the Atomic Scientists, http://www.thebulletin.org/web-edition/
roundtables/nuclear-option-the-developing-world-weighs-energy-needs-and-security-risks.
26. William Tobey, “Planning for Success at the 2012 Seoul Nuclear Security Summit,”
Policy Analysis Brief, Stanley Foundation, June 2011, 2–6, http://www.stanleyfoundation.org/
resources.cfm?id=459.
27. Lockman, “Nuclear Option.”
28. U.K. Cabinet Office, The Road to 2010: Addressing the Nuclear Question in the TwentyFirst Century (London: Her Majesty’s Stationery Office, 2009), 12.
29. This is evidenced by the addition of the control of radiological sources to the
Communiqué of the 2010 Nuclear Security Summit, because radiological terrorism represents a
threat to all countries and not those merely containing fissile material.
30. Deepti Choubey, Restoring the NPT: Essential Steps for 2010 (Washington, D.C.:
Carnegie Endowment for International Peace, 2009), 40.
31. Project researcher’s interview with a Malaysian specialist, December 2011
32. Tanya Ogilvie-White, “Non-Proliferation and Counter-Terrorism Cooperation in
Southeast Asia,” Contemporary Southeast Asia 28, no. 1 (April 2006): 10.
33. CTBTO, “CTBT Brought Closer to Entry into Force by Indonesia’s Ratification,”
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of suggesting additional nuclear-related commitments to parliament in quick succession
were deemed unfavorable and less important. In addition, the nature of the legislation
itself is important since “officials from Indonesia, Malaysia and Vietnam have openly
expressed reservations [with United States–led initiatives], arguing that they do not wish
to be associated with the U.S. ‘war on terror,’ which is widely regarded among their
populations as anti-Muslim, unilateral, pre-emptive, and disproportionately military.”34
These domestic perspectives have combined to create a stigma—a feeling that nuclear
security is being employed by the developed states to hamper nuclear aspirants. This
view is not helped by what could be seen as hypocrisy, the United States having been
slow to ratify and implement the amended CPPNM and the ICSANT, despite being referred to as “essential elements of the global nuclear security architecture” by the 2010
summit communiqué.35 Relations are further undermined by nuclear weapons states refusing to sign the protocol of the SEANWFZ.36

Potential Next Steps
The lack of a common perception of the threat of nuclear terrorism and the politics of
nuclear governance make the vision of universal adherence to the various nuclear security instruments difficult to conceive. Although the sharing of intelligence assessments
on the threat has been suggested in an attempt to demonstrate the risk posed globally,
national sensitivities preclude this from being practical. As Tanya Ogilvie-White observes, “The rationale for the introduction of an inclusive and comprehensive security
apparatus is that global frameworks are only ever as good as their weakest link.”37 Given
this premise that states outside the nuclear security regime provide a loophole for terrorist or criminal organizations to exploit, how can buy-in by all be encouraged despite the
differing perspectives on threat and response highlighted above? This paper proposes a
shift in how the nuclear security regime is portrayed in order to avoid being stigmatized
and undermine claims of discrimination.
Although a key part of the “grand bargain” of the NPT, unrestricted access to the
peaceful applications of nuclear energy is not free of caveats. Conditions of nuclear supply exist and shift with changing situations and events. Notwithstanding the different
views examined in the previous section, the provision of nuclear security is not a bargaining tool or barrier to entry but a responsibility for all states. For this to be realized,
a change of mentality is required. Although established nuclear states have been able to
adapt and develop measures to ensure domestic nuclear security over time, the possibility of nuclear terrorism is now greater, demanding that aspirant users of nuclear power
entry-into-force-by-indonesias-ratification/?textonly=1.
34. Ogilvie-White, “Non-Proliferation,” 12.
35. White House, “Communiqué of the Washington Nuclear Security Summit,” April 13,
2010,
http://www.whitehouse.gov/the-press-office/communiqu-washington-nuclear-securitysummit.
36. Supalak Ganjanakhundee, “Nuclear States Shun ASEAN Treaty,” Jakarta Post, July
9, 2012, http://www.thejakartapost.com/news/2012/07/09/nuclear-states-shun-asean-treaty.html.
37. Ogilvie-White, “Non-Proliferation,” 3.
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start the implementation process before developing nuclear infrastructures. The collapse
of the Soviet Union and the legacy threats left behind (e.g., poorly guarded nuclear facilities and fears of “loose nukes”) have influenced the contemporary focus on preemption and prevention. As a result, the two previous Nuclear Security Summits have called
on states to sign up to key policy instruments and initiatives in an effort to cultivate and
advance a nuclear security norm, encouraging states to abide by a set of rules despite
the lack of legal commitment or verification mechanism. However, the ratification of a
convention does not necessarily equate to widespread implementation where it matters.
A greater number of signatories may enhance the norm, but this does not necessarily
equate to a tangible reduction in risk at the facility level. An Indonesian interviewee
suggested the more developed states view the nuclear security regime as a series of ratifications.38 While the development of norms is certainly worthwhile, it ignores the differing perspectives toward nuclear security. Greater attention should therefore be given
to actually reducing the risk of nuclear terrorism through the effective implementation of
nuclear security efforts. The paper now evaluates some potential ways of achieving this.
The first possible way of enhancing nuclear security efforts is via established regional frameworks. A number of multinational institutions already exist in Southeast Asia
and set much of the nonproliferation agenda in the region. These frameworks could be
used to enhance regional governance and generate local interpretations of nuclear security requirements. This approach does not rely on an imposed perception of the threat of
nuclear terrorism to drive action. Instead, regional leaders can discuss ways to improve
nuclear security, providing a greater sense of inclusivity and ownership than being pressured into action by outside forces. As Findlay remarks, regional initiatives “may have
more immediate traction than global ones.”39 An Asian version of the European Atomic
Energy Community was mooted in discussion by a few regional experts as a potential
way to coordinate nuclear efforts in the region, which could eventually ensure regional
standards and provide guidance and oversight, even extending as far as nuclear security.
While cooperation in the region is important, the sensitivity of sharing national information in this field was seen as a major flaw.40 The creation of such an institution would also
take a long time since it would have to be created from nothing.
At a broader level, ASEAN, the dominant existing regional forum, was thought not
to have the institutional capacity to deal with an issue as sensitive as nuclear security.
Designed as a forum for regional discussion, it focuses on geopolitical and economic affairs and has championed the “ASEAN Way,” which seeks to avoid “forcing its diverse
and mutually suspicious members into legally binding standards,” instead preferring
informal consensus building.41 This approach is at odds with the nuclear security regime,
38. Project researcher’s interview with Indonesian specialist, December 2011.
39. Findlay, “Future of Nuclear Energy,” 34.
40. Project researcher’s interview with Vietnamese specialists, December 2011.
41. Rodolfo C. Severino, “The ASEAN Way and the Rule of Law,” address at the
International Law Conference on ASEAN Legal Systems and Regional Integration sponsored
by the Asia-Europe Institute and the Faculty of Law, University of Malaya, Kuala Lumpur,
September 3, 2001, http://www.aseansec.org/2849.htm.
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which states in the region view as a “West-dominated global governance agenda.”42 Although ASEAN would appear to be the ideal forum in which to encourage discussions
of nuclear security, given its long-term confidence and consensus-building capabilities,
talks on hard security topics, such as nuclear security, are too sensitive. Furthermore,
the specific reaction to nuclear terrorism in Southeast Asia is part of a widespread unease with agendas dominated by the more developed states. Other regional frameworks,
such as the Asia-Pacific Economic Cooperation (APEC) forum, also fracture internally
because some states are happy with the imposition of increasingly formalized procedures while others seek guarantees about protection of cultural diversity and political
heterogeneity in response to Western domination of the issues.43 It is therefore difficult to
transpose the Western global governance agenda onto regional institutional frameworks.
The Asian Senior-Level Talks on Proliferation (ASTOP) have proved more successful
by focusing on ad hoc single issues rather than formal institution building and include
officials from the region as well as Australia, China, South Korea, and the United States.
This forum “is conducted according to Asian diplomatic conventions, and as a result
appears to foster a greater degree of trust amongst participants, thus achieving more in
terms of consensus and compromise.”44 Such an approach, focusing on a specific single
issue and respecting regional customs, would appear crucial in enhancing nuclear security efforts.
Although entrenched and relatively successful in specific areas, regional institutions
in Southeast Asia still suffer a number of weaknesses. As a result, they may not be the
best solution to encourage greater engagement with the nuclear security regime at the
regional level, perhaps with the exception of the ASTOP. A brief analysis of regional
institutions provides an important insight into how diplomacy in the region works, however, further highlighting why the region’s commitment to the nuclear security regime
has thus far been limited. Traction seems to be achieved when trust can be built between participants, which the large global Nuclear Security Summits fail to do. Given
the stigma attached to certain security agendas, enhancing bilateral relationships with a
focus on nuclear security with key states in the region could be a more practicable route
to explore.
Enhanced bilateral relationships with a focus on nuclear security have a number
of advantages. First, implementation is easier since assistance can be targeted and the
result of a mutual effort. Compliance can then also be verifiable. Second, the reason for
nuclear security efforts can be tailored to the particular weaknesses of that state, rather
than imposing standardized regulations aimed at a threat that is not widely recognized.
Third, and finally, the domestic benefits of nuclear security efforts can be explained and
demonstrated more effectively.
One Indonesian expert suggested that nuclear security “must be implemented wholeheartedly at the national level in a results-orientated process.”45 Bilateral relationships,
42.
43.
44.
45.

Ogilvie-White, “Non-Proliferation,” 14.
Ibid.
Ibid., 18.
Project researcher’s interview with Indonesian specialists, December 2011.
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as opposed to multilateral or regional institutions, would help achieve that goal. States
can get a better grasp of what the other is trying to achieve and evaluate its particular concerns while providing oversight and measuring productivity. Bilateral assistance
would also cut through the sense of discrimination felt by certain states as these relationships can replace the legally binding standards that are viewed with suspicion by certain
states and go against the “ASEAN Way.” Governments or domestic agencies could be
dealt with on an individual basis or in more exclusive groups depending on their weaknesses or aspirations, helping to combat not only the lack of drive and low capacity to act
but also the lack of trust between actors at all levels. Moreover, bilateral ties are easier to
tailor to specific domestic concerns and also respect the “cultural particularities” of the
region—principally noninterference and informal diplomacy—highlighted above.46 Understanding and respecting these cultural rules are fundamental to encouraging regional
buy-in. When asked why Indonesia should care about nuclear security, one official listed
the reasons as “domestic capacity building; a platform to generate more unification moving forwards; and inclusivity.”47 These aspects should be emphasized. Of course, the
difficulty of aligning the areas of concern could be problematic. A number of bilateral
relationships already exist, however, and should be expanded and deepened. Although
a specific area of concern for the West may be less important for a Southeast Asian
state with other priorities requiring investment and resources, and vice versa, the threatreduction programs targeted at the former Soviet Union also experienced this problem.
U.S. and Russian officials disagreed on what should be prioritized with regard to threat
reduction, meaning a balance had to be struck. However, over time, threat reduction
programs arguably built trust between the two parties and represent a useful precedent
for encouraging nuclear security efforts elsewhere.
Second, if the nature of cooperation can be refocused from nuclear terrorism to more
prevalent regional issues, it may then experience more buy-in from those states currently displaying disinterest. Targeted capacity-building projects could accommodate the
long-term aims for nuclear aspirant states in preparation for the development of nuclear
power. This would help overcome “barriers to entry” rather than create them. It seems
illogical not to welcome guidance and support from knowledgeable states that have developed nuclear security expertise over an extended period of time. Visibly broadening
the stakeholders involved beyond the primacy of the United States is also beneficial
since it helps reduce the ideological differences that currently undermine the regime.
Further engagement from states with existing links into Southeast Asia such as Australia, and, perhaps more important, China, which already has close economic and cultural
ties with the region, should be encouraged. In this regard, it is once again important to
ensure that such efforts are encouraged by both parties, as opposed to being seen as an
imposition. This overcomes Lockman’s criticism of a hyped threat being used to justify
security measures. As we have seen, if states in Southeast Asia perceive a particular
issue to be insensitive to regional concerns, it only serves to lessen any efforts in that
area. The importance of “softer” approaches to nuclear security, such as assisting in the
46. Ogilvie-White, “Non-Proliferation,” 5.
47. Project researcher’s interview with Indonesian specialists, December 2011.
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creation of nuclear security culture and improving human resources, help reinforce the
already existing “harder” approaches of improved equipment and resources, creating a
more holistic nuclear security regime.
Finally, emphasizing the domestic benefits of certain initiatives under the nuclear
security umbrella could also make them an easier sell politically (e.g., highlighting the
importance of border security and export controls and attempting to implement UN Security Council Resolution 1540 to a higher standard, which could help to combat regional security priorities such as illicit movements of drugs or other contraband while
enhancing the nuclear security regime).48 Another option is to build on the success of the
concept of “gift baskets,” initiated at the most recent Nuclear Security Summit in Seoul,
which provided like-minded states with shared concerns to work together toward a resolution. States joined to thwart the illicit trafficking of nuclear or other radioactive materials, draft national legislation to implement nuclear security agreements, and promote
the security of nuclear materials while in transit.49 The focus on single issues pertinent to
particular states broke the nuclear security regime down into discrete strands and made
it more manageable and less imposing, thereby fostering greater trust and mutual confidence. Furthermore, “gift baskets” demonstrate an informal approach, which fits with
Southeast Asia’s diplomatic model, producing tangible cooperation on issues otherwise
seen as too sensitive.

Conclusion
This paper has explored the divergent threat perceptions associated with nuclear terrorism. It is largely a preoccupation of more developed states and viewed with less importance in Southeast Asia. Such differences in the perceived threat help to explain why
the nuclear security regime has not been universally accepted as a necessary response.
However, this provides only a partial explanation. The broader politics of nuclear governance means that nuclear security has been stigmatized as a tool of the developed
states, imposed globally in spite of vastly divergent capabilities and perceptions of the
threat of nuclear terrorism. The regime is further weakened because implementation lies
with individual states. If response is driven by threat and states do not perceive the risk
of nuclear terrorism to be a priority, then it follows that implementation will be limited.
Moreover, there is no overarching body to ensure compliance, nor is there a verification
mechanism to assess the application of existing policies or conventions.
The limited commitments to, and indifferent implementation of, the nuclear security
regime are troubling for the more developed states, which question the strength of a
regime with so many loopholes. This imbalance between perceived threat and necessary
48. Brian Finlay, “Curbing Proliferation through Development: Nuclear Terrorism Is Not a
Preeminent Concern for Most Countries, but Preventing It Has Benefits They Should Consider,”
Stanley Foundation Courier, http://www.stanleyfoundation.org/publications/report/MErpt910.
pdf.
49. Ambassador Bonnie D. Jenkins, “Remarks on the Conclusion of the 2012 Nuclear
Security Summit,” April 6, 2012, http://www.state.gov/t/isn/rls/rm/187647.htm.
106 | NUCLEAR SCHOLARS INITIATIVE

response represents a key weakness. Based on an analysis of the different perspectives
of the actors involved, the preceding section has put forward some suggestions as to
how future iterations of the nuclear security regime may be strengthened with greater
buy-in from regional actors. Shifting the focus of the regime away from what is seen by
some as a questionable threat will help to change opinion from a discriminatory or stigmatized set of rules and commitments to a responsibility with both domestic and global
benefits. Although established regional institutions demonstrate how advancement may
be achieved, they are not seen as having the capacity to deal with an issue as broad and
sensitive as nuclear security. However, “concrete action and cooperation is more likely
at the bilateral and subregional level,” because a greater sense of inclusivity and trust
can then be generated informally.50 While the universalization of treaty ratification is
important, more priority should be given to targeted assistance, where the risks are most
explicit and implementation is imperative. The more developed states must continue to
drive the process, but they need to be aware of the sensitivity of local particularities in
seeking a balance between supporting and imposing. It should be noted, however, that
there is no quick fix; strengthening the nuclear security regime will be a slow and challenging process.

50. Ogilvie-White, “Non-Proliferation,” 20.
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Information Security Challenges and Verifying
Multilateral Nuclear Disarmament
Lessons from the Nuclear Non-Proliferation Treaty
Sarah Elizabeth Cross1

In recent years, the debate over the role that nuclear weapons play in international peace and security has been brought into the public realm in a dramatically
different way. Nuclear weapons are increasingly seen by many as destabilizing
relics of a Cold War security paradigm, the continued existence of which is seemingly at loggerheads with the international nonproliferation regime. As such, in
2009 U.S. President Barack Obama reaffirmed “America’s commitment to seek
the peace and stability of a world without nuclear weapons.” At present, the geopolitical climate that will be necessary in order to facilitate deep nuclear reductions; and ultimately, nuclear abolition does not exist. Indeed, even if dynamics in
the international system were more conducive to “global zero,” there would still
be a great deal of technical work to be achieved before progress could be made.
As stipulated in several UN resolutions and international agreements, there are
four fundamental criteria for assessing the pathway to a world free of nuclear
weapons: Disarmament should be at once verifiable, transparent, irreversible,
and legally binding. This paper proceeds in two sections. First, the tension between verification and the need to protect confidential information is explored,
along with a brief consideration of some of the specific verification challenges
that will arise in a regime designed for generating high confidence in the destruction of warheads. Second, the mandate of the International Atomic Energy Agency
in its implementation of nuclear safeguards, along with the its specific confidentiality procedures, are examined to determine what lessons can be drawn from the
already institutionalized multinational verification of nuclear nonproliferation for
multinational disarmament.
1. Sarah E. Cross is a research analyst at the National Defense University’s Center for the
Study of Weapons of Mass Destruction. Previously, she worked as a graduate research assistant
at Brookhaven National Laboratory. She received an M.A. in nonproliferation and international
security from the Department of War Studies at King’s College London and an undergraduate
degree in international relations from the University of Saint Andrews. She began this body of
research as an M.A. candidate; the views expressed in this paper are hers alone and do not reflect
those of the National Defense University or the U.S. Department of Defense.
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And they shall beat their swords into plowshares, and their spears into pruninghooks: Nation shall not lift up sword against nation, neither shall they learn war
any more.—Isaiah 2:4
Since the collapse of the Berlin Wall in 1989, there has seemingly been a paradigm shift
in international relations. Once “essential to maintaining international security during
the Cold War because they were a means of deterrence,” the anachronism of nuclear
weapons is increasingly debated in the public realm.2 Globalization has fundamentally
changed the rules of the game, and the great powers, no longer in direct conflict with
each other, face a more immediate threat from nonstate actors. Nuclear weapons have
assumed a less overt position in national security strategies; and as the costs, both financially and to national security, of maintaining large nuclear arsenals are seen by many
to outweigh any potential benefits they may afford, prominent policymakers and academics have reinvigorated the argument for nuclear abolition. In addition to a shift in
the international security paradigm, throughout the 1990s and into the first decade of
the twenty-first century the nuclear nonproliferation regime, centered on the Nuclear
Non-Proliferation Treaty (NPT), has continually been weighed and found wanting.3 The
argument that in order to put a hold on proliferation and increase monitoring and technological controls in non–nuclear weapon states (NNWS) that nuclear weapons states
(NWS) must address disarmament responsibilities at a greater pace has become increasingly salient. Indeed, in recognition of this new dynamic, U.S. president Barack Obama
reaffirmed in Prague, in April 2009, “America’s commitment to seek the peace and security of a world without nuclear weapons”—a statement that has undeniably blown new
life into the nonproliferation regime.4
Seemingly, the world has been made ripe for a “renaissance of nuclear disarmament;”5
however, the challenges that await on the road to what has become known as “global
zero” are many and are not relegated clearly to either political or technical dimensions
but are rather a complex amalgamation of the two. As stipulated in several UN resolutions and important policy papers, there are four fundamental criteria for assessing the
pathway to a world free of nuclear weapons: Disarmament should be at once verifiable,
transparent, irreversible, and legally binding. The discussion that follows interrogates
the nature of the sensitive balance that must be struck during disarmament verification
between transparency and confidentiality and explores what lessons can be learned for a
2. George P. Shultz, William J. Perry, Henry A. Kissinger, and Sam Nunn, “A World
Free of Nuclear Weapons,” Wall Street Journal, January 4, 2007, http://online.wsj.com/article/
SB116787515251566636.html.
3. This is frequently evidenced by several key events, including the discovery of Iraq’s
nuclear weapons program in 1991, Pakistan and India’s nuclear tests, North Korea’s tests and
withdrawal from the NPT, the bombing of Syria’s covert nuclear reactor, and Iran’s noncompliance
with its NPT obligations.
4. White House, “Remarks by President Barack Obama, Hradcany Square, Prague,” April
5, 2009, http://www.whitehouse.gov/the_press_office/Remarks-By-President-Barack-ObamaIn-Prague-As-Delivered.
5. Randy Rydell, “The Future of Nuclear Arms: A World United and Divided by Zero,”
Arms Control Today, April 2009, http://www.armscontrol.org/act/2009_04/Rydell.
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multilateral nuclear disarmament approach from the verification of the NPT, specifically
the International Atomic Energy Agency’s (IAEA’s) implementation of nuclear safeguards. An analytic undertaking of this specificity necessarily prompts another series of
broader questions: What are the challenges to verifying disarmament? What difficulties
would a multilateral disarmament regime encounter?
It quickly becomes clear that answers to such questions are functions of a political
context that, at present, simply does not exist. Of particular importance, this discussion
deals with what is primarily a technical challenge to multilateral nuclear disarmament
by addressing confidentiality procedures and practices that would be integral to such
a regime rather than the political challenges that must be surmounted before such a
change can occur or, indeed, the desirability of such change. This discussion proceeds in
two sections. First, the tension between verification and the need to protect confidential
information is explored, along with a brief consideration of some of the specific verification challenges that will arise in a regime designed for generating high confidence in
the destruction of warheads. Second, the mandate of the IAEA in its implementation of
nuclear safeguards, along with its specific confidentiality procedures in practices, are
examined to determine what lessons can be drawn from the already-institutionalized
multinational verification of nuclear nonproliferation for multinational disarmament.

Challenges Presented by a Multilateral Approach to Nuclear
Verification
Verification versus Confidentiality
To date, the majority of nuclear arms control treaties—for example, SALT, INF, START,
and SORT—have been bilateral, involving only the United States and Russia and, if
they had any verification measures at all, have concerned verifiable limits to delivery
vehicles.6 Some of these treaties have provided for the counting of warheads to ensure
that only the number limited by the treaty are deployed; indeed, New START, which has
been in force since February 2011, does provide for the counting of actual warheads.
That being said, verifying global zero would naturally have to deal more directly with
the destruction of warheads themselves. This fact is further complicated by two closely
related issues. First, a global zero disarmament regime would eventually have to be expanded beyond the United States and Russia to include other NWS and potentially stra-

6. This was for a number of reasons: because of their scale delivery systems are easier
to detect and monitor; they have greater military significance and are roughly 10 times more
expensive than the warhead itself; and the technology used to verify the destruction of delivery
systems is more widespread and the information made vulnerable throughout the verification is
usually less sensitive than what is available during warhead disassembly. See Zhao Wuwen, “Promoting Nuclear Warhead Reeducations: Regimes, Approaches and Technologies,” University of
Maryland, 2004, 12, http://cissm.umd.edu/papers/files/wuwen_promoting_nuclear__reductions.
pdf; and Steve Fetter, Verifying Nuclear Disarmament, Occasional Paper 29 (Washington, D.C.:
Henry L. Stimson Center, 1996): 5–7.
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tegically significant NNWS.7 Second, it is generally accepted that as numbers decrease,
the need for more intrusive verification of disarmament, or confidence that other parties
are in fact fulfilling their obligations, will increase.8
That being said, the closer an inspector is to observing the disarmament process, the
higher his confidence is likely to be that disarmament is actually taking place; however,
as disarmament inspections become more intrusive, the inspector will also have greater
access to classified design information and potentially overall military strategy.9 In addition to these concerns, the desire to protect classified information also has a legal
impetus, established nationally and internationally. As Persbo and Bjørningstad have
asserted, a NWS “cannot according to Article I of the 1968 Nuclear Non-Proliferation
Treaty, ‘assist, encourage or induce’ a non-nuclear-weapon state to manufacture a nuclear weapon or other nuclear explosive device.”10 This concern becomes especially
problematic when considering the development of a multilateral nuclear disarmament
regime in which the inspectorate would likely comprise individuals from both NWS and
NNWS. It is also important to acknowledge that depending on the nature and the intrusiveness of a verification regime, state parties may not only have to be concerned about
protecting information related to warhead design but also facility design and security
practices, and force operations.
Over the years, a fair amount of research into these verification challenges has been
carried out, first in the 1960s by the United States and again, beginning in the 1990s and
continuing on to present day. In 1968 the United States Arms Control and Disarmament
Agency began Field Test FT-34, also known as Project Cloud Gap. It was important
that this initiative followed an American proposal before the Disarmament Committee
at Geneva for both the United States and the USSR to transfer weapons grade U-235
from dismantled nuclear weapons to peaceful uses under international safeguards. The
purpose of Project Cloud Gap was to build and test inspection procedures to monitor
the demonstrated destruction of nuclear weapons at different levels of intrusiveness and
determine the amount of classified information revealed in each round.11 Four levels of
access to the disarmament process were tested. At the highest level of access, a total
number of 112 items of classified information were revealed; at the next highest level of
access, 60 items were exposed; 41 items were revealed at the third level of access; and
finally, 34 items were uncovered at the lowest level of intrusiveness tested.12
7. Carnegie Endowment for International Peace, “Workshop on Technical Approaches to
Support Nuclear Arms Control and Nonproliferation,” 2009, 1, http://www.carnegieendowment.
org/static/npp/pdf/verification_workshop_summary.pdf.
8. George Perkovich and James Acton, eds., Abolishing Nuclear Weapons: A Debate
(Washington, D.C.: Carnegie Endowment for International Peace, 2009), 49.
9. Interview with Andreas Persbo, July 20, 2010.
10. Andreas Persbo and Marius Bjørningstad, “Verifying Nuclear Disarmament: The
Inspector’s Agenda,” Arms Control Today, May 2008, http://www.armscontrol.org/act/2008_05/
PersboShea.
11. Arms Control and Disarmament Agency, “Field Test Program,” January 1969, 3, http://
www.fas.org/nuke/guide/usa/cloudgap/ft-34.pdf.
12. Ibid., 8.
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After Project Cloud Gap, research into verification initiatives waned for many years;
it was not until after the breakup of the Soviet Union in 1991 that such projects were revived. Indeed, concerns regarding the safety and security of fissile material and nuclear
weapons in former Soviet republics led President Bill Clinton and his Russian counterpart, Boris Yeltsin, to establish a joint working group in 1994, tasked to consider pathways for the transparent and irreversible destruction of nuclear weapons.13 As a result of
this cooperation, methods and tools to create transparency in the dismantling of nuclear
warheads and the disposition of fissile material were developed, as have tools to aid
in confirming warhead dismantlement without revealing classified design information.
These advancements are discussed in more detail in the next section.

Stockpile Declarations, Warhead Authentification, and the Disposition of
Fissile Material
The literature that discusses technical challenges of reaching global zero identifies three
problem areas: stockpile declarations, warhead authentification, and the disposition of
fissile material. While accurate stockpile declarations are absolutely essential to verifying a world free of nuclear weapons, this body of research focuses on exploring the latter
two challenges. This is because, unlike stockpiles declarations, warhead authentification
and fissile material verification both deal with determining what is there rather than what
is not there and, as such, are not only concerned with the validation of information but
also with the protection of that same information.
Confidentiality procedures and practices as they relate to verifying the destruction of
warheads would have to be especially fine-tuned because of the potential or direct access
to a plethora of sensitive information, including warhead design information (through
the warhead itself or the weight and isotopic ratios of the removed fissile material), facility design information, and where and how the materials or warheads are stored. All this
information is proliferation sensitive and potentially threatening to not only national, but
also international, peace and security. The most important part of disassembly is also the
most sensitive—the removal of the “physics package,” the nuclear core, or the “pit” and
the surrounding high explosives, from the warhead. It is generally accepted that “inspectors able to observe how the device is actually configured may eventually deduce how
the high explosive is supposed to interact with the heavy metal during detonation.”14
There is also a concern that sensitive electronic components would also be completely
exposed, and as a result most proposals assume that disassembly will have to be carried
out in a restricted area, or a “black box.”15 Furthermore, it is highly unlikely that in future
bilateral arms reductions, much less in a multilateral disarmament regime, inspectors
13. Kai-Henrik Barth, “Nuclear Weapons: Monitoring Warhead Dismantlement,” Congressional Research Service RS20390, Washington, D.C., November 4, 1999, 1.
14. Wyn Bowen and Andreas Persbo, “How Might States, or the International Community,
Go About Implementing the Dismantlement of Nuclear Weapon Systems in an Accurate Way
That Could Generate International Confidence?” International Commission on Nuclear Non-Proliferation and Disarmament, February 2009, 7, http://icnnd.org/Documents/BowenPersboCountingNW5ii09.pdf.
15. Ibid.
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would be allowed to observe the actual disassembly of the warhead. The question remains, then: How do inspectors verify that an actual warhead is being dismantled inside
the black box? Several advances in research have been made to mitigate the challenge
posed exactly by this dilemma with the creation of authentification technology that relies
on a set of agreed-on warhead attributes while simultaneously shielding specific, classified design information. The initiative behind such a development and its application to
multilateral disarmament are discussed in more detail in the next section.
The difficulty and the necessity of protecting warhead design information continues as the core (primarily made up of either highly enriched uranium (HEU) or plutonium) and surrounding high explosives are separated and proceed down different waste
flows.16 Disarmament verification regime designers are faced with the continuing challenge of controlling access to warhead design information, which is still represented by
the weight and isotopic ratios of the removed fissile material. Therefore, inspector access
has to continue to be well balanced—at once shielding classified design information
and enabling them to generate strong confidence that no material has been diverted for
reconstitution.
Several different methods have been designed for the disposition of both HEU and
plutonium. Plutonium could potentially be vitrified with high-level waste or, alternatively, uranium-plutonium mixed oxide fuel could be fabricated for irradiation in a nuclear
reactor. As for HEU, it could simply be down-blended with natural uranium to make
low-enriched uranium (LEU). Verification preconversion of both types of fissile material
presents fewer challenges than verification postconversion. As Bowen and Persbo have
explained, “at the front end of the process, material accountancy could be conducted
by simply counting the incoming pits” and “inspectors would also weigh the amount
of unclassified material that the pits will be blended with.”17 However, the problem will
remain that once conversion has taken place, “inspectors may still be able to deduce the
average weight of the pits by subtracting the amount of nonclassified material from the
total output and then simply divide by the number of pits.”18 Clearly the technical challenges to verifying the destruction of nuclear warheads is extremely complex, regardless
of whether verification is undertaken in a bilateral or a multilateral context. To generate
confidence throughout the entire “flow” of the destruction process, it would be essential
to have viable containment and surveillance mechanisms in place at every stage, especially considering the number of stages of limited/imperfect access (e.g., removal of
the physics package). The costs of such a regime have yet to be properly explored, and
it remains to be seen whether such deep and lasting verification procedures would be
prohibitively expensive.

16. Ibid., 8.
17. Ibid.
18. Ibid.
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Verifying the NPT
The International Atomic Energy and Safeguards
In negotiating the NPT, the five de facto NWS and the remaining NNWS struck a formal
bargain centered on three pillars: the nonproliferation of nuclear technology with a military application; international cooperation among NWS and NNWS to develop nuclear
technology for peaceful purposes; and, finally, to pursue negotiations for the cessation
of the nuclear arms race, nuclear disarmament, and general and complete disarmament.
Article III of the NPT outlines the commitment of NNWS party to the treaty to
[undertake] to accept safeguards, as set forth in an agreement to be negotiated and
concluded with the International Atomic Energy Agency and the Agency’s safeguards system, for the exclusive purpose of verification of the fulfillment of its obligations assumed under this Treaty with a view to preventing diversion of nuclear
energy from peaceful uses to nuclear weapons or other nuclear explosive devices.19
The term “safeguards” refers to a “comprehensive set of internationally approved
technical and legal measures, applied by the IAEA, to verify the political undertakings
of states not to use nuclear material to manufacture nuclear weapons and to deter any
such use.”20 Over the years, as both technology and the international political climate
have changed, IAEA safeguards have evolved considerably and in three distinct phases.
The first safeguards ever in place originated in the 1960s before the ratification of the
NPT and were primarily designed to ensure that nuclear trade did not lead to the spread
of nuclear weapons. The second phase began following the ratification of the NPT with
the development of comprehensive safeguard agreements (CSAs), modeled in a document, designated INFCIRC/153. Under CSAs, a state undertakes to accept safeguards
“on all source of special fissionable material in all peaceful nuclear activities within the
territory of the State, under its jurisdiction or carried out under its control anywhere, for
the exclusive purpose of verifying that such material is not diverted to nuclear weapons
or other nuclear explosive devices.”21
However, in the 1990s, two events would necessitate the implementation of the third
phase in the evolution in safeguards. In 1991, it was discovered that Iraq had been developing a clandestine nuclear program at the same facility in which the IAEA conducted
routine inspections of declared nuclear material and, not long after this revelation, inconsistencies between the declarations made by North Korea and information from IAEA
inspections and other sources surfaced. The third phase of IAEA safeguards began in
1997 with the development of the Model Protocol Additional to Agreement(s) between
state(s) and the IAEA for the Application of Safeguards, modeled on INFCIRC/540, or,
more simply, the Additional Protocol (AP). The AP seeks to provide the IAEA “with
information about and the right of access to, the entire nuclear programme of a state,
19. Nuclear Non-Proliferation Treaty, article iii, paragraph 1.
20. IAEA, The Evolution of IAEA Safeguards, International Nuclear Verification Series 2
(Vienna: IAEA, 1998), 3.
21. IAEA, INFCIRC/153, part 1, paragraph 1.
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including all buildings (and not only nuclear facilities) on a nuclear site, nuclear related
research and development, including that which does not involve the use of nuclear
material, external nuclear trade, and extensive rights to take environmental samples.”22
Ostensibly, where CSAs authorize the IAEA to verify the correctness of a countries
declaration, the AP gives the IAEA the directive to also confirm the completeness of that
declaration—casting its employees not only in the role of “nuclear accountants” but also
that of “nuclear detectives.”
The implementation arm of the IAEA is known as the Technical Secretariat, which is
made up of approximately 2,200 multidisciplinary professionals from roughly 90 countries. There are six major departments within the Technical Secretariat, headed by the
director-general, that work to fulfill the IAEA’s mandate, including a Department of
Safeguards, which has approximately 250 inspectors working to implement the IAEA’s
verification agreements.23

Implementation of Safeguards
The question remains: What precisely are the techniques and procedures used by the
IAEA in implementing safeguards? In practical terms, IAEA safeguards are usually separated into three different categories: nuclear materials accountancy, containment and
surveillance, and on-site inspections (OSIs). When discussing the methods used by the
IAEA, it is important to remember that the IAEA has access, especially under the AP,
to a huge range of facilities throughout the fuel cycle (i.e., milling and mining of uranium, enrichment, power generation, etc.), each with a different function and forms of
material. Therefore, depending on the facility, the individual methods take on a varying
degree of importance. After concluding a safeguards agreement, member states present
the IAEA with the design information of their facilities and detailed inventories of their
nuclear material. The IAEA is charged with verifying the design of a facility throughout its “life-cycle”—construction, use, decommissioning, and so on, to ensure complete
familiarity with the premises and that the inspections designed for a site are comprehensive. Similarly, as member states are required to submit facility design proposals and
changes to the IAEA, they are also obliged to update nuclear material inventories as it
progresses through the fuel cycle.24
Following receipt of declarations, the IAEA begins to conduct various types of OSIs
to confirm member states’ compliance to the NPT. Today, the IAEA uses four different
types of OSIs. First, visits are carried out in order to verify design information; next,
routine inspections will begin to confirm statements made in state reports and inventories; ad hoc inspections are used to validate declarations made in initial reports regarding the nature and status of nuclear material prior to import and export; and last, the
22. IAEA, Evolution of IAEA Safeguards, 27.
23. Louise Potterton, “Training the IAEA Inspectors: Newly Recruited Safeguards
Inspectors Take to the Field,” IAEA Bulletin 51, no. 2 (April 2010): 36, http://www.iaea.org/
Publications/Magazines/Bulletin/Bull512/51203413637.pdf.
24. Thomas Shea, “The International Nonproliferation Regime and IAEA Safeguards,”
PNNL-SA-66582, June 2009, 8, http://www.lanl.gov/orgs/ndo/n4/documents/international_
nonpro_regime.pdf.
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IAEA has the ability to conduct special inspections which are meant to be used when a
member state is under suspicion of noncompliance.25 Ultimately, IAEA inspections have
been viewed as a model of sorts for international OSIs as we know them today; indeed,
Agency practices clearly served as a template for international negotiators with regard to
inspections for the Comprehensive Nuclear Test Ban Treaty and the Chemical Weapons
Convention.26
One of the central purposes of inspections is nuclear materials accountancy, which is
often likened to a banking system, “with the IAEA playing the part of an auditor.”27 However, unlike the money counted by traditional bankers, “nuclear material often comes in
forms that cannot be counted exactly (e.g., powders, liquids, metal pieces, etc.)” and as
such “must often be measured by techniques that provide uncertain answers.”28 The IAEA
uses two different types of analysis to verify that member states’ declared inventories
of material as specific sites are accurate: destructive analysis (DA), and nondestructive
analysis (NDA). DA requires that a homogeneous sample be broken down or destroyed
so that it may be subject to the analytical chemistry technique of mass spectrometry.
Nuclear material and environmental samples are collected throughout certain inspections and sent to either the IAEA’s Safeguards Analytical Laboratory in Seirbersdorf,
Austria, or to one of the Network of Analytical Laboratories, which have been certified
by the IAEA. It is important that the laboratories used for these safeguards purposes are
bound by strict confidentiality agreements.29 NDA is performed during OSIs. Several
different techniques are used in NDA but essentially radiation, from material decay or
outside stimulation, is measured to help inspectors determine the composition or volume
of a certain material.
Containment and surveillance are both complementary processes to human inspections. Containment, in safeguards parlance, refers to the “group of features of a nuclear
facility (part of such a facility) or that category of equipment that prevents access to,
movement or interference with nuclear or other relevant material or with IAEA safeguards equipment of data.”30 Containment can, therefore, refer to a wide range of facility design features or items, including the walls of a room, a storage pool, large metal
containers, and cabinets, and so on. In order to guarantee the continuing integrity of
the containment implemented by the IAEA, tamper-resistant seals—which can be elec25. John Hart, “On-Site Inspections in Arms Control and Disarmament Verification,” Vertic
Research Report 4 (October 2002): 29–30, http://www.vertic.org/media/assets/VM04Intro_Hart.
pdf.
26. Berhanykun Andemicael and John Mathiason, Eliminating Weapons of Mass Destruction: Prospects for Effective International Verification (New York: Palgrave Macmillan, 2005),
98.
27. IAEA, Evolution of IAEA Safeguards, 50.
28. Douglas Reilly and Norbert Ensslin, “Nuclear Material Measurement Technologies,”
in Nuclear Safeguards, Security and Nonproliferation: Achieving Security with Technology and
Policy, edited by James Doyle (Boston: Butterworth-Heinemann, 2008), 31.
29. IAEA, “The IAEA Safeguards Analytical Laboratory: A World-Class Facility for the
Analysis of Nuclear Material and Environmental Samples,” 1, http://www.iaea.org/Publications/
Factsheets/English/safeguardslab.pdf.
30. IAEA, Evolution of IAEA Safeguards, 53.
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tronic, metal, or fiber optic—are used by inspectors along with surveillance equipment.31
An example of an instance during which seals are frequently used by Agency inspectors
is on the refueling hatch of a nuclear reactor. The placement of a seal enables the IAEA
to confirm that the reactor is only being refueled according to a predeclared schedule by
confirming that the fuel rods have not been changed since the last inspection. Surveillance, in safeguards parlance, refers to “the collection of information by inspectors or instruments (normally the latter) in order to monitor the movement of nuclear material and
to detect an interference with containment or tampering with IAEA safeguards devices,
samples and data.”32 Remote monitoring and closed-circuit television are examples of
two of the primary forms of surveillance. While surveillance is used to monitor the flow
of nuclear material and to ensure the integrity of containment practices, surveillance
equipment is itself contained and often sealed. A good example of this is a “twin camera
enclosed in a sealed, tamper indicating box which at regular intervals takes a picture of
a spent fuel store.”33

IAEA Confidentiality Procedures and Practices
Just as safeguards have evolved, so have the measures—legal and practical—used by
the IAEA to protect confidential information. The Statute of the IAEA and each type of
safeguards agreement, including the model document which preceded the NPT’s entry
into force (INFCIRC/66), all state the Agency’s responsibility to protect certain information as it carries out its verification duties.34 The statements made concerning information protection in INFCIRC/153 begin in paragraph 5, which describes that a CSA
between the IAEA and a member state “should provide that the Agency shall take every
precaution to protect commercial and industrial secrets and other confidential information coming to its knowledge in the implementation of the agreement.”35 Paragraph 5
outlines that no information shall be shared with other member states, organizations, or
individuals relating to the implementation of safeguards within the country in question
and that information will only be passed to Agency staff members on a need-to-know
basis.36 In addition to this, the Agency commits to only seeking “the minimum amount of
information and data consistent with carrying out its responsibilities,”37 and it is required
to “secure the consent of the state to the designation of Agency inspectors to that state”
and arrange inspections in such a way to “ensure protection of industrial secrets or any
other confidential information coming to the inspector’s knowledge.”38

31. Ibid.
32. Ibid.
33. Ibid., 53–54.
34. Statute of the International Atomic Energy Agency, article 7, paragraph F, states that
IAEA staff “shall not disclose any industrial secret or other confidential information coming to
their knowledge by reason of their official duties for the Agency.”
35. IAEA, INFCIRC/153, part 1, paragraph 5.
36. Ibid.
37. IAEA, INFCIRC/153, part 1, paragraph 8.
38. IAEA, INFCIRC/153, part 1, paragraph 9.
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As discussed above, following the revelations of both Iraq’s and North Korea’s noncompliance to the NPT and IAEA safeguards, and AP, modeled in INFCIRC/540, was
developed to give increased monitoring authority in member states to include complimentary access to suspicious sites, research-and-development projects, and the use of
environmental sampling in facilities to provide an even more comprehensive assessment
of a country’s nuclear program. This increase in access to information augmented the
concerns of many member states regarding the Agency’s confidentiality regime. As such,
the confidentiality provisions set forth in INFCIRC/540 are much deeper and explicit.
Confidentiality is addressed twice, first in Article 7 and again in Article 15. In explaining
the breadth of the confidentiality provisions included in member state Aps, it is useful
to refer to the points made by Ambassador Susan Burk, then assistant secretary of state
for nonproliferation, in her testimony to the U.S. Senate Foreign Relations Committee
in early 2004. In order to assuage the concerns of senators on the committee regarding
the increased access an AP can grant IAEA inspectors, Burk described the preliminary
agreement reached with the Agency regarding the protection of confidential information
in the U.S. AP; they are as follows:
■■ Information on nuclear research-and-development activities that must be declared
to the IAEA is limited to location and general description and does not include
details or results.
■■ Similarly, the required information on nuclear-related manufacturing is also limited to location and the scale of operation without details.
■■ Access is designed to be infrequent.
■■ Inspection activities are limited and relevant to detection of undeclared nuclear
material and activities.
■■ Unlike the Chemical Weapons Convention, there is no provision in the Safeguards
Agreement of the Additional Protocol for any other state to request access in the
United States.
■■ The IAEA is required to maintain a stringent regime for protection against disclosure of commercial, technological, and industrial confidential information, and the
regime is subject to periodic review and approval by the United States under the
U.S. Safeguards Agreement or for access under the U.S. AP.
■■ Whenever requested by the United States, managed access arrangements must be
used to prevent disclosure of proliferation sensitive information, or proprietary or
commercially sensitive information.
■■ Both the IAEA and its officers or employees may be subject to legal process in
the event of unauthorized disclosure of confidential information. The IAEA can
withdraw immunity of inspectors in cases of abuse.39
39. Susan Burk, “U.S.–IAEA Additional Protocol,” Testimony before the Senate Foreign
Relations Committee, January 29, 2004, http://2001-2009.state.gov/t/isn/rls/rm/29249.htm. Also,
upon appointment, IAEA employees all sign an agreement with the Agency to abide by the rules
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Essentially, what Burk’s testimony further emphasizes is that safeguards agreements
between member states and the IAEA are tailored to meet the confidentiality needs of
individual member states. The agreements are highly flexible, enabling the member state
to decide where the confidentiality regime begins and where it ends and even to choose
which inspectors can operate within its borders.
It should also be highlighted that the IAEA handles information in a very “traditional
way,” meaning that it is “highly compartmentalized” so that certain types of information
are only available to certain classes of personnel.40 This is evidenced by the processes
used to develop the state evaluation reports (SERs), “probably the most sensitive and
most controlled document handled by inspectors.” A small SER team is made up of staff
from various responsible Divisions/Sections. The members of that team only see their
part of the report. The country officer (inspector), the senior inspector, and the section
head are the only people who see the report in its entirety while it is being prepared. It
then goes to the divisional director and possibly the divisional coordination section head
for review. From there it goes to a selected review board for approval.41 Access to facility
design information provided by member states is also strictly need-to-know and is filed
in a secure and monitored room in Vienna; however, design information or design verification results that are deemed by the member state to be too sensitive to store in Vienna
are secured on site in an IAEA-provided tamper-indicating cabinet that is locked and
jointly sealed by the facility operator, member state and the IAEA. In addition to this, all
parties must be present when the files are opened and being used.42 It is also worth noting
that the IAEA has, at least in the past, regularly preformed “systematic penetration tests
to confirm the effectiveness of its [information] security measures.”43
To date, the IAEA has had a good track record for protecting confidential information. In an interview about confidentiality procedures and practices, successes and failures, a lawyer in the Department of Safeguards candidly described the history and some
of the basic elements of the confidentiality regime in place, stating that the Agency has
only had one instance where there were concerns raised about specific breaches
of the confidentiality by an IAEA inspector. So we make sure to limit access to
information: it’s kept sealed, under camera, lock and key; we encrypt communica-

set forth in the confidentiality regime and not share sensitive information with other States,
organizations or individuals during or after their appointment ends. If this agreement is broken
than the guilty party is subject to legal prosecution. For more information see IAEA, November
1997, attachments 3 and 4.
40. Interview with Andreas Persbo, July 10, 2010; email correspondence with a former
senior IAEA inspector who wishes to remain anonymous, July 2010.
41. Email correspondence with a former senior IAEA inspector who wishes to remain
anonymous.
42. Ibid.
43. IAEA, “The Agency’s Regime for the Protection of Safeguards Confidential
Information,” GOV/INF/1999/7, Restricted Distribution, (May 21, 1999): 3.
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tions; we don’t publish specific information to the Board of Governors unless it is
necessary for the implementation of safeguards.44
Essentially, through a myriad of legal and practical procedures—in some instances
using the same measures used in safeguards implementation (i.e., containment and surveillance)—the IAEA has developed a robust regime for ensuring the protection of information.

Lessons Learned from Implementing Safeguards
As described above, the IAEA’s regime for handling confidential information is highly
tailored by individual member states through specific, mutually approved agreements.
These legal proceedings are further buttressed by legal protocols and practical measures developed by the Agency itself, including binding confidentiality agreements for
all members of staff (permanent and temporary); the use of containment and surveillance
to not only enable the Agency to request the minimum amount of information from
member states required for verification but also to ensure that information stored at facilities and back in Vienna is not accessed by uncleared personnel; information is highly
compartmentalized among Agency employees; and important communications, video or
otherwise, are encrypted. These are all measures which would naturally be incorporated
in a multilateral disarmament verification regime.
As discussed above in the section outlining the IAEA’s methods of verification,
IAEA safeguards are usually separated into three categories: nuclear materials accountancy, containment, and surveillance and OSIs (with the latter two in many instances in
the service of the former). The largest contributions that could be made by the IAEA’s
experience in verifying the NPT to nuclear disarmament regime would be in the areas of
materials accountancy and the disposition of fissile material. Naturally, with its expertise
in nuclear accountancy, the Agency has unique and extensive experience with tagging,
sealing, and monitoring the shipment and storage of nuclear material.45 Such practical
measures would not only restrict inspector access but also generate confidence that former weapons fissile material was not being diverted before or following conversion after
its departure from the restricted disassembly facility. However, the question remains:
With such restricted access measures in place, how can inspectors verify that the material removed from a “black box” and placed under their observation is in fact material
from an actual warhead and ensure that no material is diverted without being privy to the
classified design information (i.e., the weight and isotopic composition of the material)?
A great deal of work has in fact already been done to answer this question, and the
negotiators of a multilateral disarmament verification regime would not need to start
from scratch in designing procedures and practices for this phase of disarmament. From
44. Laura Rockwood, “Transcript of Interview with Thomas Shea,” June 26, 2006, http://
cgs.pnnl.gov/fois/doclib/RockwoodTranscript(153).pdf.
45. David Fischer, History of the International Atomic Energy Agency: The First Forty
Years (Vienna: IAEA, 1982), 45.
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1996 until 2002 the IAEA, in cooperation with the United States and Russia, developed
special technical provisions “to allow the NWS to submit dismantled nuclear weapons
components or other classified forms of fissile material to verification without giving
IAEA inspectors access to information on the design or manufacture of the weapons.”46
Essentially, the NDA techniques that the Agency uses to determine the composition and
quantity of masked material during its safeguarding in NNWS has been adapted to operate using what has become known as an information barrier (IB). Essentially, an IB
“consists of procedures and technology that prevent the release of sensitive information
during a joint inspection of a sensitive nuclear item, and provides confidence that the
measurement system into which it has been integrated functions exactly as designed
and constructed.”47 A technical IB is sometimes referred to as “red light / green light”
technology because, ultimately, it reports whether or not a measurement falls above or
below a certain threshold by flashing a red or green light as opposed to openly calculating sensitive design information. In this instance, the NDA techniques would function as
usual but the IB operating system would only report whether or not the isotopic ratio being measured was above or below a certain limit.48 Recently, an IB was actually successfully used in an exercise between the United Kingdom (a NWS) and Norway (a NNWS)
as they sought to develop procedures and technology to enable a NNWS to verify the
disarmament of a NWS.49
Previously, it has also been suggested that built-for-purpose disassembly facilities
be constructed in order to generate confidence that no material is being diverted while
a warhead is being taken apart away from the watchful eyes of inspectors. In order for
these facilities to fulfill their purpose, design verification inspections, similar to those
implemented by the IAEA under its safeguards agreements with NNWS, would need to
be conducted throughout the construction process. The design of facilities such as these
would need to remain classified for facility, national, and international security purposes.
The combined legal (i.e., inspector confidentiality agreements) and practical confidentiality procedures (i.e., the restricted dissemination of information among employees
and the containment and surveillance of files both on site and off site) used by the IAEA
could readily serve as a model in response to such a demand.
The fact that the IAEA has already developed much of the practical experience that
would be required of a nuclear disarmament regime has led many to the conclusion that
“engaging the IAEA to assist with transparency and verification measures seems appro46. Annette Schaper, “Monitoring and Verifying the Storage and Disposition of Fissile
Materials and the Closure of Nuclear Facilities,” in Transparency in Nuclear Warheads and
Materials: The Political and Technical Dimensions, edited by Nicholas Zarimpas (New York:
Oxford University Press, 2003), 210.
47. J. L. Fuller and J. K. Wolford, “Information Barriers,” IAEA-SM-367/17/01, 2001,
1,
http://www-pub.iaea.org/MTCD/publications/PDF/ss-2001/PDF%20files/Session%2017/
Paper%2017-01.pdf.
48. Thomas Shea, “The Trilateral Initiative: A Model for the Future?” Arms Control Today,
May 2008.
49. Unfortunately, a detailed explanation of this exercise is outside the scope of this paper.
For more information, see Bowen and Persbo, “How Might States,” 10–11.
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priate and logical as successive steps are taken towards nuclear disarmament”; after all,
“establishing another body for this purpose could undermine the IAEA safeguards system and would introduce duplicate safeguards responsibilities.”50 The Agency itself has
announced that it is poised and ready to become involved in nuclear disarmament, describing that “nuclear non-proliferation and disarmament are mutually reinforcing, and
the IAEA will be well positioned for the advancement of both.”51 Essentially, the above
proposals would have the IAEA take on a similar role to that which is enjoyed by the
Organization for the Prohibition of Chemical Weapons (OPCW), the multinational body
charged with implementing the total disarmament and nonproliferation requirements set
forth in the CWC. Naturally, as was the case with the OPCW, the extent to which the
IAEA would be involved in a destruction verification regime would be a function of
many factors at the time of negotiation, including the degree of proposed intrusiveness,
the geopolitical climate, advancements in verification technology, and so on.
In conclusion, the challenges for implementing an intrusive verification regime for
nuclear disarmament are extremely complex. Any arms control verification regime must
strike a balance between efforts to be transparent and generate confidence that reductions are actually taking place and the restraints placed on state parties by national and
international legal commitments and security concerns. The procedures and practices
used by the IAEA in implementing safeguards have already served as a template for
a handful of other treaty verification regimes in terms of developing managed access
procedures, facility design verification, containment and surveillance, OSIs, and so on.
As such, as policymakers continue to think critically about how multilateral nuclear
reductions can be achieved, it is natural, especially given the nature of some of the technologies used, to consider what can be learned from the IAEA’s experience in verifying
nuclear nonproliferation.
It is hard to measure the significance of the facility security and proprietary information that the IAEA has been charged to protect; however, it is immediately apparent that
such information pales in significance in comparison with what is protected in a nuclear
weapons program and could be made vulnerable in an intrusive disarmament regime, be
it bilateral or multilateral. Ultimately, it is common sense to assume that confidentiality
procedures and practices will continue to be a function of political realities and tailored
to each state. As such, the greatest lesson learned for policymakers by the experience of
the IAEA is that a significant amount of confidence and transparency can be generated
throughout verification with minimal access to confidential information by international
inspectors. All that said, it would be interesting in the future to consider the confidentiality procedures and practices used by the IAEA in verifying the destruction of Iraq’s and
Libya’s nuclear weapons programs as well as its experience verifying the completeness
50. Thomas E. Shea, “Potential Roles for the IAEA in a Warhead Dismantlement and Fissile Materials Transparency Regime,” in Transparency in Nuclear Warheads and Materials: The
Political and Technical Dimensions, edited by Nicholas Zarimpas (New York: Oxford University
Press, 2003), 230.
51. IAEA, “The Next Forty Years,” IAEA Bulletin 50-1 (September 2008): 19, http://www.
iaea.org/Publications/Magazines/Bulletin/Bull501/50101210911.pdf.
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of South Africa’s disarmament. Looking specifically at how inspections were carried
out and the handling and storage of information, especially with regard to the access of
inspectors from NWS and NNWS, would be extremely illuminating for the rationale of
this strain of research.
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Breaking the Chains of the Cold War

Nuclear Policy Requirements in the 21st Century
Captain Christopher Diller1

The passing of the Cold War, devoid of a nuclear exchange, was a welcome sight.
The fruits of globalization have since interconnected the economic and security
interests of states around the globe. Interdependence has led to increased cooperation and a collective harmony of interests, but the instabilities within individual
states now have more pronounced effects due to their rapid and seemingly unimpeded propagation throughout the international system. Furthermore, the post–
Cold War era revealed a dynamic and multifaceted threat environment through
genocide, nuclear ambitions, and violent extremism. The Cold War generated an
unlikely “stability” via mutually assured destruction, but that has since been replaced by rogue nations seeking regional hegemony and asymmetric advantages
to balance adversarial power.
The shift from a bipolar to a multipolar threat environment has produced a contradictory
dynamic in the role of U.S. nuclear weapons. U.S. security policy consistently affirms
the necessity of nuclear weapons, yet there is a skewed effort to reduce the number of
and reliance on these weapons. The Cold War stockpile has remained essentially unchanged due to the lack of clear policy direction, which calls into question the veracity
of the U.S. deterrent. Deterrence in this new environment requires fresh thought.
The United States currently has an outdated and oversized nuclear arsenal that is ill
suited to face 21st-century threats. However, a refined synthesis of political, operational,
and technological considerations could lead to thoughtful modernization of a nuclear
1. Captain Christopher Diller is an active duty Air Force officer and is currently stationed at
Whiteman Air Force Base, Missouri. He pilots the B-2 Stealth Bomber and is a conventional and
nuclear weapons certified combat mission ready instructor pilot. He was previously the chief of
nuclear tactics for the 13th Bomb Squadron and is now chief of electronic combat for the 509th
Bomb Wing. He is a 2003 Lawrence Livermore National Laboratories Military Academic Research Associate. There, he worked on advanced nuclear concepts for the Robust Nuclear Earth
Penetrator. In 2004, he graduated from the U.S. Air Force Academy, from which he received a
degree in political science. He holds a graduate certificate in advanced international affairs from
the George Bush School of Government at Texas A&M University and a master’s in national
security studies from American Military University. The opinions, recommendations, and conclusions expressed in this document are those of the author only. They do not reflect the official
position of the U.S. government, the Department of Defense, or of the United States Air Force.
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force that is more effective against a contemporary threat yet smaller and less costly
while providing strengthened deterrence and increased assurances.
This paper establishes and builds on three main points. First, nuclear weapons are
and will remain a pillar of U.S. national security, as affirmed by all three post–Cold
War presidents. Second, deterrence is not a one-size-fits-all formula due to transforming threats, and therefore a legacy arsenal cannot remain effective in our current dynamic threat environment. Third, and finally, the attributes of the Cold War arsenal are
different than the requirements needed to support 21st-century military strategy. These
main points establish the overall policy shortcomings in arms reduction and deterrence
strategy. Next, a series of recommendations for addressing the current shortcomings by
defining 21st-century nuclear requirements; adopting a full-spectrum, capabilities-based
defense model; and modernizing U.S. nuclear forces. While a variety of counterarguments to these proposals exist, in the end the conclusions established provide a viable
path forward for U.S. national security and require immediate consideration.

Post–Cold War Nuclear Policy: Clinton, Bush, and Obama
This section highlights policies from the Clinton, Bush, and Obama administrations. The
combination of these administrations comprises all nuclear policy since the end of the
Cold War. This review illustrates the overlapping policy themes of perceived threats to
U.S. security, the role of nuclear weapons in national security, the goals to reduce reliance on and the number of weapons, and proliferation prevention.

Clinton
The lack of a strategic opponent and the period of relative peace following the fall of the
Soviet Union marked new territory for U.S. international and domestic politics. While
addressing the United Nations General Assembly, former president Bill Clinton stated,
“In a new era of peril and opportunity, our overriding purpose must be to expand and
strengthen the world’s community of market-based democracies; . . . for our dream is
of a day when the opinions and energies of every person in the world will be given full
expression in a world of thriving democracies that cooperate with each other and live in
peace.”2 While everyone welcomed the idea of a peaceful post–Cold War era, violence
in the Balkans and Africa erupted, the United States continued to support no-fly zones in
Iraq, and Kim Jong-Il assumed control of North Korea and subsequently withdrew from
the Nuclear Non-Proliferation Treaty (NPT).
At the same time, the Clinton administration wrote the first iteration of the Nuclear
Posture Review (NPR) in October 1993. When this process concluded the following
September, it established several major themes. First, nuclear weapons were playing less
of a role in U.S. security than they had in the Cold War. Second, the United States could
feasibly move toward a smaller arsenal. Third, although the security environment had
changed, the former Soviet Union possessed a large nuclear capability that the United
2. Henry Kissinger, Diplomacy (New York: Simon & Schuster, 1995), 805.
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States still needed to counter. Fourth, the United States will continue to extend a nuclear
deterrent umbrella to its allies. And fifth, the United States should set high international
standards for nuclear security, safety, and control.3
The National Security Strategy of Engagement and Enlargement, released in February 1995, echoed the NPR in that the United States would retain the triad of strategic
nuclear forces sufficient to deter any future hostile foreign leadership with access to
strategic nuclear forces. Therefore, the Clinton administration elected to maintain a force
sufficient in size and capability to hold at risk a broad range of assets valued by political
and military leaders.4
The National Security Strategy for a New Century, released in October 1998, began
a slight shift in policy focus. The administration identified regional or state-centered
threats to U.S. interests—specifically, states actively improving their offensive capability to obtain nuclear, biological, or chemical weapons along with long-range delivery
systems.5 It stated, “Nuclear weapons serve as a hedge against an uncertain future, a
guarantee of our security commitments to allies and a disincentive to those who could
contemplate developing or otherwise acquiring their own nuclear weapons.”6
The most important change from the Cold War policy came in Presidential Decision Directive 60, according to which the new aim of the nuclear arsenal was to deter a
nuclear war rather than attempting to fight and win a protracted nuclear exchange. This
marked an important departure from Cold War thinking by ultimately divorcing the defeat capability of weapons from their ability to deter. This led to a philosophy that mere
possession of a nuclear weapon constituted a credible deterrent. Finally, the document
stated that the United States must ensure the continued viability of an infrastructure that
supports U.S. forces and weapons, and that the Stockpile Stewardship Program would
guarantee the safety and reliability of U.S. nuclear weapons.7
The Clinton administration marked the transition to the post–Cold war era. The
threats facing the United States remained unchanged during the beginning; however,
rogue states became more of an emphasis as time progressed. The reduced number and
reliance were explicit throughout the eight years, but the composition and capability of
the stockpile remained virtually unchanged. The only exception was the B-61-11, which
was deployed in the late 1990s, but that was a remnant of the Cold War.

Bush
President Bush’s National Security Strategy was released in the wake of the 9/11 terrorist attacks. It stated, “The gravest danger our Nation faces lies at the crossroads of radi3. Michael O. Wheeler, “U.S. Nuclear Policy and Strategy, 1945–2000: An Issue History,” 54.
4. Clinton White House, “A National Security Strategy of Engagement and Enlargement,”
February 1995, 15.
5. Clinton White House, “The National Security Strategy for a New Century,” October
1998, 6.
6. Ibid., 12.
7. Ibid.
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calism and technology. Our enemies have openly declared that they are seeking weapons
of mass destruction, and evidence indicates that they are doing so with determination.”8
On December 21, 2001, the Bush administration released the NPR. This document
outlined policies to change the U.S. approach to the role of nuclear offensive weapons
in deterrence strategy and presented a blueprint for transforming U.S. strategic posture.
The report established a “New Triad” composed of the following (see figure 1):9
1. Offensive strike systems (both nuclear and nonnuclear).
2. Defenses (both active and passive).
3. A revitalized defense infrastructure that would provide new capabilities in a timely
fashion to meet emerging threats.
Figure 1. The New Nuclear Triad

Source: J. D. Crouch, “Special Briefing on the Nuclear Posture Review,” U.S. Department of Defense, January 9, 2002, 13,
http://www.defenselink.mil/news/Jan2002/t01092002_t0109npr.html.

The Bush NPR put the Cold War planning practices for strategic forces in the past.
Few changes had been made in the size and composition of the strategic nuclear force
since the end of the Cold War; at the same time, plans and funding to sustain many
critical elements of the force were inadequate.10 The NPR declared that the traditional
8. Bush White House, The National Security Strategy of the United States of America, September 2002, “Introduction.”
9. U.S. Department of Defense, “Nuclear Posture Review [Excerpts],” January 8, 2002, 1,
12http://www.globalsecurity.org/wmd/library/policy/dod/npr.htm.
10. Ibid., 1.
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strategic posture that relied on offensive nuclear forces was no longer effective in deterring potential adversaries in the 21st century. Although the new threats dictated a fewer
number of weapons, the U.S. nuclear force required the capability to hold a wider range
of target types at risk.11
The NPR pointed out several weaknesses in the arsenal. First, it called for “greater
flexibility” with respect to nuclear forces and planning.12 It stated, “New capabilities
must be developed to defeat emerging threats, and to define and attack mobile and relocatable targets, to defeat chemical and biological agents and to improve accuracy and
limit collateral damage.” It also emphasized that the “need may arise to modify, upgrade,
or replace portions of the extant nuclear force or develop concepts for follow-on nuclear
weapons better suited to the nation’s needs. It is unlikely that a reduced version of the
Cold War nuclear arsenal will be precisely the force that the United States will require
in 2012 and beyond.”13
The Bush administration identified near-peer states, rogue states, and terrorism as
explicit threats to U.S. security and identified the stockpile as being inadequate to address all those threats. Expanded conventional weapons capabilities and two nuclear
weapon modifications were proposed to address the changing threats; the Robust Nuclear Earth Penetrator and the Reliable Replacement Warhead. Both these programs had
congressional funding for multiple years but were ultimately struck down.

Obama
Shortly after President Obama took office, he delivered a historic speech in Prague
where he highlighted nuclear dangers in the 21st century and vowed that the United
States would “seek the peace and security of a world without nuclear weapons” in order
to overcome these dangers.14 President Obama’s NPR also stated that “the long-term
goal of U.S. policy is the complete elimination of nuclear weapons.” Recognizing that
nuclear abolition was overly ambitious, he expressed his determination to take concrete
steps toward that goal by reducing the number of nuclear weapons and reducing their
role in U.S. national security.15
President Obama’s National Security Strategy stated that “there is no greater threat
to the American people than weapons of mass destruction, particularly the danger posed
by the pursuit of nuclear weapons by violent extremists and their proliferation to additional states.”16
Additionally, President Obama’s NPR stated “that as long as nuclear weapons exist,
the United States will maintain a safe, secure, and effective arsenal both to deter poten11. Ibid., 3.
12. Ibid., 3.
13. Sidney Drell et al., “A Strategic Choice: New Bunker Busters Versus Nonproliferation,” Arms Control Association, Washington, D.C., March 2003, 4, http://www.armscontrol.org/
act/2003_03/drelletal_mar03.asp.
14. Robert Gates, “Nuclear Posture Review Report,” White House, April 2010, iii.
15. Ibid.
16. Obama White House, “National Security Strategy,” May 2010, 4.
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tial adversaries and to assure U.S. allies and other security partners that can count on
America’s security commitments.”
The implications of this policy on the arsenal are not clear. Obama’s National Security Strategy of Engagement and Enlargement stated, “Our military must maintain its
conventional superiority and, as long as nuclear weapons exist, our nuclear deterrent
capability, while continuing to enhance its capacity to defeat asymmetric threats.” This
suggests that nuclear weapons need expanded capability to defeat asymmetric threats;
however, the NPR explicitly states that stockpile management “can ensure a safe, secure,
and effective deterrent without the development of new nuclear warheads or further nuclear testing,” and “Life Extension Programs (LEPs) will use only nuclear components
based on previously tested designs and will not support new military missions or provide
for new military capabilities.”
Additionally, the Obama administration’s NPR clearly stated, “The massive nuclear
arsenal we inherited from the Cold War era of bipolar military confrontation is poorly
suited to address the challenges posed by suicidal terrorists and unfriendly regimes seeking nuclear weapons.” Much like his predecessor, President Obama realized that the
current arsenal is not effective at addressing current threats both in size and capability.
In order to bridge this capability gap, President Obama’s plan is to augment the “credible
deterrent” by “reinforcing regional security architectures with missile defense and other
conventional military capabilities” to ensure that U.S. extended deterrence commitments
are met.
President Obama is an outspoken proponent of nuclear abolition; however, he realizes the importance of maintaining the overall capability. The main objectives of his
administration are to reduce the number of and reliance on the weapons while maintaining a credible deterrent. His administration has identified rogue states and terrorist
organizations as immediate threats and the fact that the nuclear arsenal is poorly suited to
confront these threats. And he has explicitly prohibited updates to the arsenal; however,
the B-61 is undergoing a LEP that could provide an enhanced capability.
Table 1 summarizes the three administrations’ goals, which have spanned a period
of nearly 20 years. Independent of political affiliation, the administrations have agreed
that the United States must have a credible deterrent to support its national security
strategy. However, Bush and Obama specifically identified the stockpile as outdated
and ineffective, but surprisingly over a period of 12 years it was not updated to meet the
requirements.
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Table 1. Summary of Presidential Administrations’ Goals

President

IDd
Strategic
Threat

IDd
Rogue
Threat

IDd
Terror
Threat

Prevent
Proliferation

Reduce
Number

Reduce
Reliance

Conventional
Reliance

IDd
Outdated
Arsenal?

Stockpile
Additions

Clinton

Yes

Yes*

Yes*

Yes

Yes

Yes

No

No

**B-61-11

Bush

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

***RNEP
***RRW

Obama

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

****B-61-12

*Broad threat, but not specific.
**Cold War remnant.
***Robust Nuclear Earth Penetrator, Reliable Replacement Warhead, neither developed due to lack of congressional support.
****The B-61 is undergoing an LEP which redesignates it as the B-61-12. The LEP is in the early stages, and the specific details
are not yet clear as to the changes.

Deterrence
The subject of deterrence has filled the halls of academia, Congress, the White House,
and the Pentagon for decades, so the chances of an earth-shattering breakthrough are unlikely. This section aims to bracket the problem on modern-day deterrence by focusing
the reader on the objective criteria of deterrence theory rather than the subjective aspects
of this theory.
The concept of deterrence has evolved over the past half century. During the Cold
War, deterrence was the cornerstone of U.S. national security strategy, and the world’s
fate rested upon its refinements, improvements, and effectiveness. Deterrence is the psychology of a threat.17 The psychology relies on the rationality of the adversary to react to
the threat along with the perceived alternatives available to the adversary. Ultimately, it
is the adversary that determines the effectiveness of a deterrent. The efficacy of the threat
rests on its credibility, and its credibility relies on two precepts: first, a demonstrated defeat capability (weapon) and second, the authority and political will to order its use. To
oversimplify, if a country has a nuclear weapon and the will to use the weapon, and if the
adversary has reason to believe that it is threatened and values what is being threatened,
then a “credible nuclear deterrent” exists. This paper addresses only the defeat capability
aspect of deterrence, which for all intents and purposes remains the most fundamental
and most objective criterion on which to establish the credibility of the deterrent.
For years, U.S. policymakers have assumed that the United States possesses and
maintains a credible nuclear deterrent, and for the majority of the Cold War, this was
probably true. The fruits of the Manhattan Project most certainly began the chain of
events that built the Cold War stockpile and fueled the arms race; however, the exact
capability of Fat Man and Little Boy were vastly improved upon over the course of time.
Why? Because the United States faced a dynamic adversary that attempted to reduce
the U.S. advantage, and therefore it had to adapt and overcome to maintain its suprem17. Thomas C. Schelling, The Strategy of Conflict (Cambridge, Mass.: Harvard University
Press, 1980), 6.
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acy. Each side went through multiple iterations of stockpile advancement from atomic
weapons, thermonuclear weapons, aircraft delivery, intercontinental ballistic delivery,
submarine delivery, multiple independently targetable reentry vehicle technology, and
ballistic missile defense technology, to name a few. At every intersection, the opposing
side had to make a conscious decision to modernize its arsenal to address the new threat,
to the point where each side had enough weapons to destroy the world many times over.
Although tensions have eased, the United States and Russia still maintain a fraction of
that capability. The more important point is that the United States maintains this exact
same capability with the exact same weapons. The benchmark for weapons to produce
an effective deterrent continually changed throughout the Cold War; therefore, it is reasonable to assume that an effective deterrent today would require an arsenal tailored to
meet those needs.
The point of this discussion is to ask the question, is deterrence a one-size-fits-all
concept with respect to nuclear weapons? And if an arsenal can deter one actor, can
it deter all actors? Affirming those questions may gloss over the fact that the United
States is now attempting to deter actors from gaining a nuclear capability, proliferating a demonstrated capability, and/or using a demonstrated capability. To complicate
matters, these new actors behave differently than the Soviets in that they may not be
rational by Western standards and therefore may not be responsive to Cold War–style
brinkmanship. Their motivation for developing or seeking nuclear weapons is a mixture
of national pride, asymmetric advantage against a superior conventional adversary, and
regional dominance. Additionally, their cultural and religious values differ from the Soviet model; therefore, their decision calculus is vastly different. It is difficult to believe
that an arsenal tailored to the Cold War deterrence model is the optimum solution for the
multifaceted threats of today.
Those who believe that deterrence is not a one-size-fits-all model but still agree that
deterrence is a valuable theory on which to base policy must justify the current arsenal’s
ability to support such a policy. The Cold War relied on multiple iterations of weapon
designs and delivery vehicles to support deterrence as threats evolved. Since the end of
the Cold War, the United States has continued to pursue that exact same policy of deterrence while at the same time expanding the scope of actors and behaviors to be deterred,
yet the weapons are exactly the same. If deterrence is not one size fits all, and the most
fundamental tenet of deterrence is a defeat capability, it is reasonable to expect a different arsenal to address a different threat.

Effective Deterrence Requirements: Cold War versus Modern
Day
The next logical step in defining the problem with U.S. nuclear policy and formulating a solution is understanding what weapon characteristics contributed to an effective
deterrent during the Cold War and why. Next, one needs to compare this with what requirements are placed on nuclear weapons today to determine the viability of the Cold
War stockpile as an effective deterrent. This becomes a difficult task because the only
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requirements placed on the weapons are that they are safe, secure, reliable, credible,
and effective—which are hardly metrics. Since there is not a baseline of comparison for
the requirements of Cold War and post–Cold War nuclear arsenals, the present requirements placed on the U.S. conventional military are used here as a desirable framework
to determine the disparities and frame the solution. The purpose of this comparison is to
illustrate the fact that there are no concrete defeat requirements for a “modern” nuclear
arsenal. Furthermore, since the current stockpile was designed and deployed during the
Cold War, it maintains the characteristics to meet an antiquated military strategy therefore making it incapable of supporting modern military strategy.

The Cold War Situation
The development of nuclear weapons marked a defining point in world history. After
the Soviet Union gained a nuclear capability and the arms race was under way, nearly
all political and military efforts were directed toward countering and ultimately containing the Soviet empire. Little argument surrounded the necessity of counteracting the
Soviet threat, and presidential administrations were defined by their individual approach
to countering the USSR.
In the early days of the Cold War, the U.S. military was almost exclusively focused
on how to fight and win a nuclear war. Military leadership was typically composed of
nuclear operators, and resource allocation was dominated by the acquisition of new nuclear delivery platforms or new weapons in order to bridge an emerging capabilities gap.
This one-dimensional approach to military strategy is known as a threat-based approach.
The essence of a threat-based model is an exclusive focus on “who and what” is
going to be fought, not “how and when.” It is typically used when threats to U.S. interest are easily identified, much as they were during the Cold War. The ability to quantify
a threat provides a rationale for building a force structure. In a two-sided conflict such
as the Cold War, this typically leads to niche capabilities and a classic game of one-upmanship between adversaries—that is, an arms race. It is a cyclic process that revolves
around what threat the adversary poses to you, and how it is countered.
The military became so Soviet-centric that the nuclear attack option was known as
the Single Integrated Operational Plan. This plan dictated the sequence and integration
of U.S. forces as they attacked the Soviet Union. The nature of the threat and the creation
of this plan led to the size, makeup, and capability of the stockpile and delivery systems
throughout the period.
Due to the ever-changing nature of the threat between the United States and the
Soviet Union, weapon systems (weapons and delivery platforms) were constantly redesigned and updated. Weapons were intended to have a short shelf life, and there was a
robust infrastructure to build, modernize, and repair the arsenal. The ability to quickly
and frequently replace weapons tended to undervalue safety and reliability in favor of increased capability and reduced timeline to field new weapons. In order to hedge against
the lack of reliability, a redundant targeting strategy existed. If a weapon hit a target and
did not detonate, there were additional weapons hitting the same or nearby targets that
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would destroy the missed target. Ample funding and resources provided an increased
number of weapons, which compensated for the lack of reliability.
The lack of precision, due to the technological limitations of the day, increased the
number of weapons required. A redundant targeting strategy also compensated for the
lack of accuracy, and this again added to the total nuclear force requirement. The combination of decreased reliability and poor accuracy increased the collateral damage associated with the weapons. However, this was of no consequence when dealing with
the Single Integrated Operational Plan. In fact, collateral damage was looked upon as a
positive effect since the goal was to maximize damage to the enemy.
What exactly constituted a “reliable” and “effective” deterrent in the Cold War?
Loosely defined, it was the combined effects of multiple weapons and multiple delivery
platforms attacking hundreds if not thousands of targets. Targeting experts analyzed the
probability of a weapon successfully being delivered either from an aircraft or missile
within an acceptable distance from the target, detonating at its intended yield, and inflicting the required amount of damage to a target. These reliability metrics translated
into requirements, and the requirements guided the development and deployment of the
arsenal through the 1990s when the cycle was effectively severed. At that point, the Cold
War arsenal, which was designed under the above criterion, instantly became the post–
Cold War arsenal, and it is still in service today.

The Post–Cold War Threat Environment
The threat environment has changed since the end of the Cold War. The risk of a nuclear
exchange with Russia still exists but is greatly diminished. For 50 years, national security strategy was directed toward countering the Soviet Union, and overnight, the threat
disappeared without bloodshed. Suddenly the U.S. military found itself in a unique position, but the anticipated peace dividend was quickly spoiled. The U.S. military found
itself deployed in places such as Somalia, Haiti, and the Balkan states and enforcing nofly zones in Iraq throughout the 1990s, which were all part of Clinton’s selective engagement strategy. Increased involvement in military operations, ranging from peacekeeping
to sustained aerial bombardment, forced the conventional U.S. military to adopt a strategy to counter emerging threats with fewer but more capable assets. Due to the necessity
of limiting collateral damage and the fact that the United States would eventually rebuild
many of the target areas, destruction needed to be limited. The post–Cold War military
cuts and advances in weapons technology, coupled with a widening range of enemies,
required weapons and delivery systems that minimized damage and maximized effects.
So came about effects-based operations.
Effects-based operations seek an end state that meets military objectives regardless
of which process or platform performs the mission. For instance, if the enemy is reliant
on electrical power to conduct operations, effects-based targeting seeks to cut off the
power source to the enemy. This can be done in a multitude of ways: a nuclear strike that
destroys the power plant, ground forces invading and taking control of the power plant,
Special Forces cutting power lines, or precision-guided munitions striking substations
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that relay the power to the enemy. All these options facilitate the required end state but
range in the level of effort required and inflict varying levels of damage on the enemy
and civilian population.
The idea of effects-based operations logically flows into the idea of a capabilitiesbased approach to military strategy. The core of a capabilities-based model is to identify
capabilities that adversaries could employ and capabilities that could be available to the
United States, then evaluate their interaction, rather than overoptimizing the force for a
limited set of scenarios.18 A capabilities-based model attempts to predict how an adversary might fight as opposed to who the adversary might be. This model is necessary when
threats to U.S. interests are vague and multifaceted. The ambiguity of threats does not
allow for deliberate counterplanning; instead, an adaptable force must be designed that
is suited to address a myriad of scenarios. While this creates a force that is not optimized
against one specific threat, it is optimized to tackle a much wider range of situations.
In comparison with a threat-based model, this approach dictates different requirements
when designing, maintaining, and acquiring military assets. Instead of a one-versus-one
mentality for military hardware, it seeks platforms that can perform multiple functions,
be updated quickly, face multiple threats, and be sustained over a longer period of time.

Summary
What does all this mean? The nuclear arsenal characteristics equate to what was designed during the Cold War and what is now in use. The post–Cold War military requirements equate to the characteristics that define U.S. conventional military strategy and in
all likelihood should guide nuclear military strategy. It is clear that these two paradigms
contradict one another (table 2). Knowing this, it is difficult to understand how the United States can possess an effective nuclear deterrent if the characteristics of the arsenal
fail to support modern military strategy.
Table 2. Nuclear Arsenal Characteristics versus Post–Cold War Military Requirements
Low Collateral

Characteristics or
Requirements

Reliable

Damage

Redundant

Fewer

Accurate

Required

Targeting

Weapons

Nuclear Arsenal
Characteristics

No

No

No

Yes

No

Post–Cold War Military
Requirements

Yes

Yes

Yes

No

Yes

So what defines a “reliable” and “effective” deterrent in the 21st century? Based on
the analysis above, today’s military faces a much wider range of threats. If the military
dictated nuclear requirements to address current threats with the same measures of effectiveness as dictated by conventional strategy, the nuclear stockpile would almost as18. Donald Rumsfeld, Quadrennial Defense Review Report, September 30, 2001, 16.
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suredly look different. It would likely mimic the requirements placed on conventional
weapons regarding reliability, accuracy, and decreased collateral damage, thereby enabling a slimmer, more capable force.

Policy Shortcomings
Evidence from previous presidential administrations suggests that nuclear weapons will
remain a pillar in U.S. national security strategy for the foreseeable future. However,
multiple flaws in policy and force shaping have weakened the ability of the United States
to maintain a credible deterrent posture and substantially reduce the total number of
weapons.

Deterrence
Over the past 20 years, the military and policy communities have failed to create concrete requirements and desired defeat capabilities for the nuclear arsenal. This lack of
direction has stemmed from an inability to quantify what behaviors and which states the
United States is trying to deter. Absent this direction, the nuclear force structure was not
molded to support a coherent deterrence policy. A capabilities gap exists between current threats and the U.S. ability to counter those threats, and it is possible that the United
States is becoming self-deterred with the extant arsenal.
The Bush and Obama administrations both posited increased reliance on and development of conventional weapons. While increasing reliance on conventional weapons
is appropriate, there are targets that U.S. conventional forces cannot defeat, particularly
hard and deeply buried targets (HDBTs). Furthermore, there are targets that are invulnerable to a nuclear attack using current U.S. weapons. A previous commander of the
U.S. Strategic Command articulated this point: “Our current arsenal, developed in the
Cold War, was not designed to address this growing worldwide threat [of buried targets].
There are facilities today which we either cannot defeat, even with existing nuclear
weapons, or must hold at risk using a large number of weapons.”19
If the United States continues to allow the nuclear stockpile to atrophy, there will
be an increased capability gap and a proliferation of targets that are well out of reach of
conventional and legacy nuclear weapons. The inability to destroy certain targets undermines the very basis of the U.S. deterrent posture. Furthermore, the countries that pose
the greatest threat to U.S. security, such as North Korea and Iran, are the most widely
known to build underground structures.
The inaccuracy of current weapons, coupled with their large yield, creates a question
of credibility in the stockpile and the leadership’s will to use them. The United States’
enemies understand its aversion to civilian casualties and collateral damage. The fact is
that nuclear weapons are the “dumbest” (i.e., most inaccurate and oldest) weapons in the
U.S. inventory, and also cause the most collateral damage of any weapon. U.S. adversar19. Jonathan Medalia, “Nuclear Weapon Initiatives: Low-Yield R&D, Advanced Concepts,
Earth Penetrators, Test Readiness,” Congressional Research Service, Washington D.C., March 8,
2004, 49.
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ies most certainly take this into account when assessing the United States’ decision to
employ nuclear weapons. Without precision targeting and the accompanying decreased
yield to minimize collateral damage, there is a strong argument that the United States is
self-deterred. This decreases the overall credibility of U.S. deterrence.
The U.S. nuclear deterrent appears to have prevented a nuclear exchange during the
Cold War. However, Pakistan and North Korea have both gained a nuclear capability
since the end of the Cold War. Furthermore, Iraq was on its way to a nuclear program
before the first Gulf War and Iran is currently pursuing a latent nuclear capability. It is
plausible to believe that these states have proliferated due to an antiquated U.S. stockpile
and resultant weakened deterrent.

Arms Reductions
The lack of direction has also inhibited thoughtful arms reductions in the nuclear force.
Since there is not a clear road map of what capabilities are required of the nuclear arsenal, it is impossible to determine the appropriate size and makeup of the force. Without
a starting point of what is required, it becomes more difficult to determine how many
weapons, if any, can and should be cut.
The Obama administration recently brokered New START, and there are talks of
additional cuts. Doing this will weaken his policy objectives of decreasing reliance and
the numbers of nuclear weapons, while maintaining an effective deterrent and extended
deterrence. The nuclear arsenal of today was not built with reliability as its top priority.
The existing weapons were designed for a 10- to 15-year service life, so their reliability
is in question. To make matters worse, the United States is the only nuclear weapons
state party to the NPT that does not have the ability to produce a new nuclear warhead.
To hedge against this unreliability, a pool of nondeployed warheads is retained.20 Additional reductions would undermine Obama’s goal of maintaining an effective deterrent
based on a stockpile sized to hedge against reliability concerns.
Arms reduction is further inhibited by the extended deterrence commitments. While
calculating the number of weapons required to support assurance commitments is not
viable, it is safe to say that the United States’ allies rely on its sizable stockpile to guarantee their security. Japanese defense minister Fumio Kyuma was explicit regarding the
nuclear requirements of extended deterrence: “The strongest deterrence would be when
the United States explicitly says, ‘If you drop one nuclear bomb on Japan, the United
States will retaliate by dropping 10 on you.’ ”21

20. Samuel Bodman and Robert Gates, “National Security and Nuclear Weapons in the 21st
Century,” Washington D.C., September 2008, 16.
21. Keith Payne, “On Nuclear Deterrence and Assurance,” Strategic Studies Quarterly,
Spring 2009, 55.
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Recommendations
Define 21st-Century Nuclear Requirements
The policy and military community alike must define the requirements for nuclear weapons in the 21st century. Broad policy objectives are filled with language such as safe,
secure, reliable, credible, and effective. One of the primary missions of the National
Nuclear Security Administration is to maintain the safety, security, and effectiveness of
nuclear weapons in order to provide the nation with a credible deterrent.22 The Defense
Threat Reduction Agency has a unit of nuclear experts that inspect Air Force bases and
Navy ports around the planet to ensure the safety, security, and readiness of everyone involved in nuclear-capable forces.23 This language and these organizations are important,
but these “requirements” are little more than adjectives. The fundamental disconnect is
the meaning behind these words—particularly “reliable,” “credible,” and “effective”—
and how they form a coherent deterrence policy.
Define the threats and behaviors to deter. The policy and military community must
come together to determine what behaviors and actors the United States must deter and
what constitutes a credible and effective deterrent in this effort. Based on the objective
criteria of deterrence outlined in the previous deterrence section, this lays the foundation
for what defeat capabilities the United States must possess in order to hold those actors
at risk.
The concepts of credibility and effectiveness are interlinked; the measure of effectiveness suggests the credibility of a deterrent. Deterrence effectiveness is immeasurable, but weapon effectiveness (i.e., the ability to destroy or degrade a given target),
which is directly tied to deterrence, can be modeled and quantified. This effectively
outlines the likely types of nuclear targets and what defeat capability is required.
Understand current nuclear and conventional capabilities. Once the defeat capabilities are defined, military leadership must provide an accurate assessment of what role
conventional weapons can fill and what role nuclear weapons must play. This requires an
understanding of the current limitations of the nuclear stockpile with respect to reliability, accuracy, and collateral damage, along with the military and political implications of
the current “plan” to mitigate these problems.
Define reliability. Reliability, in this case, does not relate to the lack of reliability
in the current stockpile, but rather what degree of reliability is needed to face current
threats. An actual measure of reliability is beyond the scope of this paper; however, the
need to define that measure is critical in shaping requirements. Reliability is a much
more important metric now that the scope of a nuclear exchange is smaller and more
limited in scale, as compared with the Cold War.
Determine shortcomings. Outlining concrete credible, effective, and reliable metrics
and comparing them to current capabilities allows the military to identify shortcomings.
22. National Nuclear Security Administration, “ Managing the Stockpile,” http://www.
nnsa.energy.gov/ourmission/managingthestockpile, 1.
23. Defense Threat Reduction Agency, “Nuclear Surety Inspections,” 1, http://www.dtra.
mil/Missions/NuclearDeterrenceDefense/NuclearSuretyInspections.aspx.
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Likewise, it provides a baseline to establish new capability requirements and sizing for
both conventional and nuclear weapon stockpiles.

A Full-Spectrum, Capabilities-Based Model
Opening the dialogue between the military and civilian leadership, along with redefining
the requirements of 21st-century deterrence, will enable the military and policy community to shift from a threat-based model to a full-spectrum, capabilities-based model that
smartly integrates conventional and nuclear weapons strategy. Policymakers and military leadership must grasp the importance of conventional weapons’ role in deterrence.
The technological advantage that the U.S. military currently enjoys allows conventional
weapons to fulfill the same mission that once required a nuclear weapon. This reduces
the number of nuclear weapons required and reduces the overall reliance on nuclear
weapons. However, the conventional advantage of the U.S. military is shrinking, and
without this edge, the demand for nuclear weapons could intensify and the likelihood of
a nuclear exchange could increase.
Increase intelligence, surveillance, and reconnaissance (ISR) funding. The ability to
maintain information superiority allows military planners to exploit enemy weaknesses
and carry out effects-based operations. This allows for precision targeting (both kinetic
and nonkinetic) of critical vulnerabilities, and while it may not lead to a full kinetic defeat, it allows for the functional incapacitation of the threat. This is only possible with
state-of-the-art computers, software, and ISR platforms such as satellites and manned
and unmanned vehicles.
Guarantee freedom of movement. The military must ensure freedom of movement
and confront the emerging antiaccess/area-denial challenge (A2/AD). A2/AD threatens
to deny U.S. freedom of movement to conduct such missions as ISR and interdiction
strikes by denying global positioning systems, degrading communication systems, and
increasing the number and capability of enemy surface-to-surface and surface-to-air
weapon systems. This requires expanding capabilities to dominate the electromagnetic
spectrum to reduce the effects of A2/AD and increasing the viability of U.S. systems to
operate in a degraded electromagnetic environment. Without the freedom of movement,
ISR cannot gather data to guide strategy and precision military engagements become
increasingly challenging, potentially opening the possibility for a nuclear option.
Exploit technology for delivery platforms and weapons. The United States must
continue to exploit weapons technology to the maximum extent possible. This means
research and development in nonkinetic weapons systems and directed energy weapons
for future capabilities. There must also be continual emphasis on survivable standoff
weapons like the Joint Air-to-Surface Standoff Missile, and advanced cruise missiles
such as the Tomahawk Land Attack Missile. The Department of Defense must continue
to fund enhanced conventional HDBT defeat weapons such as the 30,000 pound GBU57 Massive Ordinance Penetrator and follow-on weapons. Additionally, there must be
continued sustainment and investment in survivable delivery platforms and key enablers
such as aircraft carriers, conventional submarines, EF-18G, B-2, F-22, F-35 and next
generation bomber in order to carry out strikes if the situation dictates.
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Ballistic missile defense. The development and deployment of a ballistic missile
defense system is crucial in reducing the likelihood of a small-scale nuclear attack. The
inability to threaten an enemy’s delivery system after launch, coupled with the inability
to functionally defeat those delivery systems in garrison with kinetic or nonkinetic effects, increases the likelihood of a U.S. nuclear response. Decreasing the incentives and
the likelihood of a successful strike by a rogue state reduces the overall likelihood of a
nuclear exchange by either side.
Reliable command, control, and communication. Finally, command, control, and
communication systems need to be continually upgraded to effectively integrate these
capabilities. This allows proper routing of critical information to the appropriate source
at the right time for analysis and for making timely decisions to prevent the loss of life.
This prompt flow of information decreases decision and analysis timelines, which serves
as a key enabler for synergistic battlespace dominance.
Increase strategic communication. The military and policy community must communicate intentions domestically and internationally within the constraints of operational security. This involves stronger language in the National Security Strategy, Quadrennial Defense Review, National Military Strategy, and NPR as well as public media
outlets as to role of nuclear weapons in U.S. policy. America must leave no doubt in its
enemies’ minds that if its conventional weapons cannot hold them at risk, its nuclear
weapons will. This renewed emphasis also increases the United States’ assurance commitments with allies.

Modernize Nuclear Forces
It the U.S. policy and military communities were to adopt a capabilities-based planning
model, the next step would be to update the nuclear force to meet 21st-century military
requirements.24 This would involve enhanced capabilities to address a wider range of
threats and thereby close the capabilities gap that currently exists. These updates would
also increase the reliability of the weapon system. The combined effects would allow for
the deployment of fewer weapons and provide a more robust deterrent while strengthening assurance commitments.
Increase the accuracy of nuclear weapons. As stated above, the weapons in today’s
arsenal are less accurate than conventional weapons. The common approach to this problem, even in the military community, is to scoff at the accuracy of nuclear weapons due
to their incredible explosive capability. This idea is bred from the immature technology
of the day and from the inability to precisely target weapons in the Cold War. Due to
their large circular error of probability (CEP) (accuracy metric), the yields of the weapons were increased to make up for increased miss distances. Modern guidance technology makes inaccuracy a thing of the past. Figure 2 illustrates this point.
24. The nuclear weapons capabilities discussed in this section are all generic. The yields
and capabilities are for illustration purposes only. No current weapons system information was
used in the derivation of the graphs.
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Figure 2. Circular Error Probability (CEP) versus Yield (Probability of Destruction, Pd)

>.99 Pd

Note: The data above are based on a 1 kilton surface burst (0 HOB) against an adjusted VN target of 23.8 (20Q9 chart).
Source: These data were extrapolated from RAND’s Damage Probabilities for Small-CEP, Low Yield, Airburst/Groundburst
Attacks against Selected PVN and QVN Point Targets.

In figure 2, the X-axis axis is the CEP, from 0 to 600 feet, and the Y-axis is the probability of destruction (Pd). As you can see, placing a weapon between 0 and 100 feet
ensures a 95 percent probability or greater of destruction. As this CEP increases over 100
feet, the Pd sharply decreases. At 200 feet, the Pd is approximately 75 percent; and at
300 feet, it is approximately 50 percent. This increase in CEP is the difference in sending
a single weapon versus multiple weapons. The obvious conclusion is that the closer the
weapon can get to the target, the higher the confidence in its destruction. The higher the
confidence in destruction, the fewer weapons required.
Decrease the yield of nuclear weapons. Increasing accuracy also allows for a decrease in yield. Figure 3 demonstrates this point by showing the required yield and CEP
to achieve a constant 0.99 Pd of a given target. As you can see, a 0.1 kiloton weapon
placed 30 feet from a target has the same destructive capability as a 70 kiloton weapon
(nearly three times the explosive power of the weapons dropped in World War II) at 300
feet. The ability to increase accuracy and decrease yield allows for decreased collateral
damage and enhanced destructive capability of a weapon against hard and deeply buried
targets.
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Figure 3. CEP and Yield Required for a .99 Probability of Destruction (Pd)

Note: This graph represents the maximum CEP and associated yield for a ground burst to achieve a .99 Pd on a target with
an adjusted VN of 29. Of note is that there were only data points for .1, .2, .5, 1, 5, 7, 10, 20, 50, and 70 kiloton bursts;
therefore, the line is extrapolated for various other yields and may not be accurate.
Source: These data were extrapolated from RAND’s Damage Probabilities for Small-CEP, Low Yield, Airburst/Groundburst
Attacks against Selected PVN and QVN Point Targets.

Reduce collateral damage. Table 3 was derived from a notional target consisting of
a tunnel facility 105 meters below the surface. Each horizontal segment compares the
associated fallout for a constant overpressure (destructive capability) effect by manipulating the yield of a surface burst and a 10 meter depth of burial burst. The collateral
effect radius is the effect distance from the detonation point. The primary effect source
is the largest of the collateral effects: base surge, thermal fluence, or blast overpressure.25
For example, the 50 kiloton surface burst produces a larger collateral effect radius than
the 50 kiloton buried burst because the thermal influence is greater because the fireball
is above ground. The table illustrates the ability to substantially reduce collateral effects
while maintaining the same overpressure to destroy a target with a lower yield weapon
at 10 meter depth of burial.
Update nonnuclear components. Developments in computer technology and stateof-the-art electronics can also tackle the potential problems with the nonnuclear components of the weapon that contribute to its reliability problems. Incorporating new digital
electronic components allows for multiple redundant internal safeguards, making it an
overall safer weapon. The electronic fusing and firing components could also be upgraded and streamlined, making inspections, maintenance, and upgrades to the weapons
easier and less costly while at the same time increasing the reliability of the weapon.
25. Ibid.
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Table 3. Weapons Effect and Nuclear Fallout

Yield (kilotons)

Depth of
Burial (meters)

Shock Overpressure at
150 Meters
Below the
Surface (kbar)

Collateral
Effect Radius
(kilometers)
(primary effect
source)

Area of Exposure to 50
Rem or Greater from
Fallout after 48 Hours
(square kilometers))

0.25
5

10
Surface

0.1
0.1

1.1
2.4

10
80

1
50

10
Surface

0.4
0.5

1.2
5.7

30
500

4
175

10
Surface

1
1

2.2
11

90
1,400

50
2,000

10
Surface

5
5

5.1
38

600
8,700

Source: Bryan Fearey, Paul White, John Ledger, and John Immele, “An Analysis of Reduced Collateral Damage Nuclear
Weapons,” Los Alamos National Laboratory, 2003, 8.

The way ahead. In order to combine these desired features on a weapon, an idea similar to the Reliable Replacement Warhead and the Robust Nuclear Earth Penetrator must
be revisited. This could involve the design of a new warhead based on proven weapons
designs or a refurbishment of existing weapons in order to meet the same objectives.
The current B-61 LEP has breathed some life into the movement. One of the goals of
the B-61-12 LEP is to place a guidance tailkit, much like a Joint Direct Attack Munition
on the weapon to improve accuracy.26 The details of this program and weapon are still
unclear, and it is currently under scrutiny due to cost overruns.
Cost study on sustainment versus replacement. No doubt upgrading and developing
weapons would be extremely expensive; however, all the weapons in the stockpile have
undergone LEPs and will continue to do so as long as they are operational. A thorough
fiscal comparison between past, present, and future LEPs with the anticipated cost of
designing and fielding a new weapon is a worthy project. A broad argument can be made
that investing and upgrading weapons now saves money in the long run by paving the
way for reductions in the total number of weapons (due to increased reliability and effectiveness) and the associated LEPs needed to sustain them indefinitely. This analysis
must be done to ensure that taxpayers’ dollars are spent wisely.
Decrease the size of the stockpile. Defining requirements for nuclear weapons and
establishing a plan to meet those requirements paves the way for substantial reductions
in the overall stockpile. The intent of this recommendation is not to provide a number,
but more guidelines that would establish thoughtful cuts in the stockpile.

26. Jen DiMasco, “Nuclear Bomb’s Cost Increases Draw Congressional Scrutiny,” Aviation
Week and Space Technology, August 6, 2012, http://www.aviationweek.com/Article.aspx?id=/
article-xml/AW_08_06_2012_p36-482516.xml&p=1.
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Adopting a capabilities-based approach shifts the focus from how many targets to
what types of targets the United States must hold at risk, likely reducing the requirement
for weapons.
Additionally, continued upgrades and improvements to conventional capabilities
will continue to decrease the need for nuclear weapons, although not entirely remove
the need.
Increasing accuracy and improving the defeat qualities of the stockpile reduces the
demand for nuclear weapons because the probability of destruction is greater and more
predictable. This dictates a smaller number of weapons to achieve the desired weapons
effects. More reliable weapons equate to less of a requirement for weapons. First, the
hedge strategy of a nondeployed stockpile can be forgotten with respect to reliability
concerns. Second, instead of targeting multiple weapons against a facility, the requirement may necessitate only a single weapon.

Opposing Views
Nuclear Weapons No Longer Have Value in the 21st Century
Many contemporary thinkers are committed to ridding the world of nuclear weapons
altogether. This is a noble goal and on the surface appears desirable, but it is extremely
debatable. First, no Western power revels in the ability to wipe humanity off the face of
the Earth; the sheer capability to do so is nearly beyond comprehension. However, the
threat of mutually assured destruction forces nuclear-capable states to turn toward diplomacy and avoid military confrontation, which possibly has led to the creation of a more
peaceful world over the last 70 years. Imagine if every nuclear state simultaneously
stuffed the nuclear genie back into the bottle. Next, couple that with global economic
instability, struggles for regional dominance, the proliferation of chemical and biological weapons, advanced conventional weaponry, and violent extremist—you have now
described a world more volatile and explosive than history has ever seen but without the
force that provides the most stability due to its grave consequences. To say that nuclear
weapons are stabilizing seems contradictory, but history shows otherwise.
Others believe that nuclear weapons offer little or no added value over current conventional capabilities. The basis for this thinking is that the deterrent effect is equated
to the United States’ capability to destroy physical targets, and that current conventional
weapons can address these threats. The first flaw in the argument is that while the capability to destroy a target is an aspect of deterrence, it is the adversary that ultimately
determines the deterrent value. Also, many assume that conventional weapons can hold
all plausible targets at risk. This is not true. This mode of thinking also ignores the potential value of nuclear weapons in deterring a chemical or biological attack on the United
States. Finally, it dismisses the value of U.S. nuclear weapons capabilities to other states.
Officials and commentators in key allied countries perceive great value in U.S. nuclear
weapons for extended deterrence. There is a direct connection between allied percep-
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tions of assurance and the value of U.S. nuclear weapons for extended deterrence and
nuclear nonproliferation.27

Updating Nuclear Weapons Damages U.S. Nonproliferation Efforts
There seems to be incongruence between the United States’ maintenance of its own
arsenal and the simultaneous advocacy of nuclear nonproliferation. Likewise, many believe modernizing nuclear weapons will send a provocative signal to other nations that
nuclear weapons are still extremely important to the United States and encourage proliferation. The fact of the matter is that nuclear weapons are and will remain a pillar of
U.S. national security. While America’s enemies will publicly accuse it of undermining
disarmament, the inability to maintain a credible deterrent could have negative implications on nonproliferation efforts.
Many U.S. allies fall under the protection of the U.S. nuclear umbrella. If those
states begin to lose faith in the U.S. arsenal, they may elect to develop an indigenous
nuclear capability, therefore encouraging proliferation. Following the successful nuclear
test by the North Koreans in 2006, a statement signed by 17 former South Korean defense ministers and veterans called on the Seoul government to request the United States
to redeploy tactical nuclear weapons, which were removed in 1991.28 Likewise, a Japanese study headed by former president Yahuiro Nakasone concluded that “in order to
prepare for drastic changes in the international situation in the future, a thorough study
of the nuclear issues should be conducted.” Nakasone stated that Japanese security is
dependent on U.S. nuclear weapons, but that the future of the U.S. extended deterrent is
unclear.29 While the current assurance posture appears to be adequate, it is not unreasonable to think that an aging stockpile and reduced confidence in the stockpile could open
the doors for allied proliferation. Given the role that nuclear weapons play in assurance
and extended deterrence, and the role in which extended deterrence plays in nonproliferation, there is no incongruence.30
Others believe that updating weapons runs counter to the NPT. The United States
pledged, under Article VI of the NPT, “to pursue negotiations in good faith on effective
measures relating to the cessation of the nuclear arms race at an early date and to nuclear
disarmament, and on a Treaty on general and complete disarmament under strict and effective international control.”31 This article does not specify a time-bound commitment,
but production of new nuclear weapons would contravene the treaty’s obligations “to
pursue . . . nuclear disarmament.”32
27. Payne, 56.
28. Dafna Linzer and Walter Pincus, “U.S. Detects Signs of Radiation Consistent With
Test,” Washington Post, http://www.washingtonpost.com/wp-dyn/content/article/2006/10/13/
AR2006101301572.htmlOctober 14, 2006, 2.
29. Keith Payne, “On Nuclear Deterrence and Assurance,” Strategic Studies Quarterly,
Spring 2009, 55.
30. Ibid.
31. (NPT)Narrative Text, “Treaty on the Non-Proliferation of Nuclear Weapons,” http://
usun-vienna.usia.co.at/npt1.htm, 11.
32. Ibid.
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There are several counterarguments to the concerns surrounding the NPT. First,
nuclear weapons are important to the national security of the United States, just as they
have been since the NPT was signed in 1968. The end of the Cold War did not put an end
to nuclear weapons in the United States or any other country. Second, a large percentage
of the U.S. nuclear arsenal was developed under the realm of the NPT. Third, countries
that seek nuclear weapons do so independent of the United States; they make their own
decisions concerning their security.
The arms control policies and nonproliferation efforts supported by the United
States do not necessarily have influence on all actors. A great illustration of this point
is Pakistan and India. The United States signed the Comprehensive Nuclear Test Ban
Treaty in 1996 (although it was not ratified), yet India and Pakistan still tested their
nuclear weapons in 1998.33 Over the past 20 years, there have been significant reductions
in the number of U.S. and Russian nuclear weapons, reductions in alert levels of nuclear
forces, and the abandonment of U.S. nuclear testing. Furthermore, no new warheads
have been developed, and there has been little to no modernization of the U.S. nuclear
force. Despite all this, North Korea has successfully developed and tested a nuclear device, and Iran is well on its way.

New Weapons Will Lower the Nuclear Threshold, Thereby Increasing the
Probability of Use
It is important to differentiate between crossing the nuclear threshold and the probability
of use of a nuclear weapon. The decision to cross the nuclear threshold is based on a set
of criteria that must be met before the commander in chief would order the use of nuclear
weapons.34 Based on the 50 years of evolving nuclear doctrine, along with the new threat
facing the United States, the criteria would likely include but not be limited to:
1. A substantial loss of life on the part of the United States or its allies.
2. An imminent threat that would cause a substantial loss of life on the part of the
United States or its allies.
3. Conventional weapons’ inability to destroy the target.
4. Time critical, meaning the cost of a failed conventional attack would be too great.
5. A minimal number of civilian casualties.
6. As a last resort.
The probability of use is tied to the number of threats facing the United States that
could meet these six criteria. The probability of use is driven by the number of threats,
not the possession of a capability.
33. Medalia, “Nuclear Weapon Initiatives: Low-Yield R&D, Advanced Concepts, Earth
Penetrators, Test Readiness,” 22.
34. John Medalia, “Sources of Confusion in RNEP Debate,” September 2004, http://www.
fas.org/spp/starwars/crs/RL32599.pdf, 6.
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Understanding the relationship between the threshold and the probability of use,
consider the following arguments. Senators Jack Reid and Carl Levin stated, “The ability to limit collateral damage makes a weapon more usable—and thus more likely to be
used.”35 Using Iraq as an example, they ask, “Would we have dropped imprecise ‘dumb
bombs’ on Saddam’s suspected hideouts in the crowded neighborhoods of Baghdad?”36
They draw a parallel between a Robust Nuclear Earth Penetrator–type weapon and a
low-yield weapon saying, “developing low-yield weapons could tilt the scales to use,
rather than restraint.” Their argument assumes that since precision guided munitions
were more usable due to their limited collateral damage, that is why they were used.
Furthermore, the same rule would apply to nuclear weapons.
To begin, United States has had low-yield nuclear weapons since the beginning of
the Cold War, but has never once used them. Their military utility in Korea and Vietnam
would have been priceless, yet the National Command Authority exercised restraint.
The same fear existed when the neutron bomb was developed. It was considered a clean
and ultimate “battlefield nuke” because it had small amounts of fallout and low collateral damage and many believed it would tempt the commander in chief into using
such weapons. Despite this new niche capability, then-president Jimmy Carter stated, “A
decision to cross the nuclear threshold would be the most agonizing decision to be made
by any President. I can assure you that these weapons would not make that decision any
easier.”37 No evidence exists to suggest that simply possessing a capability changes or
lowers the criteria in crossing the nuclear threshold; a state-of-the-art weapon will not
change the criteria, lower the threshold for a nuclear strike, or increase the likelihood of
a nuclear exchange.
However, the perceived “usability” of the weapon does have a tremendous impact
on its deterrent capability. Remember that it is the enemy that determines the effectiveness of a deterrent. The United States’ possession of a more capable weapon conveys to
an enemy that the weapon is more usable and therefore more likely to be used against
them, much like Levin and Reid’s reasoning. The enemy’s belief that a more credible
defeat capability exists will most assuredly influence its decision calculus. For example,
during a 2005 U.S. congressional delegation’s visit to North Korea, Representative Curt
Weldon discussed U.S. interest in a nuclear capability to threaten HDBTs. According to
the bipartisan delegation’s after-trip report, the mention of an enhanced nuclear weapon
was the only U.S. military capability that appeared to concern the North Korean leadership and “got their attention,” suggesting a potential deterrent value.38

35. Carl Levin and Jack Reed, “A Democratic View,” Arms Control Today (January/February 2004), 12.
36. Ibid.
37. S.T. Cohen, The Neutron Bomb: Political, Technological, and Military Issues (Washington D.C.: Institute for Foreign Policy Analysis, 1978), 72
38. Payne, “On Nuclear Deterrence,” 51.
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Conclusion
Over the past two decades, the United States has neglected to adapt nuclear capabilities
to support its policies and interests. The unmistakable fact is that nuclear weapons are
going to continue to play a significant role in U.S. policy and military strategy. The ultimate goal is to optimize a stockpile to support this policy and strategy.
Putting Cold War–style deterrence thinking behind us and clearly defining the requirements for a 21st-century deterrent is the first step in achieving this goal. Once these
requirements are realized, policymakers can determine whether or not arms reductions
are possible, if the current deterrence level is effective, and whether or not America’s
commitments to its allies are sufficient.
Defining requirements is also a gateway to reducing the role and the number of
weapons. Shifting nuclear thought to a capabilities-based model will allow the military
to take full advantage of conventional weapons, minimize the scenarios that would require a nuclear option, and dictate requirements for a stockpile sized and designed to
face a wider range of threats.
Finally, America’s modernizing and optimizing of its nuclear force bridges the capabilities gap by allowing it to hold at risk those targets that current conventional and
nuclear weapons cannot. Force modernization will also increase the accuracy, reliability,
and credibility of U.S. forces. This in turn would strengthen the U.S. deterrence posture,
reassures allies of the U.S. capability, and allows for substantial reductions in the deployed and nondeployed nuclear stockpile.
In 1919, Winston Churchill, then secretary of war, arranged for the oiling and storage
of a number of large canons and howitzers. In September 1939, as World War II peaked
over the horizon, Churchill tasked the minister of supply to find them, saying, “They
were never used but they were the last word at the time. They are not easy things to lose.
. . . It seems to me vitally urgent, first, to see what there is in the cupboard; secondly, to
recondition it at once.”39 The United States can learn two important lessons from this.
First, threats are constant and ever changing. The “War to end all wars” did not in fact
end all wars. Second, preparation is the key to winning wars, and, more important, to
preventing them. Preparation can be done only through constant technological advances
and the leadership to incorporate these changes.

39. Patrick Garrity, “Preparing for the Gathering Storm: The United States and the Next
War,” in Statecraft and Power, edited by Christopher Harmon and David Tucker (Lanham, Md.:
University Press of America), 258.
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Deterring Iran’s Nuclear Capability
Patrick Disney1

Iran possesses the capability to produce nuclear weapons, and has for more than
half a decade, yet has so far shown no sign of pursuing a crash program to develop a nuclear arsenal. Absent some major new development, Iran can be expected
to remain a nuclear-capable—though not a nuclear-armed—state for the foreseeable future. This poses a novel security challenge for American policymakers,
who must adjust to the changing threat posed by Iran’s nuclear capability while
balancing four interrelated though often contradictory objectives: dissuading Iranian weaponization, reassuring regional allies, preventing regional proliferation,
and deterring Iranian aggression. Unfortunately for U.S. policymakers, no single
strategy can support all four of these objectives simultaneously.
Dissuading Iranian weaponization is rightly the top U.S. priority. Officials in
Washington consciously avoid discussing plans for containing a nuclear Iran,
focusing instead on efforts to prevent weaponization in the first place. Diplomatic
offers designed to reach an agreement with Iran, however, tend to unnerve American allies, which fear any accommodation with Tehran. Such fears raise the risk
that U.S. allies in the region might pursue their own nuclear deterrent as a hedge
against a possible Iranian weapons capability. Conversely, those approaches that
might strengthen the U.S. nuclear umbrella in the Middle East send threatening
signals to Iran and make weaponization more likely. The United States thus faces
a security dilemma in meeting the challenge of a latent Iranian nuclear weapons
capability: The more the United States does to prepare for the day after Iran obtains a nuclear weapon, the greater Iran’s incentive becomes to acquire a nuclear
deterrent of its own. Likewise, the type of diplomatic cooperation that holds the
greatest promise for preventing an Iranian bomb has the effect of undermining
U.S. assurances to allies in the Persian Gulf. Washington’s task, then, is to tailor
its diplomatic and extended deterrence frameworks so as not to exacerbate the
security dilemma inherent in the Iranian challenge.

1. Patrick Disney received an M.A. in international relations in May 2012 from Yale University.
148 |

Iran’s Nuclear Capabilities
More than four years ago, the U.S. intelligence community published the consensus
viewpoint of all 16 intelligence agencies regarding Iran’s nuclear program. That assessment declared that “Iran has the scientific, technical and industrial capacity eventually
to produce nuclear weapons if it decides to do so.”2 In the years since, that assessment
has been confirmed by the International Atomic Energy Agency (IAEA), Israeli intelligence, and nearly every other Western government working on the issue.3 The fact is
undeniable: Iran today has the capability to produce nuclear weapons. And it has had this
capability for years.
Iran should be considered to have a weapons capability today because it possesses
the basic technological mastery of each of the three processes that make up a nuclear
weapons program: the ability to produce fissile material, the knowledge to weaponize
this material by assembling an actual device, and the means to deliver it.4 Iran will continue to possess this capability so long as its scientific base remains intact—eliminating
nuclear facilities would not destroy its technical know-how. The former head of the
IAEA, Mohammed ElBaradei, put it succinctly when he said, “You cannot bomb their
knowledge.”5
That said, Iran today lacks a clear pathway to a nuclear weapons breakout without
early detection. Any move to reconfigure either of its declared enrichment facilities for
weapons purposes would undoubtedly be detected by the IAEA’s monitors present in
those facilities, and any attempt to halt inspections by Iran would be seen on its face as
an intent to weaponize.
Given Iran’s history of evasion, there is a risk that Iran might be operating undeclared facilities; specifically, covert enrichment sites would be most worrisome. But
two former Obama administration officials have stated publicly that the United States is
very confident that Iran does not possess any secret nuclear sites.6 This is a profoundly
important revelation. If true, it means that Iran’s only available option for sprinting to2. National Intelligence Council, “Iran: Nuclear Intentions and Capabilities,” National
Intelligence Estimate, November 2007, 7.
3. See George Jahn, “Nuke Agency Says Iran Can Make Bomb,” Associated Press,
September 18, 2009; Yakov Katz, “Dropping a Bomb on Israel,” Jerusalem Post, December 7,
2007; Catherine Philp and Giles Whittell, “Iran Acquires Knowledge to Make Atomic Weapons;
Nuclear Agency Sets Out Findings In Secret Papers—Iran Has Ability to Make Atomic Weapons,”
The Times (London), October 5, 2009.
4. Damien Pearse, “Iran Can Make Nuclear Weapons—But Won’t, Says Top Politician,”
The Guardian, April 7, 2012, http://www.guardian.co.uk/world/2012/apr/07/iran-can-producenuclear-weapons-politician; Arms Control Association, “Arms Control and Proliferation Profile:
Iran,” Washington, D.C., July 2011, http://www.armscontrol.org/factsheets/iranprofile.
5. “ElBaradei: Israeli Strike Won’t Stop Iranian Bomb,” Bloomberg, March 21, 2012, http://
www.jpost.com/IranianThreat/News/Article.aspx?id=262834.
6. Tabassum Zakaria and Mark Hosenball, “Special Report: Intel Shows Iran Nuclear
Threat Not Imminent,” Reuters, March 23, 2012, http://www.reuters.com/article/2012/03/23/
iran-usa-nuclear-idUSL2E8EGEKT20120323.
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ward nuclear weapons in the near term would require doing so under the nose of IAEA
inspectors. This would be extremely difficult if not impossible to do without detection.
In sum, then, the United States has concluded that the most plausible breakout scenario involves a covert site, which publicly available U.S. intelligence suggests does not
currently exist. Any other scenario would almost certainly be detected in time for the
international community to act preemptively. A nuclear-armed Iran is therefore not yet
an imminent threat.

Iran’s Nuclear Intentions
The fact remains: Iran’s leaders could build nuclear weapons if they wanted to do so.
What, then, do they want? Do Iran’s leaders want nuclear weapons, and if not, why are
they willing to go through such trouble to keep the nuclear program going?
Intentions are always subject to change. Iran could be pursuing nuclear weapons tomorrow but give up the day after—or vice versa. No one knows for sure what the goal is
that the Supreme Leader of Iran has in mind. However, there is one contention, based on
evidence, that should inform policymakers today: Up to this point, Iran has not actively
sought to acquire a deliverable nuclear weapon.
There is no evidence that has yet been made public that the Iranian government possesses a “Manhattan Project” to acquire the bomb as quickly as possible. According to
one former intelligence officer aware of U.S. findings, “It isn’t the absence of evidence,
it’s the evidence of an absence. Certain things are not being done.”7 Other Western intelligence agencies and the IAEA have concurred with this view.8 Given Iran’s scientific
and technological know-how, most experts agree that, if Iran’s leaders wanted to acquire
nuclear weapons, they should have been able to by now.9 This is further supported by
the fact that Pakistan, which lacked Iran’s scientific and technological base, was able to
obtain nuclear weapons in about 10 years, while Iran’s program has been ongoing since
the 1980s. Finally, Iran maintains a robust (though far from perfect) international monitoring presence under the Nuclear Non-Proliferation Treaty—an encumbrance that no
previous “crash” weapons program has voluntarily permitted.
If it is not a bomb that Iran seeks, what does it want? This is more difficult to tell,
because Iran’s official position that its nuclear program is intended for electricity production does not hold up to scrutiny.10
7. Joby Warrick and Greg Miller, “U.S. Intelligence Gains in Iran Seen as Boost to
Confidence,” Washington Post, April 7, 2012, http://www.washingtonpost.com/world/nationalsecurity/us-sees-intelligence-surge-as-boost-to-confidence/2012/04/07/gIQAlCha2S_story.html.
8. See Jahn, “Nuke Agency Says”; Katz, “Dropping a Bomb”; Philp and Whittell. “Iran
Acquires Knowledge.”
9. This is taken from the strong majority of in-person interviews with 23 leading Iran
experts in the summer of 2011.
10. If Iran’s nuclear program were solely motivated by the need for electricity production,
most experts agree that Iran would not emphasize uranium enrichment far greater than needed to
power reactor construction, as it largely has.
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Emerging conventional wisdom says that Iran is interested in having the option to
build weapons if it feels threatened—what is known as a “latent” weapons capability.11
Based on an intuition about Iran’s cost/benefit calculation, this view says that Iran likely
believes it would pay too high a price for crossing the nuclear weapons threshold, in the
form of sanctions, diplomatic isolation, and potentially even war. And it is possible to
reap most of the benefits by approaching nuclear weapons status without actually turning
the last screw on a bomb.12 This suggests that Iran’s nuclear program is designed to follow an asymptotic trajectory; the curve of nuclear development approaches the weapons
threshold but never reaches it (figure 1).
From the Iranian perspective, a latent nuclear weapons capability is the best of both
worlds. Its benefits include the
Figure 1. The Asymptotic Trajectory of Iran’s
international prestige of masNuclear Program
tering nuclear technology; the
self-sufficiency on which Iranians pride themselves; a unifying
force for the domestic political
arena; and, potentially, the deterrent value of having a latent
weapons capability.13 If Iran were
to shrink its breakout timeline to a
matter of days or weeks, it could
credibly claim to possess retaliatory options that involve nuclear
weapons, even without producing
those weapons ahead of time.
A latent weapons capability
gives Iran all these benefits without suffering any more onerous
costs than the sanctions and isolation that Iran currently endures. Thus, all the evidence
suggests that Iran’s leaders intend to develop a latent—rather than an actual—nuclear
weapons capability, and it appears that this will continue to be the case for quite some
time.
11. “Iran Keeping Option Open on Nuclear Weapon: U.S. Spy Chief,” Reuters, January 31,
2012, http://dawn.com/2012/01/31/iran-keeping-option-open-on-nuclear-weapon-us-spy-chief/;
“Iran Undecided on Nuclear Bomb—Israel Military Chief,” BBC, April 25, 2012, http://www.
bbc.co.uk/news/world-middle-east-17837768.
12. Patrick Disney, “Is Iran Really After a Nuclear Bomb?” Atlantic Monthly, August 2,
2011, http://www.theatlantic.com/international/archive/2011/08/is-iran-really-after-a-nuclearbomb/242900/.
13. General James Clapper, the director of national intelligence, had the following exchange
with Senator Joseph Lieberman at a recent hearing: “Senator Lieberman: ‘If they did have
nuclear weapons capability it might well embolden them in their use of terrorism against regional
opponents and even the U.S.?’ Gen. Clapper: ‘Yes sir it would serve as a deterrent and even I
think to a certain extent the ambiguity that exists now serves as a deterrent and does serve to help
embolden them.’” Testimony before the Senate Armed Services Committee, February 16, 2012.
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Implications
What are the security implications of an Iranian latent weapons capability? How will an
Iranian latent capability alter the security dynamic between Iran and the West?
According to most open-source estimates, Iran today possesses the capability to
build a nuclear weapon anywhere from 6 to 18 months after making the decision to do
so.14 As Iran’s program progresses, however, that timeline will undoubtedly shrink. A
shrinking breakout timeline decreases the confidence in Western capitals that a decision
by Iran to acquire nuclear weapons would be discovered in time to take preventive action. As a result, Iran’s security dynamics approach those of a nuclear-armed state, even
in the absence of an existing nuclear arsenal. In short, an Iran with a fast-breakout timeline would enjoy some of the benefits of a nuclear deterrent.
This would have four significant consequences for U.S. interests in the region. First,
depending on the nature of Iran’s fast-breakout capability, U.S. options for military action could be constrained. Although there are many other reasons for the United States’
hesitancy to invade and occupy a country the size of Iran, an Iranian fast-breakout capability would have a chilling effect on U.S. military options. Any potential U.S. military objectives would necessarily remain limited out of fear of escalation to the nuclear
realm—in this case, pushing Iran to develop a nuclear arsenal.
Second, Iran could take advantage of its latent nuclear deterrent to pursue a more
adventurous foreign policy at the expense of the United States and its allies. In international relations scholarship, this phenomenon is known as the “stability/instability
paradox.” In this case, Iran’s latent nuclear deterrent would secure it against existential
threats, allowing its leaders to foment violence at the conventional or subconventional
level with relative impunity. Even if Iran were deterred from launching violent attacks
against the United States or its allies (as it likely would be), a latent nuclear deterrent
could strengthen its hand in the regional balance of power, which is inimical to both U.S.
and Israeli interests.
Third, the threat perceptions of American allies in the region—particularly Israel
and the Gulf Arab states—would increase. Israel would be less inclined to cede its security prerogatives to its American patron, possibly leading it to launch a unilateral attack
in the hopes of destroying Iran’s nuclear capability. This would have dangerous repercussions for regional stability and U.S. interests. Additionally, Gulf Arab allies might
pursue nuclear hedging programs of their own in response to an Iranian capability, undermining the integrity of the global nonproliferation regime.
Fourth, a latent nuclear deterrent would cement the Iranian regime, along with its
anti-American ideology, ensuring that the United States / Iran conflict remains intractable for perhaps decades to come. Absent domestic reform or revolution, a latent nuclear
14. David Albright et al., “Preventing Iran from Getting Nuclear Weapons: Constraining
Its Future Nuclear Options,” Institute for Science and International Security, Washington, March
5, 2012, conclusion; “Iran’s Nuclear Chemical, and Biological Capabilities: A Net Assessment,”
International Institute for Strategic Studies, February 3, 2011, http://www.iiss.org/publications/
strategic-dossiers/irans-nuclear-chemical-and-biological-capabilities/press-statement.
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deterrent would consolidate the Islamic Republic against external threats, allowing it to
focus more on maintaining its internal security.

Recommendations
The big question U.S. defense planners must face now and into the coming years will be
how to deal with Iran’s latent nuclear weapons capability.
I suggest that the United States should approach this challenge from an extended
deterrence perspective, albeit with some modifications. Classic extended deterrence involves deterring acts of aggression against allies by threatening to retaliate on their behalf, even if U.S. interests are not directly endangered. An extended deterrent strategy
for countering an Iran with a latent nuclear weapons capability could serve U.S. strategic
interests in a number of ways.
First, conveying credible security guarantees throughout the region will help counter
any sense of emboldenment that Iran might derive from a latent nuclear capability. Defense planners fear the “stability/instability paradox,” in which Iran’s nuclear deterrent
could allow it to pursue an aggressive foreign policy with impunity. Traditional extended
deterrence seeks to counter this type of emboldenment, and both academic and historical experience suggest that the United States can expect to achieve this objective with
relative ease. History has shown that nuclear weapons are highly effective at deterring
attacks against a possessor state, but have rarely allowed a state like Iran to challenge the
international status quo simply because it possesses a nuclear deterrent. In short, nuclear
weapons are good at deterrence but lousy at coercion.15
Second, an extended deterrence framework would reassure U.S. allies in the region, both to prevent a cascade of proliferation and to persuade Israel not to strike Iran
without U.S. backing. The experience of the Cold War provides valuable lessons about
how to persuade U.S. allies not to pursue nuclear weapons of their own in the face of a
nuclear-capable adversary, and instead to rely on U.S. security commitments—up to and
including the U.S. nuclear umbrella. Past experience suggests that the United States will
maintain sufficient leverage to persuade its allies not to seek nuclear hedging strategies
of their own. What is more uncertain, however, is the United States’ ability to restrain
its ally Israel in dealing with the Iranian threat unilaterally. Too many factors complicate
the Israeli calculus about a potential strike to list here; however, if the United States
sincerely believes that an Israeli strike would be unacceptably damaging to its interests
in the region, Washington should be able to communicate as much to the Israeli government. Given the military limitations inherent in any Israeli unilateral strike, Washington
should be relatively confident that it can persuade Israel not to launch an attack without
U.S. support.
There is, however, a key difference in an extended deterrence framework when facing a latent, rather than an actual, nuclear adversary. That is the nature of a deterrence
15. See Thomas Schelling, Arms and Influence (New Haven, Conn.: Yale University Press,
1966), 69–91.
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failure. When facing a nuclear-armed adversary, the failure of extended deterrence is
understood to mean that an act of aggression is carried out against U.S. allies. When
facing a latent-capable adversary, conversely, deterrence failure could result in either
conventional aggression or a decision to “actualize” its weapons capability.
When facing a latent-capable Iran, the U.S. deterrent is, as the president has declared,
primarily designed to deter Iranian weaponization.16 The overwhelming superiority of
U.S. conventional military power means that America’s check on Iranian aggression is
strong. However, this same conventional superiority that deters Iranian aggression actually makes weaponization more likely. U.S. conventional superiority increases the value
of an actual nuclear deterrent in the eyes of Iran’s leaders.
Thus, a key difference in deterring a virtual nuclear state as opposed to an actual one
is the security dilemma inherent in the United States’ defensive posture. Every step the
United States takes to shore up its defenses against a potential Iranian nuclear weapon
actually increases Iran’s threat perception and encourages Iranian weaponization. During the Cold War, the United States was able to counter the Soviet Union’s nuclear capability by holding hostage Soviet cities with U.S. nuclear forces; however, such overtly
threatening measures directed toward a latent-capable Iran would likely be counterproductive and could convince Iran of the need for its own nuclear weapons.
The challenge of deterring Iran’s latent nuclear weapons capability, therefore, requires a finely tailored approach: seeking to give Iran a reason not to weaponize its
capability while simultaneously taking pains not to give Iran a reason to weaponize.
Unfortunately, the United States has the least amount of theoretical and historical experience to guide the way for precisely this type of deterrence.
To deal with this unique challenge, the United States must walk a fine line between
offering rewards and pressure. Sanctions designed to restrict Iran’s access to sensitive
nuclear materials and technologies, done in concert with the rest of the international
community, are relatively low risk and play a vital role in U.S. nonproliferation strategy.
However, sanctions that are strictly punitive, such as oil embargoes and other attempts
to “cripple” Iran’s economy, carry a significant risk of backfiring. Iran is unlikely to
be willing to bow to such pressure so long as compliance is seen as akin to a national
humiliation, and any amount of pressure that could credibly threaten the Iranian regime
might actually encourage Tehran to seek a nuclear deterrent.
In conjunction with a carefully tailored sanctions approach, the United States and
its international partners must devise a diplomatic pathway on which Iran can comply
with its obligations without losing face domestically. Iranian leaders’ statements about
the religious prohibition on nuclear weapons could lend legitimacy to this objective
within Iran’s domestic political sphere. Up to now, U.S. and Western nonproliferation
policies directed toward Iran have focused on imposing pressure, whether through sanctions, sabotage, or cyberattacks. Such heavy-handed tactics, while they have success-

16. Remarks by President Obama before the American Israel Public Affairs Committee
policy conference, March 4, 2012, http://www.politico.com/news/stories/0312/73588.html.
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fully slowed Iran’s progress in recent years, risk guaranteeing that the ultimate goal of
Iran’s nuclear program will be to acquire weapons.
Ultimately, the only means by which the international community can gain confidence that Iran will not cross the threshold of nuclear weapons development is a rigorous safeguards and inspections regime operating among Iran’s nuclear facilities. For
the United States, this means that American leaders must be willing to acknowledge
the reality of a latent Iranian nuclear weapons capability and be willing to accept it so
long as it remains latent. The United States may also need to consider abandoning any
designs for regime change, except for the gradual process of evolution already under
way inside Iran.
These will be difficult pills to swallow. Public opinion at home and among U.S. allies will strongly resist any appearance of accommodating an Iranian nuclear weapons
capability. Far from appeasement, however, this is the best option available to the United
States—short of a costly war.
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Moving from Monitoring to Investigation

Radionuclide Detection during On-Site Inspections under
the Comprehensive Nuclear Test Ban Treaty’s Verification
Regime
Christine Egnatuk1

The Comprehensive Nuclear Test Ban Treaty’s verification regime provides radionuclide detection and on-site inspections as tools to determine if a nuclear event
has occurred. Radioisotopes of noble gases are produced during a nuclear event
and can be detected up to several years after the event. Over the next few years,
many procedural and technical issues associated with radionuclide detection and
on-site inspections must be addressed. Specialized equipment, software, and inspection protocols need to be developed so that inspection does not reveal the
proprietary information of the nation being inspected. Also, global background
levels must be determined for the various radionuclides used for nuclear event
investigations.
The need for verifiable techniques for detecting clandestine nuclear activities is increasing as the proliferation of nuclear materials and technology continues. Radionuclide
monitoring will increase in complexity as additional commercial nuclear reactors, research reactors, and medical isotope production facilities go online. Differentiating
between civilian nuclear operations,2 which are increasingly prevalent, and clandestine nuclear activities, including underground nuclear testing and explosions, is not as
straightforward as previously thought.3 The use of additional radionuclides, specifically
1. Christine Egnatuk received her Ph.D. and M.S.E. from the University of Texas at Austin.
2. Differentiating between radioxenon emissions of civilian nuclear activities and an underground nuclear explosion is done through the comparison of ratios of radioxenon isotopes. See
M. B. Kalinowski, A. Axelsson, M. Bean, X. Blanchard, T. W. Bowyer, G. Brachet, S. Hebel, J. I.
McIntyre, J. Peters, C. Pistner, M. Raith, A. Ringbom, P. R. J. Saey, C. Schlosser, T. J. Stocki, T.
Taffary, and R. K. Ungar, “Discrimination of Nuclear Explosions against Civilian Sources Based
on Atmospheric Xenon Isotopic Activity Ratios,” Pure and Applied Geophysics 167 (2010): 529.
3. The radioxenon signature of medical isotope production facilities that use highly enriched uranium (HEU) overlap with the radioxenon isotopic signatures of both plutonium and
uranium weapons with certain holding, irradiation, and storage scenarios. See S. R. Biegalski,
T. Saller, J. Helfand, and K. M. F. Biegalski, “Sensitivity Study on Modeling Radioxenon Signals from Radiopharmaceutrical Production Facilities,” Journal of Radioanalytical and Nuclear
Chemistry 284, no. 3 (2010): 663.; and P. R. J. Saey, T. W. Bowyer, and A. Ringbom, “Isotopic
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argon-37, to corroborate radioxenon data is currently being considered,4 and the development of radionuclide investigation techniques and procedures are being tested in
integrated field exercises.5
The Comprehensive Nuclear Test Ban Treaty (CTBT) Organization is at the forefront of the global effort to discourage and detect clandestine nuclear activities. The onsite inspection (OSI) procedure is under development to prepare for the CTBT’s entry
into force. The OSI procedure includes many facets, and this paper focuses on the detection of radionuclides and the costs associated with sample collection. The addition of
the OSI procedure to the monitoring practices currently in place within the International
Monitoring System (IMS) will present several challenges. The sample collection procedure will digress from the large sample analysis used by the IMS.

Getting to an OSI
The IMS currently provides constant global monitoring for nuclear activities. The IMS
consists of 337 facilities, which include seismic, hydroacoustic, infrasound, and radionuclide monitoring.6 There are 80 radionuclide monitoring stations, only half of which
are set up for radioxenon monitoring. The radionuclide monitoring stations are supported by 16 certified radionuclide laboratories.7 The IMS provides a constant stream of
data that can be used to assess global nuclear activities, both clandestine and declared.
The actual determination of whether a nuclear event occurred is analyzed using both
IMS and OSI data. Article IV, paragraph 35 of the CTBT states,
The sole purpose of an on-site inspection shall be to clarify whether a nuclear weapon test explosion or any other nuclear explosion has been carried out in violation of
Article I and, to the extent possible, to gather any facts which might assist in identifying any possible violator.8

Noble Gas Signatures Released from Medical Isotope Production Facilities—Simulations and
Measurements,” Applied Radiation and Isotopes 68 (2010): 1846–1852.
4. Radioxenon refers to the radioactive isotopes of xenon. Xenon-135, xenon-133, xenon133m, and xenon-131m are the radioxenon isotopes detected by the IMS. The m refers to the
metastable state of an isotope.
5. Integrated field exercies (IFE) are being carried out to practice and develop the procedures
necessary to carry out a successful OSI.
6. CTBTO, “Who We Are,” http://ctbto.org/specials/who-we-are/. For a map of the IMS
stations, see http://ctbto.org/map/.
7. CTBTO, “Who We Are.”
8. United Nations, Comprehensive Nuclear Test-Ban-Treaty, United Nations General
Assembly Resolution 50/245 (New York: United Nations, 1996).
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The IMS has provided radionuclide data after the Fukushima-Daiichi nuclear reactor accident9 and the 2006 North Korean nuclear test.10 The 2009 North Korean event
was determined to be a nuclear event, but this determination was made without any corroborating radionuclide data.11 Since the CTBT has not gone into force and North Korea
is not a signatory of the CTBT, the option for an OSI was not available for either of the
North Korea’s nuclear tests.12
Conducting an OSI must follow specific procedures and a rigid timeline. Any nation
can request an OSI of another nation suspected of conducting a nuclear event. After a
suspected nuclear event, the data from the IMS are analyzed by technological experts
and the findings are presented to the Executive Council. Under the CTBT verification
regime, an OSI is allowed only after 30 affirmative votes of the total 51 nations that are
party to the CTBT. The Executive Council’s decision must be made within 96 hours of
the inspection request. This period allows for the assessment of the IMS data by scientists. If the Executive Council votes to allow the OSI, the nation under investigation
could expect the set-up and investigation to begin about one week after the vote. The
OSI must begin within 72 hours after the arrival at the point of entry within the nation
under inspection. The inspection area for an OSI is limited to 1,000 square kilometers.
An initial progress report must be submitted to the Executive Council within 25 days
after the OSI approval. It is contemplated that the initial report will provide additional
data for the Executive Council’s members to consider and hopefully provide a narrowed
search area.
Due to external international relationships, the criteria necessary to allow an OSI is a
dynamic situation. Each area of the IMS can stand on its own, but the data together provide a thorough picture of the event. The detection of radionuclides coupled with a seismic event allows the use of atmospheric modeling from the position of the nuclear event
to the detector site. The seismic data without radionuclide data also do not provide the
whole picture of the event. A large waveform without heightened levels of radionuclides
could point to a nuclear test, as in the case of the 2009 North Korean event. In an atmospheric test, the radionuclide detector systems in the IMS could detect a nuclear event as

9. U. Stoehlker, M. Nikkinen, and A. Gheddou, “Detection of Radionuclides Emitted during
the Fukushima Nuclear Accident with the CTBT Radionuclide Network,” 2011 Monitoring
Research Review: Ground-Based Nuclear Explosion Monitoring Technologies, Tucson,
September 13–15, 2011.
10. Above background levels of 133Xe were detected by the IMS in Yellowknife Canada
in October 2006. P. R. J. Saey, M. Bean, A. Becker, J. Coyne, R. d’Amours, L.-E. De Geer, R.
Hogue, T. J. Stocki, R. K. Ungar, and G. Wotawa, “A Long-Distance Measurement of Radioxenon
in Yellowknife, Canada, in Late October 2006,” Geophysical Research Letters 34 ( 2007).
11. CTBTO, “Experts Sure About Nature of the DPRK Event,” http://ctbto.org/press-centre/
highlights/2009/experts-sure-about-nature-of-the-dprk-event/.
12. The treaty will be active 180 days after the 44 nuclear-capable nations (listed in annex 2)
officially certify their ratification. The nuclear-capable nations include those that participated in
and had a nuclear power or research reactor at the time of the treaty negotiations. CTBTO, “Entry
into Force,” http://ctbto.org/the-organization/ctbto-after-entry-into-force/entry-into-force/.
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small as 0.001 kiloton.13 The criteria for an approved OSI by the Executive Council will
likely depend on political and economic factors that are outside the scope of this paper.
In the case of an underground nuclear test, the best-case scenario for Executive
Council approval for an OSI includes radionuclide corroborating data from at least one
IMS radionuclide monitoring station. The detection of radionuclides should be expected
within a few weeks after the event, depending on weather patterns, distance to an IMS
radionuclide monitoring station, and vent time. The radioactive noble gases, specifically
isotopes of radioxenon, are used because of their chemically inert nature and ability to
travel a great distance through the atmosphere.14 The distance between the IMS radionuclide monitoring station and the nuclear event site should be considered when estimating the detection timeline and signal strength. The strength of a radionuclide signal at
an IMS radionuclide monitoring station will likely depend on the distance between the
event site and the IMS radionuclide monitoring station. Therefore, this distance should
be used to calculate the dilution factor. A contaminated test site could present problems
for an inspection team, but these problems can be minimized with planning and proper
equipment.
The worst case for the group of scientists assigned to put together the monitoring
data into a conclusive package for the Executive Council would include no radionuclide
data from the IMS. This does not mean there will be no radionuclides detected during
an OSI or from the IMS. Due to unpredictable weather patterns, the IMS radionuclide
detectors could receive a signal after the Executive Committee report is submitted. A
properly constructed underground test cavity can almost eliminate the accidental prompt
leakage of radioisotopes. However, the barometric pumping of the gases produced during the nuclear event will eventually diffuse to the surface.15 There is also the possibility
of drilling to cavity within the questionable test site, which will provide conclusive data
in the event of the test.

13. The Comprehensive Nuclear Test Ban Treaty: Technical Issues for the United States
(Washington, D.C.: National Academies Press, 2012), 53.
14. T. W. Bowyer, C. Schlosser, K. H. Abel, M. Auer, J. C. Hayes, T. R. Heimbigner, J.
I. McIntyre, M. E. Panisko, P. L. Reeder, H. Satorius, J. Schulze, and W.Weiss, “Detection
and Analysis of Xenon Isotopes for the Comprehensive Nuclear-Test-Ban Treaty International
Monitoring System,” Journal of Environmental Radioactivity 59, no. 2 (2002): 140.
15. The noble gases are likely to travel to the surface due to their inert properties. The
barometric pumping would require a delay of the detection. C. Carrigan, “Using OSI [On-Site
Inspection] Field Studies and Tests to Define Noble Gas Sampling and Analysis Requirements,”
International Noble Gas Experiment Conference, Daejeon, Korea, November 9-14, 2009, LLNLPRES-41961; and D. A. Haas, H. S. Miley, J. L. Orrell, C. E. Aalseth, T. W. Bowyer, J. C. Hayes,
and J. I. McIntyre, “The Science Case for 37Ar as a Monitor for Underground Nuclear Explosions,”
PNNL-19458 (2010).
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During an OSI
An OSI is an invasive endeavor, and may be interpreted as a punishment by the nation
being investigated. An OSI can be up to 60 days long, with the possibility of a single
70-day extension.16 The inspection team will be composed of a group selected by the
Executive Council. The maximum inspection team size is 40 people, except during drilling.17 The number of additional people that might be necessary for on-site drilling is not
specified. In a report commissioned by Lawrence Livermore National Laboratory, an
on-site drilling team of 16 people is required for the Rapid Deployment Drilling System
(RRDS) operation.18
The nation under investigation could have concerns that confidential information
could be uncovered during an OSI. Therefore, steps are taken to shield proprietary information and create equipment with software that only allows the investigation team
access to pertinent information. The radionuclide survey equipment currently commercially available provides a full set of data. In order to shield proprietary information from
the investigation team, software or other methods to transmit the information about the
relevant radionuclides and block the other information need to be created.
The OSI procedure for the handling of the samples is currently being established during the integrated field exercises. The first full-scale Integrated Field Exercise (IFE08)
took place in September 2008 at the Semipalatinsk test site,19 and included 200 technical
experts and 50 tons of equipment.20 The type of samples collected during an OSI will
depend on the climate of the inspection area. The possible sample types include water,
airborne particulates, gas, plants, animals, and soil.21 Due to the sensitive nature of the
Semipalatinsk site, the collection of soil samples was prohibited and the air samples collected were not analyzed.
An on-site laboratory will need to be set up to analyze the collected samples. The
ability to ship samples to an off-site laboratory, which will provide lower detection limits, should also be organized. The sample shipment procedure and chain of custody be16. The maximum allowed time period for an OSI is 130 days.
17. Matjaz Prah, “Overview of CTBT On-Site Inspections,” Strengthening Verification,
Enchancing Security: The Scientific and Political Significance of the CTBT, Introductory Course
on the CTBT (October 2010), Vienna.
18. J. Cohen, G. Pittard, G. Deskins, D. Rock, P. Vorkinn, and F. Heuze, “Rapid Deployment
Drilling System for On-Site Inspections Under A Comprehensive Test Ban Treaty-Vol. 1:
Description, Acquisition, Deployment, and Operation,” UCRL-CR-132142, January 1999, 23.
19. The Semipalatinsk test site, also known as STS and Semipalatinsk-21, is located in
Kazakhstan. STS was the primary nuclear test site for the Soviet Union. A total of 456 nuclear
tests took place on the STS between 1949 and 1989.
20. The Integrated Field Exercise in 2008 is referred to as IFE08. CTBTO, “The Final
Verification Measure,” http://www.ctbto.org/verification-regime/on-site-inspection/the-finalverification-measure/.
21. N.A. Wogman, R. F. Payne, J. I. Friese, T. W. Bowyer, Y. Onishi, M. S. Wigmosta, B. D.
Milbrath, C. E. Seifert, H. S. Miley, R. C. Hanlen, and J. C. Hayes, “A Discussion of Procedures
and Equipment for the Comprehensive Test Ban Treaty On-Site Inspection Environmental
Sampling and Analysis,” PNNL-20151, February 2011, 2.
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tween the inspection site and the off-site laboratory should be established. Using one
or more of the International Data Centers is also possible. However, the these centers’
detector capabilities would need to be expanded to be able to analyze specialized radionuclides, such as argon-37.22
The elapsed time between the suspected nuclear event and the entry of the OSI team
into the nation under inspection could be as short as 10 days, but could be much longer.
The possibility of an OSI request put before the Executive Council up to two years after
a suspected event is being considered. This widely varying timeline introduces an increasing amount of variability into the radionuclide investigation. In the case of prompt
radionuclide leakage contemporaneous with the nuclear event, the fission products that
escape the cavity have varying half-lives and will still be present in the soil in any of the
timelines. Without prompt leakage, the inspection team will have to rely on the barometric pumping of volatile radionuclides and noble gases for surface sample collection.
Unfortunately, the diffusion rate, final location of seepage, and fractionation of the radioisotopes are dependent on factors that the OSI inspection team will be unable to control
or predict. As the elapsed time between the suspected event and OSI increases, detection
becomes more difficult. Therefore, more invasive and expensive techniques might need
to be used to inspect a suspected nuclear event site.

Radioxenon
Radioxenon isotopes are the predominant noble gas used for nuclear event analysis. The
IMS has 40 stations equipped with systems that constantly monitor for four radioxenon
isotopes: xenon-131m, xenon-133m, xenon-133, and xenon-135. The radioxenon isotopes are produced from fission and are near the peak production of fission products. Radioxenon is produced during any fission event. Therefore, the global background levels
will increase with the addition of new nuclear facilities.
The OSI inspection team will use beta-gamma spectroscopy to measure the activities of the radioxenon isotopes present during the OSI. Radioxenon introduces a shortened timeline for detection. The longest-lived radioxenon isotope, xenon-131m, has a
half-life of only 11.934 days.

Radioargon
The addition of radionuclides that also have the possibility of escaping the explosion
cavity during and after the prompt leaking phase is being examined. Currently, argon-37
holds promise because of its 35.04 day half-life. The radioargon isotopic signature of
above-ground and underground nuclear activities will vary greatly. Argon-37 will be the
dominant radioargon isotope produced in an underground nuclear test, and argon-41 will
be the dominant radioargon isotope produced through the activation of the stable argon
isotopes present in the air.
22. Argon-37 decays to chlorine-37 without releasing a gamma ray. Therefore, the use of
a specialized detector system is necessary. Currently, the IDC detector systems include betagamma detectors for radioxenon isotopes and high-purity germanium detectors (HPGe) for
gamma spectroscopy.
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In an underground nuclear event, the radioargon isotopes are produced through the
excess neutrons created from fissions interacting with the calcium in the soil. Specifically, argon-37 is produced along with an alpha particle from a neutron interaction with
calcium-40. Calcium-40 comprises 96.9 percent of naturally occurring calcium. However, the calcium content varies in different types of soil. Therefore, the induced argon-37
activity will vary in different soil compositions.

Detection Window
The noble gases produced during a nuclear explosion—from both fission and neutron interactions with the surrounding rock and soil materials—will flow from the underground
cavity to the surface by way of faults and fractures in the surrounding geography. This
occurs with barometric variations, which cause the gases to appear at the surface anywhere from weeks to a year after the underground nuclear event. Detection of xenon-133
at the surface is estimated to be possible up to 50 days postdetonation; and detection
of argon-37 is estimated to be possible approximately 80 days postdetonation.23 The
detection window for xenon-133 and argon-37 is predicted to be 85 days and 135 days,
respectively.24 The inspection timelines previously mention are from a model ignores the
parent–daughter decay chains, which would heavily influence the xenon-133 activity
due to the decay of volatile radioiodine and its metastable state. There are also generalizations used about the induced activities of the argon-37 and xenon-133.

Cost of an OSI
The cost of an OSI will be significant and will be heavily influenced by the sampling
frequency. For example, the Provision Technical Secretariat of the CTBTO spent about
$6 million on IFE08. This cost does not include the 6,000 man-days, €670,000 from
the European Union, or the equipment used.25 The cost of an OSI is expected to be $10
million to $100 million.26 The expected cost of the RRDS was quoted at $2 million in
1999.27 This estimate does not include operation and maintenance costs, the 16-member
operation group, or the machinery transportation cost.28 The RRDS rental cost was estimated at $48,000 per day for operation and $27,900 for standby.29
23. C. R. Carrigan, R. A. Heinle, G. B. Hudson, J. J. Nitao, and J. J. Zucca, “Trace Gas
Emissions on Geological Faults as Indicators of Underground Nuclear Testing,” Nature 382
(August 8, 1996): 528.
24. C. R. Carrigan and G. Johannesson, “Application of a Bayesian Approach to SearchArea Reduction during a CTBT On-Site Inspection,” poster presented at International Science
Studies Conference in Vienna, June 10–12, 2009.
25. The equipment used during the OSI was donated by member nations. O. Meier, “Special
Report: Major Exercise Tests CTBT On-Site Inspections,” Arms Control Association, November
2008, http://www.armscontrol.org/act/2008_11/CTBT.
26. Ibid., predicted the cost to be “several million dollars per hole.”
27. J. Cohen et al., “Rapid Deployment Drilling System,” 21.
28. The transportation cost was estimated to be $200,000 to $400,000. Ibid., 26.
29. This figure is similar for both surface and directional drilling. This does not include
third-party costs (e.g., drill-bits and consumable items). Ibid., 22.
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One of the most costly sample collection procedures in the OSI process is drilling.
Drilling to the cavity might provide additional and more conclusive data, but may not be
necessary. For example, shallower drilling could be conducted and mud and rock debris
could be tested and degassed. The presence of radioiodine, radioargon, and radioxenon
isotopes in the mud and rock debris would indicate an underground nuclear event. The
timeline and explosion yield would dictate the drilling needs.
The question of how good is good enough will be raised. The price of the procedures
should be considered and weighed. The number of samples collected could be minimized by collecting samples from areas that are upwind or upriver. The improvement
of detection limits in field-deployable equipment will also help to mitigate the costs and
other issues associated with off-site testing, transport, and additional personnel.

Results of an OSI
The data collected during an OSI are presented to the Executive Council in several phases. As mentioned above, the initial progress report will be submitted within 25 days after
the OSI is approved. The initial report is expected to contain preliminary data and narrow the search area. The report submitted after the completion of the OSI will provide
the data and analysis. There is concern that the Executive Council’s members will not
have the technical expertise to understand the final report. The use of technical experts
outside the OSI team could help present a variety of scenarios, which would introduce
the possibility of a long delay before any formal action by the Executive Council.

The Next Steps
The nation under inspection should not have to give up proprietary information that
falls outside the scope of that nation’s obligations under the CTBT during the inspection
process. There is a need to develop techniques that only give OSI investigators the information necessary to make an assessment. There is not a commercially available item
that provides this capability for radionuclide detection. The use of commercially available detection systems that provide a full spectrum should be coupled with software that
conceals the unnecessary sections of the spectrum.30 Proposed software that satisfies this
goal will only allow the spectral slots that show the existence of radioisotopes of interest. However, a challenge in the development of such software will be the calibration of
the device.31
Noble gas detection systems should include a standard procedure for sampling holes
and for identifying the location where the sampling was collected. One of the main
shortcomings of the IFE08 was the lack of soil sample collection and analysis. The next
Integrated Field Exercise is scheduled for 2014 (IFE14). One of the main goals of the
radionuclide OSI inspection team should be to establish a reproducible technique for
30. Prah, “Overview of CTBT On-Site Inspections.”
31. If the energy spectrum is shifted due to an incorrect calibration, the visible slots will not
show the data. The actual data could be in the blinded sections of the spectrum.
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collecting, labeling, and storing gas-soil samples. The OSI inspection team should work
on minimizing the number of samples necessary by collecting at optimal time periods
with respect to the sample type.
Global radioxenon releases are dynamic and well documented. The radioxenon release from commercial nuclear power reactors is, on average, 1.3 PBq.32 Due to the
changing weather patterns and differing distances between operational civilian nuclear
facilities and inspection sites, the background radioxenon activities are unique for each
OSI. Both the magnitude of the signal and the radioxenon isotopic ratios are used. The
radioxenon isotopic fission yields are well known, which gives a good estimation of the
radioxenon produced at the time of the nuclear explosion within the cavity. Additional
research should be done to examine the diffusion rates and fractionation effects of the
path from the cavity to the sampling location.
The background levels of argon-37 will vary based on latitude, sample depth, and
soil type. The global map of radioargon activities should be a priority. The background
levels of argon-37 are predominantly produced through the interaction of the cosmicray induced neutron flux interacting with the calcium-40 in the soil. The measurements
of argon-37 activities in the soil have predominantly been done in Europe.33 The peak
argon-37 activities are found at 1.5 to 2.5 meters below the surface.34 The measured argon-37 activities vary from less than 3.1 to 120 mBq/m3.35
The background of different geologies also needs further investigation. This step
requires analysis of soil samples from around the world. The rock and soil composition
at varying depths should also be considered. The calcium composition within the soil
will allow for a better estimate of the radioargon produced when neutrons interact with
the soil and rock. The cosmic-ray induced neutron flux should also be measured in conjunction with the soil sample collection. The variations in the neutron flux should also
be estimated based on solar cycles and seasons. This will create a realistic model for the
background levels of argon-37 in different geologies. The data analysis of the radionuclides produced during different nuclear event scenarios in the different geologies needs
to also be developed. This will partner the soil and rock composition with an estimated
neutron flux generated from a generic nuclear fission event.
In order to produce reliable models, the cross-section data libraries for the radioargon isotopes need improvement.36 The cross-section of the calcium isotopes for the
production of radioargon isotopes are also incomplete.37 Without reliable cross-section
32. Based on release reports from commercial nuclear power plants in North American and
Europe from 1995 to 2005. See M. B. Kalinowski and M. P. Tuma, “Global Radioxenon Emission
Inventory Based on Nuclear Power Reactor Reports,” Journal of Environmental Radioactivity
100, no. 1 (January 2009): 58–70.
33. R. A. Riedmann and R. Purtschert, “Natural 37Ar Concentrations in Soil Air: Implications
for Monitoring Underground Nuclear Explosions,” Environmenatl Science & Technology 45
(2011): 8657.
34. Ibid., 8660.
35. Ibid., 8658. A Becquerel (Bq) is one decay per second.
36. This is the “probability” that a neutron will interact with a nuclei.
37. xCa(n,α)x-3Ar.
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libraries, the modeled production of argon-37 will introduce error that the scientist will
be unable to quantitatively describe. Problems in the production model will compound
problems faced in the diffusion calculations, which will make it increasingly difficult to
provide a reasonable estimate of the expected radioargon activities at the sample location.
The detection windows from xenon-133 and argon-37 mentioned above are based
on the diffusion rate from a single experiment.38 Additional work should be done to
create a model that incorporates the parent–daughter decay chains. This will require a
sensitivity study of the variance in temperature of the nuclear event and the cooling rate
after the explosion. The model will be used to determine the refractory versus volatile
fission products at the time of a possible prompt vent and consider which elements will
be able to escape the cavity.39

Conclusions
The technical challenges presented in an OSI are unique and cannot be easily answered
by data collected from past nuclear tests. Continuing the integrated field exercises will
improve the procedural details and help to discover weaknesses in the planned methods.
In IFE14, the soil sample collection method and process will need to be practiced. The
soil sample collection method should be established while mapping the global background of argon-37 before the exercise. The techniques for preserving the proprietary
information of the nation under inspection should be at least preliminarily developed
by IFE14. This should ease the concerns of the host nation and allow the collection and
analysis of radionuclide samples during the IFE.
As the development of the OSI procedures progresses, the cost should be constantly
considered. The cost of an OSI increases as the sampling frequency increases. In order
to minimize costs, the least expensive collection techniques and inspection tools should
receive priority. More expensive inspection techniques should be avoided, unless the
less costly techniques are insufficient to determine if a nuclear event occurred. However,
the more expensive inspection techniques might be appropriate in certain circumstances,
such as when dealing with a time-sensitive sample. In the case of radioactive noble gas
sample collection, the time window for argon-37 has more flexibility than the radioxenon isotopes.

38. Carrigan et al., “Trace Gas Emissions on Geological Faults.”
39. For a simplified model, the assumption will be the refractory products at the time of
cooling will not escape even if their daughter products are volatile.
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Dynamics in the Nuclear Order

Sensitive Fuel Cycle Technology in the Republic of Korea
Madeleine Foley1

As South Korea’s nuclear industry has matured, Seoul has sought full autonomy
in its civil nuclear program. South Korea is seeking to enrich uranium for commercial fuel production and to pyroprocess spent nuclear fuel for eventual use
in a fleet of fast reactors. As an emerging nuclear supplier, South Korea faces
strong incentives to master a full range of fuel cycle services for its domestic and
international customers. As a consumer, it faces high domestic political hurdles
to long-term and indefinite nuclear waste management. However, introducing
commercial-scale sensitive fuel cycle technology to the Korean Peninsula carries
proliferation risks, which could complicate efforts to achieve peace and stability
on the peninsula. Moreover, the consequences of South Korea’s fuel cycle choices
could be far reaching, ultimately endangering the global norm against reprocessing in nonnuclear weapons states. The terms of the current nuclear cooperation agreement between South Korea and the United States place a legal check
on South Korea’s enrichment and pyroprocessing aspirations. Despite this, the
United States has struggled to develop a strategy to dissuade South Korea from
deploying this technology in the long term. A successful solution will square the
growing burden of nuclear waste storage in South Korea with the proliferation
risks associated with the commercial-scale operation of sensitive fuel cycle technologies on the peninsula.
As South Korea’s nuclear industry has matured, Seoul has sought full autonomy in its
civil nuclear program. South Korea is pursuing a closed nuclear fuel cycle to support
continued growth and to ensure the sustainability of its domestic nuclear sector. Seoul
is seeking to enrich uranium for commercial fuel production and to pyroprocess spent
nuclear fuel for eventual use in a fleet of fast reactors. As an emerging nuclear supplier,
Korea faces strong incentives to master a full range of fuel cycle services for its domestic and international customers. As a consumer, it faces high domestic political hurdles
to long-term and indefinite nuclear waste management. South Korea has an equal, if
not greater, incentive to harness reusable material in accumulating spent nuclear fuel
1. Madeleine Foley is the program coordinator in the Nuclear Policy Program at the
Carnegie Endowment for International Peace. She holds an M.A. in security studies from the
Edmund A. Walsh School of Foreign Service at Georgetown University.
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through recycle. However, introducing commercial-scale sensitive fuel cycle technology to the Korean Peninsula carries inevitable proliferation risks, which will complicate efforts to achieve peace and stability on the peninsula. Moreover, the consequences
of South Korea’s fuel cycle choices could be far reaching, ultimately endangering the
global norm against reprocessing in nonnuclear weapons states.
The terms of the current nuclear cooperation agreement between South Korea and
the United States place a legal check on South Korea’s enrichment and pyroprocessing
aspirations. Despite this, the United States has struggled to develop a strategy to dissuade South Korea from deploying this technology in the long term. To date, Japan is
the only nonnuclear weapons state to receive 30-year advance consent to reprocess U.S.origin spent fuel by subsequent arrangement in 1988. With its 1974 agreement set to
expire in the autumn of 2014, South Korea is seeking revised terms granting it similarly
unrestricted permission to pyroprocess spent nuclear fuel and to enrich uranium. Current
U.S. policy opposes the spread of enrichment and reprocessing (ENR) technology to
new states, especially in unstable regions.2 The debate over advance programmatic consent will not conclude with a new nuclear cooperation agreement. Rather, negotiations
present an opportunity to take careful stock of the economic and proliferation realities of
pyroprocessing. A successful solution will square the growing burden of nuclear waste
storage in South Korea with the proliferation risks associated with commercial-scale
operation of sensitive fuel cycle technologies on the Korean Peninsula.
This paper begins with a review of the technical characteristics and debate regarding the proliferation risk of pyroprocessing. A discussion of South Korea’s current waste
storage capacity and future plans for domestic and international civil nuclear expansion
follows. What factors and dynamics inside South Korea have led to broad support for
pursuing sensitive fuel cycle technology? The technical community, with the backing of
vocal elected officials in South Korea, has waged a successful campaign to build a political consensus around plans to pursue commercial-scale pyroprocessing. Waste management, nuclear sovereignty, parity with Japan in the context of the Pacific alliance, and the
desire to hedge against a nuclear-armed North Korea all feature in arguments in favor of
pyroprocessing in South Korea.
How does the ultimate decision to pursue sensitive fuel cycle technology complement or conflict with South Korea’s goals to foster conditions for a stable Korean Peninsula? What legal and trade barriers, both bilateral and international, exist to South
Korea realizing its pyroprocessing and enrichment goals? If the United States upholds its
current policy on sensitive fuel cycle technologies, will South Korea be forced to pursue
ENR independently? Absent programmatic consent, do viable and proliferation-resistant
alternatives to pyroprocessing exist for South Korea? Finally, does this debate reflect a
shift away from the global norm against spent fuel reprocessing?
2. “Draft Nonproliferation Impact Assessment for Global Nuclear Energy Partnership
Programmatic Alternatives,” National Nuclear Security Administration, Office of Nonproliferation
and International Security, Washington, D.C., December 2008, 20, http://nnsa.energy.gov/sites/
default/files/nnsa/inlinefiles/GNEP_NPIA.pdf.
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What Is Pyroprocessing?
Pyroprocessing, also known as electrochemical reprocessing or dry reprocessing, is a
high-temperature spent nuclear fuel recycling method developed at Idaho National Laboratory in 1996.3 U.S. national laboratories have collaborated with the Korea Atomic
Energy Research Institute (KAERI) on pyroprocessing since 2002.4 In the early stages
of its development, pyroprocessing appeared to have posed a lesser proliferation risk
than conventional recycling methods because the plutonium separated in this process
can remain mixed with minor actinides and other transuranic elements (TRU), including
americium, neptunium, and curium. Because the recovered plutonium remains mixed
with impurities, it is difficult to refine for use in a nuclear weapon.5
Pyroprocessing is made up of five phases: pretreatment, electroreduction, electrorefinement, electrowinning, and waste treatment. Electroreduction condenses nuclear
waste, reducing the volume and preparing it for the electrorefinement and electrowinning stages. Electrorefinement and electrowinning are the processes whereby reusable
fissile elements, uranium and plutonium with minor actinides, are recovered from spent
fuel.6 Unlike conventional spent fuel recycling methods, pyroprocessing occurs at high
temperatures and does not use hydrogen and carbon-based acid solvents to dissolve
spent fuel rods. The molten metal and salt solvents used in pyroprocessing do not absorb
neutrons and therefore cannot act as moderators, eliminating the risk of a criticality accident.7
Further research has cast doubt on early optimism regarding the proliferation resistance of pyroprocessing. 8 Pyroprocessing removes many of the technical barriers to producing weapons-grade fissile material, because it removes most fission products from

3. R. W. Benedict et al, “Pyroprocessing Progress at Idaho National Laboratory,” Idaho
National Laboratory, September 2007, 1, http://www.inl.gov/technicalpublications/Documents/3931942.pdf.
4. Mark E. Manyin, Emma Chanlett-Avery, and Mary Beth Nikitin, “U.S.–South Korea
Relations,” Congressional Research Service, October 4, 2011, 24, http://fpc.state.gov/documents/
organization/175896.pdf.
5. Seong Won Park, “Why South Korea Needs Pyroprocessing,” Bulletin of Atomic
Scientists, October 26, 2009, http://www.thebulletin.org/web-edition/op-eds/why-south-koreaneeds-pyroprocessing.
6. Kee-Chan Song et al., “Status of Pyroprocessing Technology Development in Korea,”
Nuclear Engineering and Technology 42, no. 2 (April 2010): 137, http://www.kns.org/jknsfile/
v42/JK0420131.pdf.
7. “Pyrochemical Separations in Nuclear Applications: A Status Report,” Nuclear Energy
Agency, Organization for Economic Cooperation and Development, no. 5427, 2004, 19, http://
www.oecd-nea.org/science/docs/pubs/nea5427-pyrochemical.pdf.
8. Furthermore, there is insufficient commercial demand for pyroprocessing as PUREX
holds a virtual monopoly on the 2 percent of reprocessed fuel used in power reactors worldwide.
As countries continue to develop their fast neutron and breeder reactor programs, demand for
pyroprocessing could grow. See “Processing of Used Nuclear Fuel,” World Nuclear Association,
May 2012, http://www.world-nuclear.org/info/inf69.html.
168 | NUCLEAR SCHOLARS INITIATIVE

the resulting plutonium mixture.9 In March 2011, U.S. Department of Energy official
Richard Stratford made the most decisive U.S. government statement on pyroprocessing to date: “[The department] states, frankly and positively, that pyroprocessing is reprocessing, period, full stop. . . . Electroreduction, combined with electro-refining, has
moved to the point that the product is dangerous, from a proliferation point of view.”10
Today, limited cooperation between the U.S. and South Korean technical communities continues on electrorefinement, pyroprocessing safeguards, and scale-up for commercialization. South Korea plans to use pyroprocessed fuel from its existing nuclear
power plants to fuel Generation IV KAERI-developed, sodium-cooled fast reactors. In
2007, the South Korean Ministry of Knowledge Economy released an energy road map,
detailing plans to complete a pyroprocessing–fast reactor fuel cycle by 2028. The road
map predicted that South Korea would complete a pilot pyroprocessing plant by 2012,
an engineering-scale demonstration plant by 2016, and a commercial facility by 2025.11
Though South Korea will be hard-pressed to meet these early projections, government
support for pyroprocessing remains strong.

Nuclear Power in South Korea: Waste Management and
Domestic Capacity Growth
South Korea and the United States signed their first nuclear cooperation agreement with
the United States in 1956. With encouragement from the United States, resource-poor
South Korea pursued nuclear power to offset its heavy dependence on coal, oil, and gas
imports for electricity production. Throughout the 1970s and 1980s, South Korea purchased turnkey nuclear plants from the United States and Canada. South Korea’s first
nuclear plant, Kori-1, became operational in 1978. In 1987, it concluded an agreement
with Westinghouse to develop an indigenous light water reactor. The resulting design,
the Korean Standard Nuclear Plant (KSNP), was an advanced pressurized water reactor (PWR). Since the 1990s, South Korea has produced several evolved models based
on the original Westinghouse designs.12 As the world’s fifth-largest producer of nuclear
energy, approximately 30 percent of electricity generated in South Korea is derived from
9. Chen Kane, “Nonproliferation Issues in U.S.-ROK Nuclear Cooperation,” U.S.ROK Workshop on Nuclear Energy and Nonproliferation, Henry L. Stimson Center and Asia
Foundation Center for U.S. Korea Policy January 20, 2010, 4, http://asiafoundation.org/resources/
pdfs/ChenKane100120.pdf.
10. “U.S. Nuclear Cooperation: How and With Whom,” 2011 Carnegie International
Nuclear Policy Conference, Panel Transcript, March 29, 2011, 15, http://carnegieendowment.
org/files/US_Nuclear_Cooperation-How_and_With_Whom.pdf.
11. Kane, “Nonproliferation Issues,” 3.
12. “The Korean Standardized Nuclear Reactors (KSNR), which led to the design of the
OPR-1000 and APR-1400 nuclear reactors, is based on the US Combustion Engineering reactor
Syst 80+. Subsequently, Combustion Engineering was taken over by Westinghouse, who now
owns the intellectual property rights for this reactor design.” Michel Berthélemy and François
Lévêque, “Korean Nuclear Exports: Why Did the Koreans Win the UAE Tender?” Cerna,
Working Paper, April 2010, 4, http://www.cerna.ensmp.fr/images/stories/Cerna_Working_
Papers/CernaWP_201104.pdf.
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nuclear. With 23 plants in operation and 9 under construction or planned, South Korea’s
dependence on nuclear power will only grow.13 Planned domestic nuclear power growth
will see an increase in its present output from 20,787 MWe to 29,987 MWe in 2016.14
Despite planned growth, Seoul still lacks a cradle-to-grave solution for its growing
nuclear waste problem. Present onsite spent fuel storage at South Korea’s four reactor
sites is expected to reach full capacity between 2016 and 2021.15 To address this looming
crisis, the South Korean National Assembly passed the Radioactive Waste Management
Act, which established the Korea Radioactive Waste Management Corporation (KRMC)
in 2009. KRMC has taken exception to KAERI’s contention that pyroprocessing is a
necessary and appropriate solution to South Korea’s growing stockpile of nuclear waste.
According to KRMC, capacity in existing cooling ponds at all four PWR sites can be
increased by installing higher-density racks.16 New plants at the Kori and Ulchin reactor
sites will feature empty ponds. The additional capacity at these two sites alone will delay
the need for alternative sites by 10 years. Dry cask storage could house older, cooled fuel
for upward of 60 years.17 Though on-site and interim dry cask storage cannot be considered sustainable or indefinite solutions, they remove the incentive to rush the commercialization of pyroprocessing. Moreover, if it proceeds with pyroprocessing, South
Korea will still need a geological repository to safely store the resulting high-level waste
stream. Delaying South Korea’s waste management crisis through added interim and onsite storage allows more time to develop safeguards and accurate material accountancy
methods to detect the diversion or loss of separated plutonium.

South Korean Nuclear Exports: Looking Beyond
the UAE Deal
In just two decades, South Korea transformed from an importer of turnkey nuclear plants
to an exporter of Generation III technology with the sale of four Advanced Pressurized
Reactors (APR-1400) to the United Arab Emirates (UAE) in 2010. Following the sale,

13. “Commercial Operation at Shin-Kori 2,” World Nuclear News, July 20, 2012, http://
www.world-nuclear-news.org/NN_Commercial_operation_at_Shin_Kori_2_2007122.html.
14. “Plans for New Reactors Worldwide,” World Nuclear Association, February 2012,
http://www.world-nuclear.org/info/inf17.html. See also: “Nuclear Power in South Korea,” World
Nuclear Association, July 2012, http://www.world-nuclear.org/info/inf81.html.
15. Harold Feiveson, Zia Mian, M. V. Ramana and Frank von Hippel, eds., “Managing
Spent Fuel from Nuclear Power Reactors Experience and Lessons from Around the World,”
International Panel on Fissile Materials, September 2012, 63, http://www.princeton.edu/sgs/
publications/ipfm/Managing-Spent-Fuel-Sept-2011.pdf.
16. “Radioactive Waste Management Programmes in OECD/NEA Member Countries:
Korea 2012,” Organization for Economic Cooperation and Development, 2012), 3,. http://www.
oecd-nea.org/rwm/profiles/Korea_profile_web.pdf..
17. “Spent Fuel Storage in Pools and Dry Casks, Key Points and Questions & Answers,”
U.S. Nuclear Regulatory Commission, March 29, 2012, http://www.nrc.gov/waste/spent-fuelstorage/faqs.html#20.
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South Korea announced plans to capture 20 percent of nuclear exports by 2030.18 Since
South Korea’s principal nuclear exporter defeated competing bids from AREVA and GEHitachi Nuclear Energy to win a $20 billion contract, Korea Electric Power Company
(KEPCO) has announced plans to sell a further four reactors to the UAE. In addition to
the reactors, KEPCO and its subcontracting firms concluded related contracts for the
provision of two fuel loads, plant operation for the duration of these two fuel loads, and
training of UAE staff.
The nuclear industry is a strategic priority for the South Korean government. President Lee Myung-Bak’s administration has offered strong support and incentives in the
form of preferential tax rates and exemptions on imported goods to South Korea’s rapidly advancing industrial sector. KEPCO, under government pressure to win the UAE
tender, made a competitive offer to the UAE, assuming the lion’s share of risk during
the construction phase of the four plants.19 In its inaugural sale, KEPCO concluded a
lump-sum contract, wherein KEPCO assumed the burden of cost growth in raw materials and construction inputs.20 Nuclear power plants are capital-intensive and susceptible
to cost growth in the early siting, licensing, and construction phases. Though costs vary
by project, recent builds have cost upward of $8 billion. The South Korean government’s
industrial policy supposes that once a Korean firm penetrates a new market, as KEPCO
did global nuclear exports, it can secure progressively favorable terms.21
The nuclear export market is small, with only nine established exporters. Due to high
initial capital costs, new nuclear builds are high-risk ventures and few and far between.
Nevertheless, states seeking to diversify their energy sources, reduce carbon emissions,
and limit the risks associated with unpredictable oil and gas prices regard nuclear as an
attractive option. Following the Fukushima Daiichi nuclear accident many predicted the
paralysis and decline of global nuclear plant sales. Today, however, interest in nuclear
power remains strong in many, albeit fewer, countries. With many first-generation plants
nearing the end of their service lives, KEPCO stands to capture a portion of these lucrative contracts. If South Korea could commercialize pyroprocessing technology and
advanced sodium-cooled fast reactors, it could increase its competitiveness by offering
complete fuel cycle services to its customers.22

18. Chen Kane, Stephanie C. Lieggi, and Miles A. Pomper, “Going Global: Issues Facing
South Korea as an Emerging Nuclear Exporter,” paper presented at Tomorrow’s Northeast Asia,
conference Korea Economics Institute, Joint U.S.-Korea Academic Studies, October 20–22,
2010, 80, http://www.keia.org/publication/going-global-issues-facing-south-korea-emergingnuclear-exporter.
19. Berthélemy and Lévêque, “Korean Nuclear Exports,” 9.
20. Ibid., 9.
21. Christan Oliver, “S Korea Eyes Wider Nuclear Exports,” Financial Times, January
21,
2010,
http://www.ft.com/intl/cms/s/0/91002d88-06e0-11df-b058-00144feabdc0.
html#axzz21rbSBZ75.
22. Sharon Squassoni, “Inching Forward at the Seoul Nuclear Security Summit,” AsiaPacific Bulletin, no. 159, East-West Institute, April 20, 2012, 2, http://www.eastwestcenter.org/
sites/default/files/private/apb159.pdf.
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Reasonable Doubt?: Peaceful Nuclear Sovereignty and
Regional Politics
Proponents of South Korea’s right to pursue pyroprocessing including members of
the country’s National Assembly, and the technical and expert communities have cast
U.S. refusal to allow South Korea to reprocess spent nuclear fuel as an affront to an
increasingly important ally.23 As Seoul’s nuclear industry advances, perhaps ahead of
U.S. firms, the terms of current U.S.–South Korean nuclear cooperation will be increasingly scrutinized inside Korea. Korean officials, including the head of Korea’s Ministry
of Knowledge Economy Choi Kyung-hwan, have called upon the U.S. to recognize
South Korea’s “peaceful nuclear sovereignty,” characterizing present restrictions as excessive.24 Negotiators have speculated that the U.S. position is motivated by lingering
suspicions that South Korea is seeking commercial pyroprocessing to develop a nuclear
hedge, rather than a desire to uphold a tenuous, but three-decade-long, moratorium on
spent fuel reprocessing in nonnuclear weapons states.25 This speculation is complicated
by unease regarding North Korea’s nuclear capability and South Korea’s imperfect nonproliferation record, along with a fear that Japan occupies an unshakable seat as senior
partner in the U.S.-Pacific alliance.
Under the dictatorial leadership of President Park Chung-hee, South Korea briefly
pursued an independent nuclear deterrent in the 1970s. A former general, Park was a
nationalist, industrialist, and economic reformer who came to power after staging a military coup in 1961. In an effort to coerce South Korea into abandoning its nuclear program, U.S. president Jimmy Carter threatened to withdraw U.S. tactical nuclear weapons
and troops from the Korean Peninsula in 1978. When President Park was assassinated
in 1979, Carter made recognition of his successor, Chun Doo-hwan, conditional upon
South Korea renouncing its nuclear ambitions and dismantling the military elements of
its nuclear program.26
South Korea faces a persistent existential threat from nuclear-armed North Korea.
North Korea’s continued ballistic missile development and frequent breaches of antinuclear commitments magnify this threat. This is evidenced by a resurgence of public
support for an independent nuclear deterrent or the restationing of U.S. nuclear weapons
23. Lee Byong-Chul, “U.S. Must Rethink Stance on Korea Nuke Pact,” Asia Sentinel, June
12, 2012, http://www.asiasentinel.com/index.php?option=com_content&task=view&id=4586&I
temid=395. See also Choe Sang-hun, “South Korea and U.S. Differ on Nuclear Enrichment,”
New York Times, December 5, 2011, http://www.nytimes.com/2011/12/06/world/asia/southkorea-and-us-differ-on-nuclear-enrichment.html.
24. “Seoul Wants ‘Sovereignty’ in Peaceful Nuclear Development,” Chosun Ilbo, December
31, 2009, http://english.chosun.com/site/data/html_dir/2009/12/31/2009123102220.html.
25. “South Korea Waiting for U.S. Response on Atomic Fuel Reprocessing,” Global
Security Newswire, July 24, 2012, http://www.nti.org/gsn/article/us-seen-still-unconvincedsouth-korean-need-atomic-fuel-reprocessing/.
26. Cheon Seongwhun, “Changing Dynamics of U.S. Extended Nuclear Deterrence on the
Korean Peninsula,” Nautilus Institute for Security and Sustainability, November 10, 2010, 3,
http://nautilus.org/napsnet/napsnet-special-reports/changing-dynamics-of-u-s-extended-nucleardeterrence-on-the-korean-peninsula/#ii-article-by-cheon.
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in South Korea.27 The 1992 Joint Declaration on the Denuclearization of the Korean
Peninsula, a bilateral agreement between North and South Korea, is the only standing
nonnuclear commitment between both parties and North Korea’s only legal commitment
to denuclearize.28 In addition to banning nuclear weapons testing, manufacture, production, possession, storage, deployment, and use, the declaration states that neither party
shall possess nuclear reprocessing and uranium enrichment facilities.29 Because North
Korea has effectively violated each of these provisions, with the exception of nuclear
use, South Korea does not view its civilian enrichment and pyroprocessing ambitions as
a material breach of the agreement.
The question remains, if the Joint Declaration is North Korea’s only recorded nonnuclear commitment and serves as a basis for all multilateral appeals for North Korea’s
denuclearization, will Seoul’s pursuit of ENR technology act as a spoiler in attempts to
normalize relations with North Korea in the future? Seoul is seeking enrichment and
pyroprocessing to achieve an autonomous, sustainable, and peaceful nuclear enterprise.
Yet, commercial-scale uranium enrichment and pyroprocessing will introduce large
quantities of fissile material to the Korean Peninsula. Current nuclear material accountancy, the foundation of the International Atomic Energy Agency’s (IAEA’s) safeguards
for commercial fuel cycle facilities, still operates assuming a 1 percent margin of error.30
This margin leaves reasonable doubt that material could be diverted, further refined or
enriched, and used in a nuclear weapon, giving South Korea a latent breakout capability.
North Korea will have little incentive to participate in the Six-Party Talks or bilateral
negotiations if South Korea acquires a nuclear hedge. Opposition to South Korea’s pyroprocessing and enrichment ambitions is not based on a belief that Seoul is an irresponsible user of nuclear technology. Rather, it reflects an understanding that a change in
security conditions in Northeast Asia, however slight, could escalate regional tensions
and disrupt prospects for peace in the long term.
In 2004, South Korea reported to the IAEA previously undeclared laser isotope separation experiments to enrich small amounts of uranium to 77 percent. Further investigations revealed that KAERI scientists performed laboratory-scale uranium conversion
and plutonium separation in the 1980s.31 The experiments did not yield significant quan27. Seung-Hun Oh, “South Korea Should Develop Nuclear Weapons 69 Percent:
Asan Survey,” Munhwa Ilbo, March 23, 2011, http://www.munhwa.com/news/view.
html?no=2011032301030623082002.
28. Jeffrey Lewis, “Why the 1992 Joint Declaration on Denuclearization of the Korean
Peninsula Still Matters,” 38 North, U.S.-Korea Institute, Paul H. Nitze School for Advanced
International Studies, Johns Hopkins University, March 18, 2011, http://38north.org/2011/03/1992joint-declaration/.
29. Joint Declaration on the Denuclearization of the Korean Peninsula, Entry into
Force February 19, 1992, Federation of American Scientists, http://www.fas.org/news/
dprk/1992/920219-D4129.htm.
30. H. L. Chang et al., “Evaluation of Sigma-MUF (Material Unaccounted For) for the
Conceptually Designed Korea Advanced Pyroprocess Facility,” Journal of the Korean Physical
Society 59, no. 2 (August 2011): 1421.
31. Cheon Seongwhun, “Toward Greater Transparency in Non-Nuclear Policy: A Case of
South Korea,” Korea Institute for National Unification, 2005, 4.
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tities of highly enriched fissile material, but they were performed without the knowledge
or approval of the South Korean government. Failure to report the experiments represents a violation of South Korea’s reporting requirements to the IAEA. However, because the experiments did not indicate a desire at the highest levels of the South Korean
government to pursue an independent nuclear deterrent, South Korea was not declared
in noncompliance with its IAEA safeguards obligations.
The prevalence of the sovereignty and parity arguments, which are so popular with
the public and nationalist politicians in South Korea, present an obvious conflict with the
technical and commercial justifications for South Korea’s pursuit of ENR, advanced by
the technical community and nuclear industry. Expert and inexpert constituencies within
South Korea have their own motivations for supporting a closed fuel cycle. However, the
nature of public debate has created a self-contradictory narrative surrounding Korea’s
ultimate goals for its ENR program, which will have to be resolved if Seoul is to rely on
U.S. permission for its pyroprocessing and enrichment plans.

The Japan Question: Forming U.S. Spent Fuel Reprocessing Policy
The contention that reprocessing in Japan poses a lesser proliferation concern that reprocessing in South Korea is unacceptable to many Koreans for reasons mired in regional politics and history. U.S. reluctance to extend a similar exemption to South Korea
has been interpreted as a sign that the United States doubts South Korea’s stated civil
motivations for reprocessing.32 Media coverage of South Korea’s clandestine experimentation was a major source of embarrassment to the Blue House, especially when
contrasted with the international community’s tepid response to Japan’s discovery of a
206 kilograms discrepancy in separated plutonium from its reprocessing activities.33 Just
as the international community and nonproliferation regime have adapted to the reality
of Japan’s reprocessing program, South Korea hopes that its own ENR program will be
regarded without suspicion.
Japan first adopted civil nuclear technology under the U.S. Atoms for Peace program
in 1956, with plans to develop breeder reactor and spent fuel reprocessing programs.34
By 1974, it still relied on oil imports for more than 70 percent of its energy consumption. The onset of the 1973 oil crisis only magnified Japan’s energy security concerns.
The United States’ abandonment of international enrichment services during that decade
fueled Japan’s desire for an independent civil nuclear industry, protected from unpredictable international markets. A breeder reactor fleet, run on reprocessed spent nuclear fuel
from Japan’s then 10 light water reactors, would offer virtual energy independence.35
32. “U.S. Reluctant to Permit South Korean Fuel Reprocessing, Envoy Says,” Global Security Newswire, March 8, 2012, http://www.nti.org/gsn/article/south-korea-not-expecting-uspermit-fuel-reprocessing-envoy-says/.
33. Seongwhun, “Toward Greater Transparency,” 8.
34. Thomas B. Cochran et al., “Fast Breeder Reactor Programs: History and Status,”
International Panel on Fissile Materials, February 2010, 53, http://fissilematerials.org/library/
rr08.pdf.
35. “Nuclear Power in Japan,” World Nuclear Association, July 2012,. http://www.worldnuclear.org/info/inf79.html..
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U.S. nuclear cooperation with Japan straddles two distinct eras of U.S. policy on
spent fuel reprocessing. As Japan’s agreement was revised well before India’s 1974 nuclear test, it contained no proscription against sensitive fuel cycle technology transfer or
development. In fact, until 1974, the U.S. Atomic Energy Commission viewed reprocessing as a desirable and economical means for closing the back end of the fuel cycle.36
Presidents Gerald Ford and Jimmy Carter oversaw a sea change in U.S. nuclear cooperation, reflecting a new awareness of the proliferation danger posed by large amounts
of separated plutonium in new nuclear states. However, the exit of U.S. enrichment
services offered a legitimate energy security rationale for reprocessing, as well as a path
to weapons acquisition to states seeking to mask their misuse of peaceful nuclear technology. President Ford responded to this threat by suspending the U.S. reprocessing and
breeder reactor programs in 1974. President Carter went a step further with an indefinite
suspension. His personal stake in the antireprocessing agenda led him to pressure Germany and France to cancel planned transfers of reprocessing plants to Brazil and South
Korea, respectively.37
While the U.S. moratorium on reprocessing placed an effective tamper on the spread
of sensitive fuel cycle technology, Japan’s reprocessing program undercut the ban’s universality. The Carter administration could hardly walk back on the 1968 agreement.
Instead, it honored case-by-case conditions on Japan’s ability to ship or reprocess United
States–origin spent fuel.38 However, the Japanese government viewed the Carter administration’s case-by-case restriction on reprocessing as overly burdensome and restrictive.
This tension, paired with increased animosity over the United States–Japan trade deficit,
led to a souring of relations between the two countries.39 New leadership in Japan and the
United States in the 1980s under Prime Minister Yasuhiro Nakasone and President Ronald Reagan presented an opportunity to repair United States–Japan relations. By lifting
case-by-case permissions on Japan’s reprocessing activities, Reagan distanced himself
from his predecessor’s controversial nonproliferation policy.
Japan and South Korea share many of the same geographic, political, and technical
motivations for commercial reprocessing. Like South Korea, Japan is a densely populated country that is heavily reliant on nuclear power. Geological conditions in Japan
36. Michael J. Brenner, Nuclear Power and Non-Proliferation (Cambridge: Cambridge
University Press, 1981), 77.
37. Frank N. von Hippel, “Nuclear Fuel Recycling: More Trouble Than It’s Worth,”
Scientific American Magazine, April 28, 2008, 3, http://www.scientificamerican.com/article.
cfm?id=rethinking-nuclear-fuel-recycling.
38. After 15 legislative days, the shipment or reprocessing would be considered approved.
The arrangement offered greater congressional oversight to assess the proliferation, environmental, and safety implications of individual reprocessing and shipment cases; see “Nuclear Nonproliferation: Japan’s Shipment of Plutonium Revives Concerns About Reprocessing,” Government
Accountability Office, GAO/RCED-03-154, June 1993, 11, http://gao.justia.com/nuclear-regulatory-commission/1993/6/nuclear-nonproliferation-rced-93-154/RCED-93-154-full-report.pdf.
39. “Vice President Walter Mondale Memorandum of Conversation with Prime Minister
Fukuda,” February 1, 1977, U.S.-Japan Relations Declassified, National Security Archives Electronic Briefing Book 175, George Washington University, 5, http://www.gwu.edu/~nsarchiv/
NSAEBB/NSAEBB175/japan2-01.pdf.
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are not ideal for the construction of a deep geological repository for high-level nuclear
waste. Seismic activity and local opposition to spent-fuel storage were early catalysts for
Japan’s commercial reprocessing venture.40 In granting programmatic consent to Japan,
the Reagan administration accepted Japan’s energy security rationale for reprocessing as
an article of faith.41 Nakasone was a nationalist, a strong proponent of Japan’s scientific
base, and a believer that Japan should master the full nuclear fuel cycle. He worked to
remove barriers to Japan’s unrestricted fuel cycle development, among them, the caseby-case plutonium transfer agreement. Nakasone was not interested in reversing Japan’s
anti–nuclear arms pledge. Rather, his principal aim was to establish a “plutonium economy”: material conditions for nuclear breakout in the event of a significant change in
Japan’s security condition.42
In 1993, Japan broke ground on the Rokkasho Reprocessing Plant in Aomori prefecture, its first and only commercial-scale reprocessing facility. Rokkasho has an expected
annual capacity 8 tons of separated plutonium recoverable from 800 tons of spent fuel,
but has not yet become fully operational. Rokkasho’s construction suffered exponential
cost growth, while commercial operation was delayed 18 times due to inaccurate early
construction timelines and design changes.43 The Japanese government invested heavily
in its reprocessing venture, which stands at $27.5 billion, and engaged in early consensus
building to establish popular support for a closed fuel cycle. However, Japan’s advance
fuel cycle development has stalled in the wake of the Fukushima accident.44
Public support for nuclear power and confidence in the government’s ability to regulate Japan’s powerful nuclear industry has eroded. Following the accident, Japan shut
down its 54 nuclear plants, pending a thorough review of safety regulations and energy
alternatives. Though a number of these plants have come back on line, Japan’s advanced
fuel cycle program, including reprocessing and breeder reactor development, will not
be resumed, in all likelihood.45 Pending possible abandonment of its plans for a closed
fuel cycle, Japan is now seriously exploring long-term waste storage solutions that it had
40. Saegusa Asako, “Geological Problems Drive Up Cost of Nuclear Waste Dump in
Japan,” Nature 398, no. 6726 (April 1, 1999): 357.
41. Frans Berkhout, Tatsujiro Suzuki, and William Walker, “Plutonium Surplus: A Japanese/
European Predicament,” International Affairs 66, No. 3 (July1990): 535.
42. Jacques Hymans, “Veto Players Nuclear Energy and Nonproliferation,” International
Security 36, no. 2 (Fall 2011): 187–188, http://www.mitpressjournals.org/doi/pdf/10.1162/
ISEC_a_00059.
43. Japan Nuclear Fuel Limited, the owner and operator of the Rokkasho plant,
announced an increase in the construction cost from ¥1,880 billion to ¥2,140 billion. “Rokkasho
Reprocessing Plant,” Global Security, July 24, 2011, http://www.globalsecurity.org/wmd/world/
japan/rokkasho.htm.
44. Yas Idei, “Japan’s Other Nuclear Disaster,” Forbes, April 25, 2011, http://www.
forbes.com/forbes/2011/0425/technology-rokkasho-japan-electric-nuclear-disaster.html.
See
also Toru Nakagawa, “Ministry to Amend Law to Bury Nuclear Waste without Reprocessing,”
Asahi Shimbun, August 25, 2012, http://ajw.asahi.com/article/0311disaster/fukushima/
AJ201208250071.
45. “Table: Japan Nuclear Plant Ops (Ohi No.4 Restarts),” Reuters, July 28, 2012, http://
www.reuters.com/article/2012/07/19/nuclear-japan-status-idUSL4E8II67H20120719.
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previously dismissed. The future of Japan’s program bears heavily on South Korean advanced fuel cycle plans. If Japan abandons its original vision of commercial reprocessing and a fast breeder reactor fleet, a key precedent for South Korea’s program would
become a historical footnote. Certainly, without the anomalous example of Japan to
point to, South Korea would have more difficulty convincing the United States to change
its long-standing policy against reprocessing in nonnuclear weapons states.

Legal and Normative Barriers to Pyroprocessing in
South Korea
South Korea, despite its advanced nuclear industry, faces a host of legal, political, and
normative barriers to pursuing sensitive fuel cycle technology. In addition to its standing
agreement for civil nuclear cooperation with the United States, South Korea is subject to
intellectual property restrictions on United States–sourced reactor components. Beyond
these restrictions, there exists an international norm against spent fuel reprocessing.
Commercial reprocessing is only performed in five countries, all nuclear weapons states
with the exception of Japan.46 Voluntary export control regimes, including the Nuclear
Suppliers Group and country-specific bilateral nuclear cooperation agreements, form the
foundation of this 35-year precedent. Because these barriers lack the universality of a
comprehensive legal regime, the moratorium on reprocessing can be considered normative, at best, and vulnerable to erosion.
Until the early 1970s, the United States held a monopoly on the global uranium
fuel supply for light water reactors. The 1973 oil crisis, which forced many states to
reconsider their dependence on imported fossil fuels in favor of light water and breeder
reactor programs, had yet to occur. Further, India had not yet tested its first nuclear device, fashioned from plutonium separated from spent fuel originating from the CIRUS
heavy-water research reactor.47 This confluence of events, occurring within a span of just
two years from 1973 to 1974, fundamentally transformed U.S. nuclear export policy to
place far greater emphasis on the proliferation risk associated with reprocessing technology. The mid-1970s saw the formation of this nonproliferation-oriented trade policy,
culminating in a United States–led international moratorium on the transfer of spent
fuel-reprocessing technology.
The United States conducts civil nuclear cooperation with partner states through
largely standardized bilateral agreements called 123 Agreements, named for section 123
of the 1954 Atomic Energy Act (AEA). The AEA governs the United States’ activities
relating to the peaceful applications of nuclear energy, and Section 123 mandates the
conclusion of a specific agreement for significant transfers of nuclear material, equipment, or components from the United States to another nation. Under the terms of civil
46. Charles D. Ferguson, “Potential Implications of the Fukushima Daiichi Accident for
Nuclear Power,” paper presented at One Year On: Assessing Fukushima’s Impact, conference
sponsored by Carnegie Endowment for International Peace, March 6, 2012): 3,. http://www.fas.
org/_docs/Implications_Fukushima_Future_Nuclear_Power_CEIPMarch62012.pdf.
47. Brenner, Nuclear Power, 69.
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nuclear cooperation with the United States, express permission must be given to reprocess United States–origin spent fuel. Article VIII (F) of the 1974 agreement states:
When any special nuclear material received from the United States of America pursuant to this agreement or the superseded Agreement requires reprocessing, or any
irradiated fuel elements containing fuel material received from the United States
of America pursuant to this Agreement or the superseded Agreement are to be removed from a reactor and are to be altered in form or content, such reprocessing
or alteration shall be performed in facilities acceptable to both Parties upon a joint
determination of the Parties that the provisions of Article XI [which addresses the
safeguarding of transferred materials and facilities] may be effectively applied.48
In 1978, the passage of the Nuclear Nonproliferation Act (NNPA) strengthened the
nonproliferation bona fides of U.S. sensitive fuel cycle export policy further. The NNPA
not only froze U.S. sensitive fuel cycle exports but also levied case-by-case restrictions on any fuel, United States–sourced or otherwise, irradiated in a reactor containing
United States–designed components. However, these restrictions do not officially apply
to the current U.S.–South Korean 123 Agreement, which negotiated four years before
the passage of the NNPA. Consistent with U.S. nuclear export standards at the time,
the 123 Agreement subjects the reprocessing of United States–supplied spent-fuel in
South Korea to case-by-case consent, wherein a subsequent arrangement to the original
123 Agreement must be negotiated and approved by Congress.49 The renegotiated 123
Agreement will have to subject United States–South Korea nuclear cooperation to the
standards contained in the NNPA in explicit terms. South Korea is fast approaching its
expected goal to fully indigenize its reactor designs by 2012. This means, however, that
it must restrict reactor exports to those countries with a U.S. civil nuclear cooperation
agreement in place; it will face fewer formal legal limits on its ENR plans regarding
newly constructed plants. If the renegotiated agreement contains NNPA restrictions, indigenous fuel irradiated in Korean-designed reactors will be subject to U.S. reprocessing
restrictions because all pre-2012 Korean designs contain U.S. intellectual property.
If its bilateral cooperation agreement with the United States and intellectual property obligations are the sole barriers to pyroprocessing, one must ask: What is keeping
South Korea from pursuing a commercial program outside its current agreement once its
reactor design has been fully indigenized? First, if South Korea were to pursue pyroprocessing independent of U.S. consent, its program would not mitigate the current waste
storage burden, given that the vast majority, two-thirds, of waste material is ineligible
for recycling. Once cooperation with South Korea is subject to the additional restrictions contained in the NNPA, all fuel run through South Korea’s PWR reactors will
48. Public Law 83-703 68 Stat. 919: The Atomic Energy Act, U.S. Nuclear Regulatory
Commission, 1954, 57–59; see Section 123 (a), http://science.energy.gov/~/media/bes/pdf/
nureg_0980_v1_no7_june2005.pdf.
49. Fred McGoldrick, “New U.S.-ROK Peaceful Nuclear Cooperation Agreement: A Precedent for a New Global Nuclear Architecture,” Center for U.S.-Korea Policy, Washington, D.C.,
Asia Foundation, November 2009, 3, http://asiafoundation.org/resources/pdfs/McGoldrickUSROKCUSKP091130.pdf.
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be ineligible, thus eliminating pyroprocessing as an option for near- and medium-term
waste management. Second, South Korea’s leadership will not circumvent U.S. barriers
to sensitive fuel cycle development as the potential for damage to United States–South
Korean relations would be profound. Finally, an agreement granting South Korea prior
consent to reprocess would place it on par with Japan, reflecting South Korea’s growing
leadership role in the Pacific alliance. South Korea’s pursuit of enrichment and reprocessing technology is motivated by a desire for official recognition and acceptance of
its status as an advanced nuclear power in addition to waste management, regional, and
energy security concerns.

U.S.–South Korean Cooperation: Global Nuclear Energy Partnership
to a Joint Feasibility Study
While the United States officially opposes the spread of sensitive fuel cycle technology
on nonproliferation grounds, it actively supports research on developing reliable safeguards to increase the proliferation resistance of sensitive fuel cycle applications such
as pyroprocessing. South Korea has been a long-standing international partner in this
research. Since 2002, KAERI has conducted joint pyroprocessing research with U.S.
national laboratories under the Department of Energy’s International Nuclear Energy
Research Initiative (I-NERI).50 In 2006, U.S.–South Korean cooperation broadened under the KAERI-10 program, which explores methods for safeguarding pyroprocessing
facilities. Under KAERI-10, KAERI and Los Alamos National Laboratory have collaborated on material accountancy methods to fulfill the IAEA’s concept of safeguards
by design, wherein safeguards are tailored to a specific facility to ensure against the
diversion of material.51
In 2008, South Korea joined the Global Nuclear Energy Partnership (GNEP), which
was established by the George W. Bush administration in 2006 to support a proliferationresistant nuclear renaissance in the United States and in 25 partner states. In the United
States, GNEP promoted advanced research and development of fuel cycle processes and
technologies to enable sustained and commercially viable nuclear energy generation.
Specifically, the program sought to mitigate the high-level nuclear waste management
and proliferation risks associated with the open fuel cycle.
GNEP stemmed from the belief that closing the nuclear fuel cycle in the United
States was an essential and long-overdue step in the road to a sustainable U.S. nuclear
energy policy.52 Under GNEP, the United States explored the environmental impact and
commercial feasibility of various fuel cycles, including reprocessing, fast reactors, and
breeder reactors. The shift in U.S. policy presented South Korea with an opportunity
50. Manyin, Chanlett-Avery, and Nikitin, “U.S.–South Korea Relations,” 27.
51. Hodong Kim, H. S. Shin, and S. K. Ahn, “Status and Prospect of Safeguards by Design
for the Pyroprocessing Facility,” IAEA Safeguards Symposium, IAEA-CN-184/71, International
Atomic Energy Agency, Vienna, 2010, 1–2, http://www.iaea.org/OurWork/SV/Safeguards/
Symposium/2010/Documents/AbstractsRepository/071.pdf.
52. “Recycling Spent Nuclear Fuel,” U.S. Department of Energy, Office of Nuclear Energy,
January 31, 2007, 1–2, http://www.ne.doe.gov/pdfFiles/factSheets/AFCI-GNEP-Final-Jan31-07.
pdf.
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to advance its own reprocessing plans with the administration’s blessing. In 2009, the
GNEP budget was zeroed out and U.S. nuclear fuel cycle technology cooperation was
recast to reflect the inherent danger of the spread of nuclear fuel cycle technology.53 In
name, GNEP became the International Framework for Nuclear Energy Cooperation (IFNEC). In practice, IFNEC now prohibits South Korean scientists from conducting “hot”
pyroprocessing experiments using enriched uranium fuel.54
In response to Seoul’s February 2012 request for programmatic consent, the U.S.
Department of State has proposed a 10-year joint feasibility study on pyroprocessing.
While the study benefits both the United States and South Korea in principle, it does
not guarantee any automatic mechanism for programmatic ENR consent.55 Such an arrangement would undercut the universality of current U.S. policy on the nontransfer of
ENR technology to new nonnuclear weapons states. Continued cooperation is desirable
for both sides. The technical community in South Korea, and the country’s nuclear enterprise more broadly, still has much to gain from close collaboration with U.S. national
laboratories and the U.S. Department of Energy. Cooperation with these entities signals
political prestige and a recognition of South Korea’s technical and industrial accomplishments. Cooperation means continued material investment from the United States on
pyroprocessing research and development. For the United States, continued collaboration on sensitive fuel cycle applications is important for trust and transparency but also
serves as a force multiplier for innovation.56 The United States has no plans to commercialize spent fuel recycling. Proliferation concerns served as a catalyst for this policy in
1976, but it has been reinforced by the unfavorable economics of pyroprocessing and
conventional reprocessing.57 Though no commercial incentive exists in the foreseeable
future for adopting this technology, the United States can only gain from a deeper understanding of advanced fuel cycle applications in the event that its nuclear energy plan or
the economics of its current open fuel cycle change down the road.

Can There Be a Meeting of the Minds on Pyroprocessing
and Enrichment in South Korea?
South Korea continues to look to pyroprocessing as a panacea for its growing waste
management dilemma. However, casting pyroprocessing as a necessary and appropri53. “Fatal Blow to GNEP?” World Nuclear News, June 29, 2009, http://www.world-nuclearnews.org/NP-DoE_cancels_GNEP_EIS-2906095.html.
54. Instead, experiments are conducted with natural uranium to avoid full plutonium
separation from other fissile isotopes and transuranic elements. Kane, Lieggi, and Pomper,
“Going Global,” 3.
55. Dan Horner, “Pyroprocessing Is Reprocessing: U.S. Official,” Arms Control Today,
April 2011, http://www.armscontrol.org/act/2011_04/Pyroprocessing.
56. Mark T. Peters, “Recycling Used Nuclear Fuel: Balancing Energy and Waste
Management Policies,” Testimony before U.S. House of Representatives Committee on Foreign
Affairs, Subcommittee on Asia and the Pacific, June 6, 2012, 5, http://foreignaffairs.house.
gov/112/HHRG-112-FA05-WState-PetersM-20120606.pdf.
57. “Draft Nonproliferation Impact Assessment for Global Nuclear Energy Partnership
Programmatic Alternatives,” xiii.
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ate short-term solution mischaracterizes South Korea’s current waste storage problem.
There is still much work to be done on pyroprocessing safeguards. Further, there will
be inevitable delays and complications as South Korea scales its current pyroprocessing
activities up to the demonstration and commercial levels. By all accounts, pyroprocessing has the potential to mitigate South Korea’s waste storage problem in the long term,
but cannot meet its immediate high-level waste mitigation requirements. A constructive
approach to this dilemma will include a serious exploration of waste storage options,
including expanded interim storage and a deep geological repository for long-term highlevel waste.58
In the public pyroprocessing and enrichment debates, South Korea and the United
States continue to talk past one another. At a July 2012 press conference, the White
House’s coordinator for arms control and weapons of mass destruction, proliferation,
and terrorism, Gary Samore said, “There is no danger that Korean industry will not be
able to get access to low enriched uranium,” adding, “You don’t have to worry about any
limit Korea will have.”59 South Korea’s desire for a domestic uranium enrichment capability stems from a desire for autonomy in its civil nuclear program, not from a fear of a
supply shortage. As a nuclear fuel supplier, South Korea is loath to commit resources to
importing enriched uranium.
By contrast, much of the public debate in South Korea regarding programmatic consent for enrichment and pyroprocessing hinges on nuclear sovereignty and parity with
Japan. These arguments do not address core U.S. concerns regarding the spread of ENR
technology. Calls for nuclear sovereignty misplace the source of U.S. concerns regarding ENR technology in South Korea, assuming that the U.S. refusal to amend the restrictions in the current 123 Agreement stem from South Korea’s past nuclear adventurism
under Park Chung-hee and undeclared experiments in the 1980s and 2000. Invocation
of Japan’s unique reprocessing arrangement provides a compelling argument for many
Koreans, but glazes over the unique security conditions on the Korean Peninsula, where
the introduction of commercial-scale ENR technology would be destabilizing and ultimately self-defeating.
To be sure, nuclear energy policy in the United States is subject to reinterpretation
with each election cycle. Consistency in the U.S. nuclear energy program is a function
of slow-moving fuel cycle research, development, and commercialization rather than a
decades-long policy commitment to adhere to an open fuel cycle. U.S. presidents, and
their Departments of State and Energy, have interpreted the proliferation risk of ENR
differently, at times, valuing the benefits of a closed fuel cycle over existing nonprolif58. Deep borehole high-level nuclear waste storage is a possible alternative to the
traditional geological repository. More research is needed to determine whether this is a viable
long-term approach. See Allison Macfarlane, “Opportunities and Challenges for Deep Borehole
Disposal of Spent Nuclear Fuel in East Asia,” Resilience and Security of Spent Fuel in East Asia,
Nautilus Institute, Seoul, April 14, 2012, http://nautilus.org/wp-content/uploads/2012/03/10.MacfarlaneNEABorehole.pdf.
59. Lee Chi-dong, “Samore Says No Need for S. Korea to Enrich Uranium,” Yonhap News
Agency, July 24, 2014, http://english.yonhapnews.co.kr/national/2012/07/24/52/0301000000AE
N20120724000400315F.HTML.
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eration norms. In crafting a long-term strategy vis-à-vis South Korea, the United States
must address the possibility that South Korea may wait out the policies of the current
administration, secure a position of greater leverage in the Pacific alliance, and revisit its
ENR request when the United States is likely to lend a more sympathetic ear.
The issue of South Korea’s advanced fuel cycle choices will prove an important
test for U.S.–South Korean relations as South Korea assumes an increasingly important
role in the Pacific alliance. South Korea is seeking a partnership with the United States
that reflects its sustained economic growth and political maturity. As the memory of
the Korean War fades, popular sentiment vis-à-vis the United States will shift away
from the traditional dependence dynamic that characterized U.S.–South Korean relations throughout the second half of the twentieth century. The United States requires a
creative and diplomatic approach to compel South Korea to live up to its newfound leadership role in the global nonproliferation regime, starting with how it chooses to deploy
proliferative technologies such as enrichment and pyroprocessing.
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Assessing the Role of Seismic Data Sharing in
CTBT Monitoring
Stephen Herzog1

Policy analyses of underground test monitoring in support of the Comprehensive Nuclear Test Ban Treaty (CTBT) usually focus on the Primary and Auxiliary
Seismological Networks of the International Monitoring System (IMS). In addition to overlooking National Technical Means (NTM), this lens fails to consider
thousands of seismic stations and arrays operated by government agencies, universities, and research institutes. These networks serve important functions in
earthquake hazard mitigation, tsunami warning systems, and civilian and military
disaster responses, but they can also detect waveform data from suspected nuclear tests. This paper explores mechanisms for seismic data sharing in the scientific
community and evaluates their potential contributions to CTBT monitoring. It
concludes that seismology is the first line of sight for monitoring underground
nuclear tests, and scientific data sharing and capacity building can help to detect
and deter noncompliance with the CTBT.

Seismic Monitoring and Nuclear Testing
The CTBT opened for signature on September 24, 1996, and has since been signed by
183 states and ratified by 157 states.2 The CTBT represents the culmination of decades of
legal efforts to prohibit nuclear testing, which include the 1963 Partial Test Ban Treaty,
the 1974 Threshold Test Ban Treaty, and the 1976 Peaceful Nuclear Explosions Treaty.
However, CTBT negotiations at the Conference on Disarmament (CD) in Geneva were
protracted and diplomatically challenging.3 For the CTBT to enter into force, it must
1. Stephen Herzog is a policy analyst and CTBT specialist with Science Applications International Corporation (SAIC). Previously, he served as a nonproliferation graduate fellow with the
National Nuclear Security Administration and as a research associate with the Strategic Security
Program at the Federation of American Scientists. This paper was researched and written as an
independent research project. Accordingly, the views here are those of the author and do not necessarily reflect those of SAIC or its clients.
2. Preparatory Commission for the Comprehensive Nuclear Test Ban Treaty, “Status of
Signature and Ratification,” Vienna, http://www.ctbto.org/the-treaty/status-of-signature-and-ratification/.
3. For a thorough and insightful analysis of negotiations, see Rebecca Johnson, Unfinished
Business: The Negotiation of the CTBT and the End of Nuclear Testing (Geneva: United Nations
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be ratified by the 44 “nuclear-capable” states listed in Annex 2 of the treaty; these are
the CD members that had active nuclear weapons, nuclear power, or nuclear energy research programs during treaty negotiations. Eight of these states—China, Egypt, India,
Iran, Israel, North Korea, Pakistan, and the United States—have not ratified the CTBT.
Several of these countries cite concerns related to global arms control and disarmament,
CTBT monitoring and verification, and nuclear weapons stockpile stewardship as their
rationales for not having ratified. This paper focuses on the monitoring component of
the CTBT, and in particular, seismological efforts to detect underground nuclear testing.
Although the CTBT has not entered into force, the international community has numerous complementary tools for monitoring nuclear tests at its disposal. When completed, the CTBT’s global IMS will consist of 321 monitoring stations and 16 radionuclide
laboratories. At the time of writing, 271 of these facilities were certified by the Preparatory Commission for the Comprehensive Nuclear Test Ban Treaty Organization’s (CTBTO PrepCom) Provisional Technical Secretariat (PTS), 16 were undergoing testing,
22 were under construction, and 28 were planned.4 Hydroacoustic stations account for
11 IMS stations and are designed to detect waveforms from underwater nuclear tests.
Infrasound stations constitute another 60 facilities and collect waveform data from lowfrequency sound waves associated with atmospheric nuclear testing activities. The 80
IMS radionuclide monitoring stations detect airborne radioactive particulates and noble
gases, such as certain isotopes of xenon and argon that would be released by a nuclear
test.5 Data from the radionuclide stations is processed at the 16 IMS radionuclide laboratories. Finally, the 170 IMS seismological stations detect the propagation of seismic
waves through the Earth’s lithosphere to assist in discriminating explosions from naturally occurring seismic events and locating possible underground nuclear tests.6 These
four IMS elements transmit data to the CTBTO PrepCom’s International Data Centre
(IDC) in Vienna, which makes raw waveform data and aggregated event bulletins available to the National Data Centers of CTBT signatory states. Data will only be available
to parties to the treaty after entry into force.
In addition to the IMS, NTM and scientific research networks contribute to national,
regional, and global monitoring capabilities. Data from these stations are not transmitted to the IDC in real time, but states can provide it to the PTS and other states to assist
in the location and confirmation of potential nuclear tests. NTM are generally classified
military assets that assist states in nuclear test monitoring. For example, in the case of
the United States, the unclassified version of the National Academy of Science (NAS)
2012 CTBT Study indicates that the U.S. Air Force Technical Applications Center mainInstitute for Disarmament Research, 2009).
4. Preparatory Commission for the Comprehensive Nuclear Test Ban Treaty Organization,
“International Monitoring System,” http://www.ctbto.org/map/.
5. Half (40) of the IMS radionuclide stations are equipped to monitor noble gas radionuclides
using technology provided through the International Noble Gas Experiment (INGE).
6. Of the 170 IMS seismic stations, 50 belong to the Primary Seismological Network, and
after certification, send data to the International Data Centre (IDC) in Vienna on a continuous
basis. The other 120 comprise the Auxiliary Seismological Network and are equipped to transmit
data to the IDC upon request following their certification.
184 | NUCLEAR SCHOLARS INITIATIVE

tains NTM technologies in seismic and radionuclide monitoring, as well as satellites.7
The NAS Study states, “U.S. National Technical Means provide monitoring capability
that is superior to that of the CTBTO, but the use of U.S. NTM for diplomatic purposes
may be constrained due to its largely classified nature.”8 In contrast to discrete NTM capabilities, national and university networks for scientific research and hazard mitigation
are usually far less sensitive, easing the process of data sharing. Civil networks of these
types exist throughout the world and can consist of seismic, infrasound, hydroacoustic,
radionuclide, and other monitoring technologies.
While this multitude of monitoring tools works in concert to provide layered detection and deterrence of nuclear testing, some technologies are arguably more important
than others. The NAS Study indicates that “seismology is the most effective technology
for monitoring underground nuclear-explosion testing,” and a recent book on CTBT verification has a marked focus on seismic monitoring compared to its peer technologies.9
In fact, under a February 1980 mandate from the CD, the Group of Scientific Experts
(GSE) began to develop a global seismic monitoring system—much of which is used in
today’s IMS—in anticipation of an eventual ban on all forms of nuclear testing.10 Concerns about underground nuclear testing may stem from fears that countries will pursue
decoupling or other masking techniques to conceal evasive tests from the international
community.11 The 2006 and 2009 underground tests by North Korea may also contribute
to these concerns. Indeed, horizontal adits and deep vertical shafts offer nuclear weapon
states and aspiring proliferators a semicontrolled environment to assess improvements
to existing classes of weapons or test new devices.
But with sophisticated IMS stations around the world and significant investment by
states in NTM technologies, is there really an important role for scientific seismological
networks in nuclear test monitoring? This paper investigates whether seismic stations,
such as those operated by the Institute of Geophysics and Planetary Physics at the University of California, San Diego, can assist the international community in detecting,
locating, and identifying nuclear testing activities. In pursuit of this objective, this paper
7. National Research Council of the National Academies, Committee on Reviewing and
Updating Technical Issues Related to the Comprehensive Nuclear Test Ban Treaty, The Comprehensive Nuclear Test Ban Treaty—Technical Issues for the United States (Washington, D.C.:
National Academies Press, 2012), 38, 49, 55–56.
8. Ibid., 38.
9. Ibid., 43. Ola Dahlman, Jenifer Mackby, Svein Mykkeltveit, and Hein Haak, Detect and
Deter: Can Countries Verify the Nuclear Test Ban? (New York: Springer, 2011), 32–62.
10. For information on the GSE, see Pierce Corden, “Overview of the GSE for the CTBT,”
presentation at the Workshop on Technical Approaches to Support Nuclear Arms Control and
Nonproliferation, Carnegie Endowment for International Peace, Washington, D.C., April 8–9,
2012, http://www.carnegieendowment.org/static/npp/pdf/200 9 0409-corden.pdf. See also Ralph
Alewine, “Overview of the Group of Scientific Experts (GSE) for the CTBT,” presentation at
the Workshop on Technical Approaches to Support Nuclear Arms Control and Nonproliferation,
Carnegie Endowment for International Peace, Washington, D.C., April 8–9, 2012, http://www.
carnegieendowment.org/static/npp/pdf/20090409-alewine.pdf.
11. National Research Council of the National Academies, Committee on Reviewing and
Updating Technical Issues Related to the Comprehensive Nuclear Test Ban Treaty, 161–179.
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identifies and evaluates the possible monitoring contributions of these types of seismic
stations.

Scientific Seismic Networks Complement the IMS
Governments, universities, and research institutes operate autonomous seismic stations
and networks for purposes such as scientific research, earthquake hazard mitigation, and
tsunami warning systems. Examples of this include Academia Sinica’s 55-station Broadband Array in Taiwan for Seismology and the 32-station seismic network operated by the
King Abdulaziz City for Science & Technology in Riyadh.12 Scientific seismic networks
may include stations with single-component, short-period sensors for detection of highfrequency waves associated with regional events; stations with three-component broadband sensors for global event monitoring; and multielement seismic arrays. A seismic
array is a configuration of electronically linked seismometers dispersed at short distances—around a kilometer—that can enhance detection of small-magnitude events with
waveform signatures resembling underground nuclear tests.13 The CTBT’s IMS employs
both three-component broadband stations and arrays, which transmit data to the IDC
via the satellite links of the CTBTO PrepCom’s Global Communications Infrastructure.
Although expansion, technical exercises, and iterated event monitoring experience
continuously improve the quality of IMS data, no seismological network is perfect.14
But these qualitative enhancements lower the IMS detection threshold, making it increasingly difficult for countries to pursue evasive low-yield testing. The NAS Study’s
Seismology Subcommittee converted IMS detection capabilities (given in magnitudes)
released by the CTBTO PrepCom in 2007 into nuclear test yields. The subcommittee
noted that the IMS Primary Seismological Network can detect, with 90 percent confidence, nuclear tests occurring in hard rock down to 0.22 kilotons in regions of the world
exhibiting “better [wave] propagation.”15 In regions that are more difficult to monitor,
12. Academia Sinica, Institute of Earth Sciences, “Data Availability,” Taipei, updated
October 30, 2009, http://bats.ear th.sinica.edu.tw/Data/index.html. Kinemetrics, “Saudi Arabia
National Seismic Network,” Pasadena, Calif., http://www.kinemetrics.com/p-50-saudi-arabianational-seismic-network-.aspx.
13. For further reading on seismic array operations, see Tormod Kværna, Steven J. Gibbons,
Frode Ringdal, and David B. Harris, “Integrated Seismic Detection and Location by Advanced
Array Processing,” NORSAR and Lawrence Livermore National Laboratory, Livermore, Calif.,
and Kjeller, Norway, February 15, 2007, https://e-reports-ext.llnl.go v/pdf/34355 2.pdf.
14. For a discussion of the improvements in IMS monitoring capabilities see David
Hafemeister, “Progress in CTBT Monitoring since its 1999 Senate Defeat,” Science and Global
Security 15, no. 3: 151–183. See also National Research Council of the National Academies,
Committee on Reviewing and Updating Technical Issues Related to the Comprehensive Nuclear
Test Ban Treaty, 139-159.
15. National Research Council of the National Academies, Committee on Reviewing and
Updating Technical Issues Related to the Comprehensive Nuclear Test Ban Treaty, 50–51. In
Asia, Europe, and North Africa, these magnitudes decrease to 0.09 kiloton in “better propagation”
regions and 0.22 in more difficult areas to monitor. Further, the NAS Study clarifies that the
most difficult areas to monitor due to terrain, wave propagation patterns, and seismicity are Iran,
Turkey, and other areas of the Middle East.
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this number rises to 0.56 kilotons. Further, the NAS Study notes that improvements in
the IMS, such as a certified seismic station in Turkmenistan that came online in 2009,
have since lowered detection threshold capabilities. A recent book also includes a map of
the detection capabilities of these stations, providing a 10 percent confidence level.16 The
authors’ analysis indicates global detection thresholds between magnitudes of 2.8 and
3.2, a sharp contrast to the NAS Study’s assumption of magnitude 3.8 detection. While
the IMS’s ability to detect low-yield events may be a sufficient deterrent to aspiring proliferants, scientific seismic stations could assist in monitoring evasive testing in regions
of poor wave propagation, failed nuclear tests (“fizzles”), and attempts to decouple or
otherwise mask low-yield tests.
Part of the reason behind the small, but continuing, uncertainties in the seismic event
detection capabilities of the IMS is the fact that the system is not fully operational. Of
the 50 Primary Seismological Network Stations configured to send waveform data to
the IDC on a continuous basis, 42 stations are certified by the PTS. A total of 102 of the
120 Auxiliary Seismological Network Stations—which can transmit data to the IDC
upon request—are certified.17 For example, in the Middle East there are nonoperational
CTBT-mandated seismic stations in Egypt, Israel, Iran, and Saudi Arabia. Thus, data
from scientific research stations becomes increasingly important for ensuring the verifiability of the treaty.
Even after the treaty’s entry into force and the full operationalization of the IMS,
scientific seismological stations will assist in on-site inspections (OSI), and attenuation and velocity modeling of the Earth’s lithosphere. If the future CTBTO’s Executive
Council calls for an OSI, the inspection team may only search a declared area of 1,000
square kilometers, meaning that data from non-IMS stations could ease the process of
selecting an inspection area and hasten the inspection.18 Data from these stations can
also be incorporated into models of the Earth’s lithosphere, such as the Regional Seismic
Travel-Time model used by the CTBTO PrepCom.19 These models enhance nuclear test
detection in a circular manner: Data are input into the models, increasing knowledge of
wave propagation through the Earth’s crust and upper mantle, which in turn improves
international abilities to collect valuable seismic event data.
According to recent scholarship on the CTBT, countries are likely to pursue a strategy of “precision monitoring,” focusing on “one or a few countries of concern, or on
16. Dahlman et al., Detect and Deter, 46.
17. Preparatory Commission for the Comprehensive Nuclear Test-Ban Treaty Organization,
“International Monitoring System.”
18. For an informative discussion of OSI, see Andreas Persbo and Lisa Leitenbauer, “An
Eye on the World: Verifying the Comprehensive Test Ban,” Disarmament Forum 8, no. 2 (2006):
51–54.
19. For a discussion of RSTT, see Stephen C. Myers, Michael L. Begnaud, Sanford Ballard,
Michael E. Pasyanos, W. Scott Phillips, Abelardo L. Ramirez, Michael S. Antolik, Kevin D.
Hutchenson, Gregory S. Wagner, John J. Dwyer, and Charlotte A. Rowe, “A Model and Methods
for Regional Travel-Time Calculation,” paper presented at the 2009 Monitoring Research
Review: Ground-Based Nuclear Explosion Monitoring Technologies, Tucson, September 23,
2009), https:/ /na22.nnsa.doe.gov/mrr/2009/PAPERS/02-10.PDF.
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limited areas of those countries.”20 Most states will likely be satisfied with the regional
verifiability of the CTBT, given the IMS detection thresholds provided by the NAS’s
CTBT Study and other sources. There is also evidentiary support for this, as the vast
majority of the world’s countries (157) have ratified the CTBT. But for some countries—
such as the United States, where the treaty’s verifiability remains controversial—the receipt of additional data from scientific networks could increase confidence in precisionmonitoring capabilities.21
If scientific seismic networks outside of the IMS and NTM are to assist the international community in monitoring for underground nuclear tests, then data sharing of
waveforms becomes increasingly important. For example, the stations run by the United
Arab Emirates National Center for Meteorology and Seismology have a limited regional
sensitivity radius, as do the stations of the National Seismic Network of Italy. Consequently, countries and research institutes should pursue data-sharing arrangements to
receive all the data necessary for their seismic hazard requirements and the precision
monitoring of nuclear tests. Seismic data sharing is already relatively common in the
scientific community, but not all data are available via a real-time online feed or openly
shared between countries. A 2011 poster by the International Seismological Centre in
London illustrates the complications that can arise from a lack of regional data sharing,
given that the CTBTO PrepCom, Saudi Arabian, Iranian, and Kuwaiti stations in the
Middle East are often separated by great distances.22 In the next sections, I evaluate five
key seismological data-sharing mechanisms: formal and informal bilateral data-sharing
agreements, multilateral data-sharing tools, open-access global seismic networks, computer software programs, and CTBT Cooperating National Facilities (CNFs).

Bilateral Data-Sharing
One of the traditional ways to share seismic data is through formal or informal bilateral
data-sharing agreements. These arrangements facilitate the transfer of scientific knowledge for research purposes and can occur on a country-to-country or laboratory-to-laboratory basis. Memorandums of understanding, letters of intent, and business contracts
are among the documents that are commonly used in formal data-sharing agreements,
while more informal relationships may involve the ad hoc provision of seismic event
data.
Scientists employ two main methods to bilaterally share seismic event data: the
transfer of archived data, and the installation of a real-time data-sharing stream. Sharing
of archived event data can occur through the exchange of compact discs, the use of Inter20. Dahlman et al., Detect and Deter, 2.
21. For a discussion of U.S. political perspectives on the CTBT see Jonathan Medalia,
Comprehensive Nuclear-Test-Ban Treaty: Background and Current Developments (Washington:
Congressional Research Service, 2012), 2-6.
22. Dmitry Storchak and István Bondár, “The Guide to Sustainable Networks: Configuring
Networks and Processing Procedures to Optimise Seismic Event Parameterisation,” poster
presented at the Seismological Society of America Annual Meeting, Memphis, April 13–15,
2011, http://www.isc.ac.uk/docs/papers/download/2011p01/Sustainab le_Networks.pdf.
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net file transfer protocol Web sites, and even email messages for small amounts of data.
Archived data sharing is helpful for tasks that do not face pressing time constraints; such
activities include scientific research projects and lithospheric Earth modeling. Countries
and laboratories may also be increasingly likely to share archived data following an
event that bears resemblance to a possible case of underground nuclear testing. Realtime and near-real-time data sharing, conversely, often employs technologies similar to
those of the CTBT’s IMS and is well suited for continuous seismological monitoring of
potential testing activities. Further, institutes collecting seismic event data may choose
to share parametric and/or waveform data.23 Parametric data refers to the parameters of
a seismic event, and these data sets may include amplitude and phase readings, location
coordinates, and magnitudes. While parametric data is useful in cataloguing earthquakes
and other seismic events, real-time streaming of waveform data ensures the highest authenticity of data and provides the source data for technical nuclear test monitoring discussions.
As data sharing is common in the field of geophysics, there are numerous examples
of bilateral arrangements to exchange information about seismic events. After the devastating magnitude 7.0 earthquake of January 2010, the Government of Haiti began the
process of developing an advanced seismic network for seismic hazard mitigation purposes. Haiti’s technical partners in network development and data sharing include the
U.S. Geological Survey (USGS) and Natural Resources Canada, among others.24 Another example is the agreement signed by Morocco and the United States in 2008 to carry
out joint seismological activities in support of the global CTBT monitoring mission.25
While bilateral data sharing has been an important asset for the international nuclear test monitoring community for decades, this type of technical collaboration has
its limitations. Sharing archived seismic data is fairly inexpensive, assuming that the
station operators have sufficient funds to run their instrumentation and process data.
But high-quality, real-time data sharing can be prohibitively expensive, because verysmall-aperture terminal satellite links, top-notch broadband seismometers, and environmental monitoring software such as the Kinemetrics Antelope platform—somewhat of
an industry standard—can be beyond the budget of some smaller research institutes and
developing countries.26 Additionally, seismic data sharing tends to occur between friends
23. Bernard Dost, Jan Zednik, Jens Havskov, Raymond Willemann, and Peter Bormann,
“Seismic Data Format, Archival and Exchange,” in New Manual of Seismological Observatory
Practice (NMSOP), edited by Peter Bormann (Potsdam: Deutsches GeoForschungsZentrum,
2009), doi:10.2312/GFZ.NMSOP_r1_ch10, 1–20.
24. Wendy Watson Wright, “Buttressing the Global Tsunami Warning Network,” CTBTO
Spectrum, no. 18, 34.
25. Agreement between the Government of the United States of America and the Government of the Kingdom of Morocco regarding the development and operation of a seismic monitoring station in the Kingdom of Morocco, Rabat, December 31, 2008, http://www.state.gov/
documents/organization/122225.pdf.
26. For information on the Antelope software program, see Kinemetrics, “Antelope: Environmental Monitoring Software,” Pasadena, Calif., June 1998, http://www.kinemetrics.com/
Uploads/pdfs/antelope.pdf.
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and within preexisting security communities, as diplomatic tensions can erect bureaucratic constraints that limit the scope of scientific relationships.

Multilateral Data Sharing
The seismological community also shares event data through multilateral mechanisms
such as file transfer protocol servers and other Web sites that draw their members from
the technical staffs of government agencies and laboratories, universities, and other scientific research institutes. These resources generally allow members to share archived—
rather than real-time—event waveforms and parameters via upload and download.
Online data-sharing tools can be created on a temporary basis for sessions affiliated
with conferences such as the American Geophysical Union and Gulf Seismic Forum
meetings. By contrast, the United Nations Educational, Scientific and Cultural Organization (UNESCO) works with the USGS to establish more lasting data-sharing resources.
UNESCO’s Disaster Relief Section and the USGS organize a series of international
workshops on regional seismicity and earthquake hazards, including Reducing Earthquake Losses in the Extended Mediterranean Region (RELEMR), Reducing Earthquake
Losses in the South Asia Region (RELSAR), and Reducing Earthquake Losses in the
North Asia Region (RELNAR).
The regularly occurring UNESCO RELEMR workshops are a good example of
countries coming together to collaborate on earthquake hazard issues and share scientific data. The 32nd RELEMR meeting took place in Sliema, Malta, in February 2012
and drew 65 participants from 27 countries such as Algeria, Greece, Iraq, Israel, Italy,
Jordan, Kuwait, Oman, Saudi Arabia, Sudan, Turkey, and the United States.27 These scientists discussed topics like paleoseismology, tsunami warning systems, and methods of
protecting school-age children from seismic hazards. Past workshops have incorporated
capacity-building training modules on seismic wave propagation analysis, lithospheric
Earth modeling, and data sharing to improve event location and magnitude calculations.
Since seismometers detect earthquakes as well as nuclear and chemical explosions,
many of these international experts are also involved in their countries’ National Data
Centers and nuclear test monitoring programs in support of the CTBT.
Because data sharing between countries is a critical component of improving national and regional responses to and preparation for earthquakes and other seismic events,
RELEMR and many of its peer workshops include activities of this nature. By allowing
scientists throughout the Mediterranean region to upload and download seismic event
data, RELEMR’s data-sharing Web site helps to build regional trust and transparency
on a technical level. The Web site also enables its users to compare their own national
or institute data to waveform and parametric data uploaded by other users. This site,
however, does not function on a real-time basis and, like many other online data-sharing
27. University of Malta, “Seismicity and Earthquake Engineering in the Extended Mediterranean Region,” Tal-Qroqq and Msida, Malta, February 23, 2012, http://www.um.edu.mt/newsoncampus/features/archive?result_148614_result_page=12.
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mechanisms, its usefulness as a scientific resource is entirely contingent upon the enthusiasm of its user base.

Open Seismic Networks: Regional and Global
Outside direct bilateral and multilateral arrangements resulting in information transfers,
some seismic networks make their data available in open-access format on the Internet.
For example, the seismic network operated by the Maryland Geological Survey in the
Mid-Atlantic region of the United States provides interested Internet viewers with waveform data from one of its seismographs.28 Event data are available on this Web site after
a five-minute digital delay, which is needed for most computers to process and display
the data. Open-access data from seismic stations and arrays around the world can prove
useful for nuclear test monitoring, as well as scientific studies, and civilian and military
disaster response/relief programs.
The most widely distributed open network data is from the Global Seismographic
Network (GSN), which is administered by the USGS, the National Science Foundation, and the Seattle-based Incorporated Research Institutions for Seismology (IRIS).
In concert with foreign partners, these organizations operate “over 150 modern seismic
stations globally,” and data are archived on IRIS’s Web site and also made available
to researchers in near real time through the Live Internet Seismic Server.29 IRIS also
cooperates with national and university seismic networks around the world to facilitate
greater data sharing through the cultivation of scientific partnerships and virtual seismic
networks. The GSN’s open-access model provides important waveform and parametric data to both the scientific and nuclear test monitoring communities. Although many
GSN stations also serve as IMS stations, in some ways the GSN has a broader global
reach than the IMS. The GSN’s focus on transparency and scientific collaboration is less
controversial than the monitoring mission of the IMS, which has enabled the network
to include stations in countries like Pakistan and Saudi Arabia that have not ratified the
CTBT.30
While the activities of the GSN set international standards for seismic networking and complement other data-sharing mechanisms and the capabilities of the CTBT’s
IMS, the network faces political and technical limitations. First, despite a continually expanding network and frequent outreach workshops, the GSN has failed to make inroads
in states such as India and North Korea—staunch critics of the CTBT. Second, in the
28. See Maryland Geological Survey, “Labin Online Seismograph,” Baltimore, http://w
wwearthworm.m gs.md.gov/Scripts/viewSeismic3.pl.
29. U.S. Geological Survey, Earthquake Hazards Program, “Global Seismographic Network,” Reston, Va., updated July 18, 2012, http://earthquake.usgs.gov/monitoring/gsn/. Ibid.,
“Seismic Network Operations,” updated December 21, 2011, http://earthquake.usgs.gov/monitoring/operations/.
30. Incorporated Research Institutions for Seismology, “GSN Maps,” Seattle, June 2012,
http://www.iris.edu/hq/programs/gsn/maps. Mohammed S. Al-Amri, Peter Davis, Abdullah M.S.
Al-Amri, Ali A. Gharib, and Jon Berger, “Seismic Characteristics of RAYN/GSN Station, Saudi
Arabia,” Journal of King Saud University 11, no. 2 (1999): 81–92.
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developing world, the technical capacity of GSN stations is often constrained by both the
instrumentation contributions of the network’s parent organizations and levels of local
scientific expertise. For example, multielement seismic arrays are less common within
the GSN than in advanced national networks.

Computer Software Innovation
Several of the seismic data-sharing mechanisms discussed above entail prohibitive costs
for smaller research institutes, as annual licensing fees and operational expenses for
high-grade earthquake monitoring software and satellite links can total tens of thousands
of dollars. With this in mind, the German Research Centre for Geosciences has created
three iterations of the Seismological Communications Processor (SeisComP) software,
the most recent called SeisComP3. The SeisComP3 software was developed from 2006
to 2008 as part of the German Indonesian Tsunami Early Warning System project, which
was designed to improve real-time earthquake monitoring, data sharing, and responses
to tsunamis in the wake of the December 2004 Sumatra earthquake and the devastating
tsunami in the Indian Ocean that followed.31 SeisComP3 is just one notable example in
a trend of international initiatives to make seismology and event data-sharing more accessible on a global scale.
SeisComP3 enables real-time event monitoring and near-real-time data sharing between countries and research institutes without significant expenses such as very-smallaperture terminal links and software licensing/operations fees. Eliminating these expenditures has the potential to revolutionize seismic monitoring and data sharing in the
developing world, and there are continuing efforts to modernize the SeisComP platform
to deliver the same quality of performance as more established—and expensive—environmental monitoring software modules. For this reason, the European-Mediterranean
Seismological Centre (EMSC) in Paris is currently promoting the use of SeisComP3.
EMSC facilitates cooperation and data sharing between over 70 research institutes in
Europe, Africa, the Middle East, Central Asia, and the Americas.32 SeisComp3 and other
innovative attempts to increase the global scope of seismic data sharing have the potential to modernize event location efforts, not just for hazard mitigation but also for the
detection of underground nuclear tests.

Cooperating National Facilities
The final data-sharing tools discussed here are CTBT’s Cooperating National Facilities (CNFs). The text of the CTBT specifies that “States Parties may also separately
establish arrangements with the [CTBTO] in order to make available to the International
31. Winfried Hanka, Joachim Saul, Bernd Weber, Prih Harjadi, Usama Juniansyah Fauzi,
and the GITEWS Seismology Group, “Real-time Earthquake Monitoring for Tsunami Warning
in the Indian Ocean and Beyond,” Natural Hazards and Earth System Sciences 10, no. 12 (December 2010): 2611–2622.
32. European-Mediterranean Seismological Centre, “List of Real Time Data Contributors,”
Paris, July 2012, http://www.emsc-csem.org/Earthquake/contributors.php.
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Data Centre supplementary data from national monitoring stations that are not part of
the International Monitoring System.”33 These facilities—which can be for seismic, infrasound, hydroacoustic, or radionuclide detection—must be certified like IMS stations
to ensure the authentication of national data that may be transferred to the IDC. After
certification, CNFs essentially become de facto auxiliary IMS stations, as the IDC can
request their data in the event of a discussion of consultation and clarification, or in the
conduct of an OSI.34 The unclassified version of the NAS CTBT study also discusses the
establishment of CNFs to enhance global monitoring of the treaty.35
At this point, CNFs remain a largely abstract concept, perhaps because countries
feel the need to first prioritize the CTBT’s entry into force. In 2000, a group of Israeli
geophysicists published an article in the Bulletin of the Seismological Society of America
that argued for the CNF’s certification of existing national network stations in Middle
Eastern countries like Israel and Jordan to improve IMS detection and location capabilities in the Eastern Mediterranean region.36 However, this effort has not materialized. But
in the future, as the numbers and locations of IMS stations are specified in the CTBT
and are unlikely to change, CNFs offer one of the few methods to directly enhance IMS
monitoring abilities.

Conclusion
Seismological networks operated by government agencies, research institutes, and universities that collect event data and engage in data sharing will continue to make marked
contributions to the CTBT’s monitoring mission. When discussing CTBT monitoring
and verification, policymakers should remember—as noted in the NAS—that in addition to the IMS and NTM, open global seismic networks, national facilities, and research
seismometers play an important and sometimes overlooked role. Global test monitoring
is a mission shared by all these networks. Still, it should be noted that seismologists engaging in civil or academic research might not be affiliated with National Data Centers
or have a professional interest in nuclear test monitoring. But seismology is fundamentally a multipurpose science, as the same instrumentation that helps scientists analyze
earthquake waveforms can also assist in the location of suspected nuclear device tests.
As the world witnessed in the wake of the 2006 and 2009 North Korean tests, the sharing of seismic data and analyses among the scientific community provided invaluable
information to government officials.
However, much like the IMS, the complementary seismic data-sharing mechanisms
discussed in this paper face constraints such as instrumentation expenses and politi33. Comprehensive Nuclear-Test-Ban Treaty, New York, September 24, 1996, 47, http://
www.ctbto.org/fileadmin/content/treaty/treaty_text.pdf.
34. Ibid., 48.
35. National Research Council of the National Academies, Committee on Reviewing and
Updating Technical Issues Related to the Comprehensive Nuclear Test Ban Treaty, 52.
36. Yair Bartal, Zeev Somer, Gideon Leonard, David M. Steinberg, and Yochai Ben Horin,
“Optimal Seismic Networks in Israel in the Context of the Comprehensive Test Ban Treaty,” Bulletin of the Seismological Society of America 90, no. 1: 151–165.
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cal sensitivities regarding shared IMS and GSN stations. Efforts for inclusive scientific
collaboration projects, bilateral and multilateral cost sharing, and accessible and inexpensive data-sharing methods (e.g., SeisComP3) will improve global test-monitoring
capabilities. Seismology is the first line of sight for monitoring underground nuclear
tests, and scientific data sharing and capacity building can help to detect and deter noncompliance with the CTBT.
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Postdetonation Nuclear Forensics
Methods to Improve the Craft
Karen Koop Hogue1

Nuclear forensics, particularly in the post-9/11 world, has received widespread
recognition for its potential to help attribute nuclear material to its country or facility of origin. Although the technical capabilities of nuclear forensics have been
proven and continue to be developed, their usefulness is limited within a political
context if there is not supportive information that could reliably tie the results of
nuclear forensics analyses to its source in a timely manner. Particularly in a postdetonation scenario, the timeliness of information becomes increasingly important. Nuclear forensics techniques take time, but if a robust and comprehensive
framework existed that contained data that could help identify the source of the
material, these techniques could be extremely valuable in answering policy questions like “Who was responsible for the detonation?” “Where did the material
come from?” and “What facilities were involved in the production of the device?”
As identified in the Nuclear Forensics and Attribution Act of 2010, the international community can most effectively use nuclear forensics to hold countries accountable for their nuclear material by establishing an international framework
that would provide evidence that, when combined with traditional forensics and
law enforcement, could indicate a particular country or facility of origin.2 Specifically in a postdetonation scenario, there are two methods that would improve the
timeliness and/or ability of data obtained through nuclear forensics towards attribution of the material or weapon: (1) databases or libraries; and (2) taggants,
or tracer materials.
Nuclear forensics refers to the scientific processes used to analyze nuclear or radiological material with the goal of obtaining specific signatures that could aid in the attribution
of the material to a particular country, facility, or geographic location. Recently, the U.S.
government has demonstrated support for nuclear forensics initiatives through a variety
of forums. Support for nuclear forensics was included in both the Washington and Seoul
1. Karen Koop Hogue is a master’s candidate in the Nonproliferation Program at the Monterey Institute of International Studies. She received a B.S. in nuclear engineering from Texas
A&M University and taught nuclear physics and reactor theory as an officer at the U.S. Navy’s
Nuclear Power School.
2. Nuclear Forensics and Attribution Act, 2010, H.R. 730, 111th Cong., 2nd Sess.
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Nuclear Security Summit Communiqués as well as the Nuclear Forensics and Attribution Act, which identifies the necessity for a “capability to positively identify the source
of nuclear material” in order to build an adequate deterrent. Additionally, the U.S. government has funded a variety of initiatives to further develop domestic nuclear forensic
capabilities, as well as those of nations around the world.3 Nuclear forensics techniques
can be applied to predetonation materials (including illicitly trafficked or intercepted
materials), to postdetonation materials, and to both nuclear and radiological materials.
Although radiochemistry techniques and processes support in-depth analyses of
nuclear materials, the ultimate goal of nuclear forensics is to tie the material back to
its source. In predetonation scenarios, like illicitly trafficked materials, this could aid in
identifying vulnerable facilities or nations and helping to secure nuclear and radiological
material. In postdetonation scenarios, nuclear forensics would ideally help policymakers
answer questions like “Who was responsible for the detonation?” “Where did the material come from?” and “What facilities were involved in the production of the device?”
The public would likely demand answers to these questions within days following the
detonation of a nuclear or radiological device, and policymakers would feel intense pressure to take immediate action against parties involved in the detonation. If states or
nonstate actors feel like the capability of the United States or the international community to tie material back to its origin is credible, they may be deterred from detonating
a device, or assisting in the process by providing material, to begin with. Currently, the
capability of the United States to identify the source of nuclear material is limited by the
information available that would provide knowledge of isotopic information, weapon
design features, and processes used in material production as well as the timeliness of
existing nuclear forensics and attribution techniques. This paper specifically addresses
two methods that make postdetonation nuclear forensics techniques for nuclear materials more capable of answering the questions that the public and policymakers would be
asking following a nuclear detonation: (1) international databases or libraries containing
information that links nuclear material to its origin; and (2) taggants, or tracer isotopes,
that can be added as a signature to nuclear material.
There has been significant progress made in the technical capabilities of nuclear
forensics in the past several years, primarily through the use of different mass spectrometer techniques to analyze isotopic ratios. These ratios can serve as key signatures
that can help scientists trace the materials back to specific locations. There are over 250
characteristics that could help identify the source of nuclear material, many of which are
isotopic ratios.4 For example, there are several rare earth elements that may be found in
uranium ore that vary in concentration geographically. Additionally, U-234 (a naturally
3. Seoul Communiqué at 2012 Nuclear Security Summit.” March 27, 2012; “Communiqué
of the Washington Nuclear Security Summit,” White House, Office of the Press Secretary, April
13, 2010; Nuclear Forensics and Attribution Act. For information on some of the initiatives,
see National Nuclear Security Administration, “NNSA Scientist Engagement Addresses Nuclear
Security Challenges,” press release, July 26, 2012.
4. Stephen LaMont, John Wacker, Micheal Kristo, Michael Curry, and Marcia Brisson,
“National NuclearForensics Libraries: A Suggested Approach for Country Specific Nuclear
Material Databases,” presentation, 2010.
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occurring isotope of uranium) makes up approximately 0.0055 percent of naturally occurring uranium atoms.5 The ratio of U-235 to U-238 atoms in uranium slightly varies
geographically. Since existing enrichment methods using gaseous diffusion and centrifuges separate uranium isotopes based on mass, the U-234 remains with the U-235
throughout both of these methods and would therefore remain with weapons-usable
highly enriched uranium. Isotopic ratios like these may help indicate the method of enrichment and possibly the mine from where the material originated.
Although many existing technical capabilities can reliably identify particles at a
parts-per-billion level, the process takes time. Although the timely and accurate attribution of nuclear material is almost always important, timeliness is much more important
in a postdetonation scenario than a predetonation one. The current postdetonation timeline for nuclear forensics capabilities is classified; however, table 1 contains information
adapted from the 2008 joint American Physical Society and American Association for
the Advancement of Science report on the state of the art of nuclear forensics. It is highly
likely that the current time scale is very similar, indicating that unless the debris from
the device matches debris from a previous test, it would likely take weeks or months to
identify the key indicators associated with the device. Attributing those key indicators
depends on what information is known about nuclear material around the world and
existing nuclear device designs.
Table 1. Time Scale for Information Obtained from a Postdetonation Nuclear Forensics
Analysis
Information

Time Scale

Was it a nuclear explosion? What was the yield?

Hours

Was uranium or plutonium involved, or both? Simple or sophisticated
device? Was it a thermonuclear device?

Hours to days

Isotopic components of fuel components?

Several days to 1-2 weeks

Most probable device design? Does it match known designs? Any
other key indicators

Few weeks to months

Source: Adapted from information from the Joint Working Group of the American Physical Society and the American
Association for the Advancement of Science, “Nuclear Forensics Role, State of the Art, and Program Needs,” 2008.

The technical details that would be necessary to suggest the source of the material,
or even give evidence to help shorten the list of suspects, would not be available until
a minimum of several days and up to months after a device was detonated. Information
obtained weeks or months after a materials-trafficking incident would still be extremely
helpful; however, information weeks to months after a nuclear device exploded would
5. Korean Atomic Energy Research Institute, “Table of Nuclides,” 2000, available at http://
atom.kaeri.re.
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be extremely late, at best, and potentially even counterproductive. One can imagine a
scenario where the U.S. public puts pressure on the president to act and retaliate after a
nuclear terrorism event within days. For example, President George W. Bush announced
the war on terrorism and indicated that Osama bin Laden and al Qaeda were responsible
for the attacks on September 20, only nine days after the 9/11 attacks.6 Information
obtained weeks or months later would either confirm actions already taken or seriously
damage the international and domestic opinion of the United States’ administration if the
analysis indicated a different source than the one the United States took action against.
In a postdetonation scenario, Washington would likely have a suspect based on a combination of knowledge obtained through intelligence, traditional forensics, and law enforcement efforts. In fact, in some scenarios, Washington may not even want to know
the results of a nuclear forensics analyses after a period of approximately two weeks.
Currently, nuclear forensics in the United States already has the capability to provide
a detailed analysis that describes a nuclear material sample. In predetonation scenarios,
nuclear forensics analyses can likely help shorten a list of potential suspects by discounting nations that do not have certain capabilities or use certain processes within their
fuel cycle. In many cases, nuclear forensics could eliminate suspects from a list if there
is access to samples of their nuclear materials. For example, the United States could
ensure that the material was not its own. However, in postdetonation scenarios, it is
more likely that with current capabilities, nuclear forensics analyses could only reliably
indicate where the material was not from. Nuclear forensics has the potential to provide
the technical evidence that could be the bridge between intelligence, law enforcement
efforts, and traditional forensics to positively indicate the origin of material, even in
postdetonation scenarios; however, the technical analysis could be much more effective
in a policy context with the right support framework behind it. Specifically, with the
creation and expansion of international databases containing information about nuclear
material from geographic locations and facilities around the globe and the addition of
taggants, or tracer isotopes, to nuclear material, nuclear forensics has the capability to
be much more timely and capable of providing evidence to the international community,
and more likely to reliably indicate a particular origin, rather than just excluding others
to shorten a list of suspects.

The Postdetonation Problem: A Technical Challenge
The political usefulness of nuclear forensics in postdetonation scenarios is related to the
potential to assist in the attribution of the material, or device, to its origin. Information
that would reliably tie the nuclear material or device to the assailant in a timely manner
would assist the leadership in its decisions about how and where to react. Information
that would tie the nuclear material to a particular facility, or facilities, of origin (e.g.,
the reactor or reprocessing facility for a plutonium device) would assist the leadership
in dealing with very serious security lapses, if the material was stolen, or holding a state
6. George W. Bush, “Transcript of President Bush’s address to a Joint Session of Congress,”
September 20, 2001.
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accountable for assisting in the use of a nuclear device against the United States. In order
for nuclear forensics analyses to be the most useful in these scenarios, they need to be
provided in a timely manner.
Postdetonation nuclear forensics is a significantly different physics and chemistry
problem than predetonation nuclear forensics. Despite being arguably more important
within a policy context, attribution using postdetonation nuclear forensics is much more
technically challenging. During a nuclear explosion, both the isotopics and the physical
form of the material undergo major changes. Depending on the design, yield, and neutron efficiency of the device, the isotopic composition of the postdetonation material can
look very different from its predetonation equivalent. There are several potential nuclear
reactions that can take place in each material in the device, governed by various probabilities (cross-sections), and each of these reactions would change the material into a
different final result. There are ways to predict how the material will change, but these
methods take time and resources. The methods include Monte Carlo methods, such as
Monte Carlo N-Particle transport codes and weapons codes that utilize data obtained
from nuclear testing. Reactor physics codes may be used to approximate the resulting
isotopics, but they may not be as accurate. For all these methods, a significant amount
of data would need to be input into the codes, including yields and design information
about the device. In many cases, including the use of an improvised nuclear device, it
is unlikely that this input information would be known. In the context of this unique
technical challenge, there are three main challenges that limit the usefulness of nuclear
forensics to postdetonation attribution: timeliness, international accountability, and assurance of attribution.

Timeliness
Unlike the predetonation use of nuclear forensics, where analyses can take one to four
months and still be useful in a political setting, postdetonation forensics needs to provide
information that assists in attribution in a much shorter time if the goal is to use it to
help identify parties or facilities associated with the device. If the United States were attacked with a nuclear device, there would be significant public pressure on the leadership
to respond immediately. Taking weeks or months to answer questions associated with
who was responsible for an attack on U.S. soil would severely affect public opinion of
U.S. leadership. Any delay in action following a nuclear detonation would also leave the
world feeling extremely uneasy and in constant fear of the detonation of more devices.
In order to address the issue of timeliness in a postdetonation scenario, it is important to understand the process of analyzing a postdetonation sample. Following a nuclear
detonation, the following steps would need to be taken:

■■ Secure the site: This could take hours to days, depending on the specifics of the
detonation.
■■ Collect the sample: This could be done by humans, robots, or potentially aircraft,
and it would take minutes to hours.
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■■ Transport the sample to the lab(s): For the best results, several samples would be
taken and transported to multiple labs for concurrent analysis. The International
Atomic Energy Agency (IAEA) has practice doing this with the environmental
sample swipes it takes during safeguards inspections. There is the existing Network of Analytical Laboratories, which do very similar mass spectrometry analyses that would be done in a postdetonation analysis.7 Transportation from the site
to the labs could take hours or days.
■■ Analyze sample(s): The samples will be analyzed physically/visually/optically as
well as with destructive analysis techniques. For destructive analysis, the sample
may be dissolved in various solutions and various elements extracted for the most
accurate results using a mass spectrometer. Results include isotopic ratios that existed in the postdetonation samples. This analysis takes days or weeks, depending
on what specific chemical reactions must take place to prepare the samples and
how long the sample needs to stay in the equipment, like mass spectrometers, to
gain reliable data.
■■ Attempt to attribute material: In order to attribute the material to its origin, there
must be something to tie the characteristics of the postdetonation sample to a particular origin. If the data match known samples from historical weapons tests, or
include signatures of a particular device design, this step may take hours or days.
If the data do not match existing information, a country could attempt to obtain
equivalent predetonation isotopic information and try to find the origin of the predetonation equivalent. This kind of inverse analysis and comparison could be very
time consuming if a state is relying on weapons codes or in-depth physics codes to
attempt to identify the predetonation isotopic data equivalent. Monte Carlo methods can take several hours to days to run, depending on the desired accuracy and
amount of data, and it would most likely take several iterations to identify the
predetonation equivalent isotopics.
The fact that the steps above take time is why, under current policies, the timing for
the first three steps in the process will not drastically change. However, both databases or
libraries and taggants could significantly shorten the amount of time required to attribute
the material, and taggants could shorten the time required to analyze the samples. Libraries that contained samples of materials could be used to create a database of predicted
isotopic signatures that would be expected if that material was used in a nuclear device.
Using both reactor physics codes and weapons codes, the isotopic data about the material could be simulated through the fuel cycle and even through a nuclear detonation.
The output would be the anticipated postdetonation isotopic data of the material. These
data could be logged in a predicted database. In the case of a nuclear detonation, there
7. The Network of Analytical Laboratories in the United States includes the Lawrence
Livermore National Laboratory, Los Alamos National Laboratory, Oak Ridge National
Laboratory, Pacific Northwest National Laboratory, Savannah River Technology Center, the
DOE New Brunswick Laboratory, and the Air Force Technical Applications Center. See Andy
Hamilton, “Network of Analytic Laboratories, Current Status,” November 2, 2010, http://www.
iaea.org/OurWork/SV/Safeguards/Symposium/2010/Documents/PPTRepository/Hamilton.pdf.
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would still need to be an analysis of the material; however, the results could be compared
with the predicted signatures in an effort to attribute the material or, more likely, exclude
various states or facilities from being suspects.

International Accountability
If nuclear forensics were to be used for the purpose of holding states or nonstate actors accountable from an international perspective, as individuals like Graham Allison
and Debra Decker have suggested, there should be an international framework with
some level of transparency that would present the international “jury” with the evidence
against the culprit.8 Within the current system, some states (namely, states that have
nuclear weapons and their allies) may be able to utilize nuclear forensics to indicate the
party they feel is responsible for a nuclear detonation; however, the evidence for that
decision would most likely be highly classified. By establishing the logistical framework
for an international system that could be used for both predetonation and postdetonation
attribution of material, the international community could hold states or actors accountable for their involvement in a nuclear detonation. Evidence could be presented through
an organization, most likely the IAEA, to the United Nations Security Council. The
system would need to be transparent enough to assure nations of the reliability of the information and governed by an independent international body, like the IAEA. Although
this system would most likely benefit nations that do not have the technical capabilities
to perform nuclear forensics analysis or access to information (i.e., intelligence about
weapons designs, specific geographic locations of various facilities, or facts from existing databases) that would help in the attribution of the material, an international framework could also aid the United States by providing evidence that would be accepted by
the international community. A more credible capability to positively identify the origin
of nuclear material is likely to strengthen the deterrent to keep nations from intentionally
or unintentionally providing nuclear material to other states or nonstate actors. Due to
the vast number and complexity of the political challenges to establishing this framework, the framework should start out as a voluntary effort to increase the potential effectiveness of nuclear forensics in attributing nuclear material. Both databases and taggants
could be used in such an international framework.

Assurance of Attribution
Although the techniques used in nuclear forensics processes, particularly within the
United States, are highly reliable and sensitive, the challenges associated with tying the
signatures to a particular origin make it difficult to pinpoint exactly where the nuclear
material comes from. Every technical process has associated errors, and there may be
a few locations or facilities whose material resembles one another. Lack of information may create an even more difficult challenge. Even if law enforcement is able to
remove a perfectly clean fingerprint from the scene of the crime, if the fingerprint is not
8. Debra K. Decker, Before the First Bomb Goes Off: Developing Nuclear Attribution
Standards and Policies, Belfer Center Discussion Paper 2011-03 (Cambridge, Mass.: John F.
Kennedy School of Government, Harvard University, 2011).
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in a database, the detectives can only verify who did not commit the crime. Similarly,
information obtained from nuclear forensics is more likely to exclude states, facilities,
or geographic locations from the list of suspects rather than pinpoint the assailant beyond a shadow of a doubt. Therefore, both more comprehensive databases and the use
of taggants in nuclear materials would significantly increase the likelihood of nuclear
forensics results to reliably attribute material or a device to a particular origin.
There is a valid argument that nuclear forensics may not be necessary to pinpoint
the actor in a case of a nuclear detonation. If it was a state actor, the United States has
capabilities to track incoming missiles and aircraft. If it were a nonstate actor or an act of
terrorism, the organization may want to take credit for its action. However, a nonstate actor may not be willing to share how or from whom it obtained nuclear material. Nuclear
forensics, assuming the ability to trace material to its source, could potentially deter
states from knowingly transferring nuclear material to nonstate actors, and hold them accountable for doing so. If a state unknowingly transferred nuclear material to a nonstate
actor, the state could be held accountable for weak security and a failure to act and report
stolen material. Nuclear forensics also could provide value by helping to paint a more
detailed picture of networks by potentially uncovering illicit paths and trading networks.
For example, in 2005, a Washington Post article suggested that nuclear forensics had
been used to tie canisters found in Libya back to North Korea via Pakistan.9

Methods to Improve the Usefulness of Nuclear Forensics
within a Policy Context
Databases and Libraries
Databases would improve the political usefulness of nuclear forensics data in a postdetonation scenario by providing comparative information that would assist in the attribution
of the nuclear material to a particular origin. The database or library would serve as the
catalogue of “fingerprints” with which the forensics evidence could be compared in
order to identify the responsible parties. A database would house isotopic data of various nuclear materials, including various isotopic ratios and indicators of specific trace
elements that may serve as unique signatures to that sample. Libraries would house the
samples themselves. Databases and libraries can decrease the time necessary to utilize
nuclear forensics in attribution, contribute to an international framework of accountability, and, as stated above, significantly increase the assurance of attribution of the material
to an origin.
Currently, there are no organized efforts to create a comprehensive, international
database or library of nuclear material. In the joint 2008 American Physical Society
and American Association for the Advancement of Science report on the state of the
art of nuclear forensics, one of the main recommendations was increased international

9. Daniel Pinkston, “North Korea’s Nuclear Weapons Program and the Six-Party Talks,”
Nuclear Threat Initiative, April 1, 2006.
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cooperation and efforts to establish an international database.10 However, in the 2010
National Academies of Science report, authored by some of the same individuals as the
2007 report, there was no mention of an international database.11 One of the report’s authors privately confirmed that the effort seemed so politically unfeasible that not much
attention was given to it in the more recent report.12 Many states are unwilling to share
information about their nuclear material for various reasons, including a reluctance to
share proprietary information, as some of the ideal materials would include data from
samples throughout the fuel cycle and could give indications as to various manufacturing methods and fuel designs. States also likely fear sharing information that may lead
to retribution against the state if the nuclear material were to contribute, even without the
state’s knowledge, to nefarious activities. Finally, many states may lack the organization
and technical means to collect samples, analyze them, and catalogue the data. Although
the National Nuclear Security Administration Office NA-242 is currently encouraging
states to establish their own national nuclear databases, there is as yet no effort to establish an international database that could be used for nuclear forensics.13 The IAEA has
access to isotopic information obtained from environmental swipes used at safeguarded
facilities, and even outside safeguarded facilities if the country has ratified the Additional Protocol.14 However, the data are considered “safeguards confidential” information. This means that it would be extremely controversial, and contrary to agreements
between the IAEA and its member states, for the IAEA to allow that information to be
used with nuclear forensics in an effort to attribute the material.
Databases or libraries could make nuclear forensics more timely by providing both
predictive and comparative signatures to compare with nuclear forensics’ analysis results, according to the IAEA. Predictive signatures could be obtained by running the
samples through codes that simulate various stages of the fuel cycle or a nuclear detonation. These predictive results could be stored in an additional database. In the case of
a nuclear detonation, the data obtained by the nuclear forensics analysis could be compared with these predictive results in an effort to find a match. This comparison would
take less time than attempting to inverse the results into its equivalent predetonation and
then compare them with isotopic information.
Databases including information about nuclear material from around the globe could
also contribute to an international framework that would hold states or facilities responsible for their intentional or unintentional involvement in a nuclear detonation. An international system, even if not comprehensive in scope either in the number of nations’
materials it held or the types of samples it contained (a database containing uranium ore
10. Joint Working Group of the American Physical Society and the American Association
for the Advancement of Science, “Nuclear Forensics Role, State of the Art, and Program Needs,”
2008.
11. Committee on Nuclear Forensics, National Research Council, Nuclear Forensics: A
Capability at Risk (Washington, D.C.: National Academies Press, 2010).
12. This individual wishes to remain anonymous.
13. Martin Robel, interview with Karen Hogue, June 20, 2012.
14. IAEA, “Factsheets & FAQs,” in IAEA Safeguards Overview: Comprehensive Safeguards
Agreements and Additional Protocols (Vienna: IAEA, 2011).
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is more politically feasible than one that contains plutonium metal samples from states
with nuclear weapon capabilities), would still be beneficial to the international community. The United States can continue efforts to provide assistance and encouragement
to states developing their own national databases, but a parallel international initiative,
through the IAEA but entirely separate from safeguards information, could establish the
logistic framework to house data in a secure manner for use in nuclear forensics and,
ultimately, attribution in a predetonation or postdetonation scenario.
Databases and libraries would also significantly help with reliability of attribution
in both predetonation and postdetonation scenarios. Without samples, isotopic data, or
information obtained through intelligence with which to compare the results, it is extremely difficult to use even the most accurate and sensitive technical nuclear forensics
data in an effort to attribute the material to its source. To aid in the reliability of attribution, a database could contain a variety of information, not limited to isotopic data from
samples of nuclear material. Ideally, the database or library would be comprehensive in
scope and breadth, including data from samples (or the samples themselves) at various
stages in the nuclear fuel cycle. For example, the database could contain information
about uranium ore concentrate, postconversion UF6, enriched UF6, fabricated fuel, and
separated plutonium, depending on what fuel cycle capabilities the associated state has.
Data could include signatures like the ratios of U-234 to U-238 in samples, which can
vary geographically and with the method of enrichment, and the ratios of various rare
earth elements, which also vary geographically.15 In addition to isotopic information, the
database could include predictive signatures that may appear in nuclear material based
on information like the physical location of nuclear fuel cycle facilities used in weapons
material fabrication. For example, if a reprocessing facility is near an industrial plant
that emits particular elements through its chemical processes, contaminants from the
plant may be present in the nuclear material. Additionally, the database could include
information on the methods used within the fuel cycle that may provide indicators that
would assist in identifying the origin of material. For example, after police found 202
fuel pellets in Ulm, Germany, they were able to detect sodium contaminants in the fuel
at a parts-per-billion range and identify the source of the pellets based on characteristic
indicators of the particular method of fuel fabrication.16 Although this example is from
predetonation nuclear forensics, there is potential for these methods to provide useful
information in postdetonation attribution efforts as well.
Despite discussions and support for the creation of databases and international cooperation, the framework for a comprehensive database does not exist. This is due to
several reasons, the vast majority of which are political and practical challenges, rather
than technical. Table 2 includes the political and logistical challenges discussed above,
as well as some of the technical challenges that could result from inconsistent measurements if different equipment were used.
15. William S. Charlton et al., “A Model for Attribution of Terrorist Nuclear Attacks”;
James E. Doyle, Nuclear Safeguards, Security, and Nonproliferation (Burlington, Vt.: Elsevier,
2008), 524.
16. Lothar Koch, “Traces of Evidence Nuclear Forensics & Illicit Trafficking,” IAEA
Bulletin 45, no. 1 (June 2003): 21–23.
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Table 2. Political and Technical Challenges to Databases and Libraries
Practical and Political Challenges

Technical Challenges

Unwillingness of States to share information
because of fear of retribution

Lack of technical capability of some States to
analyze samples

What information would the database hold or
what samples would the library house?

Potential inconsistency in measurements if
analysis is done by different States

Lack of current framework to house
international database/library
Concerns of authentication
Lack of organization of States to collect samples/
data

Taggants
Taggants are isotopes or particles that could be added to various parts of the fuel cycle at
various ratios to identify that material as material of a particular state, facility, batch of
fuel, and so on. They have received very little attention and funding at both the international and national levels, but they are a method that could vastly improve the usefulness
of nuclear forensics within a policy context in an effort to attribute nuclear material. Not
enough research has been done to address the technical aspects of how various taggants
would respond to processes within the fuel cycle; however, it is likely that radiochemists
could produce several tags that together would follow the material through the fuel cycle.17 In theory, tags could be added to uranium at a conversion facility and stay with the
UF6 through the enrichment process or be added to the fuel and stay with the plutonium
stream during reprocessing. This means that a combination of taggants could potentially
stay with weapons-usable material and therefore reliably indicate the origin of the material, even postdetonation. Isotopes that have low probabilities of absorbing neutrons,
low probabilities of being produced from fission, and relatively long half-lives could be
added to fuel at various ratios by an independent body, like the IAEA. The IAEA could
maintain a catalogue of encrypted and confidential data that served as a key, tying the
taggants to the material and its owner. The isotopics of the taggants may change during detonation; however, if taggant materials that were relatively inert to radiation were
used, it is likely that a significant portion of the taggant would remain present and identifiable. Even if the taggant were to change during detonation, physics codes could be
used to create databases that would predict the postdetonation signatures of the taggants.
Taggants would dramatically affect the timeliness of postdetonation nuclear forensics. They would not only reduce the amount of time it takes to tie the forensics analysis
results to an origin, but also the amount of time to analyze the material. Radiochemistry
labs could do specific analyses that looked only for the presence or absence of the spe17. For an example of one of the few taggant projects that has been funded, see M. J. Kristo,
M. Robel, and I. D. Hutcheon, “Nuclear Forensics and Attribution for Improved Energy Security:
The Use of Taggants in Nuclear Fuel,” Lawrence Livermore National Laboratory, April 2007.
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cific elements used in taggants and their ratios. By using tags, nuclear forensics analysis
and attribution could occur in approximately one or two weeks, which would be significantly more beneficial in a postdetonation scenario than the currently speculated time of
one to several months (see table 1 above).
Taggants could fit into an international system designed to hold states accountable for
their nuclear material by adding an additional avenue to attribute material. Tags could be
introduced within the context of the multilateral fuel cycle initiatives that have recently
gained significant support in the Nuclear Non-Proliferation Treaty (NPT) and the IAEA.
Several states gave statements supporting multilateral fuel cycle initiatives at the 2012
NPT Preparatory Committee meeting.18 In December 2010, the IAEA’s Board of Governors voted to create an IAEA Low-Enriched Uranium (LEU) Fuel Bank. The bank will
be managed by the IAEA and provide assurance of fuel supply to IAEA member states
in case their fuel supply is disrupted. The bank currently has the financial resources for
approximately three fuel loads for a 1,000-MWe light water reactor. Donors include the
European Union, Kuwait, Norway, the United Arab Emirates, the United States, and the
Nuclear Threat Initiative.19 Most of these donors have nonproliferation as a high-priority
political objective. Therefore, initially, it may be less politically controversial to introduce taggants into the context of the IAEA LEU Bank than in the context of fuel from
the international market. Introducing the idea of taggants to the international community
in a smaller-scale, relatively uncontroversial project like the IAEA LEU Bank may help
taggants gain political acceptance and support for more wide-scale use later on. Even
without tags in all material, introducing them into some material would still aid in attribution by helping reliably assure what material was not used.
Taggants have not been discussed much in the international community, so they do
not carry with them some of the political baggage associated with international databases. They do have several technical challenges that could most likely be overcome
if funding were to support basic research initiatives to develop tags that could track
with weapons-usable material throughout the fuel cycle. Tags are also challenging because they would be used in nuclear fuel. There may be additional practical, logistical,
and technical barriers before fuel manufacturers would be willing to add them to fuel.
Nuclear forensics analysis equipment is extremely sensitive; therefore, it is likely that
only very small, trace amounts would need to be added to the fuel. Further research on
the economic implications of adding tags to nuclear fuel would be necessary. Table 3
outlines some of the political and technical challenges associated with taggants.

18. The author attended the 2012 NPT Preparatory Committee meeting in Vienna from
April 30 to May 11, 2012.
19. IAEA, “Assurance of Supply for Nuclear Fuel,” IAEA LEU Bank, February 15, 2012,
http://www.iaea.org/OurWork/ST/NE/NEFW/Assurance-of-Supply/iaea-leu-bank.html.
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Table 3. Political and Technical Challenges to Taggants
Practical and Political Challenges

Technical Challenges

Communication issues and misunderstandings
because tracer isotopes are technically complex

Very little R&D in the area

Possible lack of willingness by vendors and fuel
manufacturers to integrate into fuel

Lack of knowledge about how various isotopes
or molecules would behave through fuel cycle

Need to outline policy goals for waht material
taggants would follow through the nuclear fuel
cycle

Lack of date about how taggants would behave
during nuclear detonation
Need to identify taggants that would follow UF6
through enrichment and Pu through reprocessing
Lack of data of how taggants would affects fuel
performance

Conclusions
The role of nuclear forensics in postdetonation attribution is currently limited by the
amount of information a state has about the nuclear material, processes used in fabrication, and device design. In the case of nuclear terrorism, this information may not be
known. Therefore, to ensure that the United States has a credible capability to identify
the source of nuclear material, which could put pressure on nations to enhance their
nuclear security and deter states from intentionally transferring nuclear material to nonstate actors, the U.S. government should work to establish the international framework
that would support the current technical nuclear forensic capabilities. This international
framework could include international databases or libraries, taggants, or a combination
of both.
The United States should revisit the idea of an international database and further explore both the practical and technical aspects of taggants. Specifically, the United States
and the rest of the international community should continue to discuss an international
framework for databases and/or libraries despite the political challenges. Effort should
be made to establish the logistic infrastructure for a voluntary, confidential database
that could house less politically sensitive data (i.e., uranium ore) but have the capability
to be expanded if the political climate for sharing information and establishing a more
robust accountability system in the future changes. Discussions should include details
such as who would house the database (e.g., the IAEA), specifically what data or information it would contain, how measurements would be taken, how data would be stored,
and the legal details binding the use of the information.
Additionally, the United States and the international community should also put effort into the research and development of taggants as a potentially more politically feasible alternative to a database that would provide a more credible assurance of attribution
than the current system while potentially strengthening the deterrence that accompanies
that assurance. Taggants would considerably reduce the amount of time required to attribute the material and also significantly increase the probability that nuclear material
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could be tied back to a particular origin. The United States should begin discussing the
framework to include taggants in the IAEA LEU Bank within the context of the IAEA
and the NPT and through Track II dialogue with nations that support multilateral fuel
cycle initiatives. As stated in the 2010 Nuclear Forensics and Attribution Act, “In order
to identify special nuclear material and other radioactive materials confidently, it is necessary to have a robust capability to acquire samples in a timely manner, analyze and
characterize samples, and compare samples against known signatures of nuclear and
radiological material.” International databases and taggants would help create this robust
capability.

208 | NUCLEAR SCHOLARS INITIATIVE

Stewarding a Nuclear Stockpile of Varying Size
Michael S. Johnson1

The United States depends on its Nuclear Weapons Complex to maintain a safe
and reliable nuclear stockpile. Ideally, the size of the nuclear stockpile would be
optimized to reflect stewardship abilities, reliability, safety, cost, and the like. But
a perfectly optimized stockpile size is not realistic. Furthermore, the optimized
value would likely change even before it could be realized. This necessitates
the ability to steward different sizes of stockpiles. Every time the stockpile’s size
changes, certain elements and factors need to be analyzed to ensure its vitality
and future. Some of these elements will change significantly as numbers decline;
others will remain more constant and are even needed if the numbers go to zero.
It is vital that these necessary elements are not permitted to atrophy as numbers
decline. At any stockpile size, the most important of these elements is the ability
to maintain expert personnel. A second element that should always remain is the
ability to conduct surveillance and maintain the health of the stockpile. Another
necessary factor is to maintain a production capability in order to react and respond to unpredictable events.
The United States has turned to its Nuclear Weapons Complex (NWC) for nuclear weapon design, development, production, maintenance, surveillance, refurbishment, and dismantlement since the NWC’s inception in 1942. Several events since then have altered
the focus of the NWC. The most notable of these was the end of the Cold War and the
events that followed. More recent events also point toward future changes in the scope
of the NWC.
When the majority of the nuclear weapons were being designed and built (1942–
1992), the flexibility and reliability of the U.S. nuclear deterrent force was ensured by
having a large quantity and variety of weapons, with frequent (10–15 year) replacement
of aging designs.2 During this time, the U.S. government opened 27 design/production
sites as a part of the NWC. Also, an additional 21 test sites and 5 prototype research reac1. Michael Johnson works for Sandia National Laboratories as part of the Surety Assessment,
Engineering, and Analysis Center. The views expressed in this paper are those of the author and
do not necessarily reflect the views of Sandia National Laboratories.
2. National Nuclear Security Administration, Managing the Stockpile, June 2012, http://
nnsa.energy.gov/ourmission/managingthestockpile.
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tors were opened.3 Then, the Cold War ended and focus shifted. By the end of 1994, 20
of the 27 NWC design/production sites, 19 of the 21 test sites, and all research reactors
had been closed.4
Global strategic environments and policies also changed. In the early 1990s, all new
nuclear weapons production was more or less halted.5 This meant that all development
engineering activities for current nuclear weapons systems were canceled. This marked
the first time that there were no active nuclear weapon development programs at the
NWC. During this same year, the United States began a moratorium on yield-producing
nuclear weapon tests.6 These changes presented new challenges to maintaining a safe,
secure, and reliable nuclear weapons stockpile. There was a fundamental shift in the
emphasis of the NWC with respect to the stockpile: Instead of quantity and frequent
replacement, the focus moved to enhancing the reliability and longevity of the current
stockpile.
President Barack Obama’s 2009 speech in Prague outlined his vision of a world
without nuclear weapons.7 If this vision ever becomes reality, some would say that the
NWC could effectively be eliminated and its resources could be reallocated to other
areas. Others argue that it must be maintained on some level in case a need to rapidly
rebuild it might ever arise. Either way, there has been a continued trend toward stockpile
reduction (even if zero is never reached).8 The latest step in these shrinking numbers took
place with the ratification of New START in February 2011. President Obama’s vision,
and recent policies enacting deep stockpile reductions potentially place the NWC on the
cusp of another shift in the future. It also presents policymakers with the increasingly
complicated question of what is the optimal number of weapons to ensure that the stockpile meets the nation’s objectives. Decisions made today will determine if the nature of
the NWC acts on or reacts to the dynamic future of global nuclear weapons policy.

Optimization of a Dynamic Stockpile
What is the optimal number of nuclear weapons in the stockpile? It is human nature to
optimize. This is especially true of scientists and engineers. In mathematics, optimization of a function nearly always occurs in a particular domain. When considering very
elaborate (often nonlinear) multivariable functions, optimization can be a futile task un3. Charles R. Loeber, Building the Bombs: A History of the Nuclear Weapons Complex
(Sandia National Laboratories, 2002), 169–172.
4. Ibid.
5. Ibid.
6. Ibid.
7. Catherine M. Kelleher and Scott L. Warren, Arms Control Association, Getting to Zero
Starts Here: Tactical Nuclear Weapons, October 2009, http://www.armscontrol.org/act/2009_10/
Kelleher.
8. Treaty Between the United States of America and the Russian Federation on Measures
for the Further Reduction and Limitation of Strategic Offensive Arms (New START), April 8,
2010, http://www.state.gov/documents/organization/140035.pdf.
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til the domain is changed to a subset of the whole, greatly simplifying the problem.9
The catch is that the optimization of a function can change dramatically across different
domains. Further exacerbating the difficulty of optimization is that choosing the focal
subset can quickly become subjective in nature. The optimizer often cares more about
the functional response due to certain variables and inherently places more weight on
these arguments than others. What is more important in the eyes of one is often less
significant for another. This can quickly transform stockpile optimization into more of a
debate than a science.
Optimization of the size of the stockpile is an impossibly difficult, nonlinear, multivariable problem in constant flux. Trends and fluctuation in stockpile size shape the structure of the NWC and nuclear weapon policy. The debates are very politically charged
and under significant scrutiny due to a perceived small margin of error and potentially
unforgiving ramifications. There are a significant number of variables influencing the
problem. Trade-offs between reliability, safety, maintenance, deterrence, surveillance,
and cost, along with the perception of society, potential political gain, international relations, and so on all must be taken into consideration. The importance and weight of each
varies for different countries, governments, organizations, and individuals. Treaties and
numbers are negotiated to establish better, not best, cases.
Due to the nature of this complex task, reduction often focuses symbolically on
reaching seemingly arbitrary round numbers, such as 1,000, 500, or even zero weapons. These round numbers seem to please the masses, causing policymakers to strive
to achieve them. This leads to a quasi-backward approach of deciding on a final value
and only then figuring out how to make it happen—as opposed to using needs, analysis,
and capability to determine a more optimal stockpile size. Although this approach is not
wholly ideal, the complexity of the problem necessitates it on some level.
A perfectly optimized stockpile size is not realistic. Furthermore, the optimized
value would likely change even before it could be realized. This necessitates the ability to steward different sized stockpiles. Every time the stockpile size changes, certain
elements and factors need to be analyzed to ensure its vitality and future. Some of these
elements will change significantly as numbers decline; others will remain more constant
and are needed even if the numbers go to zero. It is vital that these necessary elements
are not permitted to atrophy as the numbers decline. First and foremost, at any stockpile
size the most important element is the ability to maintain expert personnel. The second
element that remains for a stockpile of varying size is the ability to conduct surveillance
and maintain the safety and reliability of the stockpile. And third is the ability to react
and respond to serious events that may require a return to previous number levels.
The remainder of this paper attempts to outline the necessary elements of stockpile
stewardship and what it means for the NWC. The paper also ventures to address future
actions for further deep reductions and to suggest future analysis that may become necessary.

9. Robert Fourer, “Optimization Methods,” Northwestern University, 2004, B-143.
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Expertise
Experts have always been the most valuable asset to the stockpile and the NWC. From
the beginning, the best and brightest minds in the United States were necessary to develop the first nuclear weapons.10 Experts in science, engineering, systems management,
and manufacturing were needed to accomplish this goal. It would not have been possible
otherwise. The need for and supply of able personnel continued during the Cold War to
enable America to hold onto its technological edge. Even though no new weapon designs have been introduced in decades, experts are still relied upon for stockpile surveillance and maintenance as unforeseen problems arise.11
The current stockpile is maintained through Life Extensions Programs (LEPs), targeting Cold War era designs.12 But with each passing year the NWC says goodbye to
more and more of the experts who designed these weapons. These experts are being
replaced by a new generation with significantly less experience in nuclear weapons. One
prominent example is the reality that those who participated in underground testing are
becoming rare. This dwindling experience is somewhat complicated due to the classified
nature of nuclear weapons. One cannot get an education or degree in nuclear weapon
design or study the nuances of weapon testing and development in school. This problem
is compounded by the difficulties in transferring this valuable knowledge from one generation to the next (even within the classified world of the NWC). The ability to and ease
of transferring this knowledge and understanding are greatly overestimated.
Also, with the current approach of maintenance through LEPs, there is the risk that
cascading small changes to Cold War–era designs could produce unpredictable and unforeseen changes in weapon reliability and safety. Those most capable of predicting
these changes are the ones who made the original design, but they are on their way out
the door. Without the proper expertise, no amount of resources would be sufficient to
produce a confident solution to these unforeseen problems.13 Some argue that this could
be mitigated with advancements in simulation codes and models. Sufficiently sophisticated and accurate models could allow less knowledgeable people to evaluate problems
and produce solutions. However, relying on models becomes an unnerving proposition.
Simulations and models are shaped around assumptions, our existing knowledge, and
known test data. This limits them due to our biases and known failure scenarios, and
does not allow them to accurately predict cases outside our current knowledge base.
As is discussed in more detail below, a corresponding drop in hedge numbers will
most likely change the way surveillance and maintenance are conducted.14 Current surveillance relies heavily on destructive (nonnuclear) testing of hedge weapons. Identify10. Loeber, Building the Bombs, 7.
11. Ibid., 175–176.
12. Ibid., 179.
13. Marvin L. Adams and Sidney D. Drell, Technical Issues in Keeping the Nuclear Stockpile
Safe, Secure, and Reliable, December 2008, http://cstsp.aaas.org/files/DrellAdamsBrief.pdf.
14. Kent Johnson, Carl Ekdahl, Richard Krajcik, Lui Salazar, Earl Kelly, Robert Paulsen,
and Josheph Keller, “Stockpile Surveillance: Past and Future,” January 1996, 13–16, http://www.
fas.org/sgp/othergov/doe/lanl/osti/197796.pdf.
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ing problems in nuclear weapons is not trivial (especially considering that they cannot
be fully tested at this time), nor are the problems and their associated solutions. New,
nondestructive surveillance methods would likely be incorporated into stockpile stewardship. But the development of these methods would require an uptick in necessary
personnel and weapon experts.
Taking this situation one step further, deep reductions in stockpile numbers (hundreds to zero) may require a completely newly designed weapon(s) that will need subject
matter experts on electrical, mechanical, chemical, and nuclear levels as well as systemlevel management and manufacturing. In 2008, the secretary of defense, Robert Gates,
warned that “to be blunt, there is absolutely no way we can maintain a credible deterrent
and reduce the number of weapons in our stockpile without either resorting to testing our
stockpile or pursuing a modernization program.”15 Deep reductions will almost certainly
need modernization or underground tests, or both. Either way, there will be a pressing
need for nuclear weapon experts. Some see the move toward zero weapons in the future
as inevitable. If that is truly the case, it would be very beneficial to consider a fully modernized design sooner rather than later when generations of expertise have left the NWC.
Another difficulty is attracting the experts of tomorrow. From personal experience,
the current trend of “no new designs” yields an associated perception among many recent graduates that careers in nuclear weapons are not sustainable. Even experienced
scientists and engineers may perceive jobs in the NWC as poor long-term career choices
that are not challenging or interesting given the lack of development and design. It also
appears that those who do end up working for the NWC tend to not stay as long as they
used to.16
There is a fallacy among many weapon critics and analysts that as numbers go down,
the necessary quantity of capable personnel goes down with it. It is necessary that the
United States realizes that there is no longer a proportional relationship between the
size of the stockpile and the number of experts needed for proper stewardship. In fact,
it is likely inversely proportional as stockpile levels decline.17 A 50 percent reduction
in stockpile numbers cannot be maintained by a 50 percent reduction in personnel. The
relationship may have been linear in the early days of nuclear weapons, but given the
political stance on weapon design and testing this is no longer the case. As numbers continue to decline, it will soon arrive at a point (if it has not already) where any reduction
in stockpile size will have little if any effect on the necessary manpower to maintain the
stockpile.18
15. New Deterrent Working Goup, “U.S. Nuclear Deterrence in the 21st Century, Getting
It Right,” July 2009, http://www.centerforsecuritypolicy.org/upload/wysiwyg/center%20
publication%20pdfs/NDWG-%20Getting%20It%20Right.pdf.
16. U.S. Government Accountability Office, Strategies and Challenges in Sustaining Critical
Skills in Federal and Contractor Workforces, April 2012, http://www.gao.gov/assets/600/590508.
txt.
17. Adams and Drell, Technical Issues.
18. U.S. Government Accountability Office, Strategies and Challenges in Sustaining Critical Skills in Federal and Contractor Workforces.
CSIS PROJECT ON NUCLEAR ISSUES

| 213

One of the most important methods of ensuring that experts remain connected to
the NWC is continued research and development, which will need to be increased and
take place alongside nuclear weapon stewardship in order to maintain experts and entice new employees to join the fold.19 As research efforts continue to bridge the gap
between cutting-edge technologies and their potential application to the weapons world,
the NWC will be able to maintain the necessary expertise and attract capable personnel
from across the nation. A breakup in the relationship between cutting-edge technologies
and nuclear weapons could potentially result in a hemorrhage of top minds from the
complex. Given the current economic scene, public and political pressures to persuade
the nation to slow funding to these research efforts are becoming more common.
All future decisions regarding the NWC should keep in mind that a stockpile of any
size needs people who can identify, evaluate, diagnose, and fix problems that may arise
and, if necessary, design, produce, and modernize the stockpile of tomorrow. Capable
personnel are by far the most valuable asset to the stockpile, more valuable even than the
stockpile itself. Given time, resources, and the right people, the stockpile could be reproduced. But no amount of time and resources would be sufficient without the expertise.
When expertise is lost, efforts to bring it back to its previous state are difficult and costly.
It may not even be possible to obtain an equivalent level of the previous understanding.
A lapse in knowledge of nuclear weapon design, even for seemingly trivial components,
could have lasting effects. The NWC must always have access to the outstanding minds
in the nation.

Surveillance
Complex systems never stay in the same state. They require constant attention to maintain. A nuclear weapon combines electrical, mechanical, nuclear, and chemical aspects,
making it one of the most complex systems ever developed. Thus, radiation, aging effects, degradation, and obsolete/limited-life components make it necessary to constantly
monitor the nuclear stockpile.20 No matter the future stockpile size, aside from zero,
there must be a way to evaluate the state of health of the weapon(s). In the beginning,
this was done in Trinity fashion. A weapon in question was taken out and tested in full
capacity. This continued throughout the Cold War with atmospheric, underwater, and underground testing. The dangers of atmospheric testing were soon realized, and all testing
was relegated to underground. Soon after the Cold War ended, underground testing also
ceased in the United States. Since then, the stockpile stewardship program has evaluated
the state of weapons through “no-yield” component and system testing as well as materials experimentation with a newfound focus on simulation and modeling.21

19. Ibid.
20. U.S. Department of Energy, The Stockpile Stewardship and Management Program,
Maintaining Confidence in the Safety and Reliability of the Enduring U.S. Nuclear Weapon
Stockpile, May 1995, http://www.fas.org/nuke/guide/usa/doctrine/doe/st01.htm.
21. Johnson et al., Stockpile Surveillance, 13–16.
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Much of the current evaluation and surveillance relies heavily on ground testing at
the Weapons Evaluation Test Laboratory (WETL) and nonnuclear full weapon Joint Test
Assemblies (JTAs) flight tests.22 Surveillance using JTA flights and testing at the WETL
facility involve weapons taken from the active and inactive stockpiles. These weapons
are often destroyed in the testing and evaluation process.
WETL is a state-of-the-art facility capable of extensive testing of system-level electrical, mechanical, and environmental situations, including, but not limited to weapon
interface signal simulation, radar-over-target simulation, live detonator firing, detonator
simultaneity measurement, energy measurements, impact simulation, pullout simulation,
altitude/depth simulation, linear or rotary force application, dynamic parachute deployment, and explosive component actuation.23 During a JTA flight, the nuclear explosives
package is removed and the weapon is fitted with diagnostics to monitor its mechanical
and electrical systems.24 The weapon is then deployed in live fashion and is scrupulously
analyzed and scored.
These evaluations are paramount to understanding the state of an aging stockpile.
They also depend heavily on the size of the inactive stockpile. The destructive nature of
the testing necessitates that this hedge be established such that weapons in a state, more
or less, identical to those in the active stockpile can accurately represent aging and other
trends of the active stockpile.
The major risk with future stockpile surveillance is being able to maintain these
methods as numbers decline.25 Particular interest is given to hedge numbers. As long as
there are sufficient hedge numbers, this type of testing is ideal in the absence of underground tests. It allows experts to analyze the state of the stockpile and directly diagnose
any nonnuclear issues that arise. This type of testing establishes the safety and reliability
of the stockpile in order to assure the nation that the stockpile can be properly handled
and deployed. It also establishes the effectiveness of the stockpile’s deterrent effect by
proving the reliability of weapons for the nation and demonstrating to the adversary that
U.S. weapons remain capable.
Even if active stockpile numbers approach zero, the size of the inactive stockpile
would make it possible to continue surveillance of this nature. If hedge numbers decline
in parallel with the active stockpile, there will come a point when a transition to a different type of surveillance would need to take place. If not, the nation would destructively
test itself out of a stockpile altogether.
Developing the surveillance methods of tomorrow is a difficult endeavor, both technically and logistically. It would almost certainly make the expertise mentioned above
all the more important. There are some who disagree, and it has been suggested that at
low weapon numbers there would be a seamless and even practical change in surveil22. National Nuclear Security Administration, Managing the Stockpile, June 2012, http://
nnsa.energy.gov/ourmission/managingthestockpile.
23. Sandia National Laboratories, Weapons Evaluation Test Laboratory at Pantex, August
1993, 1, http://www.osti.gov/bridge/servlets/purl/10107953-jKWvXm/native/10107953.pdf.
24. Johnson et al., Stockpile Surveillance, 7.
25. Ibid.
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lance techniques.26 They are of the opinion that stockpile evaluation would no longer
need to be test-based and destructive but would evolve to be a thorough investigation of
the weapon systems, subsystems, and components in a bench-top environment.27 In this
process every device, electronic board, and mechanical part would be evaluated individually. In short, this approach would be to open up every weapon in the stockpile and test
every component in a rotational manner and to then replace the parts that need replacing.
Those in favor of these methods have indicated that surveillance of this nature could go
on indefinitely without ever having a need to produce new weapons or designs.28 Hedge
numbers could be eliminated. But there are huge risks with this type of surveillance.
Before something like this could be considered, many huge hurdles would need to be
overcome. Cost, complexity, assessing system reliability, and part obsolescence are just
a few of the major obstacles.
With regard to cost and complexity, it is naive to assume that surveillance of this nature would be simple and cost-efficient. Dissecting a nuclear weapon and checking all its
components to see which have degraded and then replacing those that are near failure is
a daunting task. Even at small stockpile numbers, this would be an astronomically huge
effort with high upstart costs of establishing a test cycle rotation, training personnel,
developing test equipment/techniques, establishing acceptance/rejection requirements,
and so on.
In addition, the task of proving system reliability numbers to ensure that military requirements are met must be completed. System-level analysis is difficult via subsystem/
component testing. Parts of a whole may function correctly by themselves but fail when
combined. Proving that the weapon, as a whole, is healthy would become a statistical
nightmare without high-level tests. Reliability requirements would likely need to be reduced. Furthermore, there exists a misguided assumption that one does not damage the
weapon during the surveillance process. It is very difficult to examine components and
subsystems for functionality without destroying them (or at the very least reducing their
lifetime) due to human factors and the nature of each individual part. All these things
would need great consideration in order to implement a program such as this.
The obsolescence of components and parts is another continuous problem, even
with today’s modernization efforts.29 An excellent example of the impact of part obsolescence is that of vacuum tubes. As technologies have advanced, the vacuum tube has been
all but replaced by semiconductor-based transistors in electrical systems. They perform
very similar functions, but a transistor cannot directly replace a vacuum tube without
significant changes being made to the system. Vacuum tubes do not last forever, and they
are no longer being produced, so a system using vacuum tubes cannot be maintained. All
26. Nuclear Weapons Complex Consolidation Policy Network, Transforming the U.S.
Strategic Posture and Weapons Complex, April 2009, 15–17, http://www.nukewatch.org/
policynetwork/StrategicPosture_Summary.pdf.
27. Ibid.
28. Ibid.
29. Center for Counterproliferation Research. U.S. Nuclear Policy in the 21st Century: A
Fresh Look at National Strategy and Requirements, Executive Report, July 1998, http://www.
ndu.edu/centercounter/nucpolicy.html.
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“modern” parts eventually become extinct. The idea of indefinite stockpile maintenance
without continually modernizing weapon components/systems through LEPs is not realistic unless NWC production facilities are capable of designing and producing all the
components necessary for nuclear weapons.
Some may suggest that surveillance and testing of weapons gravitate toward simulations and models. Simulation and modeling are valuable tools that should continuously
be advanced, but they will never be enough, by themselves, to evaluate the complete
state of nuclear weapons.30 As stated above, relying completely on models is impossible
because they are based on our incomplete perceptions of reality and lean upon assumptions drawn from these perceptions. This makes them excellent at predicting known
trends but limits their ability to anticipate the unpredictable issues.
Ideal surveillance, from a reliability standpoint, would be based on full scale underground nuclear testing. But this is not likely to happen, so it is becoming more apparent
that surveillance techniques will need to change if deep reductions in stockpile numbers
continue to occur. Considerations must be taken to ensure that numbers are not reduced
beyond the capability to evaluate the health and reliability of the stockpile. Future reductions in hedge numbers will quickly bring us to a decisionmaking point regarding
surveillance.

Production Capability
The main risk with regard to the production of nuclear weapons is the loss of capability. It is easy to fall into the mindset of “if we did it once, we can do it again.” Building
thermonuclear weapons is not like riding a bike. Reestablishing production facilities and
capabilities would be an astronomical effort, both financially and logistically. Often,
highly specialized abilities can never be fully brought back to their previous state once
they have lapsed. Regardless of future stockpile size, great care should be taken to ensure that these abilities are maintained on some level.
The stockpile will not last forever, and simple maintenance requires the ability to
manufacture weapon-related products. This is evident from the dynamic nature of the
stockpile. As long as zero weapons are not achieved, components will need to be reproduced, replaced, or repaired at some point. A peer review study performed by the
JASON group at Los Alamos National Laboratory and Lawrence Livermore National
Laboratory on the aging of plutonium, released in unclassified form in November 2006,
concluded that the minimum expected lifetime of plutonium pits in U.S. nuclear weapons is 85 years.31 That is a long time, but the day will come when primaries and secondaries will need to be replaced. The same goes for every component of a nuclear weapon.
None of them last forever, due to degradation and aging effects. Many components in
30. Nuclear Weapons Complex Consolidation Policy Network, Transforming the
U.S. Strategic Posture and Weapons Complex, April 2009, 15, http://www.nukewatch.org/
policynetwork/StrategicPosture_Summary.pdf.
31. JASON Program Office. Pit Lifetime, November 2006, http://www.fas.org/irp/agency/
dod/jason/pit.pdf.
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nuclear weapons are produced by commercial suppliers and, as mentioned above, they
may become unobtainable or obsolete in the future. All these concerns point to the necessity of maintaining production capabilities.
There is always the concern of unexpected reliability or safety issues discovered in
routine surveillance. All weapons have related materials and components. A significant
common-mode failure could cripple the stockpile.32 Having the expertise and surveillance techniques to identify these problems is not enough. There must also be an accompanied ability to manufacture solutions to the problems and to restore the stockpile
to a satisfactory state.
In the future, there may be a need to bolster weapon numbers due to unforeseen technological or political events. Technological breakout should always be a concern. Over
the centuries, there have been notable war-related technological leaps ranging all the
way from gunpowder to thermonuclear weapons. These breakouts have all drastically
altered the way we approach war and international relations. Since the atomic bomb
was developed, there have been large advancements in technologies with fighter jets,
unmanned air vehicles, satellites, and so on, but none of these has had the same impact
as the development of nuclear weapons. It would be careless to assume that an enemy
could never produce a next-generation weapon. If that were ever to occur, it would be
vital for America to maintain the ability to react.
Stating that capabilities need to be maintained is the easy part. How can this be done
when so few weapons are being produced and there is a shrinking stockpile? Low-rate
constant production is difficult, but many believe it to be the best solution.33 The ability to produce weapons would be maintained by constant production at an equal rate
to that of the natural weapon attrition caused by surveillance, dismantlement, replacement, and so on. Measures would be necessary to evaluate how production capacities of
specific components and materials must be sized to maintain the stockpile through this
type of steady-state, continuous production. Achieving any sort of steady-state, low-rate
production would be difficult in the near term as a result of the extended period of very
limited production that has occurred since the Cold War.34 For this to be fully established,
it may become necessary to revitalize weapon designs and NWC facilities. Sustainment
of a smaller more advanced stockpiles would likely be more cost-effective in the long
term. The transition to an established production of modern, high-margin, high-reliability warheads would surely increase costs during a transition period but would almost
certainly translate into long-term budgetary savings. But spending now to save in the
long run is often seen as political suicide. Nevertheless, from the standpoint of expertise,
surveillance, and production, this would be an ideal solution. If continuous, low-rate
production were fully implemented, stockpile stewardship resources would likely shift
to a design, research, and surveillance emphasis with established production capability.
32. U.S. Department of Energy, The Stockpile Stewardship and Management Program.
33. Ibid.
34. U.S. Department of Defense, “Increasing Transparency in the U.S. Nuclear Weapons
Stockpile,” May 2010, http://www.defense.gov/news/d20100503stockpile.pdf.
218 | NUCLEAR SCHOLARS INITIATIVE

It is important to remember that if significant and deep stockpile number reductions occur, the demonstrated ability to ramp up production may be the most powerful deterrent.

Future Considerations
Many questions were briefly touched on or alluded to in the previous sections. As stockpile numbers continue to decline, policymakers will need to find real answers to these
and many other questions. It is useful to briefly review them.

Should a High-Margin/High-Reliable Weapon Design Be Readdressed?
To ensure that those who know more about weapon development are still around to
participate in the design of a new warhead sooner would be the better course.35 This is
especially important considering that the design will most likely never be fully tested.
An effort such as this would be a huge undertaking with long lead times. The length of
time for full implementation of a new warhead could make the development outlast its
critical need date. Producing a high-margin warhead design based on previously tested
principles would likely help assure reliability, ease of surveillance, and production. It
would also likely lower long-term budgetary commitment. And it is important to keep in
mind that the undertaking of a new weapon design in the midst of diminishing arsenal
trends would raise domestic and international political concerns.

Should NWC Facilities Be Consolidated and/or Upgraded?
Decisions on the desired future capabilities of the stockpile must be made in the near
term to appropriately size and equip the NWC. For instance, new production infrastructure—such as the Chemistry and Metallurgy Research Replacement facility and the
Uranium Processing Facility—were originally sized for a specific annual production
capacity.36 These production capacities will likely decrease during the lifetime of the facilities’ production but could also increase given unforeseen political events. Similar to
a weapon redesign, very-large-scale facility upgrades would also raise questions among
international nuclear powers.

At What Point Will the Nature of Surveillance and Stewardship Need to
Change?
Stockpile numbers can only go so low, given current stewardship techniques. The United
States must ensure that a decision on stockpile/hedge size does not overstep the capability to produce safe and reliable weapons and conduct extensive evaluation of the
stockpile. If weapon requirements on reliability and confidence were relaxed, other options could become available, but safety can never be compromised. Ensuring that hedge
35. Jonathan Medalia, The Reliable Replacement Warhead Program: Background and
Current Developments, July 2009, 1–3, http://www.fas.org/sgp/crs/nuke/RL32929.pdf.
36. U.S. Department of Energy, Supplemental Environmental Impact Statement for the
Nuclear Facility Portion of the Chemistry and Metallurgy Research Building Replacement
Project, August 2011, 61, http://nnsa.energy.gov/sites/default/files/nnsa/inlinefiles/Chapter%20
01.pdf.
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numbers remain high through low-rate continuous production would ensure the viability
of current surveillance techniques, even with deep active stockpile reductions; but this
would likely cause significant political angst.

Should the Number of Types of Weapons Be Reduced? Should the Triad Be
Reduced?
The threat of common-mode failures requires multiple overlaps in capability. If an unexpected failure eliminated a particular weapon, the integrity of the triad would likely
remain, given this overlap. But as numbers decline, at some point it becomes impractical to maintain this level of overlap. Furthermore, the necessity of a full triad is always
being debated. That debate will become more heated as stockpile numbers are reduced.

Summary
The nation depends on the Nuclear Weapons Complex to maintain a safe and reliable
stockpile. It has been over 20 years since a new design has entered the stockpile. Over
this time frame, the number of weapons in the stockpile has decreased dramatically.
With the ratification of New START, the active stockpile will reach numbers below
2,000 for the first time since the 1950s.37 Even though President Barack Obama outlined
a goal of zero, many observers who are knowledgeable about nuclear weapon policy
would say that this is more of a dream than a goal. Future deep reductions would require
a shift in the approach of the NWC with regard to stockpile management. The problem is
complicated when technical and political hedging strategies are considered. At low numbers, hedging could be provided by a responsive infrastructure that is continually in lowrate production and constantly exercising design capabilities. Other concerns could be
mitigated via the deployment of a modern, high-margin warhead design and production
facilities capable of designing and producing all nuclear weapon components. Regardless of the future of the NWC and the stockpile, certain factors should remain constant
when it comes to proper stewardship. The most important of these factors are expertise,
the ability to conduct surveillance, and the ability to maintain production capabilities.

37. U.S.Department of Defense, “Increasing Transparency in the U.S. Nuclear Weapons
Stockpile,” May 2010, http://www.defense.gov/news/d20100503stockpile.pdf.
220 | NUCLEAR SCHOLARS INITIATIVE

The Pivot and Extended Deterrence: Options to
Reassure South Korea
James Mazol1

The United States plans to bolster elements of national power in the Asia-Pacific
region as part of its “rebalancing” strategy. The United States and its key regional allies likely face an emerging Asia-Pacific security environment increasingly
characterized by uncertainty, great power rivalry, broad military and economic
competition, and crises generated by misperceptions and colliding interests. This
security environment presents implications for U.S. bilateral relationships and
extended deterrence commitments offered to key regional allies, including South
Korea. In the future, the United States must continue to reassure Seoul or risk deleterious outcomes such as South Korea’s pursuit of more security independence;
in a worst-case scenario, Seoul could damage regional strategic stability and
undermine global nonproliferation goals by developing an indigenous nuclear
weapons program. The United States should examine options to reassure Seoul
that are cost-effective and likely to sustain the support of South Korean political
and security elites and its public. In the near-term, enhancing the existing bilateral strategic security dialogue—institutionalized in the U.S.-ROK [South Korea]
Extended Deterrence Policy Committee—represents the most promising way to
enhance reassurance at reasonable cost and with substantial elite and popular
support.

Pivoting into the Asia-Pacific Region
In reaction to “the great power shift of the twenty-first century,” the United States plans
to “pivot” more of its national power into the Asia-Pacific region.2 In November 2011,
President Barack Obama stated that the “United States is turning our attention to the
1. James Mazol is a Ph.D. candidate at George Mason University. The views expressed in
this paper are those of the author.
2. Joseph Nye, “Obama’s Pacific Pivot,” CNN, December 7, 2011: http://globalpublicsquare.
blogs.cnn.com/2011/12/07/nye-obamas-pacific-pivot/. The Asia-Pacific region includes East Asia,
Southeast Asia, Australiasia, and the coastal areas of South Asia and matches the definition used
by the Congressional Research Service based upon analysis of numerous Obama administration
statements addressing the “pivot.” See Mark E. Mayin et al., Pivot to the Pacific? The Obama
Administration’s “Rebalancing” toward Asia, CRS Report R42488, March 2012, 3–4, http://
www.fas.org/sgp/crs/natsec/R42448.pdf.
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vast potential of the Asia-Pacific region,” and “as a Pacific nation, the United States will
play a larger and long-term role in shaping this region and its future, by upholding core
principles and in close partnership with our allies and friends.”3 New U.S. Department
of Defense (DOD) strategic guidance outlines the military thrust of the “pivot” strategy:
“While the U.S. military will continue to contribute to security globally, we will of necessity rebalance toward the Asia-Pacific region.”4 This “rebalance” of U.S. forces and
capabilities may present implications for the U.S. regional extended deterrence posture.
Key Asia-Pacific allies rely on U.S. military power to stabilize the region, deter aggression, and assure their defense and security. Under the so-called nuclear umbrella, these
allies require U.S. nuclear weapons—extended nuclear deterrence—to provide the ultimate security guarantee. Despite talk of “global zero,” the evolving Asia-Pacific security
environment might increase the salience of nuclear weapons in security strategies.
The United States–led Asia-Pacific order was created largely to counter Soviet regional influence after World War II. Mutual defense treaties signed in the early 1950s
produced a bilateral alliance structure that differed from NATO’s collective security
arrangement for Western Europe. Treaty-covered countries include Australia and New
Zealand (1951), the Philippines (1951), South Korea (1953, following the Korean War
Armistice), Thailand (1954), and Japan (1951, revised and strengthened in 1960). This
system helped institutionalize a relatively stable Asia-Pacific security environment.
From a U.S. military perspective, the existing regional order remains characterized by a
favorable balance of conventional military power, access to strategic lines of communication, long-standing alliances with formidable economic powers, tens of thousands of
U.S. troops deployed forward, and close intelligence and counterterrorism cooperation
with some countries.
The United States’ extended deterrence helps reassure critical allies of American
commitments to their security and survival. Extended deterrence includes the nuclear
umbrella, which both reassures certain U.S. allies and “prevents them from pursuing
independent nuclear options.”5 The U.S. concern with nuclear disarmament, however,
has “reduced attention to the salience and role of nuclear weapons in national security
policies and strategies.”6 President Obama’s vision of world “free of nuclear weapons”
comes at the same time that a relatively secure Asia-Pacific regional order may become
less stable against a backdrop of “great power competition, unresolved territorial disputes, and, in some cases, intensely antagonistic historical relations.”7
3. Barack Obama, “Remarks by President Obama to the Australian Parliament,” November
17, 2011, http://www.whitehouse.gov/the-press-office/2011/11/17/remarks-president-obamaaustralian-parliament.
4. U.S. Department of Defense, “Sustaining Global Leadership: Priorities for 21st Century
Defense,” January 2012, 2, http://www.defense.gov/news/Defense_Strategic_Guidance.pdf.
5. Muthiah Alagappa, “Introduction,” in The Long Shadow: Nuclear Weapons and Security
in 21st Century Asia, edited by Muthiah Alagappa (Stanford, Calif.: Stanford University Press,
2008), 25.
6. Ibid., 5.
7. Muthiah Alagappa, “Asia’s Security Environment: From Subordinate to Region Dominant
System,” in Long Shadow, ed. Alagappa, 57.
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If the emerging Asia-Pacific security environment is increasingly characterized by
military competition, perceived insecurity, and rivalry, then key allies may desire enhanced or new methods for the United States to demonstrate the credibility of extended
deterrence—particularly the nuclear umbrella. This paper focuses on South Korea because it (1) officially relies on U.S. nuclear weapons for its overall deterrence strategy;
(2) remains politically sensitive to changes in U.S. extended deterrence posture; and
(3) possesses an elite and population more willing to consider a wide range of options
compared with other protected Asia-Pacific allies, including indigenous development or
deployment of U.S. nuclear weapons on its territory. This analysis evaluated courses of
action to bolster the credibility of U.S. extended deterrence to Seoul at sustainable financial cost and with the support of South Korean elite and public opinion. Based upon
this evaluation, this paper recommends that the United States should better leverage
the existing U.S.-ROK Extended Deterrence Policy Committee framework to increase
bilateral cooperation and tailor U.S. extended deterrence posture toward South Korean
demands.

The Evolving Asia-Pacific Security Environment
Following its current trajectory, China’s long-term defense modernization could produce
(1) a credible second-strike nuclear weapons capability and (2) antiaccess/area-denial
(A2/AD) capabilities and tactics to blunt the effectiveness of U.S. and allied conventional forces. In turn, these simultaneous developments might generate new extended
deterrence requirements—including heavier emphasis on nuclear weapons. By 2015,
DOD projects that the Chinese People’s Liberation Army (PLA) will deploy enhanced
silo-based CSS-4 (DF-5) intercontinental ballistic missiles (ICBMs) and additional
CSS-10 (DF-31A) mobile ICBMs.8 In addition to more mobile ICBMs, deployment of
the Jin-class nuclear ballistic missile submarine (SSBN) and associated JL-2 submarinelaunched ballistic missiles (SLBM) will further increase the number and survivability of
Chinese nuclear forces.9 Continued ballistic and cruise missile development programs
will increasingly threaten U.S. and allied forces deployed near China (e.g., South Korea
and Japan) and complicate power projection operations into the region. As the 2011
DOD China Military Power report summarizes:
China has prioritized land-based ballistic and cruise missile programs. It is
developing and testing several new classes and variants of offensive missiles,
forming additional missile units, upgrading older missile systems, and developing
methods to counter ballistic missile defenses.10
China’s military buildup also encompasses “a major shift toward investments in
asymmetric, network-centric warfare and A2/AD capabilities that are intended to deny
8. Office of the Secretary of Defense, “Military and Security Developments Involving the
People’s Republic of China, 2011,” 1, http://www.defense.gov/pubs/pdfs/2011_cmpr_final.pdf.
9. Ibid., 34.
10. Ibid., 2.
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elements of the modern battle space to potential enemies.”11 The A2/AD strategy helps
explain the PLA’s interest in fielding cyberwarfare and space warfare capabilities to render an enemy “deaf, dumb, and blind” during the opening phase of conflict.
While China is an emerging peer competitor, North Korea represents a perpetual
challenge to Asia-Pacific stability. North Korea continues to develop and test nuclear
weapons and ballistic missile capabilities despite international sanctions and pressure.
In May 2009, a small nuclear test confirmed Pyongyang’s status as a “fully fledged
nuclear power” with “nuclear weapons,” according to the International Atomic Energy
Agency (IAEA).12 In April 2012, North Korea conducted a proxy test for Taepodong-2
long-range ballistic missiles. Beyond missile and nuclear testing, Pyongyang also torpedoed the South Korean warship Cheonan and shelled Yeonpyeong Island in March
and November 2010, respectively. South Korea is threatened by North Korean forces
deployed near the Demilitarized Zone, including thousands of short-range rocket and
artillery systems, some potentially armed with chemical/biological payloads.13
Unresolved territorial disputes are sources of instability and potential military flashpoints, particularly in the South China Sea. In addition to Taiwan, projected resource
wealth near disputed territories has increased the stakes in competition for their control.
South China Sea sovereignty disputes are potential military flashpoints; skirmishing and
brinksmanship over control could escalate into armed conflict that involves U.S. allies
and partners.14 History suggests that other “spoiler” states could emerge to further upset
the status quo. From 1957 to 1966, an assertive Indonesia caused much consternation
among U.S. allies, especially Australia, until a coup brought in a new pro-Western government; the decade-long reign of Indonesia’s aggressive President Sukarno demonstrates that “spoilers” can dramatically effect perceptions of security among U.S. allies.

Extended Deterrence: Theory and Practice
The trends and scenarios described above could prompt South Korea (among other U.S.
key allies) to demand reinforced assurance of U.S. extended deterrence commitments,
particularly if North Korea continues provocations and testing. Extended deterrence
means “providing protection to an ally or security partner via comparable deterrent
threats—threats of punishment and/or threats of denial, also known as threats of opera-

11. Ibid., 22
12. Malcolm Moore, “North Korea Now ‘Fully Fledged Nuclear Power,” Telegraph (London), April 24, 2009, http://www.telegraph.co.uk/news/worldnews/asia/northkorea/5212630/
North-Korea-now-fully-fledged-nuclear-power.html.
13. See Nuclear Threat Initiative, Country Profile: North Korea, updated May 2012, http://
www.nti.org/country-profiles/north-korea/.
14. A recent example is the April 2012 China/Philippines dispute over the Scarborough
Shoal, where both countries claim sovereignty; see Agence France-Presse, “U.S. to Boost
Military Aid to Philippines,” Taipei Times, May 6, 2012, http://www.taipeitimes.com/News/
world/archives/2012/05/06/2003532138.
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tional defeat.”15 Credible extended deterrence postures must assure protected countries
and deter aggressors so they can “(1) resist intimidation and (2) refrain from seeking
[their] own nuclear capabilities.”16 As Keith Payne notes, assurance means “easing of
allies’ fears and sensitivities.”17 Michael Wheeler argues that security partners are most
influenced by “overall perceptions of America’s nuclear posture and of the political will
to maintain and use it if necessary.”18 The overall value of extended deterrence commitments is determined by the perceptions of protected countries, not just the capability and
willingness of their protectors.
Given this theoretical context, how does U.S. extended deterrence operate in practice? The process of maintaining credibility is fundamentally interactive—a give-andtake between the United States and protected allies. Maintaining treaty-bound commitments and an effective nuclear arsenal is not enough; other methods are implemented to
reinforce commitments to protected allies. These methods could include:

■■ Strengthening the overall relationship, to include enhancing economic interdependence, cultural connections, diplomatic interaction, and military-to-military cooperation;
■■ Reiterating, strengthening, clarifying and/or adding new commitments to official
statements;
■■ Conducting joint consultations, information exchanges, and assessments;
■■ Sharing planning responsibilities and/or operational control of weapons;
■■ Forward deploying conventional and nuclear forces; and
■■ Conducting joint exercises and operations.
The security environment helps determine the relative importance of each method.
During periods of crisis or uncertainty, key allies have sometimes questioned the credibility of U.S. commitments. Perceived vulnerability and a fear of U.S. abandonment has
sometimes led important allies to explore acquiring nuclear weapons, despite Nuclear
Non-Proliferation Treaty (NPT) commitments, U.S. opposition and pressure, and hostile domestic public opinion. Repeated and significant crises calling into question U.S.
commitments to Asia-Pacific allies occurred during two periods: first, during the period
surrounding the NPT negotiations, which included a Chinese nuclear test in 1964 and
the Nixon administration’s “Guam Doctrine” declaration in 1969; and second, from the
15. David Yost, “U.S. Extended Deterrence in NATO and North-East Asia,” in Perspectives
on Extended Deterrence, edited by Bruno Tertais (Paris: Fondation pour la Recherche Stratégique,
2010), 13–14.
16. Clark Murdock et al., Exploring the Nuclear Posture Implications of Extended
Deterrence and Assurance: Workshop Proceedings and Takeaways (Washington, D.C.: Center
for Strategic and International Studies, 2009), 2.
17. Keith Payne, “On Nuclear Deterrence and Assurance,” Strategic Studies Quarterly
(Spring 2009): 46.
18. Michael O. Wheeler, “The Changing Requirements of Assurance and Extended
Deterrence,” Paper P-4562 (Alexandria, Va.: Institute for Defense Analyses, 2010, 50.
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start of North Korean nuclear and missile testing from 1993 to the present day, which
includes North Korea breaking its Agreed Framework commitments. Also see box 1.

Box 1. Nuclear Weapons Exploration in South Korea
South Korea not only explored, but actually committed to a clandestine
nuclear weapons program on-and-off until 1979. Like Japan, South Korean
anxiety was generated by a “combination of perceived relative weakness
and fear of abandonment,” a process that “fostered a strong desire for
American reassurance in words and deeds.”1 Beginning in 1957, the United
States armed certain U.S. Forces Korea units with tactical nuclear weapons.
The circumstances surrounding the United States’ withdrawal from Vietnam
played a significant role in prompting Seoul to consider (and eventually begin)
a clandestine nuclear weapons program. Seoul questioned the United States’
willingness to enter another Asian land war after the Vietnam experience.
In 1969, the Nixon administration’s promulgation of the so-called Guam
Doctrine called for U.S. allies to take more responsibility for their defense,
further denting perceptions of U.S. credibility in some capitals. President
Nixon’s decision to withdraw an American division from South Korea without
consulting Seoul led South Korean president Park to call for a program of “self
reliant national defense.”2 In late 1973, President Park initiated a clandestine
nuclear weapons program—soliciting reprocessing plants and core designs
from France—as part of increasing self-reliance. Despite ratifying the NPT
in 1975, Seoul continued a nuclear “cat-and-mouse” game with American
intelligence until the late 1980s, and South Korea actually completed nuclear
fuel fabrication facilities.3
1. Richard Bush, The U.S. Policy of Extended Deterrence in East Asia: History, Current
Views, and Implications, Brookings Institution Arms Control Series Paper (Washington, D.C.:
Brookings Institution, 2011), 8.
2. Kang Choi and Joon-Sung Park, “South Korea: Fears of Abandonment and Entrapment,”
in The Long Shadow: Nuclear Weapons and Security in 21st Century Asia, edited by Muthiah
Alagappa (Stanford, Calif.: Stanford University Press, 2008), 391.
3. Choi and Park provide an overview of South Korea’s clandestine program; see Choi and
Park, “South Korea,” 374–379.
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The Relevance of Extended Nuclear Deterrence
While extended deterrence is vital, is its nuclear component still relevant in the AsiaPacific, or is the nuclear umbrella conceptually passé and, possibly, even an obstacle to
achieving U.S. nonproliferation and disarmament goals? Some analysts conclude that
U.S. nuclear commitments are hollow rhetorical promises and, thus, are not credible.19
In a crisis, some doubt that the United States will risk potential nuclear attack on its
homeland to defend allies with nuclear weapons. Indeed, during the Cold War many
questioned if the United States would really “trade Washington for Paris (or Berlin,
London, etc.)” and risk a Soviet nuclear attack on the homeland. Despite these persistent
concerns, South Korea has consistently and publicly noted the importance of U.S. extended nuclear deterrence and, in some cases, requested that the United States explicitly
highlight the nuclear umbrella.
In September 1991, the implementation of U.S. Presidential Nuclear Initiatives
removed deployed land- and sea-based tactical nuclear weapons—including the U.S.
Force Korea’s tactical arsenal on the Korean Peninsula. North Korea quickly violated the ROK-DPRK [North Korean] Denuclearization Declaration; neither the Agreed
Framework of 1994, multiple rounds of Six Party talks, nor sanctions have stopped
North Korea’s missile and nuclear program. South Korea has increasingly demanded
a reiteration of specific U.S. nuclear deterrence commitments. After North Korea’s first
nuclear test, the 2006 U.S.-ROK Security Consultative Meeting (SCM) communiqué
stated: “The United States reaffirms the firm commitment to the Republic of Korea, including continuation of the extended deterrence offered by the U.S. nuclear umbrella.”20
The specific commitment to U.S. “extended deterrence” using the “nuclear umbrella”
or “nuclear capabilities” has been repeated in all subsequent SCM communiqués. South
Korea reportedly insisted that the SCM statement “specifically reaffirmed extended deterrence with a nuclear dimension.”21 Reissued in 2011, the 2009 U.S.-ROK Joint Vision
Statement declared:
We will maintain a robust defense posture, backed by allied capabilities which
support both nations’ security interests. The continuing commitment of extended
deterrence, including the U.S. nuclear umbrella, reinforces this assurance.22
The inability to provide nuclear reassurance may push South Korea to pursue more
strategic independence and diminish U.S. influence in a region of tremendous impor19. See Jeffrey Lewis, “Extended Deterrence in Northeast Asia,” paper delivered to Nautilus Forum Policy Forum 10-054, November 2010, http://nautilus.org/napsnet/napsnet-policyforum/rethinking-extended-deterrence/#ii-article-by-jeffrey.
20. Joint Communique of the 38th ROK-U.S. Security Consultative Meeting Joint Communiqué, October 20, 2006, http://www.defense.gov/news/Oct2006/d20061020uskorea.pdf.
21. Richard Bush, The U.S. Policy of Extended Deterrence in East Asia: History, Current
Views, and Implications, Brookings Institution Arms Control Series Paper (Washington, D.C.:
Brookings Institution, 2011), 8.
22. Barack Obama and Lee Myung-bak, “Joint Vision for the Alliance of the United States
of America and the Republic of Korea,” June 16, 2009, http://www.cfr.org/proliferation/jointvision-alliance-united-states-america-republic-korea/p19643.
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tance. In a worst-case scenario, South Korea could pursue nuclear weapons acquisition
programs. South Korea has an extensive nuclear infrastructure—including over 20 functioning reactors—but no independent means for enrichment or reprocessing.23 Indigenous proliferation would undermine U.S. nonproliferation goals, introduce instability
into the region, and possibly cause arms races.

Addressing New Deterrence Requirements: Course of Action
and Evaluative Criteria
How can the United States bolster the credibility of its extended nuclear deterrent in
a way tailored to South Korea’s particular concerns? Any successful course of action
must meet three criteria: First, it must enhance South Korea’s perception of U.S. credibility. Second, it must be sustainable at reasonable financial cost.24 Third, it must receive
support from South Korea’s political and national security elites and public. Possible
courses of action include:

■■ Strengthening official statements;
■■ Deploying new conventional offensive forces and/or missile defenses to complement or substitute for nuclear forces;
■■ Enhancing deterrence posture committees;
■■ Instituting “dual key” sharing arrangements (e.g., the “NATO model”); and
■■ Forward deploying U.S. nuclear weapons.

Strengthening Official Statements
Official speeches, communiqués, agreements, and other statements publicly announce a
government’s intentions and commitments at the highest levels. Following the second
North Korea nuclear test, President Obama declared: “So long as these [nuclear] weapons exist, the United States will maintain a strong and effective nuclear deterrent that
guarantees the defense of our allies—including South Korea and Japan.”25 The 2009
“U.S.-ROK Joint Vision Statement” and repeated SCM communiqués reaffirmed U.S.
extended nuclear deterrence commitments to South Korea. The United States could continue to reiterate nuclear commitments in official statements and/or strengthen the language to clarify that the United States will respond to nuclear (and/or weapons of mass
destruction) attack on South Korea with nuclear weapons:
23. Nuclear Threat Initiative, “Country Profile: South Korea,” February 2012, http://www.
nti.org/country-profiles/south-korea/nuclear/.
24. Current projections suggest that the U.S. defense budget will be increasingly constrained
for at least the next decade. Therefore, this paper assumes that the pressure for defense budget
reductions means that the United States will probably need to enhance reassurance and credibility
in extended deterrence without committing to new and expensive weapons systems.
25. Remarks by President Barack Obama at Suntory Hall, Tokyo, November 14, 2009,
http://www.whitehouse.gov/the-press-office/remarks-president-barack-obama-suntory-hall.
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■■ Credibility: The public nature of official statements makes it difficult for the United States to back down without generating a “crisis of confidence” among all allies. Commitments at the highest levels of government send a clear signal of intent.
Conversely, official statements are ultimately words on paper and meaningless
without the willingness to carry out commitments. Some analysts argue that official statements should not provide confidence to protected allies. Jeffrey Lewis
argues that “there is no such thing as ‘the nuclear umbrella.’ The United States
does not have specific commitments to aid allies under nuclear attack; . . . nor
does the United States have any obligation to use nuclear weapons in a particular
circumstance.”26
■■ Cost: Relative to fielding and sustaining weapons systems and deploying forces,
the long-term financial costs of issuing and reiterating official statements are very
low.
■■ Elite and public opinion: Following North Korean nuclear testing, elites in South
Korea insisted upon reiterations of U.S. security guarantees, which specifically
mention nuclear capabilities. Seoul’s insistence suggests that elites generally associate importance to official statements regarding extended deterrence and, specifically, the nuclear umbrella.
■■ Evaluation: Official statements are relatively low cost and desired by South Korean elites. Given the forceful and explicit existing commitments already provided
to South Korea, however, it would be difficult to further strengthen the existing
language. Further tinkering and reiteration is unlikely to reassure Seoul.

Deploying Conventional Offensive Strategic Forces
The threshold for employing nuclear weapons use is higher than for conventional means
(and some conventional weapons can credibly hold at risk many nuclear targets). One
could argue that U.S. nuclear deterrent threats are not credible except in limited circumstances. To the extent that conventional can substitute for nuclear, deploying more capable conventional offensive retaliatory forces could presumably enhance the credibility
of extended deterrence. In other words, Seoul may desire the United States to shift the
“mix” of extended deterrent capabilities toward conventional strategic forces to complement (but not substitute for) U.S. nuclear weapons. If this posture is more reassuring to
Seoul, then the United States could modify existing strategic nuclear delivery vehicles
to carry conventional payloads (e.g., conventionally tipped Trident II SLBMs) or field
alternative types of conventional prompt global strike (CPGS) platforms:

■■ Credibility: As a complement to nuclear forces, conventional offensive strategic
forces increase the credibility of extended deterrence because allies perceive the
threshold for use is lower than for employing nuclear weapons. In a crisis, the
United States might hesitate to escalate to nuclear use. CPGS offer retaliatory
options against hidden and relocated targets at strategic distances, which could
26. Lewis, “Extended Deterrence.”
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enhance credibility, particularly in situations where A2/AD tactics prevent the
United States from employing regional assets or moving forces in-theater.27 Conversely, shifting the “mix” too far could damage credibility, if Seoul perceives that
nuclear retaliatory threats are hollow and aggressors believe they can escalate to
nuclear attacks without the United States responding in kind.

■■ Cost: The United States could bolster its conventional offensive strategic forces
in two ways: (1) modify existing assets for the extended conventional deterrence
mission and/or (2) develop new CPGS capabilities. In 2006, Congress eliminated
a DOD proposal to modify Trident D-5 SLBMs to carry conventional payloads.
DOD requested about $500 million over five years to modify 24 D-5s and develop assigned conventional warheads.28 Despite the elimination of Trident D-5
conversion, DOD continues to have a robust CPGS program. DOD’s fiscal year
2013 budget submission requests about $1.1 billion over five years for CPGS “design, development, and experimentation of boosters, payload, delivery, vehicles,
non–nuclear warheads, guidance systems, and mission planning and enabling
capabilities.”29
■■ Elite and public support: High-level national security statements demonstrate that
South Korean elites view nuclear weapons as a “vital” but not the “sole” component of extended deterrence. South Korea recently emphasized conventional weapons in its central deterrence strategy against North Korea, suggesting that elites
perceive utility in conventional weapons for deterrence. Days after Pyongyang’s
April 2012 missile test, Seoul publicly confirmed its Hyunmoo cruise missile deployment, a move “meant to send a message to the North, and its own people, as
tensions mount over fears the North will stage a third nuclear test.”30 South Korea
also wants to renegotiate a 2001 agreement with the United States that bans South
Korean development of missiles with ranges exceeding 300 kilometers. Recent
press reports indicate that the renegotiated agreement will permit South Korea’s
missiles to have ranges of at least 800 kilometers.31
■■ Evaluation: Conventional strategic strike could provide prompt, precise, and
powerful retaliatory options from out-of-theater and without escalating to nuclear
27. Amy Woolf notes that CPGS could fulfill the mission set in conflict scenarios where
“bombers may be too slow to arrive and too vulnerable to air defense systems, sea-based or airlaunched cruise missiles may also be too slow to arrive and of too short a range to reach remote
targets, and sea-based systems, with the exception of long-range ballistic missiles, may also be
too far away to reach priority targets.” See Amy Woolf, Conventional Warheads for Long-Range
Ballistic Missiles, Congressional Research Service Report RL 33067, January 2009, 20.
28. Ibid., 9.
29. Department of Defense FY2013 President’s Budget Submission: Research, Development,
Test & Evaluation, Defense-Wide, Volume 3, February 2012, 587.
30. Choe Sang-Hun, “South Korea Says It Has New Missile, New York Times, April 19,
2012,
http://www.nytimes.com/2012/04/20/world/asia/south-korea-confirms-deployment-ofcruise-missile.html.
31. Chung Min-uck, “S. Korea Missile Range to Increase, Korea Times, July 10, 2012,
http://www.koreatimes.co.kr/www/news/nation/2012/07/116_114861.html.
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use. The high cost associated with fielding more capable conventional strike systems—particularly CPGS—diminishes their attractiveness. Assuming continued
congressional opposition to conventional Trident, CPGS development costs at
least $1 billion (not including the costs of procurement and sustainment). In direct
response to North Korean missile and nuclear testing, Seoul’s pursuit of longerrange missiles demonstrates that elites believe in conventional deterrence at some
level. Yet South Korea might resist more U.S. emphasis on conventional extended
deterrence if China indicates that CPGS will undermine strategic stability.

Enhancing Missile Defense Cooperation
Missile defenses “deter-by-denial” through imposing costs on aggressors, complicating
attack planning, and limiting the damage of offensive strikes. Missile defenses help assure by offering options to defensively respond to attack beyond simply retaliating. Extensive system testing also gives South Korean assurance that these systems will actually
prove effective if employed. South Korea participates in U.S. missile defense exercises
and will deploy U.S. terminal-phase interceptor batteries by 2015.32 The United States
could increase cooperation through undertaking joint development projects, providing
upgrades to South Korea’s systems as requested, and better integrating launch detection
and missile tracking capabilities:

■■ Credibility: Missile defenses enhance the credibility of extended deterrence in
three fundamental ways. First, they deny aggressors the certainty of successful
strikes and, thus, dissuade attacks in the first place. Second, active defenses offer flexibility of response before (or in conjunction with) escalation to retaliatory
offensive strikes. Third, defenses demonstrate immunity to reprisal, thus rendering irrelevant uncomfortable questions about U.S. resolve to trade Washington for
Seoul.33
■■ Cost: Missile defenses are relatively expensive and the “cost-per-shot” disparity
between interceptors and adversary ballistic missiles will probably widen, particularly vis-à-vis hit-to-kill missile defenses. The costs of deploying sufficient interceptors to defeat salvo attacks are prohibitive; fielding “limited” defenses is also
relatively expensive. Incremental hardware/software upgrades for Aegis ballistic
missile defense systems on in-service U.S. warships cost about $45-55 million
per ship. The estimated procurement cost of Standard Missile-3 (SM-3) Block IB
and IIA are $12–15 million and $20–24 million per interceptor, respectively (not
including operations and maintenance costs).34 Clearly, developing and deploying
missile defenses is an expensive proposition.
32. “South Korean Troops Took Active Part in U.S. Missile Defense Drills,” Chosun Ilbo
(Seoul),April 30, 2012, http://english.chosun.com/site/data/html_dir/2012/04/30/2012043000826.
html.
33. Murdock et al., Exploring the Nuclear Posture Implications, 2.
34. Ronald O’Rourke, “Navy Aegis Ballistic Missile Defense System: Background and
Issues for Congress,” March 2012, 3 n4.
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■■ Elite and public opinion: South Korea deploys Patriot missile defense batteries
to defend population centers. Until recently, South Korea balked at cooperation
on advanced systems citing fears of upsetting China. Of particular importance,
the 2009 South Korean–U.S. SCM communiqué agreed to joint missile defense
cooperation, including arming Korean destroyers with SM-2 interceptors.35 More
recently, the United States reportedly agreed to help South Korea analyze its ballistic missile defense requirements,36 and to combine air defense and surveillance
systems on the Korean Peninsula.37 These commitments to long-term projects indicate that South Korean elites value credible missile defenses. Watanabe Takeshi
notes that South Korean public opinion largely drove South Korea’s hesitant defense elites into greater missile defense cooperation with the United States.38
■■ Evaluation: Enhanced U.S.–South Korean missile defense cooperation is increasingly popular among South Korean elites and publics, but hesitancy at undermining strategic stability vis-à-vis China remains an important obstacle to further
cooperation. Fielding and sustaining these systems, however, is relatively expensive and cannot provide more than a limited defense. Therefore, the United States
should continue to enhance its land- and sea-based missile defense cooperation
with South Korea to strengthen a vital component of extended deterrence posture.
While joint development of interceptors is expensive, other cooperative methods
are cheaper, including conducting threat and requirements assessments, sharing
information, and, potentially, access to existing U.S. systems that monitor North
Korea. Like conventional strike, shifting the extended deterrence mix of capabilities too far toward defensive capabilities will undermine the posture’s overall
credibility. Long-term missile defense cooperation is a necessary but not sufficient
condition for bolstering the credibility of extended deterrence commitments.

Enhancing Deterrence Posture Committees
Deterrence posture committees increase joint understanding, input, and coordination on
U.S. extended deterrence. South Korea perceives some reassurance value from the existence of institutionalized deterrence dialogues or committees. In 2010, the 42nd ROKU.S. SCM created the ROK-U.S. Extended Deterrence Policy Committee (EDPC) to
“improve the effectiveness and reliability of extended deterrence” but did not specify
the EDPC’s responsibilities.39 The 43rd SCM communiqué stated U.S.–South Korean
intentions to “further develop” the EDPC, endorsed the EDPC’s Multi-Year Work Plan,

35. Watanabe Takeshi, “The Impact U.S.–South Korea Missile Defense Cooperation Can
Have on Regional Security,” National Institute for Defense Studies, January 2010, 1–2.
36. “Seoul, Washington to Combine Missile Defense,” Chosun Ilbo, June 18, 2012.
37. “South Korea to Study Missile Defense Needs with U.S.,” Global Security Newswire,
April 18, 2011.
38. Takeshi, “Impact U.S.–South Korea Missile Defense Cooperation Can Have,” 2–4.
39. “Joint Communiqué of the 42rd U.S.-ROK Security Consultative Meeting,” October 8,
2010, http://www.defense.gov/news/d20101008usrok.pdf.
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and “decided to develop a tailored bilateral deterrence strategy.”40 The United States
could enhance the EDPC and, potentially, multilateralize deterrence policy committees
to include other key covered allies:

■■ Credibility: Deterrence posture committees can increase credibility through “enhancing transparency and expertise” and building trust among allies.41 These mechanisms help the United States tailor assurance strategies by helping determine each
ally’s unique security needs. As Clark Murdock and Jessica Yeats note, “meaningful consultations means knowing more than what an ally wants—it means knowing why they want it.”42 Deterrence posture committees are not helpful if they are
merely “talking shops” that resemble high-level deterrence seminars.
■■ Cost: The monetary costs associated with staffing deterrence posture committees
are relatively low compared with fielding and sustaining offensive and defensive
capabilities. Sustained dialogues will always be cheaper than building weapons
systems.
■■ Elite and public opinion: The EDPC demonstrates the desire of South Korean elites
to have some formal mechanism in place to discuss U.S. extended deterrence. To
the extent that such consultative mechanisms are considered part of “strengthening
the alliance,” public opinion seems largely supportive of such efforts.
■■ Evaluation: Deterrence posture committees are low-cost means of bolstering assurance through sustained, detailed dialogue and refined tailoring of extended deterrence posture to meet an ally’s requirements. The United States should enhance
the EDPC and, potentially, consider multilateral options to include other key AsiaPacific allies. The EDPC should cover areas such as allied concerns about both the
security environment and American commitments, joint threat assessments, explanations of posture changes, detailed reviews of U.S. capabilities, and planning for
U.S. responses to specific scenarios.

Implementing Nuclear-Sharing Arrangements
Dual-key arrangements offer protected countries much more participation and insight
into all aspects of posture planning, but they also require sharing the responsibilities
of sustaining credible day-to-day deterrence. Under the NATO “dual-key” model, the
Nuclear Planning Group (NPG) develops and makes collective decisions on NATO’s
nuclear policy, and a High-Level Group regularly meets on NATO’s nuclear issues.
NATO institutionalizes nuclear operations sharing through stationing dual-capable aircraft (DCA) and U.S. B-61 nuclear gravity bombs on the territory of five Allies—Belgium, Germany, Italy, Turkey, and the Netherlands. Without forward deploying nuclear
weapons, the United States could implement nuclear sharing by establishing a bilateral
40. “Joint Communiqué of the 43rd U.S.-ROK Security Consultative Meeting,” October
28, 2011, http://www.usfk.mil/usfk/Uploads/200/JointCommunique_28Oct2011.pdf.
41. Murdock et al., Exploring the Nuclear Posture Implications, 3.
42. Ibid.
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NPG-like posture planning committee with collective decisionmaking. In other words,
Seoul would be fully integrated into an NPG decisionmaking body, but the United States
would keep operational control and possession of all assigned nuclear forces:

■■ Credibility: “Dual-key” arrangements enhance credibility by “coupling” the security of the United States and covered allies, conveying the will to defend allies at
all costs, and forcing all to share the risks and burdens of security.
■■ Cost: The monetary costs associated with sustaining the dual key posture (e.g.,
maintaining the delivery systems and personnel necessary for the nuclear mission) are relatively high; these costs include training and maintaining personnel;
production, transportation, and storage of weapons; and procurement and sustainment of delivery systems. If the United States chose to retain sole control of existing forces assigned to extended nuclear deterrence, then the costs would decrease
substantially.
■■ Elite and public opinion: Given its support for EDPC, South Korea’s elite would
likely support an NPG-like structure because it offers the maximum amount of
transparency. In light of historical concerns regarding upholding strategic stability with China, the South Korean elite would probably hesitate to accept nuclear
deployments. The public, however, is much more enthusiastic about nuclear weapons. In 2011, almost 70 percent of South Koreans wanted nuclear weapons; 67 percent of South Koreans want the United States to redeploy tactical nuclear weapons
on the peninsula.43
■■ Evaluation: Nuclear sharing arrangements bolster credibility through creating a
common and jointly sustained deterrence culture that spreads the costs and responsibilities of sustainment and operations to other members (even if some are only
involved at the planning level).44 Such a system “implicates” participating allies in
nuclear deterrence along with the United States. The financial costs of this option,
however, are high, particularly compared with strengthening official statements
or institutionalizing effective deterrence posture committees. The South Korean
public favors a redeployment of U.S. tactical nuclear weapons (though a strong
minority opposes this policy).
The United States could conceivably pursue a limited (and much cheaper) sharing arrangement that excludes stationing nuclear weapons or delivery systems
in South Korea. In this scenario, South Korea would be like Spain or Canada in
NATO nuclear sharing—participating in the policy discussion, but not maintaining
weapons or delivery systems assigned to the NATO nuclear mission. This policy
would take the EDPC to its fullest level of cooperation. While this “bilateral NPG
option” would offer reassurance to South, the United States should probably avoid
43. “Majority of South Koreans Want Atomic Bombs,” Agence France-Presse, March 24,
2011, http://www.defencetalk.com/majority-of-south-koreans-want-atomic-bomb-33020/.
44. Yost, “U.S. Extended Deterrence,” 17–18.
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it because consensus-based decisionmaking allows participating allies vetoes over
extended deterrence posture.

Redeployment of U.S. Tactical Nuclear Weapons
The United States deployed hundreds of tactical nuclear weapons in South Korea beginning in 1958. Under the Presidential Nuclear Initiatives, the United States removed all
tactical nuclear weapons from the Korean Peninsula by December 1991. In February
2011, Obama administration weapons of mass destruction coordinator Gary Samore said
that the United States would probably favorably respond to a South Korean request for
redeployment; the White House promptly disavowed Samore’s comments—stressing
the U.S commitment to peninsular denuclearization.45 As passed by the House of Representatives, the fiscal year 2013 National Defense Authorization Act (NDAA) called
for redeploying tactical nuclear weapons to the Western Pacific.46 Forward deploying
U.S. nuclear weapons can reassure protected allies through its visible and in-theater
presence. Writing in the context of NATO nuclear sharing, the DOD Nuclear Weapons
Management Task Force report noted: “Much of the deterrent value of NATO’s DCA
deployment is derived from their in-theater presence, demonstrating and maintaining the
capability to employ them.”47 In other words, in-theater presence helps add credibility
to an extended deterrence posture. The U.S. extended nuclear deterrent is not visibly
forward deployed into the Asia-Pacific theater:48

■■ Credibility: Forward deployments seem to enhance credibility through their visibility, availability, and in-theater nature. They add to reassurance through serving as “important political and psychological symbols” and, thereby, “linking” or
“coupling” security.49
■■ Cost: Redeploying tactical weapons would be expensive, considering that costs
associated with production (or refurbishment) and transportation of weapons and
building the facilities for storing, securing, and handling the weapons. Forward deployment would also incur high sustainment costs for the weapons. For example,
the B-61 Life Extension Program will cost at least $4 billion.50
■■ Elite and public opinion: Conservative South Korean defense intellectuals, parliamentarians, and ministers sometimes call for U.S. redeployment, but South Korean
45. “White House Rejects Sending Tactical Nukes Back to South Korea,” Global Security
Newswire, March 1, 2011.
46. U.S. House of Representatives, H.R. 4310, National Defense Authorization Act for Fiscal Year 2013, 112th Congress, 2nd Session, 556–557.
47. “Report of the Secretary of Defense Task Force on DoD Nuclear Weapons Management:
Review of the DoD Nuclear Mission,” December 2008, 59.
48. B-2 and B-52 squadrons deploy on training rotations to Guam; while some U.S. SSBNs
patrol the Pacific, these assets are invisible to allies.
49. Murdock et al., Exploring the Nuclear Posture Implications, 31.
50. U.S. Nuclear Modernization Program, “Arms Control Association Fact Sheet,” March
2012, http://www.armscontrol.org/factsheets/USNuclearModernization.
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national policy has consistently maintained the denuclearization commitment. In
response to the above-mentioned fiscal year 2013 NDAA provision, South Korea
denied any planning or need for redeployment. The public is much more favorable
to the notion of both indigenous development and redeployment, with solid majority backing.51 Of particular importance, a fierce minority opposes any nuclear
weapons and would likely launch major protests in the event of redeployment.

■■ Evaluation: Forward deployment enhances credibility through symbolic and psychological reassurance that is qualitatively different from conventional capabilities and more tangible than strategic nuclear forces invisible to ally and adversary.
The cost of regenerating the necessary facilities and sustaining weapons/delivery systems and supporting personnel units to secure, handle, and employ tactical
weapons would probably be tens of billions of dollars. Despite persistent public
majorities in favor of nuclear weapons, the subject of redeployment is taboo among
the South Korean elite. Unless the security situation dramatically deteriorates, the
United States should pursue lower-cost means of reassurance before considering
redeployment.

Recommendations
Enhancing the deterrence policy committees is the best option to enhance reassurance
at reasonable cost and with South Korea’s elite and public support. In June 2012, the
U.S.–South Korean “2+2” meeting (foreign and defense ministers) communiqué stated:
“Ministers expect the EDPC to continue its current efforts for developing a practical
and tailored bilateral extended deterrence policy.”52 The Korea-U.S. Integrated Defense
Dialogue (KIDD) encompasses the EDPC and other strategic bilateral fora. While the inaugural KIDD meeting was held in late February 2012, the EDPC has already met three
times since it was established in 2010. The success of the EDPC depends on its ability
to build trust between the United States and South Korea and to translate increased
confidence into practical cooperative steps. Therefore, discussions should avoid highlevel and general deterrence, focusing instead on specific South Korean concerns, and
produce joint coordination on threat assessments, requirements generation, operational
planning, and exercises to simulate responses to numerous contingencies. Discussions
should similarly avoid undue focus on nuclear deterrence and also include deterrence in
the cyber and space domains. And it is particularly important that KIDD/EDPC continues beyond the proposed transfer of the Combined Forces Command operational control
to South Korea in 2015.

51. “Majority of South Koreans Want Atomic Bombs.”
52. “Joint Statement of the 2012 United States–Republic of Korea Foreign and Defense
Ministers’ Meeting,” June 14, 2012, http://www.state.gov/r/pa/prs/ps/2012/06/192333.htm.
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Taiwan’s Nuclear Conundrum

Combining the Models of Nuclear Decisionmaking
Emily Cura Saunders1

What are the driving factors behind whether a state develops a nuclear weapon
or not? Several models have been proposed, including norms, domestic issues,
and security threats. This paper proposes a fourth model: that of confidence in the
United States’ extended nuclear deterrent. These models can also be combined in
order to better explain a state’s decisionmaking process. The paper looks at these
decisionmaking models in light of Taiwan, proposing a combination of how these
models interacted during Taiwan’s reported exploration of fuel cycle technology.
Both President Barack Obama and Secretary of State Hillary Clinton have recently made
claims that it would behoove the United States to refocus its foreign policy agenda on the
Asia-Pacific region. This “Pacific pivot,” as it has been deemed in political circles, will
begin by solidifying America’s relationships with its allies in the region and continuing
to assert itself economically and militarily on the Asia-Pacific stage.
There is little doubt that important issues will come to the fore as the United States
makes this pivot. One of the main issues will be stemming the tide of a potential nuclear
arms race in the region. Both China and North Korea possess nuclear weapons, and
South Korea, Japan, and Australia are covered under the so-called nuclear umbrella of
the United States. This umbrella does not guarantee that any of those states will not “go
nuclear,” but it does provide U.S. allies with a commitment that there should be no need
to develop independent nuclear deterrents. For decades, the United States’ nuclear umbrella has served as a nonproliferation tool for its allies in East Asia.
While South Korea, Japan, and Australia have clear-cut and transparent security
guarantees from the United States, Taiwan does not. For the past 30 years, the United
States has more or less maintained a posture of “strategic ambiguity” when it comes to
Taiwan relations. Given that Taiwan has a rich history in terms of security decisionmaking models, why does Taiwan stay a nonnuclear state in such a tough neighborhood?
1. Emily Cura Saunders is a PhD student in political science at Claremont Graduate
University’s School of Politics and Economics where she studies public policy and comparative
politics. She is a graduate research assistant at Los Alamos National Laboratory in the National
Security Office. She holds a master of public policy from Claremont Graduate University, a
master of theological studies from Harvard University and a bachelor of art in religious studies
from the College of the Holy Cross.
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What makes a state like Taiwan choose a nuclear path in the first place? Is there anything
U.S. policymakers can do to prevent this choice?
This paper begins by examining some of the generic decisionmaking models for
nuclear proliferation. These existing frameworks attempt to address the question of why
states proliferate, looking at issues of security threats, perceived norms, and the domestic political landscape. The paper then proposes a new model of extended nuclear deterrence as a tool for state nuclear decisionmaking. After proposing a hypothesis of how
these models are likely interconnected, and not mutually exclusive, the paper tests the
model in light of Taiwan’s nuclear ambitions.

The Existing Framework
There has been much speculation about why states do or do not develop nuclear weapons. In his article “Why Do States Build Nuclear Weapons? Three Models in Search of
a Bomb,” Scott Sagan identifies three models: international security, domestic politics,
and norms.2 While Sagan offers policy implications for the United States, here I extend
his theory to include U.S. security guarantees as a model, rather than a policy tool to be
used within his existing models. While other scholars—such as Etel Solingen, Natasha
E. Bajema, and Jacques E. C. Hymans—have also speculated about various models of
state decisionmaking, they leave out the effect that the United States’ security guarantees
can have on a country’s nuclear decisionmaking process. Often, U.S. extended deterrence is seen as a result of the models and a way to deter states from proliferating, rather
than a model at play when a state is deciding whether to proliferate nuclear weapons.
To begin, it is important to briefly explain the three existing models. The security
model is heavily laced with realist international relations theory. Sagan explains that
according to this theory, “states exist in an anarchical international system and must
therefore rely on self-help to protect their sovereignty and national security.”3 This fits
relatively well into the idea that if a state possesses nuclear weapons, a rival state will
proliferate to balance its adversary and develop its own independent deterrent. It is a
fairly intuitive notion that if a state feels threatened, it will try to balance that threat by
developing nuclear weapons.
The idea of extended nuclear deterrence, whereby a nuclear state brings another
state under its “nuclear umbrella,” is a concept that is not well explained by realist theory. That being said, and as Sagan rightly notes, it is not as if a country that wishes to
possess a nuclear weapon could just do so; there are of course budgetary constraints,
research shortcomings, and international treaty agreements to consider.
As Sagan claims, “from a realist’s perspective, nuclear restraint is caused by the absence of the fundamental military threats that produce positive proliferation decisions.”4
He goes on to explain that a way to counter the security problem is for the United States
2. Scott Sagan, “Why Do States Build Nuclear Weapons? Three Models in Search of a
Bomb,” International Security Vol. 21, No. 3. (Winter 1996-1997), 54-86
3. Ibid., 57.
4. Ibid., 61.
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to maintain nuclear commitments.5 Using this as a policy implication is reasonable, but
it should be extended into a model of its own, as this paper demonstrates.
Natasha Bajema explains how “the deficiencies of the security model for explaining
the dynamics of nuclear proliferation . . . arise primarily from the neglect of domestic-level variables in neorealist theory.”6 This brings us to the second explanation of
why states proliferate: the domestic politics model. As Solingen explains, “identifying
core models of political survival underlying the domestic politics of nuclear aspirants
provides a systematic tool, portable worldwide, with premises backed by important
evidence.”7 Sagan claims that “whether or not the acquisition of nuclear weapons serves
the national interests of a state, it is likely to serve the parochial bureaucratic or political
interests of at least some individual actors within the state.”8 The model, as proposed by
Sagan and Solingen, seeks to examine the domestic factors of nuclear decisionmaking.
As one can imagine, this is a large tent, and it is necessary to examine several domestic
variables—such as regime type, regime transitions, economic standing, and status of
markets (open or closed). Both scholars also recognize that these issues are intertwined
with regional and global issues.
The last model this paper examines before proposing a new model is the norms
model. This model “focuses on norms concerning weapons acquisition, seeing nuclear
decisions as serving important symbolic functions—both shaping and reflecting states’
identity.”9 Sagan draws upon sociology to question whether nuclear weapons could be
seen as similar to a flag or a national airline, something that is a part of “what modern
states believe they have to possess to be legitimate, modern states.”10 Sagan does not
neglect the political science literature, however, noting “that such symbols are often
contested and that the resulting norms are spread by power and coercion, and not by
the strength of ideas alone.”11 In terms of norms, one can point to the attempted abolition of chemical and biological weapons; in fact, the widely accepted norm is such that
said weapons are unacceptable for a state to possess, making the norm the lack of such
weapons.
While all these models make mention of the United States’ nuclear posture as a driver in a state’s decisionmaking, none explain that the posture itself could be a stand-alone
model. In the 2010 Nuclear Posture Review, the Obama administration solidified the
United States’ posture, explaining that it will continue security guarantees with allies:

5. Ibid., 60.
6. Natasha Bajema, “Beyond the Security Model,” in Forecasting Nuclear Proliferation
in the 21st Century, ed. William C. Potter et al. (Stanford: Stanford University Press, 2010), 61.
7. Etel Solingen, “Domestic Models of Political Survival: Why Some Do and Others Don’t
(Proliferate),” in Forecasting Nuclear Proliferation in the 21st Century, ed. William C. Potter et
al. (Stanford: Stanford University Press, 2010), 42.
8. Sagan, “Why Do States Build the Bomb,” 63.
9. Ibid., 73.
10. Ibid., 74.
11. Ibid., 76.
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Such security relationships are critical not only in deterring potential threats, but
can also serve our non-proliferation goals—by demonstrating to neighboring states
that their pursuit of nuclear weapons will only undermine their goal of achieving
military or political advantages, and by reassuring non-nuclear U.S. allies and partners that their security interests can be protected without their own nuclear deterrent
capabilities.12
This security policy insinuates that a way to keep states from proliferating is to assuage their threat perception with the extension of a security guarantee from the United
States. While the United States cannot control the norms, domestic issues, or security
threats that a country faces, it does have control over its security guarantees, and it could
use these guarantees to assist in nonproliferation efforts and to influence a state’s decisionmaking process.
Perhaps it is worth taking this one step further and looking at extended deterrence
as a model itself. There are several cases where a state under the nuclear umbrella has
considered developing an independent deterrent when it has felt that the U.S. commitment has waned. For example, both South Korea and Japan had reactionary responses
to the Nixon Doctrine with regard to their homegrown nuclear capability. While neither
country pulled the nuclear trigger, both have had serious concerns over the U.S. commitment in the past and both have considered an independent nuclear option as a result.
Using a U.S. extended deterrence commitment as a state decisionmaking tool is a
worthwhile exercise, and likely another piece of the decisionmaking criteria that states
use. This is especially pertinent given that the United States is toying with the idea of
using security guarantees to help stem a potential nuclear arms race in the Middle East.
Looking at the past proliferation activities of and the level of confidence in the United
States’ extended deterrent commitment to any given state could shine some light on
whether the variables are connected.
That being said, these models are not mutually exclusive, and, as Sagan points out
in his conclusion, “some of the policy recommendations derived from the models are
quite compatible: for example, many of the diplomatic tools suggested by the domestic
politics model, which attempts to reduce the power of individual parochial interests
in favor of nuclear weapons, would not interfere with simultaneous efforts to address
states’ security concerns.”13 As can be seen in figure 1, each of these models could lead
to the development of a nuclear capability, but each of them could also add to another
model to lead to a weapons program, and thus the norms model could inform the security
model and so on and so forth; they are not mutually exclusive, and in fact they probably
work together in tandem on some level.
Another way to look at figure 1 would be to think about the models in terms of
the relative weights of the various decisionmaking criteria. For some countries, perhaps security is the most important, and that could be reflected in the size of the circle.
12. Department of Defense, Nuclear Posture Review (Washington, D.C.: Department of
Defense, April 2010), 31.
13. Ibid., 86.
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Figure 2 demonstrates a spatial way of looking at
these models. This model would reflect a country for
which norms were not a major factor in the decisionmaking process, and for which domestic politics
played a slightly more important role. This figure insinuates that security played a relatively large role in
the decisionmaking process, but the biggest factor
was confidence in the United States’ extended deterrent. This is a simple figure, but it can be helpful
when thinking through state nuclear decisionmaking
models. The second section of this paper examines
Taiwan’s nuclear conundrum in light of these models. It seeks to answer what was Taiwan’s nuclear
decisionmaking model in the 1960s, and again in the
1980s.

Figure 1. Models of Nuclear
Decisionmaking

Figure 2. A Spatial Way of Looking at Models of
Nuclear Decisionmaking

History
Before delving into the models of nuclear decisionmaking for Taiwan, it is useful to
briefly explore some security history. After World War II, China found itself in the midst
of a civil war and Mao Zedong’s Communist Party took over, forcing General Chiang
Kai-shek to retreat to Taiwan. This retreat set in motion a 30-year dispute over who
holds legitimate power in China. The United States was initially conflicted over which
side to support, Mao’s People’s Republic of China (PRC) or Chiang’s Republic of China
(ROC); after the PRC sided with North Korea in the Korean War, the United States
aligned itself with the ROC. In 1954, the United States and Taiwan signed a mutual
defense treaty, not unlike the treaties signed with South Korea and Japan. This alliance
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lasted almost 30 years, until the United States, under President Nixon, normalized relations with Mao’s Communist Party and recognized the PRC.
President Nixon’s trip to China in 1972 was the beginning of the end of official U.S.
relations with Taiwan, and culminated in 1979 when President Carter severed diplomatic
ties with Taiwan. Congress then passed the 1979 Taiwan Relations Act (TRA), which
ambiguously provided a legal basis for unofficial relations between the two countries.
This also marked the beginning of the U.S. Congress’s hand in guiding United States–
Taiwan relations, a point that should not be overlooked, and will be a variable later in
this paper upon examining the U.S. posture toward Taiwan.
While this serves as a brief overview of the diplomatic history of Taiwan, there is
also a nuclear history, which deserves attention. In 1956, like much of the world, Taiwan
opened a research reactor. Nuclear energy at the time was the new frontier, so it was not
particularly alarming that reactors were being built and developed all over the world.
That being said, what does set off alarm bells is when such reactors are placed in the
hands of the military rather than civilian energy companies. In Taiwan, nuclear research
was under the military, and thus was cause for concern when in 1967, the Ministry of
Defense reportedly published a $140 million proposal to develop nuclear weapons.14
Throughout the 1970s, Taiwan skated the line between civilian and military programs,
having the two operate side by side, leaving the international community guessing as to
the intentions of their research.
The International Atomic Energy (IAEA) and the U.S. government were integral in
helping to stop these research ambitions. After the discovery of potentially questionable
behavior in terms of its research reactor, and with pressure from the United States, Taiwan “agreed to convert the reactor to a new core that used both low-enriched uranium
oxide and natural uranium fuel assemblies.”15 The United States also insisted that the
spent fuel be shipped to the United States.16 The IAEA also was instrumental in curbing
the Taiwanese program. One of its major contributions was that of increasing transparency. It took several steps to encourage a more open program, including “installing
additional cameras as the Taiwan research reactor (TRR), examining plutonium-laden
irradiated fuel from the TRR, and carefully verifying Taiwan’s declarations.”17
This history, though brief, serves as a foundation for the following section, which
looks at the Taiwan nuclear program in light of the aforementioned models, and considers whether the United States’ commitment could have been a driver in the country’s
nuclear decisionmaking.

14. David Albright and Corey Gay, “Taiwan: Nuclear Nightmare Averted,” Bulletin of the
Atomic Scientists (January/February 1998): 55.
15. Ibid., 59.
16. Ibid., 59.
17. Albright and Gay, “Taiwan’s Former Nuclear Bomb Program Revealed,” Institute for
Science and International Security (December 19, 1997).
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Applying the Models
In light of this history, it is important to examine which model, if any, Taiwanese decisionmaking fits. This could be a useful tool as the nonproliferation regime tries to regain
traction and sustain a world with only limited nuclear states.

Taiwan and the Security Model
There is little doubt that Taiwan continues to face major security threats, as it has
throughout its history. The ROC began with a civil war between the mainland Chiang’s
people and the army, and thus they fled to Taiwan. The threat did not stop then, however.
Taiwan has had a long history of feeling threatened by the PRC. There have been several
scuffles over the Taiwan Strait, and much of the PRC’s military advancement is seen as
a threat to Taiwan.
While the PRC has been advancing militarily for some time, no advancement could
rival the shock of the 1964 nuclear weapons test. As a reaction to the test, in 1967, the
Ministry of Defense in Taiwan “floated a $140-million proposal for developing nuclear
weapons.”18 There is a clear correlation between mainland China’s nuclear ambitions
and Taiwan’s nuclear research response.
More recently, Taiwan has used nuclear rhetoric in response to a perceived threat
from the PRC. In 1995, the PRC test-fired several missiles near Taiwan. This was reported as “an unwelcome sign of increasing Chinese belligerence in a region that hopes
to avoid conflict with Beijing.”19 Shortly after these missiles were fired, “President Lee
Teng-Hui told the national assembly: ‘We should restudy the question [of nuclear weapons] from a long-term point of view.’”20 This rhetoric is often withdrawn days after
comments like this, but nevertheless, there is the idea that a Taiwanese nuclear deterrent
could be seen as useful by some within the government as a counter to the PRC’s aggression. There is much evidence that Taiwan’s nuclear decisionmaking fits the security
model.

Taiwan and the Domestic Model
Taiwan became a democratic state in 1996. According to the domestic model, this has
the potential to be a significant event with regard to nuclear decisionmaking. Solingen
explains that moves to reverse a nuclear program can entail “a domestic evolution toward internationalization.”21 If a state wants to become a player on the international
stage, it may likely see a nuclear program as a hindrance rather than a way to obtain
credibility. She goes on to state that “only leaders and ruling coalitions advancing their
political survival through export-led industrialization undertook effective commitments
to denuclearize.”22 Theoretically, Taiwan would want to become an export industrial
18.
19.
1995
20.
21.
22.

Albright, “Taiwan,” 55.
Michael Richardson, “Chinese Missile Seen as Intimidation,” New York Times, July 21,
Albright, “Taiwan,” 54.
Solingen, “Domestic Models,” 42.
Ibid., 43.
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state, for once a country sheds the chains of autocracy, it will most likely want to advance economically. The fact is, in a democratic society, leaders cannot survive without
economic advancement, lest they be unelectable.
Sagan points out that in the domestic model, some actors within the state would
likely benefit from the development of a nuclear weapons program, and this appears
to have been the case in Taiwan. There is much speculation that Chiang’s son, Chiang
Ching-kuo, who would later become premier upon the death of his father, was, along
with other high-ranking government officials, a major driver in the nascent days of Taiwan’s nuclear research.23
Solingen is quick to point out that these issues do not exist in a vacuum—of course,
there are regional concerns and concerns regarding a country’s progress in its nuclear
program. That said, a clandestine nuclear program is less likely to get traction in a democracy. There is too much inherent transparency to undertake such a large and expensive program without constituents, political adversaries, and the media finding out about
it. It is a reasonable assumption that Taiwan’s democratization today makes a clandestine
nuclear program likely untenable; however, at the time of its proliferation activity, there
were certain domestic actors pushing the program through in an autocratic society.

Taiwan and the Norms Model
The norms model is perhaps the most interesting of the models in this case, due to Taiwan’s ambiguous status on the international stage. There was a 30-year period of ambiguity over who actually controlled China, and during this period, the Chinese Nationalist
Party, the Kuomintang (KMT) under Chiang signed international treaties. At this time,
the KMT was seen as the legitimate party in China. In fact, it was the KMT that signed
the Nuclear Non-Proliferation Treaty, which is widely considered the norm of nonproliferation in the international arena; thus Taiwan was actually adhering to the norms of
nonproliferation.
According to Sagan, the norms model means that states’ decisionmaking is partly
based on the idea that nuclear weapons legitimize a state. If there were ever a state that
needed to prove its legitimacy, it would be Taiwan, especially after the international
community recognized the PRC as the legitimate sovereign in 1971. But there is little
evidence that legitimacy drove Taiwanese research.

Taiwan and the Confidence Model
Taiwan and the United States have a rich history of contradictory feelings of assurance
and abandonment. As was noted above in the historical analysis, the United States was
squarely on the side of Taiwan until the split in the 1970s. This split led to feelings of
abandonment, but even before the official severing of ties, Taiwan had such feelings that
contributed to the spurring of its nuclear program. In 1964, China tested its first nuclear
weapon, posing an extreme threat to Taiwan. As tensions in the Taiwan Strait rose, “the
absence of U.S. military action to neutralize the Chinese nuclear arsenal, combined with
23. Albright, “Taiwan,” 58.
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America’s preoccupation with Vietnam, spurred the Taiwanese defense ministry . . . to
propose an effort to develop a secret Taiwanese nuclear arsenal.”24 By the 1970s, President Nixon’s trip to and subsequent recognition of China were seen as undermining the
previous commitments to Taiwan, “thereby strengthening internal arguments for an independent nuclear capability.”25
The confidence issue is still very much salient today. As has been the case since the
TRA was passed, the U.S. Congress has a major hand in the Taiwan issue. This is unique
in that, when it comes to other states under the U.S. nuclear umbrella, it is usually the
executive branch that deals with such foreign policy issues. The TRA was passed in such
a way that it is veto-proof, in order to solidify the concept that presidents would have the
power to sell arms to Taiwan. The U.S. Congress has voted time and time again to make
sure Taiwan is well-armed. This is significant because, should a U.S. president falter on
this commitment, Taiwan could appeal to the U.S. Congress, and through it, an entire
constituency of support. According to the confidence model, this should theoretically
assure Taiwan enough to deter an independent nuclear program.

Taiwan and the Collective Model
Based on the above information, it is reasonable to assert that the collective decisionmaking model for Taiwan could look like figure 3. Norms seem to have played the smallest role in its decisionmaking. While, according to the norms model, nuclear weapons
could legitimize a state, there is very little evidence that this was a driver in Taiwan’s
decisionmaking. Domestic issues did play a role in Taiwanese decisionmaking, as there
were several high-ranking officials who were interested in nuclear advancement. Today, however, it is likely that the international community will have to wait to see how
domestic issues affect current decisionmaking, but from the past, it is clear that Taiwan
reversed its program before it became democratic; therefore, it can be assumed that democratization does play a role in this case. Taiwan’s current state as a strong democracy
could make it unlikely that it would develop a clandestine program, but that does not rule
out the idea of an open program, should threats become imminent enough.
That brings us to our third decisionmaking criteria, the security model. With the
PRC nuclear test, Taiwan clearly felt the threat. It is clear from Taiwanese rhetoric and
actions that threats from the mainland were a major driver in Taiwan’s decisionmaking
process, most likely the heaviest weighted piece of their decisionmaking puzzle. Taiwan
also faces major perceived security threats today. In fact, in June of 2012, the Taipei
Times cited a report that China could have as many as 1,800 nuclear warheads, as opposed to the 300 it was previously believed to have had.26 The security model was very
much salient in the 1970s and 1980s, and it remains so at this very moment, which leads
to our last model, the confidence model. Taiwan has reacted to feelings of abandonment
24. Rebecca Hersman and Robert Peters, “Nuclear U-Turns,” Nonproliferation Review 13,
no. 3 (November, 2006): 543.
25. Ibid., 544.
26. William Lowther, “China is ‘Severe’ Nuclear Threat to Taiwan: Expert,” Taipei Times,
June 30, 2012.
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Figure 3. The Collective Decisionmaking Model
for Taiwan

in the past by attempting to develop
an independent nuclear deterrent; it
is not unreasonable that if Taiwan
felt abandoned again, it could continue with its hedge. The confidence
model for Taiwan is today and was
in the 1970s and 1980s very important. A research extension to this
theoretical hypothesis would be to
look at these issues quantitatively. A
project that could be pursued further
would be to delve deeper into proliferation activities and code them to
explore more firmly the correlation
and connection to the decisionmaking models that have been outlined.

Conclusion
The decisionmaking models described above are all interconnected, and none are mutually exclusive. Just because a state does not see nuclear weapons as normalizing does
not mean that it will not succumb to domestic pressure, external threats, or feelings of
abandonment by whomever is providing it extended deterrent. This model is also not
just applicable to Taiwan. One could easily use subject matter experts to game this out
with other states. In a time when various policy makers are making claims about extending the U.S. deterrent to the Middle East, applying this model to those countries may be
a worthwhile exercise. By trying to think about decisionmaking factors, policymakers
can know and understand how much weight each model holds and plan accordingly. If
there were a state for which confidence issues played little role, how could the United
States encourage certain domestic policies toward nonproliferation? Or how could the
international community reinforce the notion that nuclear weapons do not make a state
legitimate? Or how could it mitigate regional security threats?
These models are also ever changing. When a country democratizes and liberalizes
its economy, it most likely will change its domestic model of nuclear decisionmaking;
when a neighbor gains nuclear weapons, it will most likely increase its security bubble;
and so on and so forth. Thinking through these issues can be helpful with regard to how
the international community can continue to stem the tide of nuclear proliferation and
for understanding the drivers behind a given state’s nuclear decisionmaking process.
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A Proliferation Cascade in the Middle East?
Iran’s Nuclear Program, the Middle Eastern Nuclear
Renaissance, Fukushima, and Implications for
Nonproliferation
David Vielhaber1

A nuclear domino scenario of accelerated proliferation of nuclear arms in the
Middle East has been a widely predicted, yet mostly theoretical, potential consequence of Iran’s continuing pursuit of at least a nuclear weapons option. Proponents of this theory have pointed toward the increased, though mostly rhetorical,
interest of Middle Eastern countries in civilian nuclear energy, describing this
behavior as “hedging” (i.e., the establishment of a latent nuclear capability that
could be transformed into a weapons capability in the future). This paper explores
the plausibility of such a scenario in the context of heightened concerns over
nuclear safety triggered by the Fukushima nuclear crisis, focusing on how Fukushima has affected plans for civilian nuclear energy expansion in the Middle East,
and using those findings to reexamine the Iranian nuclear program’s purported
role as the primary motivational factor for such plans. In doing so, this paper
pays particular attention to three countries commonly suspected of “hedging”
against a nuclear Iran: Saudi Arabia, Turkey, and Egypt. Findings do not support worst-case assessments of an impending proliferation cascade in the Middle
East. While Fukushima has had a limited impact on nuclear power programs in
the Middle East, it does not appear to have affected nuclear decisionmaking in
these three countries. However, given their scope and pace of implementation, it
is arguably implausible to consider these nascent nuclear programs as part of a
hedging strategy. There is also some evidence that Fukushima may complicate
the attempted future implementation of hedging strategies by leading to higher
construction costs and rising public opposition to nuclear power.
Conventional wisdom holds that if Iran was to acquire a nuclear weapon at some unspecified point in the future, and particularly if Tehran was to declare this capability
with a spectacular demonstration such a nuclear weapons test, then a race for the bomb,
involving an unknown but significant number of actors, would surely commence im1. David Vielhaber is a research associate with the National Consortium for the Study of
Terrorism and Responses to Terrorism at the University of Maryland.
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mediately. Various terms have been used to describe this phenomenon of rapid reactive
proliferation, including proliferation cascade, domino, or avalanche. In fact, this race
for the bomb might already be under way. Proponents of this notion have argued that
the upsurge in interest of Middle Eastern countries in civilian nuclear power, sometimes
called the “Middle Eastern nuclear renaissance,” is not motivated by the benefits of
generating electricity but rather by the more sinister objective of developing expertise in
nuclear technology that could be exploited for a future nuclear weapons program.2 This
strategy is known as nuclear hedging. Theories of proliferation cascades and hedging
strategies have become the target of criticism for their alleged inaccuracy. The technology of nuclear power has become the target of criticism for its alleged insecurity in the
aftermath of the Fukushima nuclear crisis in Japan in March 2011.
This paper is an attempt to explore if and to what extent Fukushima has affected the
motivation and ability of countries in the Middle East to develop civilian nuclear infrastructure. Has the Fukushima crisis affected nuclear decisionmaking in the Middle East?
If so, what does this reveal about the validity of the much-cited claim that countries in
the region seek nuclear power as a security hedge against Iran? Or has Fukushima complicated the development of nuclear power by increasing construction costs and public
opposition, making hedging strategies more difficult to implement? If the hedging narrative holds true, no fundamental changes in nuclear decisionmaking could be expected.
After all, the underlying security imperative has not decreased, but rather increased as
Iran keeps developing its fuel-cycle capabilities.
The paper starts by gauging the interest of countries in the Middle East in civilian
nuclear power before the outbreak of the nuclear crisis in Fukushima in March 2011.
This is followed by an examination of the hedging narrative, taking into account both its
advocates and its critics. The paper then turns to a detailed analysis of the pre-Fukushima nuclear plans of the three actors that are commonly identified as the most likely to
acquire nuclear weapons if Iran does so: Saudi Arabia, Turkey, and Egypt. The next section examines different projections about the Fukushima effect on the future of civilian
nuclear power. Finally, the paper analyzes Fukushima’s actual impact on nuclear decisionmaking in the Middle East, contrasts this impact with other factors, such as political
unrest and economic considerations in the region, and scrutinizes the post-Fukushima
developments in Saudi Arabia, Turkey, and Egypt. The paper concludes that the crisis in
Japan has had a very limited impact on nuclear decisionmaking in the region. The primary hedging candidates are moving ahead with their programs, at least for now. However,
the pace at which these programs are being implemented still casts considerable doubt
on the validity of the hedging narrative. Fukushima may still have a long-term impact
on the feasibility of nuclear hedging by increasing public opposition to nuclear power.
Evidence of such trends can be observed in both Egypt and Turkey.

2. It might be noted here that the term “renaissance” is inaccurate because there is no
existing civilian nuclear energy infrastructure that could be revived.
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A Nuclear Renaissance in the Middle East?
Since 2006, there has been a remarkable upsurge in interest in civilian nuclear power in
the Middle East. Between February 2006 and January 2007 alone, 13 Middle Eastern
countries announced their intention to pursue or at least explore civilian nuclear energy.3
Altogether, 18 out of 24 countries in the region had nuclear energy aspirations by the
time of the outbreak of the Fukushima nuclear crisis in March 2011.4 However, the degree of interest varied widely. In some cases (e.g., Sudan, Yemen, and Qatar), such aspirations consisted of not much more than the initial avowal of interest, some exploratory
activities and negotiations with foreign suppliers, and the announcement of vague target
dates for the first operational plant that in most cases will almost certainly be missed.
Others (e.g., Algeria and Morocco) began the establishment of regulatory frameworks
for a future program and commissioned feasibility studies.
The increased interest in nuclear power throughout the region also led to a flood
of memorandums of understanding and cooperation agreements signed with potential
suppliers. However, the nuclear industry is renowned for the stark gap between rhetoric
and reality, and the signing of cooperation agreements and the announcements of target
dates are notoriously unreliable indicators for the seriousness of the effort. More likely
than not, many if not most of the announced projects would never have seen the light of
day. Nevertheless, some countries made a serious push for nuclear energy. The United
Arab Emirates had concrete plans for the construction of four reactors, selected a South
Korean consortium to implement the plans, and had established the necessary regulatory
framework. Turkey had designated sites for the construction of two plants with a total
of eight units, signed a contract with Russia for the construction of the first one, and had
plans to construct more plants. Jordan made a serious effort as well. Amman had plans
for a total of six reactors, designated a site for the first plant, and short-listed three foreign reactor vendors. Saudi Arabia had announced ambitious plans to construct dozens
of reactors but had only taken modest steps toward implementation. Egypt had passed
a national nuclear law in 2010, announced plans to construct four plants by 2025, and
designated a site for the first one.
On the surface, this leaves a large number of countries that could be seeking nuclear
power as a security hedge against Iran. However, few concerns have been raised about
the United Arab Emirates seeking nuclear energy for a future weapons program. Abu
Dhabi surrendered its right to acquire enrichment and reprocessing technologies, rati3. Mark Fitzpatrick, ed., Nuclear Programmes in the Middle East: In the Shadow of Iran
(London: International Institute for Strategic Studies, 2008), 7. This number refers to new programs, and thus excludes Iran. Countries include Algeria, Bahrain, Egypt, Jordan, Kuwait, Libya,
Morocco, Oman, Qatar, Saudi Arabia, Tunisia, the United Arab Emirates, and Yemen. For more
information on nuclear energy in the Middle East, see Charles Ebinger et al., Models for Aspirant
Civil Nuclear Energy Nations in the Middle East (Washington, D.C.: Brookings Institution Press,
2011).
4. The scope of the Middle East for this paper is based on the definition used by the IAEA
plus Turkey. Countries with declared interest in nuclear power until March 2011 include Algeria,
Bahrain, Egypt, Iraq, Israel, Jordan, Kuwait, Libya, Morocco, Oman, Qatar, Saudi Arabia, Sudan,
Syria, Tunisia, Turkey, the United Arab Emirates, and Yemen.
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fied the Comprehensive Nuclear Test Ban Treaty (CTBT), and concluded an Additional
Protocol (AP) with the International Atomic Energy Agency (IAEA). While Jordan’s
refusal to rule out enrichment and reprocessing raised some eyebrows, few commentators could imagine Amman attempting to acquire nuclear weapons. Jordan ratified the
CTBT and concluded an AP with the IAEA. Likewise, the modest nuclear aspirations of
the small Gulf nations of Qatar and Kuwait caused little alarm despite the fact that both
countries have had an antagonistic relationship with Tehran for decades. However, three
other countries—Egypt, Saudi Arabia, and Turkey—have appeared in the top spots of
every observer’s list of reactive proliferators. The nuclear ambitions of these countries
were thus invoked as evidence for the much-cited narrative of nuclear hedging in the
Middle East.

The Hedging Narrative
Scholars and pundits have written a vast literature on the topic of nuclear hedging (i.e.,
a country’s development of civilian nuclear infrastructure to create the foundation for a
potential future nuclear weapons program). The hedging narrative has become the most
popular explanation for the increased interest of Middle Eastern countries in civilian
nuclear power and is commonly invoked in the context of making the case for a potential
avalanche of nuclear weapons proliferation that could hit the region.5 The notion that
proliferation begets proliferation, a concept coined by scholar Scott Sagan, provides the
theoretical foundation for this narrative.6 In this view, states seek nuclear weapons to balance the security threat posed by a rival’s superior conventional or nuclear capabilities,
become security threats to other states in the process, and thus inevitably create conditions for further proliferation. In the Middle East, Iran’s nuclear program would be the
spark to start such a chain reaction. Saudi Arabia would seek nuclear weapons to counter
Iran, prompting Turkey and Egypt to follow suit. A 2007 study by the International Institute for Strategic Studies put it this way: “What they [countries in the Middle East] want
is the human and technical infrastructure associated with nuclear-energy programmes in
order to provide a counterbalance to Iran, both laying the ground for a possible future
security hedge and bestowing national prestige in the context of historic rivalries.”7 The
5. Bob Graham et al., World at Risk: The Report of the Commission on the Prevention of
Weapons of Mass Destruction Proliferation and Terrorism (New York: Vintage Books, 2008);
“A More Secure World: Our Shared Responsibility, Report of the Secretary General’s High
Level Panel on Threats, Challenges and Change (New York: United Nations, 2004); Anthony H.
Cordesman and Adam C. Seitz, Iranian Weapons of Mass Destruction: The Birth of a Regional
Nuclear Arms Race? (Washington, D.C.: Center for Strategic and International Studies, 2009),
315f; Dieter Bednarz and Erich Follath, “We Are Moving Rapidly towards an Abyss,” Interview
with Mohamed ElBaradei, Der Spiegel, September 3, 2007, http://www.spiegel.de/international/
world/spiegel-interview-with-mohamed-elbaradei-we-are-moving-rapidly-towards-anabyss-a-503841.html; Jack Caravelli, Beyond Sand and Oil (Santa Barbara, Calif.: Praeger
Security International, 2011), 152–166.
6. Scott D. Sagan, “Why Do States Build Nuclear Weapons?” International Security 21, no.
3 (Winter 1996–1997): 54–86.
7. Fitzpatrick, Nuclear Programmes, 9.
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scholar Jack Caravelli expressed similar sentiments: “Some Muslims nations almost certainly see commercial nuclear development, because of the dual use nature of the technology, in their nations as providing, inter alia, a hedge against a future nuclear armed
Iran.”8 However, hedging does not equal acquisition. A broad selection of domestic and
international factors influences states’ nuclear decisionmaking, and hedging does not,
as frequently implied, necessarily equal a political decision to obtain nuclear weapons.
While some observers have therefore only raised the possibility that an Iranian bomb
could cause further proliferation, others have described this as certain, sometimes describing the consequences in apocalyptic terms of widespread proliferation and instability in the Middle East and possibly even beyond.9
Others have criticized this narrative as overtly pessimistic, simplistic, ignorant of
historical facts, and out of touch with reality. One critic is the scholar John Mueller,
who referred to the forecasting of worst-case proliferation scenarios as “cascadology”
and called its advocates “cascadologists”: “Not only has proliferation progressed at a
far more leisurely pace than generations of alarmists have routinely and urgently anticipated, but the diffusion that has actually transpired has proven to have had remarkably
limited, perhaps even imperceptible, consequences.”10 There is indeed little empirical
evidence to substantiate claims of an impending proliferation avalanche in the Middle
East. Analysts concerned about such a scenario have thus invoked the hedging narrative;
pointing to the actual or expected spread of nuclear technology throughout the Middle
East as “evidence” that rapid proliferation would transpire if Iran acquired the bomb.
However, such reasoning might be more indicative of a “grasping at straws” mentality
than unbiased factual analysis. The scholar Jacques Hymans put it this way: “Therefore,
any shred of evidence that a country is interested in nuclear technology is taken as proof
positive that the country is building a ‘nuclear weapons capability,’ after which point it
will be only a matter of time before it builds nuclear ‘weapons.’”11

Saudi Arabia
Saudi Arabia is widely believed to be the most likely candidate to acquire nuclear weapons if Iran did so. Riyadh has sent unambiguous signals to encourage speculations to
this end. The British Guardian reported in 2003 that Riyadh had embarked on a strategic
review that considered the acquisition of nuclear weapons as a deterrent.12 In June 2011,
former Saudi intelligence chief and member of the royal family Prince Turki al-Faisal reportedly stated that Saudi Arabia would be compelled to acquire nuclear weapons if Iran
8. Caravelli, Beyond Sand, 153.
9. For a worst-case assessment, see, e.g., Ari Shavit, “The Bomb and the Bomber,
International Herald Tribune, March 22, 2012.
10. John Mueller, Atomic Obsession: Nuclear Alarmism from Hiroshima to Al-Qaeda (New
York: Oxford University Press, 2010), 95.
11. Jacques E. C. Hymsnd, The Psychology of Nuclear Proliferation: Identity, Emotions,
and Foreign Policy (New York: Cambridge University Press, 2006), 209.
12. Ewen MacAskill and Ian Traynor, “Saudis Consider Nuclear Bomb,” The Guardian,
September 18, 2003, http://www.guardian.co.uk/world/2003/sep/18/nuclear.saudiarabia.
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did so.13 He made similar remarks at a security conference in Riyadh six months later.14 In
February 2012, the Times of London reported that it had learned that Saudi Arabia would
immediately launch a twin-track nuclear weapons program if Iran successfully tested a
nuclear device. Riyadh would purchase an assembled weapon from abroad, most likely
from Pakistan, to gain an immediate deterrent vis-à-vis Iran. Simultaneously, Saudi Arabia would upgrade its civilian nuclear program to include a military dimension.15 In May
2012, a former senior U.S. diplomat reportedly said that King Abdullah of Saudi Arabia
had explicitly stated in a meeting that Riyadh would obtain nuclear weapons if Iran did
so.16 However, the credibility of such statements has been questioned. On the one hand,
Riyadh has the necessary resources to launch and sustain a nuclear weapons program
and also possesses an arsenal of Chinese CSS-2 missiles that, for lack of accuracy, have
little utility except when equipped with a nuclear warhead. Furthermore, Saudi Arabia
has neither signed the CTBT, nor has it concluded an AP with the IAEA. On the other
hand, Riyadh’s lack of experience with nuclear technology has led some to believe that
such announcements are not much more than controlled leaks aimed at exerting pressure
on the West to prevent Iran from getting the bomb.
Saudi Arabia has partnered with the Gulf Cooperation Council to explore the development of civilian nuclear power in the Gulf region since 2006. In 2009, Riyadh expressed interest in an independent nuclear program, citing the country’s rapidly increasing demand for electricity as justification. Until March 2011, Riyadh had only taken
modest steps to advance this agenda. The Saudi government had established the King
Abdullah City for Nuclear and Renewable Energy to implement the program and contracted with a consulting firm to conduct a feasibility study. Saudi Arabia’s complete
lack of nuclear infrastructure means that Riyadh would have to rely heavily on foreign
partners. It therefore signed cooperation agreements with the United States (2008) and
France (2011).

Turkey
Turkey is the second candidate suspected of seeking civilian nuclear power as a security hedge against Iran. Ankara has justified its civilian nuclear energy plans with
Turkey’s rising demand for electricity over the next decades. While Ankara has a less
openly antagonistic relationship with Tehran than Riyadh, Turkey’s concerns over Iran’s
nuclear program are fueled by Ankara’s fears of losing ground to Tehran in its quest for
13. Jason Burke, “Riyadh Will Build Nuclear Weapons If Iran Gets Them, Saudi Prince
Warns,” The Guardian, June 29, 2011, http://www.guardian.co.uk/world/2011/jun/29/saudibuild-nuclear-weapons-iran.
14. Associated Press, “Prince Hints Saudi Arabia May Join Nuclear Arms Race,” New York
Times, December 6, 2011, http://www.nytimes.com/2011/12/07/world/middleeast/saudi-arabiamay-seek-nuclear-weapons-prince-says.html.
15. Hugh Tomlinson, “Saudi Arabia to Acquire Nuclear Weapons to Counter Iran,” The
Times, February 11, 2012, http://www.theaustralian.com.au/news/world/saudi-arabia-to-acquirenuclear-weapons-to-counter-iran/story-fnb64oi6-1226268171576.
16. Chemi Shalves, “Dennis Ross: Saudi King Vowed to Obtain Nuclear Bomb after Iran,”
Haaretz, May 30, 2012, http://www.haaretz.com/news/diplomacy-defense/dennis-ross-saudiking-vowed-to-obtain-nuclear-bomb-after-iran-1.433294.
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regional hegemony and concerns about regional instability that could have an impact
on Turkey’s economic development. Turkey has attempted to play the role as mediator
between the West and Iran, has defended Tehran’s right to enrich uranium, has helped
broker an ultimately unsuccessful “fuel swap” deal, voted against United Nations Security Council Resolution 1929 (2010)—which imposed additional sanctions on Iran—and
has refrained from issuing semiofficial announcements regarding possible nuclear weapons aspirations.17 In the Turkish case, “confirmation” of a possible interest in nuclear
weapons has been mostly confined to reports of closed-door meetings, during which
Turkish officials have allegedly acknowledged that their country’s nuclear power plans
are at least partly motivated by concerns over Iran.18 In this context, Turkey’s refusal to
forsake its right to enrichment and reprocessing technologies has been portrayed as an
additional “indicator” of a possible future weapons program. However, Turkey’s NATO
membership and the deployment of U.S. tactical nuclear weapons at the Incirlik Air
Base are strong disincentives for an independent nuclear capability. Also, Turkey has
excellent nonproliferation credentials. Ankara ratified the CTBT as an Annex II state and
concluded an AP with the IAEA.
Turkey has been attempting to develop a civilian nuclear program since 1970. However, planning and financing issues prevented the program from making much progress
until Ankara reinvigorated its push for nuclear power in the mid-2000s.19 After further
delays and a troubled tender process, Turkey reached an agreement with a state-owned
Russian company, Atomstroyexport, for the construction of four units at Akkuyu, located
on the country’s Mediterranean coast. Construction is scheduled to begin in 2013, with
the first unit expected to go online in 2018. Although Turkey possesses some nuclear
infrastructure, including two research reactors and several research institutions, Ankara
will have to rely on foreign partners in its quest for nuclear power. Turkey has concluded
cooperation agreements with the United States (2008) and with South Korea (2010).

Egypt
Egypt, the third candidate suspected of seeking civilian nuclear power as a security
hedge, has been in a state of constant political turmoil since the overthrow of the Hosni
Mubarak government in January 2011. Before the revolution, ambiguous statements
made by Egyptian officials fueled suspicions about Cairo’s intentions and reinforced the
notion that Egypt was seeking nuclear energy as a security hedge. For instance, then–
Egyptian ambassador to the United Nations, Maged Abdel Aziz, said in an interview in
June 2010: “But if others will acquire nuclear weapons—and if others are going to use
these nuclear weapons to acquire status in the region of the Middle East—let me tell
17. For an overview of Turkish nuclear policies, see The Turkish Model for Transition
to Nuclear Energy, edited by Sinan Ülgen (Istanbul: Center for Economics and Foreign Policy
Studies, 2011).
18. Bradley Bowman, Chain Reaction: Avoiding a Nuclear Arms Race in the Middle East,
Report to the Committee on Foreign Relations (Washington, D.C.: U.S. Congress, 2008).
19. For a more detailed account of Turkey’s nuclear energy plans, see “Nuclear Power in
Turkey,” World Nuclear Association, http://www.world-nuclear.org/info/inf128-nuclear_power_
in_turkey.html.
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you, we are not going to accept to be second-class citizens in the region of the Middle
East.”20 Six months later, in December 2010, a leaked U.S. diplomatic cable quoted
Mubarak telling U.S. officials in 2009 “that Egypt might be forced to begin its own
nuclear weapons program if Iran succeeds in those efforts.”21 Such statements leave
room for interpretation. On the one hand, they could be an attempt to not only convey
Cairo’s grave concerns over an Iranian bomb to the United States but also to increase
pressure on Israel to come clean about its nuclear capabilities and join regional efforts
to establish a zone free of weapons of mass destruction. On the other hand, they could
indicate genuine deliberations among Egyptian elites about the perceived necessity to
acquire nuclear weapons. Egypt has explored the possibility of obtaining nuclear weapons in the past and has always ranked high on the list of potential proliferators. Cairo’s
refusal to sign the CTBT or to conclude an AP with the IAEA, along with irregularities in
its declarations to the IAEA as part of its comprehensive safeguards agreement regarding unreported activities relating to uranium conversion and reprocessing experiments in
2005, have fueled lingering suspicions about Egypt’s nuclear intentions.22
Egypt has been exploring civilian nuclear energy with varying degrees of interest since the mid-1970s. However, a lack of financing and Egypt’s questionable stance
on proliferation have hampered the development of a civilian nuclear program. The
Mubarak government revived Cairo’s interest in nuclear power in the mid-2000s, citing the country’s increasing demand for electricity, and announced plans to construct
the first reactor within 10 years. In 2010, Cairo expanded the plans to four reactors by
2025.23 The Mubarak government had made some progress in advancing its plans, including signing a cooperation agreement with Russia (2008), contracting an Australian
energy services providers for site and selection studies, requesting assistance from the
Korea International Cooperation Agency to train Egyptian engineers, and designating a
site called El Dabaa on the Mediterranean coast in Northern Egypt as the location for the
first plant. However, Cairo had not yet selected a foreign vendor to construct the plant,
and it seems questionable if it would have been able to secure financing for the project.24
Although Egypt possesses a fairly advanced nuclear infrastructure, at least by Middle
Eastern standards, including two research reactors and various other facilities related to
20. Elaine M. Grossman, “Egypt Plays Key Nonproliferation Role, but Keeps Nuclear
Options Open,” Global Security Newswire, June 10, 2010, http://www.nti.org/gsn/article/egyptplays-key-nonproliferation-role-but-keeps-nuclear-options-open.
21. Alexander Dziadosz and Marwa Awad, “Egypt Says May Seek Atomic Arms If Iran
Does: Leaks,” Reuters Africa, 2 December 2010, http://af.reuters.com/article/topNews/idAFJOE
6B10FR20101202?pageNumber=1&virtualBrandChannel=0.
22. For the IAEA report on the investigation of possible Egyptian compliance issues, see
International Atomic Energy Agency, Implementation of the NPT Safeguards Agreement in the
Arab Republic of Egypt: Report by the Director General (Vienna: IAEA, 2005).
23. Agence France-Presse, “Egypt to Have Four Nuclear Reactors by 2025,” Egypt
Independent, March 10, 2010, http://www.egyptindependent.com/news/egypt-have-4-nuclearreactors-2025.
24. “Egypt Bank to Help Fund Nuclear Power Plans: Paper,” Reuters Africa, April 6, 2010,
http://af.reuters.com/article/investingNews/idAFJOE6350BV20100406.
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the nuclear fuel cycle, Cairo would need to rely on foreign partners for the plant’s construction and initial operation.

The Fukushima Effect
The narrative of a global nuclear renaissance was a matter of contention even before the
outbreak of the crisis in Fukushima. Advocates pointed not only to the rapid expansion
of nuclear power in Asia and the widespread interest in nuclear energy throughout the
Middle East but also to planned new-build projects and life-cycle extension programs
in established nuclear energy countries in Europe and North America. Opponents countered that this narrative was more fiction than fact, arguing that most nuclear new-build
projects never made it past the planning stage. Not surprisingly, the skeptics saw Fukushima as another nail in the coffin of a dying industry. For instance, the 2011 edition of
the annual, antinuclear World Nuclear Industry Status Report asserted: “If there was no
obvious sign that the international nuclear industry could eventually turn empirically
evident downward trend into a promising future, the Fukushima disaster is likely to
accelerate the decline.”25 Some countries’ reaction to Fukushima supported this view.
Germany suspended its entire reactor fleet, shut down 8 of 17 units permanently, and
passed a law to phase out nuclear power completely by 2022. Voters in Italy rejected
nuclear power in a national referendum. However, as time passed, it became clear that
the effect of the Fukushima crisis on the future of nuclear energy was much more ambiguous. On the one hand, although a few countries decided to phase out nuclear energy,
shelved plans to expand nuclear energy, or abandoned plans to possibly pursue nuclear
energy, most countries continued their programs. On the other hand, Fukushima might
still have a long-term adverse effect on civilian nuclear power by raising construction
costs for new plants due to strengthened safety criteria and increasing public opposition
to nuclear power to a point where nuclear new-build projects would be politically costly
or unfeasible. A February 2012 study by the MIT Center for Energy and Environmental
Research came to a more balanced assessment: “We are surprised that public acceptance has not been shaken more by the accident at Fukushima and, if further lessons
learned from Fukushima do not increase the political backlash, the same factors that
influenced the future trajectory of nuclear generation pre-Fukushima are likely to continue to dominate.”26 According to the supporters of the hedging narrative, Iran’s nuclear
program was the most important of these pre-Fukushima factors.

Fukushima and Nuclear Hedging in the Middle East
On the surface, interest in nuclear energy in the Middle East has declined since the
Fukushima crisis. Bahrain, Israel, and Kuwait scrapped their plans for nuclear power.
25. M. Schneider, A. Frogatt, and S. Thomas, World Nuclear Industry Status Report 2010–
2011 (Washington, D.C.: Worldwatch Institute, 2011), 8.
26. Paul L. Joskow and John E. Parsons, “The Future of Nuclear Power After Fukushima,”
MIT Center for Energy and Environmental Policy Research, February 2012, 25, http://web.mit.
edu/ceepr/www/publications/workingpapers/2012-001.pdf.
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The efforts of a number of other countries, including Tunisia and Syria, have stalled.
This alone does not allow for the conclusion that Fukushima was the sole dissuasive
factor that caused countries to either scrap their plans or not pursue them with much
urgency. Did Fukushima fundamentally alter the perceptions of key decisionmakers regarding nuclear energy, or was it just the last straw that broke the camel’s back? Does
the ongoing political turmoil in the region, which has resulted in the formation of new
governments and changing alliances and power structures, offer a more convincing explanation? Did governments come to the conclusion that the financial and environmental
burdens of nuclear power are too high? Or did they move ahead regardless because the
perceived threat posed by Iran’s nuclear program was the primary consideration from
the beginning? Before examining the effect of Fukushima on the three primary hedging candidates (Egypt, Saudi Arabia, and Turkey), it is useful to first consider nuclearrelated developments in other countries in the region. Similarities and differences in
nuclear decisionmaking between the “hedgers” and “nonhedgers” could provide clues if
the hedging narrative holds true.
Judging by statements made by political decisionmakers, the abandonment of nuclear power by Bahrain, Israel, and Kuwait was a direct consequence of the events in
Japan. In March 2011, Israeli prime minister Netanyahu stated that his country probably
would not pursue nuclear energy in the coming years, citing the Fukushima crisis as the
reason.27 In July 2011, Kuwaiti deputy prime minister and foreign minister Mohamad
Al-Sabah declared that Kuwait was no longer interested in nuclear power.28 In February
2012, Bahrain’s energy minister, Abdulhussain Mirza, announced that his country had
abandoned plans to adopt nuclear power as an alternative energy source.29 In the case of
Israel, it appears doubtful that it would have advanced its plans with much enthusiasm
due to the discovery of major natural gas deposits off the country’s northern coast in November 2010.30 As for Kuwait, there seems to be a more direct connection. The Kuwaiti
government has repeatedly voiced concerns about the safety of Iran’s Bushehr plant, a
major radiation release at which could potentially have a substantial impact on several
Gulf States.31 The Fukushima crisis seems to have amplified such concerns considerably,
27. Israel, widely believed to possess a sizable arsenal of nuclear weapons, would of course
not be suspected to hedge against Iran with civilian nuclear energy. It is included here to show
how factors other than Fukushima can affect nuclear decisionmaking. Zafrir Rinat and Barak
Ravid, “Netanyahu: Israel ‘Rethinking’ Nuclear Power Plant in Negev,” Haaretz, March 18,
2011, http://www.haaretz.com/print-edition/news/netanyahu-israel-rethinking-nuclear-powerplant-in-negev-1.349895.
28. “Kuwait No Longer Interested in Pursuing Nuclear Energy,” Kuwait Times, July 12,
2011, http://www.kuwaittimes.net/read_news.php?newsid=NzI3MzU0ODM5OQ; “Kuwait
Abandons Nuclear Power Option,” UPI, February 23, 2012, http://www.upi.com/Business_News/
Energy-Resources/2012/02/23/Kuwait-abandons-nuclear-power-option/UPI-63001330021334.
29. “Bahrain Scraps Nuclear Power Plan,” Trade Arabia, February 21, 2012, http://www.
tradearabia.com/news/ogn_212979.html.
30. Ethan Bronner, “Gas Field Confirmed Off Coast of Israel,” New York Times, December
30, 2010, http://www.nytimes.com/2010/12/31/world/middleeast/31leviathan.html.
31. Agence France-Presse, “Kuwait Concerned Over Iran’s Bushehr Nuclear Plant,” Arab
Times, August 24, 2010, http://www.arabtimesonline.com/NewsDetails/tabid/96/smid/414/Arti256 | NUCLEAR SCHOLARS INITIATIVE

contributing to the decision not to pursue nuclear power further.32 In the case of Bahrain,
concerns over financing and ongoing unrest in the country seem to have been much more
decisive factors than Fukushima. The political turmoil in the region also explains why
countries such as Tunisia, Yemen, and Syria have not advanced their nuclear aspirations.
Tunisia is in the middle of a transition process to a new government after the overthrow
of the Ben Ali regime, the al-Assad regime in Syria is on the brink of collapse in the
wake of the civil war raging in the country, and Yemen is battling regional autonomy
militias and Al-Qaeda militants to prevent the disintegration of the country. Jordan’s
nuclear future also appears doubtful, albeit Amman remains committed. Concerns over
financing and escalating costs, a parliamentary vote to suspend the program in May
2012, growing public opposition and doubts about the accuracy of government estimates
of the country’s uranium reserves have cast a shadow on Jordan’s nuclear future.33 At
the very least, it is likely that Amman will not be able to start the construction of its first
plant as scheduled in 2013. The nuclear plans of the United Arab Emirates have been
largely unaffected by Fukushima. Despite a safety review and assurances that the mistakes made in Japan would not be repeated in the Emirates, public skepticism remains
high. However, this has not swayed Abu Dhabi’s commitment to move ahead. In July
2012, construction commenced at the Barakah site.
Fukushima has caused a substantial increase in public opposition to nuclear power
in countries presumed to have nuclear aspirations for others reasons than as a security
hedge. In some countries (e.g., Jordan), this has led to the emergence of antinuclear
movements not unlike other such civil society pressure groups that have had a considerable influence on nuclear decisionmaking in several European countries. However,
with the exception of Kuwait, political unrest in the region and financing concerns are far
more plausible explanations for the fading enthusiasm for nuclear power. Nevertheless,
the hedging narrative suggests that the nuclear power plans of Saudi Arabia, Turkey, and
Egypt could be expected to have remained largely unaffected by such considerations.
There is a strong case to be made that Fukushima had no discernable adverse impact
on Riyadh’s nuclear energy plans. In fact, preparatory activities seem to have accelerated,
and there is little evidence of a public protest movement. In June 2011, Saudi Arabia announced plans to construct 16 units by 2030, and three months later it hired an Australian
energy services provider to select potential sites and compare foreign vendors interested in
constructing the plants.34 Riyadh also concluded three more cooperation agreements with
cleID/158727/reftab/149/t/Kuwait-concerned-over-Iran-s-Bushehr-nuclear-plant--/Default.aspx.
32. Ben Garcia, “’An Unimaginable Nuclear Scenario’ Possible in Kuwait,” Kuwait Times,
October 19, 2011, http://kuwaittimes.net/read_news.php?newsid=NzA4MjU1NTk3MA==.
33. DPA, “Jordanian Parliament Votes to Suspend Nuclear Power Program,” Haaretz, May
30, 2012, http://www.haaretz.com/news/middle-east/jordanian-parliament-votes-to-suspendnuclear-power-program-1.433417; Ala’ Alrababah and Ghazi Jarrar, “A Closer Look at Jordan’s
Nuclear Energy Plans,” Arms Control and Regional Security for the Middle East, http://www.
middleeast-armscontrol.com/2012/06/18/a-closer-look-at-jordans-nuclear-energy-plans.
34. For a more detailed account of Saudi Arabia’s nuclear energy plans, see “Nuclear
Power in Saudi Arabia,” World Nuclear Association, http://www.world-nuclear.org/info/nuclear_
power_in_saudi_arabia.html.
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Argentina (2011), with South Korea (2011), and with China (2012). On the surface, Saudi
Arabia’s intensified efforts to develop nuclear power after Fukushima buttress the hedging
narrative. Also, the political turmoil in Middle East has left Riyadh feeling more insecure
than ever. However, as of July 2012 the Kingdom’s plans still lack concreteness, and it
appears doubtful that Riyadh has made the final decision to go ahead. At the very least,
the construction of 16 units by 2030, with the first two to be completed by 2021, seems
ambitious if not unrealistic. Given this apparent lack of urgency, it might arguably seem
implausible to describe Saudi Arabia’s nuclear behavior as hedging. However, if Riyadh in
fact has the option of acquiring nuclear weapons from Pakistan on short notice, the pace of
implementation might not necessarily be indicative of the Kingdom’s intentions.
Turkish officials have stated repeatedly that Fukushima would not affect Ankara’s
nuclear energy plans. Preparations to begin construction at Akkuyu continue, as do talks
with foreign partners for the Sinop plant. Turkey also signed two more cooperation agreements with Japan (2012) and China (2012). Ankara appears set to go ahead, albeit the
scope of the program will almost certainly be smaller than announcements by the Turkish
government indicate. Turkey’s minister of energy, Taner Yildiz, said in June 2012 that Turkey would have twenty-three units by 2023, a plan that seems highly ambitious.35 While
Fukushima does not appear to have influenced political decisionmaking, events in Japan
have reinforced antinuclear sentiments in an already skeptical populace. Turkey has seen
the rise of an activist antinuclear movement that could cause trouble for Ankara’s plans in
the future. As of July 2012, given Turkey’s nonproliferation credentials, the determined but
not rushed development of its civilian nuclear plans, and the heavy reliance on foreign vendors, it is hard to make a case that Ankara is pursuing a strategy of nuclear hedging against
Iran. However, the outbreak of the civil war in Syria has led to a marked deterioration in
Turkish–Iranian relations.36 Tehran has been particularly incensed by Ankara’s decision to
host an early-warning radar on its territory as part of NATO’s missile shield, prompting
half-concealed threats that Iran would bomb the installation if attacked.37
Because Egypt’s political future remains uncertain as of July 2012, an assessment of
Egyptian nuclear weapons aspirations, possible hedging strategies, and the impact of Fukushima must be regarded as preliminary. Representatives from the Egyptian Atomic Energy Authority (EAEA), a subsidiary of the Ministry of Electricity, stated that there was no
technical reason for the crisis in Japan to affect Egypt’s plans.38 Although Egypt officially
suspended its program in 2011, support in the bureaucracy for nuclear power appears to
35. “Turkey to Have 23 Nuclear Units, Minister Says,” Hurriyet Daily News, June 6, 2012,
http://www.hurriyetdailynews.com/turkey-to-have-23-nuclear-units-minister-says.aspx?pageID
=238&nID=22486&NewsCatID=348.
36. F. Stephen Larrabee, “The Turkish-Iranian Alliance That Wasn’t,” Foreign Policy, July
11, 2010, http://www.foreignaffairs.com/articles/137773/f-stephen-larrabee/the-turkish-iranianalliance-that-wasn’t.
37. “Iran: Threat to Strike NATO Radar in Turkey Not Official Policy,” Haaretz, December
14, 2011, http://www.haaretz.com/news/middle-east/iran-threat-to-strike-nato-radar-in-turkeynot-official-policy-1.401391.
38. K. Steiner-Dicks, “Egypt: Fukushima Events Not to Affect our Nuclear Plans,” Nuclear
Energy Insider, March 17, 2011, http://analysis.nuclearenergyinsider.com/operations-maintenance/egypt-fukushima-events-not-affect-our-nuclear-plans.
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remain strong. The EAEA has continued with preparatory activities, including drafting an
action plan for implementation that the authority was reportedly preparing to submit for
political approval in July 2012.39 However, the uncertainty regarding Egypt’s future power
structures makes it seem questionable if Egypt would be able to implement a program even
if a political decision to do so was taken. The political instability in the country and the
ascendance of the Islamist Muslim Brotherhood (MB) would likely deter foreign investors
from becoming involved in long-term, hugely expensive energy infrastructure projects.
Fukushima has further complicated the potential implementation of a nuclear program by
contributing to the emergence of a nationwide activist movement against nuclear power.40
In one incident in January 2012, violent protests broke out at El Dabaa, the site designated
for Egypt’s first nuclear power plant. The demonstrators, who rallied against forced resettlements and the demolition of houses by government forces to clear the construction
site, demanded the termination or relocation of the project.41 The clashes reportedly also
involved the theft of low-level radioactive sources from a laboratory at the site.42
At the time of writing, it is hard to make a case for ongoing nuclear hedging in
Egypt. Fukushima has complicated the pursuit of such a strategy in the future. However,
developments in post-Mubarak Egypt are hard to predict. If the Supreme Council of
the Armed Forces can maintain its position as the country’s ultimate power base, Egypt
could likely be expected to proceed with caution and restraint on the nuclear issue. If,
however, the Islamist MB becomes the strongest faction in the new Egypt, the equation could change. Before the revolution, MB’s leaders repeatedly called openly for an
Egyptian nuclear deterrent against Israel.43 Although MB’s leaders have recently tuned
down their rhetoric, the organization’s uncertain stance on the nuclear issue remains a
reason for concern.44 The political adoption or dismissal of the EAEA’s implementation
plan could provide further indications regarding Egypt’s alleged nuclear hedging against
Iran, especially if Cairo would continue its opposition to the conclusion of an AP with
the IAEA and the surrender of its right to enrichment and reprocessing.

39. Marcell Nasser, “Egypt Revives Plans to Construct Nuclear Power Plant to Fill Rising
Power Needs,” translated by Joelle El-Khoury, Al Monitor, July 12, 2012, http://www.al-monitor.
com/pulse/politics/2012/07/egypt-revives-plans-to-construct.html.
40. Joanna Paraszczuk, “Egyptians Fight Back against Nuclear Power Plans,” Jerusalem
Times, July 17, 2012, http://www.jpost.com/MiddleEast/Article.aspx?id=277734.
41. “Radioactive Material Stolen from Egyptian Nuclear Power Station,” The Telegraph
(London), January 19, 2012, http://www.telegraph.co.uk/news/worldnews/africaandindianocean/
egypt/9024293/Radioactive-material-stolen-from-Egyptian-nuclear-power-station.html.
42. Agence France-Presse, “Egypt Probes Reports of Stolen Radioactive Material,” Egypt
Independent, January 20, 2012, http://www.egyptindependent.com/news/egypt-probes-reportsstolen-radioactive-material.
43. Ibrahim Said, “The Bomb and the Beard: The Egyptian MB’s Views toward WMD,”
Arms Control and Regional Security for the Middle East, http://www.middleeast-armscontrol.
com/2012/06/11/the-bomb-and-the-beard-the-egyptian-mbs-views-toward-wmd.
44. Ibid.
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Conclusion
There is little evidence to date suggesting that the nuclear crisis in Japan has had a strong
impact on nuclear decisionmaking in the Middle East. With the exception of Kuwait,
while Fukushima may have contributed to the abandonment or postponement of some
programs, continuing political unrest in the region and financing issues are more plausible explanations.
The hedging narrative suggests that Saudi Arabia, Turkey, and Egypt could be expected to continue their push for nuclear power despite Fukushima. On the surface,
this seems to be the case. Saudi Arabia has even intensified its preparatory activities
post-Fukushima. While this lends some credence to the hedging narrative, it is does
not prove its validity. If the perceived threat from Iran’s nuclear program is indeed the
primary motivational factor for those countries’ civilian nuclear power programs, why
are they not implementing them more urgently in light of continuing Iranian progress in
developing the fuel cycle and especially enrichment technology? This is a question that
the proponents of the hedging narrative will have to answer. The current pace of nuclear
development in the region hardly backs up claims of an impending proliferation cascade.
Fukushima has had more of an impact on civil society than on political elites. Rising public opposition to nuclear power and activists’ protests against pursuing it could
make hedging strategies more difficult to implement. This is particularly true for Egypt
and to a lesser extent for Turkey. In the Saudi case, public opposition does not appear to
be a factor.
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North Korea’s Compellence Strategy
A Case Study in Nuclear Latency
Tristan Volpe1

North Korea provides a useful case to study the international security implications of nuclear latency. Why did Pyongyang use its nuclear fuel cycle—specifically plutonium reprocessing, and later uranium enrichment—as an independent
strategic capability? This paper argues that changes in the post–Cold War security environment drove North Korea to pursue a strategy of compellence with the
nuclear fuel cycle. The explanation is presented in five sections. The first analyzes
the security situation that North Korea faced during the Cold War, and the second
links this environment to Pyongyang’s decision to focus on conventional military power. The third section examines the structural changes that North Korea
confronted at the end of the Cold War, and the fourth explains why this new environment caused Pyongyang to adopt a joint security posture that combined conventional deterrence with nuclear fuel cycle compellence. The final section posits
that North Korea currently faces a dilemma between continuing to use its nuclear
program as a means of compellence and the gradual solidification of nuclear deterrence over time. Failure to resolve this quandary will soon push North Korea
into a danger zone of crisis instability with the United States.
As the Cold War entered its final phase in 1989, North Korea began construction on
an industrial-scale plutonium-reprocessing plant at the Yongbyon nuclear research
complex. Within three years, work on the facility reached a terminal stage. The United
States worried that the huge plant could soon be used to separate significant quantities of
weapons-grade plutonium from spent fuel irradiated by a modest reactor at Yongbyon.
Although party to the Nuclear Non-Proliferation Treaty, North Korea did not place the
reactor or the reprocessing facility under international safeguards. As a result, North Korea acquired the latent capability in 1991 to threaten other states with the acquisition of
nuclear weapons in the near future. Over the next decade, Pyongyang used this opaque
nuclear fuel cycle posture to compel material resources and other concessions from the
United States.
1. Tristan Volpe is a Ph.D. candidate in the Department of Political Science at George Washington University and a visiting scholar at the Institute for Security and Conflict Studies of the
Elliott School of International Affairs.
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North Korea provides an apt case to study the international security implications of
nuclear latency. Given the security benefits of nuclear deterrence, why did Pyongyang
use its nuclear fuel cycle as an independent strategic capability? This paper argues that
changes in the post–Cold War structural environment drove North Korea to pursue a
strategy of compellence with the nuclear fuel cycle. This explanation contributes to the
burgeoning literature on North Korea and nuclear proliferation. North Korea’s conventional military balance, nuclear weapons program, and sensitive nuclear technologies
have received extensive analytic treatment. Yet less attention has been paid to Pyongyang’s use of its nuclear fuel cycle as an instrument of compellence. The case study
advanced here draws from a more general theory of nuclear latency to fill this gap.
This paper proceeds in five main sections. The first analyzes the security situation
that North Korea faced during the Cold War. The second section links Pyongyang’s
Cold War environment to its choice of strategy and means. Although nuclear deterrence
appeared optimal, the structural situation drove North Korea to rely on conventional
military power as a means of denial and offense. The third section examines the rapid
and significant structural changes that North Korea confronted at the end of the Cold
War, specifically the meteoric rise of South Korea and the loss of patronage from the Soviet Union and China. The fourth section explains why the post–Cold War environment
caused North Korea to adopt a new joint security posture that combined conventional
deterrence with nuclear fuel cycle compellence. The final section highlights areas of ongoing research and policy implications. In particular, the conclusion probes the contemporary trade-offs that North Korea faces between continuing to use its nuclear program
as a means of compellence and the gradual solidification of nuclear deterrence over time.

North Korea’s Severe Structural Environment during
the Cold War
During the Cold War, North Korea faced a severe security environment. At the structural
level, it confronted a dangerous material and informational situation with its primary
adversaries: the United States and South Korea. As a superpower in a bipolar world, the
United States was much stronger than North Korea along every possible index of power,
and it had forward-deployed tactical nuclear forces on the Korean Peninsula to deter
future aggression. A history of repeated nuclear threats exacerbated this relative power
asymmetry. During the Korean War, Truman and Eisenhower threatened to bring nuclear
capabilities to bear against North Korean and Chinese troops. In the subsequent decades
of stalemate, North Korean intransigence prompted the United States to mobilize its
nuclear-capable naval and air forces into the Sea of Japan to compel acquiescence on
three separate occasions.2 North Korea therefore found itself in direct confrontation with
a nuclear-armed superpower throughout the Cold War.
2. For an overview of nuclear threats against North Korea, see Roger Dingman, “Atomic
Diplomacy during the Korean War,” International Security 13, no. 3 (1988): 50–91; Richard K.
Betts, Nuclear Blackmail and Nuclear Balance (Washington, D.C.: Brookings Institution Press,
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The balance of power between North Korea and its primary regional adversary in the
South changed over time. South Korea remained much weaker than its Northern adversary until the 1970s, when investments in economic, industrial, and military capability
started to shift the regional power balance in favor of the South.3 South Korea also relied
on the extended nuclear deterrent umbrella provided by the United States. Nonetheless,
the South attempted to deploy a nuclear fuel cycle posture under the hard-line rule of
General Park Chung-hee in the early 1970s. Although Park never decided to produce a
South Korean nuclear weapon, “he was determined to acquire the technology and capability to do so on a few months’ notice,” and he thus requested French assistance to build
an industrial-scale plutonium-reprocessing plant in 1972. The United States threatened
to sever its alliance commitments if South Korea did not forgo the transfer of reprocessing technology, and Park canceled the French contract.4 In sum, as South Korea evolved
into an economic power with nuclear fuel cycle ambitions, the material constraints on
North Korea grew more severe at the regional level.
The informational relationship further compounded the severity of North Korea’s
security situation. Even though North Korea initiated the Korean War, Pyongyang believed that the United States and South Korea wanted to unify the peninsula through
force. The pattern of bellicose interaction among these adversaries solidified a mutual
perception that each side held revisionist motives. North Korea frequently attempted
to achieve offensive and revisionist policy objectives, from numerous assassination
and terrorist operations against civilian and military targets, to a concerted campaign to
pressure American withdrawal from the peninsula in the 1970s.5 To the North Koreans,
conversely, the extensive strategic bombing campaign during the Korean War, repeated
nuclear threats from the United States, and the desire of hard-line South Korean leaders
to invade the North constituted strong evidence that they faced greedy adversaries.

1987), 31–48; and Peter Hayes, Pacific Powderkeg: American Nuclear Dilemmas in Korea (Lanham, Md.: Lexington Books, 1990), 131.
3. Charles Wolf et al., The Changing Balance: South and North Korean Capabilities for
Long-Term Military Competition (Santa Monica, Calif.: RAND Corporation, 1985), 7–11.
4. Don Oberdorfer, The Two Koreas: A Contemporary History (New York: Basic Books,
2002), 68–74. For more on the South Korean nuclear fuel cycle program, see Jungmin Kang et
al., “South Korea’s Nuclear Surprise,” Bulletin of the Atomic Scientists 61, no. 1 (February 2005):
40–49; Rebecca Hersman and Robert Peters, “Nuclear U-Turns: Learning from South Korean
and Taiwanese Rollback,” Nonproliferation Review 13, no. 3 (2006): 539–553; Seongho Sheen,
“Nuclear Sovereignty versus Nuclear Security: Renewing the South Korea–U.S. Atomic Energy
Agreement,” Korean Journal of Defense Analysis 23, no. 2 (June 2011): 273–288; Madeleine
Foley, “U.S. Civil Nuclear Cooperation and Exceptional Sensitive Fuel Cycle Access: Comparing the Japan, India and South Korea Cases” (M.A. thesis, Georgetown University, 2012).
5. Narushige Michishita, “The Future of North Korean Strategy,” Korean Journal of Defense Analysis 21, no. 1 (March 2009): 103–104.
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Pyongyang’s Cold War Strategy and Means
The severe structural environment created three core security objectives for North Korea. First, North Korea needed to dissuade coercive threats from the United States. A
deterrent posture based on an assured threat of nuclear retaliation would be the most
efficient choice for the relatively weak and small regional state to a superpower from aggression. Second, North Korea wanted to mitigate proximate threats from South Korea.
The adoption of a nuclear deterrent posture would also create an asymmetric strategic
advantage for North Korea over the nonnuclear South Korea, thereby dampening the
threat of proximate invasion from the South. Third, the North desired to unify the Korean Peninsula by annexing the South. A nuclear deterrence posture may have given the
North some leverage to compel territorial demands and alter the regional status quo. As a
result, nuclear deterrence was an optimal posture for North Korea as it sought to achieve
these objectives in a highly constrained environment.
Despite the benefits of nuclear deterrence, North Korea instead adopted a strategy of
deterrence by denial, and it deployed extensive conventional forces to deny the United
States and South Korea the ability to perform successful military missions.6 The foundations of this denial posture emerged in the aftermath of the Korean War. As North
Korea focused on reconstruction, the United States forward-deployed ground forces
with tactical nuclear weapons in South Korea, thereby augmenting its ability to attack
the North. In the 1960s, North Korea began to prepare for a war that included the serious contingency of nuclear strikes, and it thus built extensive hardened defenses. From
1972 to 1980, the North built up enough conventional military power to acquire major
defense-in-depth and offensive capabilities vis-à-vis the United States–South Korea allied force.7 While North Korean forces also threatened punishment against value targets
in the South, the primary emphasis was on deterrence by denial during the Cold War.
However, a denial strategy suffers from two limitations that make it a puzzling choice
for North Korea relative to deterrence by punishment with either nuclear or conventional
capabilities. First, a weak regional defender often cannot build up the conventional forces sufficient to deny its superior rivals the ability to perform military missions. Although
the unique geography of the Korean Peninsula favors defense, the North still needed an
6. Ibid., 106. But see also Homer T. Hodge, “North Korea’s Military Strategy,” Parameters
(Spring 2003): 72–79.
7. Throughout the 1970s, North Korea “emphasized the commitment of scarce resources,
development of industry, and military expansion” to create a military force capable of both defense
and an offensive “Two-Front War’ against South Korea. The war plan envisioned that a very large
conventional force would destroy South Korean forward forces along the Demilitarized Zone
and envelop the peninsula. At the same time, North Korean special operation forces (SOF) would
infiltrate deep into the South Korean rear to neutralize the U.S.–South Korean command, control,
and communication infrastructure. To build such a military, North Korea devoted “between 32
and 38 percent of central government expenditures” to defense, began a major “reorganization
and modernization of its ground forces,” and dramatically increased SOF personnel strength from
15,000 in 1970 to 80,000 by 1984. See Andrew Scobell and John M. Sanford, North Korea’s
Military Threat (Carlisle, Pa.: Strategic Studies Institute, U.S. Army War College, 2007), 9, 21,
32, 43; Hayes, Pacific Powderkeg, 133.
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expensive defense-in-depth capability coupled with the ability to perform counterforce
missions.8 Second, a denial strategy relinquishes the risk and cost calculus of attack to
the adversary. The rival will selectively engage when the probability of success is high,
and it is able to absorb the costs associated with overcoming the opponent’s defensive
forces. Given the asymmetry in power relative to the United States and eventually South
Korea, such a strategy required significant and continual investments in North Korea’s
economic power base and military capabilities. North Korea opted to deploy an expensive and risky conventional force posture against its adversaries.
Three factors drove North Korea to mitigate and accept the costs/risk calculus of
deterrence by denial. First, North Korea could not produce nuclear weapons within a
time frame sufficient to deter imminent aggression. North Korea had to develop de novo
the scientific and technological capacity to produce nuclear weapons with assistance
from abroad, and it turned to the Soviet Union to help lay the foundation. North Korean
scientists started to train at the United Institute for Nuclear Research near Moscow in
the 1950s, and Soviet assistance was instrumental in bringing the research reactor at the
Yongbyon nuclear complex, along with a radiochemical laboratory and auxiliary technical facilities, to fruition in the 1960s.9 The Soviets, however, opposed an independent
North Korean nuclear deterrent, and they did not transfer more sensitive technology.10
North Korea would have to pursue a clandestine program so as not to alienate its key
source of nuclear technology and support, which could take decades without the transfer
of enrichment or reprocessing technology. Since North Korea feared a looming attack
from the South, it could not depend exclusively on the future acquisition of nuclear deterrence.11
Although North Korea emphasized the primacy of conventional military power and
civil nuclear cooperation with the Soviet Union, the beleaguered state did attempt to
acquire nuclear weapons from China, and ultimately initiated an indigenous military
program. In 1964, Kim Il Sung requested that Mao Zedong “share the atomic secret”
with North Korea after the successful Chinese nuclear weapon test. In response to South
Korea’s nuclear fuel cycle program, Kim sent another request in 1974 for nuclear weapons technology and military assistance. China refused both inquiries.12 Unable to acquire
the requisite capabilities from the Chinese, Kim decided in the late 1970s “to initiate
8. Nick Beldecos and Eric Heginbotham, “The Conventional Military Balance In Korea,”
Breakthroughs 4, no. 1 (Spring 1995): 2–3.
9. Alexander Zhebin, “A Political History of Soviet–North Korean Nuclear Cooperation,”
in The North Korean Nuclear Program: Security, Strategy and New Perspectives from Russia,
edited by James Clay Moltz and Alexandre Y. Mansourov (London: Routledge, 1999), 28; Georgiy
Kaurov, “A Technical History of Soviet–North Korean Nuclear Relations,” in ibid., 16–17.
10. The Soviet Union helped in the design and construction of the hot-cell facility, but did
not transfer industrial scale reprocessing technology. See Zhebin, “Political History,” 32–34.
11. Hayes, Pacific Powderkeg, 162.
12. Oberdorfer, Two Koreas, 252–253. In response, China did expand “training for North
Korean nuclear scientists and technicians. The extent of nuclear weapons related technology
transfer, however, is unknown.” See Michael J. Mazarr, North Korea and the Bomb: A Case
Study in Nonproliferation (New York: St. Martin’s Press, 1995), 28–29; and Joseph S. Bermudez,
“North Korea’s Nuclear Programme,” Jane’s Intelligence Review 3, no. 9 (September 1991): 408.
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a nuclear weapons program, which was to include a rapid expansion of the Yongbyon
facilities.”13 Work began in 1980 on a 20- to 30-megawatt reactor at Yongbyon that
was well suited to the production of weapons-grade plutonium in the spent fuel.14 By
1984, the reactor’s core, smokestack, and control building were complete, though the
North Koreans needed Soviet assistance to finish the project.15 In 1985, Moscow induced
Pyongyang to accede to the Nuclear Non-Proliferation Treaty in return for technical
assistance, and reactor operations began one year later.16 Consequently, the severe security environment did drive North Korea to pursue a secondary nuclear deterrent option
alongside its primary conventional security posture, and these facilities were ostensibly
built to produce an eventual military capability.17 Yet North Korea also understood that
it could not acquire a nuclear deterrent quickly enough to mitigate immediate Cold War
threats, and it therefore devoted defense resources to building a conventional capability.
The second driver of North Korea’s denial strategy stemmed from the risk- and costaccepting nature of South Korea. Although the nuclear route did not meet North Korea’s
immediate security needs, the conventional retaliation option would also be risky and
difficult. As demonstrated during the Korean War, the North could rapidly counterattack
a frontal U.S.–South Korean assault and lay siege to Seoul. Yet even this threat of severe
punishment against the South Korean capital city may not have been enough to dissuade
several hard-line South Korean leaders from launching a military unification campaign.
The United States feared entrapment in a second Korean war for several decades, and
the nascent United States–South Korea alliance may not have been enough to restrain
the bellicosity of Syngman Rhee or General Park.18 If either leader believed it acceptable to strike the North and unify the peninsula at the cost of Seoul, then deterrence by
punishment was bound to fail. North Korea needed a denial strategy to dissuade South
Korea from attack.
Third, powerful allied patrons offset and buttressed the power asymmetry between
the North and its adversaries. Alliances with the Soviet Union and China mitigated the
costs and risks intrinsic to deterrence by denial. Although the North swung between its
13. Jeffrey T. Richelson, Spying on the Bomb: American Nuclear Intelligence from Nazi
Germany to Iran and North Korea (New York: W. W. Norton, 2006), 332.
14. The graphite-moderated, gas-cooled reactor was a composite design of the French G-1
and the British Calder Hall models from the 1950s. See David Albright, “North Korean Plutonium
Production,” Science and Global Security 5, no. 1 (1994): 72; and Mazarr, North Korea and the
Bomb, 39.
15. The U.S. Central Intelligence Agency determined that North Korea still needed “to
develop advanced engineering techniques to master the remote control operations that are
necessary for handling highly radioactive materials.” See U.S. Central Intelligence Agency,
“North Korea: Nuclear Reactor Under Construction,” April 20, 1984, 2.
16. U.S. Central Intelligence Agency, “North Korea’s Nuclear Efforts,” April 28, 1987,
3; Leonard S. Spector, Nuclear Ambitions: The Spread of Nuclear Weapons (Boulder, Colo.:
Westview Press, 1990), 123; Richelson, Spying on the Bomb, 333.
17. Siegfried S. Hecker, “Lessons Learned from the North Korean Nuclear Crises,”
Daedalus 139, no. 1 (Winter 2010): 48–49; Mazarr, North Korea and the Bomb, 17–18.
18. See Han Sungjoo, “South Korea and the United States: The Alliance Survives,” Asian
Survey 20, no. 11 (November 1, 1980): 1075–1086.
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two patrons to extract maximum material support, the Soviet Union remained the main
source of economic assistance, and it thus “continued to fuel North Korea’s economy
and military machine throughout the Cold War.”19 The Soviets transferred massive quantities of commercial goods, energy imports, and industrial-military technology. These
subsidies allowed the North to choose both guns and butter during the Cold War.
In addition, a mutual defense treaty between Moscow and Pyongyang helped assuage the nuclear threat from the United States by increasing the risk that a conflict on
the peninsula would escalate into general war between the two superpowers.20 Moscow’s
security umbrella, combined with North Korea’s conventional denial and counterforce
capabilities, obviated the pressure to develop an immediate nuclear arsenal, and may
have prevented the conspicuous deployment of enrichment or reprocessing assets early
in the Cold War. As with most alliances, the relationship between Moscow and Pyongyang was strained at times. North Korea lost confidence in the security commitment after
witnessing the Soviets acquiesce to the United States during the Cuban Missile Crisis
in 1962. The alliance then slumped into a nadir during the mid-1960s, when the USSR
suspended military and economic assistance for three years. The fear of abandonment
only drove Pyongyang to further build up and modernize its conventional capabilities
once Moscow turned the aid spigot back on in 1965. Despite the occasional schisms that
emerged throughout the Cold War, allied patronage and extended deterrence constituted
an important element of North Korea’s deterrence by denial strategy.
The North Korean decision to deploy a posture of conventional deterrence by denial
during the Cold War matters in the context of nuclear latency for three reasons. First and
foremost, the posture committed North Korea to continually building up its conventional
force capabilities as the central means to practice deterrence on the Korean Peninsula.
Conventional military power became the “crux of the Korean confrontation.”21 As a result, North Korea entrenched itself as a garrison state and “perhaps the most militarized
society in the world” by the 1970s.22 Second, North Korea’s relative power asymmetry
necessitated a dependence on foreign assistance from the Soviet Union and China to
build the military it needed. Patronage sustained conventional military power and therefore became a central tenant of North Korean strategy. Finally, North Korea laid the
foundations for its future nuclear fuel cycle posture, albeit with the intent to produce a
nuclear deterrent in the future. The creation and expansion of Yongbyon was not tied
19. Oberdorfer, Two Koreas, 154. North Korea was not always able to extract the economic
and military support it wanted from the Soviet Union. Relations cooled considerably in the mid1970s before patronage resurged in the early-1980s. For an excellent overview, see Harry Gelman
and Norman Levin, The Future of Soviet-North Korean Relations (Santa Monica, Calif.: RAND
Corporation, 1984).
20. Oberdorfer, Two Koreas, 11; Harold C. Hinton, “The United States and Extended
Security Commitments: East Asia,” Annals of the American Academy of Political and Social
Science 457 (1981): 88–108; Paul K. Huth, “The Extended Deterrent Value of Nuclear Weapons,”
Journal of Conflict Resolution 34, no. 2 (June 1, 1990): 270–290.
21. Michael O’Hanlon and Mike M. Mochizuki, Crisis on the Korean Peninsula: How to
Deal with a Nuclear North Korea (New York: McGraw-Hill, 2003), 57.
22. Robert A. Scalapino and Chong-Sik Lee, Communism in Korea: The Society (Berkeley:
University of California Press, 1972), 919.
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to the conventional denial calculus. But once structural parameters changed in the late
1980s, the nuclear infrastructure at Yongbyon would become a central means to practice
compellence.

Structural Changes in the North Korean post-Cold War
Security Environment
As the Cold War ended, North Korea’s structural power situation changed along three dimensions. First, the collapse of the Soviet Union left the United States as the lone superpower. The international system transformed into a unipolar power structure, with North
Korea’s Cold War rival at the center. Second, South Korea’s juggernaut economy grew
at a rapid pace to eclipse North Korea as the dominant regional power.23 Economic statistics paint a bleak picture. South Korea’s gross national product (GNP) was more than
seven times that of the North by 1988. Even though North Korea spent between 20 and
25 percent of its GNP on defense, South Korea’s military budget was roughly double,
at a mere 5 percent GNP allocation. A vibrant export market in consumer and industrial
goods generated a trade surplus with double-digit growth rates for South Korea.24 In desperate need of economic assistance, the Soviet Union reversed its policy toward South
Korea to normalize diplomatic and trade relations. China followed Moscow, and trade
between South Korea and North Korea’s primary Cold War sponsors burgeoned into a
multi-billion dollar market by 1991.25 At the international and regional level, North Korea faced a massive and growing disparity in power with its Cold War rivals.
The third dimension concerned the loss of allied patronage from the Soviet Union
and China. These states buttressed North Korea’s economic and military power, and
they thus constituted an important part of the material situation that Pyongyang faced
during the Cold War. Moscow subsidized the majority of North Korean energy imports,
military hardware, and consumer goods, while China provided the rest. Yet the change
in the international distribution of power drew these countries into a close relationship
with South Korea and a concomitant deep freeze with North Korea. In 1991, the Soviet
Union terminated the traditional concessional system and demanded hard currency for
exports at market value to North Korea. China subsequently followed Moscow’s lead,
and North Korea found itself with a devastating shortfall in energy imports that crippled
its economy.26 The loss of Soviet and Chinese sponsorship exacerbated North Korea’s
decline in relative power.
23. Oberdorfer, Two Koreas, 202.
24. Andrew Mack, “North Korea and the Bomb,” Foreign Policy, no. 83 (July 1, 1991):
93–94; Marcus Noland, Avoiding the Apocalypse: The Future of the Two Koreas (Washington,
D.C.: Institute for International Economics, 2000), 24–58.
25. Oberdorfer, Two Koreas, 190–231.
26. In 1988, Moscow exported $1.9 billion in goods to North Korea, but only imported $0.9
billion in return. The Soviets thereby provided Pyongyang with “an increasing quantity of oil and
gas, weapons, and a variety of other goods on easy credit and concessional terms,” and constituted “nearly 3/5 of North Korea’s total trade turnover.” When the sponsorship ended in 1991,
North Korea’s energy imports fell by 75 percent from the 1990 level. China did not make up this
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The structural parameter of nuclear weapons did not change significantly in the new
unipolar world. South Korea remained a non–nuclear weapon state, albeit with a sophisticated civil nuclear energy sector sans enrichment or reprocessing technology.27 The
United States continued to maintain a robust nuclear strike capability against North Korea. As part of an international initiative, the United States withdrew all ground-based
tactical nuclear weapons from the Korean Peninsula in 1992. But the basic nuclear–nonnuclear relationship between the United States and North Korea endured as the Cold
War came to an end. North Korea soon found that the potential to acquire nuclear weapons and upset this asymmetric balance generated an important threat vector against the
United States.
Although North Korea faced dire changes in the material power situation, the informational relationship with the United States and South Korea became much more
benign. Most important, South Korea’s behavior as the Cold War ended signaled that it
was most likely a security seeker. The domestic political situation in South Korea faced
a watershed moment in 1987 as the country shifted from decades of authoritarian rule to
democracy. This transition had a profound impact on foreign policy. South Korea eased
its traditional hard-line anticommunist stance and launched historic public and secret negotiations with North Korea’s leaders. While South Korea’s meteoric rise posed a threat
to the North, the fledgling democracy valued regional stability as the sine qua non condition of continued growth and international commerce.28 Unification of the peninsula
remained important, but the costs to South Korea under any scenario were staggering.29
South Korean leaders no long viewed the use of military force to annex the North as a
rational or desired option.
North Korea’s perception of United States’ motives also improved, though oscillatory behavior introduced considerable uncertainty. In 1988, the United States established the first “mutually authorized, direct channel for diplomatic business” with North
Korea.30 Yet the annual Team Spirit joint military training exercise between U.S. Forces
Korea and the Military of South Korea continued apace, with over 200,000 person-

energy shortfall. See ibid., 202, 233; Nicholas Eberstadt, Mark Rubin, and Albina Tretyakova,
“The Collapse of Soviet and Russian Trade with the DPRK, 1989–1993,” Korean Journal of National Unification 4 (1995): 87–104; Marcus Noland, “Why North Korea Will Muddle Through,”
Foreign Affairs 76, no. 4 (July 1, 1997): 106; and Nicholas Eberstadt, The End of North Korea
(Washington, D.C.: AEI Press, 1999), 93–110.
27. See Kang et al., “South Korea’s Nuclear Surprise”; Hersman and Peters, “Nuclear UTurns.”
28. Oberdorfer, Two Koreas, 161, 186; Kyung-Ae Park, “Explaining North Korea’s Negotiated Cooperation with the U.S.,” Asian Survey 37, no. 7 (July 1, 1997): 629.
29. For an overview of economic and political literature on the costs to South Korea of reunification under many potential scenarios, see Marcus Noland, Sherman Robinson, and Li-Gang
Liu, The Costs and Benefits of Korean Unification, Working Paper (Washington, D.C.: Peterson
Institute for International Economics, n.d.); and David Coghlan, Prospects from Korean Reunification (Carlisle, Pa.: Strategic Studies Institute, U.S. Army War College, 2008), 6.
30. Oberdorfer, Two Koreas, 196.
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nel and nuclear-capable delivery vehicles participating in the 1988 and 1989 rounds.31
North Korea contended that Team Spirit was preparation for an invasion of the North,
and perceived the exercises “as deeply threatening.”32 Despite the continuation of Team
Spirit, North Korea faced a precarious situation without allied sponsorship: “The fact
that there was no socialist ally on which North Korea could rely for its security and survival pushed Pyongyang to approach the only superpower, the United States.”33 North
Korea gambled on the United States as a security seeker.
In sum, North Korea faced rapid and significant changes in its structural situation at
the end of the Cold War. The rise of South Korea and the loss of communist sponsorship
created an acute disparity in power that threatened the state’s survival. Yet Pyongyang
also confronted a very different risk-averse Seoul driven by security-seeker motives and
dependent on economic growth. The United States still posed an existential threat, but
North Korea came to perceive the superpower as a potential source of foreign assistance.
As the next section demonstrates, North Korea consequently manipulated the threat of
nuclear arsenal acquisition to compel material resources from these adversaries and support conventional deterrence.

The Joint Security Posture: Conventional Deterrence and
Nuclear Fuel Cycle Compellence
North Korea developed a joint security posture to achieve two main security objectives
in the post-Cold War environment. First, North Korea needed to deter much stronger
adversaries from unacceptable aggression. Deterrence by punishment with an assured
conventional retaliation capability allowed Pyongyang to achieve this core objective.
Second, North Korea also required new sources of foreign assistance to buttress its conventional posture. As a result, Pyongyang adopted a concomitant strategy of compellence and deployed an opaque nuclear fuel cycle posture to accomplish this end. This
section explains why North Korea turned toward such a unique duality in strategy and
means.
North Korea’s first objective focused on the deterrence of potential aggression from
far superior adversaries, especially regionally dominant South Korea. The new material
power situation undermined the efficacy of traditional deterrence by denial. To maintain
such a capability, North Korea needed to achieve substantial economic growth and deploy modern military technology commensurate with U.S.–South Korean capabilities.
The massive gap in power and technological capability made it very difficult for North
Korea to meet these requirements.34 The Sino-Soviet freeze on patronage compounded
the power asymmetry to make deterrence by denial an untenable strategy. North Korea
31. B-52 nuclear bombers and nuclear-capable Lance long-range missile systems were
introduced into Team Spirit during the 1970s. See John F. Farrell, “Team Spirit: A Case Study,”
Air and Space Power Journal 23, no. 3 (Fall 2009).
32. Mack, “North Korea,” 101.
33. Park, “Explaining North Korea’s Negotiated Cooperation,” 628.
34. Scobell and Sanford, North Korea’s Military Threat, 32–33.
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could no longer deny its adversaries the ability to perform missions; nor could it accomplish counterforce missions without inviting total defeat. As a consequence, North Korea
shifted to a posture of deterrence by punishment with an assured conventional retaliation
capability.35
Conventional deterrence by punishment was an optimal choice because North Korea
solved two important limitations with the posture. First, a regional power will often find
it difficult to perform a counterstrike retaliatory mission against a superpower. Indeed,
North Korea lacked the force projection capability to threaten mainland targets in the
United States.36 Yet the operational requirements for deterrence on the Korean Peninsula
stipulated that North Korea only needed military forces sufficient to absorb an attack
from a combined U.S.–South Korean force, and then counterstrike value targets beyond
the initial battlefield, such as civil and industrial centers in South Korea. North Korea
therefore focused on reconfiguring its conventional forces to achieve a virtual assured
retaliation capability against Seoul and other United States assets in East Asia.37 With
regard to Seoul, this necessitated the deployment of hardened long-range artillery and
multiple-rocket launcher systems with credible command and control. Consequently,
the United States faced a high-probability threat of punishment against targets it valued.
Conventional deterrence poses a second limitation for the defender if the adversary
believes it can accomplish objectives before the cost of punishment become too great.38
North Korea believed that South Korea held such a deterrent calculus under the leadership of Rhee and Park, and it therefore focused on denial during the early Cold War.
But North Korea perceived two changes to South Korea’s calculus in the post–Cold
War environment. Foremost, Seoul could not escape rapid and tremendous punishment
from North Korea’s reconfigured forces. The capital city and central nervous system of
South Korean power lay a mere 40 kilometers from the Demilitarized Zone (DMZ). In
the late 1980s, North Korea moved “roughly 65 percent of its total units and up to 80
percent of its estimated aggregate firepower” within 100 kilometers of the DMZ and
concentrated on hardening its artillery strike force along the western front near Seoul.39
35. Bruce E. Bechtol, Defiant Failed State: The North Korean Threat to International
Security (Washington, D.C.: Potomac Books, 2010), 39–45, 186–187; Michishita, “The Future of
North Korean Strategy,” 106.
36. See Defense Intelligence Agency, North Korea: The Foundations for Military Strength
(Washington, D.C.: U.S. Defense Intelligence Agency, 1991); Joseph S. Bermudez, The Armed
Forces of North Korea, Armed Forces of Asia (New York, NY: I.B. Tauris, 2001).
37. O’Hanlon and Mochizuki, Crisis on the Korean Peninsula, 8–10, 60–62; Kong Dan
Oh and Ralph C. Hassig, North Korea through the Looking Glass (Washington, DC: Brookings
Institution Press, 2000), 108–113.
38. Glenn Herald Snyder, Deterrence and Defense: Toward a Theory of National Security
(Princeton, N.J.: Princeton University Press, 1961); John J. Mearsheimer, Conventional
Deterrence (Ithaca, N.Y.: Cornell University Press, 1985).
39. Michael O’Hanlon, “Stopping a North Korean Invasion: Why Defending South Korea
Is Easier Than the Pentagon Thinks,” International Security 22, no. 4 (April 1, 1998): 140;
Michishita, “The Future of North Korean Strategy,” 106. As a result, in 1992, “North Korea
had about twice the advantage in numbers of tanks and artillery, and a 1.5-to-1 advantage in
personnel over its potential adversaries, the United States–Republic of Korea defenses to the
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Basic artillery assessments conclude that Seoul would accrue significant human and infrastructural damage in a very short period of time, even with sophisticated U.S.–South
Korean counterstrike measures.40 Since South Korea was now a security seeker whose
prosperity and power were tied in large part to Seoul, the threat of assured conventional
punishment provided North Korea with an effective posture relative to its traditional
reliance on denial.
Of course, the forward disposition of forces along the DMZ could support an offensive invasion of South Korea. Some specialists posit that North Korea aimed to reunify
the peninsula, and the concentration of military power near the border served as a means
to accomplish this long-term goal.41 While these forces also generated an effective deterrent against aggression, they may have been organized and deployed to retake the
South. As one proponent of this perspective concluded, “North Korea’s military strategy
is offensive and is designed to provide a military option to achieve reunification by
force, employing surprise, overwhelming firepower, and speed.”42 This proposition is
controversial.43 Under most engagement scenarios, North Korea would not be able to
accomplish the military missions necessary for unification. Even if North Korea used
a surprise attack to overwhelm South Korean defenses, it could not hold territory in
the face of a combined U.S.–South Korean counterstrike; nor does it have the political
and economic acumen necessary for the long-term occupation and pacification of South
Korea.44 Given the asymmetry in power that developed in the late 1980s, North Korea’s
end game “changed from one of hegemonic unification to basic survival.”45 Thus, in the
post–Cold War environment, reunification of the peninsula was no longer an achievable
security objective.
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The second security objective for North Korea was to compel material resources
from foreign governments. The post–Cold War posture of conventional deterrence promised to ensure the external survival of the state against superior adversaries at less cost
than the traditional denial strategy. Yet the loss of sponsorship from the Soviet Union and
China severely shocked North Korea’s fragile and stagnant economy, and even the new
force posture required significant capital investments. Without foreign assistance, North
Korea could not sustain its autarkic economy and the conventional capabilities necessary for deterrence. It thus needed to find new patrons to provide resources in lieu of its
former communist sponsors. But because no states volunteered to sponsor it, it adopted
a strategy of compellence to manipulate material concessions from involuntary patrons.
The compellence of material resources from other states is not a strategy unique
to North Korea. As Byman and Lind adroitly point out, the manipulation of foreign
governments is a standard tool used by dictatorial regimes to ensure survival: “External
governments can be used as a source of financial aid, enabling a regime to gain resources
without having to make concessions at home.”46 The internal logic of selectorate economic distribution in North Korea stipulates that the ruling Kim regime maintained a
select group of elites to stay in power, and thus only needed enough foreign assistance to
sustain the military and cultivate this elite selectorate.47 Since “the health of the overall
economy is less important than the regime’s ability to bribe elite supporters,” the total
level of material resources needed to ensure the survival of North Korea’s state apparatus is a manageable demand for most powerful states to meet.48 Most important, these
material concessions dwarf the massive costs that would stem from the implosion of
the regime, through internal revolution, external military action, or any other scenario
of Korean unification. Acquiescence to such a strategy of compellence becomes quite a
rational option for cost-averse target states.49
Before North Korea could craft an appropriate means of compellence, it needed
to select a primary target. Three candidates existed. Within the region, South Korea
and Japan could provide North Korea with “large infusions of cash and technology,”
but domestic and international factors in both countries constrained their international
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behavior toward Pyongyang and posed risks to long-term regime survival.50 The United
States was the primary target for two reasons. First, the United States could coordinate
the behavior of its East Asian allies in response to North Korea’s compellence process.
South Korea and Japan still became enmeshed in the dynamic as important sources of
material concessions, but North Korea always focused on the United States. Second,
the material costs of acquiesce were relatively low for the lone superpower. The United
States possessed abundant capital and technology, but also the military capability to resist North Korea’s demands.51 If Pyongyang’s means of punishment did not exact direct
kinetic damage against the United States, then the costs of resistance—especially military action—would far outweigh the cost of giving up a relatively small slice of material
resources. In an ironic twist, the preeminence of American power made it a ripe target
for Pyongyang’s compellence strategy.52
With the United States as the primary target, North Korea crafted a means of indirect
punishment with the nuclear fuel cycle. Throughout the Cold War, North Korea used
limited conventional provocations, special operation missions, and acts of terrorism to
coerce and compel the United States, South Korea, and Japan.53 North Korea eschewed
its traditional reliance on these kinetic capabilities and used nuclear fuel cycle assets
to practice the new strategy of compellence. Four factors drove this unique choice of
means.
First, the nuclear–nonnuclear structural asymmetry between the United States and
North Korea allowed Pyongyang to use the fuel cycle as an indirect means of punishment. North Korea configured the reprocessing facility at Yongbyon to threaten the
United States with the capability to acquire nuclear weapons in the near future. Yet
Pyongyang’s conventional retaliation force could already exact unacceptable punishment against targets Washington valued in East Asia.54 So why would the prospect of
nuclear acquisition pose a threat? North Korea’s fuel cycle assets endangered the asymmetric nuclear relationship with the United States by moving Pyongyang closer toward
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an eventual assured nuclear retaliation capability against mainland American targets. If
North Korea ever reached this distant nuclear force point, then the calculus of deterrence
would expand beyond the Korean Peninsula to include tremendous direct costs against
the United States. Since nuclear deterrence favors the defender, the United States would
also suffer a loss in relative military capability vis-à-vis a nuclear North Korea. A steady
decrease in the time to North Korean nuclear arsenal acquisition thereby generated a
dynamic threat vector against the core security interests of the United States.
Second, the nuclear fuel cycle is an optimal means to compel material resources
from a superior target. Under most scenarios, the nuclear fuel cycle is prone to fail as
a means of compellence. For example, when the coercer makes high-stake demands,
such as a territorial concession or unconditional surrender, the dynamic threat process
is likely to provoke the target to resist with competitive political and military reactions.
Yet North Korea confronted a different calculus because it wanted to compel relatively
low-cost resources from the United States. Pyongyang could decrease the time lag to
arsenal acquisition with its nuclear fuel cycle and commit to freeze development or
implement maximum visibility once the United States gave up the resources. Given the
above-mentioned structural relationship between North Korea and the United States, the
costs of potential nuclear acquisition far outweighed the cost of material concessions for
the superpower. The United States might resist the compellent threat through a preventive military strike, though this option entailed huge intrinsic costs given the deterrence
calculus on the peninsula. To dampen the preventive motivation for war, North Korea’s
demands needed to be clear and consistent, and tied to a credible commitment to cease
punishment with the fuel cycle. If Washington believed that Pyongyang’s promise to
stop punishment was credible, then the logic of compellence with the nuclear fuel cycle
would heavily favor North Korea.
Third, the change in the informational environment North Korea faced after the Cold
War had a significant impact on the probabilistic efficacy of this compellence calculus
with the nuclear fuel cycle. If North Korea were certain that the United States (or South
Korea) held revisionist motives, then compellence would not be a rational option. The
dynamic latent threat of acquisition would catalyze a preventive strike, as actual nuclear
weapons acquisition in the future would severely limit the revisionist state’s ability to
perform offensive military missions against the defender. Thus, as a security seeker,
South Korea no longer wanted to incur the high costs of fighting and the loss of Seoul
that stemmed from a preventive strike. The situation was more risky with the United
States. North Korea gambled on the superpower as a security seeker. Indeed, Pyongyang almost lost the bet in 1994 when Washington seriously contemplated a preventive
strike. In the end, the stable logic of deterrence mitigated the risk that the United States
was greedy and willing to incur massive costs to prevent North Korea from acquiring a
nuclear arsenal.
Fourth, North Korea already had the infrastructure in place to deploy a nuclear fuel
cycle posture. The decision to initiate a nuclear weapons program in the late-1970s and
expand the facilities at Yongbyon laid the foundation necessary for a plutonium reprocessing capability. After the second reactor came online in 1986, North Korea quickly
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developed the techniques necessary for the front end of the fuel cycle.55 In 1989, the
United States released intelligence that indicated North Korea was building a huge “factory-like building near the Yongbyon reactor that appeared to be a reprocessing plant,”
as well as a third reactor in the 50–200 megawatt class.56 By 1991, “a ‘steady trickle’ of
new intelligence had suggested that several new installations at Yongbyon were nearly
complete, including the suspected reprocessing plant.”57 The decision to build the reactor and reprocessing capability most likely originated in the severe security environment
of the Cold War as a means to acquire nuclear weapons. But as North Korea’s structural situation changed, the Yongbyon infrastructure intended for nuclear deterrence was
available to practice compellence with the nuclear fuel cycle.

Conclusion
Major changes in North Korea’s security environment drove the deployment of the nuclear fuel cycle as an independent strategic capability in 1991. The opaque configuration
of the unsafeguarded plutonium reprocessing facility gave Pyongyang an instrument to
directly threaten and punish the United States without the use of military force. A strong
temporal relationship exists between the deployment of this latent capability as a means
of compellence and the shift in North Korea’s structural situation. In the post–Cold War
environment, a joint deterrence–compellence posture promised to maintain the status
quo against challenges from much stronger adversaries and buttress the relative power
position of a weak state bereft of superpower patronage.
The explanation of why North Korea pursued nuclear fuel cycle compellence sets
the foundation to examine how this latent nuclear posture had an impact on its ability to
achieve security objectives. Ongoing research addresses this second question and posits that different nuclear fuel cycle postures have very different effects on the success
of compellence. For example, Pyongyang’s initial deployment of the plutonium-reprocessing capability during the first North Korean nuclear crisis from 1991 to 1995 and
the subsequent confrontation in 2002 over uranium enrichment technology provide two
comparative cases to test the impact of different choices on the dynamics of compellence
with the United States. In turn, this work on North Korea contributes to a more general
understanding of why and how other states—for example, Pakistan during the 1980s,
Italy in the 1970s, and perhaps Iran today—use sensitive nuclear technology to practice
compellence.58
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The analysis of North Korea’s compellence strategy points toward a final contemporary dilemma for Pyongyang. Compellence with the nuclear fuel cycle rests on the ability to threaten another state with the acquisition of nuclear weapons in the near future. In
the wake of the 2006 and 2009 nuclear weapons tests, North Korea now faces a trade-off
between continuing to use its nuclear program as a means of compellence and the gradual solidification of nuclear deterrence. Nuclear weapons are very effective instruments
of deterrence, but they have limited coercive utility. If North Korea continues down
the path that eventually leads to a direct nuclear deterrent relationship with the United
States, then it must fundamentally rethink how to practice compellence. Failure to resolve this emerging dilemma between compellence and deterrence will eventually push
North Korea into a nuclear danger zone of crisis instability vis-à-vis the United States.
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