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ABSTRACT 

 
This project analyzes the relative effectiveness of nuclear nonproliferation efforts 

focused on technological denial and those that focus on states’ motivations.  I 

hypothesize that motivations-based nonproliferation efforts have been more effective in 

stopping proliferation.  To test my hypothesis, I analyzed five cases: Libya, South Korea, 

Pakistan, South Africa, and Brazil.  My analysis largely supported my hypothesis.  

Chapters two through four of this thesis analyze the three sub-hypotheses.  The five 

states used a variety of methods to bypass technology denial efforts.  Technology 

denial was effective in creating time for motivations-based nonproliferation efforts to 

succeed.  Improvements in regional security, economic and integration incentives, and 

individual leadership contributed to successful motivations-based nonproliferation efforts.   

This research emphasizes the need to address the underlying motivations spurring 

nuclear proliferation and to fix loopholes in international technology denial regimes. 
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CHAPTER 1 – INTRODUCTION, BACKGROUND , AND METHODOLOGY  
 
Focus 
 
This project analyzes the relative effectiveness of nuclear nonproliferation efforts 

focused on technological denial and those that focus on states’ motivations. According 

to the conventional wisdom on nonproliferation, preventing the spread of nuclear 

technology can curb states’ efforts to produce nuclear weaponry.1  Nuclear weapons 

technology, despite first appearing more than 60 years ago, remains highly advanced.  

If countries cannot acquire the technology, according to the logic of technology denial, 

obstacles to indigenous development will force countries to reconsider their desire for 

nuclear weapons.  Is this conventional logic correct?  This leads to the main question of 

my research: has technology denial effectively curbed nuclear proliferation in the past?  

If not, have nonproliferation efforts that target states’ motivations for acquiring nuclear 

weapons, rather than those that target states’ capabilities, been more effective in 

curbing proliferation? 

 

Hypothesis : Nonproliferation strategies targeting states’ technical capabilities have 

been less effective than strategies focused on addressing states’ motivations for 

proliferation. 

The findings from my analysis largely support my hypothesis.  The states studied used 

a variety of methods, such as leveraging previous nuclear energy assistance and illicit 

procurement networks, to bypass the limitations imposed by technology denial regimes.  

Technology denial was productive when it provided time for motivations-based efforts to 

                                                 
1 Amy Sands, “The Impact of New Technologies on Nuclear Weapons Proliferation,” in Nuclear 
Proliferation after the Cold War, ed. Mitchell Reiss and Robert S. Litwak (Washington: Woodrow Wilson 
Center Press, 1994), 259, 271. 



2 

take effect.   Improved security, economic considerations, incentives to integrate with 

the international community, and committed leadership helped those motivations-based 

efforts succeed. 

 

What is technology denial? 

In the 65 years of nuclear weapons’ existence, many states have considered 

proliferation.2  Most of these states have failed or decided that their efforts are not worth 

the considerable costs.3  Few have succeeded in the face of significant obstacles.  Nine 

states are believed to have nuclear weapons: the United States, Russia, China, the 

United Kingdom, France, India, Pakistan, Israel, and North Korea.4  The Treaty on the 

Non-proliferation of Nuclear Weapons (NPT) serves as the basis for the international 

nuclear nonproliferation regime.  The Treaty allows only five states—the United States, 

Russia, China, the United Kingdom, and France—to have nuclear weapons. 5  An 

assortment of other international treaties and agreements, both legally binding and 

voluntary, work to fill the NPT’s gaps.  Much of the nonproliferation regime relies heavily 

on technology denial to accomplish its goals.6   

 

                                                 
2 A 2008 Congressional Research Service report lists 17 states with an active or defunct nuclear weapons 
program.  See Paul K. Kerr, “Nuclear, Biological, and Chemical Weapons and Missiles: Status and 
Trends,” CRS Report for Congress, RL30699, February 20, 2008, 20, 
http://www.fas.org/sgp/crs/nuke/RL30699.pdf. 
3 Ibid. 
4 Federation of American Scientists, “Status of World Nuclear Forces,” January 12, 2010, 
http://www.fas.org/programs/ssp/nukes/nuclearweapons/nukestatus.html. 
5 Treaty on the Non-Proliferation of Nuclear Weapons, July 1, 1968, 
http://www.un.org/en/conf/npt/2005/npttreaty.html. 
6 Elizabeth Turpen, “Achieving Nonproliferation Goals: Moving from Denial to Technology Governance,” 
Stanley Foundation, June 2009. 
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In the nonproliferation sense, technology denial describes the international community’s 

practice of seeking to prevent potential proliferants from acquiring the technology 

necessary to develop, build, and maintain nuclear weapons and their delivery systems.  

For example, the Nuclear Suppliers Group (NSG) is a collection of states that regulates 

the export of nuclear technologies, such as uranium enrichment or plutonium 

reprocessing components, that can aid in the development of nuclear weapons.7  Export 

control and technology transfer agreements restrict the flow of the most sensitive 

nuclear technology, while the International Atomic Energy Agency (IAEA) safeguards 

existing nuclear material to prevent its diversion.8  When the international community 

believes a non-nuclear state is attempting to acquire nuclear weapons, the United 

Nations Security Council or individual states can impose further restrictions on 

technology transfers, theoretically broadening the limits on technologies the proliferant 

state can acquire externally.9 

 

Importance 

How technology denial efforts, as opposed to motivations-based efforts, accomplish 

nuclear nonproliferation goals is the main focus of this research. This research may help 

governments choose the best strategy for countering the spread of nuclear weapons by 

                                                 
7 Nuclear Suppliers Group, “History of the NSG,” http://www.nuclearsuppliersgroup.org/Leng/01-
history.htm. 
8 Henry D. Sokolski, Best of Intentions: America’s Campaign Against Strategic Weapons Proliferation 
(Westport CT: Praeger, 2001), 63. 
9 For example, the Security Council imposed sanctions on the Democratic People’s Republic of Korea 
(DPRK) following the state’s nuclear test in 2006.  Resolution 1718 bans transfers of “all items, materials, 
equipment, goods and technology… which could contribute to DPRK’s nuclear-related, ballistic missile-
related or other weapons of mass destruction-related programmes.”  See United Nations Security Council, 
“Security Council Condemns Nuclear Test by Democratic People’s Republic of Korea, Unanimously 
Adopting Resolution 1718 (2006),” October 14, 2006, 
http://www.un.org/News/Press/docs/2006/sc8853.doc.htm. 
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determining the preferred target for nonproliferation efforts: motivations or capabilities.  

The choice of strategy is not mutually exclusive; the international community can 

execute both strategies simultaneously.  This analysis shows how the two strategies 

compare and intersect. 

 

Since the Soviet Union first acquired nuclear weapons in 1949, nuclear proliferation has 

been perceived as a critical threat to US and international security.  The United Nations 

Security Council deemed nuclear weapons proliferation to be “a threat to international 

peace and security.”10  In his 2010 State of the Union address, President Barack 

Obama called nuclear weapons “perhaps the greatest danger to the American 

people.”11  Much of this threat comes from the inherent characteristics of nuclear 

weapons.  Because of their immense power, nuclear weapons constitute a special 

category of armament.  The bomb dropped on Hiroshima, Japan in 1945 exploded with 

a yield equivalent to 15,000 tons (15 kilotons) of TNT and likely killed more than 

100,000 people.12  A ten-kiloton device detonated in front of the White House could 

produce more than 100,000 fatalities.13 

 

                                                 
10 United Nations Security Council, “Resolution 1887 (2009),” September 24, 2009, 
http://www.america.gov/st/texttrans-english/2009/September/20090924173226ihecuor0.5509411.html. 
11 White House Office of the Press Secretary, “Remarks by the President in State of the Union Address,” 
January 27, 2010, http://www.whitehouse.gov/the-press-office/remarks-president-state-union-address. 
12 US Department of Energy Office of History & Heritage Resources, “The Atomic Bombing of Hiroshima,” 
The Manhattan Project: An Interactive History, April 2, 2007, 
http://www.cfo.doe.gov/me70/manhattan/hiroshima.htm. 
13 Cham E. Dallas, “Impact of Small Nuclear Weapons on Washington, DC: Outcomes and Emergency 
Response Recommendations,” Written Statement to Accompany Testimony at the United States Senate 
Hearing for the Committee on Homeland Security and Governmental Affairs, April 15, 2008, 3, 
http://hsgac.senate.gov/public/_files/041508Dallas.pdf. 
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Certain states currently considered to be at risk of proliferating pose security risks to the 

United States.14  In the past decade, North Korea successfully developed nuclear 

weapons and has threatened the United States with a nuclear “fire shower.”15 The US 

State Department’s International Security Advisory Board (ISAB) recently concluded 

that Iran, a US adversary since the 1979 revolution and a country on the State 

Department’s State Sponsors of Terrorism list, is developing nuclear weapons.16  The 

ISAB also reported that proliferation by Iran could cause a nuclear weapons cascade 

throughout the Middle East, further destabilizing an already unstable region. 

 

Furthermore, past instances of proliferation have led to concerns that nuclear weapons 

may fall into the hands of terrorists.17 According to the Federation of American 

Scientists, Pakistan has approximately 70 to 90 weapons in its nuclear arsenal.18  

Despite efforts by Pakistan’s government, many experts, such as Michael Krepon of the 

Stimson Center, note the potential insecurity of Pakistan’s nuclear weapons as Islamic 

                                                 
14 North Korea has tested nuclear devices twice and is improving its missile capabilities.  US military 
facilities in Guam, Okinawa, and the main Japanese islands are in range of North Korea’s Taepo Dong 
missiles.  Moreover, the United States justifies its missile defense system in Europe by pointing to the 
Iranian missile threat.  See Steven A. Hildreth, “North Korea Ballistic Missile Threat to the United States,” 
CRS Report for Congress, RS21473, February 24, 2009, 5, 
http://www.fas.org/sgp/crs/nuke/RS21473.pdf; White House Office of the Press Secretary, “Remarks by 
the President on Strengthening Missile Defense in Europe,” September 17, 2009, 
http://www.whitehouse.gov/the_press_office/Remarks-by-the-President-on-Strengthening-Missile-
Defense-in-Europe/.  
15 Justin McCurry, “North Korea Threatens Nuclear ‘Fire Shower’ if Attacked,” The Guardian, June 25, 
2009, http://www.guardian.co.uk/world/2009/jun/25/north-korea-nuclear-threat. 
16 US Department of State International Security Advisory Board, “Report on Discouraging a Cascade of 
Nuclear Weapons States,” October 19, 2007, 8-9, http://2001-2009.state.gov/documents/ 
organization/95786.pdf; US Department of State, “State Sponsors of Terrorism,” 
http://www.state.gov/s/ct/c14151.htm.    
17 See Commission on the Prevention of WMD Proliferation and Terrorism, World at Risk (New York: 
Vintage Books, 2008). 
18 Federation of American Scientists, “Status of World Nuclear Forces,” January 12, 2010. 
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extremists threaten the country’s stability.19  Proliferation by other developing countries 

in unstable regions could threaten US interests across the globe.20  

 

With such widespread threats and potentially devastating consequences, the 

international community can benefit from an informed response to proliferation threats.  

A better understanding of how best to stop a state from acquiring nuclear weapons may 

enable the international community to solve current proliferation challenges (such as 

Iran).  If capabilities-based strategies appear less effective than motivations-based 

strategies, states can put greater effort into strategies that attack proliferant intentions. 

 

Methodology 

My hypothesis is that nonproliferation strategies targeting states’ technical capabilities 

have been less effective than strategies focused on addressing states’ motivations for 

proliferation. To investigate the comparative effectiveness of capabilities-based and 

motivations-based nonproliferation strategies, which are defined below, I analyzed 

specific cases of nonproliferation efforts in the context of three sub-hypotheses (which 

are explained in more detail later in this section). 

 

                                                 
19 Michael Krepon, “Addressing the U.S.-Pakistan Strategic Relationship,” Testimony before the Senate 
Committee on Homeland Security and Governmental Affairs, June 12, 2008, 
http://hsgac.senate.gov/public/_files/KreponTestimony.pdf; Shaun Gregory, “The Terrorist Threat to 
Pakistan’s Nuclear Weapons,” CTC Sentinel 2.7 (2009), http://www.ctc.usma.edu/sentinel/CTCSentinel-
Vol2Iss7.pdf; Partnership for a Secure America, “Pakistan’s Nuclear Security,” January 2010, 
http://psaonline.org/downloads/pakistan-map.html; Kenneth N. Luongo and Brig. Gen. (Ret.) Naeem Salik, 
“Building Confidence in Pakistan’s Nuclear Security,” Arms Control Today 37.10 (2007),  
http://www.armscontrol.org/act/2007_12/Luongo. 
20 For example, North Korea’s nuclear proliferation threatens thousands of American military personnel in 
South Korea and Japan.  North Korea’s improving missile capabilities could potentially put Hawaii or parts 
of the continental United States at risk. 
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Key concepts 

Capabilities-based nonproliferation efforts are those “accomplished not only by 

impeding access to actual weapons, but also access to equipment, technology, services, 

and knowledge that could contribute to indigenous development of such weapons.”21  

These efforts include national export control systems, multilateral export control regimes, 

interdiction of technology and equipment, diplomatic and economic pressure against 

supplier countries, sabotage, and military action aimed at eliminating existing 

capabilities (as opposed to military action aimed at regime change).22  While many 

types of technology, equipment, and knowledge are necessary to develop and deploy 

nuclear weapons, uranium enrichment technology and plutonium reprocessing 

technology are the most critical.  Without the capacity to produce fissile materials 

(usually uranium-235 or plutonium-239), a state cannot sustain its nuclear weapons 

program.23  Thus much of the analysis of capabilities-denial strategies focuses on 

enrichment and reprocessing technology. 

 

Motivations-based nonproliferation efforts attempt to reduce the demand for nuclear 

weapons among potentially proliferant states by targeting the motivations of those 

states for acquiring nuclear weapons.24  These efforts include positive economic 

incentives, negative sanctions, establishment of regional and international norms 

                                                 
21 These types of nonproliferation efforts are also known as “supply-side” nonproliferation, as they aim to 
restrict the supply of capabilities necessary for nuclear weapons development.  David A. Cooper, 
Competing Western Strategies Against the Proliferation of Weapons of Mass Destruction: Comparing the 
United States to a Close Ally (Westport, CT: Praeger, 2002), 16. 
22 Cooper, Competing Western Strategies, 17-23. 
23 Joseph Cirincione, Jon Wolfsthal, and Miriam Rajkumar, Deadly Arsenals: Nuclear, Biological, and 
Chemical Threats, second edition (Washington, DC: Carnegie Endowment for International Peace, 2005), 
45-54. 
24 These efforts are also known as “demand-side” nonproliferation efforts because they seek to reduce 
the demand for nuclear weapons. 
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against nuclear weapons development, attempts to influence domestic politics in the 

proliferant country, security assurances through alliance relationships, negative security 

assurances, and regional security architectures.25  Cooper argues that “only policies 

that have been pursued with proliferation in mind can properly be classified as national 

proliferation-response instruments.”26 However, I include these broader efforts, such as 

regional security agreements, and argue that Cooper’s definition is too narrow.  While 

efforts at establishing regional peace may not be explicitly aimed at stopping 

proliferation, their effects cannot be discarded. 

  

Sub-hypothesis 1 - Proliferant states have used a variety of acquisition methods to 

bypass technology denial efforts. 

The onset of globalization, and its attendant rise in global technological expertise, has 

limited the efficacy of the nuclear weapons technology denial regime.27  Weapons-

relevant technology (e.g., uranium enrichment and plutonium reprocessing technology) 

is available through indigenous development, previous nuclear energy assistance 

leveraged for weapons development, black market networks (such as the network 

operated by Pakistani scientist A. Q. Khan), or legitimate suppliers that choose to ignore 

the technology denial regime’s restrictions.28  My analysis extends previous literature on 

technology denial to address the various ways in which states can bypass capabilities-

based nonproliferation efforts. 29  Additionally, I apply this sub-hypothesis to five 

                                                 
25 Cooper, Competing Western Strategies…, 17-26. 
26 Cooper, Competing Western Strategies…, 26. 
27 Turpen, “Achieving Nonproliferation Goals.” 
28 Mark Fitzpatrick, ed., Nuclear Black Markets: Pakistan, A.Q. Khan and the Rise of Proliferation 
Networks, A Net Assessment (London: International Institute for Strategic Studies, 2007).  
29 See Turpen, “Achieving Nonproliferation Goals;” William W. Keller, “‘Globalization’ and Nonproliferation: 
Security and Technology at a Crossroad?” in Ultimate Security: Combating Weapons of Mass Destruction, 
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consistent case studies, whereas previous authors focus less on the totality of states’ 

experiences and more on individual incidences of the failure of technology denial.30 

 

Sub-hypothesis 2 - Technology denial efforts have created opportunities for motivations-

based nonproliferation efforts to succeed.   

To test this hypothesis, I examined the slowing effects of capabilities-based 

nonproliferation efforts on the five states’ nuclear weapons development programs.  To 

analyze the states’ motivations for acquiring nuclear weapons, I used Scott Sagan’s 

three models of proliferation drivers (security, domestic politics, and international norms) 

and applied them to nonproliferation efforts.31  Under Sagan’s security model, states 

acquire nuclear weapons out of the belief that nuclear weapons ensure state or regime 

survival.32  Sagan’s domestic politics model emphasizes the role of domestic actors in 

pressuring their governments to develop nuclear weapons.33  In Sagan’s international 

norms model, states acquire nuclear weapons to satisfy their desires for status and to 

project an identity as an international power.34  My analysis augments Sagan’s work by 

applying the effects of capabilities-based nonproliferation efforts on his motivations 

models.  Technology denial efforts have provided time to address security concerns, 

                                                                                                                                                             
ed. Janne E. Nolan, Bernard I. Finel, and Brian D. Finlay (New York: The Century Foundation Press, 
2003), 177-202. 
30 See David Albright and Corey Hinderstein, “Unraveling the A. Q. Khan and Future Proliferation 
Networks,” The Washington Quarterly 28:2 (2005), 
http://www.twq.com/05spring/docs/05spring_albright.pdf; Turpen, “Achieving Nonproliferation Goals;” 
Gordon Corera, Shopping for Bombs: Nuclear Proliferation, Global Insecurity, and the Rise and Fall of the 
A.Q. Khan Network (Oxford: Oxford University Press, 2006). 
31 Scott D. Sagan, “Why Do States Build Nuclear Weapons? Three Models in Search of a Bomb,” 
International Security 21.3 (1996), 54-86, accessed through JSTOR. 
32 Ibid., 57. 
33 Ibid., 63. 
34 Ibid., 73. 
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allow for domestic political change, and stress the normative effects of violating the 

international nonproliferation regime. 

 

Sub-hypothesis 3 – Improvements in regional security, economic and integration 

incentives, and individual leadership aid motivations-based nonproliferation efforts. 

My analysis of the case studies supports this sub-hypothesis.  Actual or perceived 

security improvements, economic inducements, incentives to normalize relations with 

the international community, and the presence of individual leaders who oppose nuclear 

weapons all contributed to the success of motivations-based nonproliferation efforts.  By 

viewing proliferation motivations as multicausal, as Sagan recommends, my analysis 

takes a broader view of factors that benefit motivations-based nonproliferation efforts.35  

Conversely, previous authors have restricted their analysis to one of Sagan’s three 

models, making their analysis less robust.36 

 

Case selection 

To investigate these assertions, I analyzed five cases: Libya, South Korea, Pakistan, 

South Africa, and Brazil. The selected cases illustrate a variety of proliferation 

characteristics to control for other potential variables.  The countries included are 

widespread geographically, which eliminates bias caused by a specific regional context.  

The technological capabilities also differ across the cases; while South Korea was 

technologically advanced, Libya and Pakistan, especially at the outset of their nuclear 

                                                 
35 Ibid., 85. 
36 See T.V. Paul, Power Versus Prudence: Why Nations Forgo Nuclear Weapons (Montreal: McGill-
Queen’s University Press, 2000); Etel Solingen, Nuclear Logics: Contrasting Paths in East Asia and the 
Middle East (Princeton, NJ: Princeton University Press, 2007); Beatrice Heuser, “Beliefs, Culture, 
Proliferation and Use of Nuclear Weapons,” Journal of Strategic Studies 23.1 (2000). 
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programs, lacked significant capabilities.37  Including both successful and unsuccessful 

nonproliferation cases helps protect against selecting on the dependent variable.  Libya, 

South Korea, Brazil, and South Africa showcase successful nonproliferation efforts, 

while Pakistan and South Africa provide lessons from failed efforts.  Additionally, the 

cases show variance on relations with the United States.  During the periods under 

examination, South Korea was a close ally, Libya was an adversary, and Brazil, 

Pakistan, and South Africa had fluctuating relations with the United States.  Because 

the NPT significantly altered the subsequent international nonproliferation environment, 

the original five nuclear states were not chosen. 

 

South Africa is an especially interesting case, as it can be judged both a failure (South 

Africa acquired nuclear weapons despite international nonproliferation efforts) and a 

success (F.W. de Klerk’s government eliminated its nuclear arsenal prior to ending 

apartheid).38   This analysis focuses on both aspects of the South African case, 

highlighting the methods South Africa used to acquire its nuclear arsenal and the 

decisions the South African Government made to renounce its nuclear arsenal.   

 

While nuclear proliferation to non-state actors, such as terrorist groups, remains a 

critical national security issue, it is beyond the scope of this research.  Theoretically, 

technology denial is much more effective against threats of proliferation to terrorists 

                                                 
37 For example, Libya had little experience with uranium enrichment or plutonium reprocessing technology, 
and lacked the corresponding industry to develop it.  Additionally, the country contained very little 
technological expertise that would be capable of creating an industrial base.  See Fitzpatrick, ed., Nuclear 
Black Markets, 57. 
38 See Mitchell Reiss, Bridled Ambition: Why Countries Constrain Their Nuclear Capabilities (Washington: 
Woodrow Wilson Center Press, 1995). 
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because, as many experts note, no terrorist group has the resources to produce its own 

fissile material.39  This skews the comparison of the effectiveness of capabilities-based 

and motivations-based nonproliferation efforts.  Moreover, finding data on the nuclear 

capabilities of terrorist groups is extremely difficult.  Simply collecting that information 

provides significant challenges to intelligence agencies.40 Thus, this analysis will focus 

on strategies to prevent nuclear weapons proliferation by states with active nuclear 

weapons programs. 

 

Contribution 

Relatively little research exists comparing capabilities-based and motivations-based 

nonproliferation strategies.  My analysis compares the different strategies, shows how 

they overlap, and points to specific factors in motivations-based nonproliferation efforts 

that help facilitate success. My analysis of the factors that negatively affect capabilities-

denial borrows from David Cooper; however, Cooper’s research focuses specifically on 

chemical, biological, and missile proliferation, whereas I focus on nuclear proliferation.41  

I extend Cooper’s analysis by taking a broader view of what constitutes a 

nonproliferation policy.  My broader definition allows consideration of the effects of 

regional conflict resolution efforts and sanctions that only tangentially address 

proliferation issues.  My analysis amplifies Sagan’s work by using his multicausal 

proliferation models as a framework for the analysis of capabilities-based and 

                                                 
39 See Graham Allison, “The Nuclear Threat to Our Cities,” interview transcript, Big Think, March 11, 2010, 
http://bigthink.com/ideas/18972; Peter Scoblic, “Moral Hazard,” The New Republic, August 8, 2005, 
http://www.tnr.com/article/politics/moral-hazard; Department of Homeland Security Nuclear Assessment 
Program, “Nuclear Smuggling,”  http://www.exportcontrol.org/library/conferences/1379/ 
005_Proliferation_Threat_Brief-Nuclear_Smuggling_-_Zachary_K.pdf. 
40 Richard A. Best, Jr., “Intelligence to Counter Terrorism: Issues for Congress,” CRS Report for Congress, 
RL31292, May 27, 2003, 1, http://www.au.af.mil/au/awc/awcgate/crs/rl31292.pdf.  
41 See Cooper, Competing Western Strategies…. 
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motivations-based nonproliferation efforts.42  Using Sagan’s models allows for a more 

explicit analysis of the interplay between the two types of nonproliferation efforts.   

 

Roadmap 

Chapters two through four of this thesis analyze the three sub-hypotheses.  Chapter two 

describes the various methods the studied states used to bypass technology denial 

efforts.  Chapter three addresses the role of technology denial in creating time for 

motivations-based nonproliferation efforts to succeed.  In chapter four, I analyze factors 

that contribute to successful motivations-based nonproliferation efforts.  Chapter five 

addresses alternative explanations for my results, while chapter six puts forth policy 

implications and recommendations derived from my analysis. 

                                                 
42 See Sagan, “Why Do States Build Nuclear Weapons?” 
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CHAPTER 2 – PROLIFERANT STATES HAVE USED ALTERNATIVE TECHNOLOGY ACQUISITION 

METHODS TO BYPASS TECHNOLOGY DENIAL MEASURES  

 

Technology denial nonproliferation strategies rest on the assumption that blocking 

transfers of technologies relevant to proliferant states will prevent those states from 

developing nuclear weapons.  However, the case studies demonstrate that proliferant 

states, when confronted with technology denial efforts, have used a variety of methods 

to side-step restrictions to acquire the necessary technology, equipment, and expertise.  

These strategies include developing the technology indigenously, using previously 

acquired nuclear energy assistance for weapons purposes, acquiring technology 

through illicit procurement networks, and receiving technology from legitimate suppliers 

who choose to ignore technology denial restrictions. 

 

Bypassing technology denial efforts through indigenous development of technology 

If willing to spend the time and resources, states can develop the technology necessary 

to produce fissile material and build nuclear weapons indigenously.  Among the cases 

studied, only South Africa can claim indigenous development of a significant part of its 

nuclear weapons program.  South Africa’s success was in part due to its relatively 

advanced economy and expertise in mining and metallurgy.43 In 1969, South African 

scientists indigenously developed a uranium enrichment process they would later use to 

produce fissile materials for South Africa’s nuclear weapons.44 Furthermore, the South 

                                                 
43 Fitzpatrick, ed., Nuclear Black Markets, 59; Reiss, Bridled Ambition, 8. 
44 Waldo Stumpf, “Birth and Death of the South African Nuclear Weapons Program,” presentation given at 
the conference “50 Years After Hiroshima,” Castiglioncello, Italy, September 28 to October 2, 1995, 
http://www.fas.org/nuke/guide/rsa/nuke/stumpf.htm. 
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African weapons program eschewed the more complex machinery used by advanced 

nuclear weapons programs; rather, South African scientists, engineers, and technicians 

manipulated basic machines to make the sophisticated components for nuclear 

weapons.45  By eliminating its need to import sensitive technology, the South African 

nuclear weapons program avoided unwanted attention from world powers that, by the 

mid-1970s, had begun implementing technology denial sanctions against the South 

African regime.46 

 

While these limited instances of indigenous technological development make South 

Africa unique, the country’s previous reliance on external aid and foreign technology 

points to similarities with the other cases. 

 

Leveraging past nuclear energy assistance for weapons purposes 

In every case studied, states used (or threatened to use) previous foreign nuclear 

energy technology and expertise for weapons purposes.  Nuclear energy technologies 

from reactors to nuclear power plants to enrichment facilities helped the five countries 

move toward nuclear weapons acquisition.  Moreover, four of the nuclear weapons 

programs studied (Brazil, Libya, Pakistan, and South Africa) reportedly used personnel 

trained abroad to further the states’ weapons programs. 

 

 

                                                 
45 Fitzpatrick, ed., Nuclear Black Markets, 59. 
46 Ibid., 59; Stumpf, “Birth and Death of the South African Nuclear Weapons Program;” Reiss, Bridled 
Ambition, 9. 
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Proliferant states have used previous nuclear energy technology assistance for 

weapons purposes 

Four states (Brazil, South Africa, Pakistan, and South Korea) received technology 

transfers from the United States and Western Europe prior to starting their nuclear 

weapons programs.   When their weapons programs began and the international 

community responded with technology denial efforts, these states already possessed 

sensitive technologies that could be leveraged for weapons purposes.  For example, 

Brazil began receiving technology transfers for nuclear energy in the 1940s.47  In the 

1950s, West Germany supplied Brazil with sensitive gas-centrifuge technology for 

uranium enrichment.48  In 1975, when Brazil began contemplating a nuclear weapons 

program, West Germany and Brazil agreed to an enormous package of nuclear energy 

assistance that included technology for every element of the nuclear fuel cycle.49  

Because the transfer agreement required international safeguards on facilities with 

West German technology, Brazil established its military “Parallel Program” to leverage 

information gained from German technology for weapons purposes.50 

 

                                                 
47 Fitzpatrick, ed., Nuclear Black Markets, 58. 
48 Ibid., 58. 
49 The nuclear fuel cycle encompasses the various processes involved in turning natural uranium ore into 
usable nuclear fuel.  These activities include uranium mining, milling, enrichment, fuel fabrication, reactor 
use, reprocessing, and waste disposition.  See Nuclear Regulatory Commission, “Stages of the Nuclear 
Fuel Cycle,” April 6, 2010, http://www.nrc.gov/materials/fuel-cycle-fac/stages-fuel-cycle.html; Reiss, 
Bridled Ambition, 49; Federative Republic of Brazil, The Brazilian Nuclear Program (Brasilia: Federative 
Republic of Brazil, 1977). 
50 Reiss, Bridled Ambition, 50-51; John R. Redick, “Nuclear Illusions: Argentina and Brazil,” The Henry L. 
Stimson Center, Occasional Paper No. 25, December 1995, http://www.stimson.org/wmd/pdf/redick.pdf, 7, 
9. 
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Similarly, under US President Dwight Eisenhower’s Atoms for Peace program, Pakistan 

received a nuclear reactor fueled by enriched uranium.51  Pakistan also received 

reprocessing technology from British Nuclear Fuels and a heavy-water reactor from 

Canada in 1971.52  South Africa’s civilian nuclear program received “extensive” foreign 

assistance during the 1950s and 1960s that proved critical to its weapons efforts.53  

South Korea also received foreign nuclear technology before starting its weapons 

program.  In 1958, South Korea bought a nuclear reactor from the United States.54  In 

the early 1970s, the Korean Government signed additional agreements with 

Westinghouse (an American company) for turn-key nuclear power plants.55 

 

Proliferant states have used foreign training and expertise for weapons purposes 

Four of the cases studied took advantage of foreign universities, companies, and 

foreign government programs to train their nuclear personnel.  Abdul Qadeer Khan, who 

many consider to be the key figure of Pakistan’s nuclear weapon program, received his 

Ph.D. in Belgium and worked for two years in the Netherlands; many of Khan’s 

colleagues followed similar paths.56  Libyan scientists received training from Pakistan’s 

Institute of Nuclear Science and Technology, while several Pakistani nuclear scientists 

                                                 
51 Under the Atoms for Peace program, the US shared peaceful nuclear technology as a means to 
convince other states to abstain from developing nuclear weapons.  See Dwight D. Eisenhower, “Address 
by Mr. Dwight D. Eisenhower, President of the United States of America, to the 470th Plenary Meeting of 
the United Nations General Assembly,” New York, NY, December 8, 1953, 
http://www.iaea.org/About/history_speech.html; Bhumitra Chakma, Pakistan's Nuclear Weapons (London: 
Routledge, 2009), 13. 
52 Fitzpatrick, ed., Nuclear Black Markets, 23; Chakma, Pakistan's Nuclear Weapons, 13. 
53 David Albright, “South Africa and the Affordable Bomb,” Bulletin of the Atomic Scientists 50.4 (1994), 
39, accessed through Academic Search Premier. 
54 Young-Sun Ha, Nuclear Proliferation, World Order and Korea (Seoul: Seoul National University Press, 
1983), 83. 
55 Ibid., 89. 
56 Fitzpatrick, ed., Nuclear Black Markets, 17, 29; Usman Shabbir, “Remembering Unsung Heroes: Munir 
Ahmad Khan,” Defence Journal (May 2004), 
http://www.pakdef.info/pakmilitary/army/nuclear/munirahmad.html. 
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visited Libya to train Libyan personnel in-country.57  Libya, unlike the other states 

studied, placed an emphasis on recruiting foreign expertise, such as Egyptian nuclear 

experts.58  Brazil and South Africa’s nuclear weapons programs also benefitted from 

foreign training.59   

 

Acquiring technology through grey markets and illicit networks 

Indigenous development and use of previous technology assistance helped mitigate the 

effects of technology denial efforts by using pre-existing resources.  To acquire new 

technology, Libya and Pakistan (and, to a lesser extent, South Africa) chose to bypass 

technology restrictions by acquiring technology and expertise through grey and black 

markets.60   

 

Changes in the methods and amounts of trade over the past few decades have led to a 

global expansion in the availability of sensitive nuclear technology. 61  Developing 

countries, previously hesitant to accept foreign investment, realized the economic 

benefits derived from economic liberalization.  Many of the countries’ economic 

planners sought to emulate successful export-oriented growth policies.  Countries that 

produced sensitive technologies resisted export controls, believing that limiting exports 

stifled economic growth.  Additionally, exponential improvements in information and 

communications technologies allowed for the easy transfer of sensitive information.  

                                                 
57 Chakma, Pakistan's Nuclear Weapons, 109. 
58 Wyn Q. Bowen, Libya and Nuclear Proliferation: Stepping Back from the Brink, Adelphi Paper 280 
(London: International Institute for Strategic Studies, 2006), 27. 
59 Fitzpatrick, ed., Nuclear Black Markets, 58; Albright, “South Africa and the Affordable Bomb,” 39. 
60 Black markets involve the trade of illegal goods, while grey markets involve trade of legal goods for 
unauthorized uses.  Pakistan’s acquisition of technology from legitimate Western companies through the 
use of front companies constitutes use of the grey market. 
61 The discussion in this paragraph stems from Fitzpatrick, ed., Nuclear Black Markets. 
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Taken together, these developments provided proliferant countries with greater access 

to dual-use technology. 

 

Pakistan’s nuclear weapons program exploited these changes for maximum benefit 

through flexibility and innovation.  Under Prime Minister Zulfiqar Ali Bhutto, Pakistan 

took advantage of any available opportunity to expedite nuclear weapons 

development.62  When Western states started restricting plutonium and reprocessing 

technology transfers to Pakistan due to proliferation concerns, the Pakistani weapons 

program started its own uranium enrichment program.63  Pakistan’s policy of “nuclear 

option” (operating both uranium- and plutonium-based programs) allowed it to follow the 

path of least resistance to the bomb.64 

 

Pakistan exercised a wide variety of methods to outwit export controls and other denial 

regimes.   When supplier states imposed export controls on complete systems, Pakistan 

imported individual components and established factories to produce its own 

components.65   Pakistan also bought unfinished products not covered by export 

controls, buried sensitive technology in large orders of non-sensitive items, bought 

sample parts for reverse engineering, falsified end users, and established front 

companies.66  Pakistan succeeded in acquiring necessary components even from the 

                                                 
62 Chakma, Pakistan's Nuclear Weapons, 28. 
63 Fitzpatrick, ed., Nuclear Black Markets, 27. 
64 Chakma, Pakistan's Nuclear Weapons, 13. 
65 Fitzpatrick, ed., Nuclear Black Markets, 27. 
66 Ibid., 27. 
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United States; from 1988 to 1992, the United States approved more than 80 percent of 

applications for the export of “nuclear-related equipment” to Pakistan.67 

 

Libya, while not as successful as Pakistan, used similar methods to acquire nuclear 

technology despite denial efforts imposed by the international community.  Without the 

technical base of Pakistan, however, Libya was forced to rely more heavily on external 

suppliers.  Libya initially attempted to purchase “off-the-shelf” nuclear weapons from 

China, France, India, and the Soviet Union, but was rebuffed.68  From the mid-1970s, 

Libya reportedly attempted to acquire nuclear technology from at least 20 different 

countries through grey and black markets.69  For example, in the early 1980s, a “foreign 

expert” helped Libya start research on gas-centrifuge enrichment technology.70  

However, Libya’s nuclear weapons program dramatically accelerated when it began 

acquiring technology through the illicit procurement network headed by A.Q. Khan.71 

 

In the mid- to late-1990s, Libya received several shipments of centrifuge technology 

from the Khan network, which included associates throughout Europe, Africa, and 

Asia.72  The Khan network provided technical assistance for the various equipment and 

                                                 
67 To export sensitive nuclear technology, companies must receive an export license from the Department 
of Commerce, which administers the Export Administration Regulations. Ibid., 29. 
68 Wyn Q. Bowen, “Tracking and Assessing Nuclear Issues in Open Sources: The Case of Libya,” in 
Proliferation of Weapons of Mass Destruction in the Middle East: Directions and Policy Options in the 
New Century, ed. James A. Russell (New York: Palgrave, 2006), 150.  
69 The countries are Belgium, Brazil, China, Germany (West Germany and re-unified Germany), Greece, 
India, Iraq, Italy, Kazakhstan, Lebanon, Malta, Netherlands, North Korea, Pakistan, Switzerland, 
Tajikistan, Turkey, United Kingdom, United States, and Venezuela. Ibid., 150 
70 International Atomic Energy Agency Board of Governors, “Implementation of the NPT Safeguards 
Agreement of the Socialist People's Libyan Arab Jamahiriya,” GOV/2004/12, February 20, 2004, 5, 
http://www.iaea.org/Publications/Documents/Board/2004/gov2004-12.pdf. 
71 Chakma, Pakistan's Nuclear Weapons, 109. 
72 IAEA Board of Governors, “Implementation of the NPT Safeguards…,” GOV/2004/12, 5; Bowen, Libya 
and Nuclear Proliferation, 36. 
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technology Libya procured.73  Despite the variety of technology denial efforts imposed 

on Libya’s program by the United States and the international community, Libya 

managed to acquire most of the technology necessary to build a nuclear weapon.74 

 

Supplier states and companies may ignore technology denial efforts 

Libya, Pakistan, Brazil, and South Africa also bypassed technology denial efforts by 

striking deals with friendly states that chose not to participate in denial regimes.  

Participation in the Nuclear Suppliers Group (NSG), a coordinating organization of 

nuclear supplier states that provides guidance on nuclear exports, is ultimately 

voluntary.75   Supplier states therefore make the final decision on whether to export 

sensitive technology to states of proliferation concern.   Despite intense US pressure on 

West Germany, for example, the Germans chose to follow through with their nuclear 

deal with Brazil.76  The Soviet Union transferred nuclear technology to Libya through the 

early 1980s, while Israel cooperated extensively with South Africa despite sanctions 

imposed on South Africa due to its policy of apartheid.77 

 

More than any other case, Pakistan exemplifies how states can bypass technology 

denial strategies by cooperating with states that have chosen not to participate in 

technology denial.  In the mid-1980s, concerns about Pakistan’s nuclear weapons 

                                                 
73 Bowen, Libya and Nuclear Proliferation, 39. 
74 The Iran and Libya Sanctions Act of 1996 (Public Law 104-172) and United Nations Security Council 
Resolution 883 (1993) imposed severe restrictions on technology exports to Libya. 
75 “The Nuclear Suppliers Group (NSG) at a Glance,” Arms Control Association, May 2006, 
http://www.armscontrol.org/factsheets/NSG.  
76 Reiss, Bridled Ambition, 49. 
77 Christopher Clary, “A.Q. Khan, Proliferation Networks, and the Nuclear Slippery Slope,” in Proliferation 
of Weapons of Mass Destruction in the Middle East, ed. Russell, 104; Bowen, “Tracking and Assessing 
Nuclear Issues in Open Sources,” 146; Albright, “South Africa and the Affordable Bomb,” 39. 
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program caused most Western firms to limit technology exports to Pakistan; however, 

China maintained its nuclear cooperation program with Pakistan.78  In April 1988, 

despite global concerns about Pakistan’s nuclear weapons capabilities, China finished 

constructing a heavy-water reactor in Khusab, Pakistan.79  Even the United States, 

which was largely responsible for implementing the technology denial regime against 

Pakistan, subordinated its nonproliferation goals to other foreign policy priorities.  

Following the Soviet invasion of Afghanistan, Presidents Ronald Reagan and George 

H.W. Bush regularly certified that Pakistan was not seeking nuclear weapons.80  Despite 

clear intelligence to the contrary, the presidents made these certifications so that the 

United States could continue providing assistance to Pakistan without interference from 

Pressler Amendment.81  When Soviet forces withdrew from Afghanistan, the United 

States again instituted its technology denial measures aimed at Pakistan. 

                                                 
78 Fitzpatrick, ed., Nuclear Black Markets, 26. 
79 Ibid., 21. 
80 Chakma, Pakistan's Nuclear Weapons, 27. 
81 Known as the Pressler Amendment after its sponsor, Senator Larry Pressler (R-South Dakota), Section 
902 of the International Security and Development Cooperation Act of 1985 amended the Foreign 
Assistance Act of 1961 to ban US assistance to Pakistan unless the President determined that Pakistan 
was not engaged in nuclear weapons development.  US House of Representatives and US Senate, 
Legislation on Foreign Relations Through 2002 (Washington: Government Printing Office, 2003), 315, 
http://www.usaid.gov/policy/ads/faa.pdf.  
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CHAPTER 3 – TECHNOLOGY DENIAL EFFORTS HAVE SUCCEEDED WHEN THEY H AVE PROVIDED 

TIME FOR PROLIFERATION MOTIVATIONS TO CHANGE  

 

In the cases studied, technology denial contributed to nonproliferation by delaying 

weapons acquisition, which created opportunities for proliferation motivations to change.   

To various extents, South Korea, Libya, and Brazil all renounced their nuclear programs 

following years of trying (or threatening) to acquire nuclear weapons technologies.  In 

response to these attempts and threats, the international community implemented 

technology denial efforts to prevent proliferation to South Korea, Libya, and Brazil.  

While these denial efforts were in place, the motivations driving nuclear weapons 

acquisitions for the three states changed.  For this chapter, South Africa is a unique 

case.  Because it succeeded in acquiring nuclear weapons, the case can be deemed a 

failure.  However, the lessons learned from South Africa’s nuclear rollback are equally 

applicable.  Finally, Pakistan serves as a warning to the international community of the 

ineffectiveness of technology denial when proliferation motivations are not addressed. 

 

In the cases studied, nonproliferation efforts succeeded when technology denial 

programs provided the time necessary for proliferation motivations to change.  By 

increasing the time required for countries to develop nuclear weapons, technology 

denial provided opportunities for foreign and domestic pressure to eliminate proliferation 

drivers.  The following analysis uses Scott Sagan’s three proliferation models (security, 
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domestic politics, and international norms) as a framework for analyzing nuclear 

weapons motivations.82 

 

Creating opportunities for security motivations to change 

Sagan’s security model applies strongly to Pakistan, South Korea, South Africa, and 

Libya.  However, its effects are best exemplified by Pakistan and South Korea. 

Pakistan’s proliferation motivations focus squarely on the perceived security threat 

posed by India.83  Pakistan’s war with India in 1965 showed the Pakistani military that its 

conventional forces lacked the strength to push Indian forces out of Kashmir, the 

disputed northern territory between India and Pakistan.84  Six years later, Pakistan lost 

its eastern territories (which became Bangladesh) in another war against India.85  

Because of US inaction during the 1971 war, Pakistan’s leaders lost faith in the United 

States as a security guarantor.86  In 1974, India conducted a “peaceful” nuclear 

explosion that demonstrated Delhi’s nuclear prowess.87  Following these events, Prime 

Minister Bhutto promised that Pakistan would “eat grass or leaves, even go hungry” in 

its quest to develop nuclear weapons to deter India.88 

 

Pakistan formally confirmed its nuclear weapons program with a series of tests in May 

1998, more than two decades after starting its nuclear weapons program.  Pakistan’s 

                                                 
82 See Sagan, “Why Do States Build Nuclear Weapons?” 
83 Chakma, Pakistan's Nuclear Weapons, 4. 
84 Ibid., 16. 
85 Ibid., 19. 
86 The United States, which had pledged to support Pakistan, did little to aid Pakistan in the war against 
India.  See Fitzpatrick, ed., Nuclear Black Markets, 36. 
87 Federation of American Scientists, “India Nuclear Forces,” November 8, 2002, 
http://www.fas.org/nuke/guide/india/nuke/. 
88 Fitzpatrick, ed., Nuclear Black Markets, 15. 
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efforts to acquire nuclear weapons proceeded somewhat slowly, as technology denial 

efforts forced the weapons program to acquire necessary technology through the grey 

market.89  Throughout that period, however, relations between Pakistan and India 

remained tense.  In 1987, for example, India conducted Operation Brasstracks, an 

enormous military exercise along its border with Pakistan that nearly led to another 

war.90  Pakistan’s driving motivation for acquiring nuclear weapons—its long-standing 

conflict with India—never dissipated during the weapons development process.  While 

technology denial efforts succeeded in slowing Pakistan’s program, the international 

community failed to take advantage of that delay by addressing Pakistan’s rationale for 

nuclear weapons acquisition. 

 

Conversely, the United States successfully used delays in South Korea’s nuclear 

weapons program caused by technology denial to alter South Korea’s motivations for 

weapons acquisition.  South Korea’s explicitly stated motivation for considering nuclear 

weapons stemmed from US President Richard Nixon’s so-called Guam Doctrine.  In 

1969, Nixon announced:  

the United States is going to encourage and has a right to expect that [national security] 

will be increasingly handled by, and the responsibility for it taken by, the Asian nations 

themselves.91 

                                                 
89 For example, Pakistan initially sought to use plutonium to build nuclear weapons.  However, in the late 
1970s, because of proliferation concerns, Germany and France both cancelled contracts with Pakistan for 
the construction of facilities related to plutonium production and reprocessing.  See Fitzpatrick, ed., 
Nuclear Black Markets, 20-21. 
90 Steven Weisman, “On India’s Border, a Huge Mock War,” The New York Times, March 6, 1987, 
http://www.nytimes.com/1987/03/06/world/on-india-s-border-a-huge-mock-war.html.  
91 Richard Nixon, “Informal Remarks in Guam With Newsmen,” address at the Top O' The Mar Officers' 
Club in Guam, July 25, 2969, http://www.presidency.ucsb.edu/ws/index.php?pid=2140. 
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In 1971, Nixon followed through on this promise by withdrawing the Seventh Infantry 

Division from South Korea.92  Combined with the United States’ rapprochement with 

China, South Korea began to worry that the United States would abandon its traditional 

East Asian allies.93  In 1975, South Korean President Park Chung Hee affirmed that 

South Korea’s nuclear weapons program was meant as a contingency for US 

withdrawal.94  To counter South Korea’s budding weapons program, the United States 

spearheaded an international effort to deny South Korea the requisite technology.  The 

United States pressured France, Belgium, and Canada to stop sales of nuclear 

technology to South Korea.95  While South Korea struggled to acquire the necessary 

technology, Henry Kissinger enacted a motivations-based nonproliferation effort, 

threatening to remove all US forces from the Korean Peninsula if South Korea acquired 

nuclear weapons.96 

 

South Korea again threatened to develop nuclear weapons after US President Jimmy 

Carter renewed South Korean fears of abandonment by announcing that US troops 

would leave Korea by 1982.97  Because South Korea saw US troops as “the physical 

embodiment of Washington’s commitment to South Korea’s independence,” Carter’s 

                                                 
92 Jonathan D. Pollack and Mitchell B. Reiss, “South Korea: The Tyranny of Geography and the Vexations 
of History,” in The Nuclear Tipping Point: Why States Reconsider Their Nuclear Choices, ed. Kurt M. 
Campbell, Robert J. Einhorn, and Mitchell B. Reiss (Washington: Brookings Institution Press, 2004), 261. 
93 Ibid., 261, 263. 
94 Rowland Evans and Robert Novak, “Korea: Park’s Inflexibility,” The Washington Post, June 12, 1975, 
accessed through ProQuest Historical Newspapers. 
95 Pollack and Reiss, “South Korea,” 262; Rebecca K. C. Hersman and Robert Peters, “Nuclear U-Turns: 
Learning from South Korean and Taiwanese Rollback,” The Nonproliferation Review 13.3 (2006), 541; Ha, 
Nuclear Proliferation, World Order and Korea, 118. 
96 Hersman and Peters, “Nuclear U-Turns,” 541. 
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threats strengthened South Korea’s feelings of insecurity.98  However, early US 

technology denial efforts meant that South Korea lacked the capacity to go nuclear.  

Like Kissinger, Carter took advantage of the delay.  Reneging on his earlier commitment, 

Carter pledged to support a US military presence in South Korea, once again helping to 

assure the Korean Government that its security did not require indigenous nuclear 

weapons.99  When Ronald Reagan took office in 1980, his pledges of a continued US 

presence in South Korea and offers of additional assistance further reduced South 

Korea’s motivations for weapons proliferation.100  Thus, throughout the 1970s, the 

United States delayed South Korea’s nuclear weapons program by blocking access to 

reprocessing technology, giving the United States an opportunity to stress the security 

implications of South Korea’s decision.101  Technology denial provided the time for the 

United States to change South Korea’s proliferation motivations. 

 

Creating opportunities for domestic political motivations to change 

Among the case studies, Brazil and South Africa best exemplify the interplay of 

domestic politics, nuclear weapons motivations, and technology denial.  Brazil’s initial 

motivations for acquiring nuclear weapons fit better under Sagan’s international norms 

model, but its decision to end its weapons program helps demonstrate technology 

denial’s role in nonproliferation.102  When Brazil initiated its “parallel” nuclear weapons 

                                                 
98 Mitchell Reiss, Without the Bomb: The Politics of Nuclear Nonproliferation (New York: Columbia 
University Press, 1988), 80. 
99 Hersman and Peters, “Nuclear U-Turns,” 542. 
100 Reiss, Without the Bomb, 107. 
101 Ibid., 91. 
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program in the mid-1970s, General Ernesto Geisel led a military regime.103  By the late 

1970s, technology denial efforts created significant obstacles for Brazil’s weapons 

program that Brazil never successfully overcame.104  In 1985, a civilian government led 

by José Sarney decreased Brazil’s nuclear weapons budget; doing so exacerbated the 

difficulties caused by technology denial by limiting the resources available for 

indigenous development and grey market procurement.105  In March 1990, Fernando 

Collor became President of Brazil and quickly established civilian control over all 

aspects of government, including the nuclear programs.106  When Brazil finally 

renounced its nuclear weapons program, the military had failed to overcome technical 

obstacles imposed by external suppliers.107  By increasing the time and resources Brazil 

needed to build nuclear weapons, technology denial efforts provided an opportunity for 

domestic reform within Brazil that allowed the government to reconsider its interest in 

developing nuclear weapons.108 

 

According to former President F.W. de Klerk, South Africa began its nuclear weapons 

program in the early 1970s facing a perceived threat from Soviet and communist 

imperialism.109  While de Klerk emphasizes the security driver in South Africa’s 

proliferation motivations, members of South Africa’s nuclear establishment were critical 

                                                 
103 Reiss, Bridled Ambition, 49. 
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in pushing for a nuclear weapons program. 110  Because South Africa was already a 

“reasonably advanced industrialized country” with an existing uranium enrichment 

capacity, technology denial efforts could not drastically slow the South African weapons 

program.111  However, when de Klerk took office, most of the chief proponents of 

nuclear weapons had retired.112   Additionally, the outgoing apartheid government was 

concerned about transferring a nuclear capability to the incoming African National 

Congress government.113  Technology denial did not stop South Africa from acquiring 

nuclear weapons.  Rather, the world had to wait for South Africa’s domestic political 

situation to change. 

 

Creating opportunities for international norms motivations to change 

Brazil and Libya best illustrate the effects of technology denial on normative motivations. 

As mentioned, Brazil’s initial motivations for nuclear weapons acquisition were tied to 

the international norms model.  Brazil saw nuclear weapons as a means to prevail in its 

status-based rivalry with Argentina, as well as to increase its presence in the 

international community.114  Brazil also sought nuclear weapons due to a “nuclear 

theology” that found the international nonproliferation regime fundamentally 

discriminatory and unacceptable.115  However, technology denial efforts inhibited 

Brazil’s weapons programs, delaying Brazil long enough for international economic 

                                                 
110 Sagan notes that proliferation motivations are best explained by “multicausality.” South Africa clearly 
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Build Nuclear Weapons?” 85.  Wally Grant and A.J.A. Roux, who led South Africa’s uranium enrichment 
program, were critical in pushing the South African Government to develop weapons.  See Reiss, Bridled 
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incentives to alter Brazil’s motivations.116  Brazil realized that its anti-NPT stance, rather 

than enhancing regime prestige, prevented its participation in international economic 

and political arenas.  Again, technology denial did not end Brazil’s nuclear weapons 

program, but it provided necessary time to allow Brazil’s proliferation motivations to 

change. 

 

While security concerns initially drove Libya to acquire nuclear weapons, Qadhafi’s 

desire to project an image of strength also played a role in establishing Libya’s weapons 

program.117  Libya’s aspirations for nuclear weapons, however, did not match its 

capacity; the country lacked both the knowledge base and the technology to build 

advanced weapons.118  Until Libya began cooperating with the Khan network, 

international technology denial efforts helped keep Libya technologically incapable of 

acquiring nuclear weapons.  When Libya used Khan’s illicit procurement network, 

international interdiction efforts further delayed Libya’s accelerating program.119  While 

this occurred, international sanctions related to Libya’s support for terrorism gradually 

convinced the Qadhafi regime to change its proliferation motivations.120 

 

When Libya announced that it would cease its nuclear weapons program, the 

government hoped its rejection of unconventional weapons could serve as a model for 
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other regional countries.121   By successfully delaying Libya’s nuclear weapons program, 

the United States and the West bought time to change Libya’s motivations.  While the 

initial sanctions on Libya were not explicitly aimed at stopping nuclear proliferation, their 

contribution toward ending Libya’s nuclear weapons program makes them, in effect, a 

motivations-based nonproliferation effort. 
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CHAPTER 4 – COMMON FACTORS IN ELIMINATING PROLIFERATION MOTIVATI ONS 

 

Analysis of the case studies indicates a set of particularly beneficial factors that aid 

motivations-based nonproliferation efforts.  These include: improvements in perceptions 

of security, economic considerations, incentives to normalize relations with the 

international community, and individual leaders who oppose nuclear weapons.   

 

Improved regional security helped eliminate motivations for nuclear weapons acquisition 

As noted in the previous chapter, the security driver for proliferation was present in four 

of the cases studied.  Efforts, whether direct or indirect, to eliminate the security driver 

often led to nonproliferation success.  South Korea’s decision to abandon its nuclear 

weapons program stemmed largely from the Ford, Carter, and Reagan administrations’ 

decisions to maintain US troops in South Korea.122  The changing security landscape in 

the late 1980s also helped to eliminate South Africa’s motivations for nuclear weapons 

possession.123  By the late 1980s, South Africa no longer perceived the Soviet Union as 

an existential threat, and a cease-fire in Angola led to the withdrawal of Cuban troops 

from southern Africa.124  While not directly linked to nonproliferation, United States and 

Western efforts aimed at containing the Soviet Union and winning the Cold War thus 

played a role in eliminating South Africa’s proliferation motivations. 
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Conversely, Pakistan’s inability to improve its security vis-à-vis India meant that 

Pakistan’s security driver remained intact.  Before Pakistan’s nuclear weapons program 

began, UN initiatives to resolve the Kashmir conflict resulted in a stalemate.125  

Following the failure of negotiations in 1963, the United States chose to remain largely 

uninvolved in resolving the dispute for approximately 25 years.126  Various confidence-

building measures established in the late 1980s between India and Pakistan also failed 

to resolve the conflict.127 Without improvements in Pakistan’s security perceptions, the 

security driver remained in place, culminating in a nuclear-armed Pakistan. 

 

Economic incentives helped alter motivations for proliferation 

Economic incentives, particularly those derived from participating in international 

nuclear trade, figured strongly into the decisions made by South Africa, Brazil, and 

Libya to renounce their nuclear weapons programs.  When President de Klerk 

announced that South Africa had eliminated its nuclear weapons program, he 

acknowledged the benefits available to South Africa through NPT membership.128  

These advantages were largely economic, resulting from the opportunity to participate 

in nuclear trade and sell South African uranium.129  Brazil faced similar incentives to end 

its weapons program.  President Collor believed that by refusing to join the NPT (and 

thus forego its nuclear program), Brazil endangered its long-term plans for economic 
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development.130  The promise of increased foreign investment helped Collor mobilize 

support for ending the weapons programs.131  Thus, for South Africa and Brazil, the 

economic incentives imposed by technology denial helped alter their countries’ analyses 

of the costs and benefits of nuclear weapons. 

 

In Libya, economic sanctions imposed by the United States and the United Nations 

helped to convince the Qadhafi regime to forego nuclear weapons.132  On taking power, 

Qadhafi used the country’s oil wealth to solidify his hold on power.133  In 1993, largely 

as a response to Libya’s support for terrorism, the United Nations Security Council 

passed Resolution 883, which placed severe restrictions on investment in Libya’s oil 

sector.134  By reducing oil revenue and preventing increased output, the sanctions 

undermined both Libya’s economy and Qadhafi’s legitimacy.135  Qadhafi’s need to 

revive the oil sector eventually forced him to take steps to remove the sanctions, 

including renouncing Libya’s nuclear weapons program.136 

 

Incentives for integration with the international community benefitted nonproliferation 

Incentives for normalization also played significant roles in some of the nonproliferation 

successes studied.  Libya, South Africa, and Brazil all sought increased integration 

within the international community, but had to forgo their nuclear weapons programs 

before such integration could occur.  South Africa, long isolated due to its policy of 
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apartheid, sought to establish a cooperative relationship with international 

community.137  While eliminating apartheid was the biggest step, South Africa also had 

to renounce its nuclear weapons.  The sanctions and isolation imposed by the 

international community against apartheid thus had a significant effect on South Africa’s 

nuclear weapons motivations.  Brazil similarly wanted to integrate into the international 

community.  The Brazilian Government initially saw nuclear weapons as a means to 

increase its prestige among global powers.138  When the civilian government took 

control, however, it saw nuclear weapons as an obstacle to unrestricted membership 

and leadership in the international community.139  Brazil chose to renounce its weapons 

programs and alleviate international pressure to help accomplish that central goal. 

 

Libya also desired a return to the international community.  Starting with an end to its 

support for international terrorism, Libya gradually re-engaged in transnational issues.140  

When Qadhafi’s government announced that it would dismantle its nuclear program, 

Prime Minister Shukri Ghanem noted the international pressure it faced for attempting to 

develop nuclear weapons.141  Depicting itself as an international model, Libya called on 

all countries with nuclear weapons programs to emulate Libya’s actions.142  Libya thus 
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saw denouncing nuclear weapons as a means to assume leadership in the international 

community while ending its isolation. 

 

Individual leaders opposed to nuclear weapons helped eliminate proliferation 

motivations 

Finally, individual leaders in countries with nuclear weapons programs play significant 

roles in decisions to end those programs.  In South Africa, de Klerk realized that South 

Africa could not achieve its goals without abandoning nuclear weapons.143  In Brazil, 

Collor recognized the obstacles that Brazil’s weapons programs created to his broader 

political ambitions.144  In Libya, Colonel Qadhafi’s son Saif al-Islam played a role in 

moderating his father’s policies.145  Colonel Qadhafi’s decision to renounce his nuclear 

weapons program may have been, in part, and attempt to ease Saif al-Islam’s eventual 

transition into Libyan leadership.146  Conversely, Pakistan’s most powerful individuals 

supported the weapons program.  A.Q. Khan has been hailed as a national hero for his 

work in Pakistan’s nuclear weapons program.147 
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CHAPTER 5 - ALTERNATE /COMPETING EXPLANATIONS  

 

Motivations-based nonproliferation as a concept is too broad 

As previously mentioned, Cooper argues for a narrower understanding of motivations-

based nonproliferation efforts.148  Using his rubric, a nonproliferation policy must directly 

target efforts to acquire nuclear weapons.  The case studies, however, point to the need 

for a broader definition.  South Africa’s renunciation of nuclear weapons stemmed in 

large part from sanctions and isolation imposed due to apartheid.149  In a broader sense, 

the United States’ victory in the Cold War helped alleviate South Africa’s security 

concerns.150   While these efforts were obviously not targeted directly at South Africa’s 

weapons program, they significantly altered South Africa’s motivations.  Similarly, 

United States and United Nations sanctions to curtail Libya’s support for terrorism 

helped bring about the end of Libya’s nuclear weapons program.  If such wide-ranging 

efforts are necessary for nonproliferation, they cannot be negated as nonproliferation 

policies simply because they are broad. 

 

US influence is critical in motivations-based efforts 

Elements of the Bush Administration claimed that the United States’ invasion of Iraq 

motivated Libya to give up its nuclear weapons program.151  This would seem to point 

toward the importance of US leadership in nonproliferation efforts.  While the United 

States does play a critical role (as shown in South Korea’s case), its direct participation 
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in nonproliferation efforts is not essential.  Despite the Bush administration’s belief in the 

Iraq War’s demonstration effect, Colonel Qadhafi may have made the decision to end 

his nuclear weapons programs before the Iraq War started.152  In Brazil’s case, US 

Government officials have acknowledged that the United States had “little or no 

influence.”153  US efforts to stop Brazil’s program reportedly bogged down in larger 

bilateral issues, with Brazilian officials bringing up “orange juice and intellectual 

property.”154  And in South Africa, Waldo Stumpf, a critical contributor to the South 

African nuclear program, said direct US pressure was “counterproductive.”155 
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CHAPTER 6 – POLICY IMPLICATIONS AND RECOMMENDATIONS 

 

The US Government and the international community rely heavily on technology denial 

as a first line of defense to stop the spread of nuclear weapons.  The various loopholes 

in international technology denial regimes, however, necessitate alternative approaches 

to nonproliferation.  Successful nonproliferation efforts integrate technology denial as a 

means to buy time for motivations-based strategies to take effect.  By doing so, 

policymakers address both proliferation supply and demand. 

 

Preventing Iranian proliferation requires an alternative approach 

In June 2003, IAEA Director General Mohammed ElBaradei deemed Iran to be in 

violation of its safeguards agreement after inspecting uranium enrichment and heavy 

water production facilities in Iran.156  Almost seven years later, Iran continues to make 

progress in its nuclear program amidst fears that the Iranian Government ultimately 

wishes to develop nuclear weapons.157  Iran steadfastly refuses to give up its 

“inalienable right” to nuclear energy technology, denying that it seeks to acquire nuclear 

weapons.158   Negotiations over Iran’s program have stalled over Iran’s refusal to 
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suspend uranium enrichment, leading to calls from the US Government for additional 

sanctions.159 

 

The West can continue its technology denial efforts to buy time in negotiations with Iran, 

but should also consider broader methods to change Iran’s cost/benefit calculations on 

nuclear weapons.  Iran’s proliferation motivations fit into all three of Sagan’s proliferation 

models: security, domestic politics, and international norms.  Because Iran perceives 

the United States as a threat, nuclear weapons would serve as a deterrent against US 

aggression.160  In the domestic politics model, Iran’s scientific community and the 

Revolutionary Guards have become strong supporters of the nuclear program.161  

Additionally, Iran’s desire for prestige and its “nationalistic backlash” against Western 

technology denial efforts have further motivated Tehran.162  If the West can address 

these issues by reducing perceived security threats, empowering the opposition within 

Iran, and providing Iran alternative avenues through which to acquire prestige, Iran may 

reconsider its nuclear motivations. 

 

Policy Recommendation 1 – Temporarily end demands that Iran suspend uranium 

enrichment activities 

The United States and its international partners should drop their demand that Iran 

suspend its enrichment programs.  Iran’s capabilities have advanced to the point that 
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technology denial is likely to achieve diminishing returns.163  By accepting uranium 

enrichment in Iran, at least temporarily, the United States and the West may help 

reduce Iran’s sense of insecurity while granting Iran increased international status.  This 

would allow negotiations to move forward in other areas that could further address 

Iran’s nuclear motivations.  Holding the larger negotiation process hostage to 

technology denial efforts inhibits attempts to address Iran’s proliferation motivations. 

 

Nuclear disarmament as a nonproliferation tool 

In his speech in Prague in April 2009, President Obama committed the United States to 

a path toward global abolition of nuclear weapons.164  The importance of the security 

driver for nuclear acquisition within the cases studied lends support to Obama’s pledge.  

Pakistan’s nuclear weapons program greatly accelerated after India demonstrated its 

nuclear capabilities in 1974.  Libya’s statements point to considerable concern about the 

Israeli nuclear weapons program. 165  The presence of nuclear weapons in unstable 

regions may encourage other states to adopt justifications similar to those of Pakistan 

and Libya.   Sagan’s international norms model also buttresses Obama’s call for nuclear 

abolition.  Brazil and Libya both saw nuclear weapons as a means to acquire 
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international status and prestige.  A global ban on nuclear weapons could help eliminate 

the benefits to status of nuclear acquisition. 

 

Policy Recommendation 2 – Increase efforts toward global abolition of nuclear weapons 

The United States and the international community should follow President Obama’s 

lead in moving toward a global ban on nuclear weapons.  Eliminating the specter of 

neighboring states with nuclear weapons will help diminish the security rationale for 

nuclear acquisition.  While achieving nuclear disarmament may be an immensely 

difficult, if not impossible task, taking steps toward global nuclear weapons abolition will 

help mitigate the international norms driver. Seeing the United States and Russia, the 

world’s two nuclear superpowers, willing to relinquish nuclear weapons would likely 

weaken the norm that grants prestige and status to countries with nuclear weapons. 

 

Establishing regional nuclear security institutions and nuclear-weapons-free zones 

The case studies demonstrate the importance of regional environments in 

nonproliferation efforts.  The inability to ameliorate Pakistan’s regional security concerns 

ultimately led to Pakistan’s acquisition of nuclear weapons.  Conversely, South Africa’s 

improved regional security in the late 1980s contributed to its decision to eliminate its 

nuclear arsenal.  The international community should thus consider strengthening 

existing nuclear-weapons-free zones (NWFZs) and establishing NWFZs in regions that 

lack them. 
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The Latin American and Caribbean zone’s ability to advance regional cooperation is 

particularly interesting.   Brazil originally proposed the Treaty of Tlatelolco (which 

established the NWFZ), but withdrew its support after the military coup led by General 

Castelo Branco.166  Throughout the negotiating process, Brazil stood with Argentina, its 

South American rival, against the treaty’s provisions.167  Cooperation between Brazil 

and Argentina on the Latin American NWFZ eventually spurred cooperation in nuclear 

matters.  This collaboration set the stage for a reduction in rivalry that led to the 

Quadripartite Agreement and the establishment of the Brazilian-Argentine Agency for 

Accounting and Control of Nuclear Materials (ABACC), facilitating Brazil’s nuclear 

weapons forbearance.168 

 

Policy Recommendation 3 – Strengthen nuclear-weapons-free zones 

When implemented, NWFZs can address the security proliferation driver by removing 

incentives for states to develop nuclear weapons based on the knowledge that 

neighbors are restricted by binding agreements.   Additionally, the spread of NWFZs 

across the globe helps develop an international norm against nuclear weapons 

proliferation.  As greater numbers of states formally renounce nuclear weapons outside 

of the NPT regime, a stigma against proliferation is replacing the prestige of weapons 

possession.   Latin America and the Caribbean, Southeast Asia, Central Asia, Africa, 

and the South Pacific all have NWFZs.  States in Latin America and the Caribbean, 

Southeast Asia, Africa, and the South Pacific should follow the Central Asian states’ 

lead in requiring NWFZ members to adopt the IAEA’s Additional Protocol, which 
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increases transparency and reduces perceived security threats caused by 

uncertainty.169 

 

Policy Recommendation 4 – Establish nuclear-weapons-free zones or regional nuclear 

security institutions in the Middle East, South Asia, and Northeast Asia 

While North Africa falls under the Treaty of Pelindaba, which bans nuclear weapons on 

the African continent, the greater Middle East does not have a treaty that designates the 

region as a NWFZ.170  Achieving a Middle Eastern NWFZ would require Israel to 

eliminate its nuclear arsenal and Iran to forego its reported nuclear weapons aspirations.  

While Israel has supported a Middle Eastern NWFZ, it has also refused to participate in 

negotiations to establish the zone.171  In South Asia, Pakistan submitted a failed 

proposal for a regional NWFZ in 1974.172  Because tensions between Pakistan and 

India remain high, a South Asian NWFZ is unlikely in the near future.  However, the two 

countries could begin basic negotiations as a confidence-building measure.  Finally, 

because prospects for a Northeast Asian NWFZ treaty are unlikely while China, Russia, 

and North Korea maintain nuclear weapons, the participants in the Six-Party Talks 
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should establish a more formal regional forum for security concerns.  While the Six-

Party Talks have been beneficial, they are essentially an ad hoc forum.173 

 

Fixing technology denial 

Because technology denial efforts can provide time for motivations-based efforts to 

succeed, the United States and the international community should address the various 

vulnerabilities in domestic and international denial regimes. 

 

Policy Recommendation 5 – Collect suspicious purchase requests from technology 

suppliers 

As noted, both the Pakistani and Libyan nuclear weapons programs took advantage of 

illicit networks to procure otherwise unavailable technology.  Pakistan in particular used 

front companies to acquire such technology from legitimate Western suppliers.174  

Governments can use intelligence collected by supplier companies about potential front 

companies to constrain the activities of illicit procurement networks.  The United States, 

however, lacks a formal, systematic mechanism to funnel suspicious requests to the 

appropriate government agencies.175  The US Government and relevant industries 

should establish a mandatory, non-invasive system to ensure that government agencies 

receive this intelligence. 
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Policy Recommendation 6 – Require states interested in civil nuclear cooperation to 

foreswear uranium enrichment and plutonium reprocessing on their territories 

South Africa leveraged assistance with uranium enrichment technology into an 

indigenous enrichment capacity, allowing it to bypass technology denial efforts and 

develop nuclear weapons.176  To prevent states from following South Africa’s path, 

supplier states should require recipients to renounce uranium enrichment and plutonium 

reprocessing activities on their territories.177  Recipients that later decide to acquire 

nuclear weapons must then develop their own technologies to produce fissile materials, 

providing technology denial efforts an opportunity to slow the weapons programs while 

motivations-based nonproliferation efforts take effect.  

 

Policy Recommendation 7 – Fix the NPT technology transfer loophole 

Articles IV and V of the NPT mandate international nuclear technology transfer as the 

quid pro quo for states that foreswear nuclear weapons acquisition.178    Yet Article X 

provides states an opportunity to withdraw from the NPT without penalty.179  Thus states 

can acquire nuclear technology through NPT-regulated trade, then withdraw and use 

that technology for weapons purposes, such as occurred with North Korea.  President 

Obama has called for “real and immediate consequences for countries caught breaking 

the rules or trying to leave the treaty without cause.”180  Closing this loophole in the 
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international nonproliferation regime will likely increase the effectiveness of technology 

denial, enabling greater windows of opportunity for motivations-based efforts. 

 

Fulfilling US security commitments 

Both South Korea and Pakistan demonstrate the importance of US security 

commitments.  When South Korea perceived a relaxation in US security assurances, it 

threatened to develop its own nuclear weapons.181  Similarly, the US failure to support 

Pakistan during its 1971 war with India provided additional impetus for Pakistan’s 

nuclear weapons program.182  While the United States may not be critical in ending 

existing nuclear programs, the United States can help stop proliferation before it starts. 

 

Policy Recommendation 8 – Deliver on US security assurances 

The United States cannot provide security assurances to every potential proliferant 

state.  However, those assurances currently in place, based on the Korean and 

Pakistani experiences, are important in reducing security-based proliferation drivers.  If 

the United States offers security assurances to a state considering a nuclear weapons 

program, the US Government should follow through on its pledges and take the 

recipient state’s perceptions into account. 
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