
Peaceful nuclear coop-
eration—the transfer of nuclear technology, materials, or knowledge from one
state to another for peaceful purposes—has ªgured prominently in interna-
tional politics since the dawn of the atomic age.1 During an address before the
United Nations General Assembly in December 1953, U.S. President Dwight
Eisenhower encouraged the nuclear suppliers to promote international peace
and prosperity by sharing their technology and know-how.2 Since this “atoms
for peace” speech, countries have signed more than 2,000 bilateral civilian nu-
clear cooperation agreements (NCAs) pledging to exchange nuclear technol-
ogy, materials, or knowledge for peaceful purposes.3 Recently, NCAs have
been signed at an increasingly rapid rate, as countries look for solutions
to global climate change and for assistance in combating energy shortages
and high oil prices. For example, since coming to ofªce in May 2007, French
President Nicolas Sarkozy has signed NCAs with a plethora of states seeking
to begin or revive civilian nuclear programs, including Algeria, Jordan, Libya,
Qatar, the United Arab Emirates, and Vietnam.

This article examines the relationship between peaceful nuclear cooperation
and nuclear weapons proliferation. Speciªcally, it explores whether countries
receiving civilian nuclear aid over time are more likely to initiate weapons pro-
grams and build the bomb. The conventional wisdom is that civilian nuclear
cooperation does not lead to proliferation. Most scholars argue that nu-
clear weapons spread when states have a demand for the bomb—not when
they have the technical capacity to proliferate.4 Those who recognize the im-
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portance of the supply side of proliferation argue that certain types of nuclear
assistance enable countries to build nuclear weapons but that others are innoc-
uous or even positive from a nonproliferation standpoint. Nuclear suppliers,
for instance, generally restrict the sale of uranium enrichment or plutonium re-
processing facilities because these can be used directly to produce ªssile mate-
rial for a bomb, but suppliers routinely build research or power reactors in
other countries and train foreign scientists.5 A recent study ªnds that countries
receiving enrichment and reprocessing facilities, bomb designs, or signiªcant
quantities of weapons-grade ªssile material are more likely to acquire the
bomb.6 The implication of this research is that other forms of atomic assistance
do not lead to the spread of nuclear weapons.

This article argues that the conventional wisdom is wrong—and dangerous.
All types of civilian nuclear assistance raise the risks of proliferation. Peaceful
nuclear cooperation and proliferation are causally connected because of the
dual-use nature of nuclear technology and know-how.7 Civilian cooperation
provides technology and materials necessary for a nuclear weapons program
and helps to establish expertise in matters relevant to building the bomb. I de-
velop four hypotheses based on this general insight. First, receiving civilian
nuclear assistance over time increases the likelihood that states will begin nu-
clear weapons programs because it reduces the expected costs of such a cam-
paign and inspires greater conªdence among leaders that the bomb could be
successfully developed. Second, militarized disputes with other countries con-
dition the effect of civilian nuclear assistance on program initiation. The likeli-
hood that nuclear assistance causes countries to begin weapons programs
increases as their security environments worsen. Third, peaceful aid increases
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the probability that countries will successfully build nuclear weapons. Fourth,
this is especially true when a country’s security environment deteriorates.

To test these hypotheses, I produced a data set on civilian nuclear assistance
based on the coding of all NCAs signed from 1945 to 2000.8 A combination of
qualitative and quantitative analysis yields support for my arguments, even
when controlling for the other variables thought to inºuence proliferation. The
results from my statistical analysis indicate that other factors, such as indus-
trial capacity and membership in the nuclear Nonproliferation Treaty (NPT),
also have signiªcant effects on proliferation. But peaceful cooperation is
among the few variables that is consistently salient in explaining both nuclear
weapons program onset and weapons acquisition.

The conclusions reached in this article should raise concern among policy-
makers in the United States and abroad. For more than ªfty years, the interna-
tional community has behaved as though peaceful atomic assistance could
serve as an effective arms control policy. The United Nations established the
International Atomic Energy Agency (IAEA) in 1957 to help bring nuclear en-
ergy to countries around the world and establish a system of safeguards to
ensure that countries did not use peaceful assistance for military purposes.9 A
decade later, Eisenhower’s notion of “atoms for peace” was codiªed in the
NPT, which obligates signatories to forgo nuclear weapons in exchange for ac-
cess to nuclear technology for peaceful purposes. The ªndings in this article re-
veal that efforts to promote the spread of nuclear technology for peaceful use
have largely backªred. Given that a nuclear energy renaissance looms on the
horizon, the United States and other supplier countries should reevaluate their
export practices.

Previous research has noted that illicit proliferation networks operated by
“rogue” states can contribute to nuclear proliferation.10 Most infamously, the
Pakistan-based Abdul Qadeer (A.Q.) Khan network served as a “Wal-Mart for
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proliferators,” selling weapons-relevant technology to Iran, North Korea, and
Pakistan, and possibly other countries.11 This article does not dispute that il-
licit commercial activities conducted by second-tier suppliers can facilitate the
spread of nuclear weapons. Rather, it demonstrates that legal nuclear com-
merce conducted under the auspices of the NPT can also have damaging ef-
fects for national and international security.

The next section offers an overview of the existing research on the causes of
nuclear proliferation. In subsequent sections, I lay out my hypotheses linking
peaceful nuclear cooperation and proliferation. I then draw from several cases
to illustrate the plausibility of my argument and describe how civilian nuclear
cooperation can contribute to the spread of nuclear weapons. Next I describe
the statistical tests used to evaluate the hypotheses and discuss the results. I
conclude by summarizing the article’s ªndings, underscoring the contribu-
tions of this study, and offering directions for future research.

Why Do States Pursue Nuclear Weapons?

There is a rich literature on why states pursue nuclear weapons. In recent
years this scholarship has turned its attention toward factors inºuencing a
country’s demand for nuclear weapons and has treated technological consid-
erations as a secondary concern. For example, Scott Sagan argues that scholars
and practitioners should focus on “addressing the sources of the political de-
mand for nuclear weapons, rather than focusing primarily on efforts to safe-
guard existing stockpiles of nuclear materials and to restrict the supply of
speciªc weapons technology from the ‘haves’ to the ‘have-nots.’”12 The extant
literature identiªes a number of demand-side considerations that are salient in
explaining nuclear proliferation, including: a state’s security environment, in-
ternational norms, domestic politics, and intangible or symbolic motivations.13

These studies are often dismissive of supply-side approaches because several
countries—most notably Germany and Japan—have the technical capacity
to build nuclear bombs but have chosen not to do so. This critique fails to
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consider, however, that technology-based arguments are probabilistic, not
deterministic.14

Recent research focuses on the supply side of nuclear proliferation. This
author has examined why states transfer dual-use technology that could be
employed to build weapons of mass destruction and why countries export nu-
clear technology, materials, and know-how for peaceful purposes.15 Matthew
Kroenig has analyzed reasons why states provide “sensitive” nuclear assis-
tance to help other countries to build nuclear weapons.16 Other quantitative
studies examine the links between technical capacity and the spread of nuclear
weapons.17 These studies have found that indicators of economic capacity,
such as a state’s gross domestic product (GDP) and the nuclear-related
resources it possesses, are correlated with weapons proliferation. Despite its
many contributions, this work has not adequately addressed the links between
civilian nuclear cooperation and weapons proliferation. In particular, it fails to
sufªciently test the argument that the diffusion of knowledge and technology
makes proliferation more likely. Dong-Joon Jo and Erik Gartzke include a vari-
able in their model measuring the natural log of the number of years between
1938 and time t, which allows the authors to test the systemic effects of diffu-
sion, but diffusion does not occur equally across all states.18 Kroenig examines
the relationship between nuclear assistance and proliferation more directly, al-
though he does not explore how peaceful aid can encourage countries to pur-
sue nuclear weapons.19 He also does not examine how strategic factors such as
militarized interstate disputes could interact with nuclear assistance. Kroenig
argues that only certain sensitive nuclear assistance helps countries acquire the
bomb.20 This type of aid makes up a mere fraction of all nuclear assistance,
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however. Of the more than 2,000 bilateral civilian nuclear cooperation agree-
ments signed from 1945 to 2000, only 14 (less than 0.7 percent) meet Kroenig’s
deªnition of sensitive assistance. I argue that the relationship between nuclear
aid and atomic weapons is much broader. All forms of atomic assistance—
whether it involves training scientists, supplying reactors, or building fuel
fabrication facilities—raise the likelihood that nuclear weapons will spread.

Civilian Nuclear Cooperation and the Bomb

Decades ago scholars offered a “technological momentum” hypothesis, sug-
gesting that countries are more likely to pursue nuclear weapons once they
obtain civilian nuclear technology and expertise.21 The logic driving this hy-
pothesis is that the accumulation of nuclear technology and knowledge leads
to incremental advances in the ªeld of nuclear engineering that ultimately
makes progress toward developing a nuclear weapons capability before a for-
mal decision to build the bomb is made.22 John Holdren illustrates this argu-
ment well when he states that the proliferation of nuclear power represents the
spread of an “attractive nuisance.”23 This logic highlights the relationship be-
tween the peaceful and military uses of the atom, but it underplays the politi-
cal dimensions of proliferation.24

Peaceful nuclear cooperation and nuclear weapons are related in two key re-
spects. First, all technology and materials linked to a nuclear weapons pro-
gram have legitimate civilian applications. For example, uranium enrichment
and plutonium reprocessing facilities have dual uses because they can produce
fuel for power reactors or ªssile material for nuclear weapons. Second, civilian
nuclear cooperation increases knowledge in nuclear-related matters. This
knowledge can then be applied to weapons-related endeavors. Civilian nu-
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clear programs necessitate familiarity with the handling of radioactive materi-
als, processes for fuel fabrication and materials having chemical or nuclear
properties, and the operation and function of reactors and electronic control
systems. They also provide experience in other crucial ªelds, such as metal-
lurgy and neutronics.25 These experiences offer “a technology base upon
which a nuclear weapon program could draw.”26

These linkages suggest that peaceful nuclear assistance reduces the ex-
pected costs of a weapons program, making it more likely that a decision to
begin such a program will be made. Considerable political and economic
costs—such as international sanctions, diplomatic isolation, and strained rela-
tionships with allies—can accompany nuclear weapons programs.27 Leaders
may be reluctant to take on these burdens unless they believe that a weapons
campaign could succeed relatively quickly.28 As Stephen Meyer argues, “When
the ªnancial and resource demands of [beginning a weapons program] be-
come less burdensome, states might opt to proceed . . . under a balance of in-
centives and disincentives that traditionally might have been perceived as
insufªcient for a proliferation decision.”29

Sometimes, nuclear assistance can cause leaders to initiate nuclear weapons
programs in the absence of a compelling security threat. This usually happens
when scientists and other members of atomic energy commissions convince
the political leadership that producing a nuclear weapon is technologically
possible and can be done with relatively limited costs.30 Scientists do not al-
ways push leaders down the nuclear path, but in many cases they do.31

Leaders are persuaded by this lobbying because they are keenly aware that the
quicker the bomb can be developed, the less likely other national priorities will
suffer.

Although nuclear assistance occasionally produces bomb programs in the
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absence of a security threat, the relationship between such assistance and pro-
liferation is usually more nuanced. Countries that have received considerable
assistance are especially likely to initiate bomb programs when threats arise
because they have greater demand for the strategic advantages that nuclear
weapons offer.32 In other words, peaceful nuclear assistance typically condi-
tions the effect that a security environment has on a state’s political decision to
begin a weapons program. A state that suffers a defeat in war or feels threat-
ened for another reason is unlikely to initiate a program if it lacks a developed
civilian nuclear program. Without the technical base in place, it is too costly to
venture down the weapons path. This explains, in part, why Saudi Arabia has
yet to begin a nuclear weapons program even though it faces considerable se-
curity threats.33 Likewise, countries are unlikely to nuclearize—even if they
have accumulated signiªcant amounts of assistance—if they do not face secu-
rity threats. On the other hand, initiation of a weapons program is more likely
in states that operate in dangerous security environments and possess peaceful
nuclear facilities and a cadre of trained scientists and technicians.

There are also strong theoretical reasons to suggest the existence of a rela-
tionship between civilian nuclear cooperation and the acquisition of nuclear
weapons. Given the links described above, civilian nuclear energy cooperation
can aid nuclear weapons production by providing the technology and items
necessary to produce ªssile material.34 This is noteworthy because ªssile mate-
rial production is the most difªcult step in building the bomb.35 Cooperation
also establishes a technical knowledge base that permits advances in nuclear
explosives and related ªelds, ultimately facilitating bomb production. Occa-
sionally, technical capacity alone causes states to produce the bomb. But just as
all states receiving nuclear aid do not begin weapons programs, every country
that acquires assistance does not assemble bombs. Security threats, which pro-
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vide the political motivation to build the bomb, coupled with atomic aid are a
recipe for the acquisition of nuclear weapons.

Four hypotheses ºow from this logic:

Hypothesis 1: Countries receiving peaceful nuclear assistance are more likely to
begin nuclear weapons programs.

Hypothesis 2: Countries receiving peaceful nuclear assistance are more likely
to begin nuclear weapons programs when a security threat arises.

Hypothesis 3: Countries receiving peaceful nuclear assistance are more likely to
acquire nuclear weapons.

Hypothesis 4: Countries facing security threats and receiving peaceful nuclear
assistance are more likely to acquire weapons.

Below I apply these hypotheses to several cases to show how peaceful nu-
clear cooperation can lead to proliferation.

Case Studies

In this section I brieºy discuss why my argument is salient in explaining
nuclear decisionmaking in three proliferation cases. Then I examine two cases
in more detail: (1) India’s decision to begin a weapons program in 1964, and
(2) Pakistan’s acquisition of the bomb in 1987. The qualitative evidence shows
that nuclear assistance can lead to proliferation—especially when combined
with security threats. After discussing these cases, I turn to the statistical
analysis.

The South African experience illustrates how peaceful nuclear assistance can
contribute to the onset of a weapons program in the absence of a security
threat. U.S. assistance to South Africa’s peaceful nuclear program, which be-
gan in July 1957, had a salient effect on that country’s decision to begin a nu-
clear weapons program. U.S. aid included the construction of a nuclear
research reactor in Pelindaba, the supply of highly enriched uranium, and the
training of nuclear scientists. This cooperation led to signiªcant technological
advancements and provided key scientists in the South African atomic energy
complex with tremendous political inºuence.36 Particularly signiªcant was the
president of the Atomic Energy Corporation, A.J. “Ampie” Roux, who report-
edly quipped, “I can ask [the South African] government for anything I want
and I’ll get it.”37 Indeed, Roux convinced Prime Minister John Vorster to fund
construction of a pilot uranium enrichment plant in 1968, despite the latter’s
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concerns about the costs of such a program.38 In the 1970s Roux then lobbied
the prime minister to develop nuclear bombs on the grounds that doing so was
technologically feasible.39 Vorster decided to authorize a nuclear weapons pro-
gram in part because he recognized that South Africa’s civil nuclear infrastruc-
ture would permit the quick and successful development of these weapons. As
Mitchell Reiss notes, “With the [civilian nuclear] capability already in place,
the subsequent decision to build nuclear weapons was made that much eas-
ier.”40 This logic is especially compelling in light of revelations from recently
declassiªed documents that security motivations—particularly the need for a
deterrent against a Soviet-supported attack from Angola or Mozambique—
had little role in inºuencing the onset of South Africa’s weapons program.41

Because the nuclear program could not have developed as it did without U.S.
assistance beginning in the late 1950s, this short narrative exempliªes how
peaceful nuclear cooperation can enable proliferation decisions.

Evidence from two other cases also reveals that peaceful nuclear coopera-
tion can enable acquisition of the bomb. French reprocessing aid to Israel be-
tween 1958 and 1965 enhanced Israel’s ability to assemble a nuclear weapon
much quicker than it would have been able to through solely indigenous
means.42 But this assistance alone was insufªcient for Israel to cross the nu-
clear threshold. Heavy water supplied by Norway, the United Kingdom, and
the United States also facilitated Israel’s acquisition of nuclear weapons.43

Gary Milhollin highlights the importance of foreign-supplied heavy water for
Israel’s weapons program when he notes that “the reactor at Dimona is Israel’s
only means of making plutonium, and plutonium is Israel’s primary nuclear
weapon material. When Dimona opened in 1963 . . . Israel was producing
heavy water only in laboratory quantities. Therefore, it was physically impos-
sible to start Dimona without U.S. or Norwegian heavy water.”44

I argued above that the knowledge acquired from peaceful nuclear coopera-
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tion also plays a major role in enabling countries to manufacture nuclear
bombs.45 The North Korean case illuminates this point. The Soviet Union
trained North Korean nuclear scientists beginning in the late 1950s and com-
pleted construction of a research reactor at Yongbyon in 1965. This technical
aid provided a base of knowledge in nuclear matters sufªcient to help the
North Koreans build an “experimental nuclear installation” in the 1980s.46

Pyongyang employed this facility to produce plutonium, which it then used to
explode a nuclear bomb in October 2006.47 As the case studies presented below
make clear, this experience is not atypical.

the origins of india’s nuclear weapons program, 1964

In 1955 India built its ªrst research reactor using British-supplied designs. This
facility, known as the Apsara research reactor, became operational in 1956 us-
ing enriched uranium fuel also supplied by the United Kingdom. In April 1956
Canada agreed to supply India with a 40-megawatt research reactor known as
the Canada-India-United States research reactor (CIRUS). The CIRUS reactor
was built as part of the Colombo Plan, a developmental aid program for coun-
tries of South Asia modeled after the Marshall Plan.48 It was intended to help
the Indians develop their knowledge in nuclear engineering.49 The United
States provided heavy water to moderate the CIRUS reactor, enabling it to be-
gin operating in 1960. In addition, beginning in 1955, it invited 1,104 Indian
nuclear scientists to train at the Argonne Laboratory School of Nuclear Science
and Engineering, among other facilities.50

U.S. and Canadian assistance continued in the 1960s. In April 1961 India be-
gan construction of a reprocessing plant designed to extract plutonium from
spent nuclear fuel. This facility, named Phoenix, was designed in part by an
American ªrm, Vitro International, and based on declassiªed U.S. plans for re-
processing using the PUREX method.51 In 1964 Canada agreed to assist India
in developing its ªrst power reactor, known as Rajasthan Atomic Power Plant
(RAPP-1), and supply one-half of the initial uranium fuel charge. This assis-
tance enabled India to obtain “detailed design data, including plans and work-
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ing drawings regarding the design and construction of nuclear power stations
of the heavy water type.”52 Canada additionally agreed to provide one-half of
the initial uranium fuel charge for the Rajasthan reactor. In December 1966 it
agreed to offer assistance in the design and construction of a second nuclear
power reactor at Rajasthan (RAPP-2). At the same time, the United States
agreed to supply plutonium to India for research purposes.53

These transfers were highly consequential for India’s civilian nuclear pro-
gram. In the 1950s and 1960s, India could not have developed a nuclear
program in the absence of foreign assistance.54 Peaceful nuclear assistance also
spurred India’s decision to begin a nuclear weapons program. To begin, it
decreased the expected costs of obtaining the bomb and increased the likeli-
hood that one could be produced relatively quickly. The training and technol-
ogy that India received had applications for both peaceful and military
programs. Key Indian decisionmakers were well aware of this. In September
1956 Homi Bhabha, the chairman of the Indian Atomic Energy Commission,
argued that countries can easily use know-how and experiences obtained
through peaceful programs to develop a separate military program.55 Bhabha
expressed a similar opinion in January 1964 when he indicated that “any
knowledge of operating a reactor for peaceful purposes can be employed later
for operating a reactor for military purposes.”56 Prime Minister Jawaharlal
Nehru was equally aware that nuclear assistance could serve both peaceful
and military programs, and he expressed this belief publicly on several occa-
sions.57 By 1964 U.S. and Canadian peaceful nuclear assistance had yielded re-
sults that would have important implications for India’s civilian and military
nuclear programs. In June of that year, the ªrst spent fuel from the Canadian-
supplied CIRUS reactor was delivered to the reprocessing plant at Trombay.
This meant that India would soon separate plutonium for the ªrst time. Pluto-
nium can be used to power certain types of nuclear reactors, but it is also an
important component of nuclear weapons. Using this plutonium in a nuclear
weapon, however, would have broken New Delhi’s prior commitments that it
would use technology and training provided by Canada and the United States
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only for peaceful purposes. Nevertheless, developments in the civilian sector
had a salient effect on Prime Minister Lal Bahadur Shastri’s decisionmaking.

Shastri was highly sensitive to the expected costs of a nuclear weapons pro-
gram because India faced economic hardship and massive food shortages dur-
ing his tenure. He was initially reluctant to initiate a weapons program
because this would force New Delhi to abandon plans for economic develop-
ment and divert substantial resources away from other domestic programs.58

These sentiments were captured in an editorial published in the Statesman in
August 1964: “Both bomb production and effective delivery could be secured
if the price is paid for it in terms of economic deprivation. But no responsible
person has suggested that the object is worth that price.”59

Fears that the bomb would be technically too difªcult to produce and would
command substantial resources initially led Shastri to oppose beginning a nu-
clear weapons program. But Bhabha relentlessly lobbied the prime minister in
asserting that the bomb could be produced with relative ease due to develop-
ments in India’s civilian nuclear program. In October 1964 Bhabha proclaimed
that India could acquire a nuclear bomb within eighteen months of a political
decision to develop it and that a 10-kiloton blast would cost only $350,000.60

These estimates were overly optimistic because India would not acquire
weapons-usable plutonium until 1965 (even though the spent fuel was loaded
into the reprocessing facility in June 1964), and it lacked a reliable bomb de-
sign.61 But these challenges were overlooked, in part because Bhabha had an
extraordinary amount of power, and information relevant to the nuclear pro-
gram was so tightly guarded that others did not have a chance to question his
assertions. Eventually, Bhabha convinced Shastri that a bomb could be built
relatively quickly without diverting substantial resources away from develop-
ment programs. This argument was especially compelling because the coun-
try’s rivalry with China provided strategic incentives to build the bomb.62

On November 27, 1964, after meeting with Bhabha, Shastri ofªcially en-
dorsed a nuclear weapons program. This decision, which marked the ofªcial
beginning of the Indian program, resulted from the combination of foreign nu-
clear assistance and security threats emanating from China. But the former fac-
tor played an especially crucial and underappreciated role.
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pakistan’s bomb acquisition, 1987

Pakistan’s civilian nuclear program began in the 1950s with the help of foreign
assistance. In August 1955 the United States signed a nuclear cooperation
agreement with Pakistan that led to the construction of a small research reactor
at the Pakistan Institute of Nuclear Science and Technology (PINSTECH) and
the supply of highly enriched uranium to fuel it. The PINSTECH reactor,
which began operation in 1963, was used to provide training to Pakistani tech-
nicians, produce isotopes, and conduct neutron physics experiments.63 In the
1960s Canada signed a nuclear cooperation agreement with Pakistan allowing
the Canadians to build the Karachi Nuclear Power Plant and supply heavy
water and uranium to fuel the reactor. This reactor began operation in 1972.
Canada also helped Pakistan develop a fuel fabrication facility at Chasma
in the late 1970s.64 Western European suppliers offered considerable amounts
of assistance to Pakistan as well. The United Kingdom, for example, provided
hot cells capable of separating plutonium on a laboratory scale.65 Similarly,
Belgium and France assisted Pakistan in developing the “New Laboratories”
at PINSTECH to reprocess spent nuclear fuel.66 Brussels also provided
Islamabad with a heavy water production facility that came online at Multan
in 1980.67 Paris agreed in 1976 to supply a large-scale reprocessing center at
Chasma, but it suspended this deal in 1978.68

In addition to transferring these materials and technology, many suppliers
provided substantial know-how to Pakistan.69 For instance, the United States
trained promising young scientists from Pakistan at Argonne National Lab-
oratory just outside of Chicago between 1955 and 1961.70 These scientists were
trained in the design and construction of nuclear reactors, the handling of
radioactive materials, chemistry and metallurgy, and other peaceful applica-
tions of atomic energy.71 The United Kingdom, Belgium, and other countries in
Western Europe provided similar training to Pakistani personnel.72
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After Pakistan suffered a humiliating defeat at the hands of India in the
1971 Indo-Pakistani War, it initiated a nuclear weapons program. Islamabad
redoubled its efforts to acquire nuclear weapons after India tested a nuclear
explosive device in May 1974.73 Prime Minister Zulªkar Ali Bhutto famously
proclaimed that all Pakistani citizens would “eat grass or leaves, even go hun-
gry” to develop the bomb for Pakistan to counter the Indian nuclear threat.74

When Bhutto initiated the program, he planned to develop reactors and repro-
cessing centers to produce plutonium for nuclear weapons. The prime minister
tapped Munir Ahmad Khan, the chairman of the Pakistan Atomic Energy
Commission (PAEC), to implement this plan. Khan was one of the Pakistanis
trained at Argonne National Laboratory more than a decade earlier.75 Not only
did Khan personally beneªt from that training, but as chairman of the PAEC,
he was able to share his expertise with others once he returned to Pakistan.
Others who received training abroad were also able to share their experiences
with Pakistani scientists. This accumulation of nuclear know-how enabled
Pakistan to develop a technical base that was “equally adept” to India’s
scientiªc abilities in the early 1970s.76 It also increased the PAEC’s conªdence
that it could deliver the bomb for Pakistan.77

Bhutto and Khan believed that Pakistan could use facilities built for peaceful
purposes to develop nuclear weapons—just as India would do in 1974.78

But ultimately, Islamabad chose a slightly different path, focusing instead
on the uranium route to the bomb. The history of Pakistan’s enrichment pro-
gram is well known.79 In September 1974 a young metallurgist named
A.Q. Khan wrote a letter to Prime Minister Bhutto offering to help Pakistan
build the bomb.80 Khan had been working in the Netherlands for a subcontrac-
tor of the European enrichment consortium URENCO. While employed by
URENCO, he stole sensitive information dealing with centrifuge technology
that could be used to enrich uranium. At the end of 1975, he suddenly left the
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Netherlands and returned to Pakistan with stolen blueprints for centrifuges
and a Rolodex containing information on 100 companies that supplied enrich-
ment technology.81

Pakistan used this information to purchase subcomponents from abroad and
to construct covert enrichment facilities dedicated to a nuclear bomb pro-
gram.82 As a result of Khan’s activities, Pakistan had virtually everything it
needed to build a centrifuge enrichment plant as early as 1979.83 With this
equipment in hand, Pakistan began to construct enrichment facilities at Sihala
and Kahuta using stolen blueprints.84 In the end, highly enriched uranium
produced at these plants enabled Islamabad to assemble at least one bomb by
1987 and conduct nuclear tests eleven years later.85

Pakistan was able to master sophisticated enrichment technology and pro-
duce highly enriched uranium for nuclear weapons because of the peaceful as-
sistance it received beginning in the mid-1950s. Islamabad was able to draw on
training provided by the United States, Canada, and West European countries
to construct and operate the enrichment centers at Sihala and Kahuta.
Pakistani scientists received training in uranium metallurgy—the physical and
chemical behavior of uranium and its alloys. Expertise in metallurgy is vital to
enriching uranium using the gas centrifuge method. Without this know-how,
Islamabad would not have known what to do with the technology and materi-
als it procured from abroad. As a developing country, Pakistan could not have
obtained the requisite expertise solely through indigenous means. Munir Kahn
underscored the signiªcance of foreign assistance:

I have no place from which to draw talented scientists and engineers to work
in our nuclear establishment. We don’t have a training system for the kind of
cadres we need. But, if we can get France or somebody else to come and create
a broad nuclear infrastructure, and build these plants and these laboratories, I
will train hundreds of my people in ways that otherwise they would never be
able to be trained. And with that training, and with the blueprints and the
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other things that we’d get along the way, then we could set up separate plants
that would not be under safeguards, that would not be built with direct for-
eign assistance, but I would not have the people who could do that. If I don’t
get the cooperation, I can’t train the people to run a weapons program.86

Samar Mubarakmand, who headed the team of scientists that orchestrated
Pakistan’s 1998 nuclear tests, expressed similar sentiments.87 He suggested
that any country can procure dual-use equipment relevant to a weapons pro-
gram, but states cannot build the bomb “unless there is a human resource
available . . . which understands [nuclear-related] work to such an extent that
it is able to develop and raise this program from zero to 100% all by itself.”88

He added that countries such as Libya were unable to develop the bomb be-
cause they lacked what Pakistan had: the requisite knowledge base. Between
1970 and 2003, Libya attempted to procure nuclear weapons–relevant technol-
ogy on the black market but was never able to develop the bomb.

Statistical Tests

Given that every empirical approach has drawbacks, a multimethod assess-
ment of my theory can inspire greater conªdence in the ªndings presented in
this article.89 The case study analysis above provides rich descriptions of my
argument and illustrates that the causal processes operate as expected in
actual instances of proliferation.90 Statistical analysis allows me to minimize
the risks of selection bias and determine the average effect of independent
variables on proliferation aims and outcomes.91 Additionally, it permits me
to control for confounding variables and to show that peaceful nuclear
cooperation—and not some other factor—explains nuclear proliferation. This
is especially important because proliferation is a complicated process, and
there is rarely only one factor that explains why nuclear weapons spread.92

For the statistical analysis, I use a data set compiled by Sonali Singh and
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Christopher Way to identify the determinants of nuclear proliferation.93 I
adopt a standard time-series cross-sectional data structure for the period 1945
to 2000, and the unit of analysis is the country (monad) year. For my analysis
of nuclear weapons program onset, a country exits the data set once it initiates
a weapons acquisition campaign. Similarly, for my analysis of nuclear weap-
ons acquisition, a country exits the data set once it obtains at least one nuclear
bomb.

dependent variables

To analyze nuclear proliferation, I coded two dependent variables, both of
which are dichotomous. The ªrst is coded 1 if the country initiated a nuclear
weapons program in year t and 0 otherwise. The second is coded 1 if the coun-
try acquired nuclear weapons in year t and 0 otherwise. To create these vari-
ables, I consulted a list of nuclear proliferation dates compiled by Singh and
Way.94

explanatory variables

I hypothesized above that the accumulation of civilian nuclear assistance
makes states more likely both to begin nuclear weapons programs and to ac-
quire such weapons—especially when security threats are also present. To
operationalize civilian nuclear assistance, I collected and coded new data on
NCAs signed from 1945 to 2000. NCAs are an appropriate independent vari-
able for this analysis because they must be in place in virtually all cases before
the exchange of nuclear technology, materials, or knowledge can take place.
These agreements typically lead to the construction of a nuclear power or re-
search reactor, the supply of ªssile materials (e.g., plutonium or enriched ura-
nium), the export of ªssile material production facilities, or the training of
scientists and technicians. Related agreements that are not classiªed as NCAs
include: (1) agreements that are explicitly defense related; (2) ªnancial agree-
ments; (3) agricultural or industrial agreements unrelated to nuclear power;
(4) agreements dealing with the leasing of nuclear material; and (5) liability
agreements.

To produce these data, I consulted a list compiled by James Keeley of more
than 2,000 NCAs.95 Figure 1 plots the number of NCAs signed from 1950 to
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2000. The ªgure shows a general increase in the number of NCAs over time,
which is explained by the emergence of a greater number of capable nuclear
suppliers. The number has ºuctuated slightly, with peaks in the late 1980s and
the mid-1990s. The ªrst NCA was signed in 1952, after which the average
number of agreements signed each year was 58.

I created an independent variable that measures the aggregate number of
NCAs that a state signed in a given year entitling it to nuclear technology, ma-
terials, or knowledge from another country.96 If a state signed an NCA but only
supplied—and did not receive—nuclear assistance as part of the terms of the
deal, then this would not be captured by the nuclear cooperation agreements
variable. Table 1 lists the thirty countries that received the most nuclear assis-
tance via these agreements from 1945 to 2000.97
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Figure 1. Total Number of Nuclear Cooperation Agreements Signed, 1950–2000
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To operationalize security threats, I created a variable measuring the ªve-
year moving average of the number of militarized interstate disputes (MIDs)
per year in which a country was involved. This variable is based on version 3.0
of the Correlates of War’s MID data set.98 I coded a third variable that interacts
these two measures to test for the conditional effect of nuclear cooperation on
proliferation.
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Table 1. Top Recipients of Nuclear Cooperation Agreements, 1945–2000

Country Total Number of Agreements

United States 396
France 221
Germany 171
Russia 136
United Kingdom 133
Japan 122
Italy 112
Belgium 93
Argentina 92
Netherlands 80
Canada 77
Brazil 70
Spain 70
Switzerland 68
Luxembourg 63
Sweden 56
Denmark 55
China 53
South Korea 49
India 39
Ireland 36
Romania 35
Portugal 33
Czechoslovakia (1945–91) 30
Greece 30
Egypt 29
Finland 29
Poland 28
Australia 25
Indonesia 22

NOTE: summary statistics: N � 186; mean � 15.34; minimum � 0; maximum � 396



control variables

I controlled for other factors thought to affect proliferation.99 To control for
technological capacity, I included a variable measuring a country’s GDP per
capita and a squared term of this measure to allow for the possible curvilinear
relationship between economic development and the pursuit of nuclear weap-
ons.100 To measure a state’s industrial capacity, I included a dichotomous vari-
able that is coded 1 if it produced steel domestically and had an electricity-
generating capacity greater than 5,000 megawatts and 0 otherwise. I included a
dichotomous variable that is coded 1 if the state was involved in at least one
enduring rivalry as an additional proxy for a state’s security environment.101 A
dichotomous variable that is coded 1 if a state shared a defense pact with one
of the nuclear-capable great powers and 0 otherwise is also included because
security guarantees of this magnitude could reduce states’ incentives to de-
velop their own nuclear weapons.102

There are a number of “internal determinants” that could affect incentives to
proliferate. I included two variables related to democracy. The ªrst measures
the country’s score on the Polity IV scale.103 The second variable, which mea-
sures whether a state is democratizing, calculates movement toward democ-
racy over a ªve-year span by subtracting a state’s Polity score in year t-5 from
its Polity score in year t. To control for a state’s exposure to the global econ-
omy, I included a variable measuring the ratio of exports plus imports as a
share of GDP.104 I also included a measure of trade liberalization that mirrors
the democratization measure described above.

For the sake of robustness, I included one variable that Singh and Way ex-
cluded from their model.105 I created a dichotomous variable and coded it 1 if
the state signed the NPT in year t and 0 otherwise. NPT membership could be
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salient in explaining decisions to proliferate because states make legal pledges
not to pursue nuclear weapons when they sign this treaty.

methods of analysis

I used probit regression analysis to estimate the effect of independent variables
on nuclear weapons program onset and bomb acquisition. Given that the pro-
liferation outcomes analyzed here occurred relatively infrequently, I also used
rare events logit to estimate the effect of independent variables on nuclear
weapons program onset and nuclear weapons acquisition.106 This estimator is
appropriate when the dependent variable has thousands of times fewer 1’s
than 0’s. I used clustering over states to control for heteroskedastic error vari-
ance. To control for possible temporal dependence in the data, I also included a
variable to count the number of years that passed without a country pursuing
nuclear weapons or acquiring the bomb.107 Finally, I lagged all independent
variables one year behind the dependent variable to control for possible simul-
taneity bias.

Results of the Statistical Tests

Before moving to the multivariate analysis, I considered cross tabulations of
nuclear cooperation agreements against nuclear weapons program onset
and nuclear weapons acquisition. The results are presented in tables 2 and 3.
These simple cross tabulations underscore that proliferation is a relatively rare
event. Decisions to begin weapons program occur in ªfteen of the observa-
tions in the sample (0.22 percent), and bomb acquisition occurs in nine obser-
vations in the sample (0.13 percent). Even though proliferation occurs
infrequently, these cross tabulations show that nuclear cooperation strongly
inºuences whether countries will go down the nuclear path. Participation in at
least one nuclear cooperation agreement increases the likelihood of beginning
a bomb program by about 500 percent. The combination of militarized conºict
and nuclear assistance has an even larger substantive effect on program onset.
Experiencing both of these phenomenon increases the probability of initiating
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a weapons program by about 638 percent. This simple analysis emphasizes
that these relationships are not deterministic. Although countries that receive
peaceful assistance were more likely to begin weapons programs, the majority
of countries that beneªt from such aid do not proliferate. It is also noteworthy
that 80 percent of the countries that began programs did so after receiving ci-
vilian aid. The four countries that initiated nuclear weapon programs without
receiving such assistance—France, the Soviet Union, the United Kingdom, and
the United States—did so in the 1940s and early 1950s when peaceful nuclear
cooperation was not an option. From 1955 to 2000, no country began a nuclear
weapons program without ªrst receiving civilian assistance. This suggests that
after the early days of the atomic age, nuclear aid became a necessary condi-
tion for launching a nuclear weapons program.
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Table 2. Nuclear Cooperation, Militarized Disputes, and Nuclear Weapons Program Onset,
1945–2000

Civilian Nuclear Cooperation
Civilian Nuclear Cooperation and
Militarized Disputes

No Yes Total No Yes Total

Nuclear
weapons
program
onset

No 4,066
(99.93%)

2,865
(99.58%)

6,931
(99.78%)

5,080
(99.92%)

1,851
(99.41%)

6,931
(99.78%)

Yes 3
(0.07%)

12
(0.42%)

15
(0.22%)

4
(0.08%)

11
(0.59%)

15
(0.22%)

Total 4,069
(100%)

2,877
(100%)

6,946
(100%)

5,084
(100%)

1,862
(100%)

6,946
(100%)

Pearson Chi2(1) � 9.22,
Pr � 0.002

Pearson Chi2(1) � 16.59,
Pr � 0.0001

Table 3. Nuclear Cooperation, Militarized Disputes, and Nuclear Weapons Acquisition,
1945–2000

Civilian Nuclear Cooperation
Civilian Nuclear Cooperation and
Militarized Disputes

No Yes Total No Yes Total

Nuclear
weapons
program
onset

No 4,077
(99.95%)

3,050
(99.77%)

7,127
(99.87%)

5,099
(99.96%)

2,028
(99.66%)

7,127
(99.78%)

Yes 2
(0.05%)

7
(0.23%)

9
(0.13%)

2
(0.04%)

7
(0.34%)

9
(0.13%)

Total 4,079
(100%)

3,057
(100%)

7,136
(100%)

5,101
(100%)

2,035
(100%)

7,136
(100%)

Pearson Chi2(1) � 4.49,
Pr � 0.034

Pearson Chi2(1) � 10.73,
Pr � 0.0001







Similar patterns emerged between nuclear assistance and weapons acquisi-
tion. Nuclear aid increases the likelihood of acquiring the bomb by about
360 percent; the combination of atomic assistance and militarized disputes
increases the probability of building nuclear weapons by 750 percent. The
relationship between nuclear assistance and weapons acquisition is also
probabilistic—not deterministic—because not all countries that receive aid
cross the nuclear threshold. Table 3 indicates that atomic assistance was not al-
ways a necessary condition for bomb acquisition, although the vast majority of
all proliferators did receive help. Seventy-eight percent of the countries that
produced the bomb received some assistance, and no country acquired weap-
ons without receiving aid from 1953 to 2000.

To explore the role of possible confounding variables, I turn now to the
multivariate analysis. Table 4 presents the initial results from the multivariate
statistical analysis. The odd-numbered models were estimated using probit,
and the even-numbered models were estimated using rare events logit. In
models 1–4, the dependent variable is weapons program onset. Models 1 and 2
exclude the interaction term and allow me to evaluate whether peaceful nu-
clear assistance affects decisions to begin bomb programs independent of the
security environment. Models 3 and 4 include the interaction term and enable
me to evaluate the conditional effect of atomic assistance on the initiation of
nuclear weapons campaigns. In models 5–8 the dependent variable is acquisi-
tion. Models 5–6 exclude the interaction term, allowing me to evaluate the
unconditional effect of nuclear aid on bomb development. Models 7 and 8 in-
clude the interaction term, so I can assess the conditional effect of atomic assis-
tance on a country successfully building nuclear weapons.

The results show that peaceful nuclear assistance continues to contribute to
both nuclear weapons program onset and bomb acquisition, even when ac-
counting for confounding variables. In models 1–2 the coefªcient on the vari-
able measuring the cumulative amount of atomic assistance a country has
received is positive and highly statistically signiªcant.108 This indicates that,
on average, countries receiving nuclear aid are more likely to initiate bomb
programs. The substantive effect of this variable is also strong. Raising the
value of the NCA variable from its mean (6.69) to one standard deviation
above the mean (22.72) increases the likelihood of beginning a weapons pro-
gram by 185 percent.109 The ªndings in table 4 reveal a similar relationship be-
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108. One could argue that there is a threshold effect involving NCAs whereby making a few
agreements increases the risk of proliferation but many agreements make states more likely to
foreswear the bomb. To test for this, I add a squared term of the NCA variable to the models dis-
played in table 4. This does not affect the results.
109. These calculations are based on the results from model 2.



tween atomic assistance and bomb acquisition. As shown in models 5–6, the
coefªcient on the variable measuring the number of NCAs a country has
signed is positive and highly signiªcant, indicating that countries receiving
peaceful nuclear aid are more likely to build the bomb. Increasing the NCA
variable from its mean to one standard deviation above the mean raises the
probability that a country will build nuclear weapons by 243 percent.110

Does peaceful nuclear assistance have an especially strong effect on prolifer-
ation when countries also face security threats? Because I use an interaction
term to test this part of my argument, it is not possible to evaluate this effect
based solely on the information presented in table 4. The appropriate way to
interpret interaction terms is to graph the marginal effect of atomic assistance
and the corresponding standard errors across the full range of the militarized
interstate dispute variable.111 If zero is included in the conªdence interval,
then atomic assistance does not have a statistically signiªcant effect on prolif-
eration at that particular level of conºict. Figures 2 and 3 allow me to evaluate
how the combination of atomic aid and militarized conºict affect proliferation.

Figure 2 plots the marginal effect of nuclear aid on weapons program onset
as the number of militarized disputes rises.112 It is difªcult to see in the ªgure,
but atomic assistance has a statistically signiªcant effect on weapons programs
across all levels of conºict because zero is never included in the conªdence in-
terval. At low levels of conºict, increases in peaceful nuclear assistance have
relatively small substantive effects on the likelihood of bomb program onset.
But as the security environment worsens, the substantive effect of atomic assis-
tance on initiating a bomb program is magniªed.

The probability that an average country experiencing six militarized dis-
putes will develop the bomb rises from 0.000936 to 0.0902 when the country
receives increases in atomic aid.113 This indicates that countries are highly un-
likely to begin weapons programs in the absence of such assistance—even if
they face security threats. But if threats are present and states receive addi-
tional atomic assistance, the likelihood of beginning a bomb program spikes
dramatically. If that same country were to be involved in twelve militarized
disputes in one year, increases in nuclear assistance would raise the probabil-
ity of program initiation from 0.0625 to 0.737, an increase of 1,078 percent. If an
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110. These calculations are based on the results from model 6.
111. Thomas Brambor, William Roberts Clark, and Matt Golder, “Understanding Interaction
Models: Improving Empirical Analyses,” Political Analysis, Vol. 14, No. 1 (Winter 2006), pp. 63–82.
112. Figure 2 is based on the results in model 3. To calculate the marginal effects, I increase the
value of the peaceful nuclear cooperation variable from its mean to one-half standard deviation
above the mean.
113. To calculate these ªgures, I set all other variables at their mean.



average country that experiences eighteen militarized disputes in a year re-
ceives additional atomic assistance, the likelihood that it will begin a weapons
program rises from 0.426 to 0.933, an increase of 119 percent. Note that at high
levels of conºict, the probability of weapons program onset approaches 1 with
increases in peaceful aid, but countries that face numerous security threats are
also likely to proliferate in the absence of assistance. Consequently, increases in
nuclear assistance yield smaller rises in the probability of proliferation at high
levels of conºict. This is why the marginal effect displayed in ªgure 2 declines
slightly after about thirteen disputes.

Figure 3 illustrates the conditional effect of nuclear aid on weapons acquisi-
tion as the number of disputes rises.114 Nuclear assistance does not have a sta-
tistically signiªcant effect on acquisition when countries experience an average
of zero militarized disputes, because zero is included in the conªdence inter-
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Figure 2. Marginal Effect of Nuclear Assistance on Weapons Program Onset as Number
of Disputes Increases

*NCAs � nuclear cooperation agreements

114. Figure 3 is based on the results in model 7.



val. For all other levels of conºict, atomic assistance has a statistically sig-
niªcant effect. If countries experience an average of one militarized dispute,
the substantive effect of atomic aid is modest. Increases in peaceful assistance
raise the probability of bomb acquisition from 0.0000165 to 0.0000122, an in-
crease of 43 percent. For an average state experiencing six disputes, receiving
nuclear aid raises the probability it will acquire nuclear weapons more sub-
stantially, from 0.000504 to 0.00202. If that same state were to experience
twelve disputes in a year, the probability of acquisition would rise from 0.0144
to 0.306, an increase of 2,031 percent. Likewise, receiving atomic assistance and
experiencing eighteen conºicts increases the probability of bomb development
by 511 percent, from 0.110 to 0.671. These results indicate that, on average,
countries that receive atomic assistance are more likely to proliferate—
especially when security threats arise.

Turning to the control variables, the coefªcient on the variable measuring
whether a state shares a military alliance with a nuclear-armed power is statis-
tically insigniªcant in all eight models, suggesting that nuclear protection has
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Figure 3. Marginal Effect of Nuclear Assistance on Weapons Acquisition as Number of
Disputes Increases

*NCAs � nuclear cooperation agreements



no effect on whether a country pursues the bomb or successfully builds it. The
coefªcients on the variables measuring whether a country is democratic or is
democratizing are also statistically insigniªcant, indicating that regime type
has little effect on proliferation aims and outcomes. Many policymakers as-
sume that proliferation is a problem caused by “rogue” or undemocratic states.
Although some autocratic states such as North Korea have proliferated in re-
cent years, on average democracy is less salient in explaining the spread of nu-
clear weapons than the conventional wisdom suggests. The results also fail to
support the argument that trade dependence inºuences nuclear proliferation.
The coefªcients on the variables measuring trade dependence and liberaliza-
tion are not statistically signiªcant in models 1–4, meaning that these factors
have no effect on states’ decisions to build the bomb. Economic openness
also has an insigniªcant effect on bomb acquisition. But interestingly, liberal-
ization has a positive and statistically signiªcant effect in models 6 and 8, indi-
cating that liberalizing states are more likely to cross the nuclear threshold.
Future research should explore whether these results may be due to imperfect
measurement of these concepts.

Some of the control variables do behave as expected. The coefªcient on the
variable measuring whether a country has signed the NPT is negative and sta-
tistically signiªcant in models 1–4, indicating that countries making nonprolif-
eration commitments are less likely to initiate bomb programs. Substantively,
NPT membership reduces the likelihood that a country will begin a nuclear
weapons program by more than 90 percent. For statistical reasons, it was nec-
essary to exclude the NPT variable from models 5–8.115 The coefªcient on the
variable measuring whether a country is involved in a rivalry is positive and
statistically signiªcant across models 1–4, but it is insigniªcant in models 6
and 8. Likewise, the GDP variables have statistically signiªcant effects in mod-
els 1 and 3, but these results are sensitive to model speciªcation. Industrial ca-
pacity has a positive and statistically signiªcant effect in all eight models,
indicating that countries with high industrial capabilities are more likely to
begin weapons programs and successfully build the bomb. This is the only
variable other than the factors operationalizing my argument that has a statis-
tically signiªcant effect across model speciªcations. Having adequate indus-
trial capacity increases the probability of program initiation from 0.00000226 to
0.000105 and the probability of acquisition from 0.000487 to 0.000804.

To further assess the robustness of my ªndings, I conducted a sensitivity
analysis. I used a new estimator to account for possible endogeneity and an al-
ternate coding for the dependent variable. In addition, I excluded “sensitive”
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115. The NPT variable is not included in the acquisition analysis because it predicts failure per-
fectly. This poses problems for standard statistical techniques.



nuclear cooperation agreements from the coding of my key independent vari-
able. For space considerations, I discuss only brieºy the results of these robust-
ness checks. Detailed discussions of the results and procedures, as well as
all of the tables displaying the statistical results, are available in an online
appendix.116

endogeneity

My argument is that the accumulation of nuclear cooperation agreements en-
courages states to begin nuclear weapons programs and that receiving atomic
aid ultimately enables states to acquire nuclear weapons. But it is also possible
that states seek nuclear assistance when they are pursuing nuclear weapons.117

Thus, nuclear cooperation may be endogenous to nuclear weapons pursuit.
One standard approach to address the endogeneity issue is to lag the inde-

pendent variables one year behind the dependent variable.118 I adopted this
approach in the analysis presented above. As an additional way to address
this issue, I estimated two endogenous equations simultaneously. The ªrst
equation represents the total number of nuclear cooperation agreements a
state has made in a particular year, and the second estimates the likelihood
that it is pursuing nuclear weapons. As was the case above, the prolifera-
tion equation parallels the work of Singh and Way.119 The nuclear cooperation
equation that I employed is based on a recent study of the causes of atomic as-
sistance.120 To estimate these equations simultaneously, I used a technique
originally developed by G.S. Maddala and practically implemented by Omar
Keshk.121 This method is designed for simultaneous equation models where
one of the endogenous variables is continuous and the other is dichotomous,
which is precisely the nature of the variables in this analysis. The two-stage es-
timation technique generates instruments for each of the endogenous variables
and then substitutes them in the respective structural equations. The ªrst
equation (with the continuous variable) is estimated using ordinary least
squares, and the second (with the dichotomous variable) is estimated using
probit.122
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116. See data section, http://people.cas.sc.edu/fuhrmann.
117. See Fuhrmann, “Taking a Walk on the Supply Side.”
118. See, for example, Erik Gartzke and Quan Li, “Measure for Measure: Concept Operationaliza-
tion and the Trade Interdependence-Conºict Debate,” Journal of Peace Research, Vol. 40, No. 5 (Sep-
tember 2003), pp. 553–571.
119. Singh and Way, “The Correlates of Nuclear Proliferation.”
120. Fuhrmann, “Taking a Walk on the Supply Side.”
121. G.S. Maddala, Limited-Dependent and Qualitative Variables in Econometrics (Cambridge: Cam-
bridge University Press, 1986); and Omar Keshk, “CDSIMEQ: A Program to Implement Two-Stage
Probit Least Squares,” Stata Journal, Vol. 3, No. 2 (June 2003), pp. 157–167.
122. For other work in political science that uses this approach, see Omar M.G. Keshk, Brian M.
Pollins, and Rafael Reuveny, “Trade Still Follows the Flag: The Primacy of Politics in a Simulta-



The results of the two-stage probit least squares model that addresses the si-
multaneity issue are generally consistent with the ªndings presented above.123

Most important, nuclear cooperation has a positive and statistically signiªcant
effect on nuclear weapons pursuit. This result is robust to alternate model
speciªcations.124

dependent variable coding

It is often difªcult to determine the year that a country begins a nuclear weap-
ons program or acquires the bomb, given the secrecy that surrounds such mili-
tary endeavors. As a result, there is some disagreement among scholars on the
dates that certain countries began to proliferate. To explore whether my results
are sensitive to proliferation codings, I used an alternate set of proliferators
and dates compiled by Jo and Gartzke.125 Estimating the same models dis-
played above but with the alternate proliferation dates also does not affect the
results relating to my argument.

removal of sensitive agreements

Recent research ªnds that countries receiving certain “sensitive” nuclear assis-
tance are more likely to acquire nuclear weapons.126 For the reasons I argued
above, the relationship between nuclear assistance and proliferation is broader.
Training in nuclear engineering, the supply of research or power reactors, and
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neous Model of Interdependence and Armed Conºict,” Journal of Politics, Vol. 66, No. 4 (November
2004), pp. 1155–1179; Hyung Min Kim and David L. Rousseau, “The Classical Liberals Were Half
Right (or Half Wrong): New Tests of the ‘Liberal Peace,’ 1960–88,” Journal of Peace Research, Vol. 42,
No. 5 (September 2005), pp. 523–543; and Cameron Thies, “Of Rules, Rebels, and Revenue: State
Capacity, Civil War Onset, and Primary Commodities,” paper presented at the Pan-European Con-
ference on International Relations, Torino, Italy, September 12–15, 2007.
123. I did not include the interaction term in the simultaneous equations model. It is possible to
include interaction terms in such models by calculating the predicted value of the endogenous
variable (peaceful nuclear cooperation), interacting this predicted variable with the exogenous
variable (militarized disputes), estimating the second equation. This approach is problematic,
however, because it does not appropriately correct the standard errors. See Jeffrey M. Wooldridge,
Introductory Econometrics: A Modern Approach (New York: South-Western College, 2000), pp. 501–
528.
124. One of the weaknesses of simultaneous equations models is that the independent variables in
the ªrst equation should be exogenous. In other words, they should be unrelated to the dependent
variable in the second equation. In international relations, it is difªcult for scholars to meet this as-
sumption when using simultaneous equations models. For instance, international trade and mili-
tarized conºict are endogenous variables because trade suppresses conºict but conºict also
reduces trade. This is why some scholars use the same estimator applied in this article to examine
the trade-conºict nexus. But many of the correlates of trade—such as the distance between two
countries—are also correlated with conºict. See Keshk, Pollins, and Reuveny, “Trade Still Follows
the Flag.” The best I can do to address this issue is to reestimate the models while excluding the
variables in the ªrst equation that are clearly related to nuclear proliferation. This alteration does
not change my core ªndings.
125. Jo and Gartzke, “Determinants of Nuclear Weapons Proliferation.”
126. Kroenig, “Importing the Bomb.”



the transfer of certain nuclear materials also affect proliferation. To test
whether my results may be driven by a few sensitive deals, I excluded them
from the coding of my independent variable. This type of sensitive agreement
is extremely rare, so this change resulted in the removal of a small number of
agreements. I then estimated all models displayed in table 4 with this alternate
coding of the independent variable. The ªndings relevant to my argument are
generally unaltered when sensitive agreements are excluded from my coding
of atomic assistance.127

Conclusion

Aided by a new data set, this article systematically explored the relationship
between civilian nuclear cooperation and nuclear proliferation. It argued that
civilian assistance and weapons proliferation are linked because the former
leads to the supply of technology and materials that have applications for nu-
clear energy and nuclear weapons, and because civilian assistance establishes
an indigenous base of knowledge in nuclear matters that could be useful for a
weapons program. These linkages reduce the expected costs of a nuclear
weapons program, making states more likely to begin such a campaign when
they have accumulated peaceful assistance—especially when a crisis or secu-
rity threat arises. Similarly, countries receiving civilian aid are more likely to
acquire nuclear bombs because important technological hurdles are lowered.

The analysis conducted in this article lends support for these arguments,
even when controlling for the other variables believed to inºuence prolifera-
tion. Other factors are also strong predictors of proliferation, but peaceful nu-
clear cooperation is one of the more salient variables in explaining why atomic
weapons spread. Thus, this article suggests that students of proliferation
should take greater stock of civilian nuclear assistance. This is particularly true
given that the links between the peaceful and military uses of the atom appear
broader than previously believed. Even seemingly “innocuous” nuclear coop-
eration such as providing training to nuclear scientists or supplying power/
research reactors can produce deleterious effects. There is no such thing as
“proliferation-proof” atomic assistance.

Since the early days of the atomic age, policymakers have attempted to pro-
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127. In a related robustness check unreported here, I removed the sensitive agreements from my
independent variable and included a separate dichotomous variable that is coded 1 beginning in
the ªrst year a state received sensitive nuclear assistance. I then reestimated all of the models dis-
played in table 4. The results still show that atomic assistance has a strong effect on both stages of
nuclear proliferation. The only noteworthy difference is that at high levels of conºict (more than
seven militarized disputes per year), nuclear assistance loses its statistical signiªcance. But it is un-
clear that sensitive aid explains why this happens. The dummy variable measuring only sensitive
nuclear assistance did not attain conventional levels of statistical signiªcance in any of the models.



mote the peaceful uses of nuclear energy. These initiatives were based, at least
in part, on the belief that spreading technology would make states less likely
to want nuclear weapons. This analysis reveals that “atoms for peace” policies
have, on average, facilitated—not constrained—nuclear proliferation. Atoms
for peace become atoms for war. From a nonproliferation standpoint, this is a
troubling conclusion that carries tremendous policy implications, especially
given the looming renaissance in nuclear power. The global nuclear market-
place is more active today than it has been in at least twenty years. Countries
in Latin America, Southeast Asia, the Middle East, and Africa have expressed
a desire to begin or revive civilian nuclear programs. And many of them are
receiving assistance in developing such programs from France, Japan, Russia,
the United States, and other capable suppliers.

This article suggests that proliferation will occur as the nuclear renaissance
unfolds. But there are measures policymakers can implement to reduce the
risks that accompany the spread of nuclear technology. After all, as former U.S.
senator and nonproliferation advocate Sam Nunn frequently argues, policy-
makers are in the business of “risk reduction,” not “risk elimination.” To reiter-
ate a point made previously, most instances of civilian assistance do not result
in proliferation, and there is little reason to expect deterministic links between
these two phenomena. Thus, swift and meaningful action by the international
community might be able to reverse past trends. In particular, countries
should provide additional resources to the IAEA. Safeguards agreements im-
plemented by the IAEA allow it to monitor nuclear facilities to ensure that they
are used strictly for peaceful purposes. But the agency is grossly underfunded.
IAEA Director-General Mohamed ElBaradei recently stated that the agency’s
budget “does not by any stretch of the imagination meet our basic, essential re-
quirements,” and “our ability to carry out our essential functions is being
chipped away.”128 This is troubling because the rise in demand for nuclear en-
ergy will increase the IAEA’s requirements for safeguards and inspections.
Countries must ensure that the agency has adequate resources to fulªll its mis-
sion. It would also be prudent to consider ways that the IAEA’s mission could
be expanded to further decrease the likelihood that civilian nuclear coopera-
tion will aid weapons acquisition.

Additionally, nuclear suppliers should adopt responsible export practices
and avoid the temptation to sacriªce long-term nonproliferation objectives
in pursuit of short-term economic or political gains. They should be espe-
cially cautious when supplying technology or know-how to countries that
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128. Quoted in Paul Kerr, “ElBaradei: IAEA Budget Problems Dangerous,” Arms Control Today,
Vol. 37, No. 6 (July/August 2007), http://www.armscontrol.org/act/2007_07-08/IAEABudget.



face signiªcant security threats. Many of the countries currently beginning or
expanding their civilian nuclear programs are in the Middle East—the
world’s most dangerous region. Algeria, Jordan, Libya, Saudi Arabia, and
the United Arab Emirates have all received pledges of support from at least
one supplier country since 2006. None of these countries currently intends to
build nuclear weapons. But that could change if Iran crosses the nuclear
threshold or if Israel conducts an atomic test and reverses its policy of opacity.
One of the important conclusions of this article is that the combination of
atomic assistance and security threats is a recipe for the spread of nuclear
weapons. Suppliers such as France and the United States, therefore, should re-
think their offers of atomic assistance to states in the Middle East and other
dangerous regions.

There is still more work to be done to advance scholarly understanding of
the relationship between peaceful nuclear cooperation and proliferation. Fu-
ture research should examine illicit nuclear trade and explore how it relates to
peaceful nuclear assistance. It would be productive to analyze additional cases
of licit and illicit nuclear commerce to conªrm or invalidate the propositions
advanced in this article. Additional case studies that examine why some coun-
tries receiving peaceful assistance pursue the bomb whereas others do not
would be particularly welcome because they might reveal useful policy recom-
mendations for how to promote nuclear energy while minimizing proliferation
risks.

This study also raises an interesting puzzle: Why do suppliers provide civil-
ian assistance? If countries generally want to limit the spread of nuclear weap-
ons and if nuclear cooperation agreements lead to proliferation, then it seems
puzzling that supplier states would engage in civilian nuclear cooperation. Re-
cent research suggests that countries ignore proliferation risks in pursuit of
strategic or economic beneªts.129 For example, France’s recent NCAs with
Saudi Arabia and the United Arab Emirates are motivated in part by a desire
to obtain assurances on the supply of oil. Another possibility is that countries
offer assistance to intentionally spread the bomb and constrain other coun-
tries.130 Additional work examining suppliers’ motivations would be wel-
come, as it could shed further light on how and why nuclear weapons spread.
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