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ABSTRACT

THE THREAT OF NUCLEAR PROLIFERATION IS THE HIGHEST IT HAS BEEN SINCE THE
DAWN OF THE NUCLEAR ERA.

THERE IS A LACK OF DEPENDABLE INFORMATION ON THE DETERMINANTS OF NUCLEAR
PROLIFERATION

THERE ARE NUMEROUS ACADEMIC THEORIES ABOUT THE SPREAD OF NUCLEAR
WEAPONS

e A LACK OF EMPIRICAL DATA TO SUPPORT THESE THEORIES

* RESEARCHERS OFTEN OFFER ANOTHER THEORY WHEN THEY ARE UNABLE TO
ACCOUNT OF SPECIFIC DETAILS OF A GIVEN SITUATION

SINGH AND WAY PROPOSE A QUANTITATIVE METHODOLOGY FOR STUDYING THE
DETERMINANTS OF NUCLEAR PROLIFERATION



WHY QUANTITATIVE®?

» [HREE REASONS FOR A QUANTITATIVE TEST

* MOST QUALITATIVE STUDIES IGNORE OR UNDEREMPHASIZE STATES WHO
HAVE NEVER PURSUED NUCLEAR WEAPONS.

* QUALITATIVE STUDIES GIVE PROBABILISTIC THEORIES THAT ARE TESTED IN A
DETERMINISTIC MANNER.

* THERE ARE LIKELY MULTIPLE DETERMINANTS AND VARIOUS COMBINATIONS
OF FACTORS THAT LEAD TO THE DECISION TO PURSUE NUCLEAR WEAPONS



METHODOLOGY

e 154 COUNTRIES BETWEEN 1945 AND 2000

o CONTINUUM RATHER THAN DICHOTOMY

* FOUR STAGES OF NUCLEAR PROLIFERATION
e NO INTEREST IN NUCLEAR WEAPONS
e SERIOUS EXPLORATION OF THE WEAPONS OPTION
e LAUNCH OF NUCLEAR WEAPONS PROGRAM
* ACQUISITION OF NUCLEAR WEAPONS

e [EST HYPOTHESIS ON THREE BROAD APPROACHES TO NUCLEAR PROLIFERATION

* [ECHNOLOGICAL DETERMINANTS
e EXTERNAL DETERMINANTS
e DOMESTIC DETERMINANTS




TECHNOLOGICAL DETERMINANTS

e TECHNOLOGY IS THE DRIVING FORCE BEHIND WEAPONS DEVELOPMENT

 WHEN A STATE REACHES LATENT CAPACITY FOR DEVELOPMENT, IT WILL ACQUIRE WEAPONS
* ECONOMIC PROSPERITY
 LITERACY LEVELS

e SCIENTIFIC DEVELOPMENT

STATES WILL DEVELOP WEAPONS AS A BY-PRODUCT OF INDUSTRIAL ADVANCEMENTS

NUCLEAR PROLIFERATION IS IMPOSSIBLE TO PREVENT

CONTRARY EVIDENCE

* STATES WHO HAVE MET THE TECHNOLOGICAL THRESHOLD HAVE NOT PURSUED WEAPONS

AN IMPORTANT STARTING POINT

* STATES CAN'T DEVELOP WITHOUT MEETING THE THRESHOLD



EXTERNAL DETERMINANIS

e EMPHASIZES WILLINGNESS TO DEVELOP WEAPONS

* THREAT ENVIRONMENT
e PRESENCE OR ABSENCE OF A SECURITY THREAT
e BALANCE AGAINST A NUCLEAR THREAT
« GAIN AN ADVANTAGE OVER A FOE
 PRESENCE OR ABSENCE OF A POWERFUL ALLY

 CONTRARY EVIDENCE
e STATES WHO HAVE FACED THREATS HAVE NOT PURSUED NUCLEAR WEAPONS
e STATES HAVE NUMEROUS OTHER OPTIONS
* FORGING ALLIANCES WITH STRONGER STATES

e SUCH ALLIANCES HAVE WEAKENED SINCE THE END OF THE COLD WAR
* |INCREASING INCENTIVES TO PURSUE WEAPONS



DOMESTIC DETERMINANTS

* FOCUS ON FOUR FACTORS THAT INFLUENCE DECISIONS TO PURSUE WEAPONS

DEMOCRACY

»  DEMOCRATIC PEACE THEORY

* REDUCES LIKELIHOOD OF NUCLEAR PROLIFERATION

*  APPEAL TO NATIONALIST SENTIMENTS MAY PROMPT PURSUIT OF WEAPONS
LIBERALIZING GOVERNMENTS

*  ECONOMIC LIBERALISM PROMOTES NON-PROLIFERATION AGREEMENTS

*  ECONOMIC INTERDEPENDENCE REDUCES DESIRE TO PURSUE WEAPONS

*  NUCLEAR PROLIFERATION HAS NEGATIVE AFFECTS ON REGIONAL COMMERCE
AUTONOMOUS DOMESTIC ELITE

e |LEADERS WITH MORE AUTONOMY ARE MORE LIKELY TO PURSUE WEAPONS

e EXPLOIT SECURITY THREATS TO SECURE POWER
SYMBOLIC MOTIVATIONS

*  NUCLEAR WEAPONS VIEWED AS A STATUS SYMBOL

»  STATES WILL PURSUE WEAPONS AS A MEANS OR VALIDATION



DEPENDENT VARIABLES

e “DEGREES OF NUCLEARNESS"
* NOT DICHOTOMOUS

e BASED ON CONTINUUM

e FIRST EXPLOSION/ASSEMBLY OF WEAPONS
e HAS SUCCESSFULLY DETONATED A NUCLEAR WEAPON

e HAS ASSEMBLED AND POSSESSED A NUCLEAR WEAPON
e  FROM DATE OF FIRST ASSEMBLY/DETONATION UNTIL THE STATE HAS SURRENDERED THE ARSENAL
*  PURSUIT OF NUCLEAR WEAPONS
*  HAS MADE A SERIOUS EFFORT TO DEVELOP A NUCLEAR WEAPON
* |RRELEVANT OF THE SIZE AND STAGE OF DEVELOPMENT
*  UNTIL IT HAS ABANDONED ITS NUCLEAR PROGRAM
o EXPLORATION OF WEAPONS
e  SERIOUSLY CONSIDERED NUCLEAR WEAPONS, BUT NEVER TOOK ACTION
» DEMONSTRATED BY POLITICAL AUTHORIZATION TO EXPLORE WEAPONS
* FROM THE DATE FIRST CONSIDERED
 NO INTEREST
* HAS NEVER PURSUED/EXPLORED NUCLEAR WEAPONS



EXPLANATORY VARIABLES

* TECHNOLOGICAL DETERMINANTS
» GDP PER CAPITA
* PROVIDES INDICATOR OF LEVEL OF ECONOMIC DEVELOPMENT
* |INDUSTRIAL CAPACITY INDEX
* LEVEL OF INDUSTRIAL CAPABILITIES BASED ON DOMESTIC ELECTRICITY AND STEEL PRODUCTION
* |INDUSTRIAL PRODUCTION AND CONSUMPTION
»  SUPPLEMENTS INDUSTRIAL CAPACITY INDEX
e EXTERNAL DETERMINANTS
* ENDURING RIVALRY
* FREQUENCY OF INVOLVEMENT IN DISPUTES
* BASED ON MILITARIZED INTERSTATE DISPUTE (MID) DATA
»  SECURITY GUARANTEE
»  DEFENSE AGREEMENT WITH A NUCLEAR-ARMED STATE
e INTERNAL DETERMINANTS
» DEMOCRACY AND DEMOCRATIZATION
 ECONOMIC INTERDEPENDENCE AND LIBERALIZATION

»  STATUS INCONSISTENCY
»  DISSATISFACTION WITH INTERNATIONAL STATUS



EXPLANATORY VARIABLES

TABLE |
Theoretical Expectations and Measures

Anticipated
Direction
Explanatory Variable of Effect Operationalizations

Technological determinism
Level of development Positive Gross domestic product (GDP) per capita; energy
consumption per capita
Industrial capacity Positive Index based on steel production and electrical-
generating capacity; aggregate and per capita
electricity and steel production
External determinants
Security threat Positive Participation in enduring rivalry; frequency of
militarized interstate dispute (MID) involvement
Security guarantee Negative Alliance with great power
Internal determinants
Democracy Negative Polity I'V democracy scale
Democratization Uncertain Change in Polity IV democracy scale (3-, 5-, and
10-year periods)
Global democracy Negative Percentage of democracies among states in system
Exposure to global economy Negative (Exports and imports)/GDP
Economic liberalization Negative Change in trade ratio (3-, 5-, and 10-year periods)
Dissatisfaction/symbolic Positive S score or Tau-b with either global or regional
maotivations hegemon




RESULTS

The Correlates of Nuclear Weapons Proliferation

Dependent Variable

Independent Variable Explore Pursue Acquire

Technological determinants
GDP per capita 000527 0.001""" 0.0002""
(0.0003) (0.0004) (0.0003)
GDP squared -3.66e-08"" -7.92¢-08""7  _2.36-08'"
(2.19¢-08) (3.11¢-08) (1.43¢-08)
Industrial capacity index 1.89"'¢ 1.46™¢ 3.9
(0.78) (0.73) (0.91)
External determinants
Enduring rivalry 15777 1.837% 2.13"7¢
(0.50) (0.81) (1.77)
Dispute involvemeni 0.17%" 0.38= ! 023"
(0.07) (0.09)
Alliance -0.67% 083"
(0.59) (0.64)
Internal determinants
Democracy 0.02°% 0.070"™
(0.038) (0.038) (0.059)
Democratization 003" -0.080"% 0.016™"°
(0.056) (0.081) (0.120)
Percentage of democracies -0.05%" -0.186™" ~0.094*"
(0.04) (0.069) (0.101)
Economic openness —-0.017% -0.0m8'"? 0.0002
0.01) (0.012) (0.015)
Economic liberalization —0.037"% 0.35"" -0.001"
(0.017) (0,014) (0.018)°
Constant 4,66 ™ -6.34""° -7.52"%
(1.32) (2.63) (3.29)

YRY

Ancillary parameter (p) 0.55 1.42 1.04
Standard error (p) 0.113 0.48 0.36
Log lkelihood ~56.12 -28.57 19.61
Number of countries 149 149 149
Total obs tions 5215 5578 5,784

NOTE: Coefficients are estimates for parametric survival models with a Weibull distribution: robust stan-
dard errors, adjusted for clustering by country, are in parentheses. p values are superscripted and are for two-
sided tests, Coefficients that are significant at better than the 10% level are bold. GDP = gross domestic product.




RESULTS: LEVEL 1

e TECHNOLOGICAL DETERMINANTS
« GDP AND |IC| HAVE STRONG EFFECTS ON HAZARD RATE
* FOR LOW LEVELS, GROWTH STEADILY INCREASES HAZARD RATE
» HAZARD RATES LEVEL OFF AT HIGHER LEVELS AND DECREASES AT VERY HIGH LEVELS OF GDP AND IClI
o EXTERNAL DETERMINANTS
 ENDURING RIVALRY AND FREQUENCY OF INVOLVEMENT IN DISPUTES ARE LINKED TO A HIGHER RISK

e ALLIANCE WITH NUCLEAR POWER HAS A NEGATIVE EFFECT ON HAZARD RATE, BUT IS STATISTICALLY
INSIGNIFICANT

e |INTERNAL DETERMINANTS
e LEVEL OF INSTITUTIONAL RESTRAINT HAS A POSITIVE COEFFICIENT
 DEMOCRATIZATION HAS IS NEGATIVE
« ECONOMIC INTERDEPENDENCE AND LIBERALIZATION ARE BOTH NEGATIVE
o DISSATISFACTION WITH INTERNATIONAL STATUS HAS NO EFFECT



RESULTS: LEVEL 3

* TECHNOLOGICAL DETERMINANTS
e (GDP HAS A LESSER EFFECT
e |C|] HAS A GREATER EFFECT

* EXTERNAL DETERMINANTS
 ENDURING RIVALRY HAS A GREATER EFFECT

e FREQUENCY OF INVOLVEMENT IN DISPUTES HAS VARIES OVER TIME AND ITS EFFECTS ARE HARDER TO
MEASURE

e ALLIANCE WITH NUCLEAR POWER HAS A MUCH GREATER EFFECT

e INTERNAL DETERMINANTS

e EFFECTS OF DEMOCRACY ARE STILL STATISTICALLY INSIGNIFICANT

 DEMOCRATIC STATES ARE MORE LIKELY TO ACQUIRE WEAPONS — EVENT WHEN CONTROLLING FOR
ECONOMIC FACTORS

o ECONOMIC INTERDEPENDENCE AND LIBERALIZATION LOSE SIGNIFICANCE




RESULTS: LEVEL 3

TABLE 3
Substantive Effects of the Explanatory Variables
on the Likelihood of Exploring Nuclear Weapons

Percentage Change from
Baseline Hazard Rate

Variable Explore Acquire

Great-power military alliance —19
Participation in ongoing enduring rivalry

Increase in frequency of MIDs (two more/year)

Industrial capacity threshold

Increase in trade openness

Increase in per capita GDP—$500 at very low level

Increase in per capita GDP—$500 at high level

Satisfaction

Increase in democracy

NOTE: MID = militarized interstate dispute; GDP = gross domestic product.




RESULTS: MULTINOMIAL LOGIT MODELS

TABLE 4
Pathways to Proliferation: Multinomial Logit Models

Level

Independent Variable 1 {Explore) 2 (Pursue) 3 (Acquire)

Technological determinism ) -
GDP per capita 0.0003< ™" 0.0005° ™" 0.0004° ™!
(0.00005) (0.0001) 0.0001)
GDP squared 4.36e-08° """ _1.00e-08° '
( 09) (7.86e-09) (1.80e-09)
Industrial capacity index .88 2415 22.59° %!
(0.270) (0.280) (0.664)
External determinants B -
Enduring rivalry 0.43"" 0.67™ 1.61° %
(0.179) (0.221) )
Dispute involvement 0.31%7 77!
(0.099) (0.105) (0.119)
Alliance -1.24 ' -0.22%% -1.25° %!
(0.19) (0.18) (0.18)
Internal determinants _ _
Democracy 0.020°" -0.027"% 0.029""*
{0.011) (0.014) (0.012)
Democratization -0.005™ 007 0,023
(0.020) .032) (0.024)
Percentage of democracies —0.122° "™ . 0.036™"
{0.017) (0.019) (0.019) )
Economic openness -0.028° ™" -0.012™" -0.027< ™"
(0.003) (0.003) (0.003)
Economic liberalization 0.002°" -0.007°% 0.003%7
(0.009) (0.007) (0.007)
Constant ~1.47" -6.95° ™" -28.31° "
(0.538) (0.745) (0.339)

NOTE: Log pseudo-likelihood = —1874; }t»:,z:l.ml-:--i'i.'2 =1.39; total observations = 6,125. The reference cate-
gory is no steps to pursue nuclear weapons. Coefficients are estimates for multinomial logit regression mod-
els, with robust standard errors in parentheses. p values are superscripted and are for tiwo-sided tests. Coeffi-
cients that are significant at better than the 10% level are in bold. GDP = gross domestic product.




MISSES

TABLE 5
Dogs That Didn’t Bark? Countries That Did Not Seriously
Explore the Nuclear Option . . . but Should Have

Country Years of Maximum Predicted Hazard

Saudi Arabia Mid-1980s to mid-1990s
West Germany Mid-1950s to early 1960s
Japan Mid-1950s to 1960s
Turkey Late 1960s to 2000
Bulgaria 1950s

Spain 1960s to early 1970s
Greece 1960s and 1980s

ltaly 1950s to early 1960s
Syria Various




CONCLUSION

e EXISTING THEORIES ON NUCLEAR PROLIFERATION DESERVE MORE CREDIT

ECONOMIC AND EXTERNAL THREAT FACTORS PLAY A SIGNIFICANT ROLE

e FINDINGS SUGGEST IMPLICATIONS FOR POLICY AND FUTURE RESEARCH

PROVIDE EMPIRICAL DATA ON THE EFFECTS OF ECONOMIC INTERDEPENDENCE AND LIBERALIZATION
ON NUCLEAR PROLIFERATION

e ENTERING INTO MUTUALLY BENEFICIAL ECONOMIC RELATIONSHIPS MAY PREVENT STATES FROM PURSUING
WEAPONS

EFFECTS NATIONAL MISSILE DEFENSE (NMD) WILL VARY DEPENDING ON HOW A STATE VIEWS THE
PROGRAM

» STATES UNDER ITS UMBRELLA ARE LESS LIKELY TO PURSUE NUCLEAR DETERRENTS

* STATES WHOSE NUCLEAR CAPABILITIES ARE OFFSET BY NMD MAY INCREASE THEIR NUCLEAR ARSENAL
AND PURSUE ALTERNATIVE DELIVERY METHODS

MANY CURRENT U.S. POLICIES ON DETERRENCE OF NUCLEAR PROLIFERATION MAY INCREASE THE
HAZARD RATE
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