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INTRODUCTION

The spread of nuclear weapons remains a grave concern.
Unfortunately, the influence of political and economic rela-
tions on nuclear proliferation is not well understood, and is
further complicated by complex interplay between internal
and external factors. Here, we present a new method for
quantifying correlations between international relations and
proliferation. This work builds on quantitative political sci-
ence investigations of the relationships between proliferation
and alliances, macroeconomic ties, conflicts,1 and nuclear
cooperation agreements (NCAs).2

Network science provides a framework for analysis of
these complex systems. A multilayer network model was con-
structed in which the countries of the world are represented as
nodes linked by international relations. The alliances, macroe-
conomic ties, conflicts, and NCAs between nations were quan-
tified using node-based metrics and plotted against the prolif-
eration stage of a nation as determined by Singh and Way.3
The correlation between these variables and the Singh and
Way proliferation stage is quantified using a linear correlation
coefficient as a function of year. The distribution of these cor-
relation coefficients as a function of year are presented here,
and analyzed to identify generalized trends in the relationship
between proliferation and the various forms of international
associations.

RESEARCH DESIGN

Each of the four international relationships – threat, al-
liances, NCAs, and trade – form a layer in the multiplex net-
work. The links are built on historical data from the period
1955-1993. Following Barrat, et al., link weights are assigned
in proportion to the intensity of the connections in the different
network layers.4 For a given node, each international relation
is coded as the dyadic relation between two nodes summed
over all node links.

1This report was prepared as an account of work sponsored by an agency
of the United States Government. Neither the United States Government
nor any agency thereof, nor any of their employees, makes any warranty,
express or implied, or assumes any legal liability or responsibility for the ac-
curacy, completeness, or usefulness of any information, apparatus, product,
or process disclosed, or represents that its use would not infringe privately
owned rights. Reference herein to any specific commercial product, process,
or service by trade name, trademark, manufacturer, or otherwise does not
necessarily constitute or imply its endorsement, recommendation, or favor-
ing by the United States Government or any agency thereof. The views and
opinions of authors expressed herein do not necessarily state or reflect those
of the United States Government or any agency thereof.

Conflict

The threat, T , that state j poses to state i is a function of
their conflict intensity, I, and their relative strengths, S :

Ti j = Ii j × (1 − S rel(i j)). (1)

Here, conflict intensity is quantified using the dyadic Mil-
itarized Interstate Disputes (MID) database.5 The military
strength is a product of the conventional military strength,
quantified using a Composite Index of National Capability
(CINC) score from the Correlates of War project,6 and the nu-
clear capability, a two-valued variable to distinguish nuclear-
armed nations. The relative military strength is then the mili-
tary strength of state i divided by the sum of the strengths of i
and j.

Alliances

The relative alliance commitment, Ai j, of state i from j is
the sum of the strength of the alliance commitments issued by
j to i:

Ai j =
∑

ai j (2)

where alliance commitments, ai j, are coded into five cate-
gories. These are, from lowest to highest strength: consulta-
tion pacts, nonaggression pacts, neutrality pacts, offense pacts,
and defense pacts. Codings of alliance strength come from the
canonical Alliance Treaty Obligations and Provisions (ATOP)
project.7

Nuclear Cooperation Agreements

Similarly, the nuclear cooperation agreement metric, Ni j,
that a state i receives from state j is calculated as the sum of
each individual NCA, ni j:

Ni j =
∑

ni j. (3)

where the individual NCAs, ni j, are coded into three categories.
These are, from lowest to highest strength: safety related agree-
ments, non-safety related agreements, and sensitive nuclear
assistance.8

Trade

Trade dependence, D, measures the total trade between
two states as a fraction of each state’s Gross Domestic Product



(GDP). For two states, i and j, the trade dependence, Di j, of
state i on j equals its exports to j, Exi j, plus its imports from
j, Imi j divided by its GDP:

Di j =
Exi j + Imi j

GDPi
. (4)

METHODS

On a year-by-year basis, the threat, alliance, NCA, and
trade metrics for all nations are plotted against the known
historical cases of nuclear weapons acquisition, pursuit, and
exploration.3 This is illustrated in Fig. 1.

Fig. 1. In the above example from 1974, each nation’s threat
metric is plotted directly against its proliferation stage. While
all the world’s nations are depicted, many nations share sim-
ilar proliferation stage and threat levels, indicated here by
overlapping data.

The degree of association between each pair of variables
was quantified for each year using the Pearson correlation
coefficient, which ranges from positive one to negative one.
The Pearson coefficient r is calculated with the normalized
variances and covariances of x and y:

r2 =

∑
((xi − x̄)(yi − ȳ))2∑

(xi − x̄)2 ×
∑

(yi − ȳ)2
(5)

The Pearson coefficient was chosen because the metric
takes large outliers into account while discarding smaller more
trivial trends in the data. The correlation coefficients are then
plotted as a function of year to provide a macroscopic view of
the trend of the correlation of the variables over time.

RESULTS AND DISCUSSION

Each of the international relations metrics provided co-
herent patterns when analyzed using our approach.

Conflict

The correlation of conflict and weapons pursuit has varied
throughout the nuclear age, as represented in Fig. 2. The

Fig. 2. Correlation coefficient between the conflict metric and
proliferation stage as a function of year.

peaks and troughs represented in the data trend with historical
GDP growth.9 Overall, degree of conflict positively correlates
with proliferation stage over the time frame analyzed, which is
consistent with other models and analyses.10 The apparent lack
of a general trend warrants further analysis. Investigation of
the correlation between proliferation and specific commodities
as well as metrics of trade dependence may provide additional
insights.11

Alliances

Following the mid-1950s, the correlation between al-
liances and proliferation steadily and consistently decreases as
a function of time, owing perhaps to the decrease in prevalence
of highly-interconnected nations pursuing nuclear weapons.
The data suggest that alliances are becoming less predictive
of weapons pursuit as a function of time. This may reflect the
impact of the global norm against proliferation.12

Fig. 3. Correlation coefficient between the alliance metric and
proliferation stage as a function of year.

Nuclear Cooperation Agreements

The NCA metric consistently has the highest correlations
with proliferation (as high as 0.8, though there is a distinct



downward trend emerging). As nuclear cooperation agree-
ments decrease in exclusivity and are offered to nations not
likely to proliferate, their importance as an indicator may de-
crease. It should be noted that even in recent years, an NCA is
still the most positively-correlated indicator.

Fig. 4. Correlation coefficient between the nuclear cooperation
agreement metric and proliferation stage as a function of year.

Trade

All of the correlation values for trade are negative, which
may speak to the power of trade to potentially dissuade prolif-
eration activity. Trade progressively becomes more negatively
correlated until 1990, when there is a sharp turn back towards
0 correlation. The data suggest that trade is, then, a negatively
associated factor when assessing a nation’s proliferation stage.
This interpretation is consistent with rationalist expectations
of the normative and pacifying effects of an interdependent
economy.13

Fig. 5. Correlation coefficient between the trade metric and
proliferation stage as a function of year.

CLOSING REMARKS

This work provides a new method for quantifying corre-
lations between international relations and nuclear weapons
proliferation. Such an approach supplements existing methods

in the literature through the addition of a systematic year-by-
year analysis. This flexible framework for experimentation
can be refined in resolution and presents varied opportunities
for further research. Specifically, comparison of this work to
canonical literature from quantitative international relations
data, as well as an analysis of country specific case studies.
Both the methods and results herein provide important insights
for global nuclear security and nonproliferation research.
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