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Event Count Models for International 
Relations: Generalizations and Applications 

International relations theorists tend to think in terms of continuous 
processes. Yet we observe only discrete events, such as wars or alliances, and 
summarize them in terms of the frequency of occurrence. As such, most 
empirical analyses in international relations are based on event count 
variables. Unfortunately, analysts have generally relied on statistical tech- 
niques that were designed for continuous data. This mismatch between 
theory and method has caused bias, inefficiency, and numerous inconsis- 
tencies in both theoretical arguments and empirical findings throughout 
the literature. This article develops a much more powerful approach to 
modeling and statistical analysis based explicitly on estimating continuous 
processes from observed event counts. T o  demonstrate this class of models, 
I present several new statistical techniques developed for and applied to 
different areas of international relations. These include the influence of 
international alliances on the outbreak of war, the contagious process of 
multilateral economic sanctions, and reciprocity in superpower conflict. I 
also show how one can extract considerably more information from existing 
data and relate substantive theory to empirical analyses more explicitly with 
this approach. 

Introduction 

Whereas most theories in the social sciences attempt to explain underlying contin- 
uous processes, we generally observe only finite numbers of discrete events. Bertram 
M. Gross writes: "[Tlhe world or my part of it is seen as an ongoing stream of events 
in time . . . Facts and process are separated into discrete elements only by human 
analysis . . . Change-whether rapid or slow, hidden or open-is continuous" 
(Gross, 1968:262). For example, influence among political actors, the continuing 
allocation of resources, constituency representation, and other aspects of politics can 
all be described as unobserved continuous processes that generate observed discrete 
events. A legislator probably represents constituents in varying degrees continually in 
all aspects of his or her work, but most observers cannot record much more than roll 
call votes and compare them to occasional polls of constituent opinion. The constant 
trade flows between nations are important features of economic cooperation, but an 
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analyst might only have a list of major treaties or quarterly summaries of economic 
activities. In the U.S., presidential-congressional relations continuously advance and 
decline, but presidential vetoes and congressional overrides only occur at discrete 
points. 

Since these continuous processes are generally of primary interest but are usually 
unobservable, scholars study the events produced by these processes. Among all the 
fields in political science, international relations is most closely identified with this 
approach: "Events are at least as important in international behavior as measures 
such as power, development, and status" (Schrodt and Mintz, 1988:217). The most 
obvious consequence of this approach is the creation of a number of large 
international events data bases. The Conflict and Peace Data Bank (COPDAB), for 
example, records the number of international events each day from 1945 to the 
present for each actor-target pair of nations, issue area, and level of conflict or 
cooperation. Other well known international events data collections include the 
World Events Interaction Survey (WEIS), the Comparative Research on the Events 
of Nations Project (CREON), and the Dimensionality of Nations project (DON).' 
Large data sets such as these are only the most conspicuous international event 
collections. Throughout the literature of international relations, many smaller data 
sets have been created by individual researchers. For example, scholars have studied 
formal and informal alliances (Russett, 1971; h1cGowan and Rood, 1975), economic 
sanctions (Hufbauer and Schott, 1983), and international crises. More than forty 
such collections exist in the ICPSR data archive (Vincent, 1983). Even much of the 
data on the US .  presidency in international affairs is in the form of counts of events 
such as executive orders, international treaties, and executive agreements (King and 
Ragsdale, 1988:Chapter 3). International events data have been used to study a wide 
variety of empirical questions and have been used for forecasting and policy making 
(Azar et al., 1977; Rummel, 1979). 

Because events and events data play such an important role in the fields of 
international relations, political scientists should have access to empirical methods 
especially suited to this type of data. Ideally, one ought to be able to theorize about 
the unobservable continuous processes in international politics and estimate their 
features with existing data on discrete events. Unfortunately, with few exceptions, 
scholars in international relations have neither designed nor exploited such meth- 
ods. The most frequently used statistical model in this area, linear regression, makes 
the incorrect assumption that underlying continuous processes generate observa- 
tions that are also continuous. 

In this paper, I argue for a new strategy of modeling and data analysis in this field. 
Toward this end, I present several new but related statistical models developed for 
and applied to different types of existing international relations data sets. I also show 
how one can extract considerably more information by this explicit modeling 
strategy. Computer programs written to estimate all the statistical models presented 
here are easily accessible.' 

The first section of this paper provides a brief discussion of the existing 
methodology used in the study of international relations. The elements of a more 
sophisticated methodology exist in this literature, but only extremely sin~plistic 
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models have been used. The second section briefly outlines previous methodological 
work from other fields relevant to improving methodology in international relations. 
The third section builds a "hurdle" event count model of international alliances. The 
fourth section introduces a truncated event count regression model and a variance 
function estimation for data on international economic sanctions. The fifth section 
analyzes conflictual events between the U.S. and the Soviet Union in a new joint 
model that enables one to distinguish U.S. + Soviet conflict, Soviet + U.S. conflict, 
and tit-for-tat behavior. The final section concludes. 

Empirical Methods in International Relations 

An exhaustive classification and analysis of the various methodologies used in 
international relations research would be a valuable contribution, but it is not 
something I intend to do here. For present purposes, one can place empirical 
methods in this field in three basic categories. 

First, many analyses use essentially descriptive statistics such as graphs, percent- 
ages, annual frequencies, and cross-tabulations. These are the basic tools of statistical 
description, highlighting what is to be explained by theory. As such, descriptive 
statistics are essential, but they are not relevant to statistical inference-estimating 
parameters from existing data. Thus, for example, descriptive statistics do not enable 
researchers to properly apply observed events data to the unobserved continuous 
processes of international conflict and cooperation. 

Second, among the inferential methods used in this field, statistical techniques 
designed for continuous, interval level dependent variables are by far the most 
common. Linear regression analysis and bivariate correlations are the primary 
examples, but factor analysis, structural equation models, and most other commonly 
used techniques also belong in this category. 

Consistent with the assumptions of regression analysis and other techniques 
designed for continuous variables, international politics can be thought of as 
inherently continuous. For example, imagine international cooperation between the 
U.S. and the Soviet Union as moving down a real number line representing time. At 
any instant, denoted by t and corresponding to a point on the line, this process has 
a continuous, interval level value A,, indicating how warm relations are between the 
two superpowers. If A, were observed all along the line (i.e., for every t ) ,  one would 
have a perfect dependent variable with which to analyze the ebb and flow of 
superpower cooperation and conflict. 

Although conceptualizing U.S.-Soviet relations as a continuous process is intu- 
itively reasonable, the values of this process are not observed at any point. 
Fortunately, the process does have observable consequences. For example, when 
U.S.-Soviet relations warm significantly (i.e., A, is large), a discrete event such as a 
summit conference or treaty signing might occur. These discrete events can be 
thought of as dots on the real number line, Many other events are also observable, 
such as visits of lower officials, verbal accusations, letters of protest, or troop 
mobilizations. Each of these events occurs with higher or lower probability as A, 
increases or decreases. The fundamental assumption underlying international 
events data sets is that by observing only these discrete events (the dots on the line), 
an observer still has a sense of the unobserved continuous variable, "U.S.-Soviet 
relations." 

Whenever analysts in international relations construct operational versions of their 
dependent variables from the lists of observable events, these variables will not be 
continuous, interval-level measures, as with many measures ir, political economy, for 
example. (They also tend not to be ordinal or nominal categorical variables, as is 
common with survey data in American politics). Instead, most international relations 



126 Event  Count  12/[odels fo, Internutzonal Relatzons 

data are "noncategorical discrete variables" (Maddala, 1983:51)-that is, analysts 
mark arbitrary divisions on the real number line corresponding to months, years, or 
some other convenient decision rule. The number of events in each time period are 
then recorded and used as a dependent variable in empirical analyses.' Variables 
measuring the number of times a particular event occurs are called event  counts. All 
such dependent variables take on values of zero or some positive integer. The 
number of conflictual events directed from all nations toward the U.S. in a year, the 
number of cooperative events directed from the U.S. to the Soviet Union, the 
number of inteinational alliances, the number of nations involved in an economic 
sanction, and the number of coups d'etat in African states are a few examples of 
event counts." 

What happens when event count data are analyzed by linear regression and 
related techniques? The usual procedure is to conceptualize something like E(Y,)  = 
X, > 0 as the expected number of events or the rate of event occurrence at time t .  The 
realized number of events y, (for a finite number of points, t = 1, . . . , n )  is the 
dependent variable. Researchers then typically regress pi on a set of explanatory 
variables. This procedure has been shown to yield surprisingly large inefficiencies 
and nonsensical results (see King, 1988). 

T o  get around the severe heteroskedasticity and other problems associated with 
this procedure, some have taken the natural log of y, and ;egressed it on the same 
explanatory variables. The log of zero is not defined, however, so ad hoc procedures 
are used. The most common of these is to add a small constant to y, before taking 
logs, but this seemingly innocuous procedure introduces arbitrarily large biases into 
the analysis. King (1988) showed that by making small adjustments in the value of 
this constant, one could make the parameter estimates biased by almost any amount 
in any direction. However, no general procedure exists to avoid these biases in the 
context of the logged regression model. 

Some empirical analyses in international relations should probably be disregarded 
entirely, but in many instances they simply fail to extract all potential information 
from the data. In some cases, scholars have probably missed substantial patterns and 
relationships that could have been found in their data with moEe powerful 
techniques. This problem is particularly serious in international relations because the 
data tend to be especially noisy, with very large amounts of measurement error. For 
example, Howell (1983) showed that the COPDAB and WEIS data sets disagree on 
the direction of change in levels of U.S.-Soviet cooperation and conflict in as much 
as 29 percent of years examined. More troubling is Vincent's (1983) finding that 
many of the inconsistencies between these two data sets can be accounted for by 
syste'matic rather than random variation. In data with such a low signal-to-noise ratio, 
more powerful statistical methods tuned to the special nature of these data can be 
more valuable than decades of new data collection projects. 

The third category of statistical methods used in international relations are Poisson 
process models (see Richardson, 1944; McGowan and Rood, 1975). These methods 
are more closely applicable to the special nature of event count data, but they have 
been used in only very simple ways. An understanding of this research begins with 
two principles of the process generating a series of event counts: zndefiendence and 
homogeneity. The principle of independence holds that the probability of an event 

'Methods exist to use the events nithout this last stage of aggregation, but data on explanator! variables in 
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occurring at time t + 1, given what has occurred up to time t ,  is independent of all 
previous history within a single observation period. The principle of homogeneity 
holds that the rate of event occurrence, A,, is constant over period t .  Under the 
independence principle, for example, wars are not contagious-that is, the occur- 
rence of some wars do not increase the probability of future wars. Under the homoge- 
neity principle, the rate of war outbreak is constant within entire observation periods 
(but may change between them). It is easy to see how tests of these assumptions are 
critically important to international relations research. 

During an observation period, the rate of event occurrence remains unobserved 
but the count of events at the end of the observation is observed. From these first 
principles about the process generating a single event count, and a few regularity 
conditions, one can derive a formal probability distribution describing the probabil- 
ity that any number of events will occur. This is the Poisson distribution (see King, 
1988:Appendix 1, for a derivation): 

where T, is the length of time in which events were counted during observation t .  
Since all the observation periods are usually the same length (years, months, etc.), 
this variable is set to one and the distribution is rewritten as follows: 

Since at least Richardson (1944), scholars in international relations have often fit 
their data to a Poisson distribution. When the fit to the event count is good, they 
conclude that the two first principles about the underlying process are true. The 
virtue of this approach is that it enables users to analyze the observed events data but 
still make generalizations about the underlying process of interest. 

Unfortunately, other sets of first principles can lead to the identical aggregate 
Poisson distribution of events, making some of these backward deductions to first 
principles indeterminant (see Houweling and Kune, 1984). For example, suppose 
one were analyzing the outbreak of war but the rate of outbreak A, was heteroge- 
neous (i.e., varied over the years). If we merely assume that the realizations of the 
process (the events) do not influence the expected rate (A,), a Poisson distribution of 
the counts would still fit the data, and one might falsely conclude that A, was constant 
over t .  The reason for this is explained by Cramer's theorem: the sum of two indepen- 
dent Poisson random variables is itself a Poisson random variable. All backward 
deductions to first principles are not invalid, but we must pay much closer attention to 
probability theory in attempting to make such generalizations. 

Another problem with this third methodology in international relations is that it 
can only address very narrow questions about randomness or deviations from 
randomness. For example, in part of their analysis McGowan and Rood (1975) use 
one period of one hundred years to study the pattern of alliance formation and its fit 
to a Poisson distribution. Cramer's theorem essentially allows them to partial out and 
then ignore variation in the expected number of events over the years. However, this 
information is arguably among the most interesting parts of the research problem. 
Indeed, such uses of the Poisson process models are analogous to performing a 
regression analysis, discarding the parameter estimates, and reporting only a test for 
normality! McGowan and Rood did explore variation in the expected number of 
events, but existing methodology limited them to the ad hoc procedures of breaking 
up the periods for further analysis. More appropriate methods (not available at the 
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time of their article) would provide them with a way to model explicitly the systematic 
variation in the expected number of events.' 

Although these Poisson process models are on the right track by explicitly 
modeling the underlying process and using available observed events for empirical 
estimation, considerably more information exists in events data than one can hope to 
extract with such methods. 

Event Count Regression Models 

One significant improvement in the methods used to study international politics is to 
combine the regression concepts from the second category of methods in interna- 
tional relations with the Poisson process models from the third. The basic form of the 
solution to this problem was analyzed by King (In press-b, 1988). I briefly 
summarize the results here. 

The unobserved nonrandom variable of interest is A, and refers, for example, to 
the degree of international conflict over time. If this were measureable, it would be 
included directly in the analysis. Because, instead, only a count of events from this 
process is observed at the end of each peroid, the basic procedure is to assume that 
the process being analyzed within each observation period (year, month, or other) 
may be characterized by the two first principles, above. Then this count of events 
occurring within observation period t ,  Y,, may be described by a Poisson distribution 
with mean E(Y, )  - X, (see Equation 2). 

Finally, we specify the way this continuous underlying process varies as a function 
of measured explanatory variables: 

where x, is a vector of k explanatory variables and P is a k x 1 parameter vector 
indicating the influence of each explanatory variable on A,. x, can include continuous, 
dichotomous, or any other type of meaningful explanatory variables. The exponen- 
tial is the functional form chosen because A, must always be positive, and for other 
theoretical reasons detailed by King. 

Although the left-hand side of Equation 3 is completely unobservable, the model 
does make is possible to estimate 0, the effect of the explanatory variables on the 
dependent variable, using the method of maximum likelihood (see King, In 
press-a). The likelihood function may be written as 

with A, = exp(x,P). 
The basic idea of maximum likelihood turns on the concept of a probability 

distribution. A probability distribution is used to calculate the uncertainty involved in 
the outcome of an experiment (e.g., a coin landing heads for three flips in a row), 
given some parameter ( p  = 0.5 if the coin is fair). Given a discrete probability 
distribution like this, one can easily calculate the absolute uncertainty associated with 
any outcome by plugging in the values for the parameters and the outcome of 
interest into the probability distribution; the resulting measure of absolute uncer- 
tainty is called a "probability," which ranges between zero and one. Inference, on the 
other hand, requires an almost exactly opposite calculation. Here the goal is to assume 
knowledge of the outcome of the experiment (three flips were tossed, all landed heads) 

" Essentiall) the same mistake was made b) scholars in three sepal-ate disciplines over fi\e decades in explaining 
the frequent) of appointments to the U.S. Supreme Court (see Icing, 1987). 










































