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ARTICLE INFO ABSTRACT

JEL Codes: Military spending was the main government expenditure until the 20th century, and it still
F51 represents a significant fraction of most governments’ budgets. We develop a theoretical model to
F52

understand how both military and trade alliances with military leaders can impact defense
spending. By increasing the costs of military aggression by a non-ally, an alliance reduces the
Key words: probability of war and allows minor partners reducing their military spending in exchange for a
I;ggzry alliances stronger trade relationship with an alliance leader and a higher trading surplus for the latter. We
Defense spending test our hypotheses with data on 138 countries for 1996-2020. Our results show that the

importance of the trade relationship and the trade balance with the military alliance leader is a
significant driver of military spending. The greater the weight of trade with the military leader
and the higher its trade surplus, the lower is the defense spending of the minor partner.

H56

1. Introduction

The political debate about asymmetric contributions between leaders and minor partners in military alliances has been in the air for
a long time and has intensified in recent years, especially with former US President Donald Trump’s statements and proposals (see
Kostyuk, 2024). It is often claimed that the military spending of the minor partners’ is less than it should be, and that they free-ride the
leader’s overspending. Much less is said about how minor partners benefit the alliance leader in exchange for the military protection
they enjoy. In this article, we investigate the role of bilateral trade between the minor partners and the alliance leader in compensating
the latter for the security benefit that its military expenditure provides to the minor partners, which allows them to reduce military
spending.

Certainly, minor partners in military alliances can afford to spend less in security than other countries in similar geostrategic
conditions. The ongoing war caused by the Russian invasion of Ukraine in February 2022 provides an interesting framework to
illustrate our point. Military spending in Ukraine before 2022 fluctuated between 3.8 (2020) and 3.2 % (2021) of its GDP (SIPRI
Military Expenditure Database).! In relative terms, this rate of expenditure was higher, as a proportion of GDP, than that in any other
European country sharing a border with Russia (the case, for example, of Finland, Estonia, Lithuania, and Poland). In fact, with the
exception of Russia (and Greece in 2021), no other country in Europe dedicated a higher percentage of its GDP to its defense needs. The
limited war waged in the region of the Donbas since 2014 had obliged Ukraine to increase its military spending; however, back in 2008
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— before the Great Recession — Ukraine was already dedicating 2.3 % of its GDP to defense, with only the United Kingdom and Greece
(and Russia) in Europe spending more. The fact that Russia’s other European neighbors — most notably Estonia, Lithuania, Poland and
Finland - had much smaller military budgets might reflect the fact that their partners in military and trade alliances afforded them a
protective umbrella, with an alliance’s main power typically playing a leading role in this respect. For example, in the case of the North
Atlantic Treaty Organization (NATO) alliance, U.S. military spending relative to GDP (3.7 and 3.5 % in 2020 and 2021, respectively) is
well above that of its partners.

Because military spending can be strongly related to participation in military alliances, and to each member’s position in the
alliance, a deeper understanding of the trade-offs involved in military alliances is worthwhile. The importance attached to forging
military alliances is longstanding in the literature (e.g., Sun Tzu, VI c. B.C.; Aristotle, IV c. B.C.; Kautilya, III c. B.C.). Relations based on
the provision of protection and safety in exchange for payments or services of a different nature have been a continuum in History.
Indeed, the social institutions that regulated these relations constituted the foundations of the feudal system (Brenner, 1990). Sub-
sequently, the transition from the ‘redistributive world-empire’ variant of feudalism to a capitalist world-economy (Wallerstein, 1976)
would be triggered — among other factors — by the expansion of trade, and empires would be replaced, Adam Smith (1776) argued, by a
system of sovereign states and a balance of power organized along trading lines. As such, this relationship between the trade and
military alliances forged between sovereign states today lies at the heart of international relations and the international political
economy.

Seminal studies by Joanne Gowa (1989, 1994) provide the theoretical basis for the association between military alliances and
trade. In testing this theoretical hypothesis, Gowa and Mansfield (1993) found that alliance membership had a positive effect on the
bilateral trade of allied countries, while Gowa and Mansfield (2004) reported this influence to be stronger for goods produced under
conditions of increasing rather than constant returns to scale. The existence of preferential trading agreements as a booster for trade
among allies has been further analyzed by Mansfield and Bronson (1997), who concluded that when military alliances and preferential
trading deals are combined the impact on trade is higher than when entered into singularly.” In the same vein, a more recent study by
Long and Leeds (2006) found that specifying economic agreements in alliance treaties is positively related to trade among partner
states.

However, an earlier study by Morrow, Siverson and Tabares (1998) tended to find across several specifications a negative impact of
military alliances on trade, this effect being stronger in bilateral than in multilateral alliances. Long (2003) argues that this disparity of
results is attributable to the nature of the military alliance: that is, whether the military alliance constitutes a defense (mutual military
assistance if one party is attacked) or a non-defense pact (neutrality, non-aggression, or consultation). Thus, defense pacts lead to
greater trade among partners than is the case of non-defense pacts. This explanation is consistent with results presented in an empirical
study by Summary (1989), who found that U.S. bilateral trade was higher (both imports and exports) with members of NATO.

On the specific costs and benefits of NATO membership, Olson and Zeckhauser’s (1966) seminal study examined the divergent
economic contribution made by members to the military alliance. The authors analyzed incentives for small state members to
contribute proportionately less to the military effort than their larger counterparts and found evidence that the former did indeed enjoy
a larger positive security externality (Long, 2003). This issue attracted considerable attention during Donald Trump’s tenure, with the
president constantly demanding that the country’s NATO partners increase their military spending,® while he reduced the US’s
contribution to NATO’s collective budget. In a recent study, Alley and Fuhrmann (2021) identify the huge budgetary cost to the U.S. of
its network of military alliances and wonder whether the financial toll is worthwhile.

However, Poast (2022, 526) argues that “the economic benefits of trade openness and support for the dollar are still notable and, by
themselves, likely overwhelm the budgetary costs of maintaining the alliances”. Indeed, in terms of the impact on trade, Egel et al.
(2016) estimate that a 50 % reduction in U.S. security commitments overseas could reduce the country’s annual bilateral trade in
goods and services by 18 per cent (excluding, that is, trade with Canada and Mexico). As for support for the U.S. dollar, Eichengreen,
Mehl, and Chitu (2019) find that alliances increase the proportion of international units in foreign exchange reserves by about 30
percentage points. The dollar’s current dominance as an international unit is supported by the status of the U.S. as a global power,
which helps to guarantee the security of its allies. And this status “allows the U.S. government to place dollar-denominated securities at
a lower cost because demand from major reserve holders is stronger than otherwise. The cost to the U.S. of financing budget and
current account deficits is correspondingly less” (Eichengreen, Mehl, and Chitu, 2019, 322).

Overall, it is apparent that major partners in military alliances contribute proportionately more to military spending than do their
minor partners, but that the former enjoy benefits from (1) increased trade and (2) from increased demand for their currencies, which
together reduce the costs of financing their budget deficit and current account deficits. In return, minor alliance members enjoy greater
positive security externalities, which sees them contributing proportionately less to the alliance in terms of military spending.

The aim of this article is to investigate the relationship between the benefits obtained by leading partners in military alliances in
terms of trade and current account financing, and the benefits obtained by minor partners in terms of reduced military spending. More
specifically, we examine how minor partners benefit a leading partner by increased bilateral trade deals in exchange for a reduction in

2 Of course, the analysis of military alliances as driver of trade does not imply that alliances are the only, or even the main, driver of trade. The
drivers of trade are diverse, with tariffs being usually seen as the most relevant (e.g., Baier and Bergstrand, 2001).

% https://edition.cnn.com/2019/11/27/politics/trump-nato-contribution-nato/index.html (retrieved 20 February 2023). Trump’s pressure on US
NATO partners has further intensified in the run-up to the 2024 US presidential election and in the context of discussions about military support for
Ukraine (see, e.g., https://www.telegraph.co.uk/us/news/2024/05/03/donald-trump-three-per-cent-nato-defence-spending/, retrieved 13 May
2024).
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the risk of war and, hence, of their military spending. To do so, we first develop a theoretical model relating bilateral trade and military
spending and formulate our core hypotheses. We then empirically estimate the effect of the relevance of bilateral trade and the
bilateral trade surplus with the leading partner on the minor partner’s military spending. In conducting this estimate, we draw on a rich
empirical literature analyzing the factors that influence military spending.

We find that the greater the minor partner’s trade with the leading partner, the lower its military spending tends to be. Likewise, the
greater the bilateral trade surplus (the lower the bilateral trade deficit) for the leading partner, the lower is the military spending of the
minor partner. In this way, we make a novel and relevant contribution both to the existing literature on the relationship between
military alliances and trade and on the determinants of military spending.

2. A theory of bilateral trade and military spending

Let us consider two rival economic and military superpowers, A and B, and a less powerful country both economically and mili-
tarily, C. Let us assume that country C, for historical, cultural, economic, and political reasons, is a political ally of A, which means it is
under no military threat from A. But, at the same time, is no ally of B. Further, the economic surplus generated by countries i and C
because of economic trade shall be denoted by S; > 0.

Following the rationalist view of war (see, among others, Fearon, 1995; Powell, 1999; Martin et al., 2008; Grossman, 2013), we
assume that military conflicts may occur as a result of a cost-benefit analysis. As in Martin et al. (2008), we consider that two countries
can engage in a negotiation on how to share the trade surplus when at peace. However, during this process, disputes might break out
and these might be resolved and end peacefully, or they might escalate into conflict. Even in instances where the negotiation does not
fail, wars may occur if either of the two parties believes they could be better off by using military force.

The timing of the negotiation is the following: Country C suggests a deal to country i, which consists of a fraction ¢; of S; that would
be captured by i. If ¢; is greater than or equal to n;, which represents the negotiation power of country i, the deal is accepted, and each
country secures their share. Otherwise, both countries obtain 0.

Since A and C are allies, we assume that there is no risk of escalation to war. However, when negotiating with B, C acknowledges
that there is a risk of military conflict. Let us assume that the expected utility loss for C of a military conflict (and eventual invasion) is
We. Let us also assume that the potential gains for B are uncertain and follow a uniform distribution Ws = [Wg — ©, W + O], where ©
is the uncertainty. Following Martin et al. (2008), we assume that probability of war follows a symmetric triangular distribution, which
is the simplest distribution that has a qualitative behavior like the normal distribution (symmetry, maximum density around the mean,
and density decreasing and going to zero the higher the distance to the mean). That is, probability of war follows a symmetric
triangular distribution with mean Wy and range [Ws — ©, Wg+ O], Wg > Ss + Sp, and W — W¢ < S + Sp. Hence, war is Pareto
dominated by peace and the expected gains for B are higher than the total economic surplus from trade. However, these gains may
come at a cost. Let us denote by Y the total production of C without trade agreements, and by m the military expenditure of C as a share
of Y. It is clear that Y has to be much greater than S,, Sg, W5, and We.

Let us also consider that A, as an ally of C, could provide help to C in case of military conflict. Let us assume that both A and B have
enough military strength to annihilate each other. Under a rationalist view, none of them would have any incentive to attack the other,
no matter whether the other provides military aid to an ally in case of military aggression. That is, if B attacks C, the military aid
provided by A to C does not constitute a threat to B, since it only serves as an additional defense for C and acts only as a cost increase for
B.

A would provide military help to C if and only if it has a positive utility for A. We can assume that peace itself has an intrinsic utility
for A - for instance, because it ensures higher stability for capital flows and international trade. Moreover, if there is direct trade
between A and C, it is also clear that A ’s utility is higher the higher the trade benefit. Hence, we can assume, for simplicity, that A ’s
military aid would be of the form p + @4 Sa, where p represents the fixed amount of military aid a leader would provide in exchange for
the intrinsic value of peace.

This help might be provided as military aid or as economic and political sanctions on B. We assume that C knows that a fraction k of
the help would be in the form of military aid, and 1 — k as economic sanctions. The net gains of a military conflict for B with respect
peace are:

Wi —v(mY +sk(p + aaSa))—(1 —k)(p + aaSa) — a5Ss [¢D)

where v represents the marginal costs for B of the military strength of C so that when v > 1 military force is more effective than
economic sanctions, and s > 1 represents the relatively higher efficiency of the military capabilities of A with respect to C.

2.1. Probability of war

In line with the rationalist view of war, the leader of B considers military action against C only if she expects a net utility increase

with respect to a trade agreement. Therefore, the leader of C estimates the probability of war as the probability of x = Wy — v(mY +
sk(p + aaSa)) — (1 — k)(p + aaSa) > apSp . If we then denote by x = Wp — v(mY +sk(p +@aSa))—(1 —k)(p +aaSa) the expected net
gains, the probability is:
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The grey area in Fig. 1 represents the probability of war; that is, the probability that the net gains x are higher than the share of the
trade surplus captured by B.

Note that uncertainty is what ultimately defines the probability of war for C. That is, if there were no uncertainty, C would know for
sure whether B would attack or not. Hence, what makes war a probability is precisely uncertainty. The larger the uncertainty, the
larger the domain of x where probability is different from O.

2.2. Utility maximization problem

Based on the estimated probability of war, the ruler of C decides which allocations of the trade surplus to offer to A and B, and the
military expenditure, to maximize the utility level u of a representative agent of her own country. The maximization problem for the
ruler of C is:

max Y(l 7”1) 7Pch+(1 7PW)((1 —GA)SA+(1 7(13)53) (3)
na<aa<l
B!

Let us denote by h = (1 —aa)Sa + (1 —ag)Ss + W the benefits of peace for C (including not paying the cost of war). Let us assume
that Wy — (Sa +p)(vsk +1 — k) — Sg > 0. This condition ensures that the expected gains for B from war are higher than the largest
costs (including the opportunity cost of lost trade profits) of war that B may face, and, therefore, there is a real threat to C. Let us also
assume that n; and W are large enough to ensure that the optimum is achieved with Py, <« 0.5, and that uncertainty - - is lower than
the cost of war for C (minimum benefits of peace).

The partial derivatives of the maximization problem (3) are:

ou  _[v(x+60 —apSp)h

om Y{ 6 ! @

ou _ s, {(vks +1-— k)(x2+ 0 —apSph 1 +Pw} ©)

00(A o

Jou (x +0 — aBSB)h

— = =7 R 1+4p

g Sp { 2 +Pw (6)
Solving for the interior optimum in m, we obtain

me Wy — (aaSa +p)(usk +1 —k) + 0 — apSp — 6*/(hw) o

vY

Since we assumed that uncertainty 0 is less than W, and that the expected net gains of war were positive (otherwise, there would be
no real threat to C), the numerator in (7) is always positive. Since Y > Wj, then 0 < m < 1. Moreover, (3) is a quadratic form in m with
a negative coeffiecient in the second order term. Therefore, the interior optimum is also global.

x—0 X apSpx+6
Fig. 1. Probability distribution of the net gains from war of B, X, according to C.
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Notice that the existence of an interior global optimum is possible due to the concave behavior of the triangular distribution.
Indeed, any other probability distribution with concave behavior could also have an interior optimum.
By substituting in the expression of the probability of war, we obtain:

®

We also assumed that uncertainty was lower than the benefits of peace for C, that is, 6 = % with g > 1, where h represent the

2 dap

2
maximum benefits C can get from peace. Hence, & < S [% -1+ ﬁ} . Therefore, if v > ’”27:”, (6) is negative no matter the values

of n;. For the case of maximum uncertainty, with y ~ 1, it suffices that v > 1.37. For more reasonable values, such as u ~ 2, it suffices
thatv > 1.11. As military expenditure is much more efficient than economic sanctions, we can assume that (6) will be always negative
and therefore the ag = np. As before, note that this implication holds if the probability of war is concave and there is an interior

optimum for m. Noting by y = x — apSg, the condition for the interior optimum for m implies that ”%W =4, and % = Sg(v! -1+
Py ). Hence, the partial derivate is negative if v is large enough.
Finally, substituting the previous results in (5) we obtain:

Jdu

= —1+ ©)

v 2(vh)?

vks+1—k 6 ]

As is evident, if military aid or the relatively higher military efficiency of the superpower are sufficiently large, (9) is always positive
and the optimum is a4 = 1. More specifically, the conditions are k > *=L ors > ”*1,(* k In contrast, if &+1=k. < 1 then (9) equals O for a,

vs—1 12 v

=1- é { m - (1 —ap)Ss — Wc} .If as € (na,1), then the optimum is interior. Otherwise, (9) is always negative and the

optimum is a4 = ny. Table 1 presents example solutions of the problem when using different parameters.

Notice that either if the optimum a4, is at the boundaries or interior, the optimal military expenditure (7) reduces when the benefits
from trade increase.

In conclusion, three main implications can be derived from the model. First, as can be seen in expression (7), and expression (9), the
greater the benefits from between A and C —S,— and from peace —p—, the lower the military expenditure will be and the lower the
probability of war, which is consistent with reports in the extant literature (see, among others, Copeland, 1996; Martin et al., 2008). As
peace and trade become more valuable, the opportunity cost of war increases, so the threat of a military aggression decreases, and thus
military expenditure can be reduced. Second, the higher the efficiency of military force v, the lower the military expenditure will be for
the minor country. That is, the higher the cost for the aggressor of the military response of the minor country, the less the minor
country will need to invest on defense. Finally, as discussed in the introduction, the higher the military commitment k or the relatively
higher military capabilities s, the lower the military expenditure by C and the higher the benefits from trade for military leader A, since
country C renounces direct benefits from trade to be more valuable to A and to receive more protection. For instance, C may accept to
incur trade deficits with A in exchange for a reduction in the risk of war.

Table 2 summarizes the main variables of the model and their relationship with military expenditure and probability of war in the
optimal solution.

More specifically, the empirical analysis conducted below tests the following hypotheses:

H1: The greater the volume of trade with the military leader, the lower the minor partner’s military spending.
H2: The greater the military leader’s trading surplus, the lower the minor partner’s military spending.

3. Data and methods

To test our hypotheses empirically, we employ data for the period 1996-2020 for 138 countries, for which information is fully
available for both the dependent variable — military spending as a percentage of GDP (%MSpending) — and all covariates.” Our
dependent variable is obtained from the SIPRI Database. Naturally, we exclude the U.S. from the sample, given that our primary
purpose is to evaluate how bilateral trade between the U.S. and other countries affects the latter’s military spending. Hence, our
dependent variable is the defense spending of these countries as a percentage of their GDP (in constant terms).

Since our main hypothesis is that countries with stronger commercial ties with the U.S. have fewer incentives to spend on the
military, due to the protection expected and received from the largest, most powerful army in the world, our key variables are related
to existing bilateral trade volumes. The available data are abundant and also illustrative in this regard. For example, Fig. 2 shows the
comparison between NATO and NON—NATO countries (annual averages for each subset of countries) when considering the relevance
of bilateral trade for the US. This figure clearly show that trade with allied countries (NATO) is clearly more relevant for the US

4 Some countries had to be excluded due to missing data for some of the variables for our whole period. Table Al in the appendix presents the
countries that could not be included.
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Results of the bilateral trade optimization problem for different parameters of k, v, s, and 6, with Y = 100, Sy = 6,Sg =5, We = W =10,p =0,
and ng =ng = 0.5.

Input parameters Results

k v s 0 m aa ap Py u

0.5 1.3 1.1 4.5 5.7 % 0.5 0.5 2.5% 99.5
0.8 1.3 1.1 4.5 21 % 1.0 0.5 3.8% 100.0
0.5 1.5 1.1 4.5 4.8 % 0.5 0.5 1.9% 100.4
0.5 1.3 1.5 4.5 1.5% 1.0 0.5 3.8% 100.6
0.5 1.3 1.1 6.5 6.4 % 0.5 0.5 5.2 % 94.8

Table 2

Main variables of the model and summary of their influence on the optimal solution.

Variable  Description Relationship with m Relationship with Py
Si Economic surplus of trade between The higher the surplus, the lower The higher the surplus, the lower the probability of war
country i and C the military expenditure
4 Uncertainty of the benefits of war for B The higher the uncertainty, the The higher the uncertainty, the higher the probability of war.
higher the military expenditure
P Intrinsic value of peace for A The higher the value of p, the No effect on probability of war between C and B. The value of
lower the military expenditure peace for A rebalances military expenditure and trade surplus
between A and C
v Efficiency of military force with respect The higher the efficiency, the The higher the efficiency, the lower the probability of war.
economic sanctions to B lower the military expenditure
k Commitment of A to help C in case of a The higher the commitment, the The higher the commitment, the lower the probability of war.
military attack by providing military aid  lower the military expenditure
s Relative efficiency of military The higher the capabilities, the The higher the capabilities, the lower the probability of war.
capabilities of A with respect C lower the military expenditure
Average Trade for the US (1996-2020).
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Fig. 2. Relevance of Trade for the US (each country’s trade with the US in% of US GDP). Annual averages for NATO COUNTRIES versus NON-
—NATO countries.

throughout the period. It can be noted, however, that NATO’s eastward expansion, especially in the first decade of this century
(1999-2009), narrowed the gap, most likely because the new NATO members had lower previous trade ties with the US.

In terms of trade surplus, Fig. 3 compares NATO to NON—NATO countries taking into account each country’s trade surplus (+) or
deficit () with the US. It can easily be seen that NATO countries tend to have (as a whole) a trade deficit with the US; whereas
NON—NATO countries tend to have a trade surplus with the US. As in the previous case, NATO expansion towards the east at the
beginning of the century may have transitorily softened the difference, which is clearly recovered since then.
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Trade Surplus/Deficit with the US (1996-2020).
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Fig. 3. Surplus (+) or Deficit (-) of countries with the US (in% of countries’ GDP). Annual averages for NATO COUNTRIES versus NON-
—NATO countries.

To avoid confounding the effects of bilateral trade on the openness and total international trade of a country, we control for the
degree of commercial openness of each country, which is a country’s total annual exports and imports as a percentage of its GDP. This
variable has typically been included in previous studies of military spending (see Bove and Nistico, 2014a, 2014b; Kollias et al., 2018;
George, Hou and Sandler, 2019, among others). Theoretically, openness facilitates access to arms markets and finance for arms
procurement (Rosh, 1988); however, empirical studies usually find that trade has a peace-promoting influence diminishing the
likelihood of conflicts and, with it, defense spending efforts (Seitz, Tarasov and Zakharenko, 2015; Huang and Trosby, 2011; Kollias
et al., 2018).

Having controlled for the degree of openness, our first main variable is the bilateral trade conducted between each country and the
United States, measured as the trade weight — including both imports and exports — that each country has within the U.S. GDP, that is,
how much the trade of each country represents in U.S. GDP (in billions), per annum (Trade Weight). The volume of trade is obtained
from the Direction of Trade Statistics of the International Monetary Fund -IMF- (DOT-IMF). According to the theoretical model, our
prediction is that the higher this share, the lower the military spending efforts of the U.S.’s commercial partner will be. By way of an
alternative, we also consider the U.S. trading surplus with each country as a percentage of U.S. GDP (in billions) (Trade Surplus).
Testing the coefficients associated with these variables separately should validate, or otherwise, the main predictions of our model.

Among the rest of the covariates, we include four main groups of determinants of military spending. First, we include those related
to the demographic and economic size of the country. Thus, we employ the total annual population in millions (Pop) and the square of
this population (Pop™2) in order to account for any possible non-linear relationships. The values for this variable are drawn from the
World Bank’s (WB) World Development Indicators. The size of the economy is captured by the country’s annual GDP, expressed at
2017 prices in PPP International U.S. dollars (RGDP), and calculated as the product of its GDP per capita and total population. The
variable is obtained from the IMF’s World Economic Outlook. Its square is also considered as a covariate (RGDP"2). Demographic and
economic variables are typically found to be statistically significant drivers of military spending (Dunne and Perlo-Freeman, 2003;
Collier and Hoeffler, 2007; Nikolaidou, 2008; Pamp and Thurner, 2017; Hou, 2018; Kollias et al., 2018; George et al., 2019; Droff and
Malizard, 2022).

The second group of covariates constitutes a country’s political attributes. A diversity of political and regime-type variables has
been employed in past studies (Dunne and Perlo-Freeman, 2003; Albalate et al., 2012; Yesilyurt and Elhorst, 2017; Kollias et al., 2018;
Hou, 2018; Langlotz and Potrafke, 2019). In our model, the first of these variables is the political rights (PR) scores taken from the
Freedom in the World Survey (Freedom House database). The variable takes a value between 1 and 7, where 1 represents maximum
freedom and 7 the minimum. Freedom and democracy are usually found to be negatively correlated with military spending. The
second variable here is System, which indicates whether the political system is Presidential (0), Assembly-elected Presidential (1) or
Parliamentary (2). This variable is taken from Scartascini et al. (2021) and is available at the Database of Political Institutions
(DPI12020) maintained by the Inter-American Development Bank (IADB).

Third, we account for variables related to current and past military conflicts as drivers of current military spending. These variables
are binary and take a value of one if the country is currently engaged in a civil war/violent internal conflict (Cwar) or was previously
engaged in an international war (Pwar). A civil war is considered as a conflict involving a minimum of 25 battle-related deaths per year
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and per dyad between the government of a State and at least one opposition group without intervention from other States, while a past
conflict is considered as having occurred if the country was involved in a war between 1987 and 1992. Information on these two
variables is drawn from the PROP Conflict Recurrence Database. A third variable on potential conflicts or threats is included by
considering the Emulation variable, as defined in Collier and Hoeffler (2007) and Albalate et al. (2012). For each country, we take its
neighboring countries (shared borders) and compute the share of aggregate military spending in terms of its own aggregate GDP. This
is similar to the Security Web variable employed in earlier studies (Dunne and Perlo-Freeman, 2003; Kollias et al., 2018). The
expectation is that having armed neighbors is an indication of a potential conflict and, as such, countries adapt their military spending
to that of their neighbors (Yesilyurt and Elhorst, 2017). Yet, the literature reports mixed findings on its contribution (e.g., Collier and
Hoeffler, 2007; Albalate et al., 2012; Pamp and Thurner, 2017; for non-significant effects).

The last group of covariates is those related to military alliances. Previous research has shown the importance of accounting for
international defense agreements in estimating countries’ military spending (Digiuseppe and Poast, 2018). The expectation is that
when a country belongs to a military alliance it tends to have, ceteris paribus, higher military spending (Albalate et al., 2012; Droff and
Malizard, 2022), but the empirical evidence has been mixed in determining whether arms and alliances are substitutes or comple-
mentary (Digiuseppe and Poast, 2018). There are two principal military alliances in the world for the period considered in this study.
To account for the participation of countries in these alliances, we created the variable NATO and the variable CSTA, to account for
participation in either the North Atlantic Treaty Organization or the Collective Security Treaty Alliance. These are binary variables taking a
value of 1 if the country belongs to either alliance in a given year and 0 otherwise. The main actors in NATO and the CSTA are the U.S.
and Russia, respectively, and, as such we are considering the alliances made by the world’s two largest armies in the period examined.
Finally, if a country has nuclear weapon capabilities, we also expect them to spend more on defense. Here, a dummy variable with a
value of 1 is attributed to a country acknowledged internationally as having nuclear weapons, and O otherwise.

Table 3 presents the descriptive statistics of the variables employed in our empirical exercise and their sources.

We adopt different regression methods to evaluate our hypotheses. First, we run a cross-sectional regression with an OLS estimator
and robust-to-heteroskedasticity standard errors for the year 2019. We chose 2019 because it is the most recent year for which largely
complete data are available prior to the Covid-19 shock of 2020. Note this analysis only considers cross-sectional variation in one year
and, as such, it presents only a limited picture of a point in time. As Dunne and Perlo-Freeman (2003) stress, focusing on cross-sectional
analyses limits our understanding of dynamic processes at work within countries.

Second, we estimate an unbalanced pooled data model, considering all observations for the period 1996-2020, with time-fixed
effects (yearly specific dummies) to exploit both time and cross-sectional dimensions for a long period of time (25 years) in all ob-
servations available. This model also employs an OLS estimator to estimate coefficients.

Third, we consider the panel data structure of our data, accounting for unobserved heterogeneity and autocorrelation with panel-
corrected standard errors (PCSEs). Panel data are recommended after implementing the Breusch-Pagan test, which rejected the null
hypothesis of no panel effects (p-value=0.000). Autocorrelation is found in our time series according to the Wooldridge autocorre-
lation test for panel data.

Finally, we employ a dynamic panel data model to account for inertia in military spending and to address potential endogeneity
and/or reverse causality concerns. The PCSEs and the dynamic panel data models have been typically employed in the literature on
military demand and spending (see for example Dunne and Perlo-Freeman, 2003; Pamp and Thurner, 2017; and Hou, 2018 for dy-
namic models on military spending). The specific estimating equation for panel data dynamic models is:

%MSpending;, = a+%MSpending;,_, + Y%oMSpending;,_» +%MSpending;,_s + p, Trade. Weight;, + 3, Openness; + 5 Pop;, +ﬂ4Pop§
+ ps RGDP; + f¢ RGDPiZt -+, PRy + g Systemy, + o Emulation;, + f,, Cwary + f5;, Pwary
+f1, NATO,, + 3,5 CSTA + 14 Nuclear. Weapon;, + year, + s; +

10

Table 3
Descriptive statistics and sources.

Variable Mean Std Dev Min Max Source

%MSpending 2.08 2.02 0 34.37 SIPRI Database

Trade_weigth 0.11 0.39 0.00 4.06 IMF (DOT-IMF).

Trade_surplus 0.01 0.07 -1.34 0.77 IMF (DOT-IMF).

Openness 0.73 2.03 0.00 71.88 IMF

Pop (in millions) 34.27 133.73 0.01 1411 WB (WEI-WB)

RGDP (10° Int. USD 2017) 403.15 1223 0.032 22,935 IMF (WEO-IMF)

PR 3.45 2.18 1 7 Freedom House (FH-FWS)

System 0.75 0.93 0 2 (IADB)

Emulation 0.02 0.02 0 0.21 SIRPI & IMF

Cwar 0.11 0.32 0 1 PROP Conlflict Recurrence Database

Pwar 0.02 0.13 0 1 PROP Conflict Recurrence Database

NATO 0.12 0.32 0 1 NATO

CSTA 0.04 0.19 0 1 CSTO

Nuclear_weapon 0.03 0.18 0 1 Federation of American Scientists

Year 2008 7.21 1996 2020
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where i and t are the country (i) and year (t) of the observation, respectively, year; denotes the presence of a common time trend, s; is
the country fixed effect and uj; is the error term. As above, we also estimate Eq. (2) by replacing f, Trade_Weight;, with
B, Trade_Surplus;; (2.b).

4. Results

The first approach to testing our main hypothesis, estimating a cross-sectional regression (OLS) for the year 2019 (that is, prior to
the Covid-19 shock in 2020 and the Russian Invasion of Ukraine in 2022), indicates that the coefficients associated with both the
Trade Weight and the Trade Surplus variables are both negative and statistically significant. This means, very much in line with ex-
pectations, that the greater the commercial importance of a country in the U.S. economy, the less this country dedicates to defense
spending. The same outcomes are obtained when we run a pooled data model, considering time effects with yearly specific binary
variables. Table 4 shows our main results for both the cross-sectional and pooled data models for the Trade-Weight and Trade Surplus
variables. In addition to bilateral trade variables, most of the other covariates are found to be relevant drivers of military spending in
our pooled data model estimates.

Our demographic and economic variables, used to capture the size of the economy, are statistically significant and present non-
linear relationships. Indeed, a U-shaped function is associated with the population variable, while the reverse is the case for real
GDP.° Our political variables are also relevant according to the estimates conducted, with both political rights and emulation being
statistically significant: the former outcome suggests that regimes with weaker political rights spend more on their military; the latter
indicates that countries tend to increase spending in line with the spending of their neighbors. Our pooled models also point to the
importance of conflicts, with the civil war variable presenting a positive sign in pooled models (3) and (4). In contrast, a past conflict
presents a negative sign, suggesting that while there might have been a period of high expenditure associated with that war, spending
has subsequently fallen. Interestingly, NATO allies are positively associated with military spending in pooled models, while CSTA allies
exhibit the contrary relationship. Finally, countries with a nuclear capability spend more on the military than their counterparts.

However, these models also suggest a counterintuitive relationship between trade openness and military spending. Contrary to the
main findings reported in the literature, the coefficient associated with openness is statistically significant in some models; however, it
presents a positive sign. This is certainly a source of concern and one that points to potential problems with these simple methods.

Although these models seem to corroborate our theoretical predictions, they do not always account correctly for potential features
of our data that might bias the estimated coefficients and affect standard errors. First, (1) the pooled data model does not account for
unobserved heterogeneity, and a panel data approach is needed, as confirmed by the Breusch-Pagan test. Second, (2) the Wooldridge
test for autocorrelation (Wooldridge, 2002) confirms that serial correlation is a source of concern in our panel, by rejecting the null
hypothesis of no first-order autocorrelation (F = 7.46, p-value= 0.0071). Thus, we estimate a Prais-Winsten (AR1) regression with
correlated PCSEs. Third, (3) static panel data models do not account for the dynamic nature of military spending and its inertia and,
moreover, they are unable to address any endogeneity concerns that may emerge if there are reasons to believe that it is military
spending that shapes bilateral trade with the U.S. and not vice versa. Although we did not find any strong arguments or mechanisms
that might result in such endogeneity, we did find clear evidence of inertia.

For all these reasons, our preferred model for testing our prediction is that of dynamic panel data.® This model implements the
Arellano-Bond estimator (Arellano and Bond, 1991), which uses moment conditions where lags of the dependent variable and first
differences of the exogenous variables are instruments for the first-differenced equation. The moment conditions of these generalized
method of moments (GMM) estimators are valid only if there is no serial correlation in the idiosyncratic errors. Because the first
difference of white noise is necessarily autocorrelated, we focus our attention on second and higher autocorrelation. Based on the
Arellano-Bond autocorrelation test result, we reject higher-order autocorrelation in our model (Order 1, Prob>Z = 0.008; Order 2,
Prob>Z = 0.414; Order 3, Prob>Z = 0.367). Table 5 reports our main results after running the aforementioned panel data models.

The results obtained from the PCSE and dynamic panel data model confirm our hypotheses and model predictions, to the effect that
the greater the commercial relevance of a country with respect to U.S. GDP, the lower its efforts in terms of military expenditure. The
same result is obtained for the weight of the U.S. trade surplus in its bilateral trading activity with other countries: here, the higher the
trade surplus achieved by the U.S. with a given country, the lower the military spending of that country.

Therefore, our empirical estimates point in the direction predicted by our models. This suggests a substitution effect between
military spending and trade, with a country able to protect its commercial partners. Undoubtedly, all countries need safety and
protection, and our results confirm that this need can be satisfied by means of their own military spending efforts or by their becoming
a trade ally of the U.S. The greater the benefits the U.S. reaps from bilateral trade, the lower the effort its commercial partners must
incur to feel protected from external threats. Note that we detected, as expected, a positive effect of lagged military burden for a one-

5 Following a referee proposal, we obtained data on the size of each country’s armed forces and the ratio of armed forces to the workforce from
WDI-World Bank. We re-estimated all models including the variable *armed forces/ active population’, which was positive and highly significant in
OLS, Pooled, and Non-Dynamic Panel estimations. The inclusion of this variable did not generally affect other variables; not at all in the case of our
key explanatory variables. However, concerns about possible endogeneity between this variable and the dependent variable were confirmed by our
dynamic estimations (the preferred ones), where the new variable was no longer significant, confirming that endogeneity would be a relevant issue
if this variable was included in the model. The full results obtained when considering the variable armed forces/active population’ are presented in
Tables A2 and A3, in the appendix.

6 Lagged dependent variables become statistically insignificant from the second lag on. More lags do not change our main results.
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Table 4
Estimates for the cross-sectional and pooled data models.

OLS OLS Pooled Pooled
(2019) (2019) (1996-2020) (1996-2020)
(€))] (2) 3) 4

Trade Weigth —0.553*** - —0.539%** -
(0.149) (0.042)

Trade_Surplus - —2.73e-07%** - —2.19e-07%**

(7.54e-08) (1.93e-08)

Openness —0.130 —0.152 0.263%** 0.242%**
(0.318) (0.3138) (0.080) (0.079)

Pop —0.009 ** —0.009%* —0.010%** —0.010%**
(0.004) (0.004) (9.54e-04) (9.59e-04)

Pop“2 5.69e-06** 5.50e-06** 6.12e-06%** 6.30e-06***
(2.36e-06) (2.37e-06) (6.47e-07) (6.43e-07)

Rgdp 4.00e-04* 4.97e-04* 5.06e-04+*** 4.88e-04***
(2.29e-04) (2.37e-04) (5.63e-05) (5.73e-05)

Rgdp™2 —1.92e-08%* —1.34e-08* —2.31e-08%** —1.86e-08%**
(8.03e-09) (7.09e-09) (2.87e-09) (2.60e-09)

pPr 0.269 *** 0.269%** 0.280%** 0.287%**
(0.069) (0.068) (0.023) (0.023)

System —0.012 —0.007 0.001** 0.001**
(0.137) (0.136) (4.44-04) (4.38e-04)

Emulation 53.367%** 52.813%** 40.759%** 40.234%**
(10.955) (10.873) (3.382) (3.323)

Cwar 0.128 0.120 0.755%** 0.758 ***
(0.451) (0.445) (0.118) (0.119)

Pwar —0.810 —0.806 —0.268 —0.304*
(0.635) (0.674) (0.173) (0.172)

Nato 0.355 0.318 0.191%** 0.157%%*
(0.247) (0.245) (0.051) (0.051)

Csta —0.644 —0.643 —0.956*** —0.953***
(0.779) (0.773) (0.123) (0.124)

Nuclear Weapon 1.628** 1.479** 1.595%** 1.483%***
(0.641) (0.705) (0.103) (0.113)

time fe no no yes yes

n. oBSERVATIONS 138 138 3381 3390

r2 0.44 0.45 0.34 0.34

Notes: ***, ** and * denote, respectively, significance at the 1 %, 5 %, and 10 % levels. Robust Standard errors in parentheses. Information on 13
countries was unavailable for 2019.

year lag, confirming previous reports to the same effect in the literature (Dunne and Perlo-Freeman, 2003; Pamp and Thurner, 2017;
Pamp, Dendorfer and Thurner, 2018; Hou, 2018).

Finally, the panel models in Table 5 confirm the consistent role across models played by political rights (PR), Emulation and the
common time trend (decreasing trend). Our economic and demographic variables are only statistically significant in the PCSE models,
while trade openness appears to be statistically significant but now presenting the expected negative sign only in the dynamic models.

5. Discussion/Conclusion

Throughout history, warfare has played a fundamental role in the evolution of human societies. Indeed, until the 20th century and
the expansion of the welfare state, military spending was the main item in the government budget. In Ancient Rome, military spending
represented more than two-thirds of total government expenditure (McLaughlin, 2014), while during the Middle and Modern Ages, it
continued to represent more than 50 per cent of government spending in most western countries (Kennedy, 1987). For instance, in
France, war expenditure accounted for some 57 per cent of total spending in 1683 and for around 52 per cent in 1714 (Bonney, 1999).
In some regions of the Dutch state, it is reported to have climbed above 90 per cent during the Franco-Dutch war (Hart, 1999). In the
course of history, military alliances, of many different kinds, have been of vital importance, often founded on the provision of pro-
tection or guarantees of safety in return for payments and services. As the balance of power in recent centuries has become increasingly
organized around trade relations, the relationship between the trade and military alliances forged by sovereign states has become a
central issue in both international relations and scholarly analyses.

Seminal studies by Gowa (1989, 1994) and Gowa and Mansfield (1993, 2004) have laid the groundwork for the analysis of the
effect of military alliances on trade, and studies by other scholars have followed in their wake (e.g., Mansfield and Bronson, 1997,
Morrow, Siverson and Tabares, 1998; Long, 2003; Long and Leeds, 2006). Generally speaking, alliances are found to have a positive
influence on trade between partners, especially when certain characteristics (e.g., parallel trade agreements, defense-pact, etc.) are
fulfilled. Since alliance leaders tend to incur greater military spending, the question has been raised as to whether these additional costs
(Alley and Fuhrmann, 2021) are offset by their benefits (Egel et al., 2016; Eichengreen, Mehl and Chitu, 2019; Poast, 2022). However,
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Table 5
Estimates for Panel Data models.
PCSE PCSE PCSE PCSE Dynamic Dynamic
(AR1) (AR1) (AR1) (AR1) 9 (10)
(5) (6) 7) (8)
%Mspending (—1) - - - - 0.531%*** 0.532%**
0.114) 0.114)
%Mspending (—2) - - - - 0.043 0.043
(0.071) (0.071)
9%Mspending (—3) - - - - —0.061 —0.061
(0.074) (0.074)
Trade_Weigth —0.007*** - —0.006%** - —0.505%*
(0.001) (0.001) (0.261)
Trade_Surplus - —1.84e-09%** - —1.76e-09%*** - —1.56e-07*
(3.53e-10) (3.48e-10) (8.34e-08)
Openness 5.53e-04 5.06e-04 0.001 0.001 —0.539** —0.523**
(0.002) (0.002) (0.002) (0.002) (0.235) (0.227)
Pop —1.13e-04%** —1.19e-04*** —1.19e-04%** —1.21e-04%** —0.002 —0.003
(1.38e-05) (1.36e-05) (1.29e-05) (1.33e-05) (0.007) (0.007)
Pop“2 7.29e-08%** 7.45e-08*** 7.28e-08%** 7.26e-08%** —1.14e-07 4.91e-07
(1.05e-08) (1.02e-08) (9.80e-09) (9.89¢-09) (3.02e-06) (3.04e-06)
Rgdp 3.69e-06%** 3.07e-06%** 4.32e-06*** 3.77e-06*** 3.46e-04 3.17e-04
(7.73e-07) (8.10e-07) (7.64e-07) (7.92e-07) (2.76e-04) (2.76e-04)
Rgdp™2 —1.35e-10%** —9.80e-11%** —1.59-10 —1.23e-10* —1.01e-08 —7.66e-09
(3.00e-11) (3.14e-11) (3.02e-11) (3.04e-11) (7.52e-09) (7.01e-09)
Pr 0.003*** 0.003*** 0.003*** 0.003*** 0.082** 0.082**
(3.00e-04) (3.03e-04) (3.00e-04) (3.06e-04) (0.033) (0.032)
System 1.29e-05 1.26e-05 1.30e-05 * 1.30e-05* 0.094 0.087
(7.91e-06) (7.80e-06) (7.31e-06) (7.29e-06) (0.141) (0.144)
Emulation 0.250%** 0.247%** 0.240%** 0.238%** 12.135%* 12.077**
(0.030) (0.030) (0.031) (0.031) (5.692) (5.655)
Cwar 0.001 0.001 0.001 0.001 —0.108 —0.105
(0.001) (0.001) (0.001) (0.001) (0.149) (0.149)
Pwar 3.97e-05 —0.001 0.001 0.002 - -
(0.003) (0.003) (0.003) (0.003)
Nato —3.55e-04 —2.00e-04 —0.001 —0.001 0.119 0.121
(0.001) (0.001) (0.001) (0.001) (0.207) (0.207)
Csta —0.006** —0.006** —0.007*** —0.007*** 0.554 0.522
(0.002) (0.003) (0.002) (0.003) (0.874) (0.842)
Nuclear Weapon 0.017%** 0.018%** 0.018%** 0.018%** —-1.225 -1.116
(0.002) (0.003) (0.003) (0.003) (1.038) (0.978)
Time Trend —3.16e-04*** —3.06e-04*** - - —0.016** —0.015%*
(6.16e-05) (6.38e-05) (0.007) (0.007)
Time Fe No No Yes Yes No No
N. Observations 3406 3406 3406 3406 3143 3142
R2 0.44 0.43 0.45 0.44 - -
Wald Chi2 405.30%** 316.69%** 544.82%** 506.96*** 773.95%**

Notes: ***, ** and * denote, respectively, significance at the 1 %, 5 %, and 10 % levels. Robust standard errors in parentheses.
Pwar is excluded due to collinearity in dynamic models (9) and (10).

much less attention has been paid to what - if anything — minor partners in these alliances might obtain, beyond protection from
third-party aggression.

In this paper, we built a theoretical model to understand how defense and trade alliances affect military spending. By uniting forces,
countries reduce the risk of war and the need to invest in the military in two ways: First, by increasing the opportunity cost of war, they
make themselves more valuable to each other; and, second, by intensifying their trade relations with military leaders, they ensure their
protection. The more valuable non-leaders can make themselves to the leader, the greater the protection the leader will be prepared to
provide in case of military aggression against the non-leader, and the higher the cost for a non-allied country to initiate military conflict
with the non-leader.

Our results show that trade relations with an alliance leader are a highly significant driver of military spending for minor partners.
For each percentage point of U.S. GDP attributable to trade between a certain country and the U.S., the military spending of that
country falls by 0.5 percentage points. Moreover, when the trade balance is especially favorable to the U.S., this effect is even greater .

While most of the extant literature on military alliances and trade has focused on the effects of such pacts on commerce and
examined their benefits and costs to the alliance leader, it has been assumed that almost the sole benefit for minor partners is the
increased protection they obtain. This study has taken the analysis of the outcomes of military alliances for minor partners further. As
such, our main findings are that increasing the weight of trade with the alliance leader and, in particular, bilateral trade surplus in
favor of alliance leader — which can be interpreted as a payment for protection — brings minor partners an additional benefit insofar as
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they are able to reduce their direct defense spending. Thus, our study provides a more comprehensive analysis of the benefits and costs
of trade partnerships for military protection.

One of the most significant impacts that the Russian invasion of Ukraine seems likely to have in the near future is an increase in
global military spending, especially that of Western and Central European countries -as already noticed by Tian et al. (2023)- as they
seek to reduce their almost absolute reliance on U.S. military power when faced with a military threat. Our analysis suggests that these
developments will result in a decrease in the weight of the bilateral trade of minor partners with the U.S. and an improvement in their
bilateral trade balance with this major power. These developments constitute, we believe, a very interesting avenue for future research.
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Appendix

Table Al
List of countries that could not be included in the empirical analysis.

Andorra Estonia Maldives Seychelles
Antigua y Barbuda Grenada Micronesia Sierra Leone
Aruba Haiti Monaco South Sudan
Bahamas Holy See Nauru The Comoros
Barbados Hong Kong North Korea The Marshall Islands
Bhutan Kiribati Palestine Tonga
Channel Islands Kosovo Papua New Guinea Turk Cyprus
Djibouti Latvia Saint Kitts and Nevis Tuvalu
Dominica Lesotho Saint Vincent and the Grenadines Yemen, North
Dominican Republic Liechtenstein Santa Lucia Yemen South
Equatorial Guinea Macao Serbia
Table A2
Estimates for the cross-sectional and pooled data models with military force.
OLS OLS Pooled (1996-2020) Pooled
(2019) (2019) (3 bis) (1996-2020)
(1bis) (2 bis) (4 bis)
Trade_Weigth —0.387** - —0.320%*** -
(0.167) (0.050)
Trade_Surplus - —2.19e-07%** - —1.50-07%**
(7.50e-08) (2.19e-08)
Openness —0.342 —0.358 —0.046 —0.068
(0.281) (0.274) (0.094) (0.094)
Pop —0.007 ** —0.007** —0.006%** —0.006%***
(0.003) (0.003) (0.001) (0.001)
Pop“2 4.85e-06** 4.70e-06** 3.82e-06%** 3.91e-06***
(1.99e-06) (1.99e-06) (5.60e-07) (5.55e-07)
Armed Workforce 51.329%** 51.298%*** 51.745%** 52.149%**
(13.075) (12.863) (7.165) (7.108)
Rgdp 3.34e-04 3.48e-04 3.380e-04*** 3.40e-04***
(2.21e-04) (2.28e-04) (5.89¢-05) (5.81e-05)
Rgdp™2 —1.88e-08** —1.44e-08** —1.75e-08%** —1.47e-08%**
(7.71e-09) (6.62e-09) (2.83e-09) (2.53e-09)
Pr 0.234 *** 0.233%** 0.174%** 0.179%***
(0.064) (0.063) (0.019) (0.019)
System —0.002 2.52e-04 0.001* 0.001
(0.105) (0.104) (3.56e-04) (3.52e-04)
Emulation 40.008*** 39.579%** 26.286*** 26.286%**
(12.806) (13.649) (3.275) (3.275)
Cwar 0.214 0.224 0.562%** 0.559%**
(0.320) (0.316) (0.104) (0.104)

(continued on next page)

245



D. Albalate et al.

Table A2 (continued)

Journal of Economic Behavior and Organization 223 (2024) 234-247

OLS OLS Pooled (1996-2020) Pooled
(2019) (2019) (3 bis) (1996-2020)
(1bis) (2 bis) (4 bis)
Pwar —1.349%** —1.351%** —0.901*** —0.948%**
(0.483) (0.511) (0.234) (0.234)
Nato 0.320 0.289 0.062 0.041
(0.208) (0.204) (0.040) (0.039)
Csta —0.887 —0.892 —0.828%** —0.834***
(0.608) (0.603) (0.100) (0.100)
Nuclear Weapon 1.520%** 1.386** 1.280%** 1.280%**
(0.613) (0.669) (0.096) (0.096)
time fe no no yes yes
n. Observations 137 138 3324 3390
r2 0.54 0.54 0.48 0.48

Notes: ***, ** and * denote, respectively, significance at the 1 %, 5 %, and 10 % levels. Robust Standard errors in parentheses. Information on 13
countries was unavailable for 2019.
The variable military force is relative to the country’s work force.

Table A3
Estimates for Panel Data models.
PCSE PCSE PCSE PCSE Dynamic Dynamic
(AR1) (AR1) (AR1) (AR1) ) (10)
) 6) @) ®)
%Mspending (—1) - - - - 0.503 0.503***
(0.119) (0.119)
%Mspending (—2) - - - - 0.028 0.027
(0.067) (0.067)
9%Mspending (—3) - - - - —0.073 —0.074
(0.081) (0.081)
Trade Weigth —0.005%** - —0.05%** - —0.539%*
(0.001) (0.001) (0.269)
Trade_Surplus - —1.78e-09%*** - —1.68e-09%*** - —1.84e-07*
(4.62e-10) (4.59e-10) (9.44e-08)
Openness —0.002 —0.001 0.001 0.001 —0.525%* —0.506**
(0.002) (0.002) (0.002) (0.002) (0.221) (0.212)
Pop —5.33e-05%** —5.18e-05%** —5.55e-05%** —5.46e-05%** —8.15e-05 —0.002
(1.02e-05) (9.93e-06) (1.01e-05) (9.69e-06) (0.006) (0.006)
Pop~2 4.16e-08*** 4.10e-08%*** 4.10e-08 3.99¢-08 —1.40e-06 —6.42e-07
(1.05e-08) (9.40e-09) (9.86e-09) (8.92e-09) (2.58e-06) (2.55e-06)
Armed_Workforce 0.629%** 0.634*** 0.630%** 0.635%** 17.464 18.566
(0.131) (0.132) (0.132) (0.132) (11.915) (12.289)
Rgdp 3.10e-06*** 1.79e-06** 2.95e-06*** 2.17e-06*** 4.11e-04 4.09e-04
(5.43e-07) (8.54e-07) (5.86e-07) (8.03e-07) (2.98e-04) (3.10e-04)
Rgdp™2 —1.17e-10%** —6.26e-11* —1.14e-10%** —7.44e-11%* —1.17e-08 —9.74e-09
(2.55e-11) (3.29e-11) (2.61e-11) (3.10e-11) (8.04e-09) (7.85e-09)
Pr 0.002%** 0.002%** 0.002%** 0.002%** 0.077** 0.077%**
(2.97e-04) (3.00e-04) (2.94e-04) (2.97e-04) (0.034) (0.034)
System —1.76e-05 —1.74e-05 —1.79e-05 —1.76e-05* 0.174* 0.160*
(1.85e-05) (1.83e-05) (1.83e-05) (1.82e-05) (0.092) (0.94)
Emulation 0.151%** 0.152%** 0.139%** 0.140%** 12.026%* 11.937**
(0.025) (0.025) (0.025) (0.025) (5.680) (5.622)
Cwar 4.29e-04 5.00e-04 4.52e-04 0.001 —0.137 —0.135
(0.001) (0.001) (0.001) (0.001) (0.092) (0.150)
Pwar —0.023* —0.022* 0.023* 0.022* - -
(0.013) (0.013) (0.014) (0.013)
Nato —2.13e-06 —3.95e-04 —1.77e-04 —4.62e-04 —0.042 —0.032
(0.001) (0.001) (0.001) (0.001) (0.120) (0.119)
Csta —0.010%** —0.009%** —0.010%** —0.010%** 0.563 0.523
(0.002) (0.002) (0.002) (0.002) (0.909) (0.868)
Nuclear Weapon 0.015%** 0.016%** 0.015%** 0.016%** —1.340 —1.203
(0.002) (0.002) (0.002) (0.003) (1.005) (0.929)
Time Trend —8.28e-05 —7.00e-05 - - —0.010%* —0.009**
(7.32e-05) (7.56e-05) (0.007) (0.007)
Time Fe No No Yes Yes No No
N. Observations 3346 3346 3346 3346 3067 3066
R2 0.47 0.46 0.47 0.47 - -
Wald Chi2 473.06%** 370.59%** 715.48%** 462.71%** 722.16%** 717.55

Notes: ***, ** and * denote, respectively, significance at the 1 %, 5 %, and 10 % levels. Robust standard errors in parentheses. Pwar is excluded due to
collinearity in dynamic models (9) and (10).
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