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Abstract

We revisit the old and well-established theory m@etriding in military alliances. Existing
empirical evidence infers free-riding from the largnilitary expenditures per gross domestic
product (GDP) of countries of larger GDP. Yet, &rgountries have broader military and
geostrategic interests that result in larger defemsrdens, thus creating an identification
problem for existing tests of free-riding behavidNe therefore develop alternative
predictions that ignore differences in the levelnafitary spending and instead relate to
growth in spending over time. The safety level miier members of an alliance is affected,
simultaneously, by changes to military spendingheflargest alliance member as well as by
spending changes of the main enemy. Using the Nitémtic Treaty Organization (NATO)
as test case, we estimate country-specific respiomsgions of the smaller alliance members
to growth in United States (US) military spending the one hand and to growth of Soviet
spending (if in excess of US growth) on the othandy covering the period 1956 to 1988.
Results from our quasi-spatial approach corrobavatepart of the theory in that we find the
vast majority of the smaller NATO allies to be firegers. However, our empirical evidence
flatly contradicts the other part of the free-riglitheory: the extent of free-riding is not a
function of country size. Smaller allies free-riteit the relatively larger of the smaller allies

do not free-ride any less than the relatively esealler alliance partners.
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1. Introduction

Smaller members of a military alliance are suspkctefree-riding on the defense burden
covered by the largest alliance member and the morihe smaller they are (Olson 1965;
Olson and Zeckhauser 1966). The theory of freexgidh alliances appears to be theoretically
plausible, but the empirical evidence that has bHemeught forward to support the theory
suffers from a serious identification problem. hod, the mere fact that larger North Atlantic
Treaty Organization (NATO) allies have a largerrshaf military spending to their gross

domestic product (GDP) or gross national produchN®B than smaller allies, that the

correlation between country size and the shareilitbny spending to GDP is positive, or that

country size has a positive estimated effect ontaryl spending as share of GDP do not
provide convincing evidence for the free-riding alliance hypothesis because larger

countries have broader military and geostratederasts than smaller members.

Compare, for example, the United States to Denm@rk.the one hand, we have a small
European country whose neighbors are NATO memlbieas,had colonies in Faroe Islands
and Greenland, and that has no geostrategic inteegend the Northern Atlantic and North-
West Europe. On the other hand, the USA is a sopeyp with troops stationed in 150
countries of the world, that entertains roughly @&cent of the global fleet of air craft
carriers, and that after the Second World War waslved in militarized conflicts on all
continents with the exception of Australia and Aatiga. Political scientists should therefore
not be surprised that the USA spends a larger sifdrer gross domestic income on defense

than all other NATO countries.

! Some studies look at spending per GDP, othespamding per GNP. As this makes practically no

difference, we use the GDP terminology throughbist paper.



Existing differences in geostrategic interests egrgiimple tests of correlation of country size
with the size of military burden or the effect obuntry size on the military burden
implausible. Multivariate regression analysis couldprinciple deal with this problem if
researchers managed to fully control for the infleee of geostrategic interests on military
spending. This is unlikely, however. Equally im@ortly, there are many other reasons why
countries differ in the absolute size of their taity spending or their spending relative to
GDP, such as differences in military recruitmern@cription or professional army) or their
historical legacy (e.g., West Germany). Unless cae adequately control for these other
influences, which again seems implausible, muliatar regression in levels of military

spending or spending to GDP will suffer from amitfgcation problem.

This leaves us with a plausible theory — the thewiyfree-riding in an alliance — but
implausible evidence supporting this theory. Werdfage suggest alternative predictions
from the free-riding theory which lead to differgasts that do not focus on the allocation of
the total defense burden among NATO allies buthensimaller NATO allies’ responsiveness
to growth in military spending of the USA and theviet Union, respectively. We do not
analyze variation ihevels of military expenditure between the NATO membeérg, variation

in growth rates of military spending. Growth rates in military sukng are far less subject to
the sources for cross-country heterogeneity edligsb®mve and can therefore provide a cleaner
test for the free-riding hypothesis than estimatiam levels of military spending could —
given the difficulty of controlling for this hetegeneity. To be sure, our new method is not
entirely free of the identification problem desedbabove, but growth rates are much less

subject to the impact of heterogeneous geostratégierests and other causes of



heterogeneity than levels of military spendfnig. fact, if the change in geostrategic interests
was uncorrelated with the level of geostrategienedts, our estimates would be free of bias

from this source.

We test our alternative predictions of the “fregirg in alliances” theory over the period
1956 to 1988, just before the end of the Cold Vidgrusing a quasi-spatial approach. We
estimate the reaction functions of the non-US membé NATO to the growth rate in US
and Soviet military spending. Specifically, we agihat free-riding is a function of the
responsiveness of NATO allies to both growth ingg®nding and growth in Soviet spending
(if in excess of US spending growth) taken togethée define a country as “free-rider” if
the sum of both response parameters is smallerlif@aBased on this definition, we estimate
country-specific degrees of free-riding. As we shtivere is evidence for free-riding by the
vast majority of smaller NATO allies, but the degyad free-riding is not a simple function of
country size as measured by GDP. Instead, oncedbiit removed as an outlier we find the
degree of free-riding to be negatively correlatathwgharing a land border with a Warsaw
Pact country or being separated from it by seaelsg than 150 miles and to be positively

correlated with increasing distance between thesatiapital and Moscow.

2. TheTheory of Free-Ridingin Alliances. A Brief Review of the Literature

This section reviews the theoretical and empirit@rature on free-riding in military
alliances. We focus on NATO as the most stableigpadrtant military alliance in the world.

In one of his last speeches as departing US Defgaseetary, Robert M. Gates warned of a

Moreover, in one robustness test we further aflomtime-invariant heterogeneity and an ally-sfieci
trend in growth rates to further eliminate such taarination of the testing of the free-riding

hypothesis.



growing divide within the NATO “between those wil§j and able to pay the price and bear
the burden of commitments, and those who enjoybimgefits of NATO membership but
don’t want to share the risks and costs” (Inteoretl Herald Tribune 2011). Gates predicted
that future political leaders of the USA, “those vehom the Cold War was not the formative
experience” as it was for him, may be less inclitecaccept an unequal burden sharing
between the US and her European allies. This Amermolitical discussion about burden
sharing suggests that the by far largest ally,UBe feels exploited by all other allies (“the
Europeans”) and in the absence of an obvious digtim by each one of the European allies.
In this paper, we will focus on the hypothesis tife’ exploitation of the largest ally by all

others”.

2.1. The Theory of Free Riding in Alliances

Countries join military alliances to pool their oegces against a common threat. However,
complaints about the “free-riding” of Europeanesliat the expense of the USA are (almost)
as old as the NATO. To political scientists, thesrdittle new in the suggestion that NATO
offers incentives for free-riding behavior by thmadler allies. The theory of free-riding in
alliances, as first developed by Olson and Zeckdra($966), argues that defense in an
alliance is a pure public good: the benefits asdedi with defense spending are non-
excludable and non-rival in consumption among sl{®andler and Hartley 1999: 29). Two
core predictions follow from this theory: Firstethargest ally — call her the hegemon — bears
a disproportionately large share of the aggregdédeinse burden of the alliance. And second,
the smaller an ally is, which the extant literattyjgically defines in terms of GDP, the more
it free-rides. The reason for the second prediasathat the smaller an ally is, the easier it is
for this ally to under-supply its contribution twet public good since it can reduce its military
spending with no noticeable effect on the alliasaa/erall ability to defend its borders, while

potential cuts in defense spending of larger ceesmtvould have a more noticeable effect on
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the alliance’s military capabilities (Olson 1965is@n and Zeckhauser 1966; Palmer 1990a;
Sandler 1993). If, for example, a small NATO memlsaty Denmark, halved her military

expenditures, the total defense spending of NATQlavdecline by less than 0.5 percentage
points. The United States, the NATO'’s biggest dedespender, could increase her military
spending by a little less than 0.5 percent to camegee for Denmark’s blatant attempt to free

ride.

This does not mean that middle-sized allies sucliaisor even one of the larger ones like
West Germany or the United Kingdom do not free-ritfeone single country strongly
dominates an alliance as is clearly the case \WwghUSA in NATO, every single one of the
smaller allies has an incentive to under-investefense. To put it bluntly: Since the defense
spending of each single one of the non-US NATOesllis virtually irrelevant for the
alliance’s joint military strength, the theory pred that small countries under-contribute to
the joint effort or make no own defense spendingtrdoution at all (as Iceland does). Why
does the hegemon put up with free-riding then? di@wer is that the dominant country in
alliances can accept some extent of free-ridingnoéller alliance members because despite
free-riding the alliance reduces the cost of ansarate with other large rival powers and
their alliances. While in relative terms they cdmnite less than the dominant country in the
alliance (Diehl 1994), in absolute terms, even-fiders contribute to the fight against the

enemy and the alliance is more powerful than thaidant nation alon&For example, in the

An alliance may also be stronger than the suitsgfarts by generating scale economies in govenhme
procurement of military products. Alliance membars more likely to agree on joint production of
military goods and they may even agree to speeidfiztheir production. Thus, the existence of an
alliance is likely to be beneficial for the dominatliance member even if smaller or all other doies

partly free-ride on the military expenditures o thominant ally. Under these circumstances, akianc
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case of NATO the smaller alliance members contetbudpproximately 32 percent to the
alliance’s total defense spending over the peri@gslto 1988, even if no single one of the

smaller allies produced more then 7.4 percenthieed Kingdom).

The theory of free-riding in military alliances alty predicts that smaller allies exploit the
hegemon. Yet, to what extent the smaller allies al@ved to free-ride is less clear. As
Palmer (1990a, 1990b) shows, if a Cournot-type rhedse to adequately describe the
behavior of alliance members, then one would s&eoag form of free-riding by the smaller

allies: smaller allies negatively respond to arrease in the defense effort by the US by
lowering their own effort. Such a Cournot-type mlode based on short-term utility

maximizing behavior, which in respect to defensécps appears to be an unrealistic and
implausible assumption. Palmer shows that a barggiype model in which the alliance

members play an iterative game over time and cagabaover their relative contributions

results in a much milder form of free-riding in thiae smaller allies now positively respond
to an increase in the defense effort by the USdbutot necessarily increase their own effort
by the same proportional amount. Such a bargaityipg-model also neatly supports the
second core prediction of the free-riding in alias theory. Since the marginal absolute
effect of spending increases by the smaller ofdimall allies is smaller than the effect of
spending increases by the larger of the smallsalitdollows that the larger of the small allies
“will respond more to changes in the defense effibthe hegemon (the U.S.)” (Palmer 1990:

156) than will the smaller of the small allies.

Another strand of reasoning has also provided aegisrwhy the extent of free-riding by the

smaller allies and thus the exploitation by thedmgn may be severely limited. Sandler and

can be remarkably stable despite free-riding, metdeconflict of interest, and the absence of a

plausible military threat.



his co-authors have questioned the extent to whiahilitary alliance like NATO really
provides a public good (Sandler 1977, Sandler awdds 1980; Murdoch and Sandler 1984;
Sandler and Harting 2001). As mentioned at the sfahis section, the theory of free-riding
in military alliances is based on the assumptiat the alliance produces a public good that

is non-rival in consumption and from which nonetla# allies can be excluded.

But is defense non-rival in consumption among atl&@members? On a trivial level, military
goods are rival in consumption. If the US Army $ira bullet on an enemy, another NATO
army cannot fire the same bullet on another enéfat;.on a non-trivial level the case is less
clear. If defense spending aims at deterrence, tetarrence by the US military of its
enemies will be non-rival in consumption by oth#iaace members since it will also deter
other NATO members’ enemies if these enemies belibg principle laid out in article 5 of
the NATO treaty. Especially after NATO abandone@ #trategy of mutually assured
destruction and implemented the strategy of flexitdsponse in 1967, smaller allies may
have wondered, however, whether they are imporaarmiugh to guarantee a NATO
intervention in case of an open military disputdjickh puts doubt on the credibility of
deterrence. At the same time, the US begun to dpvwelore “protective” than “deterrent”
weaponry (Sandler 1977, Sandler and Forbes 198@HI& and his co-authors thus augment
Olson and Zeckhauser's pure public good theory ditary deterrence to account for
“changes in NATO’s military strategy and the deyef®nt of new weapon systems”
(Sandler and Forbes 1980: 426). To theoreticallyoant for these changes, their ‘joint
product’ model distinguishes between “deterrengrotective”, and “defense” weapons. In
their view, only deterrent weapons provide purelipugoods, while the other types are
excludable. This approach perceives all weapondeasg based on a continuum with
protective and deterrent weapons marking the tvieemes (Sandler and Forbes 1980: 427).

According to this line of reasoning, the extentwhich the smaller allies can exploit the
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hegemon becomes a function of the extent to whieapens are protective and defensive
rather than deterrent: “...a high ratio of excludabknefits — ally-specific and damage-
limiting protection — to total benefits means tlaat ally must support its own defense,
regardless of its size, if it is going to be proeelc As this ratio approaches one, the
exploitation hypothesis is anticipated to lose ragevancy, so that the disproportionality
between allies’ GDP and their share of GDP deviatedefense is expected to dissipate”

(Sandler and Harting 2001: 878).

Yet, a move toward “protective” weaponry does nitseli weaken the credibility of
deterrence. All other things equal, countries tbain protective weaponry might even
increase their commitment to protect smaller aléisgheir costs of doing so would decline,
given that they are now more protected from thead&&ating consequences of an attack by the
enemy. In other words, the credibility of the Ancan commitment to protect smaller allies
partly positively depends on the effectiveness g tJS’s protective weaponry. Such

weaponry thus does not necessarily produce exelysprivate benefits.

Alignment of interests and the consequent credjbiif the hegemon’s commitment to
defend the smaller allies thus trumps any distimctf type of weaponry. The same is true
for the non-excludability of alliance members, feeond requirement of a public gobtihe
North Atlantic Treaty that established the NATO mises non-excludability in article 5:
“The Parties agree that an armed attack againstoomaore of them in Europe or North
America shall be considered an attack against takmnd consequently they agree that, if

such an armed attack occurs, each of them (...)asslst the Party or Parties so attacked

Non-alliance members can of course always beudrd, making defence in an alliance a club good
rather than a pure public good. We neverthelessheséanguage of public good, keeping in mind that

the relevant population are only countries withiat outside an alliance.
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(...).” If this rule were obeyed under all circumstanthen military spending would produce
a non-excludable good. However, the solemn prowfiseticle 5 has never been tested — the
only time Article 5 was invoked was after 9/11 whba biggest member of the alliance was
under attack, not by a foreign state, however, dyuinternational terrorists. It is therefore
unknown whether some governments of NATO countviesild decide not to defend a
smaller ally in violation of the wording of the &ty. In fact, in some sense article 5 already
contains a potential loophole in that it stated tha alliance “will assist the Party or Parties
so attacked by taking forthwith, individually andaoncert with the other Parties, such action
as it deems necessary, including the use of armed force, to restore uaghtain the security
of the North Atlantic area” (emphasis added). Hor smaller allies a particular problem
would arise if the US commitment to article 5 wareloubt. However, incentives for smaller
allies to free ride continue to exist despite thmyést ally’'s commitment to protect them
being uncertain. In fact, the only way the dominalty could eliminate free-riding is by
credibly committing herself not to honor her comment towards smaller alliance members
that free-ride. In the presence of at least patigned interests, however, such a statement
could never become credible. The largest allianeenber could only deter being exploited
by her smaller allies via a credible threat of as@n if the protection of these smaller allies

from a potential enemy is not in the interest ef lliegemon.

In sum, the extent to which defense in an alliasce public good and therefore invites free-
riding by the smaller alliance members is a functod the homogeneity of interests within

the alliance (Gates and Terasawa 2003) ratherdbsammined by the existence of an alliance
per se or a matter of military technology. Unleke interests of alliance members are
independent, the existence of NATO allows the senalllies to free-ride to some extent. To
what extent is essentially an empirical rather ttreaoretical question and we next turn to the

available empirical evidence.
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2.2. Existing Empirical Evidence for Free-Riding in Alliances

Theoretically, free-riding in the provision of alpie good can be clearly defined as receiving
larger benefits from the public good than contritbgitto the costs of providing the public
good. Empirically, in the context of free-riding military alliances the problem is that the
benefits an individual alliance member receivesnfrihe public good are very difficult to

estimate. Most empirical tests have therefore fedusn the contribution to the cost side.
Here as well scholars encounter problems, howesegrge not all military spending

contributes to the public good of the alliance, bantributes to the private interests of a

country.

Empirically, free-riding is a matter of definitioWhether it is detected for an alliance
member depends on the definition and on the ideatibn strategy employed. The simplest
definition of “free-riding” merely compares the sbkaof military spending to a country’s

GDP across alliance members, as Olson and Zeckh@l866) in their seminal contribution

have done, finding support for both parts of treefriding hypothesis. This is not surprising,
defined in this way, free-riding becomes immediatdvious. The US’s military spending as
share of its gross domestic product (GDP) was almds percent over the period 1956 to
1988 while all other NATO members on average s@ehpercent of their GDP for defense,
with the smaller of non-US NATO allies on the wholelow and the larger of allies above

this average (data from Whitten and Williams 2010).

However, this definition invites an obvious couatgument. It simply assumes that the
NATO members have identical geostrategic interesitside the NATO area. This is
implausible. The USA has global military interetiiat other NATO members either do not

have or have to a far lesser extent. One shouldl ¢éxpect that the USA devotes a larger
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share of her GDP to military spending. Comparinfgdge spending to GDP ratios does not

make sense if one tries to identify free-riding.

A very similar and thus not any more plausible sectest uses correlations: the NATO
members’ military expenditures as percentage oir t6®P is correlated with their total
GDP, indicating that larger members contribute @da share of their total income to
defense. Olson and Zeckhauser (1966) also showthbatorrelation coefficient between a
NATO member’s defense budget as a percentage of &Pits GDP is positive They
conclude that “there is a significant positive etation indicating that the larger nations in
NATO bear a disproportionate share of the burderthef common defense” (Olson and
Zeckhauser 1966: 275). Interestingly, even somicsrof the free-riding hypothesis have
used bivariate correlation analyses to cast donlthe hypothesis. Russett (1970) was one of
the first to show that the explanatory power of fitee-riding hypothesis declines over time.
Reinforcing this argument, Sandler and Forbes (L98#monstrate that the correlation
between defense expenditures and GNP began to igdimin the mid-1960s and loses
statistical significance after 1967. While Olsord aeckhauser reported a rank correlation
between the military spending to GNP ratio and G490, Sandler and Forbes show that
this correlation is only .319 in 1960 and declines0.099 in 1975. Sandler and Forbes
attribute the declining correlation to changes IAT®D’s strategy. Again, however: such
correlation does not corroborate the free-ridingdtiiesis as larger allies, and the USA in

particular, also have costly military interests tvay the NATO area.

Only the third employed technique, multivariateresgion analysis, controls for confounding
factors that also influence a country’s willingnéssnvest in defense. Here as well, studies

have found a significant effect of country sizetba share of military spending to GDP (e.qg.,

° They look at defense spending relative to GNRerathan GDP.
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Oneal and Diehl 1994). Multivariate regression gsial is more reliable since it can take
some of the confounding factors into account. ¥at]y models were notably parsimonious.
Sandler and Murdoch (1990) include income and dlipending as well as Soviet military
spending as explanatory variables. Oneal (199@yedlsas Oneal and Diehl (1994) include
economic size, the fraction of NATO’s annual expamds accounted for by contiguous
allies (zero else) — a variable meant to controltii@ geographical distribution of NATO’s

capabilities — and the number of militarized digsuthe NATO member countries are
engaged in over the 5 years prior to the estimatear. Apparently, this latter variable marks
a first attempt to account for heterogeneous isteréHowever, the operationalization of this
variable violates the general idea that the vagopmtya of military expenditures aims at

deterrence and not at actually engaging in militadi conflicts. This variable may thus
account for the differences between Portugal aag, Benmark, but not necessarily for the
costly military interests the US entertains alluard the world in order to deter actual and
potential enemies. Oneal and Diehl (1994) alsountelmilitary expenditures of the Soviet
Union and a variable for the tensions between t8eabld the Soviet Union. They analyze the
period from 1950 to 1986 and find a positive casdint for country size. They also

separately analyze the years before 1968 and a&@r and find that the coefficient of

country size becomes significantly smaller and drbpm 0.21 to 0.05, but does not lose
statistical significance. Finally, they show thaAT™D countries of smaller economic size
respond less to Soviet military spending than laldATO countries. Unless the broader
geostrategic interests of larger alliance membe¥sadequately accounted for, country size
may still simply catch the effect of expensive w®amilitary and geostrategic interests of
larger allies like the USA, France, or the Unitethddom which have little effect on the

safety of, say, Denmark and Norway who do not éaitesuch interests.
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Palmer (1990a, 1990b) also applies multivariateeggion. While he does not control for
heterogeneous geostrategic interests, he goeswaynm the direction of our proposed new
method by estimating the reaction of two groupghaf non-US NATO allies, namely the
smaller ones and the bigger ones, to US defenselspeper GDP. He finds that both groups
of smaller allies respond positively to higher U8fethse spending per GDP but with a
coefficient of less than one, thus supporting thegaining-type model of free-riding rather
than the Cournot-type model. He also finds thatgtmup of bigger of the non-US NATO
allies respond more strongly than the group of shealler of the non-US NATO allies.
However, as we will argue further below, one alss o take into account the reaction of
allies to Soviet military spending and by estimgtin levels of spending per GDP rather than
growth in military spending, Palmer's test is agaiontaminated by the impact of

heterogeneous geostrategic interests on the estimat

3. An Alternative Test of the Free-Riding Hypothesis

The existing empirical evidence for the theoreticalausible albeit not uncontested theory
of free-riding in alliances rests on weak testitrgtegies. They all suffer from an important
identification problem. Since larger countries tglly have broader geostrategic interests,
the effect of country size on military spending Icbbe caused by these different interests
rather than by free-riding. In other words: Eventhie absence of NATO, the US with its
global military interests would still devote a largshare of her income to defense than, say,
Denmark and Italy. More generally, differences asrallies, both observed and unobserved,
in the form of their history, political system asd on also cause differences in levels of

military spending that have nothing to do with fresing.

Clearly, the first-best strategy would be if onaildosufficiently well measure and therefore

control for these other reasons why countries’ nigfespending differ that have nothing to do
15



with free-riding in military alliances. Unfortundye this is not possible. A persuasive test of
the free-riding hypothesis therefore requires deddht identification strategy, which we

develop in the remainder of this section.

Importantly, in our proposed new method, we switdm estimating in levels of military
spending to growth in military spending over tirBg.taking out level effects, we exploit the
fact that heterogeneous geostrategic interestselsas/other reasons which cause countries’
levels of military spending to strongly differ aseguably much less likely to have a strong
effect on changes in their military spending ousret For example, it takes a much larger
military force to pursue expensive regional or globeostrategic interests, but it does not

require a country to outgrow others in pursuingngfes to their military spending year after

year.

Equally importantly, we employ a quasi-spatial agmh to testing augmented predictions of
the free-riding in alliances theory. We argue ftinae-riding is best studied by looking at the
responsiveness of smaller NATO members to changéisel military balance between the

Soviet Union and the USA and that therefore anyt t#s free-riding must take the

responsiveness of smaller allies to growth in thigary spending by both superpowers into
account. The incentives to free-ride for smallerTMAmembers result not simply from the

total defense burden that the USA musters, but fcbanges in the defense burden of the
USA and the Soviet Union over time. Our alternafivierpretation is based on the premise
that incentives to free-ride are a function of sadety level of NATO members. Changes to
this safety level are triggered by growth in USrgprg on the one hand and growth in Soviet

spending if in excess of US spending on the othedh

We use growth in Soviet Union military spendingour main estimations, but growth in Warsaw Pact

military spending in robustness tests.
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All other things equal, an increase in US spendaiges the safety level of NATO members
as it shifts the security balance between theraléaand its adversaries in the alliance’s favor.
Free-riding on the USA seemingly occurs if hereallincrease their spending in response to
higher US spending less than proportionally: thesedfride on the US effort to increase
NATO's safety level if they match an increase of 8itary spending of one percent with
an increase in their own military spending by l&ssn one percent and the more so the

further away from one percent.

Yet, all other things are not equal since a strongerease of Soviet above US spending
meanwhile lowers the safety level of NATO membé&ws. a full judgment on free-riding, one
must therefore also take into account the respensss of the smaller NATO allies to
situations of stronger Soviet relative to US spegdjrowth. By increasing in certain years its
spending less than the Soviet Union, the USA lbts gecurity balance slip against the
alliance. The smaller allies can thus make contidios to the public good of alliance security
not merely by matching US military spending growihi also by matching Soviet spending
growth in years in which the Soviet Union increasa$tary spending more than the US
does. If, hypothetically, the smaller allies weartatly unresponsive to higher US spending as
such, but fully matched a stronger increase in &awlative to US spending with an equally
strong increase in their own spending, then inlttiay have fully contributed toward

preventing the security balance from moving inddgersary’s favor.

The upshot is that in order to assess free-ridiagieed to examine a combination of the two
types of responsiveness. Allies do not free ridahenUS if they either fully match all US
spending increases or they match all Soviet spgnidicreases above US spending increases
or they combine the two types of responsiveneds gath other such that the combined sum
fulfils these requirements. This gives us two pakases, which can then be linearly combined

with each other to create a free-riding threshdtlillustrate graphically, the point at the co-
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ordinates (1.0; 0.0) in figure 1 below is the fipgtint through which all plausible free-riding
thresholds should go through. That is, a small NAAI@ that fully responds to growth in US
military spending with equal growth and simply ige® growth in Soviet Union military
spending cannot be called a free-rider since ifepdy matches US spending changes.
Second, the co-ordinate point (0.0, 1.0) should &ks accepted as second plausible anchor
point of the free-riding threshold. In words, a oty that fully responds to any deterioration
of the security balance in the adversary’s faver eonsequence of Soviet spending increase
in excess of US spending increase — by fully matgl8oviet spending increases cannot be
called a free-rider since it fully contributes to@atemming a shift in the security balance
against the alliance, even if it simply ignoreswgito in US military spending in all other

years.

The free-riding threshold is then simply the lineambination of the two co-ordinate points
in figure 1: Free-riding occurs for points to tmgerior of the threshold line in the sense of
lying between the co-ordinate axes and the threshioé, whilst absence of free-riding is
represented by points that lie to the exteriorhef threshold line. Expressed numerically, we
therefore define free-riding as follows: If, ovedroestimation period 1956 to 1988, the
estimated responsiveness of a NATO ally to US sipgnglrowthplus the responsiveness to
growth in Soviet spending (if in excess of US spegyis smaller than 1.0, then an ally can
be called a free-rider and the smaller this sutmeftwo estimated degrees of responsiveness
the larger the extent of free-riding. Converselguan of estimated degrees of responsiveness

equal to or above one signals the absence of ideegr
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Figure 1: The Free-Riding Threshold
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We do not claim that our definition is ‘correct’.ebnitions are not correct, they serve a
purpose, they make a distinction, and they ougletplausible. We have argued above that
the two anchor points (1.0; 0.0) and (0.0, 1.0) @leausible. Let us further illustrate our
definition. For years in which the US and the Sowmion both increased their defense
spending at the same rate of, say, 3 percent, aONWE&mber free rides if the growth rate of
its defense spending is, on average in those ykEms,than 3 percent and it free rides the
more the further below 3 percent its own growtle rigat— controlling for relevant covariates.
For years in which the US growth rate of militagyeeding exceeds the Soviet Union’s
growth rate, our definition would similarly identifh smaller NATO ally as free-riding if its
growth rate is, on average in those years, belawvdhthe US. In years in which the Soviet
Union increased its military spending by more thhe USA does, a smaller NATO ally
would be free-riding if, on average in those yeérs)creased its own military spending by

less than the Soviet Union does.
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At first sight, this last example appears to beyvexacting of the smaller NATO allies,
seemingly demanding them to grow their military regiag by more than the USA does in
response to Soviet spending if the latter’s groistin excess of US spending growth. This
would appear placing higher demand on the smalliesahan on the USA. This is not the
case, however. Keep in mind that our definitionsdloet demand that smaller NATO allies
grow their military spending both proportionallytts spending increases and proportionally
to Soviet spending increases (if in excess of UShdmg increases) at the same time. Instead,
all our definition requires is that the sum of re@sgiveness to the two growth rates is 1.0 or
above. This would allow NATO members to have a dghorate of military spending that falls
behind the US growth rate in years the USA growsnilitary spending faster than the Soviet
Union as long as the smaller ally makes this upabyer than US spending increases in years
in which the Soviet Union grows its military spengliby more than the USA does. In other
words, being a little responsive to US spendingwnacan be compensated by being strongly
responsive to Soviet spending growth when Soviehdmg growth exceeds that of the US,

and vice versa.

We understand that by focusing on growth in myitspending we change the perspective on
free-riding. We do so because our alternative egsateduces the identification problem that
we have discussed in section 2. Our modeling sjyaie not without drawbacks. Perhaps
most importantly, our approach would not identifgd-riding if the initial distribution of
defense spending is very unequal with the smallearky exploiting the largest alliance
member, but — starting from there — the smaller b of an alliance implementing similar
growth rates over time as the largest ally or eviginer growth rates than the hegemon. As
we will see further below, our findings suggestefraling by all but one of the smaller allies.
Hence, it is not the case that we find results Wwidould spuriously suggest the absence of

free-riding whereas in truth there is free-ridiktpwever, the estimated degrees of free-riding
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and the ordering of countries according to thetrnested degrees of free-riding may be
misleading if a country that contributed relativaitgle to the alliance public good in the
beginning increases its military spending relagivaetore over time than a country that
contributed relatively more to the alliance pulgimod in the beginning of our studys we

said before, no method is perfect and this reptesandrawback of our proposed new

method.

We also accept that our new method is not entirely of some of the issues and problems
we raised against the old methods. Even if arguablch less affected, heterogeneous
geostrategic interests can still impact growthgatemilitary spending as well. Bias occurs if
changes in geostrategic interests are correlatdéd igvels in geostrategic interests, a
possibility that we cannot rule out entirely. Howevthe bias from this possible correlation
will be smaller than the omitted variable bias @&glecting the variance in geostrategic
interests altogether. We will also control for somifethese confounding factors in our
empirical research design and in a robustnessmestadditionally allow for time-invariant
country heterogeneity and country-specific linearettrends. The latter should account for
varying geo-strategic interests over time and te#ect on military spending growth rates as
long as they approximately follow a linear trendgcls as for example fewer and fewer
regional and global security interests over theggeof study. More importantly, however,
we contend that our proposed method represent®m istthe right direction. Like all
scientific progress, it cannot address all existimgblems at once and still leaves many

guestions unanswered.

We are grateful to an anonymous referee for drgwur attention to this caveat.
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4. Empirical Research Design

We test the augmented predictions derived fromthieery of free-riding in alliances in a
guasi-spatial model. Accordingly, we regress theagin rate in military spending of NATO
members other than the USA on the US growth ratmilitary spending and the Soviet
Union growth rate in military spending if in excedsUS spending increases (this variable is
therefore set to zero in years in which US spendimgeases exceed Soviet spending
increases). We call these estimation models quuaiad because growth in military spending
by the smaller NATO allies is modeled as a functidigrowth in military spending by other
countries (here: the USA and the Soviet Union)fdd#nt from spatial models, we assume no
feedback from growth in spending by the smaller KAdallies on either US or Soviet
spending, assuming the latter in effect to be emogs. We have argued above that, as a first
approximation, the spending of each single onénhefdmaller allies is irrelevant to the US
and, by implication, to the Soviet Union, whichtjfies the assumption of treating US and
Soviet spending decisions as exogenous. Any siggeof the allies did not contribute more
than at most 7.4 percent (the United Kingdom) toTi@Adefense spending during the period

of our study.

Recall that the theory predicts that smaller caastfree-ride more strongly than others. The
standard approach toward testing this hypothesisldvbe to interact the US and Soviet
growth rate variables with a variable measuringdbentry size of the smaller NATO allies.
This would clearly test the hypothesis that frekag is a function of country size. However,
it would impose the assumption of a fixed and Iine#luence of country size on the degree
of free-riding. Instead, we opt for a superior al&give and let the data tell us the degree to
which each of the NATO allies free ride, if at Ve do so by estimating separate response
functions for each of the countries in our samjleing so still allows us to investigate

whether the country-specific degrees of free-ricing correlated with country size.
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Our dependent variable is the growth rate in alteahilitary spending in real US$ rather
than growth in military spending per GDP. Firsthovernments directly control military
spending, not spending per GDP and, secondly, isgdsidetermined by military spending,
not by the ratio of spending to GO ountry-specific response functions to the US ghow
rate in military spending and the Soviet growtler@t in excess of the US growth rate) are
our central explanatory variables. It would be tie@ioally superior to estimate the reaction of
the small NATO allies to changes in the militaryedt they are exposed to, for which
military capabilites and hence military spendinge anly a proxy variablé.However,
military spending is observable, whereas threatthedrue intentions of the enemy are not.
Military expenditure estimates for Warsaw Pact ¢oas are notoriously uncertain and we
use only Soviet spending in our main estimations$ dor results are robust to using spending

by all Warsaw Pact nations instead, as our robastsection shows.

A number of control variables account for othertdas determining growth in military
expenditures. The growth rate of real GDP accofortghe fact that economic growth tends
to lead to higher tax revenues which makes it edsiéncrease military budgets. We also
include a measure of the intensity of armed catsflic which a NATO country was involved
in during a year, the lagged dependent variabctount for temporal dynamics and a linear
year variable to account for any potential residylabal trend. We include the level of mili-
tary spending (relative to GDP) in the initial peti(average of first three years) to account
for the possibility that countries with a highevéé of military spending at the outset grew

their expenditures more slowly over time than caestwith a lower initial level of military

For example, if the Soviet economy shrank dutiveg1980s, as it probably did, this would increitse

“defense burden”, but would not increase the nifitareat if absolute expenditures did not increase

We are grateful to an anonymous referee for parthis out.
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spending. Lastly, since the military expenditurésantiguous allies is likely to be spatially
clustered beyond what we control for in our moded,introduce a spatial error term into the
estimations based on the predicted errors fronbdseline model and a weighting matrix that
uses contiguity (sharing a land border or beingasspd by sea by less than 150 miles) as
connectivity variable. All data are taken from Wit and Williams (2010), complemented
with data from the Correlates of War project (Hftww.correlatesofwar.org/) and from
Gleditsch et al. (2002). Table 1 provides summasycdptive statistics. We cluster standard

errors on countries.

Table 1. Summary descriptive statistics (N=395).

Mean Std. Dev. Min Max
Military spending growth rate 0.033 0.128 -0.454 51@
US military spending growth rate 0.017 0.061 -0.097.237
Soviet Union spending growth rate (if > US rate) oL 0.045 -0.015 0.155
GDP growth 0.031 0.031 -0.083 0.177
Intensity of armed conflict involvement 0.261 0.849 O 6
Initial level of military spending to GDP 2.713 8 1.289 3.979
Spatial error term 0.000 0.105 -0.397 0.445

Iceland, Luxembourg and Spain are the only thred ®@Anembers not in the sample. Iceland
has no independent army, we have no data for Lugangband Spain joined NATO only in
1982, becoming progressively integrated over timach is too short given we restrict the
analyses to the period 1956 to 1988. The years pid956 were heavily affected by the
Korean war and its aftermath, while the fall of Berlin wall and the end of communism in
Eastern Europe fundamentally changed the East-\Atgsigonism for which NATO was

originally created.
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5. Results

Our empirical specification allows for country-sgiecresponses to the US growth rate and
Soviet growth rate (if in excess of the US growdtej in military spending, for which table 2
reports results. Before we turn to discussing thentry-specific response functions, let us
briefly report results for the control variablesherl lagged growth rate has a positive
coefficient that is far from being statisticallygsificant, however. This suggests that there is
no temporal persistence in military spending growdties controlling for the other
explanatory variables in the model. We find theested positive effect for the GDP growth
rate on military budgets. As countries grow fastbey also increase their military budgets
more than if they grow more slowly.A one percentage point increase in GDP is assmkiat
on average, by an 0.72 percentage point increasglitary spending. We find no significant
effect of conflict involvement on the growth ratenailitary budgets. Probably the reason for
this is that for most countries defense budgetsardarge even in peace years that fighting a
limited armed conflict does not put much extra stren countries’ military expenditures.

With the exceptions of the colonial wars of Fraaod Portugal, the smaller NATO allies did

10 This could dampen any degree of free-ridinghH tesources not contributed to defense in period 1

were spent in a way that fosters economic groviim) in period 2 military spending increases because
of a higher economic growth rate. However, the atffe too small to be relevant. Assume that all
resources not spent on defense are used for ingastrithe coefficient with which investment
translates into economic growth usually varies ketw0.3 and 0.4. Thus, if one percent of GDP not
spent on defense were invested, it would increddP Growth by 0.4 percent, which according to our
estimates would translate into an increase of medajhtly less than 0.3 percent in the defensegbtid

in period 2. If we relax the unrealistic assumptibat all non-military spending is invested anduass
that only half of it is invested the effect would@halve. A countervailing force would be, howevér
smaller countries had a higher income elasticityniftary spending, for which Palmer (1991) finds

some evidence.
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not fight any major prolonged wars during our pérad study and entertained militaries large
enough to fight the very few and limited wars sashthe one in the Falklands with only a
small increase in military expenditures during tenflict period. We find the expected
positive coefficient for the spatial error term, ialin captures remaining spatial clustering in
military spending growth. Lastly, the initial levef military spending has no statistically

significant impact on growth rates.
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Table 2. Estimation results for entire period 1856988.

Country-specific response of: to US growth  to Soviet growth
(if in excess of US growth)
Canada 0.121** -0.274**
(0.0477) (0.115)
Great Britain -0.0659 -0.296***
(0.0601) (0.0820)
Netherlands -0.183*** 0.181**
(0.0581) (0.0704)
Belgium -0.281*** 0.119*
(0.0446) (0.0626)
France -0.128*** -0.121
(0.0285) (0.0897)
Portugal 0.336*** 0.782***
(0.0411) (0.0718)
West Germany -0.0786 0.712%**
(0.0524) (0.0708)
ltaly 0.0583* 0.103
(0.0293) (0.0942)
Greece -0.0669 0.192*
(0.0918) (0.0946)
Norway 0.0233 0.484***
(0.0250) (0.0699)
Denmark -0.0568 0.431***
(0.0479) (0.0697)
Turkey -0.402%** 0.210
(0.0437) (0.162)
Lagged dependent variable 0.0635
(0.0469)
GDP growth 0.723*
(0.386)
Intensity of armed conflict involvement 0.000650
(0.00613)
Initial level of military spending to GDP 0.00963
(0.00651)
Linear year trend 0.000263
(0.000348)
Spatial error term 0.555***
(0.0981)
Constant -0.542
(0.686)
Observations 395
R-squared 0.305

Note: Dependent variable is growth in military emgiures. Standard errors clustered on

countries in parentheses. * statistically significat 0.1, ** 0.05 level, *** 0.01 level.
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Turning to the ally-specific response functiongatethat we have argued that the response
to the US growth rate plus the response to theegvowth rate in case the latter exceeds the
US growth rate indicates the degree of free-ridihgny — a sum of coefficients of 1.0 or
above suggests no free-riding. This informatiobdst represented graphically. Figure 2 plots
the responsiveness to the Soviet growth rate @iress of the US growth rate) on the y-axis
against the responsiveness to the US growth rat¢henx-axis for each of the NATO
countries in the sample, together with their reipe®5 percent confidence intervals. It also

displays the threshold for our definition of freding.

Figure 2: Response Functions for 12 NATO Membethk @b Percent Confidence Intervals.
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The distance to this threshold marks the degreéhioh countries free ride. According to our
definition, our results reject the free-riding hyipesis for only one country clearly, namely
Portugal, which is above the free-riding threshéldwever, Portugal is an outlier in many

respects. Most importantly, for most of our estioratperiod, Portugal was governed by a
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right-wing dictatorship first under Salazar andrth€aetand® If we only estimate the
response functions during Portugal’'s democratigoderthen this country would also be
detected as a free-rider. Figure 2 thus suppoeditst part of the free-riding hypothesis in
that with the exception of Portugal all of the slerahllies free-ride. It does not, however,
support the second part of the hypothesis thatddgree of free-riding is correlated with
country size: larger countries do not appear tosysiematically closer to the free-riding
threshold than smaller countries. This is confirrbgdoivariate correlation analysis between
the estimated degrees of free-riding and the aeesag of GDP of the NATO allies over the
estimation period, which suggests that the degréee-riding is not correlated with country
size (r = 0.10, p-value 0.76 if Portugal is inclddend r =-0.12, p-value 0.74 if Portugal is
excluded from the sample). Instead, once Portiegedmoved from the sample as an outlier,
the degree of free-riding is negatively correlatgth either sharing a land border with the
Warsaw Pact or being contiguous to a Warsaw Paattop (i.e., sharing a land border or
being separated by sea with a distance of lesslth@miles). The respective correlations are
r =-0.54, p-value 0.09 and r =-0.72, p-value 0Odansistent with this picture of the degree
of free-riding being determined by geographicalatan, we find that the ordering of
countries by degree of free-riding is positivelyretated with geographical distance of the

ally’s capital city to Moscow (Spearman’s rho 0.63value 0.05).

6. Robustness

All regression analyses suffer from uncertaintywhehether the estimation model has been

correctly specified. Table 3 therefore reports Itesfrom testing the robustness of our

1 It is also the case that contrary to most othaT® allies, Portugal fought colonial wars duringrou

estimation period. However, the effect of thesesaar Portugal’'s military expenditure growth should

be captured by our “intensity of involvement in adrconflict” control variable.
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inferences to plausible changes in model spedificatTo facilitate interpretation of the
results from the robustness tests, figure 3 dispthg responsiveness parameters and their
95-percent confidence intervals for each of thelslWaTO member included in our analysis

for the five robustness test models.

Not all military spending growth by the US and ®eviet Union is relevant to the safety of
the smaller NATO allies. Both superpowers have FRugnajor wars outside the North
Atlantic area which affected their military spengligrowth. The most important of these are
the Vietnam war and the invasion of Afghanistarthme Soviet Union, respectively. Model 2
reports the country-specific response rates forpgeeod outside the main Vietnam war
activity (1965-73), while model 3 does the sametfa period outside the period of Soviet

occupation of Afghanistan (1980-88).

In model 4, we take into account that the smallexsa own geostrategic interests may affect
not only their level of military spending, but aldee growth in their military spending, and
that this effect can have a heterogeneous impattoxie. To do so we allow each country to
have its own intercept plus its own linear yeandkeln other words, we estimate a unit fixed

effects model together with unit-specific lineaay¢rends.

In model 5 we replace military spending growth satéd the Soviet Union by military
spending growth rates of the Warsaw Pact natioastly, in model 6 we include further
control variables from Whitten and Williams (201agmely various measures of government
composition such as the number of government gamraether the government is a minority
government as well as the left-right position oé thovernment and the presence of an
election in any one year. For this model, we hadrap Portugal and Greece from the sample
as they do not have available data for these palitiariables until late into the period of our

estimations.
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The Vietnam war period captured by model 2 allowgaiexplore the influence of abnormal
growth rates of military expenditure on our inferes™® One might expect that abnormal
growth rates of military spending by the USA durthg Vietnam war era push the response
functions of NATO members somewhat down. This waihlen spuriously lend additional
support for the free-riding hypothesis even thouga NATO members merely do not
respond to higher military spending for wars they mbt fight — which seems a quite
reasonable strategy and does not amount to freegritHowever, we do not find that the
response functions of the countries are systentigtgraaller outside the Vietnam war period
than in the main estimations and on the whole tigehétle effect on the response functions
of NATO allies of removing the Vietham war yearsrir the estimations. This exercise in
turn demonstrates that our inferences of free-gidire not invalidated by years of abnormal

growth rates of military spending in the USA.

12 The Afghanistan war does not lead to abnormaktroates in military spending in the Soviet Union.

31



Table 3. Robustness tests.

Robustness test: Model 2 Model 3 Model 4 Model 5 Model 6
Outside Vietnam war period Outside Afghanistan Controlling for unit fixed Replacing Soviet with Further political
(1965-73) invasion period (1980-88) effects and unit-specific year trendNarsaw Pact spending growth control variables
Country-specific to US to SU-US to US to SU-US to US to SU-US to US to SU-US to US to SU-US
response of: growth growth diff growth growth diff growth growth diff growth growth diff growth growth diff
Canada 0.222 -0.225 -0.0201 -0.313** 0.119%** -0186 0.117* -0.254** 0.0763 -0.136
(0.158) (0.127) (0.0211) (0.129) (0.0230) (0.0456)  (0.0470) (0.103) (0.0562) (0.165)
Great Britain -0.0942 0.0474 0.0347 -0.343** -0.042 -0.161** -0.0698 -0.250*** 0.0468 0.0308
(0.182) (0.100) (0.0378) (0.118) (0.0486) (0.0623)  (0.0608) (0.0756) (0.111) (0.173)
Netherlands -0.436** 0.254*+* -0.0830** 0.129 -0.277* 0.132** -0.179** 0.153** -0.0902 0.0290
(0.164) (0.0761) (0.0370) (0.0878) (0.0485) (0443 (0.0581) (0.0608) (0.0776) (0.116)
Belgium -0.610*** 0.0458 -0.179*** 0.158** -0.239* 0.0979*** -0.279%** 0.214*** -0.331*** 0.0770
(0.126) (0.0748) (0.0300) (0.0683) (0.0358) (0Om15 (0.0435) (0.0611) (0.0882) (0.0952)
France -0.553*** -0.0202 -0.0442 -0.201 -0.103*** .0011 -0.127*** -0.144* -0.0740 -0.0457
(0.0921) (0.239) (0.0259) (0.124) (0.0287) (0.0805 (0.0291) (0.0757) (0.0871) (0.108)
Portugal 0.31 7%+ 1.113%** 0.564** 0.681*** 0.502** 1.073%* 0.351*** 0.827***
(0.0859) (0.0823) (0.0190) (0.0620) (0.0437) (@D5 (0.0399) (0.0667)
West Germany 0.256* 1.085** -0.00772 0.691*** -B85** 0.429*** -0.0660 0.753*** -0.00993 0.666***
(0.142) (0.0839) (0.0342) (0.0820) (0.0377) (0823 (0.0510) (0.0673) (0.0665) (0.119)
Italy 0.404*** 0.0132 0.0725 0.0270 -0.0682*** -2 0.0610* 0.164 -0.0209 -0.0232
(0.129) (0.126) (0.0478) (0.123) (0.0212) (0.0915)  (0.0291) (0.0917) (0.0572) (0.127)
Greece -0.502 0.3471*** 0.105* 0.123 -0.131 0.0625 0.0646 0.238**
(0.292) (0.0986) (0.0547) (0.0899) (0.0970) (042 (0.0892) (0.0989)
Norway 0.284*+* 0.402*+* 0.00348 0.473*** -0.0159 B76*+* 0.0339 0.504*+* 0.0219 0.476***
(0.0846) (0.0775) (0.0221) (0.0836) (0.0125) (am3 (0.0256) (0.0653) (0.0219) (0.0751)
Denmark -0.4471%** 0.422%* 0.0815***  0.410*** -0.1Q** 0.452%** -0.0479 0.408*** -0.0583 0.267**
(0.136) (0.105) (0.0219) (0.0848) (0.0184) (0.0275 (0.0465) (0.0679) (0.0448) (0.0995)
Turkey -0.917%*** 0.210 -0.304*** 0.257 -0.337%*** @14** -0.396*** 0.133 -0.481*** 0.192
(0.172) (0.163) (0.0716) (0.170) (0.0352) (0.0829) (0.0422) (0.147) (0.0863) (0.136)

Note: Control variables included, but not report8thndard errors clustered on countries in pareathe statistically significant at 0.05, or **

0.01 level.
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Figure 3 shows the estimated responsiveness paemeith their associated 95 percent
confidence intervals for the main estimations alhdobustness test models. For many of the
countries, the estimated coefficients are not robuswe define robustness as the absence of
a significant difference in point estimates acrakgests. This follows from the confidence
intervals of some of the estimated responsivenesanpeters not overlapping with the
remaining ones. Thus defined, we would have to lcaiecthat the influence of growth in
military spending by the USA and the Soviet Uniangrowth of military spending of the
other NATO members is not robust. However, thatasthe question we are interested in.
Instead, we want to know whether smaller countires-ride and this is the causal inference
subjected to the robustness tests. Our baselineelnmdvided evidence that all NATO
members free-ride bar Portugal. A robustness testild therefore investigate whether this
inference is robust. And indeed, the robustneds &#féect our inference on the free-riding
behavior of NATO members only in one case: Givendgfinition of free-riding, we cannot
be certain whether West Germany free-rides: ongeofestimated responsiveness parameter
is fully in the non free-riding space. The infererfor all other countries, however, remains
robust to changes in the model specification thatcanducted in the robustness tests: all of
their estimated responsiveness parameters togettietheir 95 percent confidence intervals

lie to the interior of the free-riding threshold.
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Figure 3.Response Functions with 95 Percent Confidencevaltefrobustness test models).
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7. Conclusion

In this article, we have used a new method to ttestold theory of free-riding in military

alliances. The shift in methods is justified by thlyument that differences in levels of
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military spending, even when expressed relativ&BP, cannot be used to infer free-riding
unless one could appropriately control for thead#hce between the global aspirations of a
superpower like the USA and the more spatially tiahi military objectives of the smaller
allies. Clearly, the relatively higher military smbng in the USA mirrors her broader
interests — and these broader interests make dgsilple to attribute relatively lower military

spending in Canada and European countries to ieegr

By contrast, we have developed a quasi-spatial adettvhich infers free-riding from the
responsiveness of the smaller NATO members’ grawtmilitary expenditures to growth in
US spending on the one hand and growth in Soviehdipg when above US spending
growth on the other hand. If, in summing up botBpmnsiveness parameters, the smaller
allies respond such that their total responsivergesmaller than one, then they are detected
as free-riding on the efforts to maintain the sitguralance between the alliance and its arch

enemy.

Does our analysis support the theory of free-ridi@ur results are mixed but still suggest
free-riding by the vast majority of smaller allies result that is robust to a range of plausible
changes to model specification. For only one coufWwest Germany) our results are
inconclusive. Only for Portugal can we clearly o¢jghe hypothesis of free-riding and we
have argued above that Portugal is likely to beuwathier. Yet, our analysis does not support
the hypothesis that the degree of free-riding fisration of country size. Smaller and larger
NATO members do not significantly differ in theiegree of free-riding. Instead, we find that
the degree of free-riding is correlated with gepgreal position in relation to the Warsaw
Pact. NATO countries closer to Moscow exhibit loviree-riding as do countries that share a

land border or are contiguous with one of the WarBact countries.
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Our results thus reject the second part of therfidiag in alliances theory that claims that the
extent of free-riding is a function of country sizit lend support to the first and main part
of the theory: the smaller allies free-ride on shperpower. However, we wish to stress that
there is one condition under which this result amterpretation would be spurious, namely if
for both the Soviet Union and the USA the militaxypenditures related to their global
interests grew faster over time than the militaxpenditures related to the geographically
more restricted NATO-Warsaw Pact constellation.sT$@ems possible, but unlikely during
our period of study and the best test for this ibigy is to exclude the Vietnam and
Afghanistan periods from the estimates — and osultg are robust to these tests. Hence,
whilst we are confident that our results corredtlgntify free-riding by the smaller NATO
allies, we see a promising way forward in combiniing traditional ‘in levels’ interpretation
of free-riding with our dynamic perspective, namglyesearch that attempts to identify the
dynamically changing share of US military expenditdevoted to the European and North-
Atlantic area, and in case study research thatsséekidentify the response of NATO

members to ‘shocks’ in the security perception tfnited number of NATO members.
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