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Abstract

Inefficient competition in emissions taxes credtesefits from international
cooperation. In the presence of cross-border potiuproximate (neighboring)
countries may have greater incentives to coopdhate distant ones as illustrated by a
model of tax competition for mobile capital. Spa&aonometrics is used to estimate
participation in 37 international environmentakties. Data on 41 countries from
1980-1999 reveal evidence of increased cooperatioong proximate countries.
Furthermore, the results indicate that FDI usuaityeases treaty participation. We
also find that both OECD and non-OECD countriepoes positively to OECD
countries’ participation but the response to nor@DEountries is primarily from
similar countries. This suggests that the rich toes may lead others in setting
environmental quality.
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[. Introduction

Among the many controversies surrounding globabnatone of the fiercest is the
effect of increased international commerce on emvirental quality. Among the issues
engaging the public and academic debate is thadatjns of competition in environmental
policy for foreign direct investment (FDI). As dissed by Copeland and Taylor (2003,
2004), if firms seek to avoid emissions taxes {ff@lution haven hypothesis"), then this can
lead to governments lowering such taxes in ordetttact firms (the race to the bottom).
Thus, as firms become mobile, competition betwessishcan then lead to sub-optimal
emissions taxes. This inefficiency then providesla for international environmental
treaties that can coordinate standards acrossroesiand lower world-wide pollution levels.
While several papers have considered the impastafonmental policy on FDI or of FDI
on the environment, these do not actually estimédiether there is indeed strategic
interaction in environmental policies, i.e. whethesre is evidence of international
competition for FDI in environmental standards.

This paper fills this gap in two key ways, one ttedcal and one empirical. First, we
develop a model of emissions tax competition witses-border pollution spillovers. This
simple model yields two key predictions. First, whemissions cross borders more easily,
Nash equilibrium taxes are lower. This is becatisecountry is going to suffer pollution
damages even if the firm locates elsewhere, ietebto host the firm and collect the
benefits that hosting provides as this offsetgeasti some of the pollution damages. Second,

when cross-border spillovers increase, the gaim ftooperation (i.e. raising emissions taxes



and lowering pollution) increases. This yields stable prediction: that a country’s own
treaty participation depends on that of othersthatlit is more responsive to the
participation of nearby countries.

The second contribution of the paper is our mogebihthe spatial autoregressive
relationships in treaty participatiérising information on 37 treaties and 41 countoiesr a
twenty year period, we find that the more treatithger countries ratify, the greater the
propensity of a given country to ratify treatiesrthermore, this effect is declining in
distance between countries just as the theory gisedihen cross-border spillovers are
declining in distance. We interpret this as dimatlence of international strategic
interactions in environmental policy. In particylgiven the sign of our coefficient, we find
that policies are strategic complements, a keyirement for finding an inefficient “race to
the bottom” in environmental standards. As sucis, phovides evidence for the contention
that international economic agreements should beled with clauses related to
environmental policy. In addition, we find, at leasthe OECD countries, that inbound
foreign direct investment (FDI) is a significanteleninant of treaty participation. Finally,
we find that the strategic responses are primdrilyen by the treaty participation of the
OECD countries. That is, both OECD and non-OECDntrees tend to increase their treaty
participation when their OECD neighbors increas#i@pation. For the non-OECD

responses this suggests a “leader-follower” ratatigp, indicating that the wealthy countries

2 This adds to the single treaty studies of Berargle(2003) and Murdoch, et. al. (2003). It adshils to the
cross-US state spatial studies of Fredriksson aifidrdt (2002), Levinson (2003), and Frediksson,abt
(2004). Below, we discuss all of these in detail.



may need to take a lead role in international emvirental agreements if there is to be a
hope of the developing countries following suit.

The theoretical tax competition literature has desti@ted that the nature of the Nash
equilibrium from tax competition for FDI is highgensitive to the functional forms and
parameters of the model. Depending on these cha@sadiscussed by Wilson’s (1986)
seminal model, equilibrium taxes between jurisdizsi can be strategic substitutes or
strategic complements. As a result, Nash equilibriaxes can be too high or too low
relative to their optimal levélIn part, this ambiguity arises due to changeséndiasticity of
capital with respect to taxes since a rise in ametry’s tax can increase or decrease the
sensitivity of investment to the other country’s.tAs demonstrated by Rauscher (1995),
Markusen, Morey, and Olewiler (1995), and Hoel (A9@dding pollution externalities adds
additional ambiguities. In addition to tax sensiyivambiguities arise in the desirability of
investment (since benefits to hosting must be coatphto the environmental costs of
hosting). Furthermore, Barrett (1994) finds thaeWier a race to the top or to the bottom in
environmental taxes occurs can be determined bgntrket structure. Since these issues
make it impossible to derive general results omidiire of tax competition equilibria even
without cross-border spillovers, any results deatifrem a general model would be

contingent on numerous additional assumptions. iBhisdeed what is shown by Fredriksson

% Note that even the definition of the optimal leisesubject to debate since the optimal tax dependshere
the mobile firms’ profits accrue. If a social plamis maximizing a function of the host countrieglfares,
then she will not necessarily include the profiten FDI as a benefit from investment. This wouldrthiend to
lead to a tax rate greater than that which woulddief FDI profits accrue to the citizens of oridh® host
countries. This is why we use the term “optimathea than Pareto efficient since our model doesneitide
FDI profits in the social planner’s objective fuioct.
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and Millimet (2002) who also consider strategi@mction in pollution abatement costs with
cross-border pollutiofi.

Because of this, we begin by making several siyiplif assumptions in order to
obtain results that match the concerns expresseipopular debate: international
competition for multinational enterprises (MNEs)diéng to a race to the bottom in
environmental standards. As is standard in thealiiee, we consider a MNE that allocates
output to two jurisdictions taking into account tieéative costs in each (including the cost of
emissions taxes). Governments then use thesetabesance out the benefits of hosting
(which includes tax revenues collected from locaissions) versus the costs of hosting
(pollution damages). A key facet of our model igttetmissions not only cause pollution
damages at their point of origin, but also oversedie other country. The extent of these
overseas damages depends on a parameter calkedrisier coefficient. When the transfer
coefficient is high (as it might be when countraes close to one another) these cross-border
damages are higher.

In the Nash equilibrium of the tax setting game/agaments set taxes too low for
three reasons. First, as is well-known in the taxgetition literature, since a government
does not internalize the lost benefits to the otloemtry, it will set sub-optimal taxes in order
to attract FDI. Second, with cross-border pollutiamost government does not internalize
the international pollution damages caused by FitHiwits borders. Therefore it will overly

encourage firms to invest by implementing low taxisrd, if a country does not host a

* Their model differs in two key ways. First, thessame that the pollution is ‘perfectly’ cross-bariteplying
the same pollution level is faced by the two caestrSecond, their model does not involve any cdaitipe for
capital. Instead, in their model equilibrium poitut abatement is too low because neither countmtreest the
neighbor to choose the higher, globally more edfitj level of pollution abatement.
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given unit of capital, it will still suffer pollutin damages due to cross-border pollution.
Combining these implies that Nash equilibrium tates will be too low compared to those
that maximize the sum of the two countries’ welgaféurthermore, this third effect means
that as the transfer coefficient rises (i.e. caaatbecome closer to one another), Nash
equilibrium taxes fall even more. At the same timeise in the transfer coefficient increases
global damages from pollution. As such, when tlstadice between countries falls, the gain
from joining an international environmental tre#itat raises emissions taxes increases.
Spatial econometrics provide an excellent methaesifng such interactions because
they allow the econometrician to use the dependanble from one observation (treaty
participation by country i) as an explanatory vialéain another observation (treaty
participation by country j) in a way that dealswéndogeneity this interdependence cadses.
This method contrasts sharply with the bulk oflttexature on globalization and the
environment which either considers the effect of 6D pollution or the effect of emissions
taxes on FDP. Since neither of these approaches use the padiggthie as the dependent

variable, they do not test for strategic interatsia.e. whether the environmental policy of

> Note that if one country ratifies a treaty befarmther, it is possible to treat that decisionxagenous to
those that occur later in time (as is used in datimg a Stackelberg equilibrium instead of a Naghilibrium).
However, since ratification typically follows anterded period of consideration by a signatory agutiere
is still the possibility of interaction during thighase. Furthermore, since our explanatory vasadnle limited
to annual observations, we cannot exploit the filmee series information that the exact date dfication
provides us. Therefore, since there is still thesuility of endogeneity in our annual data onfiedtions, we
turn to spatial econometrics. For a detailed disiomsof spatial econometrics, see Anselin (1988).

® Antweiler, Copeland, and Taylor (2001) find litdeidence of a relationship of FDI on S@ncentrations.
Brunnermeier and Levinson (2004) provide a liteaneview of the studies considering the effedtast
country environmental regulations on FDI. More récgtudies include Jeppesen et al. (2002), Fresbiiket al.
(2003), List et al. (2003), Javorcik and Wei (20G#)d Henderson and Millimet (2006). The evidercthe
effect of environmental stringency on investmertisions has been mixed. To contrast the FDI litegegt
Antweiler, Copeland, and Taylor (2001), Dean (206farbaugh et al. (2002), Frankel and Rose (20414,
Naughton (2006) find that openness to trade impalre environment.
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one country is affected by the environmental potitanother. Of those papers that do
consider strategic interactions in environmentdicgothey are limited either in their time
series or country informatioh.

Using spatial probit techniques Beron, Murdoch, ¥ijderberg (2003) and
Murdoch, Sandler, and Vijverberg (2003) estimatatsgic interactions in ratification of the
Montreal and the Helsinki Protocols, respectivélging either a trade-based or emissions-
based weighting scheme, Beron, Murdoch, and Vigegliind no significant strategic
interactions in ratification of the Montreal Protban their sample of 89 countries. Murdoch,
Sandler, and Vijverberg use a cross-section of @®@ean countries to estimate the strategic
interactions in Helsinki Protocol ratification ugiemissions-based weights. They model
treaty participation in a two-stage setting, wharthe first stage countries decide whether or
not to ratify the Protocol and in the second sthgg choose their level of sulfur emissions
reduction. The authors find positive and statidigcsignificant interaction effects in
Montreal Protocol ratification. Our study improwgson these studies in two ways. First,
rather than using cross-sectional data, we empoglpdata on 41 countries for 1980-1999.
In particular, allowing us to control for contempoeous effects of neighboring countries.
Second, we employ a comprehensive measure of attenal cooperation that involves 37
treaties instead of using a single treaty as othave. This adds to these results by yielding
information on the general propensity of a coutdrparticipate in treaties rather than

whether it joins a particular treaty.

" For a review of empirical tax competition studses Brueckner (2003).



Of the studies that do use panel data, they alinfisemation for a single country and
employ US state level data to estimate strategeractions in environmental stringency.
Fredriksson and Millimet (2002), Levinson (2003ydfredriksson, List, and Millimet
(2004) all find that states compete in environmiesttangency, as measured by the Levinson
Index. Levinson (2003) also finds competition asrsktes in the hazardous waste disposal
tax rates. Additionally, Fredriksson, List, and liilet (2004) allow for strategic interactions
across different policy variables. They find thahsidering strategic interactions in a single
policy setting provides lower bound estimates. Althh we use a comparable empirical
approach, we work with international data. Onehefprimary difficulties in extending these
state-level studies to international competitiothet emissions taxes and other policies are
very difficult to compare across countries dueh® wide range of regulatory policies
surrounding them. This is one of the primary adages to using international environmental
treaties as our variable of interest since by d&fim these are comparable across countries.

The remainder of the paper proceeds as follows.nEé section presents the
theoretical model. In section 3 we overview the gitgd approach and discuss the data.

Section 4 discusses the empirical results andaebtconcludes.

Il. Theoretical Model

As discussed above, any general theory of tax cotigmefor FDI will be plagued by
ambiguities that can only be resolved by makingriize assumption Since our goal in

this section is to construct a model that motivaiesempirical work, rather than impose

8 Wilson (1999) and Gresik (2001) provide recentraigavs of tax competition for FDI. Their literature
reviews highlight the various ambiguities foundhe literature both with and without pollution.



such restrictions ex-post we impose them at thebetg by choosing specific functional
forms. This is the easiest method of illustrating onderlying story: that proximity can
worsen the inefficiencies resulting from tax conmp@t and increase the gain from
cooperation.

Consider a multinational firm that invests in twauatries, home and foreign. Foreign
variables are denoted with. The timing of choices is that governments siamdbusly
choose emissions tax rates and then the MNE magsprofits through its capital
allocation. Using subgame perfection, we begin éscdbing the firm and work our way
backwards. Production in each country uses cafalin a constant returns to scale
technology. We normalize the production functiortlsat output in home i&K and output in
foreign is K™ . This output is then sold on world markets acaugdp the inverse demand

curve:
B .
P:A—E(K+K). (1)
The firm faces three types of costs. First, it fageost of raising capita{zi(K + K*)Z.
Second, it faces transportation costs between @aahtry and the world market.

Transportation costs from home a%eK2 while those from foreign ar% K2 .° Third it

faces a tax on the emissions it creates in a gieentry. Emissions are a linear function of

° Alternatively, these transportation costs couldrpeeasing costs of hiring local factors suchadmt. If the
wage is an increasing convex function of labordies would occur if other sectors use labor, then
possible to derive labor cost functions as theyeddpnK andK™ that are comparable to these transport cost
functions. This approach could also provide a bekween these and the benefits of hosting. Howévénge
interest of simplicity, we use this alternativeyde cost approach.



output, where units are again normalized so thaten(foreign) emissions aé (K"). The
per-unit home emission tax isand the per-unit foreign emission tax’is Combining these
yields the firm’s profit function:

n:(A—%(K+K*)j(K+K*)—52K2 —%K*Z —tK -f K’ —L’Z(K+K )

2

(@)

Taking tax rates as given, the first order condgifrom this with respect t& and K" yield
respectively:
A—B(K+K*)—aK—tK—y(K+K*)=O and (3)
A-B(K+K')-0K -t K -y(K+K )=0. (4)
From these, we obtain the following effects of ta@

dK __BHy+o_

= 0, 5

dt A ®)
dK_ _Bry.o (6)
A

gT'f:B+y>o and @)

dK __B+y+cr<

dt’ A

0 (8)

whereA = (a +0)(B+y)>0. Thus, an increase in one country’s tax drives ff@rh that

country to the other. It is also worth noting ttatal investment K + K") is decreasing in

either tax rate. These results on the impact addan capital (either in a given country or



worldwide) are standard in the literature and af®ist to generalizations of our functional
forms.

These tax rates are chosen simultaneously by thgbowernments in order to
maximize their own national welfares. Home welfeoasists of three items. The first is a
benefit of hosting FDI given b¥K” where A [0(0,1). This represents gains to local
employment, technological spillovers, and the likke second item is the cost of local
emissions. This is linear in the level of local ssidns and is (partially) offset by the taxes
collected on those emissions. Therefore the nat@mmental damage from hosting is

(1-t)K . Finally, it suffers damages from overseas emisstbrough cross-border pollution.

The level of these damagesdk” wherea >0 is the transfer coefficient and represents the
impact of emissions across borders. How equilibriarrates change ia is the primary
focus of this sectiof’

With these ideas in place, home welfare then ismivy:
Y=K*+(t-1K -aK". (9)
Foreign welfare is analogously:
Y =K+ -)K -aK . (10)
Taking the first-order condition of (9) resultsan implicit best response functia(t™) for

home. Specifically, this is determined by:

19 For simplicity, we assume that bothand a are the same across countries. While the finsbisiecessary
for our results, the second is important becausadures that the global environmental damagea fnection
of the total amount of investment, not the disttido of investment. Having linear damages with équa
marginal impact across countries is important tsuea that the social planner does not have an fivecto
shift investment from one country to anotheraashanges. If we relax this, it complicates the peoband
again introduces ambiguities that, although intargsdetract from the purpose of our theory.

10



dt

I _ B0 sy -1)-a2 vk =0 (11)
A A

where K is determined by the two tax rates. Frois), the can determine the following

results. First,

)01 pr i

_B5 .o (12)
B+y+od
i.e. arise in FDI increases home’s tax best-respaax rate since pollution damages rise and

the benefits of hosting decline. Second, holdihgonstant,

dt(t’) _ KB+y)
da (B+y+9)

(13)
Thus, for a given level of FDI, a country with heghtrade costs will impose higher taxes.
Third,

dt)__ (B+y) (1-A(-)K"2(B+y+0)a™)
o (B+y+d)(AA-DK'? (B+y+o)aT-2)

(14)

This shows that home’s best-response tax is incrgas the foreign tax, i.e. taxes are
strategic complements for home. As indicated inaibeve cited work, such a finding is
dependent on the functional forms used. Howevecesihe common belief is that taxes are
bid down as governments compete for investmers,résult matches that covered by the

public debate. Finally, we find that

dt(t") _ B+y
da  (B+y+d)(A(A-DK'?(B+y+5)A"-2)

<0, (15)

indicating that as the transfer coefficient ridesne’s best-response tax falls. Graphically,

this would be a shift in home’s best response ftioensolid line to the dashed line in Figure 1
11



when a rises froma, to a,. The intuition for this change is straightforwakd the transfer
coefficient rises, the damages home suffers framidgn’s investment rises. As such, home
has a greater incentive to “steal” that investnseémte this allows it to enjoy the benefits of
hosting and collect additional emissions taxesatfing a portion of the environmental
damages.

Foreign’s best response tax raté) is found in a similar fashion and is implicitly
given by:

dy :_B+V+a()||<*“+t*(t)—1)—a
dt A

B+y

+K =0 (16)

From this, it is straightforward to show that f@meis optimal tax is increasing in home’s tax
and falling in the transfer coefficient for reas@malogous to those for home.

The Nash equilibrium in the tax-setting game isniwiby simultaneously solving (11)
and (16) accounting for how FDI levels vary in thg rates. What is important for our
purposes, however, is how this equilibrium changdbke transfer coefficient. Since a rise in

a reduces both(t") for a givent” andt’ (t) for a givent, Nash equilibrium tax rates fall

when a rises. Graphically, this moves the Nash equilforiuiom A to B in Figure 1. Note
that as tax rates fall, total investment (and tetalironmental damages) rise.
At the same time, however, a rise in the transbeffecient raises the optimal taxes

for a social planner maximizing the sum of the ar@s welfares. Consider such a planner

who maximizesN =Y +Y . The first order conditions from the social plaris@roblem

yield optimal taxes implicitly determined by:
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dW__B+y+5(
dt

AK”‘1+t—1—a)+%/(/1K”‘1+t*—1—a)+K =0 17)

and

dV}’ :_B+y+a(/]K*“+t* —1—a)+ B+y(/]K“+t—1—a)+K* =0. (18)
dt A A

Evaluating (17) at the Nash equilibrium yields:

dW_aB+y+5+B+y

- ; X (A 4+t -1)>0 (19)

as long as foreign welfare is increasingkn (i.e. hosting is desirable). A similar condition
can be found for the foreign tax. As a result, Neghilibrium taxes are lower than those the
social planner would choose, yielding the oft-d&sad “race to the bottom” in
environmental taxes. This is because when chodbkatgax in one location, the social
planner internalizes the lost benefits of hostm¢hie other country, the additional tax
revenue from emissions in the other country, aedeffect of cross-border pollution. Note
that this result does not hold in general as dsedi®y Markusen, Morey, and Olewiler
(1995) since under different assumptions (partityilgery large damages from pollution) a
race to the top is also possibfe.

It is now necessary to ask how these optimal takesge as the transfer coefficient
changes. For notational convenience, we definéailfeving three variables:

2 2
q):ﬂ:[/](/‘ _1)(KA—2(B+}/+5J +K*A_2(B+yj J_28+y+5J<O,
dt A A A

M Furthermore, McAusland (2002) and Eerola (2004 that, due to the exclusion of multinational firm
profits from the countries’ objective functions thaxes are inefficientljnigh compared to the global welfare
maximum. Similarly, since our combined welfare meagdoes not include multinational profits optirtetes
are higher than those that would arise from maviimgizhe sum o¥, Y', and the firm’s profits.

13



2 2
r=—dzyzv=)l(/1 —1)(K“(—B+yj +K”‘2(—B+y+aj J—Z—B+y+5< 0, and
dt A A A

0=9W __[B+¥ i 1 K“(—BJ’V”}K”‘Z(—BJ’VWJ _2B*V 0.
ditct A A A A

Note that by the social planner’s second order itmmg W = ®I - Q? >0. We can now
compute the comparative statics of the social @drrmoptimal tax rates with respect to the

transfer coefficient:
—=————>0 (20)

and

dt’ __av-&
da AY

0. (21)

As in the individual country’s cases, the intuitigrstraightforward. As the transfer
coefficient rises, environmental damages rise feogiven amount of capitaf.This reduces
the social planner’s desired level of total capihding her to increase both tax rates and
reduce overall investment. This would then moveénoalttaxes from C to D in Figure 1. This

result is comparable to that of Cremer and Gah2&04), who study competition in

commodity taxes and emissions taxes with crossdsqrdllution. They too find that

12 An alternative modeling choice would be to hawe tilansfer coefficient represent the percent ofsioins
that “land” in the overseas country, leaving ofllya)K emissions in home. This yields similar resultsareigng
Nash equilibrium taxes compared to the social @asrtaxes since as a rises, a country’s incemtiatract
FDI rises since its pollution costs fall. Understhissumption, however, worldwide pollution damaayes
invariant to the transfer coefficient, implying tlibe social planner’s desired taxes do not chavigen a
changes. Nevertheless, here too the gains fromecatipn rise as the distance between countries fall
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harmonization of emissions taxes above the Nashilagqum level across countries reduces
aggregate emissions and increases overall welfare.

An important implication of this result is that the transfer coefficient rises, the gap
between the Nash equilibrium taxes and the optienads rises. As a result, the combined
gains from cooperating and increasing tax rateeases as the transfer coefficient increases
This then gives us a testable prediction — thahttaes for which the transfer coefficient is
large will tend to find cooperation more benefidizn countries for whom it is small. If the
damages from cross-border pollution are fallingistance, i.ea is inversely related to the
distance between countries, then proximate cownvik have a greater incentive to
cooperate than distant ones. If participation termational environmental agreements is a
sign of such cooperation, the theory predicts mieairby countries may be more likely to
jointly sign on to environmental agreements thastasht countries. In the next section, we
turn discuss the empirical methods used to findeawie of exactly such patterns in

environmental treaty participation.

[ll.  Empirical Approach and Data

If competition for FDI leads to inefficiently lovakes and conversely higher gains
from cooperation this should be evidenced in tha da environmental treaty participation.
Furthermore, if due to cross-border spillovers ¢hgains are greater for nearby countries,
then a country’s own treaty participation shoulgeted more on the participation of
proximate countries rather than distant ones.igigéction we use participation in

international multilateral environmental treatiesrieasure cooperation in environmental

15



policy. The set of multilateral environmental tieatis large and growing. The Center for
International Earth Science Information NetworkESIN) provides country-level
participation data for 384 multilateral agreemef@tsthese agreements, we use the 37
treaties that are neither explicitly restrictecéstain countries nor are amendments to
previous agreement$ Appendix A classifies the included treaties in&begjories, provides
the year of signature and the number of parties.tidaty categories include the sea, fish and
air treaties. First, there are twelve sea treatt@ish have to do with prevention of and
response to marine pollution. Second, the tenrfegshieaties are those that deal with
conservation and harvest of fish and whafeBhird, three air treaties deal with air pollution.
Note that although it may not necessarily be tlse ¢hat a given treaty directly affects a
multinational firm, to the extent that treaty peigiiation is correlated with policies that do
have a direct impact, our estimates are still mi@tive regarding the nature of competition
for FDI. Using these, the dependent variable ineyapirical model is treaty participation
measured as the count of treaties a country hidiedas of a given yedf:*’

Our empirical specification follows closely Fredsgdon and Millimet (2002):

'3 For an overview of international environmentahties see Mitchell (2003).

1 Two treaties in our sample have a restriction arigipation to only include countries that are nbens of
the Food and Agriculture Organization of the Unilations (this includes 190 countries). Eight miveaties
require the potential parties to be member coubiehe United Nations. These restrictions didliot for
any of our sample countries.

15We also considered a more general sub-group ati¢eethat dealt with conservation of animals alagts.
The issues dealt with by this broader categoryem® focused than those of fishing treaties whitdnospecify
very specific goals for members. This is why wesprd results for this more focused category ofigsa
Nevertheless, the results for this classificati@rewsimilar to the fish treaties’ results.

1% Note that countries that initially sign treatiessnalso ratify the treaty to become a party.

In similar vein, Roberts, Parks, and Vasquez (2@86mate a model determining treaty participatio82
multilateral environmental treaties using a complraount variable. They use cross-sectional dadada not
allow for strategic interactions.
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E, =V +0) wE, +¢FDl, +x B+¢, (22)

j#i
whereE; is treaty participation by countryn yeart; ; are year fixed effectsy) is the time
invariant weight assigned to counjrigy countryi; Ej; is treaty participation by countyyn
yeart; J is the spatial lag coefficient that measures sgiatinteraction in treaty

participation;FDl;; is FDI flow into countryi in yeart; x, is a vector of country
characteristics in yedrand g, represents i.i.d. idiosyncratic shocks uncorrel@ieross

countries or year¥

The spatial Iagz w,E, , is the weighted average of other countries’ jreat

j#i

participation in yeat. The coefficient on spatial lag provides informatabout the strategic
interactions in treaty participation and our théiced model predicts it to be positive (i.e.
environmental policies are strategic complemefdtsat is if a country’s neighbors increase
treaty participation in a given year, then the ¢outends to increase its participation as
well.*? It is important to note that the spatial lag idiioes an endogeneity problem inherent
to spatial autoregressioB;; depends o andE;; on Ei..?° This gives us the first endogenous

variable that we will need to control for.

18 Including quadratic trend terms in place of yesed effects does not qualitatively change theltssu

19 A negative spatial lag suggests that an increapeoiximate countries’ treaty participation woudtluce
treaty participation. This type of dynamic couldsarif the emissions tax response functions aegegjic
substitutes (i.e. best responses have a negatipe)slAs discussed above, generalized versionsiss®ns tax
competition show that this is indeed a theorefixasibility although one contradicted by most of estimates.
% Again, because we are not able to exploit therinégion on the exact timing of ratifications, we shallow
for possible endogeneity.
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While the theory suggests that the weights uselddrconstruction of the spatial lag
should be declining in distance (increasing in s#ogrder pollution), it does not suggest a
specific form. Similar to Levinson (2003), the riesyresented in this paper use the

following specification of spatial weights:

1 1
LA 23
a)ll dIJZ z d”2 ( )

j#i
whered; is the distance between counitgnd country. The sum in the denominator ensures
that our spatial lag is a weighted average notighwed sum of other countries’ treaty
participation?* This so-called “row standardization,” where thensaf weights for each
country equals one, is standard in spatial autessyon analysis. Using this row
standardization allows us to interpret the spédigls coefficient as the marginal effect of
other countries’ participation, not the “remoteriegscountryi. Alternative spatial weight
specifications provide qualitatively similar resifit

In addition to the spatial lag, FDI is a secondagmhous variable. Previous studies
that estimate environmental policy variables haveimcluded FDI in the set of independent
variables. Nevertheless, Ederington and Minier @0Bredriksson, List, and Millimet
(2003), and List et al. (2003) argue that not atdgs FDI respond to environmental
regulation but also that environmental regulatian be impacted by FDI. Also, our

theoretical model includes FDI in the governmepteblem of choosing emissions taxes,

2L Specifying the spatial lag as a non-row standartlizeighted sum, such that =i2, does not qualitatively
i
change the full sample results.

22 Alternative weights includedy, = exp| - 9 > exp - %
) 1000)/ 4 1000/
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and emissions taxes influence the capital owndiosation of FDI across countries.
Therefore, we include FDI as a determinant of yrgatrticipation and instrument for it as
described below to allow for the endogeneity. Cstesit with the theoretic results in
equation (12), we anticipate a positive coefficiamtour instrument for FDI.

Estimating equation (22) using OLS would providadeid estimates because of the
endogeneity problems. We use instrumental varidlleestimation instead of spatial
maximum likelihood (ML) estimation for two reasofstst, IV estimation provides
consistent estimates even in the presence of Bpattarelated errors. Second, this approach
is easier to implement when dealing with the endedg of FDI. Brueckner (2003)
describes both IV and ML methodologies used imeaion of strategic interactions.

To instrument for the spatial lag and FDI, twotkssage equations must be estimated:

Y WE,=a+bY wx, +c> @z, +zd+xf +e, (24)
j#i j#i j#i
and
FDI, = 0, +Z,K+ XD WX, +P D @z, +X,0+U,. (25)
j#i j#i

The instruments for the spatial lag are the werlaleerages of all exogenous variables using
the same weights as those used to calculate thi@eldpg itself. Details on the sources and
descriptions of all variables are found in AppenBixSummary statistics and a list of
countries in the sample are reported in Table 1.isstrumented for by a set of variables

z.: trade costs, education, and investment cddtsthe second stage, the fitted values of

% Note that since we are estimating a country’d iatsound FDI flows, we do not control for paremuntry
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equations (24) and (25) are used in estimatiorgoagon (22) in place OE wE, and

j#i

FDI, .

In addition to the endogenous spatial lag and Filables, the model includes
eleven exogenous variabfsGDP, population and area control for the economic,
demographic and geographic sizes of the counf@kwing other studies, we expect to
find that large economies are likely to participgienore international agreements. On the
other hand, holding GDP constant, increasing pajoumalecreases GDP per capita. If
environmental quality (provided by increased stadsland treaty participation) is a normal
good then the income effect captured by populationld lead to a negative coefficient. The
geographic area is included for two reasons. Riratlows us to control for the population
density and second it is a proxy for the abundaficetural resources in the country.
Holding population constant, as area increaseslatpn density decreases lowering
environmental pressures and increases regulatioth®other hand, countries with more
natural resources may want to have an unrestraftéiy to exploit these resources and
therefore have more lax environmental policies.e@ithese conflicting predictions, we have

no a priori expectation regarding this sign andetyeacknowledge that our results will

estimate the net effect of geographic size.

variables as bilateral FDI flow regressions do.(Eaton and Tamura, 1994 or Blonigen and Davie8420
24 A great advantage of our approach is that we laleeta include these additional variables wheresisnple
cross-section such as the spatial probit analyd®mn et al. (2003) and Murdoch et al. (2003)warable to
since the inclusion of so many explanatory varialoleamatically reduces their degrees of freedonvelf
instead use a cross-sectional probit approachegsdin, we are similarly forced to cut some of axplanatory
variables in order to obtain results making it iregible to directly compare these results with thregerted.
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Urbanization and unemployment are included to attareze the countries’ economic
climate. Urbanized countries are likely to be miadustrialized and opt for lower regulation
to encourage higher output. This suggests a negatiefficient. Similarly, one might expect
that countries with higher unemployment are moterésted in attracting investment,
leading them to set lower standards and reducettieaity participation.

A country’s political climate is captured througaliical freedom, corruption and the
European Union (EU) dummy variables. Political éfeen comes with improved information
about environmental issues and ability of citizensnpact government policy. Hence,
presuming that citizens prefer strong environmest@hdards, political freedom should
increase treaty participation. Corrupt countriesléely viewed as not credible in the
international arena and may not be courted fotyrearticipation by other countries.
Furthermore, corrupt countries may be more isolatedlless likely to engage themselves in
any international agreements. EU countries arengod®y a major wave of harmonization in
all types of policies. It is likely that this issal true with respect to environmental policies. In
addition, these relatively wealthy countries ard\keown for their pro-environmental
stances. Therefore, we expect them, all else etpuphrticipate in more treaties.

To distinguish between coastal and landlocked cas)twe include a landlocked
country dummy variable. Inclusion of this variaidgarticularly important when analyzing
different types of treaties because landlocked tamsreceive more cross-border pollution
while coastal countries are likely relatively maencerned with sea pollution and fish.

Finally, two trade related variables are includedoort diversification and market

potential. A country with a diverse export base rolagose to engage in more environmental
21



regulation because it may be able to switch betvirdumstries easi€r. Higher market
potential, defined as the distance-weighted suotleér countries’ GDPs, acts as a proxy for
the importance of other countries as trading pastaad is inversely related to the trade cost
between a country and the world market describeddary. Thus, given the prediction of

equation (13), we anticipate a negative coeffic@nthe market potential.

V. Results

We first present the results for treaty participatin all 37 treaties by the full sample
of countries to determine the potential biases@alry omitting the spatial lag and by not
instrumenting for FDI. Then to allow for differennderlying processes in participation
decisions by treaty type we group treaties inte¢heelated to the sea and ocean pollution,
fish treaties, and air pollution treaties. Follogithis, because environmental policy
decisions by rich and poor countries may not beetrby the same motives we separately
estimate models for the OECD and non-OECD sub szsnpi addition, we examine
whether a given country’s treaty participation k@ss differently to countries in the same
income category as those outside of it. Finally,uttize several alternative specifications to
check the robustness of our results.

IV.1 Baseline Results

Table 2 begins with an initial specification with@uspatial lag or an accounting for

the endogeneity of FDI. In column (2) we instrumiemtFDI. Column (3) again treats FDI as

exogenous but adds a spatial lag. Finally, in col#) both instrument for FDI and use a

% Roberts, Parks, and Vasquez (2004) also includev#iable in their model of treaty participation.
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spatial lag. This sequence of specification allo$o examine the sensitivity of our
estimates to both the assumption of exogenous Rdtlee need for a spatial lag.

When we instrument for FDI, the sign on the FDlialle switches from positive and
statistically insignificant to negative and statiglly significant. Therefore, we find a
positive endogeneity bias on the FDI coefficientluision of the spatial lag changes the
coefficient on the market potential from positieeniegative and statistically significant.
Therefore, omission of the spatial lag affectsrttaeket potential variab®.Because both
the spatial lag and the market potential have ggaigce features, it is not surprising that the
two are related. In both cases, several coeffisiat#o changed statistical significance
relative to column (1), however since these areonotpreferred specifications, we do not
discuss these for brevity’s sake.

When both corrections are implemented by the regresnodel in column (4) there
are two key changes in the results from column-£1hoth FDI and market potential change
coefficients to negative and statistically sigrafi¢. As predicted, the spatial lag is positive
and statistically significant implying a complemanyt strategic interaction among proximate
countries’ decision to join treaties. Given theutess we find that if all other countries
(weighted by a negative function of distance) ia sample join one more treaty, that the
country in question will join 0.76 more treatieg. ithey increase their treaty participation by
less than one. This effect is a long-run effestadr by cross-sectional variation. The

negative effect of FDI on treaty participation \gd&nce contrary to our theory. This result is

% A similar result is found in Blonigen, Davies, Wiadl, and Naughton (2005) who find that when estintg
FDI patterns, omission of either the spatial lagher market potential can dramatically affect thgneated
coefficient of the other variable.
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at least in part driven by pooling data for pood aich countries and we deal with this issue
below. Consistent with the theory, the market ptiéérs negative and significant indicating
that countries closer to other markets are lesdyiito join treaties.

IV.Il Differences Among Types of Treaties

Motivations that drive treaty participation aredik to vary by the types of
environmental problems targeted by these agreememt&xample, landlocked countries are
likely relatively more concerned with air pollutidiman sea pollution. As a result, we refine
our treaty participation variable by using subsdtdhe original 37 treaties—sea treaties, fish
treaties, and air treaties.

In addition to repeating the results from Table@#fumn (4) for all treaties, Table 3
also presents the results for the three differeaity participation variables as defined above.
In each case, the spatial lag remains positivesagrdficant as our theory predicts. While the
coefficient on FDI remains negative for the sea fistdtreaties, we now find the predicted
significant positive coefficient for FDI in the daneaty participation equation. Finally, market
potential is again negative and significant for ¢gle@ and fish treaties as predicted although it
is weakly positive for air treaties.

Beyond these, our other explanatory variables shdéairly consistent pattern.
Specifically, GDP, Area, and the EU dummy are galhepositive and significant. Likewise,
population and urbanization are consistently nggadnd significant. Finally, as expected,
Landlocked is negative and significant in the fistaties regression of column (3) suggesting

that coastal economies are more likely to partieipa these agreements. Thus, there is some
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evidence of variation in the factors influencing thumber of treaties a country participates
in depending on the type of environmental issuedréaty addresses.
IV.I11 OECD vs. Non-OECD Countries

Divergence in environmental policies across rictl paor countries has been a
source of concern in the past. In line with this@@rn, environmental treaty participation is
more prevalent by OECD countries since on averdg€countries participate in nineteen
treaties while on average non-OECD countries oalyi@pate in ten. Thus, it is likely that
underlying motivations for joining treaties formi@nd poor countries may be different as
well. To examine such differences Table 4 pres#@segression results for OECD and non-
OECD countries separately.

When we split the sample, we find several diffeemnielative to the combined results
in Table 3. First, while the spatial lag is posstiand significant in the OECD results across
the board, in non-OECD regressions it is insigalffic One likely reason for this is the large
drop in the number of observations. A second reaaath one we explore in depth below, is
that this spatial lag is only within the sample, it measures the response of OECD
countries to other OECD countries and non-OECDaeses to other non-OECD countries.
If cross-group participation is important, theng@epatial lags will not capture such effects.
Furthermore, as seen below, the omission of thess-group lags may be biasing these
non-OECD coefficients towards zero.

The second difference is that, unlike the combimsdlts, FDI is almost always
positive and significant as predicted by theory.discussed by Blonigen and Davies (2004),

FDI data is skewed towards the rich OECD countéassuch, even after logging this
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variable, it can create misleading estimated coeffits when combining both rich and poor
countries. Since, after splitting the rich and poauntries into different samples our FDI
variable conforms to our predictions, it seems #@ilar issues arise in our data. The third
key difference is that, although the market potdmtains the same signs for the OECD
countries as found in the combined sample, fontre OECD countries it is positive and
significant for all, sea and air treaties equatidrigs might be the case if the non-OECD
countries use international treaty participatioappease wealthy potential trading partners.
As such poor countries with larger market poterite@ate more to gain by such overtures and
therefore participate in more treaties.

In addition to these differences, other notewodtiferences exist in our other
explanatory variables. First, OECD countries wiiljhler area tend to participate in fewer
treaties while larger non-OECD countries tend to joore treaties. So, the environmental
resources effect outweighs the population densieceassociated with the geographic area
in the non-OECD countries. Since these economeslaly more dependent on natural
resources, this is consistent with our priors. 8dcarbanization tends to reduce treaty
participation in OECD countries and increase nam-OECD countries. The correlation
between urbanization and education (which neitreenar other studies include) is fairly
high. Thus, the positive coefficient on urbanizatio non-OECD sample could be capturing
the effect of education on treaty participationoftrer difference is in the coefficient on the
freedom index. Higher civil liberties and personghts tend to increase treaty participation
among rich countries but reduce it among poor a@sitThis might be the case if citizens in

poor countries (which are on the upward sloping phthe environmental Kuznets curve)
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are more willing to sacrifice environmental quality economic growth than their
counterparts in rich countries (who are on the deamd sloping portion§ If an increase in
political freedom is indicative of government padie that better reflect the people’s wishes,
then just such a difference in coefficients wouddexpected. Fourth, while the EU countries
tended to participate in more treaties than theaaeecountry in the full sample, when
compared to OECD countries EU countries join fetneaties than the average. Fifth, a
diverse export base increases treaty participatiorch countries but reduces it in poor
countries. Again, this might arise when an increasexport diversification reflects a fall the
political influence of a given industry. In deveiog countries, exporters may prefer stronger
environmental standards because of the “environatig+ftiendly” verification this provides
their exports to developed countries. Thus, a rdorersified export base weakens the push
for such standards. In developed countries, firlesady meet many such conditions due to
other local regulations. As such, if firms couldodinate, they might aim for a general
weakening of standards. Thus, export diversificatitay reflect the inability of exporters to
coordinate and lobby for their desired level ofiemwvmental regulations, i.e. more treaties
are joined.

As noted above, the spatial lag in Table 4 is gyiteidd sum of treaty participation in
the particular sample considered. This precludeshility of poor countries to respond to

the treaty participation of rich countries and wegsa. Table 5 reintroduces this interaction

%’ The environmental Kuznets curve relates inconmottution levels. Generally, an inverted U shapiimd,
i.e. as income rises pollution initially rises aheén falls. See Graham (2000) for a discussioh@fihkages
between pollution, FDI, and the environmental Kugrairve.
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by including the spatial lag of non-OECD countriggaty participation to the OECD
equation and the spatial lag of OECD countriestipigation to the non-OECD equation.

For the OECD results in columns (1) through (4¢, tbsults are similar to those from
Table 4, i.e. we find a significantly positive OEG®DOECD spatial lag across the board.
Conversely, we find a significant non-OECD to OE§aatial lag which has a surprising
negative coefficient for the fish treaties. Thiggests that on the whole OECD countries pay
little attention to what the poorer countries doawldeciding on environmental treaty
participation. If the FDI that OECD firms are loagito attract does not even consider the
non-OECD countries as potential hosts, this rasaitld make sense. As discussed by Catrr,
Markusen, and Maskus (2001) and Blonigen, Davieg,Head (2003), FDI in the OECD
countries is generally of the horizontal type imptythat it values highly skilled workers and
access to wealthy consumers. As such, this wodleled suggest that such MNEs do not
consider the non-OECD countries as suitable hostSDI.

Turning to the non-OECD results in columns (5) tlgio (8), unlike Table 4, we now
find two significantly positive within non-OECD sua lag. Furthermore, in each
specification we find a positive OECD to non-OEQ#atal lags (for all treaties and fishing
treaties). Thus, we again find evidence of comipetibetween non-OECD countries
although the evidence is somewhat weaker. In additve find that the poorer non-OECD
countries tend to respond highly to their richerGREcounterparts. This provides further
evidence that rich and poor countries have alteraatotives to join treaties and that the
“trading partner appeasement” story above may benportant factor in poor country’s

treaty-participation decisions. This possibilityénforced by the fact that inclusion of the
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OECD spatial lag eliminates the surprising positivaket potential coefficient in two of the
four non-OECD regressions.
IV.IV Robustness Checks

It is obviously important to ask to what extent oesults are sensitive to the
econometric specifications we have chosen. Thezefothis sub-section our goal is to give
an overview of the various robustness checks we hadertaken (the results of which are
available on request). First, our model uses tieali treaty participation variable but logs
FDI, market potential, GDP, population and areas Thbecause these explanatory variables
are highly skewed. As a robustness check for thetional form chosen we estimate log of
treaty participation with the right-hand-side unehed (a log-log model) and another
specification of treaty participation without ammgbed variables (a lin-lin model). These
regressions provide qualitatively similar results.

We also estimate models with continental fixed @Heo control for regional
heterogeneity across regions. For the full sampegualitative nature of the results does not
greatly change as we continue to find significaptbgitive spatial lags, a similar pattern in
the signs of the coefficient for FDI, and a sigrafntly negative coefficient on market
potential. The sub sample regressions continubdw similarly signed coefficients to the
reported results although the coefficients areasatignificant. Specifications with country
specific trends provide less significant but t@&extent similar results both for the entire
sample and for the OECD and non-OECD sub sampiekision of the country fixed effects
does not change the results for the full sampleyialds less significant results for the sub-

samples. This suggests cross-sectional variatays@ meaningful role in our results.
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V. Conclusion

The potential inefficiencies caused by competifmmmobile firms have become a
contentious source of debate in policy, public, aoademic circles. In this paper, we present
a theoretic model that suggests that such ineffceés might be greatest among nearby
countries due to the presence of cross-bordertpmiluTherefore, the gains from cooperating
through international environmental agreementgyegatest among such countries. Using
information on environmental treaty participatiorndil countries over a twenty year period,
we find evidence that strategic interaction in emwvimental policies does indeed exist. By
using data on treaty participation, this allowsaiavoid the difficulties in comparing
environmental policies across countries. Furtheenoy using panel data, we can control for
year-specific effects and a greater number of atbatrol variables than other studies of
international treaty participation have.

The results from this estimation also yield sevether interesting results. In
particular, countries with more FDI tend to pagatie in more environmental treaties,
something not entirely expected given the beliaf thcountry’s treaty participation
discourages its inbound FDI. In addition, rich coi@s with greater market potential
participate in fewer treaties whereas poor coustnigh greater market potential participate
in more treaties. This suggests a link betweereteatt! treaty participation that potentially
indicates a need to coordinate international teegfeements with international
environmental agreements.

Finally, we find that treaty participation by ricbuntries tends to increase treaty

participation by other rich countries and by pooumtries. Poor countries’ treaty
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participation, on the other hand, tends to dratielif any response. This suggests that efforts
to expand international environmental agreementgnaguire participation of the rich
countries in order to be effective on a worldwidals. Thus, in an era when developing
nations such as India and China are rapidly becgitie world’s largest polluters, it may fall
to the wealthy western nations to take the leadethe recent withdrawal of the US from
the Kyoto agreement, our findings indicate a pa#digtbleak future for environmental
agreements. Nevertheless, our hope is that theai#g@rove useful in the developing policy

and academic debate on globalization and the emvient.
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Table 1 Summary Statistics

Variable Mean Std. Dev. Min Max

All Treaties 14.690 6.557 0 31

Sea Treaties 4,918 2.645 0 11
Fish Treaties 2.392 1.584 0 7

Air Treaties 1.506 1.057 0 3
Ln(FDI flow) 9.037 0.608 7.849 12.581
Ln(Market Potential) 8.098 1.315 4.441 10.604
Ln(GDP) 19.258 1.228 16.509 22.943
Ln(Population) 10.102 1.230 7.789 14.039
Ln(Area) 12.834 1.930 6.471 16.653
Urbanization 0.695 0.180 0.170 1.000
Unemployment 0.074 0.041 0.005 0.239
Freedom Index 9.655 2.846 0 12
Corruption 3.979 2.511 0 9

EU dummy 0.269 0.444 0 1
Landlocked 0.071 0.257 0 1
Export Diversification  0.473 0.158 0.125 0.774

Included countries (41): Argentina, Australia, AistBrazil, Canada, Chile, China, Colombia, Czech
Republic, Denmark, Ecuador, Egypt, Finland, Fra@armany, Hungary, Indonesia, Ireland, Israel,
Italy, Japan, Korea, Republic of, Malaysia, Mexibietherlands, Norway, Pakistan, Peru,
Philippines, Poland, Portugal, Russia, Singapqgpajr Sweden, Switzerland, Thailand, Turkey,

USA, United Kingdom, Venezuela.
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Table 2 Full Sample Results for All Treaties

1) 2 3 4)
No Spatial Lag, No Spatial Lag, Spatial Lag, Spatial Lag,
Exogenous FDIEndogenous FDExogenous FDEndogenous FDI

Spatial Lag 0.630*** 0.755***
(0.073) (0.068)
Ln(FDI) 0.341 -6.874*** 0.207 -0.792*
(0.317) (1.608) (0.299) (0.478)
Ln(Market Potential) 0.920*** 0.518** -0.435* -0. B3**
(0.174) (0.252) (0.226) (0.224)
Ln(GDP) 3.183*** 3.064*** 2.559*** 2.419%+*
(0.571) (0.779) (0.542) (0.552)
Ln(Population) -2.570*** -1.455* -1.615%** -1.276**
(0.555) (0.794) (0.534) (0.546)
Ln(Area) 0.800*** 1.200*** 0.351*** 0.316**
(0.116) (0.180) (0.121) (0.123)
Urbanization -1.525 -0.101 -1.704* -1.547
(2.009) (1.409) (0.950) (0.971)
Unemployment 7.959** 9.710* 7.635** 7.807**
(4.013) (5.487) (3.778) (3.853)
Freedom Index 0.357*** 0.095 0.154** 0.079
(0.079) (0.122) (0.078) (0.081)
Corruption -0.192 -0.844*** -0.299*** -0.408***
(0.122) (0.218) (0.116) (0.122)
EU dummy 3.642%** 4.441%** 2.625%** 2.530%***
(0.450) (0.637) (0.439) (0.447)
Landlocked -0.956 -0.824 -0.153 0.024
(0.630) (0.860) (0.600) (0.611)
Export Diversification -4.309** 6.786* -2.319 -0.83
(2.979) (3.601) (1.877) (1.996)
Constant -45.496*** 6.978 -31.243*** -21.347***
(5.919) (13.862) (5.810) (6.492)
Observations 635 635 635 635
R-squared 0.78 0.58 0.80 0.79

Standard errors in parentheses, *** p<0.01, ** B&).* p<0.1
All specifications also include year-specific dumwariables.
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Table 3 Full Sample Results for Different Treaties

1) (2) (3) (4)
All (37) Sea (12) Fish (10) Air (3)
Spatial Lag 0.755%** 1.031*** 0.564*** 0.783***
(0.068) (0.120) (0.080) (0.064)
Ln(FDI) -0.792* -0.483 0.194 0.132%**
(0.478) (0.306) (0.164) (0.047)
Ln(Market Potential) -0.758**  -0.810***  -0.219*** 0.038*
(0.224) (0.146) (0.063) (0.022)
Ln(GDP) 2.419%** 1.304*** 0.701*** 0.214%**
(0.552) (0.351) (0.188) (0.054)
Ln(Population) -1.276** -0.579* -0.566***  -0.292***
(0.546) (0.348) (0.183) (0.054)
Ln(Area) 0.316** -0.111 0.141%** 0.050%***
(0.123) (0.081) (0.039) (0.012)
Urbanization -1.547 -1.264** -0.175 -0.661***
(0.971) (0.634) (0.334) (0.098)
Unemployment 7.807** 1.537 3.145** 0.700*
(3.853) (2.470) (2.323) (0.376)
Freedom Index 0.079 -0.053 -0.007 0.002
(0.081) (0.052) (0.028) (0.008)
Corruption -0.408*** -0.173** -0.031 0.005
(0.122) (0.080) (0.042) (0.012)
EU dummy 2.530*** 1.408*** 0.688*** 0.021
(0.447) (0.286) (0.151) (0.042)
Landlocked 0.024 0.455 -0.541** 0.087
(0.611) (0.394) (0.212) (0.058)
Export Diversification -0.430 -0.187 0.679 0.266
(1.996) (1.267) (0.683) (0.191)
Constant -21.347*** -5.874 -0.045%**  -2,942%**
(6.492) (4.032) (2.176) (0.683)
Observations 635 635 635 635
R-squared 0.79 0.48 0.59 0.93

Standard errors in parentheses, *** p<0.01, ** B&).* p<0.1
All specifications also include year-specific dumwariables.
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Table 4 OECD and Non-OECD Results for Different Traties

OECD Non-OECD
1) (2) 3) (4) (5) (6) (7) (8)
All (37) Sea (12) Fish (10) Air (3) All (37) S¢€h2) Fish (10) Air (3)
Spatial Lag 0.609***  0.474**  (0.293*** (.759*** 0136 -0.174 0.034 0.267
(0.138) (0.154) (0.100) (0.134) (0.118) (0.136) 0.143) (0.165)
Ln(FDI) 0.365 -0.366 0.711**  0.196*** 1.914** 169**  0.708**  0.409***
(0.380) (0.235) (0.167) (0.046) (0.837) (0.547) 0.271) (0.125)
Ln(Market Potential) -1.545%* -1.073** -0.795** (.152*** 1.700*** 0.369** 0.126 0.180***
(0.185) (0.111) (0.082) (0.023) (0.276) (0.181) 0.009) (0.041)
Ln(GDP) 4.411** 2 593%** 0.529* 0.180** 1.426 -009 1.838*** -0.227*
(0.717) (0.435) (0.319) (0.084) (0.891) (0.573) 0.200) (0.132)
Ln(Population) -5.236*** -3,120*** -0.834** -0.310* -1.591** 0.008 -1.291%** -0.046
(0.772) (0.477) (0.344) (0.090) (0.682) (0.428) 0.280) (0.101)
Ln(Area) -1.017** -0.581** -0.378**  (0.034** 1.3H2*** 0.369*** 0.117* 0.123***
(0.140) (0.087) (0.061) (0.017) (0.199) (0.130) 0.063) (0.029)
Urbanization -3.963***  -3,137** -3.144** -1.017** 3.205* 2.524* 0.843* 0.095
(1.384) (0.880) (0.613) (0.164) (1.616) (0.982) 0.5¢0) (0.217)
Unemployment 12.451** -6,109**  9,900*** 0.273 12.732** 19.175**  0.974 -0.196
(3.867) (2.347) (1.710) (0.451) (6.001) (3.850) 1.908) (0.921)
Freedom Index 0.295* 0.082 -0.187***  0.057*** -@2** -0.122** -0.035 0.010
(0.161) (0.101) (0.072) (0.019) (0.090) (0.058) 0.0£8) (0.012)
Corruption -0.125 0.120 -0.446***  (0.033** 0.020 051 0.240***  0.053**
(0.140) (0.084) (0.061) (0.016) (0.164) (0.099) 0.063) (0.024)
EU dummy -1.313*** 0.012 -0.389**  -0.099**
(0.411) (0.247) (0.180) (0.048)
Landlocked -4.908***  -2.654** -1.321** -0.184*** 2.882** 2.054** -0.694 0.289
(0.554) (0.321) (0.239) (0.060) (1.429) (0.882) 0.467) (0.238)
Export Diversification 26.463*** 14,329*** 9.056***  (0.773*** -9.123*** -2.817 -3.429***  0.969*
(2.473) (1.505) (1.093) (0.289) (2.972) (1.908) 0.970) (0.443)
Constant -19.860*** -2.819 4.780 -4.097*** -49.417*** -17.723***-28.618**  -2.401*
(7.359) (4.569) (2.979) (0.790) (9.580) (6.211) 3.1R9) (1.436)
Observations 373 373 373 373 262 262 262 262
R-squared 0.83 0.67 0.63 0.94 0.84 0.64 0.64 0.88

Standard errors in parentheses, *** p<0.01, ** B&).* p<0.1 All specifications also include yeaesjfic dummy variables.
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Table 5 OECD and Non-OECD Results with Different Stategic Interaction Responses

OECD Non-OECD
(1) (2) (3) (4) (5) (6) (7) (8)
All (37) Sea (12) Fish (10) Air (3) All (37) Séh2) Fish (10) Air (3)
Spatial Lag 0.500***  0.530***  0.247**  0.759*** 0.94* -0.039 0.263* 0.072
(0.151) (0.165) (0.098) (0.134) (0.111) (0.130) 0.187) (0.128)
Non-OECD Spatial Lag -0.150 0.145 -1.408*** 0.026
(0.114) (0.177) (0.437) (0.053)
OECD Spatial Lag 0.826***  1.579**  2.047**  NI3***
(0.159) (0.305) (0.343) (0.153)
Ln(FDI) 0.176 -0.216 0.520***  0.202*** 1.117 0.790  0.113 0.179*
(0.433) (0.279) (0.170) (0.051) (0.768) (0.508) 0.267) (0.097)
Ln(Market Potential) -1.559*** -1.059*** -0.857*** (.153*** 1.046*** -0.079 -0.057 0.032
(0.184) (0.112) (0.082) (0.023) (0.285) (0.189) 0.004) (0.035)
Ln(GDP) 4.144%** 2 672%** 0.330 0.184** 1.597* 0ar 2.010***  -0.190*
(0.742) (0.446) (0.319) (0.084) (0.842) (0.548) 0.268) (0.105)
Ln(Population) -5.000%** -3.195***  -0.523  -0.314*** -2.091**  -0.271  -1.646***  -0.100
(0.793) (0.485) (0.350) (0.091) (0.651) (0.413) 0.2R0) (0.080)
Ln(Area) -0.963*** -0.602*** -0.320***  0.031* 1.2B**  0.262** 0.093 0.083***
(0.149) (0.090) (0.062) (0.018) (0.190) (0.125) 0.0868) (0.024)
Urbanization -4.235%%*  -3,159***  _3.237*** -1.022** 2.691* 2.111%* 0.434 0.058
(1.394) (0.881) (0.601) (0.164) (1.527) (0.941) 0.474) (0.174)
Unemployment 11.531*** -6.090**  8.537*** 0.307 8.234 16.084***  0.552 -0.769
(3.907) (2.355) (1.728) (0.458) (5.741) (3.733) 1.888) (0.737)
Freedom Index 0.291* 0.082 -0.140*  0.058*** -0.270 -0.158*** -0.070*** 0.009
(0.160) (0.101) (0.072) (0.019) (0.085) (0.055) 0.026) (0.010)
Corruption -0.133 0.121 -0.454**  0.032* 0.163 PS5l 0.311*** 0.066***
(0.139) (0.084) (0.060) (0.016) (0.157) (0.096) 0.061) (0.019)
EU dummy -1.160***  -0.020 -0.350**  -0.103**
(0.426) (0.250) (0.176) (0.049)
Landlocked S4.775%*  -2.713%*  -1.196%** -0.195*** -0.252 0.184 -1.711%*  -0.349*
(0.563) (0.329) (0.238) (0.065) (1.486) (0.921) 0.468) (0.202)
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OECD Non-OECD

(1) (2) ) (4) (5) (6) (7) (8)
All (37) Sea(12) Fish (10) Air (3) All (37) S¢a2) Fish (10)  Air (3)
Export Diversification 26.567%* 14.141%* 9.010"* 0.765"* -8540* 2564  -2.842%* 1.050**
(2.465)  (1.514)  (1.066)  (0.292) (2.808)  (1.825) 0.806)  (0.353)
Constant -14.242* 5015  6.863* -4.163***  -35301 -8.807 -21.850** 0.888
(8.527)  (5.198)  (2.982)  (0.816) (9.212)  (6.031) 3.0(3)  (1.159)
Observations 373 373 373 373 262 262 262 262
R-squared 0.84 0.67 0.65 0.94 0.86 0.68 0.70 0.93

Standard errors in parentheses, *** p<0.01, ** @&).* p<0.1 All specifications also include yeaesfic dummy variables.
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Appendix A—Included Treaties

Year of

Treaty Type Signature Parties

1 Agreement for the Establishment of the Indian@dc€una Fish 1993 15
Commission

2 Agreement for the Implementation of the Provisiofithe Fish 1995 23
United Nations Convention on the Law of the Seatinag) to
the Conservation and Management of Straddling Steloks
and Highly Migratory Fish Stocks

3 Agreement to Promote Compliance with Internationa Fish 1993 10
Conservation and Management Measures by Fishingel&es
on the High Seas

4 Convention for the Conservation of Antarctic Seal 1972 16

5 Convention for the Protection of the Ozone Layer Air 1985 172

6 Convention for the Regulation of Whaling Fish 193 26

7 Convention for the Regulation of the Meshes shffig Nets  Fish 1946 14
and the Size Limits of Fish

8 Convention on Biological Diversity 1992 176

9 Convention on Fishing and Conservation of therigv Fish 1958 37
Resources of the High Seas

10 Convention on International Trade in Endangereciggeof 1973 148
Wild Fauna and Flora

11 Convention on Long-Range Transboundary Air Pollutio Air 1979 44

12 Convention on Wetlands of International Importance 1971 116
especially as Waterfowl Habitat

13 Convention on the Conservation of Antarctic Mariing Fish 1980 29
Resources

14 Convention on the Conservation of Migratory Speoieg/ild 1979 60
Animals

15 Convention on the Continental Shelf 1958 57

16 Convention on the Control of Transboundary Moversexit 1989 132
Hazardous Wastes and their Disposal

17 Convention on the High Seas Sea 1958 62

18 Convention on the Prevention of Marine Pollution by Sea 1972 77
Dumping of Wastes and Other Matter

19 Convention on the Prohibition of Military or anyhetr Hostile 1976 66
Use of Environmental Modification Techniques

20 Convention placing the International Poplar Cominiss 1959 36
within the Framework of the Food and Agriculture
Organization of the United Nations

21 International Convention for the Conservation ofAtic Fish 1966 24
Tunas

22 International Convention for the Prevention of Btiin from Sea 1973 25
Ships ( MARPOL )

23 International Convention for the Prevention of Btiin from Sea 1978 89
Ships ( MARPOL ) - Annex lll: Hazardous substancasied
in packaged form

24 International Convention for the Prevention of Btiin from Sea 1978 73
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Year of

Treaty Type Signature Parties
Ships ( MARPOL ) - Annex IV: Sewage

25 International Convention for the Prevention of Bitin from Sea 1973 91
Ships ( MARPOL ) - Annex V: Garbage

26 International Convention for the Prevention of Btiin of the  Sea 1954 24
Sea by Oil 1962 and 1969

27 International Convention for the Protection of Bird 1950 10

28 International Convention for the Regulation of Whgl Fish 1946 38

29 International Convention on Civil Liability for Oiollution Sea 1969 69
Damage

30 International Convention on Oil Pollution Preparesk Sea 1990 41
Response and Co-operation

31 International Convention on Salvage Sea 1989 26

32 International Convention relating to Interventiamtbe High Sea 1969 72
Seas in Cases of Oil Pollution Casualties

33 International Convention to Combat Desertificatiothose 1994 157
Countries Experiencing Serious Drought and or
Desertification

34 Joint Convention on the Safety of Spent Fuel Mansage ant 1997 9
on the Safety of Radioactive Waste Management

35 United Nations Convention on the Law of the Sea h&&dea 1982 130

36 United Nations Framework Convention on Climate Qjgn Air 1992 180

37 International Plant Protection Convention 1951 910
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Appendix B—Data Description and Sources

Variable Description Source

Treaty participation Number of treaties to whicboaintry is a party CIESIN

Ln(FDI) Log of [FDI flow —minimum FDI flow + 1 ], vaere FDI flow is in constant $millioi8. UNCTAD (FDI Database)
Ln(GDP) Log of GDP ($, constant) Heston et al., 2002 (PWT 6.1)
Ln(Population) Log of population (in 1,000s) Heston et al., 2002 (PWT 6.1)
Ln(Area) Log of area World Bank (WDI 2004)

Urbanization
Unemployment
Freedom Index

Corruption
EU dummy
Landlocked

Urban population (% of total) World Bank (WDI 2004)
Unemployment (% of total labor force) World Bank (WDI 2004)
14-(CL+PR), where CL is the civiklitles index and PR is the political rights index.Freedom House

CL and PR vary between 1 and 7 and higher numhdrsate lower freedom.

1-CPI, where CPI is the corruption petimans index, which decreasing in corruption.
European Union dummy

Tarency International
Generated by authors

Landlocked country dummy CEPII
Export Diversification 1-DI, where Dl is the expaiiversification index with higher numbers indicefi UNCTAD (Handbook of
narrower export base. Statistics)

Ln(Market Potential)

standardized version of the one used in constmuctidhe spatial lag.

Distance weighted averagetb&pcountries’ GDP, matrix of weights is the non+ GDP from Heston et al., 2002,

distances from CEPII

Instruments for FDI:

Ln(Trade Costs)

Ln(Education)

Ln(Investment Costs)

1 Exports + Import Heston et al., 2002 (PWT 6.1
Log of Trade Costs=———— ports ports ( )

Openness Real GDP
Log of average years of schoolingtfamse over age 25. (Data every five years, withBarro and Lee (1996)
linear interpolation by authors for in-between wear
Log of measure of businesg@mwment risk. Composite measure of operations risk Business Environment Risk
index, political risk index and remittance and tejpéion factor index. Intelligence S.A.

, whereOpenness =

% The FDI flow is negative for some observationsistto avoid dropping these in the log specificatienscale up the variable.
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