
University of Montana University of Montana 

ScholarWorks at University of Montana ScholarWorks at University of Montana 

Graduate Student Theses, Dissertations, & 
Professional Papers Graduate School 

2015 

Why Do Countries Cooperate? The Effect of Cross-Border Why Do Countries Cooperate? The Effect of Cross-Border 

Pollution Pollution 

Eric D. Johnson 

Follow this and additional works at: https://scholarworks.umt.edu/etd 

 Part of the Econometrics Commons, Environmental Studies Commons, and the International 

Economics Commons 

Let us know how access to this document benefits you. 

Recommended Citation Recommended Citation 
Johnson, Eric D., "Why Do Countries Cooperate? The Effect of Cross-Border Pollution" (2015). Graduate 
Student Theses, Dissertations, & Professional Papers. 4468. 
https://scholarworks.umt.edu/etd/4468 

This Thesis is brought to you for free and open access by the Graduate School at ScholarWorks at University of 
Montana. It has been accepted for inclusion in Graduate Student Theses, Dissertations, & Professional Papers by an 
authorized administrator of ScholarWorks at University of Montana. For more information, please contact 
scholarworks@mso.umt.edu. 

https://scholarworks.umt.edu/
https://scholarworks.umt.edu/etd
https://scholarworks.umt.edu/etd
https://scholarworks.umt.edu/grad
https://scholarworks.umt.edu/etd?utm_source=scholarworks.umt.edu%2Fetd%2F4468&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/342?utm_source=scholarworks.umt.edu%2Fetd%2F4468&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/1333?utm_source=scholarworks.umt.edu%2Fetd%2F4468&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/348?utm_source=scholarworks.umt.edu%2Fetd%2F4468&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/348?utm_source=scholarworks.umt.edu%2Fetd%2F4468&utm_medium=PDF&utm_campaign=PDFCoverPages
https://goo.gl/forms/s2rGfXOLzz71qgsB2
https://scholarworks.umt.edu/etd/4468?utm_source=scholarworks.umt.edu%2Fetd%2F4468&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:scholarworks@mso.umt.edu


!

!

 

 

WHY DO COUNTRIES COOPERATE? THE EFFECT OF CROSS-BORDER POLLUTION  

 

By 

ERIC DAVID JOHNSON 

B.A., Anthropology, University of Montana, Missoula, Montana, 2011 
 
 

Thesis 

presented in partial fulfillment of the requirements 
for the degree of 

 
Master of Arts 
in Economics,  

 
The University of Montana 

Missoula, MT 
 
 

May 2015 
 

Approved by: 
 

Dr. Sandy Ross, Dean of The Graduate School 
Graduate School 

 
Dr. Helen Naughton, Chair 
Department of Economics 

 
Dr. Katrina Mullan 

Department of Economics 
 

Dr. Daniel Spencer 
Department of Environmental Studies 

 



!

!

ii!

ii!

 

Johnson, Eric D., M.A., May 2015       Economics 

Why do countries cooperate? The effect of cross-border pollution  
 
Chairperson: Dr. Helen Naughton 

Abstract!!

!

As evidence regarding the consequences of climate change grows, the need to act cooperatively 
becomes increasingly apparent. International environmental agreements are one of many means 
being pursued to improve environmental management and combat climate change at large. This 
study examines factors that influence international environmental treaty participation among 
European countries. Using panel data on 35 European countries for 1980-1999, joint treaty 
participation is estimated as a function of various globalization variables with specific attention 
given to the effects of cross-border air pollution, foreign direct investment, and trade. These 
results suggest that cross-border air pollution does increase cooperation even after controlling for 
distance between countries. Specifically, these results suggest that countries that receive more 
cross-border pollution from another country (than they themselves send there) are more likely to 
jointly ratify environmental treaties with that country.  !
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Chapter!1:!Introduction!

 

Globalization improves the lives of many, whether through access to better 

economic opportunities, education, healthcare, or political systems. Yet it also harms the 

lives of many, and there is much debate about its social, economic, and environmental 

implications. One element of this debate concerns the effect of increased international 

commerce on the environment. Central to the relationship between international 

commerce and the environment are the implications of competition in environmental 

policy for foreign direct investment (FDI). As firms become mobile, competition between 

host countries can lead to sub-optimal emissions taxes. As discussed by Rauscher (1995, 

1997), if firms seek to avoid emissions taxes (the “pollution haven effect”), governments 

may respond by lowering emissions taxes in order to attract FDI (the “race to the 

bottom”). This inefficiency creates incentive to coordinate environmental standards across 

countries, which can increase emissions tax rates and lower worldwide pollution levels 

(Davies and Naughton 2014). Set in this context, international environmental agreements 

(IEAs) may play an important role in shaping economic and environmental outcomes.   

This study examines the effects of cross-border air pollution and international 

commerce on joint environmental treaty participation among European countries. I use 

regression analysis to answer the question, how does cross-border air pollution of sulfur 

oxides and nitrogen oxides affect joint environmental treaty participation between 

countries? Using panel data on European country pairs, this study estimates treaty 
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participation as a function of various globalization variables, with specific attention 

given to the effects of cross-border air pollution, FDI, and trade on treaty participation.  

While previous studies have considered international competition in environmental 

policy and others have examined the relationship between FDI and the environment, few 

have fully integrated these two ideas. This paper provides an empirical contribution 

towards filling this gap. Furthermore, while other studies have examined factors that 

influence environmental treaty participation by individual countries, none have used cross-

border air pollution data to study cooperation between countries via joint environmental 

treaty participation.1 By using data on country pairs, this study is able to focus on factors 

that drive environmental cooperation between countries as opposed to treaty participation 

by individual countries. Understanding the incentives behind joint treaty participation can 

provide insight regarding the contentious relationship between globalization and the 

environment, particularly with respect to the roles of international commerce and 

environmental policy. 

The remainder of this paper proceeds as follows. Chapter 2 discusses the 

relationship between globalization, climate change, and international environmental 

agreements. Chapter 3 reviews theoretical and empirical literature on IEA effectiveness 

and participation, and discusses a theoretical model of pollution tax competition. Chapter 

4 describes the empirical approach and data used. Chapter 5 discusses empirical results, 

and Chapter 6 concludes and discusses possibilities for future research. In Chapter 7, I 

offer additional comments on the relationship between international commerce and the 
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
1 Roberts et al. (2004) and Egger et al. (2011) estimate models determining treaty participation by 
individual countries, but neither of theses studies allow for strategic interactions between 
countries. 
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environment within the context of globalization and climate change, as well as make 

suggestions as to what can be done—beyond participation in environmental agreements—

to address climate change and other social, economic, and environmental issues within 

this context. 
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Chapter!2:!Globalization!and!the!Environment:!the!case!for!IEAs!

 

2.1!Global!Pollution!and!Climate!Change!!
!

In Making Globalization Work, former chief economist at the World Bank and 

Nobel Prize winning economist Joseph Stiglitz (2006, 161) suggests that “the world is 

currently engaged in a grand experiment, studying what happens when you release carbon 

dioxide and certain other gases into the atmosphere in larger and larger amounts.” We 

have never done this before, and there is consensus among scientists that human-driven 

climate change is well outside the earth’s natural range of climate variability (IPCC 2007). 

Global warming stems from the phenomenon that when sunlight hits the earth’s surface it 

is reflected back into the atmosphere and absorbed by naturally present gases, including 

carbon dioxide. This trapped sunlight heats the atmosphere and the earth’s surface, 

creating a ‘greenhouse effect.’ Without these gases it is estimated that the earth’s 

temperature would be approximately 30 to 40 degrees Celsius cooler and the planet could 

not sustain life as we know it (IPCC 2007).2 While this natural warming process is needed 

for life on earth, human activity disrupts the level of greenhouse gases (GHGs) in the 

atmosphere, which increases global warming and contributes to climate change.  

Combatting climate change has become a global priority, and as such, a wide range 

of actions is being taken to mitigate its causes and develop solutions.  Anthropogenic 

emissions and other sources of environmental degradation can be addressed, in part, 

through international environmental agreements. For example, the Kyoto Protocol and 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
2 To preserve our planet as we know it, scientists argue we must reduce the amount of carbon dioxide in the 
atmosphere from its current levels of 400 parts per million to below 350 ppm (McKibben 2007).  
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Montreal Protocol set targets for emissions of GHGs and other harmful substances such 

as chlorofluorocarbons and hydrofluorocarbons. These treaties address emissions 

reductions as well as carbon capture and sequestration. Although forests and oceans are 

natural carbon sinks, rising temperatures reduce their ability to sequester carbon (EPA 

2014a). This creates a positive feedback loop—global warming reduces the capacity of 

carbon sinks, which increases carbon dioxide levels in the atmosphere, which in turn leads 

to more global warming. Climate change is thought to be driven by many positive 

feedback loops. This process has far-reaching consequences and international 

environmental agreements are one of the means by which countries attempt to address 

them.   

 

2.2!Local!and!Regional!Pollution!
!

While much of the research and debate about climate change focuses on carbon 

dioxide levels in the atmosphere, it is also important to study local and regional air 

pollutants such as sulfur oxides and nitrogen oxides. Doing so can provide insight 

regarding factors that may influence strategic interaction between countries. Sulfur oxides 

(SOX) refer to many types of sulfur and oxygen containing compounds, including sulfur 

dioxide. In air pollution, sulfur dioxide is a toxic gas released by various industrial 

processes, including coal-fired power plants, and produced naturally by volcanoes (EPA 

2014b). Nitrogen oxides (NOX) refer to nitrogen and oxygen containing compounds, 

specifically nitrogen dioxide and nitric oxide. NOX is a byproduct of combustion, such as 

by automobile engines and fossil fuel power plants, and is also produced naturally during 
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the electrical discharges of lightning (EPA 2014c). Together, SOX and NOX are 

byproducts of industrial production that react with water molecules and other compounds 

in the atmosphere to form smog and acid rain. These pollutants can travel great distances, 

affecting the country of origin and other countries as well.   

The cross-border nature of SOX and NOX emissions provides grounds for countries 

to strategically interact via environmental treaties. Three international environmental 

agreements are in place to control SOX and NOX emissions.3 The 1985 Helsinki Protocol is 

a protocol to the Convention on Long-Range Transboundary Air Pollution to regulate SOX 

emissions. It required a 30 percent reduction of the 1980 SOX emissions by 1990 and a 50 

percent reduction by 1993 for participating countries. The 1994 Oslo Protocol 

supplements the Helsinki Protocol by setting individual SOX reduction targets for each 

country and a longer timeline—extending the target dates from 2000 to 2010. Regarding 

NOX emissions, the 1988 Sofia Protocol called for participating countries to reduce their 

emissions to 1987 levels by 1994, and provided other guidelines for controlling emissions. 

Although these agreements were written and signed at international meetings, countries 

are not bound by an agreement until they ratify it. Moreover, countries may withdraw 

from ratified agreements without legal consequence, which makes studying the incentives 

behind treaty participation all the more important. Examining the relationship between 

international commerce and the environment is one mean of doing so. 

 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
3 Additional information on the environmental agreements used for the empirical analyses in this 
study can be found in Appendix A and Appendix B. 
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2.3!International!Commerce!and!the!Environment!
!

Globalization allows countries to strategically interact—whether in response to 

transboundary environmental issues, through international commerce, or otherwise. One 

of the largest players influencing the nature of globalization—and the relationship with the 

environment—is the transnational corporation (TNC). While household names like Wal-

Mart, Apple, Exxon-Mobil, and General Electric are some of the world’s most visible 

TNCs, there are thousands of TNCs and hundreds of thousands of affiliates operating 

across the globe. Between 1970 and 2007, the number of TNC parent firms increased 

more than tenfold from about 7,000 to over 79,000, with nearly 800,000 foreign affiliates 

(UNCTAD, 2008). These firms make up approximately one-tenth of world GDP and one-

third of total world exports (Clapp and Dauvergne 2011). Growth in the number of TNCs 

has also translated into rising FDI, which is investment made by a corporation in a home 

country into a host country. FDI flows have expanded rapidly from $82 billion in 1982 to 

a peak of $2.3 trillion in 2007 prior to the global financial crisis. In 2008, global FDI 

flows were approximately $1.8 trillion (Clapp and Dauvergne 2011). Like international 

trade, FDI can play a crucial role regarding how international commerce affects 

environmental management issues. 

Economic literature on the relationship between international commerce and the 

environment came in two waves, with an initial surge in the 1970s and renewed interest in 

the 1990s, which was fueled by policy debates over the North American Free Trade 

Agreement (NAFTA) and the Uruguay Round of GATT negotiations. A main concern 

expressed in early work was that reducing barriers to trade and FDI would lead to 
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industrial flight from rich to poor countries as well as the creation of pollution havens in 

countries with lower environmental standards (Baumol 1971; Siebert 1977). Industrial 

flight occurs when a country raises its environmental standards, which then triggers the 

relocation of industry and FDI to countries with lower standards. Pollution havens arise 

when a country sets inefficiently low environmental standards in order to attract FDI, 

which leads industry to relocate and save on production costs. Pollution havens and 

industrial flight are thus two sides of the same coin. Together they can cause a ‘regulatory 

chill,’ which occurs when countries fail to raise environmental standards for fear of losing 

out on trade and investment opportunities (Clapp and Dauvergne 2011). For example, 

governments could tailor their emissions tax policies to attract FDI, which may come at 

the expense of their environment. These issues can leave countries with weak political 

institutions and domestic economies particularly vulnerable to environmental and labor 

abuses. Further discussion of the relationship between international commerce and the 

environment can be found in Chapter 7. 

A related body of literature examines international environmental treaty 

participation among countries. Much of this literature focuses on the incentives for 

countries to cooperate via environmental treaties while other literature examines treaty 

effectiveness as opposed to participation. The next chapter discusses theoretical and 

empirical work on IEA effectiveness and participation, as well as a theoretical model of 

pollution tax competition.  
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Chapter!3:!Literature!Review!!

 

3.1!Introduction!
!

This chapter discusses theoretical and empirical work on IEA effectiveness and 

participation. I begin by discussing the economic theory of environmental agreements and 

empirical work on IEA effectiveness. I then discuss theoretical literature on IEA 

participation—including a theoretical model of emission tax competition—which together 

provides a theoretical basis for countries to cooperate via IEAs. Finally, I discuss 

empirical work on IEA participation with specific attention given to the roles of 

international commerce and cross-border air pollution as determinants of participation.  

 

3.2!IEA!Effectiveness:!Theory!and!Evidence!
!

 In economic theory, the environment is often characterized as a common resource. 

This classification can create a prisoners’ dilemma and subsequently a tragedy of the 

commons in which the actions of self-interested individuals ultimately leads to the abuse 

of the common resource in question. While environmental agreements seek to combat 

such abuses, enforcing them can be difficult due to the prisoners’ dilemma associated with 

IEA participation. Much of the literature on IEA participation focuses on the incentives 

for countries to cooperate via IEAs, while other literature examines treaty effectiveness as 

opposed to participation. Most theoretical economic models on treaty effectiveness 

suggest that IEAs fail at reducing emissions below business-as-usual levels (Barrett 

1994a, 1997; Carraro and Siniscalco 1993; Finus and Maus 2008). This is largely due to 
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the voluntary nature of IEAs, their lack of enforceability, and the free rider problem 

associated with other countries’ abatement efforts (Egger at al. 2011; Kellenberg and 

Levinson 2014).  

Empirical work on IEA effectiveness provides mixed support for these theories.4 

Among studies that employ multiple regression analysis regarding the effectiveness of the 

Helsinki, Oslo, and Sofia Protocols, Murdoch et al. (1997) found that the Helsinki 

Protocol helped lower sulfur emissions but the Sofia Protocol did not affect NOX 

emissions.5 Murdoch et al. (1997) used a spatial lag model for data on 25 European 

countries from 1980-1990. In contrast, Naughton (2010) found no effect of the Helsinki or 

Oslo Protocols on sulfur emissions but found that the Sofia Protocol was effective at 

reducing NOX emissions in Europe. Naughton (2010) also used a spatial lag model using 

two-stage least squares as well as year and country fixed effects for 16 European countries 

from 1980-2000. Maddison (2006) found that both the Helsinki and Sofia Protocols 

decreased per capita emissions for countries that ratified the treaties. Maddison (2006) 

used OLS and a spatial mixed model for data on 135 countries from 1990-1995.  

Other studies that use multiple regression analysis also find varying degrees of 

effectiveness for the Helsinki, Oslo, and Sofia Protocols. Using OLS, fixed effects, and 

random effects for 19 European countries from 1980-1994, Ringquist and Kostadinova 

(2005) found that the Helsinki Protocol had no effect on sulfur emissions reduction in 

Europe. Similarly, Aakvik and Tjøtta (2011) use a difference-in-difference model on data 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
4 See Houghton and Naughton (2014) for a detailed review of empirical literature on IEA 
effectiveness. !
5 The Helsinki and Oslo Protocols regulate sulfur emissions in Europe while the Sofia Protocol 
regulates NOX emissions. 
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for 30 European countries from 1960-2002 to provide empirical evidence that neither 

the Helsinki nor Oslo Protocols are effective at reducing emissions once country-specific 

trends are taken into consideration. In contrast, Bratberg et al. (2005) find evidence that 

the Sofia Protocol increased NOX emissions reduction by 2.1%, using a difference-in-

difference model for 23 European countries from 1980-1996. Other studies reviewed by 

Houghton and Naughton (2014) and reported in Table A3 of Appendix A employ trend 

analyses to evaluate IEA effectiveness. Although each of the five studies evaluates a 

different IEA, all found evidence that IEAs are successful. See Appendix A for more 

information on empirical work on IEA effectiveness. Table A1 lists IEAs that have been 

evaluated by empirical studies, while Tables A2 and A3 outline empirical studies that 

employ multiple regression and trend analyses, respectively. 

Clearly, empirical work on IEA enforcement provides mixed support for economic 

theories about IEA effectiveness. Kellenberg and Levinson (2014), who found that the 

Basel Convention on the Control of Transboundary Movements of Hazardous Wastes and 

Their Disposal was ineffective at reducing waste shipments among countries, argue that 

studying treaty effectiveness is challenging for a number of reasons. First, it is often the 

case that limited data are available from before IEAs were enacted, which limits 

researchers’ ability to make before-and-after comparisons to evaluate treaty effectiveness. 

It is also difficult to measure counter-factual outcomes; that is, it is difficult to say what 

would have happened without a treaty in place. Regardless of IEA effectiveness, however, 

countries continue to enter into IEAs across the globe with countries having negotiated 

more than 1,200 multilateral environmental agreements, 1,500 bilateral environmental 
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agreements, and nearly 250 other environmental agreements (Mitchell 2002-2008). The 

surge in IEA membership is at odds with economic theory on IEA effectiveness, so the 

question remains as to why countries continue to participate.  

 

3.3!IEA!Participation:!Theory!and!Evidence!
!

In contrast to evaluating treaty effectiveness, a related body of literature focuses on 

the incentives for countries to participate in IEAs. Many of these incentives are related to 

international commerce—specifically foreign direct investment (FDI) and trade—and 

cross-border pollution between countries. Research by Rose and Spiegel (2009) suggests 

that membership in IEAs has surged because joining an IEA acts as a signaling effect for 

other forms of cooperation, particularly with respect to economic exchange. They 

hypothesize that countries are more willing to voluntarily submit to potentially costly 

environmental regulations if such participation can influence other outcomes such as 

membership in trade, investment, or political agreements. They employ a cross-sectional 

gravity model to test this theory empirically, and find that participation in IEAs is 

positively associated with the international exchange of assets. Using a sample of 221 

country pairs from 2001 to 2003, Rose and Spiegel (2009) find evidence of increased 

cross-holdings of assets by country pairs if a bilateral environmental agreement is in place. 

That is, country pairs may raise bilateral capital flows if they are participating in a 

bilateral environmental agreement. If the country pair has a joint interest in the 

environment, then they should be able to maintain high levels of cross-holdings of assets, 

which can be reduced if one of the countries violates the IEA. Moreover, their research 
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suggests this result is consistent when both bilateral and multilateral environmental 

agreements are in place, which supports the idea that positive spillovers exist between 

environmental cooperation via joint IEA ratification and economic exchange.  

Egger et al. (2011) reach a similar conclusion about the relationship between 

international commerce and environmental cooperation. They focus on the role of a 

country’s international openness through trade and investment policies as indicators of 

participation in IEAs. Their findings support the theory that trade and investment 

liberalization increase IEA participation. In particular, they find that wealthier countries 

with a stronger leaning toward trade and investment liberalization are more likely than 

other countries to submit themselves to voluntary environmental standards—including 

emissions reduction—through membership in IEAs. However, their model does not 

consider strategic interactions between countries by way of joint treaty participation by 

country pairs, as they focus on whether openness to trade and investment liberalization are 

determinants of treaty participation by individual countries.  

Other literature examines whether states or countries experiencing cross-border 

pollution have incentive to cooperate to reduce environmental degradation (Fredriksson 

and Millimet 2002; Fredriksson et al. 2004; Levinson (2003); Davies and Naughton 2014). 

Of the studies that use panel data, Fredriksson and Millimet (2002), Fredriksson et al. 

(2004), and Levinson (2003) find evidence that US states compete in environmental 

policy. Davies and Naughton (2014) employ a comparable empirical approach but use 

international data to examine the effect of cross-border pollution on international 

environmental treaty participation. While Davies and Naughton (2014) use weighting 
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schemes that decline in distance to proxy for cross-border pollution, the empirical 

model in this study uses pollution transfer coefficients to estimate joint treaty participation 

as a function of cross-border pollution and other explanatory variables.6 Whereas distance 

is constant and symmetric between countries and is only a proxy for air pollution 

spillovers, the pollution transfer coefficient measures actual pollution spillover and 

accounts for the asymmetric nature of cross-border pollution between countries.7 Similar 

to Davies and Naughton (2014), this study also considers competition for capital in 

relation to environmental treaty participation. This approach is informed by Davies and 

Naughton’s (2014) theoretical model of emissions tax competition, which integrates ideas 

about competition in international environmental policy with ideas about the relationship 

between FDI and the environment, and is discussed below. 

 

3.4!Theoretical!Model!of!Emissions!Tax!Competition!
!

Much of the theoretical literature on IEAs examines emissions tax policies, and 

poses the question of whether countries or states that experience cross-border pollution 

spillovers have incentive to cooperate in order to reduce overall environmental 

degradation (Davies and Naughton 2014; Fredriksson et al. 2004; Mitchell 2003). The 

theoretical framework for my thesis is based on Davies and Naughton (2014). If 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
6 Regarding the relationship between distance and cross-border pollution, this study found that 
distance is negatively correlated with both the SOX and NOX pollution transfer coefficients. For the 
data used in this study, there is a negative correlation of -.2269 between distance and the SOX 
transfer coefficient, and a negative correlation of -.2302 between distance and the NOX transfer 
coefficient.  
7 Cross-border air pollution between countries is not symmetric. As such, the transfer coefficients 
used in the empirical analyses in this study allow for pollution spillover from country i to country j 
that are not equal to pollution spillover from country j to country i. 
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competition for FDI leads to inefficiently low emissions taxes, then their theoretical 

framework suggests that high cross-border pollution increases benefits to cooperation in 

emissions taxes.  

Davies and Naughton (2014) employ a two-country model of tax competition for 

FDI, which gives rise to best response emissions tax functions.8 These functions are 

depicted on Figure 1 where t(t*) represents the home country’s best response to the host 

country’s tax, t*, and t*(t) represents the host country’s best response to the home 

country’s tax, t.9 At the initial level of cross-border air pollution, measured by the transfer 

coefficient a=a1, the non-cooperative Nash equilibrium occurs at point A while the 

cooperative outcome is at point C. Therefore, gains to cooperation can be thought of as 

moving from point A to C. Davies and Naughton’s (2014) theoretical framework suggests 

that an increase of the transfer coefficient to a=a2 will lead to even more competition in 

emissions taxes with the Nash outcome represented by point B.10 Furthermore, they find 

that a higher transfer coefficient leads to higher cooperative tax rates, which is represented 

by point D. Therefore, as the emissions transfer coefficient increases, gains from 

cooperation are represented by the difference between points B and D. This result is 

similar to that of Cremer and Gahvari (2004), who found that cooperation in emissions 

taxes and commodity taxes above the Nash equilibrium level by countries experiencing 

cross-border pollution led to lower aggregate emissions and higher overall welfare. 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
8 This theoretical framework makes some fairly restrictive functional form assumptions by 
necessity. General theories of tax competition for FDI quickly lead to ambiguities that limit their 
usefulness (see Wilson 1999, Gresik 2001). 
9 The two-country models of FDI assume that one of the two countries is the source of FDI (the 
home country) and the other country is the host of FDI. 
10 With higher cross-border pollution the countries would like the benefits of hosting FDI given 
that they end up suffering much of the costs of emissions anyway.  
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The contribution of my thesis is empirical in nature. In their empirical model, 

Davies and Naughton (2014) proxy for cross-border pollution using different weighting 

schemes that were declining in distance, whereas my empirical model uses actual 

emissions transfer coefficients alongside distance. 

 
Figure 1. Best-response emissions tax rates as a rises from a1 to a2 

 
Source: Davies and Naughton (2014) 
Note: Increasing emissions transfer coefficient (a1 to a2) increases the gap between the 
competitive Nash equilibrium outcome (A to B) and cooperative outcome (C to D).



!

!

17!

17!

 
While Davies and Naughton’s (2014) theoretical model may help explain regional 

IEA participation in which cross-border air pollution exists, it does not explain 

participation in IEAs when cross-border pollution is not an issue or for IEAs relating to 

global pollutants such as carbon dioxide or other greenhouse gases. Although the positive 

spillover effect described by Rose and Spiegel (2009) and Egger et al. (2011) also 

provides some theoretical and empirical basis for IEA participation, further review of 

empirical work on IEA participation is necessary.  

 

3.5!IEA!Participation:!Additional!Empirical!Evidence!

 
Much of the empirical work on IEA formation and participation focuses on either 

a single environmental agreement (bilateral or otherwise), a subset of agreements, or on a 

small subset of countries or regions. For example, Beron et al. (2003) and Murdoch et al. 

(2003) use spatial probit models to estimate strategic interaction between countries in the 

ratification of the Montreal and Helsinki Protocols, respectively. Beron et al. (2003) 

constructed a spatial lag using trade-based, emissions-based, and contiguity weighing 

schemes for data on the 89 largest countries in the world. They examine what they refer 

to as the ‘power’ effect to determine whether an individual nation’s decision to ratify the 

protocol was influenced by the behavior of their largest trading partners. They 

hypothesized that if a nation felt strongly about ratifying a particular treaty, that country 

would not only ratify the treaty but also try to influence other countries to ratify it as well. 

However, they found no statistically significant evidence to support this. Beron et al. 

(2003) did find evidence that countries with stronger civil and political institutions were 

more likely to ratify the Montreal Protocol. This result is consistent with the theory that if 
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citizens prefer strong environmental standards, environmental treaty participation should 

increase when strong civil and political institutions are in place (Naughton 2010).  

Murdoch et al. (2003) estimate strategic interactions in the ratification of the Helsinki 

Protocol by using emissions-based weights for a cross-section of 25 European countries 

from 1980 to 1990. They model treaty participation as a two-stage game in which 

countries first decide whether or not to ratify the protocol, and then decide their level of 

participation by way of sulfur emissions reduction. Although the authors found positive 

and statistically significant interaction effects in the ratification stage of the game, they 

also observed that strategic responses by countries may differ across the different stages 

of the game.  

 Davies and Naughton (2014) improve on the studies by Beron et al. (2003) and 

Murdoch et al. (2003) in two key ways. First, they use panel data on 139 countries over a 

20-year period from 1980 to 1999. Other studies that use panel data to estimate strategic 

interaction in environmental policy employ US state level data.11 Davies and Naughton 

(2014) use an empirical approach similar to Fredriksson et al. (2004), who found that US 

states compete in environmental stringency as measured by an index developed by 

Levinson (2001) to measure state-level environmental compliance costs. Second, Davies 

and Naughton (2014) employ a more comprehensive measure of international 

environmental cooperation by using data on 110 treaties instead of just the Montreal or 

Helsinki Protocols. Davies and Naughton’s (2014) theoretical model of emissions tax 

competition informs their empirical approach. They use different weighting schemes that 

are declining in distance to proxy for cross-border air pollution. They hypothesize that in 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
11 Fredriksson and Millimet (2002), Levinson (2003), and Fredriksson et al. (2004) all find that 
US states compete in environmental stringency. 
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the presence of cross-border air pollution, proximate countries have greater incentives to 

cooperate via jointly ratified IEAs. They find statistically significant evidence of spatial 

spillovers in treaty participation among proximate countries. 

 Similar to Rose and Spiegel (2009), who found that openness to environmental 

cooperation acts as a signal for economic exchange, Davies and Naughton (2014) 

hypothesize that countries with higher trade and FDI will participate in more 

environmental treaties. Although they find statistical evidence that increasing trade 

increases IEA participation, their evidence regarding the effect of FDI on IEA 

participation is mixed. They also find that strategic responses in IEA participation are 

most evident in regional agreements, and vary between OECD and non-OECD countries. 

These results provide partial support for their emissions tax competition theory, and 

match the mixed results produced by other empirical work on IEA participation and 

effectiveness. Thus, there is still much room for further empirical research to test related 

theories. 

The next chapter describes the empirical approach and data used in this study to 

test the hypothesis that cross-border air pollution increases cooperation between countries 

as measured by jointly ratified IEAs. 
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Chapter!4:!Empirical!Approach!!

 

4.1!Empirical!Model!
!

The empirical model used in this study is informed by Davies and Naughton’s 

(2014) theoretical model of emissions tax competition. If competition among countries 

for FDI leads to inefficiently low emissions taxes, then data on environmental treaty 

participation should support the hypothesis that countries will gain from environmental 

cooperation. From previous literature, the incentive to cooperate increases as cross-border 

pollution increases (Davies and Naughton 2014). While Davies and Naughton (2014) 

used distance between countries to proxy for cross-border pollution, this study uses a 

cross-border pollution variable alongside distance. This allows me to examine the effect 

of cross-border pollution on treaty participation while controlling for distance. I expect 

countries that receive more cross-border pollution from another country (than they 

themselves send there) to be more likely to jointly ratify environmental treaties with that 

country. Similarly, if countries send more cross-border pollution to another country than 

they themselves receive from that country, they are expected be less likely to jointly 

ratify environmental treaties with that country. 

An OLS model is estimated for the treaty cooperation index between countries i 

and j in year t as follows:  

!"(!"#$%!"#) = !!! + !!!"#$%&'"()*!" + !!!"(!"#!")!+!!!!"#$%&'(!" +

!!!!"(!"#!")+ !!!"(!"#$%&'!")+ !!!!"(!"#$%&'($)*(!")+

!!!!"(!"#$%&'(")!")+ !!!"##$%&!" + !!" + !!! + !!"#      (1) 

where Ln(Indexijt) is the natural log of the number of treaties jointly ratified by each i-j 
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country pair in year t, TransferSOXji is the air pollution transfer coefficients for SOX from 

country j to i, and Ln(SOxit) are country level SOX  emissions for country i in year t. I 

estimate a separate model using NOX pollution transfer coefficients and country level 

emissions (TransferNOxji and Ln(NOxit), respectively).�ij captures country pair fixed 

effects controlling for time-invariant country pair characteristics, while γt captures year 

fixed effects. ε is the independently and identically distributed (i.i.d) error term, which 

represents idiosyncratic shocks uncorrelated across countries and over time. Each i-j 

country pair is included twice, as each country is included once as country i and again as 

country j. Distanceij is not included in the country pair fixed effects model, as it is 

symmetric and constant between country pairs over time. Although the pollution transfer 

coefficient is also constant over time, it is not symmetric between country pairs. That is, 

the pollution transfer coefficient from country i to j differs from the transfer coefficient 

from country j to i. As such, the transfer coefficient can be included in the country pair 

fixed effects model. 

Following the theoretical framework discussed in Chapter 3, I predict a positive 

coefficient on the pollution transfer coefficient. Joint treaty participation by country i 

with country j is expected to increase as country i receives more cross-border pollution 

from country j (than country i sends to country j). Presumably, if all spillovers were 

captured by the transfer coefficient then distance should not matter to treaty participation. 

While I expect the pollution transfer coefficient to have a positive effect on joint treaty 

participation, previous literature suggests that country level emissions have an ambiguous 

effect on environmental treaty participation. Theory discussed in Beron et al. (2003) and 

Egger et al. (2011) suggests that countries with higher emissions will participate in fewer 
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environmental treaties but empirical work offers mixed support for this. For example, 

Beron et al. (2003) hypothesize that countries with higher country level emissions will 

participate in fewer environmental treaties but find no statistically significant evidence of 

this in their empirical analysis. Additionally, Egger et al. (2011) find that countries with 

higher emissions are less likely to commit to emissions reduction through participation in 

environmental treaties, but this effect is economically small. 

While the pollution transfer coefficient and distance are constant over time, the 

remaining independent variables vary by country and across time. Ln(FDIit) is the natural 

log of total inward FDI flow to country i at time t. Considering the theoretical tax 

competition model developed by Davies and Naughton (2014) and discussed in Chapter 

3, I anticipate a positive coefficient on FDI. Some previous research (e.g. Cole at al. 

2006, Rose and Spiegel 2009, Davies and Naughton 2014) suggests that FDI also 

responds to environmental regulation. I believe that is not an issue in my model because 

the environmental regulation variable is bilateral in nature rather than a more general 

measure of environmental regulation. 

The effect of trade on joint treaty participation is estimated using Ln(Exportsit), 

which is the natural log of country i’s exports. According to previous literature, trade is 

often an indicator of cooperation so I expect countries with higher exports to participate 

in more IEAs, which will result in a positive coefficient on Ln(Exportsit). Other 

explanatory variables include GDP per capita, population, and a variable that measures 

political freedom. Ln(GDPpercapitait) is the natural log of GDP per capita, 

Ln(Populationit) is the natural log of population in year t, and Freedomit is an index 

variable that measures political freedom in country i. Together, per capita GDP and 
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population control for size of the economy and average income. Following other studies, 

I expect to find that large economies are more likely to participate in international 

treaties. Therefore, positive coefficients are expected for Ln(GDPpercapitait) and 

Ln(Populationit). Previous studies also find that if citizens prefer strong environmental 

standards, then political freedom should increase environmental treaty participation. As 

such, I anticipate a positive relationship between Freedomit and IEA participation. 

In addition to the model specification that includes total inward FDI, separate 

models are estimated using bilateral inward FDI between i-j country pairs. These 

specifications are shown in section 5.3 of the results chapter. 

 

4.2!Data 

Treaty)Participation)Index!
!

This study uses an unbalanced panel dataset for 35 European countries forming 

1,190 country pairs for 1980 to 1999.12 The dependent variable in the model is the natural 

log of the number of treaties jointly ratified by each i-j country pair in the dataset. I use 

ratified treaties instead of signed treaties because some treaties are signed but never 

ratified, and therefore do not go into effect. Treaty participation data are provided by 

Mitchell (2002-2008) through the International Environmental Agreements Database 

Project. Although data are available for more than 1,190 multilateral environmental 

agreements, 1,500 bilateral environmental agreements, and 250 other environmental 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
12 Countries included in the dataset are: Albania, Armenia, Austria, Belarus, Bulgaria, Croatia, 
Czech Republic, Denmark, Estonia, Finland, France, Georgia, Germany, Greece, Hungary, 
Iceland, Ireland, Italy, Kazakhstan, Latvia, Lithuania, Netherlands, Norway, Poland, Portugal, 
Romania, Russia, Slovak Republic, Slovenia, Spain, Sweden, Switzerland, Turkey, Ukraine, 
United Kingdom. 
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Table B2 continued. Treaty list including number of ratifying countries in years 1980, 1990 and 1999 

!" !" !" "#$%&'" !" (%&)*')+,!-./+&#)$0"
1/2" 34.5$" "'5$" 6$%#" "#$%&'" 789:" 788:" 7888"

88! Regional! Marine! 1994! Protocol"For"The"Protection"Of"The"Mediterranean"Sea"Against"Pollution"Resulting"From"
Exploration"And"Exploitation"Of"The"Continental"Shelf"And"The"Seabed"And"Its"Subsoil!

0! 0! 2!

89! Regional! Hazardous"
Materials!

1989! Protocol"For"The"Protection"Of"The"Southeast"Pacific"Against"Radioactive"Contamination! 0! 0! 2!

90! Regional! Fish! 1990! Protocol"I"To"The"Convention"For"The"Prohibition"Of"Fishing"With"Long"Driftnets"In"The"South"
Pacific!

0! 0! 1!

91! Regional! Fish! 1990! Protocol"II"To"The"Convention"For"The"Prohibition"Of"Fishing"With"Long"Driftnets"In"The"South"
Pacific!

0! 0! 2!

92! Regional! Nuclear! 1986! Protocol"III"To"The"South"Pacific"Nuclear"Free"Zone"Treaty! 0! 1! 3!
93! Regional! Nature! 1991! Protocol"On"Environmental"Protection"To"The"Antarctic"Treaty! 0! 0! 27!
94" Global" Air" 1994" Protocol"On"Further"Reduction"Of"Sculpture"Emissions"To"The"Convention"On"LongWRange"

Transboundary"Air"Pollution"
0" 0" 19"

95" Global" Air" 1998" Protocol"On"Heavy"Metals"To"The"Convention"On"LongWRange"Transboundary"Air"Pollution" 0" 0" 2"
96" Global" Air" 1998" Protocol"On"Persistent"Organic"Pollutants"To"The"Convention"On"LongWRange"Transboundary"Air"

Pollution"
0" 0" 2"

97" Regional" Fish" 1996" Protocol"On"The"Conservation"Rational"Utilization"And"Management"Of"Norwegian"Spring"
Spawning"Herring"(AtlantoWScandian"Herring)"In"The"Northeast"Atlantic"

0" 0" 3"

98" Regional" Hazardous"
Materials"

1996" Protocol"On"The"Prevention"Of"Pollution"Of"The"Mediterranean"Sea"By"Transboundary"
Movements"Of"Hazardous"Wastes"And"Their"Disposal"

0" 0" 2"

99" Global" Air" 1985" Protocol"On"The"Reduction"Of"Sulfur"Emissions"Or"Their"Transboundary"Fluxes"By"At"Least"30"Per"
Cent"To"The"Convention"On"LongWRange"Transboundary"Air"Pollution"

0" 12" 18"

100" GlobalW
Marine"

Marine" 1992" Protocol"To"Amend"The"International"Convention"On"Civil"Liability"For"Oil"Pollution"Damage" 0" 0" 13"

101" GlobalW
Marine"

Marine" 1992" Protocol"To"Amend"The"International"Convention"On"The"Establishment"Of"An"International"Fund"
For"Compensation"For"Oil"Pollution"Damage"

0" 0" 12"

102" Global" Nuclear" 1997" Protocol"To"Amend"The"Vienna"Convention"On"Civil"Liability"For"Nuclear"Damage" 0" 0" 2"
103" Regional" Fish" 1959" Protocol"To"The"Agreement"Concerning"Measures"For"Protection"Of"The"Stocks"Of"DeepWSea"

Prawns"(Pandalus"Borealis),"European"Lobsters"(Homarus"Vulgaris),"Norway"Lobsters"(Nephrops"
Norveaicus)"And"Crabs"(Cancer"Paqurus)"

3" 3" 3"

104" Global" Air" 1997" Protocol"To"The"United"Nations"Framework"Convention"On"Climate"Change" 0" 0" 11"
105" Regional" Nuclear" 1985" South"Pacific"Nuclear"Free"Zone"Treaty" 0" 4" 4"
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Table B2 continued. Treaty list including number of ratifying countries in years 1980, 1990 and 1999 

!" !" !" Treaty" !" Ratifying!Countries"
Num" Scope" Type" Year" Treaty" 1980" 1990" 1999"
106" Global" Nuclear" 1963" Treaty"Banning"Nuclear"Weapon"Tests"In"The"Atmosphere,"In"Outer"Space"And"Under"Water" 2" 2" 2"
107" Regional" Nuclear" 1967" Treaty"For"The"Prohibition"Of"Nuclear"Weapons"In"Latin"America" 22" 23" 27"
108" Global" Nature" 1977" Treaty"On"The"International"Recognition"Of"The"Deposit"Of"Microorganisms"For"The"Purposes"Of"

Patent"Procedure"
5" 18" 39"

109" Global" Nuclear" 1968" Treaty"On"The"NonWProliferation"Of"Nuclear"Weapons" 69" 90" 117"
110" Regional" Nuclear" 1995" Treaty"On"The"Southeast"Asia"Nuclear"Weapon"Free"Zone" 0" 0" 4"
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