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Abstract
We examine whether there is an environmental version of the Kantian peace; that 
is, whether democracies that trade and are bound by international treaties are less 
likely to harm each other environmentally. Specifically, we study five factors that are 
likely to help in reducing beggar-thy-neighbour behaviour in terms of transboundary 
pollution: democracy, supranational institutions, trade relations, stringency of domestic 
environmental policy and international environmental commitment. The empirical 
focus is on upstream–downstream water pollution in Europe in 1970–2003. The 
observed effects of the five variables differ considerably across forms of pollution 
and definitions of beggar-thy-neighbour behaviour. Some of our explanatory variables 
contribute to reducing beggar-thy-neighbour behaviour. Hence there is some empirical 
support for the environmental Kantian argument. Nonetheless, state behaviour in this 
area remains characterized by free-riding incentives; the forces of democracy, trade 
and national and international regulation and institutions do not easily produce decent 
international behaviour.
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Introduction

The existing literature on the Kantian peace concentrates almost exclusively on how 
democracy, trade and international institutions affect the probability of armed conflict. It is 
obvious, however, that states can also harm each other by means other than guns and bombs. 
In this article we are interested in environmental harm. We examine whether there is an 
environmental version of the Kantian peace; that is, whether democracies that trade and are 
bound by international treaties are less likely to harm each other environmentally.

Existing research on the causes of variation in domestic environmental quality — i.e., 
provision levels of an important public good  — across countries and time conveys a 
rather optimistic view on the effects of democracy, trade (or globalization more generally) 
and environmental policy. That is, many authors (e.g., Antweiler et al., 2001; Barrett and 
Graddy, 2000; Copeland and Taylor, 2003; Neumayer, 2002b; Prakash and Potoski, 2006; 
Vogel, 1995, 1999; Ward, 2006) have argued that democracy and economic openness tend 
to promote stricter environmental standards and higher environmental quality.

Some researchers (e.g., Baettig and Bernauer 2009; Brochmann and Gleditsch, 2006; 
Neumayer, 2002a; Roberts et al., 2004; Von Stein, 2008) have explored whether these driving 
forces also have a ‘Kantian’ effect in the sense of producing environmentally less harmful 
behaviour at the international level as well. The latter type of work has thus far focused 
almost exclusively on international environmental treaty commitments and events data, that 
is, policy-outputs rather than policy-outcomes (e.g., pollution). We are interested in comple-
menting the work on international environmental policy-outputs with research on interna-
tional environmental outcomes (i.e., transboundary harm). Specifically, we are interested in 
whether more democratic, economically more open and environmentally more committed 
countries are (if so) de facto greener not only at home, but also vis-a-vis their neighbours.

International river systems offer a unique opportunity for addressing this question, and 
for developing and testing explanations of success or failure in international problem 
solving. In practical terms, surface waters, such as rivers and lakes, which are the most 
accessible sources for human consumption and use, constitute only a tiny fraction of water 
on Earth. Only 2.5% of global water (1365 × 106 km3) is freshwater (i.e., 35 × 106 km3). 
Of those 2.5%, 0.3% is stored in rivers and lakes, 30.8% in groundwater and 68.9% in 
glaciers and permanent snow cover (most of it in inaccessible places, such as Antarctica). 
Of the approximately 110,000 km3 of precipitation over land, around 42,000 km3 is river 
run-off.1 Pollution of international rivers is, therefore, widely regarded as one of the most 
important environmental problems worldwide. Most forms of water pollution have direct 
implications for human health, ecosystems and socio-economic development as a whole 
(Cech, 2004: 119–136; Gleick et al., 2006; Meybeck et al., 1989). From an analytical per-
spective, international river systems are amenable to systematic comparison. They are 
shared by relatively small groups of countries. The natural resource and the problems 
associated with it are, in most cases, clearly defined, and there are many such water sys-
tems around the globe that can be compared.

The existing literature on international cooperation relating to rivers offers contradic-
tory empirical evidence. Large-N quantitative studies by Durth (1996), Wolf et al. (1999, 
2005), Brochmann and Gleditsch (2006), Conca and Wu (2006), Dombrowsky (2007) and 
some other authors show that cooperative water-related events are more frequent than 
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conflictive ones. In contrast to these findings, many qualitative case studies (e.g., Bernauer, 
2002; Bernauer and Moser, 1996; Marty, 2001) show that upstream–downstream pollution 
problems are difficult to solve even among rich, democratic countries. They point out that, 
particularly in the international realm, free-riding incentives are often strong and transac-
tions costs of Coasian exchanges for overcoming upstream–downstream deadlocks can be 
very high. Overall, the existing empirical evidence suggests that countries frequently coop-
erate on international water issues. But there is only some case-specific evidence on how 
effective such cooperation is in terms of solving environmental problems and mitigating 
transboundary harm; and this evidence speaks at least in part against the Kantian proposi-
tion that, controlling for the upstream–downstream context, democracy, trade and institu-
tions are conducive to problem solving.

Large-N research that seeks to account for policy-outcomes in international water sys-
tems in terms of de facto transboundary spillovers (externalities) is still in its infancy. This 
research is very much needed in order to complement work on policy-outputs (see above). 
While the latter type of research is important and has produced interesting findings, it is 
obvious that policy-output variables are incomplete proxies for success or failure of interna-
tional cooperation: implementation of legal obligations is often less than perfect, and, even 
if it were, legal obligations are often defined in ways that facilitate compliance but do not 
necessarily solve the international problem (e.g., Mitchell, 1994; Siegfried and Bernauer, 
2007). The literature on hydro-hegemony also tells us that formal cooperative arrangements 
often fail to solve problems because their design and implementation are disadvantageous to 
less powerful countries (Zeitoun and Warner, 2006). Moreover, cooperation may be tacit or 
implicit, i.e., not based on treaties or formal negotiations. Empirical testing of the conven-
tional Kantian peace argument has focused primarily on de facto harm that states impose on 
each other (armed conflict), rather than international negotiations, peace treaties and other 
policy-outputs alone. Research on international environmental policy needs to move in the 
same direction, though transboundary harm in this case is often much more complex and 
harder to measure than armed violence.

Two studies by Hilary Sigman are the only large-N studies on the economic and politi-
cal determinants of transboundary water pollution we could find. In the first study, Sigman 
(2001) compares pollution in domestic and international rivers and finds some evidence for 
free-riding of upstream countries on downstream neighbours in the area of organic water 
pollution (i.e., essentially pollution from sewage). In the second study (Sigman, 2004), she 
finds evidence for the hypothesis that more bilateral trade facilitates the reduction of trans-
boundary water pollution. Both studies offer a very useful starting point for our research.

We contribute to this emerging literature in several ways. We construct datasets that 
cover two important forms of upstream–downstream water pollution in international rivers 
in 1970–2003: pollution from point-sources (measured by biological oxygen demand, 
BOD

5 
[hereafter BOD], an indicator for the extent of organic pollution, particularly sew-

age) and non-point sources (measured by nitrate, NO
3
 [hereafter NO], an indicator for the 

extent of agricultural pollution that essentially stems from the use of fertilizers). Sigman’s 
work is limited to BOD, whereas most policy-makers note that the two forms of pollution 
mentioned differ considerably in terms of political obstacles to be overcome and policy 
instruments used. We focus on Europe because the European Environment Agency’s data 
for Europe is of better quality than the global data used in Sigman’s studies (she uses data 



80  European Journal of International Relations 16(1)

from the Global Environmental Monitoring System [GEMS] database).2 This restriction 
also allows for higher unit homogeneity (but still sufficient variation on key variables) and 
less missing data. By restricting the dataset to upstream–downstream cases and pollution 
measurements close to international borders we control for the general problem structure. 
Moreover, we conceptualize the dependent variable in two ways: (1) pollution levels, as 
they cross international boundaries; and (2) beggar-thy-neighbour behaviour in a more nar-
rowly defined sense, i.e., in terms of whether an upstream country pollutes its downstream 
neighbour(s) more than it pollutes its own country.

The analysis focuses on five conditions that are widely expected to help in reducing inter-
national beggar-thy-neighbour behaviour: democracy, supranational institutions, trade rela-
tions, stringency of domestic environmental policies and international environmental 
commitment. It shows that the effects of these five variables differ considerably across forms 
of pollution and the two specifications of beggar-thy-neighbour behaviour. We find some of 
the theoretically expected pollution-reducing effects. Hence there is some empirical support 
for the environmental Kantian argument. Nonetheless, we also observe that international 
free-riding incentives are strong; the forces of democracy, trade and national and international 
regulation and institutions do not easily produce decent international behaviour.

More generally, the analysis suggests that it is worthwhile to complement the predomi-
nantly policy-output focused research on international environmental relations by work that 
focuses on measuring and explaining transboundary harm. To the extent that international 
cooperative processes do not materialize in the form of treaties and formal negotiations and/
or implementation of legal obligations is incomplete, insufficient or ineffective for solving 
international problems, such research can provide important insights into the conditions 
under which beggar-thy-neighbour behaviour in international relations can be overcome.

The following section outlines the five hypotheses. Because most of these hypotheses 
have been discussed in other contributions to the relevant literature, our emphasis is 
largely empirical. The subsequent part discusses the empirical design. We then present 
the results and end with conclusions and suggestions for further research.

Hypotheses
We conceptualize the environmental Kantian argument in terms of five factors that are, 
ceteris paribus, expected to help in mitigating beggar-thy-neighbour behaviour in the 
area of transboundary water pollution: democracy, supranational institutions, trade rela-
tions, stringency of domestic environmental policy and international environmental 
commitment. Ceteris paribus, in our case, relates to the basic characteristics of the trans-
boundary externality problem — we will control for these characteristics by restricting 
the analysis to international upstream–downstream settings and constructing an empiri-
cal baseline model for each form of water pollution.

The reasons for restricting the analysis to upstream–downstream settings are twofold. 
First, this restriction allows us to focus on a clearly defined international externality. Second, 
upstream–downstream problems are widely regarded as a specific international problem 
structure that is quite difficult to deal with (Mitchell and Kielbach, 2001). If the five factors 
mentioned are conducive to cooperation in the setting to be examined they are likely to have 
at least equally or perhaps more conducive effects in settings that are less demanding.
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Democracy

Several authors have argued that democratic governments are likely to choose lower pollu-
tion levels than autocratic regimes (e.g. Barrett and Graddy, 2000; Bernauer and Koubi, 2009; 
Neumayer, 2002b; Ward, 2006). Whether democracies are better caretakers not only of their 
own natural environment, but also with respect to the environment of other countries remains 
open. The empirical literature offers contradictory findings. Some studies find that democ-
racy has no significant effect on CO

2
 emissions per capita (a global commons problem) (e.g., 

Baettig and Bernauer, 2009; Frankel and Rose, 2005), but that democracy increases participa-
tion in climate change policy (Von Stein, 2008). Roberts et al. (2004) find that civil society 
has a positive effect on participation in global environmental treaties; and Neumayer (2002b) 
provides evidence that democracies exhibit stronger international environmental commit-
ment. Ward (2006) reports that international network centrality, which tends to be higher in 
the case of democratic countries, has positive effects on environmental behaviour. In other 
words, democracies tend to exhibit greater international environmental commitment. But it 
remains open whether democracy also helps in de facto reducing environmental externalities 
that have direct, harmful effects on neighbour countries.

We submit that democracy is likely to help in mitigating beggar-thy-neighbour behaviour, 
monadically and dyadically. To the extent democracies located upstream provide more 
domestic environmental quality we expect at least some positive spillover effects (monadi-
cally) on downstream neighbour countries. For example, when an upstream country builds 
sewage treatment plants it is unlikely to be willing and/or able to discriminate strictly between 
river systems that are exclusively national and river systems that cross national boundaries.3

We also expect dyadic effects. If both the upstream and downstream country are dem-
ocratic, downstream victims of pollution will find it easier to organize and press their 
government to demand pollution reductions from the upstream country. To the extent the 
upstream country is democratic, downstream victims will also be able to form coalitions 
with like-minded interest groups in the upstream country. That is, upstream countries are 
likely to experience greater political pressure for pollution reduction in relation to demo-
cratic downstream countries. Finally, as noted by many authors, democratic dyads tend 
to cooperate more in general (e.g., Mansfield et al., 2000). We focus primarily on the 
monadic version of the hypothesis, but will also test the dyadic argument:

Hypothesis 1: More democratic countries are less likely to beggar their neighbours.

Supranational institutions
International institutions, and supranational ones in particular, are widely expected to 
influence the behaviour of states. Since the empirical analysis focuses on Europe, the 
European Union obviously needs to be taken into account.4 EU member states are demo-
cratic market economies that are part of an integrated, EU-wide market that fosters eco-
nomic openness and trade among its members. Formally starting with the adoption of the 
Single European Act in 1986, the EU has also had the authority to issue and enforce bind-
ing environmental standards, including standards for water quality. Even though the 
EU’s Water Framework Directive has been in force only since the year 2000 (our data is 
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for the 1970–2003 period), it is quite possible that earlier EU environmental regulations 
have also had a disciplining effect on member states’ pollution behaviour. We thus expect 
a pollution-decreasing effect of EU membership, either directly through environmental 
regulation, or indirectly through democracy and trade relationships (see below).

We expect both monadic and dyadic effects. The reasons are largely similar to the ones for 
the democracy effect. Monadically, positive spillover effects and the fact that EU countries 
are economically more open and democratic are likely to play a key role. Dyadically, joint EU 
membership is likely to be associated with more bilateral trade, which in turn can have a 
pollution-reducing effect. It also offers more opportunities for issue linkages and legal action 
through which the downstream country can obtain concessions from upstream polluters:

Hypothesis 2: EU member states are less likely to beggar their neighbours.

Trade relations
The existing literature on the effects of trade relations on international environmental 
cooperation has focused on two competing hypotheses. The first centres on regulatory 
competition and predicts that trade openness fosters competition in laxity and thus leads 
to more pollution (e.g. Daley, 1993; Donahue, 1994). That is, more trade leads to more 
regulatory competition, to lower national environmental standards and, by implication, 
to less international environmental cooperation. The second hypothesis argues that trade 
reduces pollution via two causal effects. It increases income, and higher income leads to 
more demand for and supply of domestic environmental quality, and by implication also 
to less transboundary environmental externalities. Moreover, it provides opportunities 
for so-called trading-up because larger, greener jurisdictions can ‘export’ their environ-
mental preferences to trading partners by threatening market-access restrictions for prod-
ucts that have detrimental environmental impacts (Bernauer and Caduff, 2004; Vogel, 
1995, 1999). More trade may thus lead to higher domestic environmental standards, and 
to convergence of international environmental standards at higher levels.

The existing literature has focused heavily on the effects of trade openness on domes-
tic environmental policy. In one of the very few quantitative studies of the effects of trade 
on international environmental cooperation, Neumayer (2002a) examines the effect of 
trade openness on participation in three multilateral environmental agreements. 
Controlling for income, political freedom and population size, he finds some, albeit 
weak, evidence for positive synergies between trade openness and multilateral environ-
mental cooperation. Sigman (2001, 2004) is among the very few studies that have looked 
at the effect of trade on international environmental externalities. She argues and finds 
supporting evidence that trade promotes environmental cooperation among states in the 
following ways: by providing opportunities for implicit side-payments, thus allowing for 
linkages between environmental and trade concessions; by providing direct leverage 
over other countries’ production; and by installing a perception of shared goals.

We will differentiate Sigman’s argument by focusing on three types of trade relations. 
The first is the intensity of bilateral trade ties between riparian countries, as outlined in 
Sigman (2004). The second focuses more explicitly on linkages: to the extent bilateral trade 
dependency is in favour of the downstream country, the latter may use this asymmetry to 
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obtain concessions from the upstream country. The third notion of trade openness is mon-
adic: it assumes that upstream countries that are more open to trade (with other countries 
generally) will be more considerate in their environmental relations with any given down-
stream neighbour. This variable also takes care of the possibility that more open countries 
trade more with their riparian neighbours. Though the effect of trade openness may be theo-
retically ambiguous because of offsetting forces (positive effect of trade on income and on 
the scale of production, composition effect) and may differ depending on the pollutant, sev-
eral studies (e.g. Antweiler et al., 2001; Copeland and Taylor, 2003) have shown that trade 
openness can contribute to lower domestic pollution. To the extent stricter domestic envi-
ronmental policies produce positive externalities for neighbouring countries, we also expect 
an indirect, pollution-reducing effect of trade openness at the international level:

 Hypothesis 3: Countries that have stronger trade ties with their riparian neighbours, 
are more trade-dependent on the respective downstream country, and are more open 
to international trade, are less likely to beggar their neighbours.

Domestic environmental policy
In most European countries, policy pertaining to water quality is an essential element of 
domestic environmental policy as a whole. Because of that the stringency of water quality 
policy is likely to grow together with the stringency of domestic environmental policy in 
other areas. When countries enact and implement domestic water quality laws, they might 
explicitly exempt international border areas or systematically tolerate non-compliance in 
such areas. Ultimately, however, it is an empirical question whether stringent domestic envi-
ronmental policies generate positive externalities for downstream neighbour countries, or 
whether countries pursue explicit beggar-thy-neighbour or risk-shifting policies in terms of 
discriminating against downstream countries. Sigman (2001) finds some evidence for free-
riding in a global sample of international rivers. But these effects are very sensitive to country 
effects; moreover, the quality of the GEMS data, on which the analysis relies, is problematic.5 
We expect that free-riding is less common in Europe than on a worldwide scale because 
European countries are, on average, politically and economically more integrated. In other 
words, we expect the level of stringency of domestic environmental policy in the upstream 
country to have a pollution-reducing effect in the transboundary context as well:

 Hypothesis 4: Countries with stricter domestic environmental policies are less likely 
to beggar their neighbours.

International environmental commitment
The institutionalist literature on international environmental policy shows that the record 
of cooperation in terms of problem solving is rather mixed (e.g., Bernauer, 2002; Mitchell, 
1994). While formal institutions often help in coping with transboundary externalities, 
there are also many examples of failure. Moreover, from an analytical perspective, several 
authors note that the ‘real’ performance of international regulatory regimes is often worse 
than compliance levels suggest (Siegfried and Bernauer, 2007).
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We test the institutionalist argument (see, e.g., Ward 2006) by examining whether 
higher levels of international environmental commitment by the upstream country, both 
in respect to water quality issues and in general terms, have a pollution-reducing effect. 
The level of international environmental commitment, more generally, is likely to have a 
pollution-reducing effect because countries that exhibit such commitment are likely to 
suffer reputational costs if they free-ride on downstream neighbours:

 Hypothesis 5: Countries with stronger international environmental commitment are 
less likely to beggar their neighbours.

Empirical design
The empirical analysis focuses on two specifications of the dependent variable. The first 
measures pollution levels transferred from the upstream to the downstream country. The 
second captures the difference between domestic and transboundary pollution levels and 
hence measures more narrowly to what extent upstream countries discriminate against 
their downstream neighbours. That is, it measures to what extent upstream countries pol-
lute their downstream neighbours relative to how much they pollute their own country. 
Both variables are proxies for beggar-thy-neighbour behaviour, though the second vari-
able arguably focuses on the ‘nastier’ form of such behaviour.

To the extent that incentives for transboundary externalization of pollution exist, the 
effects of the five explanatory variables on the second dependent variable are likely to be 
weaker. The theoretical literature tells us that such incentives are common (e.g., Sigman, 
2001), but the extent to which they in fact exist and are contingent on other factors (e.g., 
democracy, trade relations) has not yet been established in empirical research. For exam-
ple, even if we observe that democracy reduces absolute transboundary pollution levels, we 
may find that it reduces domestic pollution levels to a greater extent than it reduces trans-
boundary pollution levels. In the aggregate, this would imply that democracy has a weaker 
effect on relative than on absolute transboundary pollution behaviour. Income effects and 
effects of domestic environmental policy stringency might follow a similar pattern. In con-
trast, we anticipate that EU membership, trade relations and international environmental 
commitment have a very similar effect on both dependent variables because the principal 
effects should be on transboundary, rather than on domestic, behaviour.

We construct four datasets: one for absolute and one for relative levels of transbound-
ary point-source pollution (measured by biological oxygen demand, BOD); and one for 
absolute and one for relative levels of transboundary non-point-source pollution (meas-
ured by nitrate, NO). The environmental data is taken from the European Environment 
Agency’s (EEA’s) datasets on water pollution.

We constructed these datasets in several steps. First, by means of visual inspection of 
maps and the use of geographic software (ArcGIS) we coded all rivers in the EEA datasets 
as national or international; we then dropped all monitoring stations not located on interna-
tional rivers. Second, we eliminated stations that are located more than 5 km away from an 
international border. We thus restrict the data to transboundary pollution flows. Third, we 
examined country borders and river flow and dropped all stations where no obvious 
upstream and downstream countries could be identified (i.e., we excluded stations on rivers 
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running along the border). This restricts the data to upstream–downstream international 
pollution and thus controls for problem structure. In those few cases where water quality of 
an international river was measured simultaneously in the border area by the upstream and 
the downstream country we dropped the station with data coverage for the shorter time-
period and/or fewer observations. This was done to ascertain cross-sectional independ-
ence in the sample. Finally, we added up- and downstream countries according to the list of 
independent states by Gleditsch and Ward (2006) and assigned the variables to the cases. 
The two datasets for absolute levels of transboundary point- and non-point-source pollu-
tion, which result from these steps, are (unbalanced) panel datasets containing observations 
for country pairs (dyads) and rivers over time (annual averages). They are defined in terms 
of monitoring stations in upstream–downstream settings that are located within 5 km of 
an international border either in the upstream or downstream country and measure the 
concentration of a specific pollutant in a given year (BODlevel, NOlevel).

Countries and rivers included in the datasets are listed in the supporting materials at 
<http://www.ib.ethz.ch/research/>. Our samples include up to 398 observations covering 
24 international rivers and 30 country dyads in 1970–2003. The International River 
Basin Register6 lists 70 international rivers for Europe. In our assessment, only around 
40 of these rivers are characterized by an obvious upstream–downstream problem struc-
ture — other rivers are primarily contiguous or have only very small parts in another 
country. Moreover, our datasets include most of the countries that are riparians to the 70 
rivers — among the most important exceptions are Italy, Russia, Turkey, Ukraine and the 
United Kingdom. Our empirical coverage is, therefore, reasonably representative of 
upstream–downstream transboundary river problems in Europe as a whole.

Absolute transboundary pollution levels that upstream countries transfer to down-
stream neighbours are rather broadly defined proxies for beggar-thy-neighbour behaviour. 
Under this definition, any anthropogenic pollution above and beyond ‘natural’ pollution 
levels qualifies as beggar-thy-neighbour. To assess such behaviour also in more narrow 
terms we constructed an additional dependent variable. This produces two additional 
datasets for relative transboundary point- and non-point-source pollution levels. The more 
narrow definition captures the extent to which upstream countries abuse their locational 
power by treating their downstream neighbours worse than their own country. This depen-
dent variable is constructed as follows. We took the original EEA dataset that contains the 
pollution data from all monitoring stations and eliminated those observations we had 
defined as transboundary when constructing the first dependent variable (pollution levels 
reported by stations located within 5 km of an international border in an upstream–down-
stream setting). This left us with data on ‘domestic’ pollution levels, as measured by mon-
itoring stations either on purely domestic river basins, on international river basins farther 
than 5 km away from the national border, or on contiguous international rivers. With this 
data we computed annual averages of domestic pollution in each upstream country 
included in the transboundary dataset. We then calculated the differences between 
upstream domestic and transboundary pollution for each dyad and year.7 The difference 
between the domestic and the transboundary pollution level provides an indication of how 
upstream countries treat their downstream neighbours in relative terms.

Since the second dependent variable is defined as domestic minus transboundary 
pollution levels, the effects of the five explanatory variables are likely to be contingent 
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on whether incentives to free-ride on downstream neighbours are present. For example, 
if income or democracy has a pollution-reducing effect exclusively on domestic pollu-
tion this will drive values on the second dependent variable downward (lower values 
indicate worse behaviour towards neighbours). If they have a stronger effect on trans-
boundary than on domestic pollution they will drive the values of the second dependent 
variable upward. If the effect on domestic and transboundary pollution is completely 
uniform the value of the second dependent variable will not change.

We inverted the scale of the second dependent variable (BODnimby, NOnimby), so 
that higher values indicate more beggar-thy-neighbour behaviour, as they do on the first 
dependent variable.

For each type of pollution we construct a baseline model that contains fundamental 
economic and ecological determinants of pollution. We then add the five explanatory 
variables. All variables used in the analysis are summarized in Table 1. We use several 
indicators for domestic environmental policy and international environmental commit-
ment because the existing literature does not offer any obvious choice. The more complex 
variables (e.g., the dependent variables and trade variables), the expected effects of vari-
ables in the baseline models and data sources are described in greater detail in the support-
ing material at <http://www.ib.ethz.ch/research/>. The data is available from the authors.

The BOD samples include up to 310 observations covering up to 21 rivers and 24 
country dyads for the years 1970–2003. The NO samples include up to 398 observations 
covering 24 rivers and 30 country dyads in 1970–2003.

The empirical results reported below are based on the following (generic) model:

Pollutant
s,ij,t 

=  β
0 

+ β
1
*{baseline variables

s,i,t
} + β

2
*{political system, supranational 

institutions
ij,t

} + β
3
*{trade

ij,t
} + β

4
*{domestic environemntal policy

i,t
} 

+ β
5
*{international environmental commitment

i,t
} + e

s,ij,t

where Pollutant is the natural logarithm of the mean annual concentration of BOD or NO 
at station s near the international border, measured and reported by upstream country i or 
downstream country j (i.e., country dyad ij) at time t. b

k
 = 0,1,2,…, 5 denote the vectors 

of the coefficients and e
s,ij,t

 is the idiosyncratic error. The models for the second depend-
ent variable are constructed in a similar fashion.

The estimates are based on Prais-Winsten regressions with weighted panel corrected stand-
ard errors. We control for first-order autocorrelation AR(1), assuming the coefficient of the 
AR(1) process is common to all panels. We have also examined whether the AR(1) process 
might be panel-specific, but arrived at very similar results. Thus, we stick to the simpler times-
series modelling approach, adjusting for the time dependence by transforming all observations 
with a common AR(1) autoregressive parameter (ρ). Prais Winsten regression is a form of 
Generalized Least Squares in which the observations undergo a Cochrane Orcutt transforma-
tion to remove autocorrelation. Thereby the product of the AR(1) parameter (ρ) and the pre-
ceding period observation is subtracted from each observation, which is effectively a partial 
differencing of the time series. However, unlike the Cochrane-Orcutt procedure the Prais-
Winsten estimation does not discard the first observation. We use Prais-Winsten regression 
instead of OLS with a lagged dependent variable because of concerns that the latter could bias 
the coefficients given high serial-correlation among the covariates and disturbances 



Bernauer and Kuhn 87

Table 1. Variables

Variable

Water pollution 
(dependent 
variable)

Baseline (control) 
variables

Description

(1)  Biological oxygen demand (BOD) and Nitrate (NO), logarithmic 
transformation of mean annual pollution concentrations (mg O

2
/l for 

BODlevel and mg N/l for NOlevel). Higher values indicate more pollution. 
Source: European Environment Agency (EEA) Waterbase — Rivers Version 
5 (http://dataservice.eea.eu.int/dataservice/metadetails.asp?id=758)

(2)  Difference between domestic BOD or NO pollution levels and 
transboundary BOD or NO pollution levels (BODlevel, NOlevel). 
We invert the scale, so that higher values of this indicator (BODnimby, 
NOnimby) show that upstream countries treat their neighbours worse 
than themselves, zero means that they are equally clean (or dirty) at home 
and towards downstream countries, smaller (negative) values indicate less 
beggar-thy-neighbour behaviour. Source: own calculation, based on data 
from European Environment Agency (EEA) Waterbase — Rivers Version 5. 

(1)  Log value of moving three-year average of lagged real income per 
capita in the upstream country, in thousand US-Dollars (lrgdpcus) 
Source: Expanded Trade and GDP Data by Kristian S. Gleditsch (http://
privatewww.essex.ac.uk/~ksg/exptradegdp.html).

(2)  Population per square kilometre in the monitoring station’s catchment 
area per year, log value of this indicator (lnpopdensity). Source: based 
on data from Gridded Population of the World (http://sedac.ciesin.
columbia.edu/gpw).

(3)  Intensity of synthetic fertilizer use in agricultural production, metric 
tons of fertilizers consumed per square kilometre of irrigated and 
arable crop land per year in the upstream country, log value of this 
indicator (lnfertcropsus). Source: based on data from Food and 
Agriculture Organization (FAO) (http://faostat.fao.org).

(4)  Percentage of irrigated and arable crops per square kilometer in 
the gauging station’s catchment area, log value of this indicator 
(lnlandusecrops). Source: based on data from US Geological Survey 
(USGS), Global Land Cover Characterization (http://edc2.usgs.gov/glcc/).

(5)  Average river flow at monitoring station, log value of flow (lnflow). 
Sources for (5), (6) and (7): European Environment Agency (EEA) 
Waterbase — Water Quantity Version 2 (http://dataservice.eea.eu.int/
dataservice/metadetails.asp?id=752), and the Global Environmental 
Monitoring System (GEMS) Water (http://www.gemswater.org/
publications/index-e.htm).

(6)  Where flow data was missing we entered 0 and constructed a dummy 
variable that takes the value 1 when flow data was missing and 0 if not 
(flowmiss). 

(7)  Natural attenuation, measured by time rate of exponential decay of 
BOD (deoxygenation rate, k) (Bowie et al., 1985).

(8)  Time trend (year).
(9)  Upstream or downstream location of gauging station (within 5 km of 

the international border) (usstation, dsstation). Source: own data, 
based on information from European Environment Agency (EEA) 
Waterbase — Rivers Version 5.

(Continued)
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Table 1. (Continued)

Variable

Democracy

Supranational 
institutions

Trade relations

Domestic 
environmental 
policy

International 
environmental 
commitment

Description

POLITY IV index, transformed to an 11-point scale (0–10). We focus on 
the revised combined Polity IV score of the upstream country (polityus), 
but also assess the effects of democracy of the downstream country 
(polityds), and joint democracy (jointpolity). Joint democracy is defined 
as the mean of the up- and downstream countries’ Polity scores. Higher 
values indicate more democracy. Source: Polity IV Dataset (http://www.
systemicpeace.org/polity/polity4.htm ).
EU membership of the upstream country (euus). We also assess the effects 
of joint EU membership (jointeu), EU membership of the downstream 
country (euds) (0 = non-EU, 1 = EU/1 = joint EU), and age of EU 
membership (in years) of the upstream country (eucount). Source: based 
on European Union membership data (http://europa.eu.int).
Trade intensity: geometric mean of bilateral trade ratio of upstream 
country with downstream country and vice versa. Values range from 0 to 1. 
Higher values indicate more intensive bilateral trade (intensity).
Trade asymmetry: values range from -1 to +1. Positive values indicate 
higher trade dependence of the upstream on the downstream country; 
negative values indicate higher trade dependence of the downstream on 
the upstream country (asymmetry).
General trade openness, defined as (exports + imports)/real GDP.  We 
focus on trade openness of the upstream country (openus). Higher values 
indicate more openness.
Sources: based on data from Expanded Trade and GDP Data by Kristian S. 
Gleditsch (http://privatewww.essex.ac.uk/~ksg/exptradegdp.html). 
Environmental Sustainability Index (esi); index for stringency and 
consistency of environmental regulation (wefstr); adjusted net savings 
(ans). Higher values indicate stricter domestic environmental policies. 
Sources: World Economic Forum, Yale Center for Environmental Law 
and Policy, and CIESIN, 2001: Environmental Sustainability Index (http://
www.ciesin.columbia.edu/indicators/ESI), and the World Bank (http://web.
worldbank.org). 
Cumulated number of global environmental agreements ratified by a 
country (cumraty); number of international agreements on water
quality to which the country is a party (agtwatqual); global 
environmental commitment rating (glocoo); network centrality index 
(centrality) measuring the extent to which a country is involved in 
networks of international cooperation. Higher values indicate stronger 
international commitment.a Sources: (http://sedac.ciesin.columbia.edu/
entri/, http://www.uoregon.edu/~iea/, http://www.ciesin.columbia.edu/
indicators/ESI) Ward (2006).

aWe tried to examine the effects of river-specific international cooperation. However, the best available datasets 
on international water agreements — the ICOW international river claims database and the Transboundary 
Freshwater Disputes Database — cover only around 50–60% of the rivers and country dyads in our datasets.
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themselves (Achen, 2000, Keele and Kelly, 2006). We use a weighted least squares estimator, 
since our pollution indicators are annual means of multiple measurements, which may cause 
heteroskedastic standard errors due to differences in the number of measurements. Finally, 
since our panel datasets are unbalanced we compute the variance–covariance matrix based on 
all available observations that are common in at least two panels contributing to the covariance 
(pair-wise selection) rather than those available for all panels (case-wise selection).8

Results

Organic (BOD) pollution

Table 2 summarizes key results for transboundary BOD levels, the first dependent variable. 
As to the baseline model (1), we dropped the upstream–downstream location variable and the 
deoxygenation rate because the effects of these two variables were very small and insignifi-
cant. Income, population density and water flow have the expected effects. Income reduces 
transboundary BOD levels, and so does higher water flow. A 10 percent increase in per capita 
income in the upstream country reduces BOD pollution by 0.4 percent; and every 1 percent 
increase in water flow reduces pollution by about 0.1 percent. We also examined whether the 
income effect follows a non-linear pattern, as stipulated by the literature on the environmental 
Kuznets curve. The latter assumes that pollution first increases and at some point starts to 
decrease with growing income. We did not observe significant effects of this kind and thus do 
not include the squared value of income in the models. Population density increases pollu-
tion. Every 1 percent increase in population density leads to a 0.5 percent increase in pollu-
tion. There is a pollution decreasing time trend, but this effect becomes weaker when 
additional explanatory variables are brought into the model. With every year passing pollu-
tion decreases by about 1.6 percent in the baseline model, and then drops by less than 0.4 
percent per year as more variables are added to the model.9

There is some, albeit weak, support for Hypothesis 1: the effect of democracy points in 
the expected direction (negative, i.e., pollution reducing), but is insignificant. The results for 
democracy levels of downstream countries and joint democracy of up- and downstream 
countries (calculated in separate models, results not shown here) are very similar, with some 
coefficients reaching 10 percent significance levels. The substantive effect of democracy is 
also rather modest. An increase by two points on the polity index leads to a 2 to 4 percent 
decrease in BOD pollution. Whether this weak support for Hypothesis 1 is due to our sample 
(the average democracy level in our sample is very high) will have to be examined in future 
research with samples that include more non-democratic countries (see conclusion).

Surprisingly, the evidence regarding Hypothesis 2 cuts in the opposite direction of 
what we expected: EU membership of the upstream country increases pollution levels. 
This effect shows up in all models and is significant in three of the four models. EU 
membership also has a big substantive effect. If the upstream country is an EU member, 
transboundary BOD pollution is on average between 14 and 23 percent higher. Joint EU 
membership of up- and downstream countries (calculated in separate models, results not 
shown here) also has a pollution-increasing effect, though this effect is only significant 
in model (5). Similarly, the age of the upstream country’s EU membership (calculated in 
separate models, results not shown here) has a pollution-increasing effect that 
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is significant in two of the four models. These findings may reflect the fact that water 
quality issues have only recently been addressed in a systematic manner at the EU level 
in the context of the Water Framework Directive (in force since 2000).

Hypothesis 3 receives partial support. General trade openness of the upstream country 
has a pollution-reducing effect. We observe a significant, pollution-reducing effect in all 
models. The substantive effect is large too. An increase of the upstream country’s trade 
openness by 20 percentage points (i.e., the average increase in trade openness between 
1990 and 2000 in the sample) reduces transboundary BOD pollution by up to 20 percent. 
However, bilateral trade intensity and asymmetry (calculated in separate models, results 
not shown here) have no significant effect (the coefficient for intensity is positive; that 
for asymmetry negative). The absence of significant bilateral trade intensity and asym-
metry effects may be due to the fact that international political networks and institutions 
in Europe are in many cases sufficiently strong for downstream countries to extract 

Table 2. Results for transboundary BOD levels

DV: (1) (2) (3) (4) (5) 
BODlevel

lrgdpcus -0.0463*** -0.0493*** -0.0257*** -0.0246*** -0.0074
 [0.0047] [0.0051] [0.0079] [0.0094] [0.0108]
lnpopdensity 0.4898*** 0.4869*** 0.4716*** 0.4696*** 0.4543***
 [0.0428] [0.0391] [0.0392] [0.0401] [0.0370]
lnflow -0.1105*** -0.1022*** -0.0770*** -0.0771*** -0.0833***
 [0.0142] [0.0177] [0.0208] [0.0206] [0.0196]
flowmiss -0.4750** -0.4147* -0.2219 -0.2319 -0.1643
 [0.2065] [0.2217] [0.1956] [0.1883] [0.1847]
year -0.0157*** -0.0150*** -0.0029 -0.0032 0.0038
 [0.0034] [0.0032] [0.0035] [0.0038] [0.0045]
polityus  -0.0113 -0.0171 -0.0183 -0.0226
  [0.0166] [0.0170] [0.0170] [0.0163]
euus  0.1188 0.1435** 0.1410** 0.2315***
  [0.0871] [0.0687] [0.0689] [0.0704]
openus   -0.9034*** -0.9089*** -1.0792***
   [0.2642] [0.2614] [0.2605]
ans    -0.0015 -0.0003
    [0.0069] [0.0066]
cumraty     -0.0044**
     [0.0017]
constant 30.2479*** 28.9162*** 4.8529 5.3648 -8.4475
 [6.7122] [6.2990] [7.0664] [7.7035] [8.9422]
obs. 244 244 222 222 222
no. of dyads 27 27 25 25 25
rho .5186 .4849 .4673 .4593 .4260
R-squared 0.8521 0.8597 0.8882 0.8891 0.8957

Prais-Winsten regressions, panel corrected standard errors, with AR(1) and weighed least squares. Standard 
errors in brackets, *significant at 10%; **significant at 5%; ***significant at 1%. Prob>c2 = 0.0000 in all models.
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concessions from upstream countries through other mechanisms. Future research should 
examine whether bilateral trade effects are stronger in areas of the world with weaker 
international networks or institutions (e.g., Asia, Africa).

Even though two of the coefficients for the three indicators for domestic environmen-
tal stringency have the expected negative sign, none of them is significant. The results 
for adjusted net savings are shown in Model 5 of Table 2. Its substantive effect is very 
small. An increase of 10 percent (i.e., two standard deviations of the variable in the 
sample) reduces BOD pollution by only 0.015 percent. That is, we find only very weak 
support for Hypothesis 4.

Hypothesis 5 is partly supported by the evidence: international environmental com-
mitment has a pollution-reducing effect, though this effect is significant only for treaty 
ratifications. Joining 15 additional treaties (that is a 10 percent increase within the sam-
ple range) reduces transboundary BOD pollution by about 6.5 percent.

We now move to discussing the results for the relative transboundary pollution vari-
ables, which measure how much upstream countries pollute downstream neighbours 
relative to their own country. On average (for all countries and years), we observe that 
domestic pollution levels are slightly higher than transboundary pollution levels, both for 
BOD (3.93 vs 3.66) and NO (2.22 vs 2.09; both BOD and NO expressed in absolute, 
non-transformed units). These values are very similar if we restrict the sample to the 
post-1990 period. As for the level measurements, we observe both for BOD and NO that 
beggar-thy-neighbour behaviour tends to decrease slightly over time.

Table 3 shows the results for relative transboundary BOD pollution. The propositions 
remain the same, but we expect weaker pollution-reducing effects to the extent that free-
riding incentives are present.

The overall explanatory power of these models, as expressed by the basic model sta-
tistics, is somewhat lower than in the case of BOD levels. Income contributes to worse 
behaviour vis-a-vis downstream countries, though the effect is significant only in one 
model. This finding suggests that increasing income per capita may help in lowering the 
absolute level of transboundary pollution, but that countries may, with increasing income, 
become bigger externalizers in relative terms. Every 10 percent increase in income per 
capita in the upstream country increases relative transboundary pollution by 1 percent in 
the baseline model. Population density has the same effect, albeit stronger. Every 10 
percent increase in the upstream country’s population increases relative transboundary 
BOD pollution by approximately 12 percent across the models in Table 3. As expected, 
water flow reduces the observed effects of beggar-thy-neighbour behaviour (to put it 
more poetically, it appears to ‘wash away the sins...’). Every 1 percent increase in water 
flow ameliorates relative transboundary pollution by about 0.5% across all five models 
presented in Table 3. In contrast to the models for transboundary BOD levels, down-
stream location of the monitoring station has a strong, positive effect. Our interpretation 
is that downstream countries experiencing more beggar-thy-neighbour behaviour are 
more likely to set up monitoring stations.

Hypotheses 1 and 2 are disconfirmed by the evidence: democracy is associated (at 
statistically significant levels) with worse behaviour towards downstream countries. A 
two point increase on the democracy index increases relative transboundary pollution by 
approximately 4 percent across the models in Table 3. The same holds for joint 
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democracy. The effect of upstream EU membership points in the same direction, but is 
insignificant in most models. If an upstream country is an EU member then relative trans-
boundary BOD pollution becomes worse by 3 to 11 percent depending on the model 
specification. The signs of the coefficients for joint EU membership and age of EU mem-
bership (calculated in separate models, not shown here) are unstable and insignificant.

Hypothesis 3 receives partial support. While bilateral trade intensity and general trade 
openness do not have significant effects, the effect of trade asymmetry points in the 
expected (pollution-reducing) direction and is significant in two of the four models. Its 
substantive impact is quite strong. An increase in trade dependence of the upstream on 
the downstream country by 10 percent reduces relative transboundary pollution between 
26 and 57 percent, depending on the model.

Table 3. Results for relative transboundary BOD levels

DV: (1) (2) (3) (4) (5) 
BODnimby

lrgdpcus 0.0951*** 0.0392 0.0282 0.0082 0.0405
 [0.0191] [0.0320] [0.0342] [0.0359] [0.0408]
lnpopdensity 1.2279*** 1.2358*** 1.2177*** 1.1907*** 1.2595***
 [0.2755] [0.2597] [0.1799] [0.1666] [0.1534]
lnflow -0.5291*** -0.4605*** -0.4472*** -0.5057*** -0.5125***
 [0.0956] [0.0873] [0.0732] [0.0922] [0.0753]
flowmiss -2.5137*** -2.3080*** -1.8462* -1.7097* -1.5313
 [0.8603] [0.8093] [0.9622] [0.9504] [1.0434]
dsstation 1.2372** 1.1361** 0.9881*** 0.9607*** 0.7735***
 [0.5678] [0.5542] [0.3507] [0.3638] [0.2864]
polityus  0.2147** 0.1867* 0.2022** 0.1945**
  [0.1037] [0.0990] [0.1029] [0.0971]
euus  0.5955 0.6018 0.3368 1.1838**
  [0.4773] [0.5017] [0.5447] [0.5061]
asymmetry   -4.6400* -2.6536 -5.7435**
   [2.4070] [3.0119] [2.3830]
esi    0.0583 
    [0.0438] 
ans     0.0306
     [0.0405]
centrality     -0.0006***
     [0.0002]
constant -8.1305*** -9.9816*** -9.6469*** -12.4789*** -6.1832***
 [2.1482] [2.4017] [1.6575] [2.9429] [1.7408]
Obs. 168 168 150 150 150
No. of dyads 22 22 20 20 20
Rho .4609 .4389 .3429 .3737 .3180
R-squared 0.3909 0.4298 0.5287 0.5177 0.5927

Prais-Winsten regressions, panel corrected standard errors, with AR(1) and weighed least squares. Standard 
errors in brackets, *significant at 10%; **significant at 5%; ***significant at 1%. Prob>c2 = 0.0000 in all models.
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The evidence does not support Hypothesis 4: domestic environmental stringency does 
not appear to spill over into the transboundary realm. In contrast, international environ-
mental commitment (Hypothesis 5) has the expected effect, though this effect is signifi-
cant only for the centrality indicator. An increase of 100 points on the centrality index 
(i.e., about one standard deviation in the sample) reduces relative transboundary pollu-
tion by 6 percent. If Romania (centrality = 6329) instead of Spain (centrality = 7462) 
were the upstream country to Portugal relative transboundary pollution would increase 
by 68 percent. Overall, the evidence for the second dependent variable demonstrates that 
strong free-riding incentives are present, and that most of the five explanatory variables of 
interest in this article do not necessarily push upstream countries towards decent behaviour.

Nitrate (NO) pollution
Table 4 shows key results for transboundary nitrate pollution levels. We dropped the 
variables year, lnfertcrop and flowmiss from the baseline model because their effects are 
very weak and insignificant. As expected, the effect of income is negative, though sig-
nificant only in two of the five models. Its substantive effect is small as well. A 10 per-
cent increase in per capita income upstream reduces NO pollution between 0.1 and 0.5 
percent. Non-point-source pollution thus appears more immune to income effects than 
BOD pollution. This suggests that such pollution is (in contrast to BOD pollution, which 
can be dealt with through sewage treatment plants) less amenable to capital-intensive, 
technocratic solutions, but requires greater political efforts, notably regulation of fertil-
izer use and intensive livestock production in the agricultural sector, which currently is 
heavily subsidized and benefits from exemptions in environmental regulation. Intensive 
land use upstream increases pollution, and so does water flow. While a 1 percent increase 
in intensive land use increases pollution by around 0.65 percent, the same increase in 
water flow leads to an approximately 10 times smaller increase in pollution. We interpret 
the latter effect (which differs in direction from the effect of water flow in the BOD 
models) in the sense that higher levels of precipitation (or snow melt) wash more nutri-
ents into rivers. Downstream location of monitoring stations is associated with lower 
pollution levels, but this effect is significant only in two models.

The evidence presented in Table 4 offers some, albeit weak, support for Hypothesis 1: all 
coefficients for democracy and joint democracy (not shown in Table 4) have the expected 
negative sign but are not significant. Their substantive impact is also small. An increase of 
two points on the Polity IV scale reduces NO pollution by 0.8 to 2.4 percent. The evidence 
regarding Hypothesis 2 cuts in the opposite direction to what we expected: EU membership 
of the upstream country increases pollution — the coefficients are positive and significant in 
all models. Its effect is also substantively relevant. Where upstream countries are EU mem-
bers, NO pollution is approximately 40 percent higher. The same holds for joint EU mem-
bership and age of the upstream country’s EU membership (not shown in Table 4). This 
finding may reflect the fact that EU policies support intensive farming practices.

The evidence on Hypothesis 3 cuts against our expectations. Trade openness has a 
significant, pollution-increasing effect, whereas bilateral trade intensity and asymmetry 
have no significant effect. An increase of 20 percent in the trade openness of the upstream 
country increases NO pollution by 9 to 13 percent. Domestic environmental stringency 
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(Hypothesis 4) has the expected (negative) influence, though this effect is significant 
only for the esi index. An increase by eight points on this index (approximately one stan-
dard deviation within the sample) reduces NO pollution by about 25 percent. Two of the 
four coefficients for international environmental commitment point in the expected 
direction, but are not significant and their substantive impact is rather small.

Table 5 summarizes the main results for relative transboundary NO pollution. The 
explanatory power of these models is rather weak compared to the other three model 
groups. The effect of income is positive and significant in three of the five models. A 10 
percent increase in per capita income upstream increases relative transboundary NO pol-
lution by 3.5–12.5 percent within the sample range. Intensive land use upstream contrib-
utes strongly to worse behaviour towards downstream countries. A 1 percent increase in 
intensive agricultural land use upstream increases relative transboundary NO pollution 
by about 0.75 percent. Similar to what we observed in the BOD models, downstream 
stations tend to report higher degrees of beggar-thy-neighbour behaviour; however, the 
coefficient estimate does not reach conventional levels of statistical significance.

Table 4. Results for transboundary nitrate pollution levels

DV=NOlevel (1) (2) (3) (4) (5)

lrgdpcus -0.0114 -0.0265** -0.0535*** -0.0273 -0.0150
 [0.0091] [0.0109] [0.0131] [0.0172] [0.0274]
lnlandusecrops 0.6496*** 0.6480*** 0.6542*** 0.7162*** 0.7115***
 [0.0638] [0.0705] [0.0744] [0.0532] [0.0532]
dsstation -0.3014*** -0.2072* -0.2111 -0.1339 -0.1917
 [0.0984] [0.1168] [0.1311] [0.1072] [0.1542]
lnflow 0.0532* 0.0493* 0.0688*** 0.0779*** 0.0888***
 [0.0273] [0.0281] [0.0198] [0.0173] [0.0259]
polityus  -0.0125 -0.0044 -0.0062 -0.0070
  [0.0136] [0.0130] [0.0126] [0.0127]
euus  0.3435*** 0.4246*** 0.3789*** 0.4369***
  [0.1188] [0.1331] [0.1460] [0.1376]
openus   0.6747*** 0.4847* 0.5043*
   [0.2000] [0.2560] [0.2666]
esi    -0.0300** -0.0352**
    [0.0143] [0.0167]
cumraty     -0.0021
     [0.0029]
constant -1.7863*** -1.6335*** -1.7652*** -0.5213 -0.2900
 [0.4158] [0.4159] [0.4204] [0.9237] [0.9899]
Obs. 318 318 291 291 291
No. of dyads 32 32 30 30 30
Rho .8168 .8329 .8107 .8127 .8033
R-squared 0.5718 0.5724 0.6131 0.6203 0.6252

Prais-Winsten regressions, panel corrected standard errors, with AR(1), pairwise, weighted least squares. 
Standard errors in brackets, *significant at 10%; **significant at 5%; ***significant at 1%. Prob>c2 = 0.0000 in 
all models.
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Democracy has the expected effect, both monadically and dyadically, but the coefficients 
are not significant and substantively very small. Hypothesis 2 receives considerable support: 
whereas the effect of upstream EU membership is negative, but not significant, joint EU 
membership and age of the upstream country’s EU membership (not shown in Table 5) have 
a negative and significant effect in all models. If the upstream country is an EU member then 
relative transboundary NO pollution is between 13 and 44 percent lower. The coefficients of 
all three trade variables have the expected negative effect, but they are not significant. 
Domestic environmental stringency has no significant effect (Hypothesis 4).

Hypothesis 5 receives considerable support: three of the four indicators for interna-
tional environmental commitment improve behaviour towards downstream neighbours. 
For example, joining another 15 environmental treaties reduces relative NO pollution by 
24 percent. Overall, the results for the second dependent variable are somewhat more in 
line with those for the first dependent variable, compared to the BOD models. This sug-
gests that free-riding incentives may be weaker in the case of nitrate than organic pollu-
tion. One of the reasons could be that upstream countries free-ride to a greater extent on 
downstream neighbours when pollution control technology, which is more effective in 

Table 5. Results for relative transboundary nitrate pollution levels

DV=NOnimby (1) (2) (3) (4) (5)

lrgdpcus 0.0349 0.0620* 0.0867* 0.0720 0.1250***
 [0.0264] [0.0360] [0.0446] [0.0447] [0.0447]
lnlandusecrops 0.7765*** 0.7540*** 0.7998*** 0.7914*** 0.7075***
 [0.2157] [0.2094] [0.2361] [0.2421] [0.2141]
dsstation 0.2632 0.2928 0.2298 0.2848 0.1699
 [0.3131] [0.3049] [0.2858] [0.2978] [0.2995]
lnflow -0.1305* -0.1475** -0.1555*** -0.1717*** -0.2063***
 [0.0771] [0.0729] [0.0433] [0.0460] [0.0528]
polityus  -0.0661 -0.0533 -0.0368 -0.0435
  [0.0473] [0.0471] [0.0452] [0.0410]
euus  -0.2968 -0.4222 -0.4464 -0.1308
  [0.2822] [0.3203] [0.3292] [0.3660]
openus   -0.3996 -0.3753 -0.2413
   [0.4571] [0.4663] [0.4749]
ans    0.0255 0.0241
    [0.0185] [0.0167]
cumraty     -0.0162**
     [0.0068]
constant -2.9699*** -2.4442** -2.8504** -2.9597*** -2.4236**
 [1.0818] [1.1515] [1.1312] [1.0865] [0.9480]
Obs. 198 198 177 177 177
No. of dyads 24 24 22 22 22
Rho .8009 .7837 .7974 .8096 .7827
R-squared 0.0962 0.1137 0.1270 0.1332 0.1773

Prais-Winsten regressions, panel corrected standard errors, with AR(1), pairwise, weighted least squares. 
Standard errors in brackets, *significant at 10%; **significant at 5%; ***significant at 1%. Prob>c2 = 0.0000 in 
all models.
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reducing point-source pollution, allows them to discriminate more directly and effec-
tively against downstream areas. Conversely, reducing non-point-source pollution tends 
to be more difficult at the domestic level, which also makes it harder to discriminate 
against downstream countries.

Table 6 summarizes all results in simplified form. It shows that none of the five explan-
atory variables has a consistently negative effect on beggar-thy-neighbour behaviour in all 
four models. And even where coefficients point in the expected direction, they are quite 
often insignificant. The general picture that emerges from the analysis of coefficients and 
substantive effects is that the impacts of the five variables of key interest in this article 
differ quite strongly across the two forms of pollution and the two definitions of the 
dependent variable. Nonetheless, as indicated by the shaded fields of the table, we also 
observe that the majority of the effects are largely in line with the hypotheses. The main 
exception is EU membership, which has the opposite (pollution-increasing) effect to what 
we expected. Moreover, whereas the five variables have a greater pollution-decreasing 
effect on BODlevel than on BODnimby (as expected), the evidence for the NOlevel and 
NOnimby models cuts in the opposite direction. For BOD, this suggests that upstream 
countries clean up this form of pollution in ways that are, at least in the short or medium 
term, of greater (relative) benefit to themselves than to their downstream neighbours.

Robustness checks
We have tested the robustness of the empirical results reported above in several ways. 
First, we examined and, where possible, reduced multicollinearity problems. The 
results are quite stable to including or excluding variables that are problematic in this 
regard. For example, when we exclude income, which correlates quite strongly with 
variables such as democracy, EU membership and domestic environmental policy, the 

BODlevel BODnimby NOlevel NOnimby 
Democracy (–) + (–) (–)

EU membership + (+) + –

Trade (intensity, 
asymmetry, openness)

(+) (–) – (–) – (+) (–) (+) + (–) (–) (–) 

Domestic 
environmental policy 
(esi, wefstr, ans)

(+) (–) (–) (+) + (+) – (+) (–) (+)(+) 

International 
environmental 
commitment (cumraty, 
agtwatqual, glocoo, 
centrality)

– (–) (–) (–) (–) (+) (–) – (–) (+) + (–) – – (–) –

- and + indicate that the coefficients are mostly negative, or positive, and statistically significant. (-) and (+) 
indicate that the coefficients are negative, or positive, but not significant in most models. 

Table 6. Overall results
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signs of the coefficients remain the same, and many of them in fact become stronger 
and more significant.

Second, we examined whether specific outliers might have driven the results. No 
problems of this kind could be identified.

Third, we implemented all models with samples restricted to the post-1990 period. 
Our four datasets include more observations for the post-1990 period. This could have 
biased the results. However, the coefficients of most variables remain very similar when 
we restrict the sample, though some of them become somewhat weaker and less signifi-
cant due to the reduced number of observations.

Fourth, we ran all models with a Beck–Katz (1996) approach, using a one year lagged 
dependent variable instead of AR(1) and otherwise identical model specifications. The 
results are very similar, particularly for those variables that have statistically significant 
effects in the Prais-Winsten models with AR(1). Some minor differences between the 
Beck–Katz and Prais-Winsten models were observed particularly for relative trans-
boundary pollution levels, but mainly for the restricted, post-1990 sample.

Conclusion
This article has examined to what extent environmental quality enhancing effects of democ-
racy, trade and regulatory policy and institutions that have been observed at the domestic 
level in other studies are — in a Kantian sense — also at work in the international realm. To 
this end, we identified empirically the effects of five factors that may help in international 
environmental problem solving. First, we chose an international environmental issue where 
we can control for problem structure (in our case upstream–downstream settings) and meas-
ure transboundary pollution flows and beggar-thy-neighbour behaviour. Second, we chose 
two important forms of transboundary pollution, each of which has a specific character, and 
established baseline models that account for basic economic and ecological conditions. 
Third, we added a battery of variables in whose effects we are primarily interested: democ-
racy, supranational institutions, trade relations, domestic environmental policy and interna-
tional environmental commitment.

The observed effects of the five variables differ considerably across forms of pollu-
tion and definitions of beggar-thy-neighbour behaviour. Several of our explanatory vari-
ables contribute to reducing beggar-thy-neighbour behaviour. Hence, there is some 
empirical support for the environmental Kantian argument. Nonetheless, state behaviour 
in this area remains characterized by free-riding incentives; the forces of democracy, 
trade and national and international regulation and institutions do not easily produce 
decent international behaviour.

Because our results are based on data for Europe, which is characterized by relatively 
high income levels, domestic environmental standards, democracy and dense networks 
of international or supranational cooperation and trade relations, we should remain quite 
cautious about the chances of reducing beggar-thy-neighbour behaviour in less fortunate 
regions of the world. However, our results suggest that the three main Kantian pillars, 
democracy, trade and international environmental cooperation, could be helpful at least 
to some extent beyond the European context as well.
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More specifically, our results in respect to trade effects offer some support for the find-
ing by Sigman (2004) that trade relations facilitate the reduction of transboundary water 
pollution. With the exception of the effect of EU membership, they also support the results 
of Durth (1996) that political and economic integration is conducive to water-related coop-
eration among riparian countries. Our results regarding the effect of democracy are largely 
in line with the results of Von Stein (2008) and Neumayer (2002b) who report a positive 
effect of democracy on international environmental cooperation (in policy-output terms).

More generally, our analysis suggests that one cannot simply extrapolate to the inter-
national level the findings from studies that explain national-level environmental 
policy-outputs or policy-outcomes (e.g. Antweiler et al., 2001; Prakash and Potoski, 
2006; Ward, 2006). Future research needs to focus systematically on establishing and 
comparing the determinants of environmental policy-outputs and policy-outcomes or 
impacts at domestic as well as transboundary bilateral, regional and global levels, and 
on how improvements in domestic environmental policy may affect policies in that 
domain at the international level. Our results suggest that, at least in the case of interna-
tional water pollution, free-riding incentives may reduce the potential for positive spill-
over effects from the domestic to the transboundary realm.

Finally, our findings are largely in line with qualitative case-study results on international 
water pollution (e.g., Bernauer and Moser, 1996; Dombrowsky, 2007; Durth, 1996; Marty, 
2001). Several such studies show that cleaning up transboundary water systems is usually a 
very cumbersome and long-term process. They show, moreover, that even in cases of obvi-
ous improvements in transboundary water quality, such as in the rivers Danube, Colorado, 
Rio Grande or Rhine, progress may often have been made primarily due to factors other than 
international cooperation (e.g., independently motivated domestic environmental policy, or 
industrial transformation).

We conclude with some suggestions for further research. First, one obvious limitation 
in this analysis is the time-invariance of some environmental policy indicators (both 
domestic and international). As long as this limitation exists we will be unable to reach 
firm conclusions on whether, for example, a positive effect of stringency of domestic 
environmental policy on transboundary pollution indicates that greener countries are fol-
lowing a ‘beggar-thy-neighbour’ pattern with respect to downstream countries, or 
whether higher levels of pollution motivate stronger domestic and international environ-
mental commitment. Development of better panel datasets for the stringency of domestic 
and international environmental policies is urgently needed.

Second, we have used the best available data on transboundary water pollution. Our 
datasets cover enough rivers, riparian countries and geographical areas to allow for reason-
ably robust inferences about the driving forces of transboundary upstream–downstream 
water pollution problems in Europe as a whole. Yet there are substantial gaps in the data (the 
same problem affects virtually all other empirical studies on international pollution issues as 
well). Construction of improved datasets will require close collaboration between social and 
natural scientists. Besides incomplete data coverage per se, our dataset (and virtually all 
other environmental datasets as well) may suffer from strategic reporting — that is, data 
may be biased by the interests of governments collecting and reporting the information. 
Although the coefficient estimates for the dummy variables controlling if the up- or down-
stream country measured pollution were in most models statistically insignificant, future 
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research should look closer into where countries locate their monitoring activity, and what 
those stations report. This will help in identifying and correcting for selection effects.

Third, further research will have to clarify to what extent our findings are relevant 
beyond upstream–downstream transboundary water pollution in Europe. Upstream–
downstream pollution of international rivers is a hard case for international cooperation, 
obviously so even in a political and economic setting that would seem to be more condu-
cive to cooperation than settings in some other parts of the world. It remains to be estab-
lished whether the factors examined in this article can help in mitigating transboundary 
water pollution in geographic areas other than Europe. Similarly, research is needed on 
whether the environmental Kantian argument is relevant in other areas where states 
inflict harm on each other, for example, shared lakes, marine fish stocks, air pollution, 
toxic waste or global commons problems such as climate change.

Most research on international environmental cooperation focuses on treaties, formal 
negotiations or events data as dependent variables. These proxies for cooperation are impor-
tant and useful, but incomplete in two respects. First, they may not sufficiently capture ‘real’ 
cooperation in terms of international problem solving. Second, they do not take into account 
that many forms of international cooperation may be tacit or implicit, and not based on trea-
ties and formal negotiations. For obvious reasons, researchers focusing on the conventional 
version of the Kantian peace argument do not restrict the analysis to international negotia-
tions, peace treaties and other policy-outputs, but concentrate on de facto harm (armed con-
flict) that states impose on each other. Similarly, research on international environmental 
policy must focus more on measuring and explaining de facto transboundary environmental 
harm. Such research can help in establishing what types of countries tend to harm other 
countries less (or more), and why; and why some country dyads or groups are better able to 
cope more effectively with their transboundary problems than others.
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Notes

1 UNEP, http://www.unep.org/dewa/assessments/ecosystems/water/vitalwater/freshwater.htm.
2 http://dataservice.eea.eu.int/; http://www.gemswater.org.
3 The existing literature also suggests that democracies tend to be economically more open and 

have more extensive trade relations with other countries, and other democracies in particular 
(e.g., Mansfield et al, 2000). Trade relations, in turn, may contribute to transboundary pollution 
reduction (see below). As noted above, some studies have also shown that democracies tend to 
exhibit greater international environmental commitment. We argue below that stricter domestic 
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environmental policies and greater international environmental commitment tend to reduce 
transboundary environmental externalities.

4 Note that even though our empirical focus is on Europe, our sample contains almost equal numbers of 
EU and non-EU upstream countries. See supporting materials at <http://www.ib.ethz.ch/research/> 

5 See, e.g., http://sedac.ciesin.columbia.edu/es/esi/ESI_01_tot.pdf.
6 http://www.transboundarywaters.orst.edu.
7 This coding of the second dependent variable eliminates a few countries from the sample 

that was obtained for the first dependent variable (e.g., Germany, Switzerland) because in the 
transboundary dataset there are several dyads for which we have downstream pollution data, 
but no equivalent data for the upstream country.

8 We did not use fixed or random effects estimators for the following reasons. Fixed effects 
estimators use only the within-variance for the estimation and disregard the between-variance, 
which does not permit the estimation of time-invariant variables. Moreover, the fixed effects 
estimator is inefficient in estimating the effects of variables that have very little within-
variance. Because several of our main explanatory variables are either time-invariant or do 
not change much over time, the fixed effects estimator either drops these variables from the 
regression or produces unreliable point estimates and may thus cause wrong inferences in the 
same way a biased estimator would. Fixed effects vector decomposition models may help in 
overcoming problems in estimating the effects of time-invariant variables to some extent, but 
it is not obvious that they would provide more efficient estimates than the approach we use. 
Random effects estimations are not appropriate in our case because monitoring station and/or 
country dyad effects are likely to be correlated with the regressors.

9 If a country is the up- or downstream country in more than one transboundary river basin 
the observations may not be independent across dyads. We examined this possibility and did 
not find any significant problems of this kind. The same holds for possible implications of a 
country being the middle country in a river basin with three or more countries. Besides the 
upstream or downstream location of monitoring stations, other potential sources of selection 
bias in both the BOD and NO baseline models may be that stations are not placed randomly 
along rivers, that individual stations are not participating randomly in the EEA monitoring 
programme, or that they deliberately report wrong data to the EEA. Location, participation and 
reporting accuracy may be driven by strategic considerations (European Environment Agency, 
2003, 2004). We have not found any means for controlling such potential selection bias and will 
return to this point in the conclusion.
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