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Abstract

Environmentalists have argued that the environmental Kuznets curve (EKC) – an em-

pirical finding by which environmental degradation follows an inversed-U shape trajectory

as income grows – may be explained by pollution outsourcing through trade liberalization.

On the other hand, others have claimed that trade allows a more efficient use of resources

and the diffusion of clean technologies. Yet empirical studies of the relationship between

international trade and the environment have struggled to provide conclusive evidence in

favor of either hypothesis. I argue that previous analyses misread the theories that they

attempt to falsify, and that their empirical tests are generally inadequately specified and

suffer from omitted variable bias. I specify and analyze two dimensions that ought to be

considered in order to correctly test the hypotheses highlighted above: (i) the timing of de-

velopment, and (ii) the spatial diffusion of pollution. Empirically, I first identify a ‘second

mover disadvantage’: countries developing later pollute more on a per capita basis than

industrialized countries at similar stages of development. Second, I also find that trade

is a mechanism of pollution diffusion, and that the EKC is not robust to its inclusion in

regression analysis. Both findings support the outsourcing hypothesis.
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1 Introduction

What is the impact of trade on environmental pollution? The urgency of this question is

stressed by the robust growth of global trade: in the last decade only, merchandise trade

ballooned to over $15 trillions in 2010 from $6 trillions in 1999.1 If trade was to have any

significant effect on environmental quality – whether beneficial or detrimental – the answer

to this question would be of consequent importance.

I examine this question in this paper. The literature opposes two main arguments on the

effect of trade. On the one hand, trade may facilitate an efficient allocation of resources and

hence reduce the pressure on scarce inputs. In addition, trade may facilitate the diffusion

of clean and efficiency-improving technologies. On the other hand, institutional failures may

lead to imbalanced trade patterns in which scarce resources are overused, and pollution in-

creases as the negative externalities of production are not internalized.2 In this framework,

trade liberalization leads to the creation of pollution heavens. Scholars have conjectured that

the environmental Kuznets curve (EKC) – an empirical finding by which per-capita pollu-

tion follows an inversed-U trajectory as per-capita income grows – may be the result of such a

trade effect. Pollution-intensive goods are first outsourced to poorer countries and then simply

re-imported by wealthy countries.

This paper evaluates the empirical support for either approach by considering the case of

carbon dioxide (CO2) per capita. The latter is a potent pollutant and source of climate change

(Solomon et al., 2007). The question then is: are the gains presumably made in industrialized

countries an accounting artifact? Has production simply moved across borders?

Current empirical evidence, reviewed below, is mixed. I argue that the reason for this is

that existing studies are unsatisfactory since (i) they misread the theories that they attempt

to falsify, and (ii) their empirical tests are generally inadequately specified and suffer from

omitted variable bias. In particular, the contribution of this paper is to specify and analyze
1Data from Hoekman and Kostecki (2001) and the World Trade Organization, Trade growth to ease in 2011 but

despite 2010 record surge, crisis hangover persists, http://www.wto.org/english/news_e/pres11_e/pr628_e.htm#
table3 (accessed on August 10, 2011).

2Pollution is understood broadly as any negative environmental externality.
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two dimensions that ought to be considered in order to correctly test the hypotheses high-

lighted above. First, the timing of industrialization should matter. In particular, developing

countries, industrializing after industrialized countries, should have different levels of pollu-

tion for a given level of socio-economic development than wealthy countries. If the EKC indeed

is a result of a reshuffling of production, then developing countries should pollute more, ce-

teris paribus. However, if trade leads to a more efficient use of resources, we would expect

developing countries’ pollution trajectory to be underneath that of industrialized countries.

The second dimension I consider is spatial: if trade shifts production across polities, then

trade should be analyzed as a mechanism of pollution diffusion, that is, as a mechanisms

by which an outcome in a given country is conditioned on outcomes in other countries. In a

nutshell, this implies that trade does not per se cause pollution, but it is the vector through

which pollution is moved across borders.3

Examining per-capita CO2 trajectories, I find strong evidence that the EKC is not robust to

empirical tests that account for the timing of development and for spatial effects. Firstly, de-

veloping countries emit more CO2 per capita than industrialized countries at similar stages of

socio-economic development. Hence, I identify a second-mover disadvantage: late comers will

generally be expected to place a higher burden on their environment as they grow. Secondly,

when one accounts for spatial effects, there is no evidence that per-capita CO2 emissions fol-

low an EKC. I find that trade significantly shifts pollution across countries, and controlling

for this negates any evidence that an EKC is operating.

As indicated above, the debate surrounding trade and the environment is sensitive. One

reason is that trade-related income is a central component of many people’s welfare. This is

particularly true for developing countries, which are often relying on trade to raise income

but are also becoming major polluters (World Resources Institute, 2010). As such, any de-

cisions about global trade policies, including the current Doha round, will have important

consequences for numerous people. The design of the future trade regime should adequately

reflect our knowledge about the various effects of trade on pollution. A second reason is that
3Trade is a direct source of pollution through the transportation of goods. This should not be ignored, although

it is not the focus of this paper.
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the trade regime is perceived both as part of the problem and as part of the solution: the

pressure to use trade-based punishment system to enforce good environmental governance is

mounting. The European Union has for instance mentioned the possibility of imposing tariffs

to countries deemed to emit too much greenhouse gas emissions.4 Hence, whether trade is in

fact coupled to the environment is central for the legitimacy for these attempts.

The remainder of this paper is structured as follows. In the second section, I briefly review

the relevant literature pertaining to the EKC, trade, and the environment. In the third sec-

tion, I examine how existing theories make different predictions about the timing of economic

development on environmental pollution. Fourth, I consider how spatial effects may affect

empirical analyses of pollution trajectories. The fifth section concludes.

2 Relevant Literature

As discussions raged over the ratification of the North American Free Trade Agreement

(NAFTA), a number of commentators worried about the possible side effects that trade may

have on the environment.5 In fact, the 1990s witnessed increasing concerns about the possible

side effects of globalization in general, and free trade in particular.

It is in this context that Grossman and Krueger (1995) published what would become an

influential argument in all discussions on trade and the environment. Grossman and Krueger

(1995) argue that environmental deterioration increases at low levels of income until a tipping

point is reached, after which pollution tends to diminish as countries grow wealthier. Noticing

the analogy to Kuznets (1955)’s study on income inequality, this effect has since been known

as the environmental Kuznets curve (EKC). Since trade presumably leads to growth, it would

thus help states reach that tipping point.

Figure 1 presents some evidence for an EKC for a selected set of countries. Empirically,

evidence has been found for various pollutants (Grossman and Krueger, 1991, 1995; Selden
4“Barroso trade threat on climate” BBC News January 22, 2008 http://news.bbc.co.uk/2/hi/europe/

7201835.stm (accessed on August 10, 2011).
5“Nafta, Meet the Environment” New York Times July 12, 1993. Interestingly, the dual tension between trade

and the environment was already clear by that time: “Few dispute that Nafta has the potential to affect the
environment in the United States, indeed the hemisphere – for good as well as ill” (emphasis mine).
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and Song, 1995). These findings have been criticized however. For instance, Harbaugh, Levin-

son, and Wilson (2002) notice that these studies are extremely sensitive to model specifica-

tion, data quality, and definition of the dependent variable (e.g., what type of pollutants are

considered). Another source of criticism would be that most of these studies are tested on

cross-sectional data, which prevents from considering the dynamics and unit heterogeneity of

each state’s pollution trajectory.

[Figure 1 about here.]

Furthermore, and more importantly, some have suggested that even if the inversed-U rela-

tionship holds for industrialized country, this may be an artifact of some trade-related effect.

If pollution-intensive production moves to countries with less demanding environmental laws,

then it is not surprising that pollution decreases (or grows at a slower pace) in richer coun-

tries. Abatement of pollution in wealthy countries is not the result from gains in technology

and stricter legislation, but rather it is the product of a leak in polluting activities. In short:

pollution is outsourced to the developing world.

The relationship between trade and the environment is complex. The trade theory lit-

erature generally posits that free trade is welfare- and efficiency-increasing. In a simple

Heckscher-Ohlin framework, trade is determined by the relative endowment in factors of pro-

duction, such as land, capital, and labor. As trade barriers vanish, the economic activity in a

given country shifts to the production of goods requiring the factor that is relatively abundant

(Leamer, 1995). Hence, the ‘efficiency’ hypothesis posits that trade alleviates the pressure on

the relatively scarce resource. If that resource is a natural resource, such as land, then trade

weakens the demand on nature.

In a similar approach, a further stream of research argues that richer societies place a

higher premium on a clean environment, and governments themselves tend to be more capa-

ble of acting to tackle pollution (Dasgupta et al., 2002). Copeland and Taylor (1994) suggest

that income may endogenously lead to stricter environmental laws, which in turn define the

structure of trade and domestic production. In this respect, an important role is played by

improvements of markets and technology. Demand for clean energy in conjecture with high
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investment rates may lead to a virtuous feedback loop by which growth leads to better in-

stitutions and technology, which reinforce the demand side for a clean environment (Ayres,

1993; Simon, 1998; Lomborg, 2001). Efficiency-enhancing technologies in particular may play

a key role, since they can help newcomers avoiding costly investments (Lanjouw and Mody,

1996). Unsurprisingly, these claims have been highly publicized in the debates on free trade

agreements (Stern, 2004).

The strength of the efficiency hypothesis depends on the soundness of a number of as-

sumptions. The most critical is that prices reflect the scarcity of resources (Ekins, Folke,

and Costanza, 1994). If goods are correctly priced, then prices will raise at a socially opti-

mal rate as resources become scarce, ensuring an efficient outcome. However, this does not

hold if the production and consumption of these goods involve externalities or public good as-

pects (Hardin, 1968). For instance, oil prices do not reflect the costs of future climate change;

furthermore these prices may well not reflect other incidents such as oil spills absent well

defined damage laws. To respond to these challenges, a range of environmental policies have

been implemented in the last few decades to internalize the costs of these negative externali-

ties. Policies include command and control approaches, taxes, pollution permits and pollution

markets (Chichilnisky and Heal, 2000).

Fears have emerged that trade liberalization might have a disruptive effect on these ef-

forts.6 Two main sources of worries have emerged. First, the Heckscher-Ohlin framework

of efficient trade brakes down if property rights are ill defined. Chichilnisky (1994) shows

that when property rights over some natural resources in a given country are not clearly

attributed, this country may specialize in the extraction of this resource although there is

no technological comparative advantage in doing so.7 The key insight is that the marginal

cost of extraction does not reflect the true value of these resources as assets. According to

Chichilnisky, this explains why developing countries tend to overuse their natural resources,

making themselves poorer in the process.
6See Anderson and Blackhurst (1992) for a broader perspective on the relations between trade and the envi-

ronment.
7Chichilnisky (1994) refers to the Ricardian trade model, but the rationale can be transposed to the Heckscher-

Ohlin framework.
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Second, it is feared that trade competition leads to the weakening of existing environmen-

tal policies. Trade liberalization exposes and exacerbates institutional failures. Relatively

poor countries might be tempted to weaken their environmental regulations to attract foreign

investors. Weaker environmental obligations means that producers do not have to internalize

the costs of the negative externalities of their business, raising profit margins. By a simple

competition effect, firms may be expected to relocate to these areas. This effect is generally

referred to as the pollution haven hypothesis which is a form of pollution outsourcing.

The more pessimistic version of this approach goes one step further. The pollution haven

hypothesis suggests an outcome where a set of countries – those in position to attract the

relevant kind of industries – deregulate while those with relative high income specialize in

the production of clean goods. Yet some argue that the very same rationale could lead to the

conclusion that all countries deregulate. In a logic akin to an arms’ race, the legislators would

be condemned to cut back on environmental laws to accommodate firms and keep jobs in their

constituency (see Prakash and Potoski 2006).

Against these grim views, others have argued that trade may vehicle environmentally

favorable legislation. For instance, Vogel (1995) suggests that exporters are dependent on the

goodwill of the destination markets. Exporting states might thus import stringent regulations

in order to ensure the best access for their goods to foreign markets. Sometimes dubbed the

California effect, this argument underlines the bargaining struggle between states in the

maximization of two parameters: economic welfare and environmental quality (Vogel, 1995,

1997).

What is the evidence for a trade-related effect on pollution? It is mixed. Early research

by Leonard (1988) and Tobey (1990) fail to find support for a weakening of environmental

regulations in wealthy countries. Frankel and Rose (2005) find no evidence that trade has

a detrimental effect on the environment. Unfortunately, their claims are weakened by us-

ing mainly cross-sectional data and using trade openness as their only independent variable.

Furthermore, using an instrumental variable (IV) approach with samples as small as 30 obser-

vations increases doubts about the strength of their findings, as the small sample properties
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of IV models are poor. Grether and De Melo (2004) consider a similar question, but find some

evidence for trade-related outsourcing of dirty production. Cole (2004)’s study is similar to

the analysis performed in this paper; he finds that a trade-related effect for some pollutants

but that this effect does not eliminate the EKC. His study however entirely focuses on indus-

trialized countries over a relatively short time span, losing much of the dynamics of the data.

More recently, Peters et al. (2011) provide evidence that trade may account for industrialized

countries’ ability to stabilize their emissions. The limits of their study is the relatively short

time period of the data (1990 to 2008) and the need to impute most of the dataset besides

three reference years.

We are thus left with a puzzle. By most accounts, industrialized countries have experi-

enced improved environmental outcomes, as the EKC suggests. Some observers hinted at the

positive effect that trade may have on the efficiency of resource allocation. Skeptics argue

that the gain in developing countries was achieved at the cost of higher environmental degra-

dation in developing countries. Yet, the evidence in favor of either position has remained

blurry at best. I argue that the core issue is that the empirical tests of these hypotheses have

not clearly matched the theoretical implications of these hypotheses to empirical tests. In the

next sections, I remedy to these shortcomings by deriving hypotheses that relate to the timing

of development and the spatial effects that trade may have on the environment.

3 Pollution, Trade, and the Timing of Development

3.1 The Timing of Development and the Second Mover (Dis)Advantage

The two hypotheses of efficiency and outsourcing effects are hard to disentangle. One reason

for that is that they make identical predictions for industrialized countries. Table 1’s first

column summarizes this using the case of per capita carbon dioxide. Whether trade shifts

‘dirty’ production of goods or whether it leads to more efficient production, we expect the

pollution intensity to decrease in wealthy countries. A second reason is that both the efficiency

and the outsourcing effects may both operate at the same time in any given country. To
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overcome these issues, I exploit the difference in predictions about developing countries to

distinguish between the two theories.

[Table 1 about here.]

The intuition of this first test is the following: while predictions about outcomes in indus-

trialized countries are the same for both set of theories, they make radically different predic-

tions for developing countries. If trade leads to a more efficient use of resources and easier

access to clean technologies, then the pollution trajectories of developing countries should be

below that of industrialized countries. That is, developing countries would benefit from an

environmental standpoint from developing after industrialized countries, since they can thus

gain access – via trade – to any technological improvement in their use of resources. I refer to

this as a second mover advantage.

To illustrate this claim, consider the following scenario: consider two countries, i and j at

the same stage of economic development, defined broadly as per-capita income and as having

similar political systems.8 For the sake of argument, let us suppose that both are democratic.

Further, let i be a country that is nowadays considered to be industrialized, and let j be a

country that is currently developing. Let us compare them when they were at similar level

of socio-economic development, that is, when both had the same income per capita and the

same institutions. (This implies comparing i’s situation in the past to j’s current situation.) If

both i and j pollute at the same level (on a per-capita basis), then this would suggest that for a

similar level of economic activity the efficiency gains are equal to the outsourcing effects. Now,

if trade is overwhelmingly a source of efficiency (through the diffusion of technology and the

better use of resources), then j should emit less pollution out at an identical level of economic

activity once we let these countries trade. Hence, by developing later in time, j has a second

mover advantage.

The situation is reversed if trade is predominantly a source of pollution movement. Here,

a country developing later in time, such as j, will be hurt. The reason is that j will inherit the
8I do not subscribe to a linear vision of development; nevertheless, using such a benchmark is useful for the

comparability of this analysis with previous studies.
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dirty production activities from i, the wealthier country without being able to compensate this

with better technology. As i’s income grows, its economic focus will shift towards the service

sector and high added-value goods production. Further, its population may be expected to

ask for a better environment, further disadvantaging those producers who generate high-

pollution, low-yielding, goods (Dasgupta et al., 2002). If this scenario is correct, then countries

that develop later suffer from a second mover disadvantage, since by growing later in time

they have to accommodate the outsourced pollution in addition to the usual pollution that

they would produce under their own growth. Hence, their environmental pollution trajectory

would be expected to be above that of already industrialized countries at any level of socio-

economic development.

3.2 Timing of Development: Empirical Strategy

Hence, I can test the rival hypotheses on the effects of trade on the environment by comparing

the pollution trajectories of developing and industrialized countries. I do so by deriving an

estimate of the treatment effect of ‘being’ a developing countries on CO2 emissions per capita.

The notion of ‘being’ a developing country simply refers to whether a country is a second mover

or not. his simply intends to capture the timing of development: being a developing country

here simply means being a second mover in terms of economic output and more generally

in socio-economic development. Denote the treatment effect τ and the treatment Z. Hence,

according to the theories presented above, τ will reflect the combined (but opposite) effects of

innovation and pollution outsourcing on the treated (i.e. on developing countries).

While this treatment appears too imprecise to be of great use, I argue that it is a helpful

step to test the two theories presented above. As said, these theories are difficult to test

because it is hard to disentangle the conflicting effects of outsourcing and improved efficiency.

To see how the approach used in this paper is fruitful, suppose that we can obtain an estimate

of the treatment, such that τ̂ = (ȲZ=1|X)−(ȲZ=0|X), where X is a set of confounding variables

that will include various socio-economic variables (described below). Then, we may find:

• τ̂ < 0: developing countries are emitting less pollution than industrialized countries at
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similar levels of economic activity. The efficiency effect is larger than the outsourcing

effect.

• τ̂ = 0: no difference between developing and industrialized countries. The efficiency

effect is equal to the outsourcing effect.

• τ̂ > 0: developing countries are emitting more pollution than industrialized countries at

similar levels of economic activity. The outsourcing effect is larger than the efficiency

effect.

A few comments are necessary here. First, the functional form of pollution trajectories

both within developing and industrialized countries is unknown and still the object of many

debates. Hence, the linear model assumption that we know the correct model becomes tenu-

ous. Second, the trajectories do not overlap enough to alleviate concerns of model dependency.

Notice that this is an important theoretical concern: my interest is in comparing countries

over their observed socio-economic development. It would make little sense to compare a

developing and an industrialized countries at levels of income that the former has not yet

reached in this context. Hence, I derive an estimate of the treatment on the treated using

matching techniques which yields an estimate of the treatment effect on the treated. Data

preprocessing has become increasingly popular in the social sciences in the past two decades

(Dehejia and Wahba, 2002; Ho et al., 2007). Matching is done in two steps: firstly, a model

determining selection in the treatment group is estimated. This yields predictions (propen-

sity scores) about treatment membership. Secondly, a weighted regression is estimated using

these propensity scores as weights.

Third, while matching reduces dependence on the models used to specify the estimation

model, it comes at the cost of some assumptions, the most important of which I summarize

here (Gelman and Hill, 2007, 207). Firstly, as in virtually any regression framework, ignor-

ability of the treatment conditional on covariates must hold. Secondly, the set of covariates

on which we attempt to find balance must be correctly specified. Thirdly, there must be no

spillover effects across units of analysis. Fourthly, there must be sufficient overlap between
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the treated and the control group. I discuss these assumptions further below.

To ensure the robustness of the propensity score approach, I also estimate the models

using the k-nearest neighbors.9 This method has gained much popularity in recent years

(Abadie and Imbens, 2006). I examine whether the results hold for k = 4. There is no clear

theoretical reason for choosing k = 4 over, say, 3 or 5 in the context of this research question.

I used other values than 4, with very similar results. The procedure is similar to one-to-one

matching, except that the matched outcomes are an average over the k nearest neighbors

(Todd, 1999, 7). This might help stabilizing the effect and reducing the influence of outliers.

The results are virtually identical across all estimates.

The main regression estimate is given by Equation 1:

CO2 per capitai,t = τDeveloping Countryi + X′i,tβ + γk + δt + εit (1)

3.3 Data & Variables

To estimate the model presented above, I built a dataset covering 157 countries over the period

1900-2007. The length of the time series is important, since I want to compare countries at

different stages of their socio-economic development. All variables are summarized in Table

2.

[Table 2 about here.]

The main dependent variable used in this paper is per-capita carbon dioxide emissions and

is obtained from Boden, Marland, and Andrews (2010).10 Carbon emissions are potent green-

house gases (Solomon et al., 2007). As such, they clearly capture a measure of environmental

degradation. Furthermore, as carbon emissions are correlated with other polluting activities,

they are a useful proxy for a variety of pollution that could be affected by some trade-related

diffusion. Using per-capita data allows us to consider the elasticity of change of the polluting

structure in a country with respect to changes in the covariates. Our interest is not so much
9Results available in the online appendix.

10Sources are listed in the appendix.
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in the mechanics of trade rather than on its influence on a society’s propensity to pollute. The

variable is measured in metric tons of carbon per inhabitant. As the original sources round

the data, a few country-years are listed as having no emissions. Nevertheless, the mean is 1.1

metric ton of carbon dioxide emissions per capita.

On the right hand side, X is a vector of covariates for country i at time t, which includes

GDP per capita, squared GDP per capita, and an index of democracy. Some analyses include

continent fixed effects γj and year fixed effects δt. (Since the main independent variable

is time-invariant, I cannot include country fixed effects.) Following the matching design, I

estimate this model using appropriate weights obtained by the matching estimation. I test

the robustness of my findings by expanding X to other covariates some models, including

population, population density, oil prices, and OPEC membership. To estimate the effect of

the treatment on the treated (τ̂ ), I use least square estimates with panel-corrected standard

errors (Beck and Katz, 1995). In addition, since serial correlation may be an issue, I employ a

Prais-Winsten transformation (Greene, 2008, 649).

The key question is how to operationalize the ‘development’ treatment, that is, how to

identify second movers. In the following analysis, the development treatment splits the data

between countries that are not members of the Organization for Economic Cooperation and

Development (OECD) and those that are members. The use of the OECD does not imply any

effect of this organization; OECD membership simply proxies for whether a country is at more

or less advanced stages of socio-economic development. In the terminology followed in this pa-

per, OECD membership hence provides a good distinction between first and second movers.

Concretely, the variable is coded 1 for non-OECD members, and 0 for OECD members. A

noticeable exception are some OECD members, in particular those who recently joined the

organization, which may not qualify as ‘first movers’ and which I coded as developing coun-

tries.11 They arguably are second movers in the sense that they developed later in time than

industrialized countries. Hence, they may be under the influence of changes in industrialized

countries.
11Essentially, all this includes all countries that joined the OECD after 1980 as well Turkey. The results are

similar if those countries are coded as industrialized countries.
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3.4 Timing of Development: Results

The first step is to define the propensity score which simply gives the likelihood of being a

developing country. There is no intrinsic meaning attached to this score in this paper. The

aim is to obtain the best balance on the covariates of interest, which in this case and follow-

ing the literature mentioned above are set as income per capita, income per capita squared,

total income, and how democratic a country is. Table 3 reports the results across treatment

and control groups before and after matching.12 The improvement over the mean and stan-

dard deviation of the subsamples is clear. Using the propensity scores thus obtained, I then

estimate various models using weighted least squares.

[Table 3 about here.]

Table 4 summarizes the results. Model (1) replicates the findings of the literature by

considering the influence of income (and its squared term) only, as well as democracy. Model

(2) to (6) estimate the model presented above after data processing, using the propensity score

approach. These models differ in terms of control variables and the presence of continent or

year fixed effects.

[Table 4 about here.]

Model (1) identifies an EKC, since GDP per capita has a positive and significant effect on

carbon emissions per capita, and its squared term is negative and also significantly different

from 0. This suggests an inversed-U shape relation between income and pollution. This is

compatible with the literature reviewed above (Grossman and Krueger, 1995).

Model (2) to (6) include the development treatment. Two main findings are obtained. First,

I find that the EKC is not robust to the inclusion of the development treatment.

Second, I find that countries that develop later in time emit more carbon emissions on a

per-capita basis than early developers. The effect, depending on the specification, is between
12Although often reported, t-tests on sample difference are of limited use, as there is no way to know what

represents a bias-inducing difference in means (or standard deviation). A t-test may suggest that we cannot reject
the null of identical sample means, but the difference might be large enough to bias our results. Hence, t-test do
not yield useful additional information. I thank Jennifer Hill for this point.
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.18 and .67 (which compares with a mean value in 2008 of 1.36 metric tons of carbon per inhab-

itant) and is highly significant throughout. The effect is robust to the inclusion of a range of

control variables. Further, it is not affected by the inclusion of continent fixed effects, nor by

the inclusion of year fixed effects. Hence, these findings are robust to any unobserved, year-

specific and continent-specific, shock. It appears thus that in terms of environmental quality,

late developers are disadvantaged in comparison to countries that developed earlier. Follow-

ing the discussion above, this suggests that trade has not brought to developing countries a

superior use of their resources, either via better allocation or via better technology.

In sum, I find evidence in support of the hypothesis that the efficiency effect that trade may

provide does not overcome the outsourcing of polluting production in developing countries. I

do not exclude that both effects may operate, but the estimates above suggest that outsourcing

effects are superior in aggregate.

Nonetheless, these claims are vulnerable to the criticism that trade per se is not present

in these models; rather, the underlying trade effect is a conjecture. To overcome this issue, I

now examine the spatiality of trade effects.

4 Space & the Diffusion of Pollution

4.1 Pollution & Spatial Effects of Trade

The results above suggest that developing at a later stage does not improve a country’s envi-

ronmental record, unlike what the trade-as-efficiency argument would predict. Nonetheless,

the preceding analysis does not provide direct evidence for any trade effect on pollution. This

section attempts to resolve that issue by considering how spacial effects should be accounted

for. Specifically, I highlight (i) why trade should be conceptualized as a vehicle for diffusion,

and (ii) why this implies that spatial econometric models are superior to traditional linear

models.

Conceptually, no theory presented above implies that trade in itself is a determinant of
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pollution.13 Consider for instance the efficiency argument. The idea is that firms take ad-

vantage of some country-specific feature to improve their environmental efficiency, where the

implicit assumption is that there are some private gains from cleaner production. Yet this ar-

gument is void of any substantive trade effect. The determinant of pollution is located in some

idiosyncratic aspect of the relevant country. Efficiency is conditioned on trade, not caused by

it. That is, variation in trade in itself does not determine environmental output; rather, it

(theoretically) allows firms to benefit from net efficiency gains. Likewise, the argument that

trade raises income and wealthier individuals have greener preferences can be entirely cap-

tured by income. That is, if we control for income, there should be no residual effect left for

trade.

Similarly, consider the different variants of the pollution haven hypothesis. Suppose a firm

located in some rich country and which produces goods for this country’s consumers decides

to move to a neighboring country with weak laws on environmental standards. These goods

will eventually be traded back to the wealthy country. Hence, we may expect a decrease in

pollution in the rich country, but the consequence will be an increase in pollution in the laxer

country. Trade will have acted as a diffuser of pollution.

It is thus conceptually more accurate to understand the effect of trade as a diffusion mech-

anism of externalities. This is not just a semantic question, but has serious implications for

any empirical strategy. The literature on diffusion mechanisms has been burgeoning in fields

such as development economics (Spolaore and Wacziarg, 2009), international relations (Sim-

mons and Elkins, 2004; Jahn, 2006; Bechtel and Tosun, 2009; Neumayer and Plümper, 2010),

and policy analysis (Busch and Jörgens, 2005; Dobbin, Simmons, and Garrett, 2007). The

core idea of the diffusion literature is that outcomes across space are not independent, but

may influence each other. For instance, tax rates in a given country are possibly determined

by the tax rates in neighboring countries. More subtle forms of diffusion refer to learning

effects; for instance, political leaders or firms may learn from successful policies and innova-

tions that took place in other countries or markets (Simmons and Elkins, 2004; Volden, Ting,
13Trade can lead to increased economic activity, which in itself may lead to more environmental issues, but this

effect can be captured controlling for economic growth.
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and Carpenter, 2008; Cao, 2009).

Why should we worry about this? Diffusion mechanisms are related to “Galton’s problem”

(Goldthorpe, 2005; Jahn, 2006). Galton raised the issue that outcomes are not necessarily

the result of some unit specific factors, but that correlation of the disturbance terms across

units might play a role in shaping the outcome (Ross and Homer, 1976). In other words, the

outcome for a particular unit (e.g., the tax rate in the United States) is not only a function of

features of this particular unit (following the same example, the income and the population

of the United States) but also of features of other units (the tax rate in Canada and Mexico

for instance). Applied to international relations, this is simply what scholars generally refer

to as interdependence (Keohane and Nye, 1977). As Franzese and Hays (2008) note, this is

often ignored when testing theories. Yet the key argument of both the trade efficiency and

pollution haven hypotheses is that environmental change in one country is related to the

environmental change in another country. Pollution in any given country is determined by

pollution in another country.

This simple yet central insight is of major importance. The (theoretical) interdependence

of pollution has significant consequences. First, it suggests that trade should be understood

as a vehicle for pollution, not as a determinant of pollution itself. Trade is simply the diffu-

sion mechanism that relates environmental output in one state to environmental output in

another.

Second, this raises serious issues with respect to traditional strategies of empirical tests.

Consider the following simple model:

yi,t = X′i,tβ + εi,t (2)

where y is an environmental output (e.g., air quality) in country i at time t, and X is a

vector of covariates, typically including per capita income and its squared term, and political

variables such as whether i is a democracy. Finally, ε is the error term. A least square

estimation of the vector β requires that εi to be uncorrelated to the error term in any other

country j, i 6= j (Greene, 2008). If this assumption does not hold, then we violate the Gauss-
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Markov assumptions, and our estimates will be biased. Fortunately, recent development of

models that account for correlation of outcomes across units allows to overcome these issues.

Specifically, spatial econometric models estimate whether a particular covariate – in this case

trade – relates outcomes in country i and j. I review this literature in the next section when

I define the empirical strategy.

As indicated above, the theoretical predictions of both the efficiency and the pollution

haven hypotheses posits that there is some relationship between outcomes in one country and

outcomes in some other country. The efficiency argument suggests that as the environment

improves in country A, it does not increase in other countries by more than what was gained

in country A. The pollution haven argument on the other hand implies that as one country

improves its environmental record, some other country will worsen its own environmental

performance.

4.2 Spatial Diffusion: Empirical Strategy

Recent advances in econometric methodology allow to overcome the bias of least square in the

context of spatial correlation. Spatial econometrics recognize that units might be correlated

across space (Anselin, 1988; Beck, Gleditsch, and Beardsley, 2006; Franzese and Hays, 2008;

Hays, Kachi, and Franzese, 2010). The core idea of spatial models is that the dependent

variable in unit i is a function of the outcome in a finite number of other units j (i 6= j). The

key question is the nature of the relationship between the i and j. Early models typically

focused on some geographic feature, such as whether two regions share or not a common

border, or the distance between their respective capital city.

Nevertheless, as Beck, Gleditsch, and Beardsley (2006) argue, the connection between two

units is essentially a matter of theory. Straightforwardly, the diffusion mechanism in our case

will be related to bilateral trade. I shall come back later on the exact specification of this

connection. Suffice to say that the theories studied in this paper consider some link between

environmental outcomes as related by trade.
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The simplest spatial model can be summarized as follows:

yi,t = β0 + β1Xi,t + ρWyj,t + εi,t (3)

where W is the connectivity matrix that relates outcomes in j to outcomes in i. The param-

eter ρ is to be estimated. The estimation of Equation 3 is referred to as spatial OLS, or S-OLS.

This parameter indicates the degree to which our units experience spatial interdependence.

Obviously, this will be the key parameter of interest.

Let us briefly come back to the connectivity matrix W. This matrix is a square matrix,

with diagonals entries 0, reflecting that units have no connection to themselves. Entry wa,b

will reflect the degree to which a and b are attached. Notice that wa,b doesn’t have to be

identical to wb,a. For instance, they will be the same if we consider the distance between a and

b. However, they will be different if we consider that the nature of the connection between

them is captured by, say, foreign aid from one country to the other.

As noted by Plümper and Neumayer (2009), the spatial methodology literature generally

assumes that this connectivity matrix ought to be row-normalized (i.e., the sum of each row is

1). The rationale is that each unit’s influence is measured as a proportion of the other units.

However, as they argue, this is a matter of theory. Clearly, this is not appropriate in the

present case, since the theoretical argument relates the levels of carbon dioxide in i to those

in j; the issue of relative influence is not relevant for the purpose of this paper. Hence, W is

not row-normalized here.

Readers will have noted that estimating Equation 3 only leads to new issues: namely, by

introducing yj,t on the right-hand side of 3, we now face an endogeneity issue. Clearly, this

should be taken seriously (Franzese and Hays, 2008). Two solutions are available. First, one

can use spatial two-stage least squares (S-2SLS). The instrument for Wyi,t is readily found

in WXi,t and in Xi,t, assuming that these instruments satisfy the usual criteria for 2SLS

estimation and cross-spatial endogeneity (Franzese and Hays, 2008). The two traditional

conditions are that the instruments should be correlated with the instruments, but not with

the error term of the main model (Murray, 2006). The cross-spatial endogeneity condition
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is a bit more complex. In essence, this condition requires that yi does not affect xj . The

issue is that if we do not fully trust that X satisfy the exogeneity condition, the estimates

may even perform worse (Franzese and Hays, 2008). What this approach means here is that

I instrument trade-weighted foreign carbon emissions by trade-weighted foreign income per

capita. Consider the case of three countries, the Canada, Mexico, and the US. The trade-

weighted per-capita CO2 in Canada and Mexico is instrumented by their trade-weighted per-

capita income. There is little reason to believe that their income would have any effect on the

US outside the causal channel of trade. Hence, this approach satisfies the main conditions for

2-SLS to be valid.

The second solution is to time-lag yj,t, as indicated by Beck, Gleditsch, and Beardsley

(2006). This is the solution adopted for instance by Jahn (2006). The main argument against

this approach is that it is only valid if our estimates do not suffer from serial correlation.

Furthermore, other issues arise in the use of lagged dependent variable (see Achen 2000). To

avoid these issues, and as there are strong reasons to believe that WXi,t is a good instrument,

I use the S-2SLS solution. I present the reasons for this choice below.

In addition, a comment on the different strategies between the development treatment

approach and the spatial model is warranted. The use of propensity matching is rendered

necessary in the previous analysis since our aim was to identify differences in carbon emis-

sions over observed trajectories. Here however, we are interested in all observations, even

those for which there is limited data overlap. Hence, spatial estimates are not weighted.

Hence, the model estimated below is the following:

The main regression estimate is given by Equation 1:

CO2 per capitai,t = ρWi,j,tCO2 per capitaj,t + X′i,tβ + φiεi,t (4)

where W is the connectivity matrix, which is measured by the imports by i from j in-

teracted with j per-capita carbon emissions in year t. The rational for using imports is best

illustrated as follows. Let i be the United States, and j Mexico. Let us suppose that the United

States now outsource some polluting factory to Mexico, and then imports the good produced
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by this factory. This would translate in (i) an increase in imports from Mexico, and (ii) an

increase in per-capita carbon emissions in Mexico. Hence, the interactive effect of imports

and foreign production leads us to expect ρ to be negative, since an increase in wUS,M and of

CO2 per capita in Mexico would lead to lower CO2 per capita values in the United States. This

example underlines why row-normalizing the connectivity matrix is not founded here, since

the relative importance of any two countries matters little.

The vector X includes the same covariates as in the previous analysis: income per capita

and its squared term, and democracy. In addition, some models include population, the rela-

tive size of the industrial sector, population density, and oil prices. Finally, since our indepen-

dent variable of interest is time-varying, we can now include country fixed effects to account

for unobserved time-invariant confounding factors.

4.3 Spatial Diffusion: Results

The results for the spatial analysis are presented in Table 5. Model (1) and (2) present the

non-spatial results, where (1) is a simple country fixed effects model, and Model (2) uses

panel-corrected standard errors (Beck and Katz, 1995). Model (3) to (5) are spatial 2-stage

least square models.

[Table 5 about here.]

As in the previous section, model (1) and (2) replicate the EKC findings, as income has

a positive effect while its squared term is negative. This reflects the inversed-U relation-

ship between the two variables. The models of interest are (3) to (5). Our spatial term, ρ̂

is constantly and significantly negative. What does this mean? It implies that as imports

from j to i grow and carbon emissions per capita in j grow, carbon emissions per capita in

i decrease. This is exactly what the diffusion approach would expect: as factories are aban-

doned in wealthy countries while they are being rebuilt elsewhere, and as imports from the

new location increase, we observe a decrease in pollution in the original country. Hence, this

establishes strong evidence in favor of the spatial correlation between countries in terms of
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pollution through imports as the diffusion mechanism. In other words, pollution in i is es-

sentially dependent on pollution in j. While this basic idea is a the root of the environmental

studies literature, this paper provides empirical support for such an effect.

As Beck, Gleditsch, and Beardsley (2006) indicate, interpreting spatial point estimates

is not straightforward, and in this case may not be particularly informative. The marginal

effect of trade will depend on a foreign country’s own carbon emission levels. In the context

of this paper, what is more interesting however is to see what effect including the spatial

CO2 variable has on other covariates. In particular, we find that the squared term of per

capita income becomes positive and in some specifications significantly so. This suggests that

including a spatial term in the canonical model of carbon emissions renders the relationship

between income and pollution linear at the very least. In other words, this would indicate that

the EKC may indeed be an artifact based on changing trade patterns, as signs of a decrease

in the marginal rate of emissions vanishes.

5 Robustness

I verify the robustness of the findings in various ways, some of which are reported here.14

First, I estimate the same modes using Peters et al. (2011)’s data on CO2 consumption per

capita (instead of CO2 production per capita). Excluding any spatial effect, the models should

find no evidence in support of the EKC. That is, if the findings above are correct, then using

consumption data instead of production data should reveal that imports have compensated

for outsourced production. Specifically, this means that we should find that income’s squared

term is not negative. The results are reported in Table 6. Once using the consumption data

instead of the production data, any evidence on the EKC disappears, further strengthening

the trade argument.

[Table 6 about here.]
14Those tests not reported here are available in the online appendix.
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Second, I conduct a placebo test using sulfur dioxide (SO2) data. Sulfur is also a major

pollutant, but it has been largely phased out over the past three decades, as Figure 2 shows.

[Figure 2 about here.]

Since we ex ante know that sulfur dioxide emissions have massively diminished, we can

use it to see whether the models estimated above correctly respond when using sulfur instead

of carbon as the dependent variable. The expectations are that trade still has a significant

affect (since any movement of trade and foreign SO2 emissions should be correlated with

domestic SO2 emissions), but it should not disturb the EKC pattern, that is, the positive

effect of income and the negative effect of its squared term. That is, fitting the same model

with SO2 as the dependent variable should yield estimates that suggest an EKC even when

the spatial component is included. This will provide evidence that the models estimated above

are correctly specified when considering other types of pollutants which have not historically

behaved as carbon dioxide. The results are reported in Table 7.

[Table 7 about here.]

The placebo test yields estimates that are broadly consistent with the a priori expectations.

Trade is always negative and significantly different from 0. This is expected, since the trade

relation should still operate: if imports from j go up and j’s SO2 per capita emissions increase

as well, we would expect a decrease in i, no matter what. More importantly, the EKC remains

largely unaffected by the inclusion of spatial effects. This suggests that the models fitted

above yield estimates that are coherent for dependent variables that have followed different

trajectories.

6 Conclusion

This paper provides a theoretical model of the effect of trade on pollution, suggesting that it

is a mechanism of diffusion. Further, it finds evidence that (i) developing countries emit more

carbon dioxide emissions on a per-capita basis than industrialized states at similar stages of
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development, (ii) trade accounts for part of this effect, and (iii) trade may explain the marginal

decrease of pollution in industrialized countries.

This however does not imply that trade ought to be restricted. The welfare effects of trade

may well compensate the negative externalities born out of carbon emissions. Indeed, this

paper does not make any claim about the aggregate effects of trade. However, it provides

some evidence that apparent gains made in industrialized countries are be the result of a

displacement of polluting industries to the developing world. That is, pollution is correlated

across countries, underlying their interdependence.

It is there were additional research is much needed. In particular, we do not know much

about where industries move and why. While the pollution haven literature has made claims

about what can happen when states compete for polluting production, the interaction between

domestic politics and foreign industries still demands for better theories and empirical stud-

ies. What, besides production costs, motivate firms to implement factories in any particular

countries? Do foreign institutions condition the movement of industries? Are democracies or

autocracies more likely to welcome dirty production? Or are property rights more important?

Considering that the outsourcing hypothesis largely rests on an institutional argument, the

nature of the diffusion process may shed additional light on the spatiality of trade.

The second stream of possible research relates to understand why the positive effects of

trade, in particular in the form of clean technology diffusion, are not stronger. What explains

the adoption and the spread of these technologies? Are the obstacles of institutional nature?

We know little about which countries are able to learn from other country’s innovations. The

diffusion literature generally assumes a uniform spread across space without considering how

domestic institutions may condition the effect of global forces (Simmons, Dobbin, and Garrett,

2008). How does the international interact with the domestic?
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Plümper, Thomas, and Eric Neumayer. 2009. “Model Specification in the Analysis of Spatial
Dependence.” European Journal of Political Research 49 (3): 418–442.

Prakash, A., and M. Potoski. 2006. “Racing to the Bottom? Trade, Environmental Governance,
and ISO 14001.” American Journal of Political Science 50 (2): 350–364.

Ross, M.H., and E. Homer. 1976. “Galton’s problem in cross-national research.” World Politics:
A Quarterly Journal of International Relations 29 (1): 1–28.

Selden, T.M., and D. Song. 1995. “Neoclassical growth, the J curve for abatement, and the
inverted U curve for Pollution.” Journal of Environmental Economics and Management 29
(2): 162–168.

27



Simmons, Beth A., Frank Dobbin, and Geoffrey Garrett, eds. 2008. The Global Diffusion of
Markets and Democracy. New York: Cambridge University Press.

Simmons, Beth A., and Zachary Elkins. 2004. “The Globalization of Liberalization: Policy
Diffusion in the International Political Economy.” American Political Science Review 98 (1):
171–189.

Simon, Julian L. 1998. The Ultimate Resource II. Princeton: Princeton University Press.

Solomon, S., D. Qin, M. Manning, Z. Chen, M. Marquis, K.B. Averyt, M. Tignor, and H.L.
Miller, eds. 2007. Contribution of Working Group I to the Fourth Assessment Report of the
Intergovernmental Panel on Climate Change. Cambridge University Press.

Spolaore, Enrico, and Romain Wacziarg. 2009. “The Diffusion of Development.” Quarterly
Journal of Economics 124 (2): 469–529.

Stern, David I. 2004. “The Rise and Fall of the Environmental Kuznets Curve.” World Devel-
opment 32 (8): 1419–1439.

Tobey, J.A. 1990. “The Effects of Domestic Environmental Policies on Patterns of orld Trade:
An Empirical Test.” Kyklos 43: 191–209.

Todd, Petra. 1999. “A Practical Guide to Implementing Matching Estimators.” Working Paper.

Vogel, D. 1995. Trading Up: Consumer and Environmental Regulation in a Global Economy.
Cambridge, MA: Harvard University Press.

Vogel, David. 1997. “Trading up and governing across: transnational governance and envi-
ronmental protection.” Journal of European Public Policy 4 (4): 556–571.

Volden, Craig, Michael M. Ting, and Daniel P. Carpenter. 2008. “A Formal Model of Learning
and Policy Diffusion.” American Political Science Review 102 (03): 319–332.
URL: http://dx.doi.org/10.1017/S0003055408080271

World Resources Institute. 2010. Climate Analysis Indicators Tool (CAIT) 8. Technical report
World Resource Institute Washington, DC: .

28



Appendix

The sources for the data employed in these analyses are:

• CO2 per capita

– Climate Analysis Indicators Tool (CAIT) Version 8.0. (Washington, DC: World Re-
sources Institute, 2010). Available at: http://cait.wri.org/

– Boden, Marland, and Andrews (2010).

• Bilateral trade data: Gleditsch (2002).

• OECD membership is available at http://www.oecd.org (accessed November 2010).

• Income per capita:

– Heston, Summers, and Aten (2009).

– Maddison, Angus. “Statistics on World Population, GDP and Per Capita GDP, 1-
2008 AD”. University of Groningen. Available at: http://www.ggdc.net/MADDISON

(accessed November 2010).

• Democracy (Polity): Polity IV Annual Time-Series 1800-2008. Available at http://www.
systemicpeace.org/inscr/p4v2008.xls (accessed November 2010).

• Population density, population: World Development Indicators, World Bank http://

data.worldbank.org/data-catalog/world-development-indicators (accessed August 2011).
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Industrialized Country Developing Country
Efficiency Hypothesis CO2 per capita ↓ CO2 per capita ↓

Outsourcing Hypothesis CO2 per capita ↓ CO2 per capita ↑

Table 1: Comparison of theories. Arrows indicate direction of departure from the ‘business as
usual’ counterfactual without trade.
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Table 2: Summary Statistics
(1)

count mean sd min max

CO2 per Capita (t) 3600 1.02 1.61 0.00 20.51
GDP per capita (k) 3600 4.97 5.51 0.22 30.93
GDP per capita (squared) (k) 3600 55.05 110.07 0.05 956.66
Democracy (Polity IV) 3600 0.06 7.47 -10.00 10.00
Industry (% GDP) 3600 30.21 12.73 1.88 85.90
Service (% GDP) 3600 47.48 12.59 4.14 82.30
Population (K) 3600 39996.73 131008.19 324.29 1263638.00
Population density (people per sq. km) 3600 110.53 395.29 0.86 6010.00
Oil Prices (2009 USD) 3600 35.58 22.10 9.94 95.89
OPEC Member 3600 0.08 0.27 0.00 1.00
CO2 per capita (s-weighted) 3600 46.63 149.87 0.00 2804.93
GDP per capita (s-weighted) 3600 3.36e+08 1.19e+09 1613.88 2.46e+10

33



M
ea

n
St

an
da

rd
D

ev
ia

ti
on

Va
ri

ab
le

Sa
m

pl
e

T
re

at
ed

C
on

tr
ol

T
re

at
ed

C
on

tr
ol

G
D

P
pe

r
ca

pi
ta

(k
)

U
nm

at
ch

ed
3
.1

8
.8

3
.6

6.
5

M
at

ch
ed

3
.1

3
.2

3
.6

2.
8

G
D

P
pe

r
ca

pi
ta

(s
qu

ar
e)

(k
)

U
nm

at
ch

ed
22
.3

7
11

9.
2

77
16

0
M

at
ch

ed
22
.3

7
18
.2

4
77

41

D
em

oc
ra

cy
U

nm
at

ch
ed

−
1
.6

7
6.

75
6
.6

5.
8

M
at

ch
ed

−
1
.6

7
−

1.
2

6
.6

6.
2

Ta
bl

e
3:

B
al

an
ce

of
co

va
ri

at
es

,p
os

t-
m

at
ch

in
g.

C
om

pa
re

s
th

e
m

ea
n

an
d

st
an

da
rd

de
vi

at
io

n
of

th
e

un
m

at
ch

ed
sa

m
pl

e
an

d
th

e
m

at
ch

ed
sa

m
pl

e
on

th
e

th
re

e
co

va
ri

at
es

of
in

te
re

st
.

34



Table 4: Explaining Carbon Trajectories - P-Score Matching Design
(1) (2) (3) (4) (5) (6)

OLS P-Match P-Match P-Match P-Match P-Match

Developing Ctry Treatment 0.186∗∗ 0.668∗∗∗ 0.546∗∗∗ 0.494∗∗∗ 0.458∗∗∗

(0.093) (0.174) (0.150) (0.155) (0.145)

GDP per capita (k) 0.249∗∗∗ 0.118∗∗∗ 0.091∗∗∗ 0.141∗∗∗ 0.173∗∗∗ 0.197∗∗∗

(0.051) (0.024) (0.031) (0.040) (0.041) (0.045)

GDP per capita (squared) (k) -0.004∗∗ 0.002 0.003 0.003 -0.002 -0.002
(0.002) (0.002) (0.002) (0.002) (0.002) (0.002)

Democracy (Polity IV) -0.002∗∗∗ 0.002 0.003 -0.007∗∗ 0.011∗∗∗ 0.005∗∗

(0.001) (0.002) (0.002) (0.003) (0.003) (0.003)

Industry (% GDP) 0.003 0.016∗∗∗ 0.012∗∗∗

(0.002) (0.002) (0.002)

Population (K) -0.000∗∗ -0.000∗∗∗ -0.000∗∗∗

(0.000) (0.000) (0.000)

Population density (people per sq. km) -0.000 0.000 -0.000
(0.000) (0.000) (0.000)

OPEC Member 1.575∗∗∗ 1.468∗∗∗ 1.400∗∗∗

(0.541) (0.461) (0.352)

Oil Prices (2009 USD) -0.001∗∗∗ 0.001∗∗ -0.015∗∗∗

(0.000) (0.000) (0.003)

Constant -0.866∗∗∗ 0.231∗∗∗ 0.774∗∗∗

(0.233) (0.082) (0.240)

Continent FE Yes No Yes Yes Yes Yes

Year FE No No No Yes No Yes

Observations 4546 6032 6032 6032 3845 3845
R2 0.178 0.596 0.600 0.633 0.749 0.761
σ̂ 0.244 0.275 0.274 0.277 0.221 0.222
Standard errors in parentheses
Dependent Variable: CO2 per capita.
All models estimated with panel-corrected standard errors and Prais-Winsten transformation.
All P-Match models use weights based on propensity scores, where the balance is based on
income per capita, its squared term, and democracy.
∗ p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01
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Table 5: Spatial 2-SLS – Second Stage
(1) (2) (3) (4) (5)
FE PCSE 2-SLS S-2SLS S-2SLS

CO2 per capita (s-weighted) -0.002∗∗∗ -0.001∗∗∗ -0.001∗∗∗

(0.000) (0.000) (0.000)

GDP per capita (k) 0.212∗∗∗ 0.199∗∗∗ 0.179∗∗∗ 0.147∗∗∗ 0.147∗∗∗

(0.018) (0.044) (0.008) (0.015) (0.025)

GDP per capita (squared) (k) -0.005∗∗∗ -0.003∗ 0.001∗∗∗ 0.001∗∗ 0.001
(0.001) (0.002) (0.000) (0.000) (0.001)

Democracy (Polity IV) -0.002 -0.001 -0.001 0.001 0.001
(0.002) (0.001) (0.002) (0.002) (0.001)

Industry (% GDP) 0.003∗∗∗ 0.006∗∗∗ 0.008∗∗∗ 0.008∗∗∗

(0.001) (0.002) (0.001) (0.002)

Population (K) 0.000 0.000 0.000∗∗∗ 0.000∗∗∗

(0.000) (0.000) (0.000) (0.000)

Population density (people per sq. km) -0.000 -0.001 -0.000∗∗∗ -0.000∗∗

(0.000) (0.000) (0.000) (0.000)

Oil Prices (2009 USD) -0.001∗∗ -0.001∗∗∗ -0.000 -0.000
(0.000) (0.000) (0.000) (0.000)

Constant 0.077∗∗∗ 3.720∗∗ 0.226∗∗∗ 0.066 -0.058
(0.011) (1.563) (0.027) (0.054) (0.064)

Country FE Yes Yes Yes Yes Yes

Observations 4402 4546 5918 3600 3600
Standard errors in parentheses (robust standard errors for model (5).
Dependent Variable: CO2 per capita.
∗ p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01
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Table 6: Carbon Dioxide Consumption
(1) (2) (3) (4)
FE PCSE 2-SLS S-2SLS

GDP per capita (k) 0.313∗∗∗ 0.365∗∗∗ 0.355∗∗∗ 0.427∗∗∗

(0.065) (0.075) (0.073) (0.077)

GDP per capita (squared) (k) 0.002 0.002 -0.001 -0.002
(0.002) (0.002) (0.002) (0.002)

Democracy (Polity IV) -0.010 -0.009 -0.004 -0.001
(0.013) (0.013) (0.013) (0.013)

Industry (% GDP) -0.024∗∗∗ -0.029∗∗∗

(0.009) (0.009)

Population (K) -0.000 0.000
(0.000) (0.000)

Population density (people per sq. km) 0.004∗∗∗ 0.004∗∗∗

(0.001) (0.001)

Oil Prices (2009 USD) -0.000 0.009
(0.002) (0.022)

Constant 2.672∗∗∗ 1.928∗∗∗ 2.749∗∗∗ 0.306
(0.105) (0.172) (0.173) (1.013)

Country FE Yes Yes Yes Yes

Year FE No Yes No Yes

Observations 1582 1582 1477 1477
Standard errors in parentheses
Dependent Variable: CO2 per capita (consumption); based on Peters et al (2011).
∗ p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01
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Table 7: Spatial 2-SLS – Second Stage
(1) (2) (3) (4) (5)
FE PCSE 2-SLS S-2SLS S-2SLS

SO2 per capita (s-weighted) -0.006∗∗∗ -0.004∗∗∗ -0.004∗∗∗

(0.000) (0.001) (0.001)

GDP per capita (k) 0.003∗∗∗ -0.000 0.004∗∗∗ 0.000 0.000
(0.001) (0.001) (0.000) (0.001) (0.001)

GDP per capita (squared) (k) -0.000∗ -0.000 -0.000∗∗∗ -0.000∗ -0.000
(0.000) (0.000) (0.000) (0.000) (0.000)

Democracy (Polity IV) -0.000 -0.000∗ -0.000∗∗∗ -0.001∗∗∗ -0.001∗∗∗

(0.000) (0.000) (0.000) (0.000) (0.000)

Industry (% GDP) 0.000∗∗ 0.000∗∗∗ 0.001∗∗∗ 0.001∗∗∗

(0.000) (0.000) (0.000) (0.000)

Population (K) -0.000 -0.000 0.000∗ 0.000∗∗∗

(0.000) (0.000) (0.000) (0.000)

Population density (people per sq. km) 0.000 0.000∗ 0.000∗∗∗ 0.000∗∗∗

(0.000) (0.000) (0.000) (0.000)

Oil Prices (2009 USD) 0.000 -0.000 -0.000 -0.000
(0.000) (0.000) (0.000) (0.000)

Constant -0.035∗∗∗ 0.004 0.019∗∗∗ 0.016∗∗∗ -0.000
(0.000) (0.004) (0.001) (0.003) (0.005)

Country FE Yes Yes Yes Yes Yes

Observations 3355 3475 4924 2897 2897
Standard errors in parentheses
Dependent Variable: SO2 per capita.
∗ p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01
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