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“Schreiben ist die Hölle. Geschrieben haben ist der Himmel.” 
[Writing is hell. Having written is heaven.] 

- Sybille Krause-Burger - 
 
Abstract 
The environmental Kuznets’ curve suggests that after per capita income has passed a 

certain threshold, pollution will begin to decrease as further economic progress is made. This 
thesis deals with the impact of trade on said decrease. A recursive regression of per capita CO2 
emissions on GDP per capita and the ratio of manufactured imports to GDP disentangles the 
evolution of trade as a pollution mitigating factor. Looking at Denmark, Finland, Norway, and 
Sweden because of their homogeneity and the fact that they begin to present a similar decrease 
in their economic pollution-intensities, this thesis discovers an increasingly negative impact of 
imports on the incidence of domestic carbon emission. Based on this de facto export of emis-
sions, this thesis concludes with the potential design of, and the abating effects from an increase 
in pollution internalization.  
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1. Introduction 
There is no doubt that the change of the global climate is one of the (if not the) greatest 

and most holistic challenges the 21st century confronts humanity with. Vital to this challenge is 
the utter unpredictability inherent to it. Skilfully illustrating this vagueness, the Economist 
(1989) wrote:  

 
“How full is a bucket of indeterminate size, with unknown capacity and a questionable num-

ber of leaks, that is being refilled at an unknown rate and which you cannot easily see?” 
 
Considering the progressing interconnectedness of our world, the increasing degree of 

globalization, and the prevalence of international trade, there is another issue that adds to the 
quote: Who contributes how much to the filling of the bucket? The determination of this ques-
tion’s answer itself comes with its very own obstacles because the incidence of international 
trade puts a veil between those who emit pollutants by producing goods and services, and those 
who consume what the pollutants’ emission was necessary for. Put into other words, the loca-
tion of pollution and consumption drift more and more apart.  

Conventional calculations of carbon footprints consider the amount of pollutants (often 
converted into CO2 equivalents) emitted in a certain country and divide this amount by the total 
number of population. Hence, in a way, the engagement in trade offers a measure to “export 
emissions” by moving pollution-intensive production abroad and then importing its products. 
The purpose of this thesis is to figure out how the influence of trade on individual carbon foot-
prints has developed during the two most recent decades, exemplarily using the Scandinavian 
countries Denmark, Finland, Norway, and Sweden.  

In section 2 previous literature on this research field will be reviewed. Presenting the 
concept of the canonical environmental Kuznets’ curve (EKC), the interplay between the goods 
(economic progress, consumption) and the bads (environmental degradation) from pollution 
will be examined. According to the EKC’s theoretic foundation, at early stages of economic 
development with low levels of income, the willingness to tolerate environmental degradation 
in exchange for additional units of income exceeds the desire for a green and clean environment. 
Therefore, economic progress entails an increase in pollution. In the course of economic devel-
opment, however, consumptive needs will be satiated, and the desire for environmental quality 
grows, so that the development of cleaner technology and the release of environmental regula-
tions are fostered. This may eventually lead to economic progress entailing a decrease in pol-
lution.  
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Section 3 disentangles the theory-based ramifications of trade on this interplay, and de-
scribes the role of environmental regulations (or their absence) as comparative advantages. Sec-
tion 4 provides econometric insights on this question. By recursively regressing carbon emis-
sions on the ratio of imported manufactured goods to GDP among other variables, an increasing 
power of imports in the explanation of carbon emissions is found. 

Section 6 will derive policy implications before section 7 eventually closes with limiting 
and recapitulating remarks.  

 
2. Literature Review 
After Simon Kuznets seminally developed the concept of a reversing relationship be-

tween income inequality and economic growth (Kuznets, 1955), the underlying idea of this so-
called Kuznets Curve has also been incorporated into the field of environmental economics. 
Essentially pioneered by Shafik and Bandyopadhyay (1991), and Grossman and Krueger 
(1991), the adaption of the environmental Kuznets’ curve (EKC) has become a popular matter 
of research and has entailed many studies – both empirical and theoretical.  

Part 2.1. captures the theoretical foundation to the environmental Kuznets curve. Part 
2.2. will overview previous studies’ methodologies to empirically approach the topic. 

 
2.1. Theoretical Foundation 
The inherent idea to the environmental Kuznets curve is a threshold at which the relation 

between an environmental stress variable (for example the CO2-emissions per capita) and an 
indicator for economic progress (for example GDP per capita) switches. In other words, at low 
stages, the economic variable intensifies environmental stress, but mitigates it, once a certain 
threshold is passed. 

Selden and Song (1995) were among the first to construct a theoretical framework for 
this ambiguous rationale. They adjust a model for optimal consumption and pollution which 
was originally developed by Forster (1973) to fit the EKC’s concept. Their model describes 
individual utility as the sum of the utilities from consumption ( ) and pollution ( ):  

 
(1) = ( ) + ( ) 
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The marginal utility of consumption, , is positive, with < 0. The marginal utility 
of pollution, , is negative (i. e. disutility), with < 0. Ergo,  is increasing in  at a 
decreasing rate, while  is decreasing in  at a decreasing rate. 

The intuition behind these two parts of the individual utility is ostensibly straightfor-
ward: Consumption of for example food increases utility, albeit the 10th piece of cake will not 
increase utility as much as the 1st or the 2nd one did. The exposure to pollution, for example in 
the form of ambient CO2, decreases utility, and certainly this disutility increases increasingly, 
when ambient concentration moves from tolerable to harmful, or from harmful to lethal. 

However, depleting natural resources, and emitting greenhouse and other gases into the 
atmosphere, is necessary for economic growth and utility-increasing consumption to occur. For 
this reason, C in turn is an increasing function in P. Hence,  

 
(1.1) = ( ( )) + ( ), 

 
where  is positive, with < 0.  
A corollary of this is that the sign of the overall marginal utility from pollution, , can 

no longer be determined without further assumptions. Rather does the sign depend on the mag-
nitudes of the derivatives of the sub-utilities,  and , with respect to pollution, P. For  to 
be non-negative, the marginal utility from consumption needs to offset the marginal disutility 
from pollution. Formally: 

 
≥ 0, ≥    < 0. 

 
The characteristic hill-shaped EKC will occur, if for early stages of economic develop-

ment, >  and pollution hence increases with economic growth, while, as the economy 
matures,  gradually becomes smaller than  and economic growth commences causing 
environmental amelioration. Simply put, pollution will increase as long as the benefits, which 
additional pollution allows for exceed the cost for it. Subsequently, pollution will decrease, in 
the opposite case. Figure 1 demonstrates this income-pollution-relation graphically. 
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López (1994) designed a model which pointed out, that it is the nature of technology 
and the attributes of individual preferences which mainly define the form of the economy-pol-
lution-path (EEP). On the one hand, the technological status quo influences the intensity of 
pollution, which consumption and economic activity in general entail. The increasing techno-
logical possibilities decrease the emission intensity which is necessary for a certain amount of 
consumption and eventually allow for higher consumption without compromising in environ-
mental degradation. One of the underlying hypotheses of the EKC argues that technological 
progress contributes to the slope of the curve in figure 1 to decrease and eventually to become 
negative. 

On the other hand, individual preferences also arise in accordance with the magnitude 
in which pollution has to be internalized. The lower the need is to internalize pollution, the 
higher the level of pollution for any given income will be. Internalization of pollution occurs 
either in an imposed way or in a natural way. The former comprises the payment of pollution 
taxes, or environmental regulations among others, and vitally depends on the power of political 
institutions to impose it. This power is assumed to increase as an economy matures, since the 
focus of its society moves from the generation of wealth to the satisfaction of non-pecuniary 
needs (like a clean environment).  

However, the natural internalization of pollution depends on the physical characteristics 
of the pollutant in question. Tietenberg and Lewis (2012) describe the physical requirement to 
internalize a pollutant as dependent on two factors, namely longevity and mobility. The mobil-
ity of a pollutant designates its geographic zone of influence or its ability to travel away from 
its emitting source, and ranges from local pollutants (sulphur or nitrogen oxides) to global pol-
lutants (CO2). It is intuitive that local pollutants require a higher internalization and therefore 
cause higher disutility, relative to global pollutants, given that the effects of local pollutants are 

economic  
output 

environmental 
stress =  

Figure 1 - environmental Kuznets‘ curve 
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more present to the individual and directly affect the one who emit them. This is not necessarily 
the case for global pollutants.  

Longevity comprises stock and fund pollutants. For the former, the environment pos-
sesses little to no absorptive capacities (for example plastic bottles or heavy metals such as 
lead). For the latter, the environment has absorptive capacities. A popular example for fund 
pollution is CO2 which is absorbed by plants and oceans to a certain degree. Due to their per-
manent nature, stock pollutants cause a higher disutility compared to fund pollutants. In contrast 
to imposed internalization, however, natural internalization does not evolve with an economy, 
but rather is fixed regardless of the economic state.  

The previously described intuitions describe the dynamics at work in the EKC, as shown 
above in figure 1. On a theoretical level, however, it is not possible to predict the actual envi-
ronmental-economic interaction due to the necessity of limiting assumptions. Using empirical 
approaches helps to make this interaction more tangible. 

 
2.2. Previous Empirical Approaches 
The theory behind the EKC (as described in the foregoing part 2.1.) and the methodol-

ogy employed to research it, is greatly agreed upon. The robustness and generality of the exist-
ence of an EKC, and especially the automatism it suggests, however, are polyregarded. The 
environmental Kuznets curve has attracted a myriad of empirical research papers, which cover 
a vast spectrum of results – in both qualitative and quantitative dimensions. While some authors 
find corroborating evidence for EKCs, other authors reject it. For this polyregard, the thesis at 
hand will preferably use the more general term economy-pollution-path (EPP) instead of envi-
ronmental Kuznets’ curve (EKC). While the EKC inherently infers a hill shaped curve, the EPP 
does not precondition any specific curvature.  

Due to the paucity of data on individual preferences, empirical papers from this field, 
rely on a reduced-form approach. Instead of directly estimating the separate countervailing ef-
fects on utility from pollution,  and , researchers revert to the estimation of a single-
equation model. These models avoid the necessity of data on the rather intangible individual 
utility and focus on the econometric relation between observable economic and environmental 
indicators, such as CO2 and GDP per capita.  

Among many others, canonical studies like Grossman and Krueger (1991), Selden and 
Song (1994), Holtz-Eakin and Selden (1995), and Shafik and Bandyopadhyay (1991) share the 
feature of regressing some indicator of water or air pollution on an economic indicator. Their 
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common ground, which can also be considered the standard regression model, assumes the fol-
lowing form: 

 
(2) =  + ∗ + ∗ + ∗ + , 

 
where  is the pollutant,  is the economic indicator, and  is the regression coeffi-

cient. The squared term allows for the positive influence of economic growth on pollution to 
decay continuously and for the EKC’s hill shape to occur. In some studies, a cubic  is included 
in order to control for the possibility of an N-shaped EPP to materialize.  

One vital contribution of the empirical literature on the environmental Kuznets curve is 
the determination of the extrema of the EPP, ergo that amount of income from which pollution 
begins to decrease (or increase again) in economic growth. A conventional way to determine 
those extrema is by setting the derivative of the regressed equation with regard to the economic 
indicator equal to zero and then solving for said economic indicator.  

 
3. Influence of Trade on the Economy Pollution Path 
The EPP estimation equation in its standard form has a potential bias since it uses , 

, and  as catch-all terms. Regressing environmental stress on those three variables leads to 
coefficients, which capture any development that is correlated with them. These catch-all coef-
ficients therefore aggregate over different underlying drivers and veil more specific trends or 
influences. Certainly, this omitted variable bias is in general potentially infinite, considering 
that the true number and nature of the explaining variables of the EPP is too intricate to capture 
in an econometric model. Nevertheless, additional interpretational potential is seized by setting 
a special focus when constructing the estimation model.  

Further refinement of the regression models allows for the study of the effects of a spe-
cific variable on the permutation of the EPP. For example Leitão (2010) adds a corruption index 
to the canonical regression equation, and reveals that the turning point of the EPP increases the 
higher the presence of corruption in a certain country. Jebli et al. (2016) discover that in devel-
oped OECD countries, increasing trade, and consumption of renewable energy reduce the turn-
ing point. Suri and Chapman (1998) come to a similar, yet more elaborate conclusion. By con-
trolling for various trade variables, they find that for industrialized countries a higher quantity 
of imported goods decreases the energy intensity of those countries’ economic growth. Consid-
ering this influence of trade on the eventual shape of the EPP, the respective theoretical and 
empirical literature deserves additional scrutiny.  
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According to Grossman and Krueger (1991), essentially three effects on the EPP ensue 
the opening to trade. Namely, these three effects are the scale, technique, and composition ef-
fect. The scale effect describes the rationale, that through the opening to trade, a bigger market 
becomes available, which creates further possibilities for economic expansion. Other things 
equal, this scale effect causes an increase in pollution.  

The technique effect implies that internationalization is capable of accelerating techno-
logical progress. Considering the bigger and more vivid possibilities to exchange ideas and 
production technologies, the emission-intensity of economic activity does not need to stay the 
same. But rather does it tend to decrease, as more advanced technologies are likely to be cleaner 
and more efficient.  

The third effect, the composition effect is potentially ambiguous in its effects on the EPP. 
It is an application of the Heckscher-Ohlin theory, which in turn is derived from the Heckscher-
Ohlin model for international trade. According to this theory, internationalization occurs in a 
way such that all production is conducted where external conditions are the most advantageous. 
Capital-intensive goods will be produced, where capital concentration is the highest. Labour-
intensive goods will be produced where labour is the cheapest. Pollution-intensive production 
occurs, where pollution is least sanctioned or regulated.  

Especially the last example provides intuition on how an alteration in the composition of 
an economy’s activities is able to influence its pollution intensity. Consequentially, from a pol-
lution point of view, trade can have both favourable and not so favourable impacts.  

For illustrative purposes, we can think of the Heckscher-Ohlin model in its classic spec-
ification with two countries, two production factors, and two final goods. The production fac-
tors are capital and labour, and one of the products is dirty, ergo pollution-intensive, while the 
other product is clean. The clean product happens to require a large amount of capital, while 
the dirty product happens to be labour-intensive. In order to make an exemplary case for the 
composition effect which is as salient as possible, it makes sense to assume that one country 
has a significantly higher concentration of capital and the other country a significantly superior 
endowment of labour.  

As figure 2 shows, both countries have a similar economy-environment path until they 
open to trade. However, after the onset of trade, both countries will begin to exploit their com-
parative advantages according to their endowments. Hence, the capital country will increasingly 
produce the clean good and import the dirty good, whereas the labour country will increasingly 
produce the dirty good and import the clean one.  
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These specializations allow, on the one hand, for the economic activity of the capital 
country to become increasingly less pollution-intensive, eventually even abating pollution, and 
leading to the characteristic environmental Kuznets curve shape. On the other hand, the labour 
country’s pollution intensity continues to increase. Levinson and Taylor (2008), Kearsley and 
Riddel (2010), and Cole (2004) among others have found empiric evidence for this process, and 
call this adaption of the Heckscher-Ohlin theory to the field of environmental economics “pol-
lution haven hypothesis”, thusly giving it a rather dystopic notion.  

The pollution haven hypothesis insinuates that the EPP of the capital country attains the 
EKC shape (partly) because of the possibility to relocate its production of dirty goods into a 
pollution haven, the labour country in this case. If it were not for the possibility to export emis-
sions by importing dirty goods instead of producing them domestically, the curve of the capital 
country would decrease later and/or slower (if at all). Exactly how much later and slower will 
depend on the share of the EPP’s slope that is ascribable with the pollution haven hypothesis. 
Section 4 and 5 will approach this question from an econometric perspective.  
 

4. Model and Data 
Section four will describe this thesis’ empirical approach to research the influence of 

imports on the CO2-mitigating effects of economic growth. Part 4.1. will describe the regression 
model. Part 4.2. continues with a description of the data employed. 

 

Figure 2 - effects of opening to trade on the economy environment path 
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4.1. Regression Model 
In order to be able to gain econometric insights of the effects of imports and a changing 

economic structure on per capita emissions of CO2, the canonical regression equation (2) will 
be extended in order to obtain the following form: 

 
(3) 2 = + ∗ + ∗ + ∗  

+ ∗ + ∗ +  
 

2  denotes per capita emissions of CO2 in metric tons per year. CO2 is the pri-
mary pollutant emitted due to human activity (NRC 2010) and as such an appropriate choice 
for the quantification of environmental stress. 

 is per capita GDP, measured in thousand constant US-Dollars, with 2005 as 
a base year, inflating all pre-2005 values and deflating all post-2005 values. The purpose of 
using constant 2005 US-Dollars is to exclude inflationary effects, which are not of interest for 
this thesis.  captures primary effects of economic activity on environmental stress 
and its regression coefficient is hence expected to be positive.  

 is the catch-all variable, identifying possible decay in , which is 
not accounted for specifically in other variables of the regression. It reflects secondary effects 
of economic activities on the environment, which intensify with increasing GDP (such as tech-
nological progress, or changing consumer behaviour). In order for the characteristic EKC to 
occur,  needs to have a negative regression coefficient.  

 is, in analogy to , a catch-all term reflecting tertiary effects of 
economic activities on the environment. Should the regression coefficient for  this term be pos-
itive, the EPP will be N-shaped.  

 is the amount of imported manufactured merchandise divided by 
GDP to obtain the import intensity per USD of GDP. , too, is denominalized 
using 2005 as base year. An increase in this ratio implies that the amount of imported manufac-
tured merchandise grows faster than overall GDP. Moreover, said increase is able to lead to the 
conclusion that an increase in imports is not merely caused by an increase in income but rather 
by a change in the economic structure. In other words, an increase in manufactured imports per 
unit of GDP implies that more domestically consumed products are produced abroad. 

As the composition effect from section 3 motivates that industrialized countries will 
focus less and less on the production of pollution-intensive goods, the regression comprises 



- 10 - 
 

 
 

manufactured imports rather than overall imports. In order to take the composition effect into 
consideration, and to exclude imports of low pollution-intensity (e. g. services), 

 only contains imported goods from the SITC (standard international trade 
classification) sections 5, 6, 7, and 8. Those sections for example comprise phones, clothing, or 
plastics. A similar argumentation was used by Suri and Chapman (1998). The expected sign of 
the regression coefficient for  is negative. 

Finally,  is a time trend, aiming at capturing continuous technological progress. 
 is the error term, the alphas are the regression coefficients, and i and t designate country and 

year respectively.  
Running a GLS panel approach like among many others Suri and Chapman (1998), 

Brännlund and Ghalwash (2007), Krueger and Grossman (1995), and Selden and Song (1995), 
the regression equation described above provides econometric estimates for the influences of 
the explaining variables on the dependent variable. However, going beyond the approaches of 
previous studies, section 5 will present the findings of recursive regressions for an extending 
time frame. In order to observe the development of the regression coefficients as the explaining 
variables evolve, the first regression will cover the data from 1963 – 1992 only. Then, the sec-
ond regression is extended to include data from 1963 – 1993. The third regression covers 1963 
– 1994, and so on, until the final regression covers the entire data in the sample from 1963 - 
2011.  
 

4.2. World Development Indicators 
The World Development Indicators (2014) created by the World Bank provide exten-

sive and ample data on many topics and on practically any country in the world from 1963 - 
2011. This thesis makes use of the indicators CO2-emission in metric tons, GDP in constant 
2005 USD, inflation rate, manufactures imports in % of merchandise imports, merchandise im-
ports in current USD, and the population, in order to construct the logged variables necessary 
to regress equation (3) from part 4.1. 

Considering that the effects of imports on CO2 mitigation are most ostensible for coun-
tries, which factually experience a decline in CO2 intensity of economic activity, this thesis will 
look at the Northern countries Denmark, Finland, Norway, and Sweden. The country choice 
has been made trying to have a homogenous group with similar EPPs. This is intended to min-
imize the potentially neutralizing aggregation over countervailing developments. 

For each of these four countries, figure 3 plots the annual real GDP per capita-values 
against the respective logged emissions of CO2 per capita, in order to visualize the development 
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of their CO2 intensity of economic activity. The horizontal axes show the real GDP per capita 
values in thousand USD. The vertical axes show the per capita emissions of CO2. Each dot 
connects an observation of CO2 to an observation of GDP, and the continuous line represents 
the quadratic prediction. As can be seen from figure 3, all countries in question develop towards 
a lower CO2-GDP intensity. In Finland and Denmark, a CO2 reducing trend becomes recog-
nizable. Norway and Sweden show a slow-down in their increases of CO2 intensity. 

Figure 4, in contrast, depicts the development of the ratio of manufactured imports per 
unit of GDP. Time is denoted on the horizontal axes, the ratios themselves are denoted on the 
vertical axes. The dots this time connect year observations to ratio observations and the line 
represents the linear prediction. Except for Norway all countries saw an increase in the preva-
lence of imports of manufactures per unit of GDP. Ergo in Sweden, Finland, and Denmark the 
imports of manufactures have outgrown overall economic activity from 1963 – 2011, which 
was not the case in Norway. However, regardless of their ratio and screened separately, both 

 and  increased in each country throughout the sample from 1963 – 
2011. 

Hence, it is worthwhile to note the aspect, that figure 4 does not provide information on 
whether or by how much manufactures imports and GDP have grown individually, but only on 
how much they have grown relative to each other. 

Figure 3 - CO2 to GDP per capita 
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Finally, table 1 provides the overall summary statistics for all the regression variables, 
and additionally on the regression indices i (country) and t (year).  

 
5. Econometric Findings 
With the World Development Indicators described, the next step is to run regression 

equation (3). However, the respective literature is not consensual in its choice for the exact 
model specifications. Some use fixed effects models (Suri & Chapman 1998; Brännlund & 

Figure 4 - manufactures imports divided by GDP 
 

 
Table 1 - summary statistics 

Variable Obs. Mean Std. Dev. Min Max 
country 196 2.5 1.120 1 4 
year 196 1987 14.178 1963 2011 
co2cap 196 8.999 2.166 4.087 13.715 
rgdpcap 196 35.554 12.277 16.272 79.464 
rgdp2cap 196 1414.098 1013.027 264.793 6314.498 
rgdp3cap 196 62364.35 71870.01 4308.828 501774.1 
rmanIcapratio 196 0.172 0.029 0.112 0.236 
time 196 98.5 56.724 1 196 
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Ghalwash 2007, among others), others use random effects (Krueger & Grossman 1995; Selden 
& Song 1995; Khanna & Plassmann 2004, among others).  

For the decision between random and fixed effects, Greene (2002) suggests the applica-
tion of a Hausman test. The Hausman test provides insights on the efficiency of both the random 
and fixed specification. Having the difference between the fixed effects regression coefficient 
and the random effects regression coefficient divided by the difference between the respective 
variances as test statistic, the Hausman test checks whether there is a non-zero covariance be-
tween the independent variable and an unobserved factor.  

Considering that the test statistic’s value of 27.39 exceeds the critical value of the -
distribution with two degrees of freedom and a confidence level of 99 %, the null-hypothesis 
of a zero-covariance can be rejected, which implies that the fixed effects model is more efficient 
than the random effects model. The respective and more detailed stata-output can be found 
under annex I. In addition to that, the results of the Hausman-test in annex I list the regression 
coefficients of both model specifications and thus show that, although statistically less efficient, 
the random effects model would lead to qualitatively identical results.  

In order to additionally rule out issues related to multi-collinerarity, table 2 presents the 
correlation matrix of the explaining variables. The values for the correlations between the dif-
ferent permutations of  can be neglected due to the fact that all three of them stem 
from the same variabel and merely represent monotonic transformations of each other. Hence, 
by this nature, their correlation is inherently high. The interesting correlations are the ones be-
tween , , and . Table 2 presents values between -0.0088 
and 0.4214 for the respective correlations which render possible issues of multi-collinearity 
unlikely.  

Subsequently, table 3 presents the results of three different variations of the ensuing 
regression with fixed effects. All three variations of the regression show the expected signs at 

 
Table 2 – correlation matrix 

 rgdpcap rgdp2cap rgdp3cap rmanIcapratio time 
rgdpcap 1     
rgdp2cap 0.9768 1    
rgdp3cap 0.9151 0.9795 1   

rmanIcaprapratio 0.1394 0.0865 0.0299 1  
Time 0.4214 0.3755 0.3209 -0.0088 1 
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statistically significant levels. Comparing the values for R2 for (1), (2), and (3) it becomes visi-
ble that with each additional variable being controlled for, the degree of explanation of the 
regression increases.  

In addition to equation (1), equation (2) controls for the cubic term . Consid-
ering its statistical significance, it is not possible to reject the assumption of an EPP which is 
N-shaped. Ergo, the thought that per capita CO2 emissions will begin to increase again after a 
period of decreasing CO2 emissions, is statistically reasonable – although such a development 
has not yet materialized.  

Next, equation (3) additionally controls for the ratio of imported goods to GDP per cap-
ita, . Contrasting (2) and (3) against each other, it can be seen that equation 
(3) generates GDP related coefficients, which are less extreme, ergo less distant from zero. The 
coefficient for  decreases from 1.25542 to 1.19855, and the -coefficient 

 
Table 3 - fixed effects regression output 

 (1) (2) (3) 
 0.24678 1.25542 1.19855 

 (4.96)** (7.91)** (7.74)** 

 -0.00181 -0.02664 -0.02533 
 (3.26)** (7.05)** (6.87)** 

  0.00019 0.00017 
  (6.63)** (6.31)** 

   -15.92022 
   (3.57)** 

 -0.05354 -0.05949 -0.03670 
 (4.49)** (5.51)** (2.99)** 

_cons 8.05874 -3.71074 -2.27360 
 (7.70)** (1.84) (1.14) 

R2 0.21 0.36 0.40 

N 196 196 196 
* p<0.05; ** p<0.01; t-values in parentheses 
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increases from -0.02533 to -0.02664. The decrease in the catch-all term ’s coeffi-
cient occurring with a simultaneous decrease in its t-value (from 7.05 to 6.87), supports the 
conclusion that  assumes some of its explanatory power.  

The negative value of ’s regression coefficient entails that with each 
increase in the import-GDP-ratio by one unit, the CO2 emissions per capita decrease by 15.92 
units. This is in line with the reasoning that importing goods is a means to decrease domestic 
CO2-emissions. Or, to put it into different words: Importing goods fosters the relocation of 
pollution.  

As a consecutive step, the development of the  coefficient shall be 
examined. How has the impact of  developed as its underlying variables 
evolved?  

Running recursive regressions for the twenty most recent years of the data set, the 
twenty latest coefficients for each independent variable are estimated. The idea of recursive 
regressions is mostly used to illustrate changes in influential factors of certain developments. 
For example Stern (2005) models the development of the adaption of Sulphur abatement tech-
nology and the deciding variables therein. Inglesi-Lotz (2011) shows how price and income 
elasticities have developed in South Africa since 1980. Both papers used the Kalman-filter for 
their analysis. This approach is, however more sophisticated in its methodology, in its concept 
comparable to a recursive regression.  

For reasons of space, a graphic visualization of the regression coefficients for 
will replace the spacious stata regression output. Nonetheless, the output for 

this regression can be found in annex II. Figure 5 presents the evolution of the coefficients for 
. The values for  are significant at a confidence level of 99 

% from 2005 and onwards. The steady decrease of the regression coefficient plotted in figure 5 
substantiates the conclusions previously gained previously from table 3.  

Certainly, the mere insight of a steadily decreasing regression coefficient does not pro-
vide universally predictive truths. However, it unravels a trend. Although there are many factors 
interplaying intricately in the process of the determination of CO2-emissions, the ratio of man-
ufactured imports to overall GDP seems to be gaining importance in this interplay.   
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6. Policy Implications 
The implication of unilateral regulation driving production from one country to another, 

for example through environmental standards or production requirements, is that although they 
may cope in reducing pollution domestically in the regulating country, they do not manage to 
instigate abating endeavours as much as they instigate displacing endeavours.  

In a way, the absence of environmental regulations works like any other (e. g. financial) 
subsidy through increasing the commercial competitiveness of a geographic space (Ekins et al. 
1994). Analogous to the Heckscher-Ohlin example from section 3, the comparative advantage 
now does not comprise a higher endowment of labour or capital but a higher endowment of 
non-existing regulations. Consequentially, in their profit-maximizing behaviours, companies 
seek to exploit those differences in regulations similarly to differences in wages for example. 
In case avoiding regulation by displacing production is cheaper than incorporating that regula-
tion by abating pollution, the former will dominate. The corollary to this will be an increase in 
imports.  

Figure 5 showed how the increase of the ratio of imported goods to GDP assumes in-
creasing power in explaining relative decoupling of economic progress and environmental 
stress for four Northern countries. A rationale which is substantiated when zooming out from 
this study’s four Northern countries in order to look at the entire world. While Denmark, Fin-
land, Norway, and Sweden witness a considerable deceleration in the emission of CO2, figure 
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6 shows that globally there is no such deceleration. The dips in figure 6 coincide with times of 
economic regress.  

This development, however, illustrates an essential issue. Albeit unilateral regulation is 
capable of mitigating domestic pollution, it does not solve the general problem at stake, as long 
as the mitigation of pollution happens through production reallocation instead of actual pollu-
tion abatement.  

Given that the presence of environmental regulation and the institutional capacities to 
impose it increases with the progression of a country’s industrialization, production and hence 
pollution will continuously move away from that country towards the unregulated areas of less 
industrialized countries. In due course, today’s unregulated areas will industrialize and eventu-
ally start to impose environmental regulations as well and thus have pollution-intensive pro-
duction move to other unregulated areas. Considering, however, that planet earth only comes 
with a finite number of areas, at some point this reallocation of pollution is no longer feasible 
– with the original issue of environmental degradation through economic progress still remain-
ing unsolved.  

Due to the nature of individual preferences at low stages of economic development to 
weigh additional income higher than additional environmental quality, this process of trickle-
down regulation is somewhat unavoidable. As long as there are countries which are willing to 
trade income for environmental quality, it will also be possible to externalize pollution thereto. 

Figure 6 - development of global CO2 emissions (in kilotons) 
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For this reason, it is essential to invigorate the internalization of pollution, through environmen-
tal taxes for example. Thus, the disutility which stems from pollution will increase and motiva-
tion to advance abatement is created.  

However, such a tax’s intricacies, and the amount of global consent and cooperation 
necessary for it to work efficiently, create room for many studies on this topic alone. Peters and 
Hertwich (2008) suggest a comparatively simple means to shift the portent of climate change 
into the consumers’ awareness and increase the internalization of pollution. Their idea is to 
change the conventional calculatory grounds of emission inventories. Nowadays, much of the 
stigmatization of countries as climate villains or heroes depends on production-based emission 
inventories. Measures, which progressively lose in accuracy, considering the world as global-
ized and interconnected as it is. Moving from production-based to consumption-based invento-
ries will drastically alter the perception consumers have of their own carbon footprint.  

The emergence of such a (comparatively simple) calculatory adjustment comes with a 
significant potential to change the way individual human impact on the global climate is per-
ceived. The first step to solve a problem is always to be aware of its existence. The more present 
this existence is in our awareness, the higher the responding endeavours will be to find a rem-
edy. A change towards consumption-based emission inventories would be a subtle way to in-
crease awareness. 

 
7. Limiting and Recapitulating Remarks 
This thesis deals with the influence of trade on domestic CO2 emissions. A recursive 

regression of per capita carbon emissions on GDP per capita, and the ratio of manufactured 
imports to GDP discovers that for Denmark, Finland, Norway, and Sweden an increasing part 
of their decrease in economic pollution-intensity can be attributed to the presence of imports. 
This thesis’ limitations provide sensible space for future research. It would be interesting to see 
how this impact of trade on emissions behaves in other countries. Do other Western countries 
substantiate the findings from these four Northern countries? And, perhaps even more interest-
ingly, do industrializing countries like China and India provide diametrical evidence?  

Moreover, research on the design of measures to increase the individual internalization 
of pollution is still in its early age and provides and utterly fruitful and valuable ground for 
future research. 
  



- 19 - 
 

 
 

List of references 
Brännlund, R. & Ghalwash, T., 2007. The income–pollution relationship and the role of income 

distribution: An analysis of Swedish household data. Elsevier B. V. Available at: 
www.elsevier.com/locate/ree [Accessed April 26, 2016]. 

Cole, M.A., 2004. Trade, the pollution haven hypothesis and the environmental Kuznets curve: 
examining the linkages. Ecological Economics. 

the Economist, 1989. Stratosfears. (researching the ozone layer). 
Ekins, P., Folke, C. & Costanza ’, R., 1994. Trade, environment and development: the issues in 

perspective. Ecological Economics. 
Forster, B.A., 1973. Optimal Consumption Planning in a Polluted Environment. Economic 

Record, 49(4), pp.534–545. Available at: http://doi.wiley.com/10.1111/j.1475-
4932.1973.tb01954.x [Accessed April 30, 2016]. 

Greene, W.H., 2002. ECONOMETRIC ANALYSIS 7th ed., Harlow: Pearson Education, Inc. 
Grossman, G.M. & Krueger, A.B., 1991. Environmental impacts of a north american free trade 

agreement, Cambridge, Massachusetts. 
Holtz-Eakin, D. & Selden, T.M., 1995. Stoking the fires? CO 2 emissions and economic growth. 

Journal of Public Economics, 57, pp.85–101. 
Inglesi-Lotz, R., 2011. The evolution of price elasticity of electricity demand in South Africa: 

A Kalman filter application. Energy Policy, 39(6), pp.3690–3696. Available at: 
http://dx.doi.org/10.1016/j.enpol.2011.03.078. 

Jebli, M. Ben, Youssef, S. Ben & Ozturk, I., 2016. Testing environmental Kuznets curve 
hypothesis: The role of renewable and non-renewable energy consumption and trade in 
OECD countries. Ecological Indicators, 60(2016), pp.824–831. 

Kearsley, A. & Riddel, M., 2010. A further inquiry into the Pollution Haven Hypothesis and 
the Environmental Kuznets Curve. Ecological Economics, 69(4), pp.905–919. 

Khanna, N. & Plassmann, F., 2004. The demand for environmental quality and the 
environmental Kuznets Curve hypothesis. Ecological Economics, 51(3-4), pp.225–236. 

Krueger, A.B. & Grossman, G.M., 1995. Economic Growth and the Environment. The MIT 
Journal Quarterly, 110(2), pp.353–377. Available at: 
http://www.jstor.org/stable/2118443. 

Kuznets, S., 1955. ECONOMIC GROWTH AND INCOME INEQUALITY. The American 
Economic Review, XLV MARCH. 

Leitão, A., 2010. Corruption and the environmental Kuznets Curve: Empirical evidence for 
sulfur. Ecological Economics, 69(11), pp.2191–2201. 

Levinson, A. & Taylor, M.S., 2008. UNMASKING THE POLLUTION HAVEN EFFECT. 
International Economic Review, 49(1), pp.223–254. Available at: 
http://doi.wiley.com/10.1111/j.1468-2354.2008.00478.x [Accessed May 8, 2016]. 

López, R., 1994. The Environment as a Factor of Production: The Effects of Economic Growth 
and Trade Liberalization. Journal of Environmental Economics and Management, 27(2), 
pp.163–184. Available at: 
http://www.sciencedirect.com/science/article/pii/S0095069684710321. 



- 20 - 
 

 
 

NRC, 2010. Advancing the Science of Climate Change, Washington DC, USA: the National 
Academies Press. 

Peters, G.P. & Hertwich, E.G., 2008. CO2 Embodied in International Trade with Implications 
for Global Climate Policy. Environmental Science & Technology, 42(5). 

Selden, T.M. & Song, D., 1995. Neoclassical Growth, the J Curve for Abatement, and the 
Inverted U Curve for Pollution. Journal of environmental ecconomics and management, 
29, pp.162 – 168. 

Shafik, N. & Bandyopadhyay, S., 1991. Economic Growth and Environmental Quality: Time-
series and Cross-country Evidence, World Bank Publications. 

Stern, D.I., 2005. Beyond the Environmental Kuznets Curve: Diffusion of Sulfur-Emissions-
Abating Technology. The Journal of Environment & Development, 14(1), pp.101–124. 

Suri, V. & Chapman, D., 1998. Economic growth, trade and energy: Implications for the 
environmental Kuznets curve. Ecological Economics, 25(2), pp.195–208. 

Tietenberg, T. & Lewis, L., 2012. Environmental & Natural Resource Economics 9th ed., New 
Jersey: Pearson Education, Inc. 

World Bank, 2014. World Development Indicators. 
  



- 21 - 
 

 
 

Annex 
 
annex I - Hausman test output 
 

 Coefficients   
 

(b) 
fixed 

(B) 
random 

(b) – (B) 
Difference 

Sqrt(diag(V_b-V_B)) 
S.E. 

rgdpcap 1.198547 1.215239 -0.0166913 0.0115332 
rgdp2cap -0.0253257 -0.0259841 0.0006583 . 
rgdp3cap 0.0001735 0.0001772 -3.69E-06 . 
rmanIcapratio -1.59E+01 -21.6284 5.71E+00 2.53E+00 
time -0.0367039 -0.0297577 -0.0069462 0.012104 

 
Test:  Ho:  difference in coefficients not systematic 
 

     chi2(2)  = (b-B)'[(V_b-V_B)^(-1)](b-B) 
= 27.39 

Prob>chi2  = 0.0000 
(V_b-V_B is not positive definite) 
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annex II - rolling recursive fixed effects regression results 
Regression win-
dows from 1963 
to: 

2011 2010 2009 2008 2007 2006 2005 2004 2003 2002 

rgdpcap 1.199 1.172 1.151 1.151 1.268 1.338 1.392 1.662 2.033 2.044 
 (7.74)** (7.44)** (7.31)** (7.31)** (6.56)** (6.16)** (5.81)** (5.38)** (5.15)** (4.87)** 
Rgdp2cap -0.025 -0.025 -0.024 -0.024 -0.027 -0.030 -0.032 -0.040 -0.053 -0.053 
 (6.87)** (6.56)** (6.38)** (6.35)** (5.61)** (5.24)** (4.90)** (4.56)** (4.44)** (4.17)** 
Rgdp3cap 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
 (6.31)** (6.01)** (5.78)** (5.74)** (4.99)** (4.65)** (4.30)** (4.04)** (4.01)** (3.74)** 
rmanIcapratio -15.920 -15.995 -14.973 -13.582 -11.417 -10.279 -10.535 -7.972 -7.370 -7.664 
 (3.57)** (3.59)** (3.35)** (3.04)** (2.45)* (2.08)* (2.04)* (1.51) (1.39) (1.43) 
time -0.037 -0.035 -0.036 -0.036 -0.039 -0.040 -0.039 -0.040 -0.039 -0.039 
 (2.99)** (2.84)** (2.91)** (2.87)** (3.09)** (3.17)** (3.13)** (3.21)** (3.16)** (3.13)** 
_cons -2.274 -2.090 -1.988 -2.272 -3.594 -4.352 -4.802 -7.772 -11.446 -11.390 
 (1.14) (1.04) (1.00) (1.15) (1.57) (1.75) (1.81) (2.37)* (2.83)** (2.68)** 
R2 0.40 0.40 0.40 0.41 0.40 0.40 0.40 0.40 0.41 0.41 
N 196 192 188 184 180 176 172 168 164 160 

* p<0.05; ** p<0.01; t-values in parentheses  
 
 

Regression windows 2001 2000 1999 1998 1997 1996 1995 1994 1993 
2.004 2.031 2.018 1.965 1.956 1.927 2.180 2.283 2.230 

(4.77)** (4.82)** (4.77)** (4.61)** (4.53)** (4.42)** (4.77)** (4.77)** (4.63)** 
-0.052 -0.053 -0.052 -0.051 -0.050 -0.049 -0.058 -0.062 -0.060 

(4.06)** (4.10)** (4.05)** (3.89)** (3.82)** (3.71)** (4.10)** (4.15)** (4.00)** 
0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.001 0.001 

(3.63)** (3.68)** (3.62)** (3.44)** (3.38)** (3.27)** (3.69)** (3.77)** (3.62)** 
-6.904 -5.033 -3.652 -2.298 -2.337 -2.615 -3.705 -3.358 -3.135 
(1.25) (0.88) (0.62) (0.38) (0.38) (0.41) (0.58) (0.51) (0.47) 
-0.042 -0.046 -0.046 -0.047 -0.047 -0.047 -0.046 -0.040 -0.041 

(3.20)** (3.34)** (3.22)** (3.17)** (3.09)** (3.00)** (2.92)** (2.45)* (2.43)* 
-10.928 -11.194 -11.316 -10.956 -10.834 -10.471 -12.683 -14.076 -13.488 
(2.56)* (2.60)* (2.60)* (2.50)* (2.44)* (2.33)* (2.70)** (2.88)** (2.73)** 

0.42 0.42 0.42 0.42 0.41 0.41 0.42 0.43 0.43 
156 152 148 144 140 136 132 128 124 

* p<0.05; ** p<0.01; t-values in parentheses 
 

 


