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Abstract 
 

The aim of this paper is to investigate the relationship between environmental stringency and 

intra-EU trade flows. Two main hypotheses are tested. First, we test whether the stringency of 

a country‟s environmental regulations may result in pollution havens. Second, we test whether 

the results differ by industry and for old and new EU member countries. An augmented 

gravity model is estimated using panel data for 21 European countries during the period 1996-

2008 for the full sample and also separately for the CEECS and the old EU members. Our 

results show only weak support for the pollution haven hypothesis for footloose industries in 

CEECs. Instead, some support for the “Porter hypothesis” is found for some the dirty 

industries and for aggregated export flows. 
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On the Effects of Trade Liberalization on the Environment: Are the 

Central East European Countries Pollution Havens? 

 

1. Introduction 
 

The so-called pollution haven hypothesis (PHH) predicts that trade liberalization will cause 

pollution-intensive industries to migrate from countries with stringent environmental 

regulations to countries with lax environmental regulations. The latter countries may have a 

comparative advantage in dirty goods and consequently attract foreign investment in their 

polluting sectors.
1
 Whether such pollution haven effects (PPE) exist is of great importance in 

the present policy debates, since the existence of such effects could be a potential problem in 

negotiating integration agreements. In this sense, and concerning the most recent EU 

enlargement, worries have been raised that the CEECs could become pollution havens for 

dirty industries in Europe. This represents a concern particularly if the CEECs go on with 

policies of softer environmental regulations.  

To our knowledge, Jug and Mirza (2005) are the first authors who investigate the 

pollution haven effect in the European continent. They use a structural gravity equation and 

employ environmental expenditure data as the environmental stringency variable. They also 

follow the recent literature and argue that environmental regulations and trade are endogenous 

to each other. Since their investigation covers a brief time period (e.g. 1996-1999) it cannot 

evaluate if there has been a change after the recent CEECs accession of 2004 and 2007. 

The aim of the paper is to investigate the relationship between environmental 

stringency and export flows and to determine whether the recent accessions of the CEECs into 

the EU and the subsequent changes in the regulatory framework of new members have 

affected intra-EU trade flows. 

Two main hypotheses are tested. First, we test whether the stringency of a country‟s 

environmental regulations may result in pollution havens. Second, we test whether the results 

differ by industry and for old and new EU member countries. The novelty of this study is its 

relevance to the current debate regarding the PHH and its focus on the EU enlargement that 

has not been yet covered by existing studies. 

The remainder of the paper is organized as follow. Section 2 presents the underlying 

theories and revises the related literature. Section 3 outlines the theoretical assumptions, 

describes the data and the variables used and the empirical strategy. Section 4 presents the 

main results and section 5 concludes. 

 

2. Literature review 
 

2.1 Theory 

 

There is a close and complex relationship between trade and the environment and the effects 

of trade liberalization on the environment are rather mixed. This observation led scholars to 

typically decompose the environmental impact of trade liberalization into scale, technique and 

composition effects
2
. Furthermore, when trade is liberalized all these effects interact with 

each other. As the scale of global economic activity increases due, in part, to international 

trade, there will be environmental change/damage. In addition, the literature suggests that 

                                                      
1 A few recent studies that used panel data and industry or country fixed effects found small but statistically significant pollution haven 
effects (Ederington and Minier (2003) on international trade. Jaffe et al. (1995) survey the earlier literature, and Copeland and Taylor (2004) 

and Brunnermeir and Levinson (2004) review the more recent studies. 

 
2 Antweiller et All (2001), Grossman & Krueger (1991), Lopez & Islam (2008), Cole (2003), Stoessel (2001).  
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when holding the composition of trade and the production techniques constant, the total 

amount of pollution must increase. Thus, the scale effect has a negative impact on the 

environment. But trade is also credited with raising national incomes. The literature reports a 

great deal of evidence that higher incomes affect environmental quality in positive ways 

(Grossman & Krueger, 1993; Copeland and Taylor, 2004). This suggests that when assessing 

the effects of growth and trade on the environment, we cannot automatically hold trade 

responsible for environmental damage (Copeland and Taylor, 2004). Since beneficial changes 

in environmental policy are likely to follow, the net impact on the environment remains 

unclear. Within the scale effect the income effect is subject to controversy.  

The technique effect is thought to have a positive impact on the environment. 

Researchers widely agree that trade is responsible for technology transfers. New technology is 

thought to benefit the environment if pollution per output is reduced. Furthermore, if the scale 

of the economy and the mix of goods produced are held constant, a reduction in the emission 

intensity results in a decline in pollution.  

Finally, the impact of the composition effect of trade on the environment is 

ambiguous. Trade based on comparative advantage results in countries specializing in the 

production and the trade of those goods that the country is relatively efficient at producing. If 

comparative advantage lies in lax environmental regulations, developing countries will benefit 

and environmental damage might result. If, instead, factor endowments (e.g. labor or capital) 

are the source of comparative advantage, the effects on the environment are not 

straightforward. A number of hypotheses have emerged concerning the relationship between 

environmental regulations/pollution policy and trade that lead to different expectations.  

First, the PHH states that differences in environmental regulations are the main 

motivation for trade. The hypothesis predicts that trade liberalization in goods will lead to the 

relocation of pollution intensive production from countries with high income and tight 

environmental regulations to countries with low income and lax environmental regulations. 

Developing countries therefore will be expected to develop a comparative advantage in 

pollution intensive industries, thus becoming pollution havens. In this scenario developed 

countries will gain (clean environment) while developing countries will lose (polluted 

environment).  

The second hypothesis is the factor endowment hypothesis (FEH) that claims that 

pollution policy has no significant effect on trade patterns but rather differences in factor 

endowments determine trade. This implies that countries where capital is relatively abundant 

will export capital intensive (dirty) goods. This stimulates production while increasing 

pollution in the capital rich country. Countries where capital is scarce will see a fall in 

pollution given the contraction of the pollution generating industries. Thus, the effects of 

liberalized trade on the environment depend on the distribution of comparative advantages 

across countries.  

The race-to-the-bottom is the third hypothesis, which asserts that developed countries 

refrain from adopting more stringent environmental regulations due to competition with 

countries that have lax environmental regulation (Stoessel, 2001; Esty and Geradin, 1998). 

Finally, the “Porter hypothesis” assumes a race-to-the-top, meaning that strict 

environmental regulations have the potential to induce efficiency while encouraging 

innovation that helps to improve competitiveness (Porter and van der Linde, 1995; Stoessel, 

2001). Ambec and Barla (2006) follow the same line of thinking and argue that environmental 

regulations force managers to adopt profitable technologies earlier. While the “weak” version 

of the hypothesis states that stricter regulation leads to more innovation, the strong version 

states that stricter regulation enhances business performance. 

In summary, the literature identifies the existence of both positive and negative effects 

of pollution policy on trade. The positive effects include increased growth accompanied by 
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the distribution of environmentally safe, high quality goods, services and technology. The 

negative effects stem from the relocation of pollution-intensive economic activities in 

countries with lax environmental regulations that could potentially threaten the regenerative 

capabilities of ecosystems while increasing the danger of depletion of natural resources.  

 

2.2 Empirics 

 

Early empirical papers suggested that the stringency of environmental regulations had little or 

no impact on trade patterns (Tobey, 1990). The argument was that in general, pollution costs 

are relatively small with respect to total costs and multinational firms that operate in 

developed and developing countries do not want to be seen as transferring dirty operations to 

the latter countries. However, more recent studies found weak evidence of the existence of 

PHH. This finding coupled with additional sources of comparative advantage, such as labour 

costs differences, provides an extra reason to transfer production from rich to poor countries. 

A literature review is provided by Cole (2004) who also presents empirical evidence 

consistent with this view. 

More recently, Levinson and Taylor (2008) presented evidence for the NAFTA 

countries indicating that pollution control expenditures have important effects on trade flows 

and showed that aggregation issues, unobserved heterogeneity, country heterogeneity and 

endogeneity can bias the results against finding a PHH. As regards aggregation, Grether and 

de Melo (2002) and Mathys (2002) note that an aggregate analysis hides specific patterns in 

each industry and hence, may mask pollution haven effects in specific industries. They argue 

that if there is indeed a PHH story in the data, it is more likely to be found at the 

disaggregated level. Similarly, Ederington et al. (2005) identify and test three explanations for 

the lack of evidence on the PHH. These reasons are that (1) most trade takes place between 

developed countries; (2) some industries are less geographically footloose than others; (3) for 

the majority of industries environmental regulation costs represent only a small fraction of 

total production costs. In all these three cases aggregated trade flows across multiple countries 

could conceal the effect of environmental regulation on trade for countries with distinct 

patterns of regulation, in the more footloose industries or in those industries, where 

environmental expenditures are significant, respectively. The authors find support for the first 

two explanations. On one hand, estimating the average effect of an increase in environmental 

costs over all industries understates the effect of regulatory differences on trade in more 

footloose industries and on trade with low-income countries. On the other hand, a study that 

uses disaggregated data might be problematic, too. For example, most cross-industry studies 

only examine dirty industry sectors (e.g. Tobey, 1990). Those industries could share some 

unobservable characteristics (e.g. natural resource intensiveness) that also make them 

immobile. Restricting the sample to pollution-intensive industries might lead to the selection 

of the least geographically footloose industries. Furthermore it would be reasonable to add 

clean sectors as well for a comparison, because we would expect that the effect of pollution 

regulations on pollution-intensive sectors to be different (or even to have the opposite sign) 

than the effect on clean sectors (Brunnermeier and Levinson, 2004). 

Unobserved heterogeneity refers to unobserved industry or country characteristics 

which are likely to be correlated with strict regulations and the production and export of 

pollution-intensive goods. Assume that a country has an unobserved comparative advantage 

in the production of a pollution-intensive good; consequently, it will export a lot of that good 

and will also generate a lot of pollution. Ceteris paribus, it will impose strict regulations to 

control pollution output. If these unobserved variables are omitted in a simple cross-section 

model, this will cause inconsistent results, which cannot be meaningfully interpreted (in this 

example, a simple cross-section model would find a positive relationship between strict 
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regulations and exports). The easiest solution to this problem would be to use panel data and 

incorporate country or industry specific fixed effects (Brunnermeier and Levinson, 2004). 

The endogeneity problem is that pollution regulations and trade may be endogenous, 

i.e. the causality might run in both directions (problem of simultaneous causality). Assume 

trade liberalization will lead to higher income which in turn causes an increase in the demand 

for environmental quality; then environmental regulations could be a function of trade. A 

possible solution to this problem is to use instrumental variables techniques. However, the 

instruments should possess the following characteristics: vary over time and be correlated 

with the measure of environmental stringency but not with the error term (Brunnermeier and 

Levinson, 2004).  

The gravity model of trade has been often used as theoretical framework to 

empirically analyze the relationship between environmental regulations and trade flows and in 

particular to test for the existence of a PHH. Related research contributions are due to Harris 

et al. (2002), Grether and De Melo (2003), van Beers and van den Bergh (2003) and Jug and 

Mirza (2005) who test for the existence of a PHH using panel data and focus mainly on 

developed countries. The results are not unambiguous and produce at best weak evidence in 

favour of the PHH. Of all these studies, only Jug and Mirza‟s (2005) empirical application is 

based on a structural gravity equation that is well theoretically founded. The authors also 

summarize the main findings of previous studies investigating the impact of environmental 

regulations on trade using sectoral data (Table 1, pp. 5). Jug and Mirza (2005) conclude that 

none of the studies using the gravity model of trade finds a robust link between environmental 

standards and trade and that studies focusing on the US claim that endogeneity is the main 

reason why previous studies did not find an effect. 

Summarizing, empirical studies based on the gravity model seem to find in general, 

only weak evidence in favor of the PHH and this is confirmed by a meta-analysis provided by 

Mulatu et al. (2004). Despite this fact, we have chosen to use the gravity model in this paper 

because it is a well established trade model with solid theoretical foundations. It also permits 

to tackle the three abovementioned econometric problems: endogeneity, unobservable 

heterogeneity and aggregation issues. 

As regards the “Porter hypothesis”, empirical tests are mainly based on specific 

industries with certain characteristics that profit the most from stringent regulations. For 

example, Albrecht (1998) analyzes only industries affected by the Montreal Protocol and 

finds evidence supporting the Porter Hypothesis for Denmark and the US, whereas Murty and 

Kumar (2003) focus their analyses on water-polluting industries in India and also find weak 

support for the hypothesis. Finally Ambec, Cohen, Elgie, and Lanoie (2011) provide a 

summary of theoretical and empirical studies on the Porter hypothesis.  On the empirical side, 

the evidence about the weak version of the “Porter Hypothesis” is fairly well established, 

while the empirical evidence on the strong version is mixed, with only recent studies 

supporting it. However, most studies use productivity as the target variable. One exception is 

the study conducted by Constantini, V. and Crespi (2008). The authors use exports of specific 

industries related to renewable energies as target variables and find support for the strong 

version of the hypothesis. 

 

 

3. Theoretical Background, Model Specification, Data and Variables 

 
3.1. Theoretical background and model specification 

 

The gravity model of trade is nowadays the most commonly accepted framework to model 

bilateral trade flows (Anderson, 1979; Bergstrand, 1985; Anderson and Van Wincoop, 2003).  
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Independent from the theoretical framework of reference, most of the mainstream 

foundations of the gravity model are variants of the Anderson (1979) demand-driven model, 

which assumes constant elasticity of substitution and product differentiated by origin. 

According to the underlying theory, trade between two countries is explained by nominal 

incomes and the populations of the trading countries, by the distance between the economic 

centers of the exporter and importer, and by a number of trade impediment and facilitation 

variables. Dummy variables, such as trade agreements, common language, or a common 

border, are generally used to proxy for these factors. The traditional gravity model is specified 

as 

 

ijijijjijiij uFDISTPOPPOPYYX 654321

0

 ,                                                    (1) 

 

where Yi (Yj) indicates the GDPs of the exporter (importer), POPi (POPj) are exporter 

(importer) populations,  DISTij is geographical distances between countries i and j, and Fij 

denotes other factors impeding or facilitating trade (e.g., trade agreements, common language, 

or a common border). 

The gravity model has been widely used to investigate the role played by specific 

policy or geographical variables in explaining bilateral trade flows. Consistent with this 

approach and in order to investigate the effect of environmental regulations on exports, we 

augment the traditional model with proxies for environmental regulations. Usually, the model 

is estimated in log-linear form. Taking logarithms in Equation 1, introducing time variation 

and several sets of fixed effects, the static specification of the gravity model is 

 

ijktjtitijtijij

ijtjtitjtitjitkijkt

LENVRLENVREULDISTContig

LYHDLpopLpopLYLYLX









109876

543210

                (2)

  

where:  

L denotes variables in natural logs; 

Xjikt are the exports of industry k from country i to country j in period t in current €; 

Yit and Yjt indicate origin and destination‟s GDP, respectively, in period t at current €; 

P it and Pjt indicate populations in countries i and j in number of inhabitants, in period t; 

YHDij denotes per capita income differences between countries i and j, in period t; 

Contigjit is a dummy variable that takes the value of 1 when countries i and j share a border, 

zero otherwise; 

DISTij is the great circle distance between country i and country j; 

EUjit is a dummy variable that takes the value of 1 when countries i and j belong to the EU, 

zero otherwise; 

ENVRjit  and ENVRjit denote environmental stringency measures in countries i and j, 

respectively. 

The model includes a dummy variable for EU integration; it is important to note that 

this variable is time-varying as membership in trade agreements occurred during the time 

period studied for Eastern European countries. tk  are specific industry-time effects that 

control for omitted variables specific to each industry export flows but which vary over time.

i  and j  are country specific fixed effects that proxy for multilateral resistance factors.  

Although some authors suggest that exporter and importer fixed effects should be time 

varying we cannot include them in the estimation because they are correlated with the 

variables of interest. Instead, we will use country-industry specific time-varying fixed effects 
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as a robustness check for footloose industries and also we will estimate the model by 

replacing the time-invariant bilateral variables, such as distance and common border with 

dyadic fixed effects to control for unobserved heterogeneity. When these fixed effects are 

included, the influence of the variables that vary only with the “ij” dimension cannot be 

directly estimated. This is the case for distance and common border; therefore its effect is 

subsumed in the dyadic dummies.  

A high level of income in the exporting country indicates a high level of production, 

which increases the availability of goods for exports. Therefore we expect α1 to be positive. 

The coefficient of Yj, α 2, is also expected to be positive since a high level of income in the 

importing country suggests higher demand for imports. The signs expected for exporter‟s and 

importer‟s population coefficients, α3 and α 4, are not unambiguous. The literature has found 

both positive and negative signs. A negative population coefficient indicates that a larger 

population could be associated to lower exports. This could be because countries i and j have 

a higher absorptive capacity and therefore trade less. A positive sign instead could indicate the 

existence of economies of scale (supply) or a home market effect; countries with larger 

populations may also import more varieties. The coefficient of dummy variables for trading 

partners sharing a common language and common border as well as trading blocs dummy 

variables evaluating the effects of preferential trading are expected to be positive. 

The signs expected for the coefficient of the environmental stringency variables are 

also not unambiguous. According to the PHH we expect to find negative signs for the 

exporter environmental stringency variables, but according to the Linder hypothesis a positive 

sign is expected. As regards environmental stringency in the importer country, we expect that 

a change in regulation may not affect its imports. 

The gravity model is estimated for total trade flows and also for exports of specific 

industries for which the impact should be stronger, according to the related literature. 

Following Harris et al (2002) we classified industries into dirty and footloose categories. It is 

expected that if environmental regulations have a real impact on international trade flows, 

their impact should be the strongest on dirty industries and in particular on “footloose 

industries”, which are pollution-intensive non-resource-based industries that can be easily 

relocated. On the basis of SITC (version 3) the following industries are classified as „dirty‟: 

51 (Organic Chemicals); 52 (Inorganic Chemicals); 59 (Chemical Materials); 64 (Paper, 

Paperboard); 67 (Iron and Steel); 68 (Non-Ferrous Metals); and 69 (Metals Manufactures); 

251 (Pulp and Waste Paper); 334 (Petroleum Products); 335 (Residual Petroleum Products); 

562 (Fertilizers); 634 (Veneers, Plywood); 635 (Wood Manufactures); 661 (Lime, Cement, 

Construction Materials). Within the dirty category, industries 59, 67, 69 and 661 are classified 

as pollution intensive “footloose”. Table A.2 in the Appendix reports a list of the industries 

with the description and the corresponding emissions intensities. 

 

3.2. Data and Variables 

 

For the environmental stringency variable we use a new version of Eurostat Environmental 

Expenditures and Environmental Taxes database. The data sources are mainly the Joint 

Eurostat and OECD questionnaire on Environmental Protection Expenditure and Revenues. 

As a first proxy we consider “total environmental tax revenues” as a percentage of GDP. This 

variable has been used by recent studies (Ben Kheder and Zugravu, 2012, and Constantini and 

Crespi, 2008). A second variable is the current environmental protection expenditures of the 

public and the private sectors that is comparable to that used by Jug and Mirza (2005), 

Ederington et al. (2003), Ederington and Minier (2003) and Levinson and Taylor (2008). 

Similar to Jug and Mirza (2004) we also select two other variables from the Eurostat 

dataset to serve as instruments, namely total current environmental protection expenditures 
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(lcurexp) and total environmental taxes (ltotax). The rest of the variables, GDPs at current 

prices and populations expressed in number of inhabitants are also from Eurostat. Other 

gravity variables, such as common border, common language and distances come from CEPII. 

We also included common language, colonial relationship and same country dummies in 

preliminary estimations, but they are dropped from the final model because they were never 

statistically significant. 

Figure 1 shows the evolution over time of environmental tax revenues as a share of 

GDP for the CEECs included in our sample. Some convergence towards lower average values 

can be observed for the time period under study. 

 

Figure 1. Trend in total environmental tax revenues, % of GDP 

 

 
 

Source: Author‟s elaboration. 

 

 Table 1 displays the summary statistics for the independent and dependent variables 

for non-EU (untreated countries) and EU (treated) groups of countries. The last column shows 

a test of the differences between both groups in the mean for each variable. These differences 

are statistically significant for all variables. In general, EU membership is associated with 

higher exports of dirty goods and total exports of goods and higher GDPs. Also 

environmental expenditure shares and environmental tax shares are significantly higher for 

EU members than for non-EU member states. 
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Table 1. Summary statistics 
EU = 0       EU = 1 

  

    

Variable Obs Mean Std. 

Dev. 

Obs Mean Std. 

Dev. 

test-

diff 

lxdirtyij 17984 13.78 3.14 32000 15.93 3.05 74.63 

lxtij 19394 19.50 1.71 33108 21.55 1.66 135.18 

lyi 19406 11.61 1.41 33108 12.75 1.10 102.93 

lyj 19406 11.61 1.41 33108 12.75 1.10 102.93 

lpopi 19406 9.20 1.35 33108 9.68 0.98 47.11 

lpopj 19406 9.20 1.35 33108 9.68 0.98 47.11 

ld 19406 6.93 0.67 33108 7.02 0.66 16.2 

contig 19406 0.13 0.34 33108 0.14 0.35 3.04 

labsyd 19394 2.82 1.01 33108 1.93 1.17 -88.64 

lpctexpi 12847 -0.85 0.53 17880 -1.15 0.56 -47.75 

lrtaxenvi 19406 0.98 0.20 33108 1.00 0.25 9.31 

lcurexpi 12847 3.47 0.86 17880 4.08 0.68  70.15 

ltotaxi 19406 7.98 1.42 33108 9.14 1.09  105.27 

Source: Author‟s elaboration. See Table A.3 in the Appendix for variable descriptions. 

 

4. Main Results 
 

Model (2) is estimated for exports of 21 EU countries from 1999 to 2008 for total exports, for 

dirty industries and for footloose industries. Tables A.1 and A.2 in the Appendix provide a list 

of countries and sectors, respectively. The main estimation results are reported in Table 2. The 

first and second column show the results obtained for dirty exports with two alternative 

proxies for environmental regulations, columns 3 and 4 show the results for footloose 

industries and 5 and 6 for total exports. As regards our target variables, namely exporters‟ 

environmental tax expenditure shares (lrtaxenv) and exporters‟ environmental expenditure 

shares (lpctexp), the results indicate a positive correlation between the former variable and 

exports for dirty and footloose industries‟ and also for total exports. However, lpctexp is in 

most cases not statistically significant.   

Most of the other variables present the expected sign and are statistically significant. 

The explanatory power of the model is good, since the included variables explain 

approximately 63, 73 and 93 percent of the variation of dirty exports, footloose exports and 

total exports, respectively. The coefficients of exporter and importer income are positive and 

significant and slightly different to the theoretical value of unity. The coefficients of 

populations are negative and statistically significant and show large elasticities, always above 

unity. The coefficient of the per capita income differences is always negative and statistically 

significant in half of the cases. The negative sign indicates that larger differences in per capita 

income are associated with lower levels of trade, which is in line with the Linder hypothesis.  

The effect of distance is negative and it is significantly larger for dirty exports and footloose 

export than for total exports. The EU dummy for membership in the integration agreement is 

positive and significant indicating that exports are higher for participating countries than for 
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the rest of the countries in the sample and the common border dummy presents a positive sign 

and is significant in all estimations.   

 

 

 

 

Table 2. Main estimation results  

 

Dependent var.:  Dirty exports 

 
Footloose exports Total exports 

Explanatory var.: M1 M2 M3 M4 M5 M6 

Lyi 0.409*** 0.783*** 0.305** 0.366 0.861*** 1.128*** 

 

3.477 3.342 2.136 1.292 9.124 7.147 

Lyj 0.589*** 0.987*** 0.820*** 1.197*** 0.725*** 1.035*** 

 

5.155 4.01 5.934 4.392 8.283 6.585 

Lpopi -4.238*** -2.711* -3.230*** -2.782 -2.513*** -2.415*** 

 

-5.32 -1.696 -3.508 -1.483 -4.678 -2.646 

Lpopj -1.127* -3.527** -2.105** -4.876*** -1.640*** -2.334*** 

 

-1.702 -2.116 -2.471 -2.656 -3.47 -2.658 

Labsyd -0.123*** -0.125*** -0.043 -0.035 -0.044* -0.038 

 

-3.274 -2.935 -1.253 -0.865 -1.908 -1.441 

Ld -1.483*** -1.263*** -1.228*** -1.047*** -0.883*** -0.719*** 

 

-12.97 -9.664 -11.433 -8.216 -11.683 -8.469 

Contig 0.809*** 0.877*** 0.914*** 0.946*** 0.565*** 0.610*** 

 

5.238 5.139 6.034 5.233 5.067 5.281 

EU 0.306*** 0.412*** 0.327*** 0.354*** 0.158*** 0.278*** 

 

4.002 4.035 3.839 3.354 2.609 4.845 

Lrtaxenvi 0.387*** 

 

0.569*** 

 

0.350*** 

 

 

2.7 

 

3.104 

 

3.57 

 Lrtaxenvj -0.025 

 

-0.173 

 

0.017 

 

 

-0.187 

 

-1.26 

 

0.193 

 Lpctexpi 

 

-0.064 

 

0.042 

 

-0.01 

  

-1.059 

 

0.601 

 

-0.27 

Lpctexpj 

 

0.035 

 

0.037 

 

0.056* 

  

0.58 

 

0.564 

 

1.835 

R-Squared 0.631 0.636 0.728 0.763 0.927 0.932 

N 49984 19413 16197 6197 52502 20156 

Ll -104940.3 -39561.5 -30707.36 -11087.18 -40764.42 -14252.43 

Rmse 1.97851 1.864626 1.615613 1.457197 0.5268782 0.4926914 

Country Effects yes yes yes yes yes yes 

Industry-Time 

Effects yes yes yes yes Time Effects 

Note: *, **, *** indicate significant levels at the 1, 5 and 10 percent, respectively. t-values calculated using 

standard errors robust to autocorrelation and heteroskedasticity are reported (clustered by country pair). All 

regressions include industry-time fixed effects and country specific fixed effects. 

Source: Author‟s calculations. 

 

Similar results are obtained when using an instrumental variable estimator to control 

for the endogeneity of the environmental variables as shown in Table 3. The instruments used 

are total current environmental protection expenditures (lcurexp) and total environmental 
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taxes (ltotax). The variables of interest present the same sign and similar significance levels, 

but the magnitudes of the estimated coefficients for “lrtaxenvi” are slightly higher for dirty 

exports and footloose exports in comparison to the results in Table 2 above. According to the 

results in column 1, an increase of 1 percent in environmental tax shares is associated to a 0.4 

percent increase in exports of dirty goods and to a 0.6 percent increase in exports of footloose 

goods. 

 

Table 3. Instrumental variables estimation 

 
Dependent 

var.: Dirty exports Footloose exports Total exports 

Explanatory 

var.: M1 M2 M3 M4 M5 M6    

lyi 0.908*** 0.784*** 0.568* 0.367 1.218*** 1.179*** 

 

3.445 3.367 1.933 1.306 24.548 23.894 

lyj 1.026*** 0.989*** 1.187*** 1.198*** 1.062*** 1.019*** 

 

4.037 4.037 4.358 4.431 22.906 22.471 

lpopi -2.371 -2.671* -1.27 -2.738 -1.885*** -2.769*** 

 

-1.493 -1.68 -0.748 -1.465 -5.589 -8.098 

lpopj -3.138* -3.480** -4.775*** -4.810*** -1.855*** -2.391*** 

 

-1.846 -2.098 -2.73 -2.646 -6.382 -7.784 

labsyd -0.126*** -0.125*** -0.036 -0.035 -0.039*** -0.039*** 

 

-2.97 -2.953 -0.901 -0.872 -10.142 -10.325 

ld -1.264*** -1.263*** -1.048*** -1.047*** -0.719*** -0.716*** 

 

-9.727 -9.721 -8.286 -8.283 -74.454 -74.243 

contig 0.875*** 0.877*** 0.944*** 0.946*** 0.609*** 0.611*** 

 

5.166 5.169 5.269 5.275 45.371 45.477 

EU 0.390*** 0.412*** 0.333*** 0.354*** 0.267*** 0.270*** 

 

3.765 4.061 3.165 3.383 19.011 19.278 

lrtaxenvi 0.445** 

 

0.624** 

 

0.308***                

 

2.111 

 

2.048 

 

5.131                

lrtaxenvj 0.07 

 

-0.086 

 

0.004                

 

0.336 

 

-0.394 

 

0.083                

lpctexpi 

 

-0.069 

 

0.036 

 

-0.009 

  

-1.153 

 

0.52 

 

-0.393 

lpctexpj 

 

0.029 

 

0.028 

 

0.053*** 

  

0.483 

 

0.431 

 

2.802 

R-squared 0.636 0.636 0.764 0.763 0.933 0.932 

N 19413 19413 6197 6197 20156 20156 

Rmse 1.86 1.86 1.45 1.45 0.49 0.49 

Jansen test 1.23 4.47 0.63 4.26 8.47 26.42 

Jansen prob 0.54 0.11 0.73 0.12 0.01 0.00 

Note: *, **, *** indicate significant levels at the 1, 5 and 10 percent, respectively. t-values calculated using 

standard errors robust to autocorrelation and heteroskedasticity are reported. All regressions include industry-

time fixed effects and country specific fixed effects. Country and industry-time effects included as in Table 2. 

Source: Author‟s calculations. 

 

Table 4 reports the results obtained for footloose industries when using an alternative 

set of fixed effects. Exporter and importer effects are replaced by country-industry time-
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varying fixed effects to better control for unobserved heterogeneity that is specific to each 

industry in each country and varies over time (to control for other sources of comparative 

advantage, such as factor prices). The results confirm the evidence shown in Tables 2 and 3; 

environmental stringency proxied with environmental taxes or with environmental 

expenditure in a country increases exports of footloose industries.  

 

 

Table 4. Gravity estimations with country-industry time-varying fixed effects  

 

Dependent var.: Footloose exports 
Explanatory 

var.: M1 M2 M3 M4 

Lyi -0.592 1.280*** -0.592 1.265*** 

 

-1.418 6.008 -1.418 8.524 

Lyj -0.171 0.514*** -0.171 0.14 

 

-0.561 2.805 -0.561 0.638 

Lpopi 1.500*** 0.009 1.500*** 0.522*** 

 

4.054 0.023 4.054 2.731 

Lpopj 1.040*** 0.510* 1.040*** 1.279*** 

 

3.598 1.785 3.598 3.055 

Labsyd -0.026 0.019 -0.026 0.019 

 

-0.641 0.386 -0.641 0.386 

Ld -1.272*** -1.041*** -1.272*** -1.041*** 

 

-10.94 -7.736 -10.94 -7.736 

Contig 0.887*** 0.927*** 0.887*** 0.927*** 

 

5.416 4.848 5.416 4.848 

EU 0.531** 0.938*** 0.531** 0.938*** 

 

2.475 3.353 2.475 3.353 

Lrtaxenvi 0.624*** 

 

0.624*** 

 

 

2.896 

 

2.896 

 Lrtaxenvj 0.629 

 

0.629 

 

 

0.899 

 

0.899 

 Lpctexpi 

 

0.841*** 

 

0.607** 

  

3.043 

 

2.346 

Lpctexpj 

 

0.061 

 

-0.517*** 

  

0.616 

 

-3.273 

R-squared 0.839 0.854 0.839 0.854 

N 16197 6197 16197 6197 

Ll -26462.23 -9583.633 -26462.23 -9583.633 

Rmse 1.307894 1.233912 1.307894 1.233912 

Note: *, **, *** indicate significant levels at the 1, 5 and 10 percent, respectively. t-values calculated using 

standard errors robust to autocorrelation and heteroskedasticity are reported. All models include country-sector 

time-varying fixed effects. 

Source: Author‟s calculations. 

 

Next, we estimate the gravity model with dyadic fixed effects (trading-pair fixed 

effects that control for time-invariant unobserved heterogeneity attached to each bilateral 

relation. In this case we are not able to estimate distance and common border effects, since 
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they are absorbed by the bilateral dummies. Some authors argue that this is an alternative way 

to control for endogeneity of the time-varying variables (Baier and Bergstrand, 2007).  

Indeed, the results obtained for the environmental stringency variables are very similar in 

magnitude to those found when using instrumental variables for the variable environmental 

tax revenue shares (ltaxenvi). The only difference is that now the current environmental 

protection expenditure of the importer country (lpctexpj) turns out to be positively correlated 

to exports and statistically significant in all regressions. This could be interpreted as follows: 

less stringent regulations in the destination country is associated to lower imports of dirty 

goods perhaps due to a substitution of imports with higher internal production of dirty goods. 

   

Table 5. Gravity estimations with dyadic FEs 

 

Dep. var.: Dirty exports Footloose exports Total exports 

Explanatory var.: M1 M2    M3 M4    M5 M6    

lyi 0.574*** 0.854*** 0.441*** 0.527**  0.907*** 1.096*** 

 

5.389 4.606 3.279 1.991 10.446 8.334 

lyj 0.777*** 0.979*** 0.971*** 1.136*** 0.778*** 0.923*** 

 

7.601 6.112 7.323 5.133 9.857 8.312 

lpopi -5.229*** -2.426**  -3.998*** -3.587**  -2.784*** -3.245*** 

 

-6.99 -2.093 -4.352 -2.094 -5.319 -4.145 

lpopj -1.842*** -2.149*   -2.459*** -3.328*   -1.853*** -1.827**  

 

-2.86 -1.68 -2.921 -1.953 -3.951 -2.193 

labsyd -0.018 0.021 -0.009 0.033 -0.001 0.006 

 

-0.943 0.957 -0.388 1.131 -0.084 0.435 

EU 0.047 -0.018 0.140** 0.003 0.089*** 0.066**  

 

0.962 -0.296 2.427 0.042 2.889 1.979 

lrtaxenvi 0.452***                0.585***                0.370***                

 

3.523                3.3                3.828                

lrtaxenvj 0.085                -0.086                0.043                

 

0.705                -0.643                0.523                

lpctexpi 

 

-0.009 

 

0.067 

 

0.002 

  

-0.173 

 

1.052 

 

0.058 

lpctexpj 

 

0.089*   

 

0.102*   

 

0.074*** 

  

1.757 

 

1.697 

 

2.789 

R-squared 0.679 0.691 0.777 0.816 0.987 0.993 

N 49984 19413 16197 6197 52502 20156 

ll -101465.7 -37948.54 -29120.48 -10305.76 5349.398 8174.396 

rmse 1.85 1.73 1.48 1.31 0.22 0.16 

Country pair  

effects yes yes yes yes yes yes 

Indust-time effects yes yes yes yes Time Effects 

Note: *, **, *** indicate significant levels at the 1, 5 and 10 percent, respectively. t-values calculated using 

standard errors robust to autocorrelation and heteroskedasticity are reported. Source: Author‟s calculations. 

 

Next, we run regressions with specific slope coefficients for the environmental 

variables. Table 6 report the estimation results for the variable environmental revenue shares. 

The results indicate that while higher environmental revenue shares in the exporter country 

are associated to higher exports of dirty goods for almost all industries, higher environmental 

revenue shares in the importer country are associate to lower imports of dirty goods for some 
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industries (Inorganic Chemicals, Organic Chemicals and Lime, Cement, Construction 

Materials) and to higher imports for others (Fertilizers, Paper and Iron and Steel). Therefore, 

only weak evidence of the PHH is found for these latter industries. 

 

 

 

 

Table 6. Industry specific gravity estimations with dyadic FEs 

 
codes Description Classification lrtaxenvi lrtaxenvj 

SITC 251 Pulp and Waste Paper dirty 0.685     (0.99) 0.200 (0.33) 

SITC 334 Petroleum Products dirty 1.193**  (2.07) 0.033 (0.08) 

SITC 51 Organic Chemicals dirty 0.541*** (2.05) 0.053 (0.240) 

SITC 52 Inorganic Chemicals dirty 0.945*** (2.59) -0.633* (-1.67) 

SITC 562 Fertilizers dirty -0.717     (-1.40) 1.317*** (2.59) 

SITC 634 Veneers, Plywood dirty -0.81     (-0.18) 0.524     (1.49) 

SITC 635 Wood Manufactures dirty 0.984*** (3.79) -0.116    (-0.41) 

SITC 64 Paper, Paperboard dirty 0.680** (1.91) 0.376*    (1.66) 

SITC 68 Non-Ferrous Metals dirty 0.918*** (2.46) 0.280     (0.81) 

SITC 59 Chemical Materials footloose 0.624*** (5.05) -0.399*   (-1.88) 

SITC 661 Lime, Cement, 

Construction Materials 

footloose 1.515*** (3.50) -0.663*   (-1.86) 

SITC 67 Iron and Steel footloose 0.424     (1.45) 0.834*** (2.64) 

SITC 69 Metals Manufactures footloose 0.576*** (2.38) 0.073      (0.44) 

Note: *, **, *** indicate significant levels at the 1, 5 and 10 percent, respectively. t-values calculated using 

standard errors robust to autocorrelation and heteroskedasticity are reported. All models include time fixed 

effects and trading-pair fixed effects (ij). 

Source: Author‟s calculations. 

 

Finally, we run similar regressions for accession countries and non accession countries 

separately. Although results concerning total exports and exports of dirty goods display 

similar results as before, the estimation results for footloose industries are substantially 

different. Table 7 shows the estimates for footloose industries. For CEECs exporters (columns 

1 and 2, Table 6) the variable environmental expenditure shares shows now a negative and 

significant coefficient for the exporter country and positive and significant for the importer. It 

is worth noting that in this case we find evidence of a PHH effect, since lower environmental 

expenditures in CEECs countries and higher expenditures in destination countries are 

associated to higher exports of dirty goods.  
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Table 7. Region specific gravity estimations with dyadic FEs 
 

Footloose Ind. CEECS exports  Non-CEECS exports 

Explanatory 

var.: 

M1 M2 M3 M4 

lyi -0.955* 4.344*** -0.148 1.890*** 

 -1.775 12.451 -0.647 8.719 

lyj -0.11 1.202*** 0.065 1.721*** 

 -0.365 4.602 0.217 11.405 

lpopi 0.702 -4.661*** 1.910*** 0.439 

 1.375 -9.649 6.034 1.296 

lpopj 1.205** -1.660*** 1.232*** 1.222*** 

 2.032 -3.013 3.532 5.893 

labsyd -0.005 0.01 -0.024 -0.001 

 -0.211 0.344 -1.196 -0.073 

EU 0.132 0.209*   0.112 0.105 

 1.1 1.667 0.948 0.929 

lrtaxenvi -5.446***                -0.322                

 -5.979                -1.191                

lrtaxenvj 5.634***                2.260***                

 3.425                5.508                

lpctexpi  0.313  0.811*** 

  0.787  4.976 

lpctexpj  1.177**   0.815*** 

  2.141  5.534 

R-squared 0.905 0.917 0.914 0.929 

N 13467 5240 12447 4710 

ll -17981.68 -6548.741 -14982.28 -

5036.733 

rmse 0.99 0.95 0.86 0.79 

Note: *, **, *** indicate significant levels at the 1, 5 and 10 percent, respectively. t-values calculated using 

standard errors robust to autocorrelation and heteroskedasticity are reported. All models include country-sector 

time-varying fixed effects and dyadic fixed effects. 

Source: Author‟s calculations. 

 

 Summarizing, while higher environmental revenues/expenditures are positively 

correlated with total exports and to exports of some dirty goods, they are negatively correlated 

to exports of footloose industries from CEECs exporters. Hence, we find some evidence 

supporting the Porter hypothesis for total exports and only some evidence of the PHH for 

footloose industries when exporters are CEECs countries. 
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5. Conclusions 
 

This paper aims to investigate whether changes in the stringency of a country‟s environmental 

regulations may result in pollution havens, in particular in relation to trade flows within the 

European continent from 1996 to 2008, covering therefore the recent accession of the CEECs 

into the EU and the subsequent changes in the regulatory framework of new members. We 

empirically assess the relationship between environmental stringency and export flows by 

estimating a gravity model of trade augmented with environmental expenditure and 

environmental revenue variables.   

Using panel data and instrumental variables techniques, we find that environmental 

stringency variables are an important determinant of total bilateral exports and also of specific 

dirty and footloose industries‟ exports. More specifically, while exporters‟ environmental tax 

expenditure shares are positively correlated to bilateral exports for dirty and footloose 

industries‟ and also for total exports, the effect of importers‟ environmental stringency is not 

significant. The results are robust to a variety of specifications for the particular variables 

used in estimation, namely to the use of different type of fixed effects to control for 

unobserved heterogeneity. 

 However, when heterogeneity across specific industries and between countries is 

considered, the results are not homogeneous. We find that while higher environmental 

revenue shares in the exporter country are associated to higher exports of dirty goods for 

almost all industries, higher environmental revenue shares in the importer country are 

associate to lower imports of dirty goods for some industries (Inorganic Chemicals, Organic 

Chemicals and Lime, Cement, Construction Materials) and to higher imports for others 

(Fertilizers, Paper and Iron and Steel).  

As regards to heterogeneity across exporters, we find support for the existence of a 

pollution haven effect in the European Union in the period under study (1999-2008) for 

exports of footloose goods from CEECs countries to the EU, but not the other way round. For 

old EU members more stringent environmental regulations are in most cases associated to 

higher exports and imports. 

Summarising, the empirical results show that for Western EU countries, more 

stringent regulations could foster comparative advantages at the international level not only 

for total exports, but also for exports of some goods belonging to dirty and footloose 

industries, especially when environmental taxes are used as a proxy for stringent regulations. 

These findings could be interpreted as supporting evidence for the “Porter Hypothesis”. 
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Appendix 

Table A.1 List of Countries 

 

Country Name Year Enlargement  

Austria   

Belgium   

Bulgaria 2007  

Czech Republic 2004  

Denmark   

Finland   

France   

Germany   

Greece   

Hungary 2004  

Ireland   

Italy   

Luxembourg   

Netherlands   

Poland 2004  

Portugal   

Romania 2007  

Slovakia 2004  

Spain   

Sweden   

United Kingdom   

Source: Author‟s elaboration. 
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Table A.2 List of Industries and classification 

 
codes Description Classification Emissions Intensity 

SITC 251 Pulp and Waste Paper dirty 0.608 

SITC 334 Petroleum Products dirty 1.210 

SITC 335 Residual Petroleum Products dirty 2.743 

SITC 51 Organic Chemicals dirty 0.967 

SITC 52 Inorganic Chemicals dirty 2.331 

SITC 562 Fertilizers dirty 3.530 

SITC 59 Chemical Materials footloose 1.019 

SITC 634 Veneers, Plywood dirty 0.121 

SITC 635 Wood Manufactures dirty 0.121 

SITC 64 Paper, Paperboard dirty 0.608 

SITC 661 Lime, Cement, Construction Materials footloose 12.01 

SITC 67 Iron and Steel footloose 1.054 

SITC 68 Non-Ferrous Metals dirty 1.613 

SITC 69 Metals Manufactures footloose 0.188 

Source: Classification from Harris et al. (2002). Emissions intensity is from ESA, 2010. It is measured as metric 

tons of CO2 per $1000 in constant 2000 dollars. 

 http://www.esa.doc.gov/sites/default/files/reports/documents/co2reportfinal.pdf. 

 

  

http://www.esa.doc.gov/sites/default/files/reports/documents/co2reportfinal.pdf
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Table A.3 Definition of variables and sources 

 

Variable Definition of variables Source 

Xtij Total exports in current € Eurostat 

Xdirtykij Exports of  industry k from country i to country j of pollution intensive 

sectors 

Eurostat 

Yi Country i Gross Domestic Product in current € Eurostat 

Yj Country j Gross Domestic Product in current € Eurostat 

Popi Country i population, number of inhabitants Eurostat 

Popj Country j population, number of inhabitants Eurostat 

Absydij Absolute value of the difference in GDP per capita between i and j Eurostat 

Dij Geographical distance between capital cities of countries i and j CEPII 

Contigij Dummy that takes the value of 1 when countries i and j share a border CEPII 

EU Dummy that takes the value of 1 when countries i and j are EU members WTO 

Rtaxenv Environmental tax revenue as a % of GDP Eurostat 

Pctexp Current environmental protection expenditures by industry as a percentage 

of GDP 

Eurostat 

Curexp Current environmental protection  expenditures (Euro per capita) Eurostat 

Totenvtax Total environmental tax revenues (millions of Euro) Eurostat 

Pctaxrev Percent of total revenue from taxes and social contributions Eurostat 

Dirtyind Pollution intensive sectors by SITC Harris et al. 2002 

Footlooseind Footloose industries by SITC Harris et al. 2002 

 


