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Abstract 

 

We empirically investigate the link between environmental policy and trade with 
particular reference to the Single market and enlargement. We incorporate the 
methodology of endogenous protection, (e.g. Ederington et al., 2003) and question 
whether countries may wish to weaken their environmental policies as a response to 
harmonized environmental regulations. The empirical answer suggests that indeed (1) 
domestic environmental regulations have a larger negative effect on trade when they 
are treated as endogenous and (2) EU countries relax domestic environmental 
regulations due to the harmonization of environmental regulations while the CEEC 
country group set more stringent environmental regulations.  
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1. Introduction  

A number of recent econometric studies suggest to date that the impact of domestic 

environmental regulations1 on trade has been small. The tested hypothesis on trade 

and environmental regulations is an implication of most theoretical work that has 

shown that a weakening of domestic environmental regulations (considered as a 

comparative advantage due to a cost advantage) increases a country’s exports or 

decreases a country’s imports (see Copeland, 2003, for a review of the theoretical 

literature). There are two main kinds of empirical evidence advanced. First it is noted 

that the cost of meeting environmental regulations form a small part of total costs of 

production – for example, in the 24 most polluting industries in the US, Tobey (1990) 

found that the environmental regulations accounted for 1.92% - 2.8% of total costs. 

Second, there have been (mainly U.S.) studies that found support for the prediction 

that domestic environmental regulations have a larger effect on trade when they are 

treated as endogenous. The view that environmental regulations should be set 

endogenously is rooted in the literature of endogenous protection (Trefler, 1993), who 

argue that trade liberalization will put pressure on governments to weaken 

environmental policy to help firms in response to an increasing trade competitiveness 

– for example, Ederington et al. (2003) found evidence that after explicitly controlling 

for the endogeneity of domestic environmental policy (1) more stringent 

environmental policies act as a barrier to trade and (2) domestic environmental policy 

is responsive to pressures from increasing trade liberalization effects.  

In this paper, we analyze the link between environmental policy and trade with 

particular reference to the Single market. There are two points that we address. The 

first, rather obvious point, is to test how the level of domestic environmental 

regulations have impacted trade. The second point we want to focus on is the question 

of whether governments (countries) may wish to weaken their environmental policies 

to achieve trade objectives. In particularly, we look how national environmental 

policies and harmonized environmental regulations at the EU level have collided and 

influenced trade.  

Inferences made in the case of the movement towards harmonization, as in the EU, 

are not straightforward. If we view the harmonization of EU environmental 

                                                 
1 We treat domestic environmental regulations, domestic environmental standards, and cost of domestic 
environmental protection synonymously.  
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regulations purely as a trade instrument, its impact on domestic environmental 

regulations, would be according the prediction of the theory of endogenous 

protection, substitutable; namely, more harmonized environmental regulations (= 

reduction of technical barriers to trade and hence, more exports) would lead 

governments to reduce the level of their domestic environmental protection. However, 

the link between EU harmonized regulations and initiatives at the domestic level are 

more than a trading instrument.  

In recent years, the EU has recognized that the trade-promoting effect of harmonized 

regulations coupled with growing environmental challenges and greater 

environmental awareness at the national level should no longer move along separate 

paths but should reveal some degree of synergies2. This anecdotal evidence suggests 

that trade and environmental policy are linked through the harmonization of EU 

environmental regulations because more specific legislative instruments, intended to 

ensure both the protection of the environment and free trade, are incorporated in the 

harmonization of environmental regulations3. As a consequence, the interaction 

between domestic and harmonized environmental regulations at the EU level tend to 

reduce the flexibility to lower or increase the stringency of domestic regulations since 

it is bounded between a certain minimum and maximum level. In other words, 

member countries may lower their own environmental standards to e.g. the lowest 

common denominator of an individual member state, which are, conform to a 

minimum EU standard4.  These minimum EU standards set a regulatory floor that 

ensures that all member states require at least a baseline level of environmental 

protection of their industries. On the other hand, domestic governments may also have 

economic incentives to adopt stricter domestic regulations in light of the Single 

market5. However, these are bounded up to a certain level such that these initiatives 

do not restrict intra-EU trade. In the context of EU enlargement, such incentives are 

                                                 
2 See http://europa.eu.int/internal_market/en/update/general/263en.pdf (June, 1999)  
3 In section 2, we review some of the areas where the legislation of the EU Environmental Policy has 
incorporated are greater awareness to environmental protection.  
4 See Esty et al. (1997) for a general discussion on the environmental policy in the EU  
5 Stricter domestic standards may also create advantages solely at the national level. For example, 
Vogel (1999) notes “stricter environmental regulations may not make a nation poorer, neither do they 
make it richer; greater wealth leads to a preference for strong regulatory standards, not the reverse…”.  
In addition, the same author argues that stricter environmental regulations can improve the public 
benefits (e.g. better health leads to productivity, reduction of health-care expenditures) and if such 
environmental regulations are seen as a form of collective consumption, then “many citizens in 
relatively affluent countries would be expected to increase their consumption of such goods, even at the 
price of some reductions in their levels of private consumption”.   
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straightforward because EU policy has been oriented towards a number of CEEC 

countries to adopt more stringent process and product regulations in order to conform 

to the EU6. 

To address this analysis, we estimate a system of simultaneous equations: an equation 

modeling the impact of domestic environmental regulations on exports and an 

equation modeling the determination of exports and the harmonization of EU 

environmental regulations on domestic environmental regulations. A special attention 

is given to the fact that in the context of CEEC enlargement, an asymmetric nature 

exists related to the environmental policy both at the EU and national level.  

In order to discern the impact of the harmonization of environmental standards and 

evaluate the cost of complying with domestic environmental regulations, we use a 

constructed database drawn from two sources. The data on EU environmental 

regulations come from the detailed study undertaken for the Commission’s review of 

the impact of the Single Market in the EU. We measure the incidence of the 

harmonization of EU standards on trade that differentiate sectors according to a 

European classification, which specifically identifies sectors where the EU has sought 

to introduce the harmonization of environmental regulations. In order to calculate the 

compliance cost with domestic environmental regulations, we use an indicator of the 

economic resources spent on environmental protection in total manufacturing. This 

data comes from Eurostat (Newcronos) and is available for some European and 

Central Eastern countries.  

The paper continues in section 2 by discussing EU and CEEC policies of 

environmental regulations. In section 3, we present a brief literature review. In section 

4 we discuss our empirical model. Section 5 describes the sources of the data that are 

analyzed and discusses some graphs of the data. The results and conclusions are 

presented in the final sections.  

2. Environmental Policy in EU and Candidate countries 

                                                 
6 There is also some theoretical support for initiatives of governments to adopt stricter domestic 
regulations when being part of a regional integration agreement. Alpay (2000) highlight the incentive 
to adopt more stringent environmental policies so to favorably influence world prices. In a more recent 
paper, Gulati (2003) assumes that the adoption of free trade agreement of a small country implies 
exogenous prices and no control of domestic rates of protection. In such a framework, the authors show 
that stricter domestic environmental policies (e.g. pollution taxes) passed on producers (exporters) has 
an efficient effect and can improve the environment. 
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In the context of environmental policy in the EU and CEEC candidate countries, the 

objective of preserving free trade within the Single Market and promoting 

environmental protection presents a great challenge (Bailey, 1999). With the 

completion of the Single market, the EC has used the harmonization of environmental 

product standards as a strategy to eliminate environmental obstacles to trade. In the 

process of harmonization initiatives, (mandated) directives are then adopted, which 

require member and candidate member states to replace national regulations by 

harmonized procedures and standards. In recent years, the EC has increasingly relied 

on the “New Approach” to harmonization7. The central characteristic of this New 

Approach is that it limits harmonization to the EC level of “essential requirements” 

necessary to ensure the free movement of a product. If a product meets these 

specifications, it benefits from the presumption that it satisfies the EC’s essential 

requirements and thus should be allowed to circulate freely throughout the EU. The 

EC has for example adopted total harmonization in the areas of waste and packaging 

waste, chemicals, vehicle emission standards, machinery, etc.8.   

However, the EC has also become increasingly sensitive to environmental objectives 

that do not specifically have an economic motivation9. Within this context, these 

environmental objectives should not prevent member states from adopting legitimate 

environmental standards through the principle of subsidiarity, which allows member 

states to introduce further the restrictions to protect the environment. With this 

principle of subsidiarity, the environmental policy in the EU has allowed member 

states to retain considerable control (or sovereignty) to the domestic implementation 

that has been agreed in the environmental objectives of the EU program. As a result, 

in the case of the Single market, member states may maintain or introduce more or 

less stringent protection measures as long as (1) these initiatives do not restrict trade 

in the EU and (2) are conform to a minimum level of domestic environmental 

protection defined by the EC.   

In recent years, the EC has undertaken many initiatives in order to achieve a high 

degree of environmental protection and to preserve free EU trade. For example, in the 

                                                 
7 Noted in the report “Efficiency and accountability in European standardization under the new 
approach”, COM (1998) Final. 
8 Table 1, in the appendix lists the sectors at the 3-digit level of the NACE classification where trade is 
affected by harmonized environmental rules. 
9 Article 130 declared, “environmental protection requirements shall be a component of the 
Community’s other policies” (Vogel, 1995). 
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area of Waste, Directive 94/62 defines the essential requirements regarding waste 

packaging and sets targets for the recovery and recycling of packaging waste; 

however, it does not set fixed rules on the re-use of waste packaging. In the area of 

chemicals, Directive 88/379 known as the “Preparation Directive”, rules have been 

introduced for the gaseous preparation for safety data sheets and child resistance 

fastenings. Directive 93/67 sets up harmonized risk assessment procedures to be 

followed by manufacturers and importers for all new chemical substances that they 

place on the market. In the area of vehicles, Directive 94/414 limits the emissions of 

motor vehicles and new rules are, in co-operation of stakeholders in member states, 

frequently updated.  The EC has also adopted an eco-labeling scheme designed to 

inform consumers about the environmental qualities of products and to ensure that 

these products achieve high levels of environmental friendliness; however, this policy 

does not override national eco-label schemes. 

2.1. The Green Acquis 

In the forthcoming enlargement, an asymmetric nature exists on one dimensions 

related to environmental policy. This one dimension is that the environmental 

protection procedure does not perfect coincide between the EU and the CEEC. This 

relates to the EC’s believe that “there is a gap between the level of environmental 

protection in CEEC countries compared with the situation in the EU”(CEC, 2000). 

Dziegielewska (1999) notes that the "the EU countries are mainly concerned with 

global environmental problems, such as decreasing greenhouse gas emissions, ozone-

layer protection, acidification reductions, etc. while the candidate countries are 

primarily interested in solving the most pressing local environmental problems such 

as, waste, lead reductions".  

In order to retain environment sustainability, the EU has adopted the environmental 

acquis, which relates to a compliance procedure with environmental regulations 

(aimed at the environmental protection) that need to be transposed in the national 

regulations of the candidate countries. In practice, it imposes major physical 

investments from candidate countries related to relatively few directives, with the 

most costly ones related to water, pollution control and power10. Meeting the acquis is 

a condition for EU membership; however, the approximation to the environmental 

                                                 
10 See Hager (2002, pp. 5) for a list of all the Directives that are related to the acquis. 
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regulations is a continuing process where problems and priorities are addressed during 

and after the accession period. The compliance cost as a result of meeting the acquis 

is estimated between 2% to 3% of the GDP and are borne by both the private industry 

and the public sector. These costs will be partially compensated by the European 

Union. It is expected that the EU covers about 10% to 20% of the national 

expenditures in the environmental sector (CEC, 1999).  

In addition, the candidate countries’ policies aimed at the protection of the domestic 

environment is far more integrated and guided by the EU guidelines than the current 

members. This is in order to be able to implement domestic environmental regulations 

as well as to incorporate the product harmonization of environmental regulations in 

exported goods to the EU market.  

3. Literature 

In this section, we focus mainly on the evidence from empirical literature linking 

environmental policy on trade flows in an endogenous setting. The literature 

investigates how trade and environmental policy are linked via a government’s policy 

process. This literature predicts that domestic governments may have incentives to 

manipulate environmental policy to help domestic firms in response to trade 

liberalization.  This suggests that environmental policy can be used as a trade 

instrument to protect industries (second-best trade models, endogenous protection). 

For these reasons, previous work that treated environmental policy as exogenous was 

getting biased results, and could explain the ambiguous results. If trade considerations 

play a role in the setting of environmental regulations, as is assumed by second-best 

trade models (Gawande, 1999; Trefler, 1993) these regulations should be treated as 

endogenous.  

The endogeneity of environmental domestic regulations are accounted for by 

estimating a simultaneous equation where in the first stage of the estimation a set of 

instruments are used that account for government instruments that proxy a trade 

liberalization effect such as tariffs, non-tariff barriers, etc. The evidence indicates that 

after explicitly controlling for the endogeneity of domestic environmental policy, 

more stringent environmental policies act as a barrier to trade. These results were in 

contrast with earlier findings (Tobey, 1990; Van Beers et al., 1997; Harris et al., 

2000), which did not account for the endogeneity of domestic environmental 
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regulations, and found that environmental policies across countries or sectors have 

minor effects on trade flows.   

The concern that regulations will be relaxed in industries that face significant foreign 

competition is motivated by a seminal empirical paper of Trefler (1993) who notes 

that empirical research has found only a small impact of tariff reductions on trade 

flows. He suggests that it arises from treating trade barriers as exogenous. Trefler 

(1993) finds that when non-tariff barriers are treated as endogenous, the impact of 

NTBs on imports is 10 times higher obtained from treating the NTB variable 

exogenously. Gawande (1999) finds evidence that governments do substitute higher 

levels of NTBs for a loss in tariff protection. A tariff cut by 10 % raises the price NTB 

coverage with 7% while the quantity NTB coverage would go up with 13.2%.    

With particular reference to environmental regulations, Levinson and Taylor (2002) 

present a simple model with endogenous environmental policy and suggest an 

empirical strategy testing for the impact of regulations on trade flows. They estimate a 

simultaneous model similar to Trefler (1993) and show that when the environmental 

policy is treated as exogenous it does not explain exports. However, when they treat 

abatement costs as endogenous, the ambiguity disappears, more stringent regulations 

lowers net exports significantly.  

Similarly, Ederington et al. (2003) carry out a similar exercise using imports from a 

cross-section of all US manufacturing industries. The authors find that environmental 

regulations (measured in the share of abatement costs in total costs) have a significant 

but very minor effect on trade flows. A 1% change in costs raises import penetration 

by 0.53% points. In contrast, a 3SLS, which accounts for the endogeneity yields an 

elasticity of 35. The authors also find evidence that environmental policy is being 

used as an indirect instrument for protecting industries since import penetration has a 

negative effect over environmental policy. This is consistent with the prediction that 

environmental policy is responsive to pressures from increasing trade liberalization 

effects. However, the coefficient on tariffs is also negative suggesting that tariffs and 

environmental regulations are complementary. This is contradicting the prediction 

from the literature on endogenous protection. 

Antweiler et al. (2001) study theoretically and empirically the effect of trade openness 

on pollution levels into scale, technique and composition effects. In their study, 
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whereas all countries will set stricter environmental policies due to income and output 

increases following trade liberalization, the total effect depends on factor 

endowments. The authors provide evidence that the overall trade openness has a 

negative impact on the pollution level.  

Fredericksson and Mani (2003) develop a testable theory of how environmental 

policy is affected by the degree of trade integration and level of political turbulence in 

countries with high level of corruption. They test and empirically confirm the 

hypothesis that trade integration raises the stringency of environmental policy but that 

this effect disappears as the level of political uncertainty rises.  

4. The Empirical Model 

In this section, we describe the specification of the export equation, the domestic 

environmental regulation and the simultaneity of domestic environmental regulations 

and exports taking into account the harmonization of EU environmental regulations. 

4.1. The Export Equation 

The empirical literature on testing the trade effects of the domestic environmental 

regulations has mainly followed the standard Heckscher-Ohlin model of trade, which 

is driven by differences in factor endowments (for example, Tobey, 1990; Van Beers 

et al., 1997; Harris et al., 2002; Xu, 2000). Anderson (1979), Bergstrand (1985, 1990) 

have theoretically validated the consistency of the gravity model with factor 

endowment differences. Helpman-Krugman (1985) derives a gravity equation from a 

monopolistic competition framework while Deardorff (1998) complemented the 

Heckscher-Ohlin interpretation with intra-industry from which a gravity model has 

been reconciled11.  

Typically in a log-linear form, the model considers that the volume of trade is 

promoted by their economic size (income) and constrained by their geographic 

distances. Other characteristics of counties can easily be added. For example, Frankel 

et al. (1995) add dummy variables for common language and common border. 

Deardorff (1998) argues that the relative distance of trading partners should also have 

                                                 
11 In a theoretical derivation of the gravity model, Deardorff (1998) relaxes the assumption that factor 
prices are equalized between countries, so that countries specialize in producing different goods. This 
highlight the key that is that countries produce different goods (not necessarily different ones); whether 
they do so because of product differentiation by monopolistic competition or merely because of the  
H-O model with perfect specialization. 
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an impact on the volume of trade. Wei (1996) and Helliwell (1997) extend this 

concept and define ‘remoteness variable’ that captures third country effects. 

To estimate the effect of environmental regulations on trade flows, we adapt the 

gravity specification of a theoretical consistent model outlined in Vancauteren et al. 

(2004) in order to capture the incidence of the level of domestic environmental 

regulations on trade. The reader is referred to that paper for an in-depth analysis. 

Here, we only present the salient features of the model.  

The specification has the following form:   

xijt = α
ijt + η  cit + ν  ADij +  β 1 yit + β 2 yjt  + ρ  Rijt + δ  dij + λ  rulcijt,+ ε ijt    (1) 

with time,  t =  1, … T: xij  is the value of exports by country i to country j; yi is the 

level of income (GDP) in country i; yj is the level of income (GDP) in country j; dij  is 

the distance between the trading centers of the two countries, ADij is a dummy 

variables to reflect the effects of adjacency (border) between i and j, and ci measures 

the cost of environmental protection (compliance with domestic environmental 

regulations) in country i. All continuous variables are expressed in logarithms. 

To calculate the relative distance of trading partners (remoteness), Rij, we define:  
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where the remoteness of country i in relation to trading partner j is given as the ratio 

of the weighted distance between country i and country j divided by the weighted 

average distance between country i and all trading partners other than j. The weights 

are given by the GDP of the trading partners. This new remoteness measure is 

expected to give a negative sign since for a given distance from other countries k, 

greater bilateral distance reduces trade while for a given bilateral distance, greater 

distance from other countries increases trade. 

Although generally ignored in the empirical gravity literature - with the exception of 

Bergstrand, 1985, 1989 - the model should theoretically also take into account price 

competition because of the heterogeneous competition which characterize trade flows. 

We include a measure of competitiveness based on the relative unit labor costs, rulc
ijt

, 

between the exporting and importing countries, namely: 
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where ulc
i
 and λ

ik
 denotes respectively the unit labor cost of country i and the share of 

country k in total export (of manufacturing goods) of country i. We use the average 

bilateral trades during the period (1995-2000) as the weighting factor. A relative loss 

in the competitiveness of the exporting country should decrease its exports.  

4.2. The Domestic Environmental Regulation Equation 

It is feasible, for instance, that if exports were declining due to stringent 

environmental regulations, the reaction of the government may be to reduce the 

stringency of the regulations to boost the trade competitiveness of these industries. 

Such a positive relationship could therefore offset any negative impact of regulations 

in exports. In such a situation, it is necessary to estimate simultaneous equations, 

whereby the impact of regulations on net exports is estimated in a manner that 

controls for simultaneity between these two variables.  

An important feature we would like to investigate is whether the revealed synergy 

between the harmonization of EU environmental regulations and the level of the 

domestic environmental protection may have impacted trade. To do so, we instrument 

the domestic environmental protection variable with a EU policy variable that 

captures the harmonization of EU environmental regulations. We follow the empirical 

studies on endogenous protection (e.g. Trefler, 1993; Ederington et al., 2003) in 

assuming that this function can be approximated by a linear regression. This function 

is written as:  

cit = α
ijt + ijts  +  xijt + Z’ θ  + η ijt         (4) 

where cit measures the domestic environmental regulations, ijts  is a coverage ratio 

that is equal to the percentage of sectors that are covered by the harmonization of EU 

environmental regulations and  xijt is the exports of manufacturing12. Z’ is a set of 

additional variables. All variables, except for the coverage ratio, ijts , are expressed in 

logarithms.  

In equation (4), a trade liberalization effect is separated out by two variables. 

Typically to the Single market, the instrument that presents the coverage ratio, ijts , 

                                                 
12 In the data section, we describe the construction of the coverage ratio.  
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equals to the percentage of exports in manufacturing that aggregates all the sectors 

that are subjected to an elimination of so called technical barriers that may arise when 

they are differences in environmental regulations across countries (see section V for 

the construction of this variable). This is the first instrument that accounts for a trade-

liberalization effect in the Single market.  A priori, we do not have an expected sign 

on . A negative sign would indicate that more harmonized environmental regulations 

(= reduction of technical barriers to trade and hence, more exports) would reduce the 

level of environmental protection which is in support of the prediction of the theory of 

endogenous protection. In this context of EU environmental regulations, member 

countries may lower or substitute their own environmental standards to, e.g., the 

lowest common denominator of an individual member state and still gain from the 

trade advantage of more harmonized environmental regulations. A second (standard) 

instrument that accounts for higher trade is exports, xij, and again, based on the 

literature of endogenous protection, we expect a negative correlation between exports 

and the level of domestic environmental protection (e.g.   < 0 ).  This variable is 

intended to capture higher exports that would occur for other non-accounted trade 

liberalization measures.   

Energy consumption (in industry), total investment (in tangible goods), lagged value-

added (in manufacturing) and public expenditure of environmental protection (in 

manufacturing) are the other explanatory variables that we add in equation (4). It may 

well be that an increase in energy consumption leads to an increase in CO2 emissions, 

which may lead to higher levels of domestic environmental protection aimed at 

innovative and environment-friendlier activities. The impact of the public expenditure 

of environmental protection on industry expenditure depends partially on how this 

activity is organized within a country. For example, in the area of waste collection, 

which constitutes about 1/3 of the public sector spending, in some countries there is a 

tendency to privatize these activities.  The other major part of the public spending 

includes regulation, control and surveillance, which may be correlated with higher 

spending by the private industry.  The data reveals that for CEEC countries the public 

sector expenditure is slightly above the EU average (as a percentage of GDP), which 

conforms to the context of enlargement and EU policies. We control for such 

differences between EU and CEEC countries in equation (4).  

5. Data and Methodology 
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5.1. Trade Data 

Data are available from different sources. Trade data comes from Eurostat (Comext) 

and are collected at 8-digit level of the European combined nomenclature trade 

classification, which covers more than 10000 products. We derived the trade data 

according to the 3-digit NACE rev. 1 industrial classification, which covers around 

100 manufacturing industries. Bilateral trade data is recorded in millions of euros. We 

deflate the exports data by the GDP deflator in order to obtain a real flow of trade13. 

Our data set comprises bilateral exports for the period 1995-2000 between each of the 

14 EU countries and each of the 14 EU countries with the following CEEC countries: 

Czech Republic, Hungary, Poland, Slovenia, Slovakia and Romania14. The sample 

therefore covers a total of [(14*13 + 8*14)*6] =1764 observations.  

5.2. Data on EU Harmonized Environmental Regulations 

Since a partial focus of our empirical work is the relationship between exports, the 

harmonization of EU environmental standards, and the compliance cost, we need a 

reliable measure of the sectoral incidence of EU harmonized environmental 

regulations. To do so, we first utilize information coming from a detailed study 

undertaken for the Commission’s review of the impact of the Single Market in the EU 

(CEC, 1998). This study provides information at the 3-digit level of the NACE 

classification of whether trade is affected by harmonized environmental rules15. In our 

input data, the incidence is signaled by an indicator variable, δ ijk, taking the value of 1 

if the harmonization approach is applied against the exports of (NACE) sector k from 

country i to country j. These indicators are aggregated to form coverage ratios, ijs , 

applicable from exporting country i to country j, of total manufacturing. The 

aggregate coverage ratio is then defined as: =ijs kœK wijk δ ijk where δ ijk = max (δ ijk) 

and kœK wijk = 1. If the weights, wijk, are proportional to the level of bilateral trade 

between country i and j, then these coverage ratios are equal to the percentage of 

sectors covered by a harmonization approach. We follow Leamer (1989) and use 

home export-weighted coverage ratios for each of the exporting countries.  The 3-

                                                 
13 Using 1995 as the base year.  
14 Prior to 1999, comext only reports trade for Belgium and Luxembourg treated as one.  
15 Trade data according to the NACE classification were obtained from the COMEXT database. The 
NACE is the industrial classification used by the Statistical Office of the European Communities 
(Eurostat). A detailed definition of the classification is presented in CEC (1998).  
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digit sectors that we selected that are subjected to the EU harmonization of 

environmental regulations are summarized in table 1.  

5.3. Data on Domestic Environmental Protection  

In order to calculate the compliance cost with domestic environmental regulations, we 

use an indicator of the economic resources spent on environmental protection in total 

manufacturing for each reported country between the period 1995-200016. These data 

are available for both the industry and the public sector. We are aware that this is not 

an entire cost in alignment with the domestic environmental regulations since we are 

not including institutional and administrative costs. However, for the purpose of our 

study, the costs that we are capturing are directly related to the production process, as 

well as those costs that serve to abate the pollution stemming from the production 

process as a result of their compliance with domestic environmental standards17. We 

rely on two sources. Wherever possible, we use data on the ‘industry expenditure on 

environmental protection’ from Eurostat (Newcronos). When the data are unavailable, 

we fill in missing observations with comparables from the various institutes of 

statistics (Sweden, Austria, Czech Republic, Ireland). To measure the expenditure on 

domestic environmental protection in total manufacturing, we deflate this variable by 

the GDP deflator, using 1995 as the base. 

5.4. Other data 

To this data set, we add a number of other variables that are necessary to estimate our 

model. Distance between countries is measured as the great circle distance between 

the national capitals. Value added (at factor cost) in total manufacturing, gross 

investment (in tangible goods), gross capital formation (1995 Prices), GDP in current 

and constant prices, population, energy consumption (in industry) and unit labor costs 

(constant) in total manufacturing are obtained from the Eurostat (Newcronos) 

database. For some of the variables, we deflate this variable by the GDP deflator, 

using 1995 as the base. For the Netherlands, Denmark and Spain, some missing 

                                                 
16 The data on the domestic environmental protection in total manufacturing comprises of an aggregate 
of different industries that are also available from Eurostat. We were unable to use data at the industry 
level because there were many missing observations at the industry level for the period before 2000.   
17 The environmental protection expenditure is classified in different activities according to the Single 
European Standard Statistical Classification of Environmental Protection Activities (CEPA) broken 
down in the following groups: water & soil, industrial pollution, air, noise, nature and forestry 
protection, as well as chemical substances and genetically modified organisms. These activities are 
aggregated into one due to missing observations 
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values of unit labor costs were unavailable. For these countries, we approximated 

these missing observations using labor cost indexes that were computed by the 

European Commission (DG-ECOFIN). The series can be downloaded from 

ECODATA (available from the Belgian Ministry of Economic Affairs, 

http://ecodata.mineco.fgov.be).  

5.5.  Preliminary Data Analysis: The Trade Coverage of sectors subject to  

        EU Harmonized Environmental Regulations 

In figure 1, we start by comparing the own exported weighted coverage ratios of 

sectors that are subject to EU harmonized environmental regulations for each of the 

EU and CEEC exporting countries to the EU as an aggregated in years 1995 and 

2000. This figure illustrates that on average about 30% of intra-EU imports are in 

sectors where EU harmonized environmental regulations are important.  

For the current EU member countries, the significance of these sectors ranges from 

around 20% of EU imports from Greece and Portugal to 35% of EU imports from 

Finland, Denmark, Ireland, the Netherlands and Sweden and the UK. When 

comparing year 1995 with year 2000, except for Belgium (and Luxembourg.), Spain 

and Italy, in all other cases the share of these sectors have fallen in a range between 

0.1% for Ireland and the most notable change in share of 10% for Finland. For the 

CEEC countries, with the exception of Bulgaria, the share of sectors remained fairly 

constant, ranging from around 7% for Romania to 20% for Hungary, Poland and 

Slovakia and for 25% for the Czech republic and Slovenia.  

The principal conclusion to be drawn from this figure are the overall importance of 

environmental regulations to trade between EU and CEEC countries and the variation 

across countries in the share affected to the harmonization of environmental 

regulations caused by differing national regulations. Between 1995 and 2000, the 

share of these sectors changed little over this period despite the increasing efforts of 

the EU in harmonizing the environmental standards or neutralizing neutralize inter-

country differences in environmental regulations. Yet it would have been expected 

that these shares would have increased since the advantage of the harmonization of 

environmental standards is that it can remove trade impediments arising from 

differences in environmental standards.  

6. Econometric Results 
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6.1. Estimation  

Parallel to the search for a solid theoretical foundation, researchers have also 

investigated the econometric issues linked to the estimation of a gravity model. In a 

series of papers, Mátyás (1997, 1998), Egger (2000, 2001), and Cheng and Wall 

(1999) have used the advantages of panel techniques to test the trade determinants 

using the gravity equation. The pooled analysis then concerns the possibility to 

capture a variation between three dimensions: a two dimensional effect between 

importing and exporting countries and a time dimension.  

With panel data it is not clear, at least a priori, if one should estimate a random or a 

fixed country effects model. Mátyás (1997) assumed that the effects were observable 

from the data and therefore adopted a fixed effect approach. However, the same 

author (Mátyás, 1998) noted that the choice between random or fixed effects is rather 

subjective and suggests using a random effect if the number of countries is large.  

In this paper, we estimate the gravity model using an iterated maximum likelihood 

version of the generalized least squares allowing for random effects (GLS-RE) in 

which we address the endogeneity by applying a two stage least squares allowing for 

random effects (2S-GLS-RE). For the random effect, we decompose the error term in 

equation (1) in three unobserved components written as:  

tijjitij ,, ζνµε ++=            (5)  

where mi and nj are the random unobserved effects of the exporting and importing 

country, respectively (at a given time); and ij,t is a random component over countries 

and time.  

In general with the estimation of standard gravity models, an additional endogeneity 

concern arises between GDP’s and exports since the error term, ijt is presumably 

correlated with yi (GDPi) and yj (GDPj)
18. In all subsequent regression, we replace the 

predicted values of the GDPs  (for each year and country) from a regression on 

several endowment measures that are used as instruments. The set of instruments are 

(1) the GDP’s from the two previous years - this should be sufficiently to capture the 

variability from cyclical or temporary disturbances, (2) current population and (3) 

gross capital formation, as a proxy for investment, from the current and two previous 

                                                 
18 The error term, ε ijt , affects exports and the exports of country i is part of GDPi which is equal to the 
imports from country j which is part of GDPj. The error term ε ijt  affects GDPi and GDPj.  
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years. The regression of the GDP’s for each country is estimated between the periods 

1982-2000.  

6.2. Results  

It is insightful to first compare our results to the general literature that estimated a 

gravity variant of equation (1) wherein the level of domestic environmental protection 

is treated as exogenous (Tobey, 1990; Van Beers et al., 1997; Harris et al., 2002; Xu, 

2000).  Next, we simultaneously estimate equation (1) and equation (2) to allow for 

the endogeneity between exports and the level of domestic environmental protection, 

ci, using the 2S-GLS-RE. Equation (1) tests the hypothesis that if domestic 

environmental policies, ci, are a source of reducing comparative advantage then its 

sign should be negative and significant while equation (2) extends the hypothesis that 

the level of domestic environmental protection may be reduced when exports 

increase. In equation (2), the sign of the coverage ratio of EU harmonized 

environmental regulations, ijts , on the level of domestic environmental regulations is 

a priori not determined. As we have previously discussed, the effect of the 

harmonization of EU technical regulations may both have a complementary or 

substitutable effect on the level of the domestic environment regulations. To capture 

the asymmetry between EU and CEEC environmental regulations, we interact a 

CEEC (if country i = CEEC else 0) dummy with some of the variables. Table 2 

presents the results for the GLS-RE and the 2S-GLS-RE of equation (1), as well as the 

results of the first stage estimation of the domestic environmental protection equation 

(2).    

In the GLS-RE estimate of equation (1) reported in column (1), all the coefficients 

have the expected signs and the model has a high R2 of .89. The core variables of the 

gravity model (GDPs, distance) are highly significant and yield results that are in line 

with previous literature studies. On average a 1% increase in distance reduces bilateral 

trade by 1.1% and is somewhat higher to previous studies where the consensus 

estimate is 0.619. The other geographic variables (remoteness and adjacency) are also 

very significant with the expected signs. Exporting and importing countries that share 

the same border increase trade 1.18 (= exp (.17)) times while a 1% increase in the 

                                                 
19 Chen (2000) suggests that reported distance coefficients that are much higher than the general agreed 
0.6 elasticity could be explained by the use of different transport modes. For example, in the European 
Union, in 1998, 57.8% of total intra-EU trade went by road whereas most global trade is maritime 
transported.  
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relative distance to other trading partners reduces exports with .65%.  The strong 

significance of the relative unit labor costs indicate an important export price 

determinant. On average, a 1% increase in relative unit labor costs decreases exports 

with .37%. The coefficient of the domestic environmental regulation variable, ci, is 

negative and statistically significant at the 1% confidence level. In contrast with 

previous literature that have employed a variant of the gravity equation, we do find 

evidence that the costs of complying with domestic environmental regulations lowers 

exports and provides a source of comparative disadvantage. However, the estimate 

suggests that this effect is small. We are not aware of any other studies that have 

solely focused on the EU; however, some U.S. studies (Ederington et al., 2003; 

Robison, 1988) report elasticities between .5% and 1.3%. Our estimate implies that an 

increase of 1 percentage point in the level of domestic environmental regulations 

could expect exports to fall by .10 of a percentage point.   

In column (2), when we allow for a separate coefficient to be estimated of the 

domestic environmental regulation variable, ci for CEEC countries, we do not find 

any variation of the trade dampening effect across the two country groups. The 

coefficient on the level of domestic environment regulations when the CEEC 

countries are exporters deviates with only -.003 percentage points from an average 

coefficient of -.09 and is not significant. These results are somewhat surprising. For 

these countries, pressures and efforts at the domestic level to comply with the “green 

acquis” are much higher than current EU members and we therefore expected a much 

higher (negative) effect for the CEEC countries’ export performance.  

Next, as a second intermediate step before we report the simultaneous equation, we 

test for the endogeneity between the level of domestic and environmental protection 

using the Hausman (1978) specification test. From this test, we cannot reject the null 

hypothesis that the level of domestic environmental protection is endogenous. We 

find strong evidence of endogeneity of the domestic environmental regulation 

variable, ci, at the 1% significance level (t-statistic = 2.65) suggesting that the 2S-

GLS-RE against GLS-RE is more appropriate. This result confirms the empirical 

work of Ederington et al. (2003) who find that the level of domestic environmental 

protection and trade are indeed endogenous.   

In column (3-4), we report the results using the 2S-GLS-RE estimator where we treat 

the level of domestic environmental regulations as endogenous. From column (3), we 
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see that the coefficient estimate of the domestic environmental protection variable, ci, 

is now about 2 times greater than its GLS-RE estimate.  The average estimate implies 

that an increase of 1 percentage point in the expenditure of domestic environmental 

protection levels could expect exports to fall by .23 of a percentage point. The 

coefficient on the level of domestic environment regulations when the CEEC 

countries are exporters, ci*CEEC is -.21 (-.23ci + .02ci*CEEC) and significant. This 

result is consistent with the work of Ederington and Minier (2003) who have found 

that, when the level of domestic environmental regulations is modeled as endogenous; 

its significant effect on trade flows is much higher.  

In column (4), we present the results of the environmental regulation regression 

(equation 2) from the simultaneous equation for the EU and CEEC country groups. In 

this paper, a crucial issue is the relationship between the harmonization of EU 

environmental regulations and domestic environmental protection. The average 

coefficient on the coverage ratio of EU harmonized regulations, ijts , is -.32 (= the net 

coefficient for the EU countries) and the net coefficient is (-.32ci + 1.36ci*CEEC) 

1.04 for the CEEC country groups. An issue that emanates from this empirical finding 

is that more harmonization (the higher the share of exporting manufacturing sectors 

that are subject to EU environmental regulation) has led CEEC countries to increase 

their costs (in manufacturing) to protect their own environment while domestic 

environmental protection levels in EU countries have been lowered due to the 

harmonization of EU environmental regulations. The difference in coefficients 

between CEEC and EU countries suggests that the way the harmonization of 

environmental standards and domestic environmental protection has collided is far 

from symmetric between EU and CEEC countries.   

The coefficient estimate of export is positive and significant. It does not support the 

prediction of the endogenous protection theory; namely, that domestic governments 

would tend to reduce the stringency of domestic environmental protection programs 

in order to increase the export competitiveness of these industries. This empirical 

finding suggests that there are some positive sides related to the implementation of 

domestic environmental regulations; namely, that a higher export performance to EU 

countries is not prioritized at the cost of the environment.  

The other variables that are significant in column (4) and (5) are energy consumption 

and public expenditure in environmental protection. Specifically, we find that a more 
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consumption in energy leads to higher levels of environmental protection. For the 

CEEC countries, the coefficient of public expenditure in environmental protection is 

positive and suggests a (pronounced) complementary effect that leads to more 

spending by the industry in protecting the environment. However, this effect is 

negative and not significant for the EU countries. Finally, the coefficients of 

investment and (lagged) value added have a positive and significant impact.  

7. Sensitivity Analysis 

The results that we have obtained so far in our analysis are subject to greater doubt 

than the standard errors would suggest. However, few studies have addressed the 

issue at the heart of this paper so that suitable comparisons by which to assess the 

robustness of the results presented here are not available. Three important sources of 

doubt remain: outliers, estimator consistency and the choice of our instruments.  

7.1. Influential observations 

The analysis of investigating the residuals, leverages and DFIT values reveals that 

they’re a few problems with outliers. First we tested for DFITS values greater as the 

cut-off value suggested by Belsey, Kuh and Welsh (1980) who suggest that DFIT 

values greater than ..var*2 obsk  deserve greater observation. Using this criterion, 

we detected 9 observations in the total sample from which 6 observations are collided 

with the exports from Bulgaria to Greece while the other 3 observations were not 

centered around one particular country (Estonia – Denmark, Ireland –Greece, Poland-

Germany). To proceed, we then expressed the residuals and leverage statistics in 

averages (with normalized standard deviations) and aggregated by exporting country 

(for all years) and year (for all exporting countries).  The aggregate residuals and 

leverage statistics did not reveal any inconsistencies among countries and time points 

except for the residuals of Bulgaria, Estonia, Finland, Poland and Sweden.  Instead of 

deleting these observations one at a time and reporting the new results, we omitted all 

the observations contained in a single exporting country for all time periods20. As 

there are 6 countries that deserve more attention, we performed 6 data adjustments 

using the simultaneous specification reported in column (3-4) of Table 2. The results 

are encouraging. The coefficient of the domestic environmental regulation variable, ci, 

                                                 
20 Also note that the omission of a particular observation for one country at a given time would lead to 
changing values for the remoteness variable, Remij and Rulcij. 
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varies between -.18 and -.27. When this is measured against the full sample estimate 

of -.23 it is clear that our estimate is not sensitive to the omission of outliers.  

7.2. Estimator Consistency  

As noted by the literature (Wooldridge, 2002), OLS estimates often violate their 

standard assumptions of serial correlation, heteroscedasticity and contemporaneous 

correlation when they are applied to panel. In a gravity framework, these assumptions 

may likely to be present. For example, given the large differences between exports 

from different countries, heteroscedasticity is likely to occur and since the gravity 

specification includes characteristics (adjacency, distance) that are not interdependent 

over time, serial correlation is likely to be present. For this purpose, we performed 

some diagnostic tests.  

A series of Breusch-Pagan tests were carried out for different time periods. The null 

hypothesis of homoscedasticity is rejected in most of the cases and the Jarque-Bera 

test rejects the null hypothesis of normality. We also test for first-order 

autocorrelation in the residuals. Using the first-order autoregressive process (AR1), 

there is very strong evidence of serial correlation.  

In a generalized least squares (GLS) model allowing for random effects, the problem 

of AR (1) errors, heteroscedasticity and contemporaneous correlation is exploited in 

the composite error term (Wooldridge, 2002)21. In our estimation, this is equal to the 

ratio of the variance of  mi and nj  to the variance of the composite error (Wooldridge, 

2002). In table 2, we reports details on the estimation of the variance components, 

which is generally regarded as a useful measure of the relative importance of 

unobserved effects. The variance components of the exporting and importing 

countries (respectively, s2
m, s

2
n) are smaller than the variance of the idiosyncratic 

error (s2
x). Secondly, the variance of the exporting country is larger than the 

importing component. As expected, this result suggests that the variation between 

EU15 and CEEC countries should be larger than that among the EU15 countries.  

A possible drawback of the GLS estimator with random components applied to a 

gravity equation is that some of the explanatory variables in equation (1) may be 

                                                 
21 In the presence of an AR (1) process, the usual remedy is to include dynamics. We investigated a 
dynamic model and cannot reject co-integration. Subsequently, this requires a rigorous investigation, 
which we omit for the purpose of this paper. As such we feel that the use of the RE model is well suited 
for our analysis. 
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correlated with the random unobserved effects of the exporting (mi) and importing 

country (nj). Especially, the time-invariant, geographical variables (distance, 

adjacency) may generate a possible correlation with these unobserved effects. To 

verify the robustness of our results,  we re-estimated equation (1) and (2) using our 

2S-GLS-RE but in a Hausman-Taylor framework where we performed quasi-time 

demeaning on all the dependent variables, explanatory variables and the 

instruments22. The coefficient of the domestic environmental regulation variable, ci, is 

-.27 while coefficients of the first stage regression (equation 3) remain robust. When 

we added the remoteness variable as a possible correlated variable with the random 

observed effects, ci increases to -.29.  When this is measured against the full sample 

estimate of -.23 it is clear that our results are robust when correcting for a possible 

correlation between some of the explanatory variables and the random unobserved 

effects.    

7.3. Exogeneity of the Instruments 

Although, our results supports the argument for treating the level of domestic 

environmental regulations as endogenous, misspecification of the environmental 

regulation equation may be biased due to contemporaneous correlation. To address 

this possibility, we follow Trefler (1993) and in table 3, we report estimates of the 

domestic environmental regulation variable, ci and ci*CEEC when each of the 

instruments is treated as an endogenous variable. In a 2SLS estimation, this is 

equivalent to omitting the suspected variable from the list.  

From the table, it is suggested that the coefficient of ci is larger (and significant) 

except when we omit the public expenditure on domestic environmental protection. 

The Hausman test statistic comparing the results using all instruments to a subset is 

reported in the last column.  The usefulness of this test statistic is that if we fail to 

reject the reject the null hypothesis then we can have some confidence in the total set 

of instruments of the instruments.  The over-identification test statistics are not 

rejected at any reasonable level. 

8. Conclusion 

                                                 
22 We follow the procedure outlined in Wooldridge (2002) who discusses the application of a 
Hausman-Taylor approach applied to the estimation of simultaneous equations with a random 
component. To proceed, we quasi-time demeaned all variables in the system and we instrument (yi, yj, 
Remij, Rulij) on distance, adjacency. For the domestic environmental regulation variable, ci we use the 
IV’s from equation (2).      
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In this paper, we found support for the prediction that the level of domestic 

environmental regulations have a larger negative effect on exports when they are 

treated as endogenous. The impact of domestic environmental regulations on exports 

is twice as large. A 1% change in costs of complying with domestic environmental 

regulations reduces exports by 0.10% points. In contrast, a 2SLS, which accounts for 

the endogeneity yields an elasticity of .23.  These results must be interpreted with 

some form of caution since it is somewhat sensitive to the choice of instruments that 

have been used in the first stage regression. 

In our set of instruments we have also accounted for a specific variable that proxies an 

important aspect of the trade liberalization effect in the Single market; namely, the 

harmonization of environmental regulations. We provide evidence that domestic 

regulations will be relaxed in manufactures facing increasing trade liberalization, due 

to the harmonization of environmental regulations for EU countries, while CEEC 

countries set more stringent regulations.  This result is somewhat consistent with EU 

initiatives in environmental policy. On the other hands, the coefficient estimate of 

export is positive and significant. It does not support the prediction of the endogenous 

protection theory; namely, that domestic governments would tend to reduce the 

stringency of domestic environmental protection programs in order to increase the 

export competitiveness of these industries when we account for a more general 

liberalization effect. This empirical finding suggests that there are some positive sides 

related to the implementation of domestic environmental regulations; namely, that a 

higher export performance to EU countries is not prioritized at the cost of the 

environment.  
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Table 1: Sectors that are subject to EU Harmonization of Environmental Regulations 

 

NACE    

    

 

110-140 

 

Mining and Quarrying 

 

321-328 

 

Machines and equipment 

151-152 Extract. & prod. of nuclear 

materials 

342 Manuf. of electrical machinery 

244 Manuf. of art. Asbestos 343 Electr. apparatus for industrial 

use 

245 Work. of stones & non-

met. prod.  

347 Manuf. electr. lamps 

247 Manuf. of glass & 

glassware  

351 Manuf. motor vehicles 

251-259 Basic industry chem, 

petrochem., pharm.  

363 Man. of cycles, motor cycles 

314 Structural metal products 411-419  Food products 

315 Boilers, reservoirs, tanks 471-472 pulp and paper 

316 Domestic heating 

appliances 

 

481-482 Rubber products 
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Table 2: Regressions   

 

 (1) 

GLS-RE 

(2) 

GLS-RE 

(3) 

2S-GLS-

RE 

(4) 

ci 

 

Domestic env. reg. (ci) -0.10 

(0.03) 

-0.09 

(0.03) 

-0.23 

(0.06) 

  

ci *CEEC  -0.003 

(0.01) 

0.02 

(0.01) 

  

GDP country i1 1.12 

(0.03) 

1.11 

(0.07) 

1.21 

(0.07) 

  

GDP country j 0.81 

(0.01) 

0.81 

(0.01) 

0.82 

(0.01) 

  

Distance  -1.09 

(0.04) 

-1.09 

(0.04) 

-1.21 

(0.04) 

  

Remoteness -0.65 

(0.11) 

-0.63 

(0.13) 

-0.65 

(0.13) 

  

Adjacency 0.17 

(0.07) 

0.17 

(0.07) 

0.14 

(0.07) 

  

Rel. Unit Labor Costs -0.37 

(0.02) 

-0.36 

(0.03) 

-0.38 

(0.03) 

  

Exports    0.02 

(0.01) 

 

Harmon. EU Env. Reg.*EU    -0.32 

(0.06) 

 

Harmon. EU Env. Reg.*CEEC    1.36 

(0.06) 

 

Investment 

 

   0.40 

(0.03) 

 

Value-added (lagged)    0.33 

(0.03) 

 

Energy Cons.    0.24 

(0.02) 

 

Public Exp. Env. Protect.*EU    -0.002 

(0.01) 

 

Public Exp. Env. Protect.*CEEC    0.06 

(0.008) 

 

Intercept 

 

-5.78 

(0.51) 

-5.80 

(0.54) 

-6.30 

(0.64) 

-2.77 

(0.09) 
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 (0.51) (0.54) (0.64) (0.09) 

Random effects 

(variance) 

s2
m 

s2n 

s2x 

 

 

 

0.69 

0.19 

0.92 

 

 

0.80 

0.31 

0.87 

 

 

0.43 

0.21 

0.82 

  

R2 0.89 0.89 0.89 0.83  

Observations  1764 1764 1764 1764  
 
     

Notes - Standard errors are reported in parentheses. yi and yj are replaced  by their fitted values.  
The R2 is defined as the square root of the correlation between fitted and actual values. 
 

 

 

 

Table 3: Sensitivity Analysis 

 

 (1) 

ci 

 

(2) 

ci*CEEC 

 

 

(3) 

Hausman 2(8)           

    

Harmon. EU Env. Reg. -0.28 

(0.06) 

0.03 

(0.02) 

4.49                   

Investment -0.36 

(0.05) 

0.05 

(0.02) 

9.10 

Value-added (lagged) -0.23 

(0.07) 

0.02 

(0.02) 

10.94 

Energy Cons. -0.29 

(0.07) 

0.04 

(0.02) 

11.02 

Public Exp. Env. 

Protect. 

-0.16 

(0.07) 

0.01 

(0.02) 

8.99 

    

Notes: ci and ci*CEEC report the estimates of the domestic environmental regulations variable when 
the corresponding instrument is treated as endogenous in the system. Standard errors are in 
parentheses. In column (3) the Hausman test statistic is compared with the environmental regression 
estimated with the total set of instruments from equation (2).   


