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Abstract: The potential relationship between domestic environmental regulation and international
competitiveness has evoked various gpeallations. The common reoclassical train of thought is that
strict environmental regulation is detrimental to the competitiveness of industry, and that it induces
phenomena such as ewmlogica dumping, eological cepital flight, and regulatory ‘chill’ in
environmental standards. A different view is that strict environmental regulation triggers industry’s
innovation potential, and subsequently increases its competitiveness. The impad of environmenta
regulation on competitiveness has been analyzed in terms of international cgpital movements, new
firm formation, and international trade. This paper focuses on a statistically rigorous analysis of
international trade studies, using a technique that is known as meta-analysis. The paper presents a
statistically supported evaluation of the literature, in order to assess what the main conclusions
regarding the relationship between environmental regulation and competitiveness are when it comes
to studies on international trade flows. The synthesis of the literature is subsequently used to present
guidelinesfor future primary research in this area



1. INTRODUCTION

The persistent integration d the world econamy has increased the gprehension for potentially
negative dfects that domestic environmental regulation may exert on a cuntry’s position in
international trade. International trade and the environment are intertwined in various ways (Ulph
1997, among other things because the occurrence of international trade implies changing patterns of
production and consumption that may have a impad on the level of pollution. Environmental
pdlution may also be the caise of spatial externalities, for instance, when consumption and
production in ore @untry imply nonnegligible side dfects on the level of podllution in other
courtries. Finaly, the regulation of international trade through trade policies may be used to enforce
international agreaments on environmental i ssues.

The economic literature on international trade and the environment centers on the problems
that arise from these relationships. It is Sometimes argued that, in order to advanceinternationdal trade
and potect domestic firms at the same time, governments dhould not choose a stringent
environmenta pdlicy, because astringent policy may harm the competitiveness of domestic firms. A
lenient environmental policy may however cause ‘too much’ pollution. Leniency can nevertheless be
attractive & it prevents ‘ecological capital flight', firms leaving the courntry and establishing
production plants in places with a less stringent environmental policy (see Rauscher 1997 onthe
concept of ecological dumping). A contrasting view is purported in the hypothesis suggested by Porter
(1991), who argues that a strict environmental policy may adudly increase industries
competitivenessbecause it triggers innovation efforts of firms and reduces X-inefficiency.

These mnsiderations are obviously interesting in the context of internationd trade theory, bu
they also have important policy impli cations. An appealing example of the latter is the introduction of
a cabontax, and the arguments this provoked in the pdlitical debate in the Netherlands. Several large
energy consumers have, at least temporarily, been exempted from this tax because the legidlator was
persuaded by the argument that the Netherlands would atherwise beaome alessattractive location for
indwstry. A close look at the eonanmic literature shows, however, that only afairly limited number of
empirical studies addresses the issue of potentially negative dfects of environmental podicy on
competitiveness measured in terms of trade flows." These studies are mainly concerned with the
United States.

The objective of the present paper is to review the empirical literature on environmental
pdlicy and trade and to asess its main findings. The relationship between damestic environmental
policy — in particular its ‘strictness — and a @untry’s international competitiveness is investigated
in three major strands of the literature. The first set of studies deals with the impaad of environmental

regulation oninternational capital movements or foreign direct investment (see, e.g., Bouman 1998

! Competitiveness has also been measured in terms of foreign dired investments and new firm formation (see
below). The term ‘competitiveness is adualy rather fuzzy, and has been interpreted and operationalized in
different ways (for a general discusgon, seeEkins and Spedk 1999 Thomson 1998.



Hettige @ a. 1992 Leonard 1998). The foreign direct investment literature generaly reveds that
empirical evidence on the ‘pollution haven’ hypaothesis is fragile and inconclusive (Jeppesen et al.
2000. In asimilar vein a second set of studies focuses on the impad of heterogeneous environmental
regulation on the flow of cegpital in terms of domestic new firm formation. Although initialy
empirical evidencewas thought to be rather wegk, some recent studies have shown that environmental
regulation affects the location behavior of pollution intensive manufaduring firms (Henderson 19%;
Greenstone 1998; Bedker and Henderson 2000; List and McHone 2000). In the third strand of
literature, thereis arather limited set of studies that deds with the impad of environmental policy on
international trade. Literature surveys of the latter (Jaffe et al. 19%; Jeppesen et a. 20M) point out
that the available evidence for negative effeds of environmental regulation on international trade is
again rather mixed.

In what follows we will focus on the third strand of literature. We will use a traditional
literature review as well as a statistically based approach, generally referred to as ‘meta-analysis, to
address the question whether the literature on environmenta regulation and competitiveness is
conclusive or not. The meta-analysis also serves as a useful starting-point for further primary research
into the link between environmental policy and competitiveness because insights derived from
exigting studies are of pivotal importancefor the development of guidelines for future research.

The outline of the remainder of the paper is as follows. Section 2 introduces meta-analysis as
an alternative gproach to summarizing and synthesizing research results. Meta-analysis has been
developed in the mntext of experimental sciences, and it constitutes a statisticdly rigorous approach
to the assessment of research results. In Sedion 3 we review the literature, which constitutes the
traditional approach to summarizing the state of the at in research. In this Section we dso elaborate
on the database employed in subsequent sections. In Sedion 4, various exploratory meta-analyticd
techniques are gplied to the avail able set of studies on environmental policy and international trade
flows. Section 5 presents a meta-regresson anaysis that systematicaly explains the variation in
empirical results reported in the literature. The final sedion contains conclusons regarding the
conclusiveness of the literature. It aso elaborates on the implicaions of the meta-analysis for
environmental palicy-making, and presents some guidelines for future primary research into the
relation between environmental palicy and competitiveness

2. STATISTICAL RIGOR THROUGH META-ANALYSIS
In a nutshell the ampirica literature on the dfect of stringency of environmental regulation on
competitivenessis commonly characterized as one with mixed and rather vague evidence This has
led to divergent views on the issue, and numerous speculations as to the likely reasons for the
differences and the ladk of robustness of the results.

This conclusion is, hawvever, based ona qualitative and narrative summary of what we think

is the esence of the quantitative ampirical results. This is the general practice in state of the art



literature reviews compil ed for journals and bods. Although this practiceis valuable in its own right,
there are a number of problems associated with it. Obvioudy, the seledion of the most relevant
conclusionsisto a cetain extent arbitrary (Van den Bergh et al. 1997). Moreover, usualy some sort
of vote-counting procedure isimplicit in a literature review. ‘Vote-courting' refers to the practice of
courting significantly positive, significantly negative and insignificant results. The statistical
inference is that the ctegory representing the majority of cases represents the true underlying
relationship (Light and Smith 1971). Hedges and Olkin (1980) have shown that the vote-courting
methoddogy is inadequate, because it tends to leal to the wrong conclusion more often when the
number of studiesincreases. The basic argument isthat the Type-ll errors of the underlying studies do
nat cancel one another (seeaso Hedges and Olkin 19&). Notwithstanding this basic flaw of the vote-
courting methoddogy we will show to what conclusion it leads when applied to the environmental
regulation and international trade literature.

The rather crude comparison that is being made in vote-courting tedhniques (i.e., a
caegorica classificationinto (significantly) positive, zero, and negative dfects) isaso unsatisfactory
becaise it is insufficient to determine whether the results of different studies agree (Hedges 1997).
The difference in magnitude of the wefficients found in the literature should obviously be taken into
acount as well. Moreover, the results of an empirica study may provide arelatively good estimate of
the sampling uncertainty of results, but nonsampling issues such as research design, model
specification, and estimation techniques, are usually relatively constant within a study (Hedges 1997).
Meta-analysis, in which nonsampling characteristics can be taken into account as moderator
variables, congtitutes a useful complementary technique to synthesize research results.

Meta-analysis has been devel oped in the mntext of the experimenta sciences and refersto the
statistical analysis of reseach results of studies performed previously. In econamics meta-analysisis
gaining gound, for instance, in industrial econamics (Button and Weyman-Jones 199), labor
eonamics (Jarrell and Stanley 1990; Card and Krueger 1995; Ashenfelter et al. 199), and transport
eonamics (Button and Kerr 1996). Especialy in environmenta econamics, stimulated by the work of
Smith (1989), Smith and Kaoru (1990a,b), Smith and Osborne (199%) and Rosenberger et al. (199),
many meta-analyses appeared. The mgjority of the meta-analyses in econamics are based onthe so-
cdled metaregresson technique. A meta-regresson is usually based onleast square estimation of a
model in which a specific &fect measure observed in a series of studies is taken as the dependent
variable. The set of explanatory variables frequently includes gecific underlying causes for the
phenomenon undr consideration, and moderator variables representing, for instance differences
among research designs, time-periods, and locations covered in the origina studies (see, e.g., Stanley
and Jarell 1989).

The advantage of meta-analysis over the more traditiond literature review is obviously that it
contributes to summarizing relationships and indicators, comparing the effed of the use of different

methods, and tradng fadors that are resporsible for differing results across studies. However, there



are a number of (practical) difficulties and limitations as well (see, e.g., Cooper and Hedges 19%).
One of the most regtrictive difficulties, espedally in the mntext of domestic environmental regulation
and international trade, is the incomparability of results. The results in this literature are in part
exploratory and lack an explicitly defined effect size measure. The results merely convey the
direction of the relationship under scrutiny, or — even in the case of a regression analysis — the
coefficients are heterogeneous due to nonuniform spedfications, definition of outcome measures,
measurement of the variable of interest, etc.

Given such heterogeneity in the literature we resort to dfferent meta-analytical tedhniques,
depending on the information available in the primary studies. Vote-courting procedures, being the
lesst demanding athough admittedly rather crude, will be applied to al types of studies.
Subsequently, in an attempt to circumvent — at least partially — the audity of the vote-counting
procedure, we will use an ordered probit model to analyze the sign and significance level of the
environmental regulation’s impad indicators, taking into accourt the influence of various moderator

variables.

3. A SURVEY OF THE EMPIRICAL LITERATURE

The empiricd literature on environmental policy and international trade can be divided into three
groups depending on the gproach being used: an exploratory approacdh, the Leontief approach, or an
emnametric approach. Eac of these approaches will be discussed below, using the traditional state of
the art review tool to summarize the main findings. Moreover, we set the stage for the next section by
discussing in some detail how the data from ead study have been used for the meta-analysis. This
necessarily involves sme technical details, most of which are treated in appendix A. In particular we
will present so-cdled effed sizes below. These dfect sizes can be defined as mean standardized
differences between control and experimental groups. To standardize there ae severa options. One
might use the pooled standard deviation, or the standard deviation of eat separate group. It shoud be
noted that under the null hypothesis of no effed of stringency on trade performance the dfect sizes
are Student-distributed. The appendix presents a more formal approach. Alternative definitions of
effed size that are used are correlations and differences in propations. It is fairly straightforward to
extract the required probabilistic information from the e@nametric studies. This is more difficult for
exploratory and Leontief type studies, that will therefore be given somewhat more attention below.

3.1 EXPLORATORY STUDIES
One gproach to investigating the effect of regulation oninternationa trade patterns is to explore
whether a shift in trade patterns of pdlution-intensive industries from developed to developing

courtries has occurred, the underlying assumption being that the shift is due to less restrictive



environmental standards in developing courtries. In this type of studies the impad of environmental

policy is captured by astringent and rot-stringent dichotomy.

Low and Yeats (1999) consider 6 yeas (1965 1975,19851988 and make adistinction between
indwstrial countries (EEC(10) and North America and all other countries (Eastern Europe, Latin
America, South-East Asiaand West Asia). In the mnstruction d our database the industrial countries
are the experimental group (meaning subject to strict environmental regulation) and the developing
courtries are the control group.

Thefirst type of data used from this study are those giving the share of environmentally dirty
goods originating in dfferent regions. To give an example, in 1975 is 40% of total trade in
environmentally dirty goods originated in EEC(10). The dfect size is cdculated as follows. For the
period 19/5-1988we cdculated the average changes in the shares of the two groups, industrial and all
other countries, as well as the pooled standard deviation using the changes in the individua regions
within the groups. This yields an estimate of the dfect size of —1.972.The effed size multiplied by

the expression ,/n_n_/(n, +n_.) involving the sizes n, and n_. of the experimental and control

group, respectively, has a t -distribution. The t-value is -1.708,implying that the probability that a t-
value is snaler than —1708 or larger than 1.708 equals 0.163. This is the p—value used in the

database. The interpretation d this figure is that it is safe to state that there is no significant decrease
of the share of industrial countriesin drty exports. The same procedure used for data for the periods
19651988and 19651975,in order to allow for the possihility that the results differ acording to the
period reviewed. No significant negative eff ects are found.

Anather type of datarefers to the same yeas and the same regions, but they give the regions
dirty exports as share of total exports from that region. For these data we apply the same procedure as
outlined above. For these data the conclusion d no significant negative dfect applies as well.

Finaly, the third type of data refers to the concept of Reveded Comparative Advantage
(RCA), defined as the share of a specific industry in a muntry’stotal exports as afradion of the share
of the industry in total world exports. Low and Y eats produce data on the number of countries with
reveded comparative advantage indices exceeading unity. This is done for 40 industries over two time
periods, 1966-1968and 19B6-1988.We take the pulp and wastepaper industry as an example. In the
first period there were 5 industrialized countries with an RCA exceeading unity and 7 other countries
with an RCA exceeding unity. Hence 42% of the wuntries with a share larger than unity was
indwstrialized. For the second period this amourted to 44%. The effed size for this case is therefore
2%. The estimated standard deviationis calculated using the total number of countries having an RCA
exceeding unity. The procedure outlined above yields a test statistic of 0.151, with a p — value of

12%. In this example the null hypathesis that the dfect size is zero, is nat rejected. Some of the

empirical results demonstrate a tendency towards developing courtries ecializing in ‘dirty’



indwstries. For instance, there has been a disproportionately large increase in the number of
developing countries that develop a revealed comparative avantage in ‘dirty’ industries. Over the
period 196-1988 there was 14 percent increase of industrial countries with reveded comparative
advantage in dirty industries. For developing countries the percentage is approximately three times

higher.

Sorsa (199%) provides data on the share of environmentally sensitive goods in total exports, for 7
industrial countries as well as for the total developing world, for 1970 and 1990.Since the control
group consists of one dement only we have used the standard deviations in the experimenta groupto
compose the estimated effed size. The test statistic is—2.218 implying a p — value of 6.8%: henceit

is likely that industrial courtries export less dirty goods over time. Sorsa aso provides data on
reveded comparative alvantage (not per industry). Again the same gproach is taken, yielding a test
statistic of —1.384 with p — value 21.6%. Thirdly, there are data on the @rrelation between the share

in world trade of environmentally sensitive goods and the share of environmental expenditures in
gross domestic product. These are calculated for private expenditures (three ountries) and total
expenditures (aso three ountries). The arrelation coefficients can be used for testing because

t =r./df /4/(L=r?), wherer denotes the mrrelation coefficient, has a t-distribution with df degrees

of freedom.

Finally, we have used data on the number of industries with a revealed comparative
advantage. Of all industries having a reveded comparative alvantage 73.%%6 were in industrial
courtriesin 197. And it was 605% in 1990.This gives atest statistic of —1.233and a wrresponding
p — value of 21.8%. Sorsa readies the same @nclusions as Low and Y eats, but she also shows that

some @urtries maintain or even increase their comparative alvantage. Moreover, the crrelation
analysis of environmental expenditures and the share of environmentally sensitive goods in world

trade show no significant relationship.

In sum, the empirical evidence of exploratory studiesis at best mixed. It is obvious, however, that the
exploratory studies suffer from various methodological deficiencies. Although they result in some
interesting preliminary insights into the relationship between environmental regulation and
international trade, they ladk atheoretical basis, and use apoor specification of the differential effects
of environmental regulation. Finally, an important drawbadk of this type of study is the inability to
control for other factors that are potentially relevant to the observed changes in speciali zation petterns.
For example, an increased demand for ‘dirty’ goodsin developing countries can also be acause for a
production shift from devel oped towards the devel oping courtries (see Jaffe et al. 1995.

2 With the exception of Austria, for which Sorsa (1995 finds a significant effed, but this effed is positive.



3.2 THE LEONTIEF APPROACH

A seoond approadh towards assessing the regulation—competitiveness issue is in the spirit of
Leortief’s attempt to measure whether American exports are labor- or capital-intensive relative to
imports. On the basis of Leontief’s input-output model the pollution content of products can be
ases®d, taking into account the pollution related to direct inputs as well as to intermediate inputs
from other sectors. Walter (1973) and Robison (1988) have used this approach. Also part of Kalt's
(1988) work fals in this category. The theory behind the Leontief approad is based on Baumol and
Oates (1975), who indicate that: “Undertaking pollution abatement will reduce the abating country’s
comparative advantage in producing high-abatement-cost goods and improve the @mparative
advantage in low-abatement-cost goods’ (Robison 1988 p. 18). In the Leontief studies use is made
of input-output matrices to calcul ate the overall abatement-cost contents of imports and exports.

Walter (1973 investigates the poll ution content of US trade. Basically, the gproach is as follows. A
group d 83 goods and services is selected, and it is assumed that the share of environmental control
costs in the final value of the goods is a proxy for the csts incurred to mee environmental criteria.
Direct environmental production costs as well as indirect environmental costs® result in a measure
labded ‘ Overal Environmental Control Loading’ (OECL). Subsequently, the OECL is multiplied by
the value of US exports and imports to dotain the total environmental cost content of US trade. The
ratio of abatement contents of imports to exports equals 0.81. The pallution contents of US exports
and imports across all goods and services during 1960-1970turns out to be 1.75% and 1.52% of total
exports and imports, respedively®. Walter argues that the differenceis negligible, and concludes that
US environmental palicy is generdly trade neutral.

It is one of the aims of this section to extract probabilistic claims from ead of the original
studies. For the cae at hand this is difficult. It contains no numerica comparison over time, so that
nothing can be said about increasing stringency. There are however ratios of abatement contents for
imports over exports in trade with Japan and Canada, amourting to 111 and 1.29 respectively.
Treating the data as independent, which strictly speaking they are not, assuming that Japan and
Canada have similar environmental policies we arive & a positive impad of stricter environmental
pdicy, bu the effed isnot significant.

Robison (1988) sets out to determine whether environmental control costs affected US comparative
advantage, and what the impaad of environmental cost is on US trade with Canada and the rest of the
world. Inpu-output tables are used to determine the abatement cost content of US trade for the yeas

3 The latter are cdculated multi plying the ebatement cost vedor by the total requirement matrix.
* The import figure is obtained assuming that the pallution content of import commodities is the same as for
domesticdly competing products.



1973, 197 and 1982. Prices are endagenowdly determined through a full-fledged input-output model
with 78 sectors. Abatement cost changes are assumed to be reflected in the value alded of sedors,
which subsequently trandates into price changes viathe input-output price euation. It is assumed that
these price changes actualy occur, at least in the long run. Abatement costs are defined in a way
similar to Walter (1973), athough Robison considers a‘modified’ total requirement matrix in order to
take acount of abatement costsin capital goods. From the study we extract three types of data.

First Robison provides data for three yeas on the ratios of average eatement content of
imports over exports, for total US trade and Canada-US trade. Over the three years the means are
1.236 and 1.115 with standard deviations of 0.133 and 0.029 respectively. The pooled standard
deviation is 0.10, yielding an effect size of —1.28. The value of the test statistic is —1529 with

p — value of 20.1%. With the same data one can have alook at the differences in average anual
change over time. This approach givesrisetoa p — value of 412%.

Robison also considers the eff ect of a one percent priceincrease on trade for threeyears. We
consider the average impad over the yeas, for total US trade & well as for US-Canada trade. We
arrive a test statistics of —3.068and -3.876 (p — values 9.2% and 61%, respedively), indicating that

on average, over the yeas, the balance of trade deteriorates as a consequence of stricter environmental
regulation.

Finally, Robison provides sedora data on the impad of a one percent price increase on the
balance of trade in the threeyears (in general as well as to and from Canada). We record the average
and perform atest onthe total effects over the sectors, per yea. This procedure results in effect sizes

that are significant and negative.

Part of Kalt's (1988) study employs an approach similar to Walter and Robison. For 1967 and 197,
Kalt provides data on the total abatement cost comporent of exports and o total abatement cost
content of exports, for manufaduring industries only as well as for al industries. Moreover, he
provides data on the factor ddllars of abatement costs per dollar of exports and per dollar of imports
for the same yeas and for both groups of industries. It is assumed in Kat's st-up that the same
abatement cost structure applied to both years. These data dlow us to test in the usua way for
changes in the abatement cost ratio over time in both types of indwstries. Kalt concludes that there is
an indication that “environmental regulation was a source of shifting comparative alvantage”.
However, ou datistical analysis can not confirm this statement. Our test statistics for the import
export ratio of abatement costs give values of —4.@2 and —3.74Zor all industries and manufacturing

industries respectively, which are statistically not significant ( p—values are 13.6% and 16.6%,
respedively).



Much in the same way as for the exploratory approach, the studies based onthe Leontief approach
suffer from ladk of conclusiveness Although bah Walter (1973) and Robison (1983) cast their
conclusions in terms of environmental regulation, there are dternative — equally plausible —
explanations for the observed small shifts in trade patterns. One frequently cited example is the
process of indwstridlization in developing countries, which raises the relative importance of
manufaduring in the eonamy (see e.g., Jaffeet a. 19%).

3.3 ECONOMETRIC STUDIES
The emnometric studies are based on ether the Hedkscher-Ohlin or on the gravity model. A brief
description of the modelsisin order.

The Hedkscher-Ohlin model rests on the following assumptions: fador immobility between
courtries, perfect fador mobility among industries, identical techndogies in al countries, and
different endonvments of productive factors. It suggests that a wuntry specializes in the production of
commoditi es that require intensive use of resources that are relatively abundant (see, e.g., Helpman
and Krugman 1985. Environmental policy can be eaily incorporated in this kind o analysis:
regulations deprive indwstries of the right to pollute, and can hence be considered a drain on
endowments resulting in loss of comparative alvantage.

The gravity model is frequently used in econamics to model bilateral trade flows (see e.g.,
Helpman and Krugman 1985. Trade flows are spedfied as a function o the potentia supply of the
exporting country (measured by, e.g., Gross Domestic Product or population), the patential demand o
the importing country (usually measured in a similar way), and some measure of friction to trade
between the countries (oftentimes based ona distance measure). In order to investigate the impad of
differing environmental regulations, an operational environmental variable is usualy added to the set
of variables that refled the threefactors mentioned above.

Kat's (1983) analysisis based onthe Heckscher-Ohlin model. He specifies net exports of an industry
as a function o physical capital, human capital, unskilled labor, research and development, and
environmental control costs. He analyzes a crosssedion d 78 industries for 1977, distinguishing
three groups of industries: all industries, manufacturing and manufacturing excluding chemicals. For
ead cross-sedion two regressions are run, ane with and one without correction for heteroscedasticity.
A significant negative estimate of the environmental cost variable (costs of regulation based on a
survey of 48 firms) is obtained only when the sample is confined to the 52 manufaduring industries.
A similar result shows up for a specification where the change in net exports over the period 1967-
1977is the dependent variable, assuming that environmental costs were negligiblein 1967. A third set
of regressions involves net export performancein 1977as the dependent variable and tota dired and
indirect factor inputs as independent variable. Pollution abatement expenditures have asignificantly

negative impad on export performance Kalt concludes that environmental regulation had a



significant negative dfect on US manufaduring. As for our database, all coefficients are reported

with their standard errors, and can therefore readily be incorporated into the database.

Tobey (1990 is concerned with multi-factor and multi -commodity extensions of the Hedscher-Ohlin
model for the US. Net exports of each of 5 commodity groups, which are dl qualified as dirty®, are
regressed on country characteristics, in particular endovments of land, capital, labor, natura
resources (such as coal and oil production), and stringency of environmental regulation. The anaysis
includes trade flows to and from 21 countries, in 1975.Stringency of environmental regulation is
represented by a qualitative index that ranges from 1 to 7 kased onWalter and Ugelow (1979). The
average of thisindex for developed countries is 6.1, and for developing countries the average equals
3.1. All estimates for the stringency variable turn out not to be statistically significant. Subsequently
an omitted variable test is performed. It consists of two regressions; in the first regression strictnessis
not incorporated as an independent variable, in the secondit is. If environmental policy does not play
a role one would exped that half of the residuals is negative, and yields the same percentage for
indwstrial and nonrinduwstrial countries. Therefore a test is performed on proportions. This is dore for
three groups. indwstrial/moderately developed, industria/less developed and industrial/moderately
plus less developed. The resulting differencesin propartions are used in the meta-analysis.

Subsequently two extensions of the model, ore dlowing for norrthomothetic preferences and
one dlowing for scale econamies (larger countries having an advantage on the export market,
reflected in national income & afraction d world income & an explanatory variable), are mnsidered.
Regarding the first extension Tobey only mentions that environmental variable is not significant and
that the omitted variable test does not support the hypothesis of a negative dfect either. For the
seoond extension no numerical data ae reported either, but it is put forward that the stringency is not
significant in the regression; the outcome of the omitted variable test is significant but points in the
‘wrong’ direction.

Tobey performs a second set of regressions, where the dependent variable is the change in
exportsin 184 compared to 1970, and where the independent variable is the stringency index. This
specification is motivated by the fact that differentia stringency aaoss courtriesin the 1960s may not
have been strong enough to show up in a cross-sedion Hedkscher-Ohlin model. Although resource
endovments are thus basically assumed constant this gecification does not revea any significant
effed either.

In arecent paper Van Beers and Van den Bergh (2000) perform a gravity analysis with the 1975data

employed by Tobey, for five dirty sectors, and a country sample similar to Tobey’s. In their model

® Industries are labeled ‘dirty’ if show pollution abatement costs greaer or equal than 1.85% of total costs, in
1977 The number of industries considered is 34, grouped into five cmmodity groups (i.e., mining, paper,
chemicds, steel, and non-ferrous metals).
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stringency does not have asignificant eff ect in the chemicds and sted industry, whereas its effect is
significantly negative for mining and nonferrous metal, and significantly paositive for the paper

indwstry. The estimates are elasticities and are well-suited for the meta-analysis.

Diakosavvas (1994 aso follows Tobey’s (1990) framework, bu his analysis centers on agriculture.
Ten agricultural commodities for 23 countries (including five less developed) over the period 1984
1986 are wnsidered in a Hedkscher-Ohlin based crosscourtry model. Net exports of a cuntry (in
ddlar terms) are regressed on endowvments of labor and capital, the ewironment, government
pdlicies, and stringency of environmental regulation (i.e., the Walter and Ugelow measure). The
regression results for five out of ten commodities subjed to stricter environmental regulation suggest
that environmental policy indeed causes net exports to fall. This also holds for another set of
regressions where the dependent variableis total exports. The obvious difference with Tobey’s results
may be due to the restriction to the ayricultural sector, the more recent time period, and/or diff erent

definitions of the explanatory variables.

Van Beasand Van den Bergh's (1997) analysis is essentially based on the Tobey (1990) approach as
well, although there ae three noteworthy differences. First, the gravity model, which considers
bilateral instead of multilateral trade flows, is used. Bilateral exports are regressed on land area, GDP
and popilation (as a proxy for potential supply of one wuntry as well as potential demand in the
other), and strictness of environmental policy in both countries. The distance between courtries and
dummy variables for membership of the European Union and the European Free Trade Association
are added. Second, dfferent measures of environmental regulatory stringency are onsidered. Third,
three types of bilateral trade flows are used as dependent variables: total bilateral trade, ‘dirty’
bilateral trade, and ‘dirty’ footloose bilatera trade flows. Two variants of ‘output oriented’
environmental stringency measures are mnsidered: a broadly defined measure using seven
environmental indicators (e.g., protected land areg and paper recycling rate), and a narrowly defined
measure based ona subset of these indicators considered to better reflect private ewironmental costs.’®
The sample mnsists of 14 OECD countries and 9 developing courtries in 1975 and 21 OECD
courtries in 192. In a series of ten regressions statistically significant results (elasticities with
plausible signs) are fourd for the regressions of total bilateral exports or ‘dirty’ footloose exportsona
set of variables including the narrow stringency measure. A positive relationship is fourd between
strictness and export performancein 1975.For al estimates t-values are provided.

Differences vis-a-vis the Tabey (1990 results may be caised by various factors: for instance,

commodity disaggregation, as not all industries are egually susceptible to regulation stringency (e.g.,

® *Output oriented’ measures reflea tangible outcomes of stringency of regulation. Although Van Bee's and
Van den Bergh (1997 make substantial eff orts to improve the measurement of environmental stringency, Co et
a. (1999) point out some avedsin their measures.
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depending onwhether they are footloose or nat), the use of a better stringency measure, and the use of
the gravity model. As the latter allows for bilateral instead of multilateral trade flows, stringency

differentials cancel out.’

Xu (200Q0) replicates the Van Beers and Van den Bergh (1997) analysis, athough with a number of
modifications. First, a different measure of regulatory stringency is used, based on the work by
Dasgupta et a. (1995). Second, the sample comprises 31 UNCED-report countries (which range from
highly industrialized to extremely poa), randamly sampled from atotal of 145 countries; this differs
markedly from the Van Beers and Van den Bergh (1997) sample of 21 OECD courtries for 1992.
Finaly, the dfects of maaoeconamic and cyclicd disturbances are removed from the export flow
variables, something that is ignored in Van Beers and Van den Bergh (1997). Regressons are
performed for three dependent variables: bilateral exports, bilateral exports of environmentally
sensitive goods and bilateral exports of nonresource-based (footloose) environmentally sensitive
goods. Anather distinction is between regressions having no import tariff variables included among
the independent variables and anather where they are included. Regressions are dso performed using
maximum likelihood to correct for possible heteroscedasticity. Altogether we obtain 12 estimated
elagticities with t -values.

In part the results sharply contrast those obtained by Van Beers and Van den Bergh, as Xu
finds statisticdly significant pasitive wefficients for the environmental palicy variable, implying that
a strict environmental policy is beneficial to export performance He agues that this departure from
the earlier results can be explained by the use of a different set of environmental palicy measures, the
removal of cyclicd fluctuations from the export figures, and/or the inclusion of developing countries
in the sample. The latter argument is, hawvever, not fully convincing, as one would expect a negative
impad of regulatory action given the likelihood o observing diverging regulatory standards in North-
South trade.® Han and Braden (1996) use aHedkscher-Ohlin model for 19 manufacturing sectors in
the US, for the period 1973-1990.Net export of a sedor is expressed as a function of that sector’s use
of factors of production and poll ution abatement cost, all of which show sedoral as well as temporal
variation, captured by fixed or randam effects terms’. In some regressons there are the expenditures
on abatement multiplied by the time variable (t =1 for 1973 in addition to abatement costs. This

"It should be noted that counterintuitive results, such as positive effeds of stringency on exports, were

obtained as well.

® In a another paper Xu (1999) considers five ‘dirty’ sectors (i.e., wood, paper and printing, chemicas, non-

metal, and metal) in 30 countries including most of the OECD countries, in 1988 and he amploys the same

stringency measure & before. The paper reports an insignificant effea of environmental regulation on the share

of dirty industriesin total value added of the manufacturing industry. This gudy is, however, not considered in

the sequel, asit does not addressthe trade dfed of environmental regulation.

° Panel techniques also constitute away to circumvent the problem of unmeasured heterogeneity inherent in
OLSregressons. More aguments for the use of panel data in this context are given in Co et al. (1999).
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variable is included to take acount of possible variations in net exports due to time. So, dencting

abatement expendituresby AB, the right-hand side of the regressionincludes BsAB;, + B, AB,t.

In the fixed effects model the time invariant intercept captures the sedor-spedfic effects. For
four years (1975,1980, 1085 and 1989) and all 19 sectors under consideration abatement expenditures
eladticities of net exports are presented. This paoses a problem for the anstruction d the database. The
regression coefficients give the change in net exports in terms of dollar values. The t -values refer to
these wefficients. It is therefore not straightforward to find standard errors correspornding to the
eladticities. In the appendix we discussthis problem and present an approximation.

A semond set of data is produced from a time-series regression per manufacturing industry.

Thisyields sctor-spedfic B;'saswell as B4’s. Given that the time variable is also involved, we can

derive the impaad of abatement costs, in terms of changes in exportsin dollar values, for each sector
and for each yea. Again the problem is to find the standard error of effect sizes, which involves the
unknown correlation coefficient. We refer to the gopendix for a detailed treatment.

Finaly, there ae data on the panel regressions. Four pane regressions are exeauted. A
distinction is made between one way and two way models, the difference being that in the two way
model thereisatimetrend. A second dstinctionis between fixed eff ects and random error models. In
the latter there is an individual time-independent error term in addition to the usual one. These models
generate datafor all yeas. Again it is necessary to construct standard errors since these ae not readily
avail able.

Of the series of regressons the study reports on, the results of the panel regression model
show significant negative dfects of environmental regulation onnet exports.

The results of Han (199%) partly overlap with those reported in Han and Braden. We focus here on
digtinguishing features of Han's gudy. He wnsiders the effea of differential environmental
stringency on international competitiveness across countries, using an environmental regulation index
based onthe “the ratio of the emission reduction due to regulation and the emission in the asence of
regulation”. Using a Hedkscher-Ohlin framework a panel of 34 courtries at every five yeas interval
from 1975to 1990is estimated for nine sectors. Of the five ewironmentally sensitive goods sctors
considered, anly mining is found to show a statistically negative relationship between stringency and
competitiveness Two ather environmentally sensitive goods sedors (paper and pulp, and chemicds)
on the other hand show significant positive etimates for the stringency variable. The dfect of
stringency on ret exports of nonrpaluting sectors is insignificant. For all estimators t-values are
provided.

Grosgnan and Krueger (1993 use aosssedion ceta in a reduced form model to assess whether
pollution abatement costs in the US explain the pattern of Mexican specialization and trade. In
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particular, patterns of US imports from Mexico, and US foreign drect investments in Mexico are
scrutinized. Threedifferent patterns are wnsidered: one ae the 1987 patterns of US imports from
Mexico; another, the 1987 petterns of US imports from Mexico that have entered under the offshore
asembly agreement; and a third ore, the sectoral pattern of value alded by ‘maquiladora’ plants.*®
The explanatory variables are human capital share, physical capital share, and tariff rates as well as a
stringency variable. In addition, an injury rate isincluded in some of the regressons as a proxy for the
major costs of US labor protection laws in American manufacturing. With regard to the first two
patterns mentioned above, the stringency coefficient is expeded to be positive. A positive relationship
between the size of pollution abatement costs (as a fradion d value added) in the US manufaduring
industry and the scale of sedoral activity in Mexico (imports of manufactured goods from Mexico) is
reported™. It shoud be noted that Grossman and Krueger’s regressions are not readily comparable to
the others.

3.4 CONCLUSON

Table 1 summarizes the studies discussed in this sction. It describes the studies aacording to the type
of study and it gives the type of data we have been able to extract from ead study. There are 13
studies. The study by Kalt is partly econametric and partly of the Leontief type. There is a large
variety of estimates in the studies. There are univariate estimates, mainly from the Leontief studies.
These estimates are means. Then there are also correl ations and standardized mean differences, which

are bivariate, andfinally we have etimates from econametric studies, giving dollar value dfects s,

and €ladticities.

Insert table 1 about here.

We observe alarge difference across studies in number of observations. We will pay attention to this
below, when discussing the significance of the results from the studies. There ae large differencesin
theoretical approacdh, which also make a @mparisonrather difficult. Finaly we would like to mention
that Leontief and exploratory studies do not control for other dimensions that might have an impad on
the effed of environmenta policy on competitiveness.

19 Maguil adoras’ are foreign-owned firms (usually somehow based in the US), with most of them located at the
Mexican side of the US-Mexican border.

M A third regresson concerns whether American firms invest in ‘maquiladoras to avoid environmental
regulatory costs. As this pertainsto dred foreign investment rather than trade flows, these estimates have been
excluded from our analysis.
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4. \VOTE-COUNTING AND COMBINING P-LEVELS

4.1 VOTE-COUNTING

Simple vote-courting amourts to counting the number of studies (or results within studies) yielding
positive, zero and regative dfects. Such a procedure can be criticized onseveral grounds, including
the fact that sample size is not taken into acount, the fact that the method des not alow determining
by how much the winner is winning and the fact that the statistical power is snall (Bushman 1994.
We nevertheless present the verdict of such a procedure & a starting point for other types of analyses.
It shoud also be pointed ou that vote-courting procedures are in principle meant for combining
independent estimates. We have included multiple estimates from most studies, which makes it harder
to justify independence. One has to take into account the significance of the values at alevel common
to al studies. We have used a relatively high level of 10% based on a two-sided test. In the tables
below we make adistinction between results on effed sizes acwrding to the categorization autlined
above. There is a multitude of variables that can be included, and hencefigures that can be produced.
Therefore aseledion has been made, and for tables and figures we present just threedimensions.

First of al we have made the distinction ketween exploratory, Leontief and econometric
studies. Kalt's study is partly classfied as econametric and partly as Leontief. Figure 1.A below gives
the number of zero, negative and positive results per study. The striking features of the figure are that
the Leontief studies produce relatively many negative dfects. Moreover, the share of insignificant
resultsis high in all study types. There ae many negative significant estimates compared to positive

significant estimates. This does not support the Porter hypothesis.

Insert Figure 1.A about here.

A seand dstinction made is according to the way the dfect sizes are clculated. Asin table 1
adigtinction is made between s, mean dfferences standardized by the antrol group, Glassdelta,
standardized mean differences sandardized by pooled standard deviation (Hedges' g), diff erences of
proportions (Hedges g-propartion), elasticities, differences from means and correlations. There are
691 olservationsin total, most of them s (505 and elasticities (103). The results are summarized in
Figure 1.B. Results in terms of differences in means produce relatively many negative significant
results again. Also with (pooled) standardized mean dfferences we obtain a relatively large share of
negative significant results.

Insert Figure 1.B about here.
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Finally we have taken into account that stringency is measured in various ways. It can be
measured by abatement costs, according to the Walter-Ugelow measure, the broad definition in Van
Beas and Van den Bergh (VBVDB broad), the narrow definition of these authors (VBV DB narrow),
the World Bank survey (World Bank), the measure developed by Han (Han) and gualitative measures

(Others). Figure 1.C. summarizes the results.
Insert Figure 1.C about here.

Both measures employed by Van Beers and Van den Bergh yield relatively many negative
and significant results (over 30%).

4.2 COMBINING SIGNIFICANCE LEVELS
There ae many long established statistical methods for combining significance levels. They al deal
with the question haow probability values from independent studies can be combined. The hypothesis

being tested can be expressed as foll ows:

Ho:d, =0, j=12...k

where 19]- isthe dfect sizeinstudy j and K isthe number of studies. If the null hypothesisis rejected

then at least one of the population studies has a norzero parameter. In the @ase at hand the null
hypothesis will be that nore of the studies supports a significant impad of stringency of

environmental regulation ontrade performance. Positive estimates are taken as evidence for the null

hypothesis that P = 0. (Cooper and Hedges 1994). So, the dternative hypothesisis

Hy:9, <0, j=12...k, J; <O, foratleastone j.

Testing this aternative hypothesis requires the assumption that the population effects
represented by 19J- —values all areinthe same diredion (Cooper and Hedges, 194, p. 2D).

We mnsider four representative popular methods to combine significance levels.
e Theminimum p-—method, ceveloped by Tippett (1931), rejeds the null-hypaothesis that

in al studiesthe effect sizeis zeroif:

1/k

Min (p,, Pyreen P ) < =1-(1-0a’)
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where a” is the predetermined significance level for the cmbined significance test. We use
a’ =0.05.
* Asasecondmethodwe cnsider the sum of z’s method.lt isbased onthe sum of

thez(p,)'s, where z(p,) isthe z— value asociated with p., divided by its standard deviation:

zik:lz( pi)/\/E

*  Thethird method is the sum of logs method.

-2% “log(p;)

Under the null hypathesis this statistic hasa x ° distribution with 2k degrees of freedom.

* Findly, we use the logit method. The expression
-3 “log(p, /(1- pj))[kl_lz (5k +2)/ 3(5k + 40] 2

is approximately t —distributed with 5k + 4 degrees of freedom.

Like in the smple vote cunting discussed in the previous sedion we can make alarge
number of comparisons, according to the categories we wish to dstinguish. In order to limit the
number of tables we have maintained the categories used in the previous sedion.

It can be seen from the upper rows of Table 2 that for all types of studies al four methods
almost always reject the null hypathesis that the relationship between environmental stringency and
trade performance is not significantly different from zero. Only the minimum p — method dees not
rged the null hypothesis for exploratory studies. The middle part of Table 2 shows that the null
hypothesis is rejected by all methods if the results are reported in terms of s, easticities, and
difference from the mean. It seams that the minimum p — method rejects the null hypothesis least
often. This aso holds for the case where we consider the different stringency measures (lower section
of Table 2). In this case we aso find that for studies with abatement costs as a stringency measure all
methods reject the null hypaothesis.

Insert Table 2 about here
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5. META-REGRESSION ANALYSIS

5.1 INTRODUCTION

A logicd question that may arise from the results of the previous sction is: if indeed the literature
suggests that there is on average astatisticdly significant relationship for the issue under discussion,
how can we explain the differential results (evidence) displayed by the primary studies? As mentioned
in the review of Sedion 3,there have been speculations as to the likely factors accountable for the
divergent results. The main dimensions of variationin the literature can be categorized as foll ows.

a. theoretical and methodological appr oach

To indicate the theoreticd basis we use HOMOD as a variable, indicating the Hedkscher-Ohlin model
(the use of the gravity model is the omitted category). In this category we aso have the threetypes of
studies: exploratory (EXPLOR), Leontief (LEONTIEF) and econometric. The econametric studies
can be subdivided into three categories: those that report on ddlar values (ECTRBETA), those that
provide easticities (ECTRELAS) and aher studies, i.e. the omitted variable test, as the reference
caegory. Thisyields 4 variables.

b. operational focus

Stringency differentials can be represented by abatement costs or by a cdegorical stringency indicator
(such as Walter-Ugelow, Han, Van Beers and Van den Bergh), denoted by STRINDEX, or by
qualitative measures primarily used in the exploratory studies based on a qualitative assumption of
stringency differentials being present (STRQUAL). We use aatement costs as the reference ategory.
We aso make adistinction between multi- or bilateral trade flows, which are incorporated by means
of TFBILAT. While the literature displays cross-sedion, time-series, and panel data analyses, it has
been argued that the first two could be inappropriate. Co et a. (2000), for example, suggest that, since

the isaue is analyzing “the difference between trade flows in courtry | at time t and trade flows in
courtry j attime t +¢, as afunction of the differencein courtry j’'s environmental regulations”,

panel data analysis is the gpropriate technique to investigate the isaie. We have five types of data:
time series of industries, crosssedion d industries, crosssedion of countries, panel of industries and
panel of countries. These ae grouped aong two dmensions. We make distinguish between cross-
sedion (CROSEC), panel (PANEL) and time series, where the latter is the omitted category.
Anather dimension relates to some of the studies focusing on an analysis of industry-type data
(INDDATA), whereas others focus on an analysis of countries, which is the omitted category.

C. gpatial, temporal and sectoral dynamics

Thevariable YEAR indicaes the year to which the estimate of the effed size refers. An important
feature of the empirical literature under review isthat the time period considered varies both across

studies and within studies. Differencesin degrees of environmental stringency acrosscountries can be
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expected to diverge or converge over time. Therefore, estimates of different time periods may show
systematic patterns. TSPANY indicates the length o the period to which the research applies.

Coverage of lessdeveloped countriesis captured with the variable representing the ratio of the
number of less developed countries to developed countries at the origin of the trade flow
(LDCRATOR). The environmental regulation-competitiveness linkage can be considered as an
esentialy North-South isaue. Differential stringency is expected between North and South, and hence
to the extent that there is an effect of stringency on export performance, it should show up when ore
considers North-South trade.

A goodway to take the impact of differences in pollution intensity and the degreeto which an
industry or sector is resource-based™ into acmunt is to include the variables POLLINT and
NONRESB for pdlutionintensive, nonresource-based industries/sedors. These are the sedors where
the most pronouwnced effect of a strict environmental palicy can be expected. The reference category
for these two variables are sectors that are not exclusively poll ution intensive or resource-based. So, it
includes the complement, which for POLLINT consists of studies where only non-palution intensive
studies are included as well as studies where both pdlution-intensive and nonpallution intensive ae
included. A simil ar reasoning applies to NONRESB. In the regression we have dso tried to study the
interaction effect of POLLINT and NONRESB, bu this interaction variable was never significantly
different from zero.

d. measurement and estimation issues

This category deds with the definition of the dependent variable: the level of exports (YLEVEL) or
the balance of payments (YBALANCE). It aso includes the type of estimator (ESTOLS, with the
more sophigticated techniques as omitted category, and ESTHET for thase estimators that take into
acount heteroscedasticity).

For quick referencewe insert table 3 that gives the set of variables used in the subsequent analysis.

Insert Table 3 about here

Thefirst three ctegories contain (mainly) core variables, whereas the last category comprises
(mainly) control variables.

5.3 MODEL AND ESTIMATION
The emnometric model we use to estimate the general form of the meta-regresson equation is an

ordered probit model (see eg., Greene 1997) The use of this model can be mativated as foll ows. We

2 with regard to the definition o resource-basednesswe employ the dassficaion given in United Nations (1982). Thisis
encompassgng for industries, but not for agriculture. For the latter sedor we rely on verbal information obtained from an
agriculturist.
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have wmllected a large group d statements about the effect of environmental stringency on trade
performance In principle the results vary from very significant negative effects to very significant
positive effects. Thisis due to the different characteristics of the studies. In the database we do have
effed sizes and significance levels but it is convenient to reduce the number of possble outcomes to
three categories, labeled Ofor negative significant estimates, 1 for nonsignificant estimates, and 2 for
positive significant estimates. The model reads as:

Y =B'X +¢, £ ~N(0))
Y =0ifY <0

Y, =1if 0<Y, <y

Y =2ifY >pu

Here Yi* denotes the effect in study i . Thisis omething we do rot observe in the database,
where we make adistinction only in the threecategories described above; the observed counterpart to
Y isY,. Thevarianceof &, isassumed to be 1.0sinceaslong as Yi* ,B and €,  are unobserved, no
scding of the underlying model can be deduced from the observed data. The u denotes a threshold

level, which is determined in the estimation procedure. The probit model is charaderized by the
asumption that

Prob(y = 0) = ®(-'x)

Prob(y =1) = ®(u - 'X) = ®(-B'X)

Prob(y =2) =1-®(u - B'X)

where @ isthe normal cumulative distribution. In case 3 is positive for some |, then an

increase in the arrespording explanatory variable shifts the probability distribution to the right and

therefore the probability of finding a zero y dedines. In the model we use, there are only dummy

variables, implying that we can not give the usua interpretation of margina changes. However,
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positive efficients dill indicate that including the variable will decrease the probability of finding a
zero y.

In principle arather large number of regressions can be run and reported on. However, we
restrict ourselves here to a discussion of two models. one with al variables included, called the full
model, and ore with a number of variables excluded (stripped version). The stripped version is based
on exclusion of variables that are not significant. However, in any case those variables that are of
theoretical interest are maintained throughou. These variables are ECTRBETA, ECTRELAS,
POLLINT, NONRESB, YEAR and TFBILAT. Both the full and the stripped version are estimated
with and without correding for heteroscedasticity. In the @rrection for heteroscedasticity we use the
number of observationsin astudy as the arredion factor in a multi plicative form.The justification for
this choiceis that estimates from primary studies that are based on a larger number of observations
have asmaller variance and shoud therefore be given more weight.

Theresultsare displayedin Table 4.

Insert Table 4 about here.

The common-sense mnclusion that the literature is not conclusive is nat appropriate. Our
findings indicate that some aspects are relatively clear-cut, whereas others are still rather vague andin
nea of further detailed primary investigation. The conclusions we draw from the ordered probit
analysis are as foll ows.

There is no mgjor difference between econametric studies measuring the effed of stringency

by means of B's, elagticities or an amitted variable test. Econametric studies, however, find

significantly fewer negative effects as compared to exploratory and Leontief-type studies: in all
regressions the crrespording coefficients are significant and regative. This does not mean that the
research methoddogy per seisresponsible for this phenomenon. One could even argue that given our
reservations with regard to the latter studies, they tend to make an overestimated contribution to the
palicy debate on stringency and trade.

There is a dight indication that including padlution intensive industries increases the
probability of finding a statistically significant and negative dfect. This result does not appear to be
significant in case acorrectionfor heteroscedasticity is applied.

The degreeof mobility, being footloase or resource-based, does not seem to matter.

There is again a slight indication that in studies dealing with the more recent past there ae
significantly fewer estimates of negative dfects of environmenta pdlicy to be foundin the literature.

This may indicate that the occasionally hypothesized convergence processis adually occurring.
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Measurement isaues, such as the length of the period urder consideration and whether the
effed on competitivenessis measured as alevel or as abaancevariable do nd seem to matter.

The way in which stringency is measured is guite rdevant for the outcome. When it is
measured as a qualitative index, and even more so in case it is measured as a ctegorical index
variable, the tendency to find more negative dfects of environmental policy is present. Measurement
of stringency by means of a qualitative binary indicator, or a ctegorical index variable based on
various underlying indicators such asin, e.g., Van Beasand Van den Bergh, is crude relative to more
precise measurement by means of a @ntinuaus abatement cost variable. Our finding implies that
studies employing the former measures produce more significant negative results than the latter. The
measurement issue, which is abundantly mentioned in the literature, therefore needs careful attention
and further research shoud be donre.

Subsequently there is a series of issues (mostly measurement and estimation issues) giving
robust evidence that they contribute to finding significantly more negative trade effects of
environmental pdicy. Thisisthe aseif sectoral rather than country data ae used, if crosssedion and
panel data rather than time-series data are used and if trade flows are measured bilaterally instead of
multil aterally. It also holds when the evidenceis obtained by OLS. A corredion for heteroscedasticity
does not really matter.

In line with what econamic theory suggests the presence of less developed countries in the
sample (at the origin of the trade flow) leads to significantly lessnegative dfectsto be detected.

Finaly, the Hedkscher-Ohlin framework, as oppased to the gravity model, induces the

occurrence of negative dfects of environmental palicy.

In sum, the literature is not inconclusive in many respects, although some qualifications neel to be
made here, because for instance we derive these mnclusions heavily relying on Han and Braden
(199%) estimates. However, the pivota issues of the measurement of stringency of environmental
pdlicy and the poll ution intensity and resource basedness are yet unsettled as the results do not appear
to be very robust with respect to these variables.

6. CONCLUSION
This paper is essentialy a aitical review of the empirical literature on environmental regulation and
international trade flows, a literature that displays contradictory evidence.

It starts with the austomary practice of outlining the salient features of ead study and
summarizing the results. The anclusion from this review, like similar review exercises, is that the
empirica literature does not strongly suppat the hypothesis that the effect of environmental

regulation on competitiveness is negative. The qualitative review identifies several controversial
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isaes in the literature. Most prominent are the stringency measure, type of data, methods of
investigation and sectoral disaggregation.

Four types of meta-analytic techniques of combing significance levels are applied to the
studies under discusgon. The results suggest that there is amost always at least one study/estimate in
the available literature that displays a datisticaly significant negative relationship between
environmental stringency and international trade flows. Stated otherwise, the hypothesis of no effect
isrgieded in amost all tests.

Furthermore, in an attempt to explain the possible factors for the divergent results, meta-
regression anaysis is used. The studies/estimates differ with respect to so many dimensions (data
type, measure of effect size, etc.) that only in a multivariate mntext one gets a goodidea of what the
literature “tells’ you. The results of the ordered probit analysis indicate that for the likelihood of a
study to find a negative relation between environmental regulation and international trade flows,
pdlution intensity of the sectors involved is barely significant. The property that a sector is resource
based has the “right” sign (mostly) but is nat very significant either. Inclusion of abatement costs as a
stringency measure reduces the probability of finding a significant and negative dfect. Inclusion of
developing countries in the sample increases the probability of finding a negative relationship.

What are the insights one can gain for future primary research in this area? The environmental
regul atiorrcompetitivenesslinkage should be investigated with data on the industrial level rather than
onthe muntry level. Thisisto be preferred from a theoretical point of view, because environmental
policy is usually indwstry related rather than general. But it also follows from our findings that the
hypothesis of no effed of stringency of environmental policy ontrade performance should be tested at
alow level of aggregation: Rejedion of the hypothesis at that level seans to warrants rejection at the
higher level as well. In addition, the fact that environmental stringency differentials are likely to
prevail more between North and South, inclusion of developing countries in the sample is desirable.
Also, since most of the studies under scrutiny did not involve the European countries, it seems
worthwhil e to have amuch closer lodk at this region, in relation to developing countries. Similarly,
the diverse measures of stringency are one of the factors for the disparate evidence in the empirical
literature. Therefore, any new empirical investigation of the relationship urder discusson should
come to grips with this problem before embarking on estimation by picking up ae or the other

controversial measures.
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Appendix

The objective of this appendix is to introduce the so-cdled eff ect size used in the meta-analysis. The
effed size generally refers to the dfect of stringent environmental policy on export performance
Meta-analysis offers several methods to obtain the eff ect size. Two of these methods are anply used
in the paper and will therefore be described in some detail in this section. We aso elaborate on the
way the data from the study of Han and Braden are used.

EFFECT SIZE
Generaly a distinction is made between a cntrol group, with index C, consisting of n_. elements,
and an experimental group, with index e, consisting of n, elements. Two alternative dfect size
measures are the Glass' A and Hedges's @ defined as

-M M,-M

A:Me Candg: e C
S S

c p

respedively, where M and M, are the means in the @ntrol group and the experimental
group respectively and S, and S, are the standard deviations in the control group and the pooled

standard deviations respectively. The latter is defined by:

n,+n, -1

s, - J«nc -1S,)° +((n. -S.)°

where S, isthe standard deviation in the experimental group.In the meta-analytical li terature

it isargued that the poded standard deviationis a better estimate of the population standard deviation,
but choosing the standard deviation of the control group is deemed a “very reasonable aternative”
((Rosenthal 1994, p 232). Then we can use the fad that

n.n n.n
Al A |——°— andA2 g |——°—
nc+ne nc+ne

have a t- distribution with n. +n, —2 degrees of freedom, under the commonly made

asumption d anormal distribution of the original observations.
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When the data ae propartions the dfect size is defined by p, — p., with a standard error
defined by

$2 - pe(l_ pe) + pc(l_ pc)
n n

e (3

We @n then make use of the norma distribution to derive mnfidence intervals and

p — values.

HAN AND BRADEN (1996

The study by Han and Braden provides the majority of the data for our analysis. First, for 19 product
groups and for four yeas (1975, 1980 1985and 1389) they present elasticities giving the percentage
change in net exports following a one percent increase in abatement expenditures AB. These

eladticities are the result of aregression equation of the type:

X, = .ot B AB, + BsABE + ...

wheret refersto time. The elagticity is:

£ = aXi’( ABit
" 0AB, X,

We are interested in finding the standard error of the estimate of the dasticity. To that end an
asumption has to be made, because the data do rot alow for a straightforward calculation. We have
chosen to asaume that in every yea the ratio of abatement expenditures over net exports is the same,
for al sectors. It isdenoted by . That implies that the standard error can be written as

C(Var (Bs) +t2Var (ﬁﬁ) + 2t-rSE(B5)SE(B6))l/2

In this expression r isthe wrrelation coefficient andthe B's refer to the estimates. The time variable
asaumes the values 3, 8, 13 and 17. (1975is 3 because the initial data are from 1973. The variances
of the individual estimates are given in Han and Braden. Next we had to chose valuesfor c and r .
To be onthe safe side wetook ¢ =0.1 and r = 0.8. This procedure enables us to perform the usual
tests on effect sizes.
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Han and Braden also present a @osssedion regression over the industries for each yea
between 1973and 1990. This yields ancother set of data on the effect of abatement costs on et
exports. To each estimate there crrespondsa t —value. Finaly, there is also atime series analysis by
manufaduring sectors. In this anaysis for ead sector there is an explanatory variable of the form

AB, and ore of the form AB,t. This leaves us with 18 estimates per sector. For both explanatory

variables the t —values are given separately. In the two cases, panel and time series, we have gplied
the same procedure & outlined above to dbtain the standard deviation of the impad of abatement

costs ontrade performance
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