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The Factors Behind CO2 Emission
Reduction in Transition Economies

Abstract

The Central and Eastern European countries significantly reduced their car-
bon dioxide (CO2) emissions between 1995 and 2003. Was this emission reduc-
tion just the fortuitous result of the major economic transformation undergone
by countries in the transition? Or is it rather a result of more stringent environ-
mental policy? The objective of the article is to answer this question through
a simultaneous equation model of the demand (emissions) and supply (environ-
mental stringency) of pollution. The supply equation takes into account the
institutional quality of the country as well as consumer preferences for environ-
mental quality. The results indicate that, all else equal, output growth would
have increased industrial CO2 emissions in the Central and Eastern European
countries in our sample by 31% between 1995 and 2003, and the composition
effect corresponded to an increase of 8.4% of emissions. Nevertheless, the tech-
nique effect, induced by more stringent environmental policy, reduced industrial
CO2 emissions by 58%, and allowed for a final beneficial result for the environ-
ment, i.e., -18% of industrial CO2 emissions in 2003 compared to 1995. Finally,
our study confirms the importance of institutional factors in the explanation
and further prediction of pollution reduction in transition economies.
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The Factors Behind CO2 Emission Reduction in Transition Economies

Summary

The Central and Eastern European countries significantly reduced their carbon dioxide (CO2)
emissions between 1995 and 2003. Was this emission reduction just the fortuitous result of
the major economic transformation undergone by countries in the transition? Or is it rather a
result of more stringent environmental policy? The objective of the article is to answer this
question through a simultaneous equation model of the demand (emissions) and supply
(environmental stringency) of pollution. The supply equation takes into account the
institutional quality of the country as well as consumer preferences for environmental quality.
The results indicate that, all else equal, output growth would have increased industrial CO2
emissions in the Central and Eastern European countries in our sample by 31% between 1995
and 2003, and the composition effect corresponded to an increase of 8.4% of emissions.
Nevertheless, the technique effect, induced by more stringent environmental policy, reduced
industrial CO2 emissions by 58%, and allowed for a final beneficial result for the
environment, i.e., -18% of industrial CO2 emissions in 2003 compared to 1995. Finally, our
study confirms the importance of institutional factors in the explanation and further prediction
of pollution reduction in transition economies.
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The Factors Behind CO2 Emission Reduction in Transion Economies

Introduction

The disintegration of the Soviet Empire and thenges that took place in Eastern and
Central Europe by the end of the 1980s and thenheyj of the 1990s revealed the extent of
the disastrous environmental state of this pathefworld. Although these countries differ
significantly, the centralized planning of econoraativity had generated common ecological
problems: levels of industrial pollution that thte@ human health; significant soil and water
pollution (in particular in the old Soviet Uniorg;persistent negligence of nuclear safety and
waste management issues, etc. The transition @otmsards a market economy and
democracy could have contradictory effects on emwirental quality in these countries. At
first, the fall in industrial production directlyeduced pollution levels, but the increased
economic growth from the mid 1990s may lead to eame about further deterioration of the
state of the environment. The negative externabtypollution must in some way be
internalized in economic decisions and the roléhefState and of its environmental policy is
crucial. In a democratic society, citizens and gomernmental associations have the
possibility of expressing their preferences to goweent and polluting companies in order to
reduce pollution and obtain more efficient appimatof existing regulations. But the Central
and Eastern European transition countries have gusthort experience of democracy and are
in the process of building new governmental adnmai®n.

A study of the empirical evidence shows that thadition to a market economy in the
Eastern and Central European countries was bealefitsi the environment, in particular for
air and water quality. The emissions of the mogidrtant air and water pollutants declined
quickly and drastically in the majority of theseuatries during the 1990s. Reductions from
30 to 70% of the emissions of pollutants such &shsum dioxide, nitrogen oxides, suspended
particles, BOD, solids and nitrogen were typicatimg the 1993-2000 period (Bluffstone,
2006).

Which were the determining factors behind theseelesl emission reductions? The
key factors mentioned in the literature are:

= A massive fall in aggregate industrial output, tipgasi-disappearance of the
military-industrial complexes and redeployment ebduction towards the less
polluting service sector;

= An increase in exports to Western Europe and thexl rfer compliance with
international standards;

= An expansion of the private sector and reduction Stéte participation in
companies’ property, that may have stimulated iatiom and allowed an
improvement of business management;

= An increase in foreign investments with their intpot technological externalities
necessary for the modernization of production tetdgies and economic
effectiveness;

= A better application of environmental policy;

= Intensification of public participation in decisionaking and better functioning of
the civil society, increased democratization.

Some of these factors may work both ways, whichdaased some controversy as to
their role: foreign direct investments (FDI) mayncentrate in pollution-intensive sectors, for
example. The interest in studying the case of itianscountries is that they have undergone



rapid and profound change in several of the detanis of pollution, such as economic
growth, trade openness and environmental regulation

Current research defines three variables or charofanfluence that can determine
the total economic impact of growth on the envirenin

= The first is thescaleof economic activity. For physical reasons, alhfs equal,
more production means more pollution. But othemdbki are not usually equal. An
improvement of technology, for example, is likebydttenuate this relation.

= The second is thstructure / compositionf economic activity. Economic growth
(and/or international trade) can move productiammfrone sector to another (for example
between the agricultural, manufacturing and sergeetors). As the environmental damage
per manufacturing unit varies according to the@ethe effect of growth or trade on the total
pollution can change.

= The third is the productiotechniquesThe same product can be manufactured by
using a variety of rather different techniques, sdicleaner” than others. Depending on the
use of more or less environmentally-friendly tecjusis, pollution per unit of GDP may
decrease or increase.

The relation between GDP and environmental quadityot straightforward. It is
seldom monotonous: sometimes the economic growghawfuntry is initially harmful for the
environment and becomes beneficial later. The egpian lies in the three conflicting forces
mentioned above. When GDP increases, the largér s€production leads directly to more
pollution and more environmental damage. At the esaime, there is a tendency to
favourable changes in the economic structure aondyation techniques. The question is
whether the last two effects can compensate thedire. In section 2 we present some studies
that have analyzed the empirical results relatethi® question (see also Dean [1992] and
[2002], for a more detailed review of the liter&urThis aspect is important for transition
countries since the strong economic growth durivglast ten years may lead to increased
pollution and maybe even a return to pre-1990 domssevels. Is it possible that the
composition and technique effects will compenshéescale effect and stabilize emissions at
acceptable levels for sustainable environmentditg@a

The potential factors that contribute to environtakmuality in transition countries
may be grouped into two categories: the evolutibnthe economy (economic growth,
changes in the economic and industrial structune)ttbe one hand, and changes in
environmental regulation due to progress in denwycran the other hand. The contribution
of the article lies in the empirical estimationtbése factors on industrial emissions of carbon
dioxide (CQ) in the Central and Eastern European transitionntees. We estimate a
simultaneous equation model of the demand and gwbglollution in order to distinguish the
effects of economic factors versus the stringendyeonvironmental regulation. The
environmental policy is determined in its turn bgnsumer preferences for environmental
quality and by institutional factors such as cotimpand political instability.

For our specification of thdemand for pollutiorwe follow Antweiler, Copeland and
Taylor [2001] but extend the basic model to includenore detailed composition effect.
Antweiler, Copeland and Taylor [2001] consider @ugregate polluting sector, but in the
case of transition countries, there was not onbhange in the share of the manufacturing
industry in the economy, but also important shifithin the manufacturing industry itself.

In order to account for the complex relationshipasen environmental quality and
environmental policy, and possible endogeneity @i, we specifically need to model
environmental policy formation. Given the prevalemnd corruption and political instability in
transition countries, we use the theoretical apgrqgaroposed by Fredriksson and Svensson
[2003] to model thesupply of pollution



As for the empirical method, we use the two or ¢hstage least squares method,
according to specification tests, in order to otirfer any bias between variables in the same
equation and between equations. We test the medeltbe period 1995-2003 on a sample of
60 heterogeneous countries from three differenuggo Central and Eastern European
transition economies, emerging economies, and tndlized economies. We compiled quite
a rich dataset for this purpose, covering sta#isti;m emissions, corruption, political
instability, democratization, value added of differ industrial sub-sectors, etc. We also use
the dataset to develop a compact index of theg&nay of environmental policy that enables
us to compare environmental policy in the samptessccountries and time.

Our empirical results show that industrial £€missions in the Central and Eastern
European transition countries would have incredse®1% during 1995-2003 simply as a
result of an economic scale effect. The composigffect, that represents a restructuring
among the sub-sectors of the manufacturing industoyld have explained an 8.4% increase
in pollution, whereas the technique effect hadldéingest marginal impact and corresponded to
a 58% decrease in emissidnk robustness tests, we also find a significafectfof trade
openness: it increases industrial £@missions in transition countries, but this effect
reduced with increased capital accumulation. Bmalur analysis highlights the importance
of institutional factors in explaining the emissiduction in transition countries, rather than
factors related solely to economic restructuringuash (scale and composition effects).

The paper consists of six sections. In the firstise we review the relevant literature
and in the second section, we present some stylaatdl on industrial COemissions. In the
third section we develop a theoretical model thantifies the factors behind environmental
quality in transition countries and enables us pec#y the empirical relations. The
econometric specification and a description ofdha&a follow in the fourth section. The fifth
section analyzes the empirical results and comphess with the results of other studies. The
last section concludes.

1 Review of the literature

By now, several cross-country and time series stutlave allowed researchers to
generalize some results concerning the three ctinfii effects of economic growth on the
environment. For certain environmental quality noees, an inverted U-shaped relationship
appears: in the case of low per capita income $emllution is generally low; above these
levels, additional economic growth leads to aneasingly intense pollution until per capita
income stabilizes on an intermediate level, abolekvany further economic growth results
in an improvement of environmental quality; in tese of high per capita income, pollution
is relatively limited. This empirical relationships known under the name of the
Environmental Kuznets Curve (EKC) following Grossmand Krueger's cross-country
analyses [1993, 1995] on urban air pollution (sulpHioxide emissions and smoke) and
several measures of water pollution. Several ssuldieer confirmed this kind of relationship
(Selden and Song [1994], Hilton and Levinson [199ijadford, Schlieckert and Shore
[2000], Bimonte [2001], Harbaugh, Levinson, and &l [2000]), although the existence of
an EKC curve is sensitive to functional form anthdgpdating, for example.

The idea behind the EKC is that economic growtbad for the quality of air and
water during the initial stages of industrializatidut later, once the country becomes rich
enough to pay for the quality of its environmentowgth contributes to the reduction of
pollution. The dominant theoretical explanatiorthat the technology of production makes a
certain level of pollution inevitable, but that tHemand for environmental quality increases

2 A summary of the results is presented in Tableage 24.



with income. A necessary condition for this demémde satisfied is the existence of civil

freedoms. Hence, in a country with a political negiof dictatorship, as the capacity of the
population to express their opinions to put pressur the government is very weak, a growth
of the net per capita income does not necessadyltrin a reduction of pollution, despite

increased preferences for environmental qualitya tlemocratic society, by contrast, at high
levels of per capita income, the public demandeforironmental quality increases and leads
to more stringent environmental regulatfon.

Concerning the relation between trade opennes®avidonmental quality, Eiras and
Schaeffer [2001] show that the average index ofasuebility* in open economies is at least
30% higher than the index in countries with a matldy open economy and almost double
the level of the index in a closed economy. A chsuspection of data may lead to the
conclusion that trade is good for the environm&wveral studies have tried to isolate the
independent effect of trade openness using a yasfanethods on different samples (Lucas,
Wheeler and Hettige [1992], Harbaugh, Levinson afldon [2000], Dean [2002], Copeland
and Taylor [2001, 2004], Antweiler, Copeland ang/l®a[2001], Frankel and Rose [2005]).
Almost all find a rather positive relation betweeade openness and environmental quality.
Nevertheless, none of these studies considersodglybe endogeneity of the relation between
international trade and the environment: trade beathe result of environmental endowment,
rather than the cause.

Studies in the field of environmental regulatiorteof argue that the presence of
corruption, political instability and absence ofrdgracy induce socially sub-optimal effects
of governmental policy. Empirical studies on théeets of political instability (Alesina and
Perotti [1996], Alesina et al. [1996], Svensson98p, of corruption (Lopez and Mitra
[2000], Fredriksson and Svensson [2003], Damanradriksson and List [2003, 2004],
Welsch [2003], Damania, Fredriksson and Mani [20@4]ligrini and Gerlagh [2005]) and of
the absence of democracy (Fredriksson et al. [2@0&] Pelligrini and Gerlagh [2005])
confirm this hypothesis. Séderholm [2001] adds thatsuggested policy already assumes the
existence of an effectively operating institutiostilucture. Analyzing the Russian case, he
identifies and discusses several reasons of whait be difficult to implement an effective
system of pollution taxes in an economy where tlddagal and behavioural models are still
present. He concludes that it is probably moreablet to consider the environmental
problems in the transition economies not as markperfections, but rather as a result of the
institutional inertia in the economic and politicaistems. Pellegrini and Gerlagh [2005] find
a very important negative and statistically sigrafit impact of corruption on environmental
policies, while democracy has a very limited pesitimpact. Consequently, the authors
suggest that a reduction of the corruption levelidonduce higher growth rates and stricter
environmental policies.

Among the studies that analyze the joint effects seiveral determinants of
environmental policy, Fredriksson and Svensson320@re the first to analyze the common
effects of political instability and corruption guolicy creation. They found that political

® Another possible explanation for the EKC is thatsi formed naturally via the composition of
production. In theory, the model could result fréime usual phases of economic development: the
transition from an agricultural economy to an intdasone and then from industry to services, s |
tending to produce less pollution than industre (8erow et al. [1995]).

* The Yale Center for Environmental Law and Policyl dhe Center for International Earth Science
Information Network, in collaboration with the WdrEconomic Forum and the Joint Research Centre
of the European Commission, publish annually airapkf countries using a composite index — the
Environmental Sustainability Index (ESI) or, sir@¥8, the Environmental Performance Index (EPI).
The data is available on http://www.ciesin.columida/indicators/ESI.



instability has a negative effect on the stringeéyenvironmental regulation when the

corruption level is low, but a positive effect whigne degree of corruption is high. Corruption

reduces the stringency of the policy, but this @fidisappears with an increase of political
instability. Cole, Elliott and Fredriksson [200@}eéract the environmental effect of corruption
with the one of foreign direct investments (FDIhey find that when the corruption level is

very important (negligible), FDI induce less (mos&ingent environmental policy. Damania,

Fredriksson and List [2003] analyze the joint effeCtrade openness and corruption on the
stringency of environmental policy. According toeith empirical results, trade openness
increases the stringency of environmental policlgilevcorruption reduces it. The effects of

the two variables are interdependent. Trade opsnhas a more important impact on

environmental policy in countries with more corrgavernments. Moreover, a reduction of
corruption has a greater effect on policy in aetbesconomy.

2 Some stylized facts

For reasons of data availability and compatibilityir database covers 60 countries
over the period 1995-2003, including 14 transitemonomies, 19 emerging economies, and
27 industrialized economies (see the list of caestin the Appendix). Among the industrial
air pollutants we chose carbon dioxide (®ecause of its international importance (the
Kyoto Protocol) and because of the availability afnual emissions data from the
International Energy Agency (IEA). G@missions originate primarily from three sources:
residential heating, industry and transport. Wesehio study industrial CGemissions, which
still constitute a large part of total G@®missions in transition economies.

Transition economies have all gone through two @has economic activity over the
period of the sample: a deep transitional reces$ntlowed by a period of economic recovery
and rapid growth, that adds up to an increase i @Er capita of 13% in 2003 compared to
1990 (Figure 1). The first period of transitionfyween 1990 and 1993, naturally led to a large
reduction in CQ emissions. In the ten years that followed, indak€O, emissions increased
somewhat, then stabilized and even decreased ingpéia levels (Figure 2). There is thus a
tendency of progressive convergence towards thedatads of industrialized countries or
emerging economies.
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Still, industrial CQ emissions in terms of emissions per GDP or per USD
manufacturing production remain much higher tham lgwvels in industrialized economies
(Figures 3 and 4).
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Is the positive evolution of C{Qemissions per USD of GDP (or USD of manufacturing
production) an indicator of increased productioficeincy or is it rather the result of
structural change in the economy? World Bank dhtavs a small decrease in the share of
industry in GDP and some growth in the service age(that represents 60% of GDP on
average in 2000). Nevertheless, other factors maye hplayed an important role:
modernization of production technology due to a enstringent environmental policy or
better corporate management, increased trade ogEnnequiring compliance with
international standards, or yet changes withinrtfeufacturing sector itself. The UNIDO
data on the manufacturing industry suggest thatdiéneelopment of some industrial sub-
sectors (Food, Machinery and equipment, Wood prisgdiichemicals, and Iron & steel and
basic metal products) seem to have contributedcertain extent to the reduction in industrial
CO, emissions. In parallel, Figure 5 shows a stromgeiase in trade openness. At the same
time, being worse ranked than the other countriderims of the stringency of environmental
policy’ at the beginning of the transition process, thentes in transition experienced an
improvement in this index between 1995 and 2008uff 6).

- Figure5 - Trade openness Figure 6 - Stringency of Environmental Policy
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These stylized facts suggest that it is relevansttaly the relative weights of the
different potential factors behind the reductionimgustrial CQ emissions in transition
countries. The following analysis is devoted tot ttessk, first by constructing a theoretical
model including the above mentioned factors, aed thy testing it on available data to assess
the individual impact of the causal factors.

® Index created by the authors (for details onaiswation see Section 4).



3 Theoretical Model
We model a small open economy composed of a ndotjmg sector that produces a
good Y, used as a numeraire, amd polluting (industrial) sectors that produce gooxs,

iD[l n] with a constant returns to scale technology. Bsuasng that the representative
consumer’s utility is separable in consumption goadd disutility from aggregate pollution,
the demand function for each good 5, =d, (pxi) with d'y <0. The consumer surplus

can then be defined as:

S= Z:L|xi |_dxi (pxi )J_z Py, Ay, (pxi ) (1)

where u, (increasing and concave in, ) are derived from the initial utility function

U-=c, +Zui (cXi )—/7E ; ¢, andc, are the consumption of the numeraire and of ga¥ds
E is aggregate pollution angl measures the consumer’s valuation of a unit ofrenmental

damage (assumed constant here).
Let us now study the behaviour of a representdfive in sectori. Pollution is

generated by the production of googdsThe firm has access to an abatement technology.
Following Antweiler, Copeland et Taylor [2001],affirm has a total production of units
and allocatesx, units to reduce pollutionh, = x_;/x represents the abatement effort of the

representative firm in sector. Due to different production technologies in tleetsrsi and
thus different amounts ok, necessary to reduce polluting emissions by ong firms in

different manufacturing sub-sectors, though subjecthe same environmental regulation,
will have different degrees of abatement. Pollugp@m manufacturing unit in sector which
is the same for all the firms in the sector, camhbigéten as a function of the abatement effort :

&/ =9i(hi), with 8, <0 and 6, > 0 corresponding to decreasing returns to scale in
abatement.

We model the stringency of environmental policyrbgans of a unit emission tax on
pollution, 1.° The profits of a firm equal its gross revenues lésduction of factor payments,
pollution taxes and abatement costs. Using thenidiein of h, the profits of the

representative firm in sectar (before the payment of any bribe) can be written
7 =[p@e-h)-¢-18(h)]x 2

where 7z denotes profitsc, the marginal costs of production factors in sectassumed
constant, andp, the output price of the good of sector

Under the (simplifying) hypothesis of constant retuto scale, the production level is
indeterminate. Since the objective here is to datex the effect of the stringency of the

® In reality, there are several fiscal and regujatactions imposed on polluting production that
generate a cost for the firm while not necessaj@gerating budget revenue for the government. We
use an emission tax as a stylized means of cagttiim stringency of environmental regulation in a
simple manner.



environmental regulation on pollution, the levelaifatement efforth,, is the key variable.

The first-order condition for the abatement effodmpares the marginal cost of reducing
pollution with its marginal benefit (a reductiontime tax payment):

p =-1¢(h) 3)
which impliesh = h (7/ p) with h, >0 and thusg =4 (7/pn ) with 6, <0. )

To conclude, an increase in the emission tax léadsn increase in the abatement
effort and a reduction in pollution per unit of drwtion. Aggregate pollutiorE equals

2.6.(tIp)X,.

Government and pollution supply

The importance of institutional characteristics tsuas corruption and political
instability in transition countries calls for motieg the creation of environmental policy
following the approach proposed by Fredriksson &wensson [2003] with the added features
of a disaggregated polluting sector with constatiirms to scale in each sub-sector, and the
incorporation of consumer preferences for enviromialeguality.

The stringency of environmental policy is represdrby the level of the emission tax
on pollution. Total tax revenues equal:

T=rE=7) 8(r/p)X ()

Tax revenues are supposed to be redistributed tadividuals in an equal manner.
Gross profits of polluting sectar, I1,, is thus a function of environmental policy as m@itet

through the level of the emission tax [, (r) The polluting sectors are assumed to be

able to organize themselves into a lobby to netgptiaess stringent environmental policy (a
lower emission tax) in return for a bribe to theumbent government. The model is thus
defined by a three-stage game between the incungmmrnment and the industrial lobby.
First, the lobby offers the government a prospectivibe as a function of the tax level,

denotecB(r). The lobby takes into account political instalilénd the corruptibility of the

incumbent government when making its bribe offer.the second stage, the incumbent
government decides on its optimal environmentalcgolgiven the lobby’s strategy. In the

third stage, the environmental policy is implementgiven that the incumbent government
stays in power. Once the emission tax has beenuaced, firms determine their production

and abatement efforts.

The expected utility of the lobby (before any brg@y/ment) is given by:
W, (1) =[1-A(1-0)]X.M, (1) +A(1-8) >, (77) (6)

where A is the probability that the incumbent governmeiit e thrown out of office;d is
the probability that the new government applies Hagne environmental policy as its

predecessorr® is the new, exogenous, tax level if the new gowvemmt does not follow its
predecessor’s policy.

The incumbent government’s objective function cstssof a weighted average of the
bribe and aggregate social welfare, dendgd

G(r)=B(r)+a(1-2) W (7) 7)

10



The parametea measures the exogenous weight accorded by govatrtmaocial welfare
relative to the bribe. A high value of the paramede signifies a government that is less
sensitive to corruption.

Following the Common Agency model by Bernheim &ddinston [1986], extended
by Grossman and Helpman [1994] and by Dixit, Grass@and Helpman [1997], the political

equilibrium maximizes the joint surplus of all past The equilibrium tax"~ maximizes the
sum of the lobby’s utility and the government’s extijve function. In order to find the

equilibrium taxr”, we thus have to solve

oW, (TD)+a(1—)I)aﬂ(TD)=O : )

or or

Social welfare is defined as the sum of total ipgpfconsumer surplus, and tax
revenues, less the disutility suffered from aggregallution:

=2 N (z)+S+2.18(z/ p) X-n2.8(7/ p) X 9)
We thus haveaaﬂ -[1-2(1-9)]>. 8(1/p) X (10)
anda(;Nr r-n [ZX r/p)} (11)

Substituting Equations (10) and (11) into (8), vistatn

-[1-2(1-9)]Y. 6(r'/n) X +a(1-2)(r"- )[Zx (/ )}:0 (12)

In order to satisfy the equality, given that thstfiterm is negative (see Equations (3)
and (4)), the second term has to be positive. Thus,7, implying a sub-optimal emissions

tax. By rearranging Equation (12), we obtain an liaipexpression for the equilibrium
environmental policy:

The absolute level of emissions
——

_[1 A(1-9)] >8(r/n) X
{Zxae(r/p)}

The change in emissions following
a change in the tax level

(13)

For a socially optimal policy, the Pigovian tax ke and r"=7. This is only
possible in the absence of corruption and politiesiability. In order for the emission tax
to approachy, the denominator has to be as large as possihke higher the level oa (a

government that is less sensitive to corruptidmg,gmaller the level of political instability
and the stronger the reaction by firms (by changingduction techniques) following an
increase in the emission tax, the closer the eandgsix will be to the socially optimal level.
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Pollution demand

Define Q — the value of total production in the mmmy (the scale of the economyy);
- the value of production in sector V, = X,p, ; ¢ = Z\/i /Q - the weight of the aggregate

polluting sector in the value of total producti@md y, :Vi/ZVi - the weight of each sub-
sectori in the total value of the polluting sectors. Wa taen decompose pollution as:

E=Y4% =38 =QsTra/p. 14)

Equation (14) shows that pollution depends on ttadesof the economy, the share of
the aggregate manufacturing industry in the econoamg on the relative weights of the
different sub-sectors, characterized by differepituytion intensities. In its differential form,
Equation (14) becomes:

é=é+¢+(2yi9i/pij (15)

where « hats » represent percentage changes.

Given the hypothesis of constant returns to scbmdard profit maximization does
not allow us to determine the firm’s production. s are in a partial equilibrium framework,
we thus cannot determine the effect of the taxh@nettonomic structure as such. The possible
bias resulting from this simplification implies amnder-estimation of the impact of
environmental policy on pollution. We thus focustbe direct effect of the tax on pollution

intensity. Recalling thag) = 8 (7/p ) , we have
6=¢ T-7 16
=€, [7-R] (16)

where e, v is the elasticity in emissions per unit of prodwoct(8,) with respect to a
VA

change in the real emission tax.

In order to focus on the variables of interesehsuch as the value of total production
Q, the share of the aggregate manufacturing indugtrthe relative shares of each sub-sector
¥, and the stringency of environmental policy, agesented by the level of the emission tax
T, we rewrite Equation (15):

Z(}Z +£9,,r/pif_(1+‘93,r/n )ﬁl)l/lal/ n
> %8/n

A change in aggregate emissions can thus be erpldip a change in the scale of the
economy, by a change in the aggregate share opdheting manufacturing sector in the
economy, by changes in the relative shares of @ashufacturing sub-sector, and by a
technique effect following a change in the stringeaf the environmental policy, represented
here by the real value of the emission tax.

E=Q+¢+

17)

We conclude the model by presenting the two eqgnatiof pollution supply and
demand, for the specific case of industrial emissithat we study here:

12



r= T(E, a1 ,/7) Pollution supply

(18)
E= E(Q,¢, g p] Pollution demand

These two equations need to be estimated simoltshein order to control for bias
due to endogeneity, since pollution supply is ieflaed by current and past levels of
pollution, whereas pollution demand is a functidrth® stringency of environmental policy.
This is the subject of Section 4 and 5.

4 Econometric model and data

Econometric specification

Our theoretical model implies a system of two stam#ous equations and identifies
the main determinants of the variables we seekxpta@: the stringency of environmental
policy and industrial air pollution.

After several preliminary tests with different fulomal forms and following the
results obtained by the Jarque-Bera test for eaelobthose, we retain the log-log functional
form, since, in our case, it ensures normally dtisted residuals. This functional form also
eliminates any problem with non-linearity in thdat®n between the dependent and the
explanatory variables. The two econometric equatiabefined by Equation (13) and Equation
(17) can then be presented as follows:

{In(r) =X Bitey (19)
In(Ejt): X'y B, TE,

where j andt are respectively the country and year indideésrepresents industrial

CO, emissions and - the emission tax, that here is a modeling toolthe stringency of
environmental policy and for the identification thfe determining factors of environmental
policy. Due to lack of available data on a compkrdahx across countries, we construct our
own index for the stringency of environmental ppl{SEP) that represents an implicit level
of an emission tax. This index is assumed to hhgesame impact on environmental quality
as the stylized emission tax in the theoretical ehofictually, in many developing countries a
high level of an emission tax does not imply a hghngency of actual policy since
inspection and enforcement policies may be weakaddition, using an index of the
stringency of environmental policy enables us wude a larger sample of countries that do
not use environmental taxeg, and £, are vectors of elasticity coefficients to be esteda

(since the variables irX; and X; are in natural logarithms)k, , and ¢, , are error terms,
. . 2
£~iid.N@©Q,0}).

The selected explanatory variables axg:= {polluting emissions of the current year,
polluting emissions of year t-1 (the variable;(_;@t_lf, net per capita income of the previous

" The theoretical model predicts that environmermgalicy depends simultaneously on current
emissions and their variation with respect to angean the stringency of environmental policy. Afte
testing several regressions for yeafdsup tot-5, we cannot determine a lag for which the effect is
significant, but the effects of the other explamataariables remain robust. Nevertheless we retan
variable CQ 4 .1in order to control for the effects of all the \abies suggested by the theoretical
model.
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year, political instability, and corruption} and, = {GDP in constant prices, the share of the

manufacturing industry in the total economy, thiatree shares of each industrial sub-sector,
and the stringency of environmental policy}. Consunrpreferences are not observable and
proxied in our study by net per capita income. Tigher is the net revenue, the higher is the
willingness to pay for environmental quality. Thiariable is lagged by one year because of
an inertia specific to policy creation and in ortleavoid simultaneity problems (see the Wu-
Hausman test in Table 1 in Section 5).

Data

In order to test the predictions of the theoretioaldel, we need data on industrial air
emissions, evolution of the economic and indusstalicture in the countries studied, the
stringency of environmental policy, corruption, ifiol instability, consumers’ preferences
for environmental quality (here represented by pet capita income), and other control
variables. Here we describe the main variablestirsgawith the dependent variables (see the
Appendix for definitions, sources and descriptitagistics of all the variables).

The IEA provides annual data @O, emissions(variablesCO, andCO; ya t.1) for
all countries in transition during the period 198103, separating industrial emissions from
the total emissions. This enables us to analyzestniél air pollution and to identify its
determining factors.

The stringency of environmental policy (SEP) is the most difficult variable to
measure since comparable data do not exist focalhtries in the world and over time.
Among the most used proxies one could quote: aabepmaximum lead contents in gasoline
(data elaborated by Octel company in "Worldwide gias Survey" and available only until
1995; see Hilton and Levinson [1998] for a detapeesentation of these data, used in a great
number of studies: Damania, Fredriksson and Li€90% for example), number of
environmental agreements signed by a country,Agicinteresting index used by Damania,
Fredriksson and Mani (2004) is the one elaboratethé World Economic Forum, resulting
from a questionnaire addressed to approximately) 2&inessmen of about sixty countries
who evaluated the stringency of the environmerggulation in their country. We cannot use
this index in our study, because it is availabléydreginning with the year 2001. In the
literature on environmental policy creation oneenftencounters another index, created by
Dasgupta et al. [1995] that evaluate the environialguolicy in the agricultural sector of 31
countries for the year 1990, using a quantifiedlysma of reports prepared for the United
Nations Conference on Environment and DevelopmEris index was recomputed by Eliste
and Fredriksson [2002] for 60 countries, using saene methodology as Dasgupta et al.
[1995]. Here though, we wish to study the impacteaiiironmental policy on industrial
emissions. Moreover, we need a time series of det@reas the index of Dasgupta et al.
[1995] gives only a one year cross-country analysmother recently created index is the one
of Cagatay and Mihci [2003], called Environmenta&nSitivity Performance Index (ESPI),
which is built on the basis of OECD’s pressuretessnd response indicatérdhe advantage
of this index is to take into account all enviromteg¢ media (air pollution, water, waste, etc.)
and to provide a general framework of the stringewicthe environmental policy. However,
since it is based on estimated variables rather diserved data, and based on the relative
degree of pollution produced by certain industaelivities and the efforts of the economic
agents to improve environmental quality, this indes not seem to take well into account
the effort of government itself. By consequencendgen effect of pollution rather than its

® In this context, pressure indicators are usedeterchine the sources of various factors implying

negative environmental changes, whereas stateaiodsc are used to measure the environmental
quality. The response indicators measure the effaft certain economic agents to improve

environmental quality and/or to protect the envinemt against various pollution sources.
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determinant, the ESPI is not appropriate for oudgtbecause of the impossibility to observe
and analyze properly the factors of environmentdicg creation. Thus we have no choice
but to create our own index by using various prestieat evaluate directly or indirectly the
stringency of environmental policy, resulting frgovernment’s effort and interest.

We calculate an index that classifies each couatgording to the stringency of its
environmental policy. Our theoretical model sugget$tat the policy established by the
government is the result of the joint welfare maxzetion of all actors in society: firms
organized in lobbies in order to influence the gaweent and actors in general which are
represented by firms/people seeking to maximizer theofits/utility according to their
preferences. The government’s decisions are infleeénby the actions of these groups
confronted themselves with the politicians’ owrennasts. In this context, we created the SEP
index that comprises at the same time variablesyeironmental policy and of industry’s and
the population’s capacity to organize in lobbiesngovernmental organizations, etc.) in order
to put pressure on government’s behavior towamt®ee environmentally-friendly direction.
The more society demands environmental quality,nioee one expects a stringent policy.
We chose the following variables for the calculatad this index:

» Number of multilateral environmental agreeme&A ) signed by a country. As
MEAs become increasingly strict and demanding, d@npe with these agreements requires
a more stringent domestic policy. Given pressuefthe international organizations charged
with observing compliance, one could assume thafdbt of having signed an MEA would
signal a government’s willingness to harmonizeeitsironmental policy with international
standards in order to make it more effective.

» Existence of a regulation on air pollutigfCOLEX database of UNEP). We do
not consider the absolute number of laws and réguks because that could bias our results
in favour of countries with many laws but that acd always applied or effective. For this
reason, the variable takes value 1 if the courai/dir pollution regulations and 0 otherwise.

» Density of international nongovernmental organ@agi(NGO), represented by the
number of NGO members by million inhabitants. NGisy a considerable role in shaping
and applying participative democracy. They take pamechanisms or procedures instituted
at national level in order to implement the Ageritla program, by using their particular
capacities in the fields of education, poverty preiwon, protection and improvement of the
environment

» Number oflSO 14001certified companiesveighted by GDP.

> Adhesion to theResponsible Car® Program a unilateral voluntary initiative of
the chemical industry within the framework of whittte companies, represented by national
associations, work together in order to improverteafety and environmental performances
and to communicate with stakeholders about thedyets and manufacturing process. The
program is currently applied as broadly as possiitein the chemical and allied industries,
and through all the supply chain.

° In our analysis, this variable takes the valu®rRdountries that adhere to the Responsible Care®
Program, 1 for countries that do not adhere antldbanot have or have only a modest chemical

industry (<=5% of total industry, minimal value oeded by a country having adhered to the

Program), O for countries that do not adhere aatttave a more important chemical industry (>5% in

the total industry), in order to account for difat industrial structure across countries.
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We calculate the SEP index for the period 1995-2688ed on these variables by
using the Z-score techniqethat yields a classification of countries accogdito the
stringency of their environmental policy.

As for corruption, we use the opposite of tlrruption Controlindex developed by
Kaufmann, Kraay and Mastruzzi [2005]. This index asw@es the extent to which
governments fight corruption and it takes valuesgig between -2.5 and +2.5, the
maximum values signifying less corruption. The d®wf sign that we do thus yields an
indicator that varies directly with the degree airraption of the country. Fopolitical
instability (the variableIinstab), we use the opposite of thHeolitical Stability index by
Kaufmann, Kraay and Mastruzzi [2005], similarlyttee procedure for the previous variable.
The Political Stability index measures the probability that the governmenpower is
destabilized or replaced. To take into accadgrnocracyin the model, we introduce into a
robustness test a dummy variaBRREE that takes the value 1 if the country is charaober
by important civil liberties and political right$his variable is taken from the Freedom House
database.

For data onindustrial structure we have used UNIDO’s INDSTAT4 (REV3)
database and the value added of nine manufactseicigprs (on an ISIC three-digit level) and
we have calculated their weights in total manufactuproduction.

All other variables, such as GDP, net per capitanme, and trade openness, are from
the World Bank’sWorld Development Indicators 2005

Our database is an unbalanced pHr#l60 countries, limited to the 1995-2003 period
for reasons of data availability. It contains 1dnSition economies, 19 emerging economies
and 27 industrialized economies (see the Appendix).

To conclude, Table 3 in the Appendix shows the alations between the variables,
that correspond overall with the predictions of tieoretical model.

5 Estimation results

The empirical results confirm the predictions oé ttheoretical model and they are
robust with regard to alternative specificationkirtg into account additional variables that
may influence the dependent variables and/or iotavdh the explanatory variables.

We start by analyzing the empirical results presgmh Table 1. This table presents
the estimation results using the method of twosestimgst squares. We find a positive and
significant effect on C@emissions of GDP, the weight of the manufacturmdystry in the
total economy and the shares of the different ®dbess, apart from theaper Productsub-
sector, that have the opposite effect. The shdrén-Metallic Mineral ProductandOther
Manufacturing Productdiave no significant impact on G@missions (Model (1)). The scale
effect appears to be more important in the tramsiteconomies and weaker in the

1%1n order to test the robustness of the SEP inderlse calculated it using two alternative methods:
factor analysis and principal component analysibe Tndices calculated with these alternative
methods are very strongly correlated with the indalculated by using the method of Z-score. The
results of the regressions using the SEP indexledéd with alternative methods are available from
the authors upon request.

! The model has been tested for different sampleswftries and the results are similar. The panel i
unbalanced because of missing data in the INDSTAawhbase that do not seem to be linked to
country characteristics that may be correlated #ithvariables in our model; for example, there are
countries with a high degree of corruption thatéhae missing data, whereas there are missing data
points for countries with a low level of corruptigmainly due to the choice of classification REM2 o
REV3 by different countries and industries).
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industrialized and emerging economies (Model (Zjjat could be explained either by the
different weights of strongly polluting sectors time total production, or by differences in
production techniques. The technique effect isaggmted by the responsiveness to a change
in the stringency of environmental regulaticBEP index), that usually translates into a
modernization of technology and an improvement loé fproduction techniques. Like
Antweiler, Copeland and Taylor [2001], we find, saminat surprisingly, that this effect is
always very important, significantly negative, atatger than both the scale and the
composition effects. The particular contributionocafr study is to test these three effects for
different groups of countries, and we find that stiéngency of the environmental policy has
a more important marginal impact on pollution ire ttransition economies (the reference
group) in our sample. The technique effect is nmoelest in the emerging economi&sn(in

the table), and its marginal effect is the smalieghe industrialized economieng in the
table).

As for the stringency of environmental policy, $t positively affected by consumer
preferences for environmental quality, as represkfity the net per capita income of the
previous year. The impact of political instabilisnd corruption are significantly negative
(Model (1) in Table 1), as predicted by the thdoettmodel. Political instability and
corruption have a very important negative effecttm stringency of environmental policy in
the transition and emerging economfesut have a rather weak impact on the industgelliz
economies in our sample (Model (2)). Pelligrini @drlagh [2005] also found a significant
and very important negative impact of corruptionemvironmental policy and conclude that
institutional disorder prevents the economies iangition from obtaining effective
compliance with their environmental policy, despitereasing incomes. The negative impact
of corruption on the stringency of environmentaligothat is found here confirms the results
of other authors (Damania, Fredriksson and LisOf0Damania, Fredriksson and Mani
[2004], Welsch [2003]).

Furthermore, and in line with the theoretical moaeir results display the combined
effect of corruption and political instability ohd stringency of environmental policy. In a
similar manner to Fredriksson and Svensson [20@8].find that corruption significantly
reduces the stringency of the policy, but that #ffect is reduced as the political instability
increases. At the same time, political instabiligduces the stringency of environmental
policy, but for low corruption levels. This empaicresult is the same for transition and
emerging economies, but it is much weaker for itmhlszed economies. Finally, we do not
find any significant impact of current and pastdisvof emissions (variabl€30, andCO;_yar
+1) on the stringency of environmental policy.

2 The non-significant interaction term for this gpoof countries indicates that the effect is no
different from the one of the reference group, transition economies.
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Table 1 — Tests of the theoretical model
(reference group — transition economies)

Estimations b2 SLS O 2)
In(CO>) In(SEP) In(COy) INn(SEP)
In(GDP) 0,839*** 1,204%**
(0,029) (0,068)
Em*GDP -0,217%**
(0,074)
Ind*GDP -0,297***
(0,069)
In(Manuf_%GDP) 0,620%** 0,427
(0,15) (0,13)
In(Food_%Manuf) 0,488*** 0,0215
(0,098) (0,089)
In(Text_%Manuf) 0,322%** 0,253**
(0,050) (0,047)
In(Wood_%Manuf) 0,147 0,126***
(0,050) (0,043)
In(Paper_%Manuf) -0,232** -0,127
(0,10) (0,087)
In(NonMetal_%Manuf) 0,0265 0,0232
(0,047) (0,039)
In(Metal_%Manuf) 0,396*** 0,271 *+*
(0,066) (0,057)
In(Chem_%Manuf) 0,375 0,226***
(0,094) (0,087)
In(Mach_%Manuf) 0,500%** 0,144
(0,11) (0,10)
In(Other_%Manuf) 0,0616 0,0438
(0,055) (0,046)
In(SEP) -4,500%+* -6,489***
(0,22) (0,88)
Em*SEP 5,579%**
(0,96)
Ind*SEP 6,325%**
(0,99)
In(CO,) 0,00152 0,00107
(0,0037) (0,0040)
In(CO,_var.y) -0,0209 -0,0172
(0,051) (0,049)
In(Income.,) 0,0605*** 0,0623***
(0,014) (0,016)
In(Instab) -0,215%** -1,132*
(0,065) (0,49)
Em*In(Instab) 0,494
(0,55)
Ind* In(Instab) 1,017*%*
(0,49)
In(Corruption) -0,0567** -0,749*+*
(0,027) (0,26)
Em*In(Corruption) 0,322
(0,33)
Ind*In(Corruption) 0,700***
(0,26)
In(Corruption)*In(Instab) 0,127** 0,810**
(0,050) (0,36)
Em* In(Corruption)* In(Instab -0,269
(0,41)
Ind* In(Corruption)* In(Instab) -0,772**
(0,37)
Em -14,62*+* -0,531
Ind -16,51** -0,950%**
Tr 3,319
Constant 3,765*** 4,627***
Observations 365 365 365 365
R? 0,9960 0,2788 0,9975 0,3481

Legend: Standard errors in parentheses ; *** p<0*®p<0,05 * p<0,1
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Test statistics (D (2)
Wald test, F (p-valu®
- CO,| 7349,59 (0,0000) 7237,85 (0,0000)
- SEP, 23,15 (0,0000) 13,39Q00)
Wu-Hausman test, F (p-valu)
Ineome;| 0,80856 (0,3689) 0,81820 (0,3661)
Hausman (LM form), F (p-value)®:
-CQ 0,00 (1,0000) 0,00 (OO)
- SEF 0,00 (1,0000) 0,00 (1,0000)
Hausman specification tés
2SLS versus 3SLS, chi2 (p-value)2,62 (0,0307) 139,88 (0,0000)

a-The Wald and Likelihood ratio tests give very samitonclusions : they test whether there existsffatt or not.
In this case, the null hypothesis is that the doeffits of the explanatory variables equal zerove@ithe
calculated F statistics, we reject the null hypsihe

b-This test indicates whether the variablleome.; is exogenous. Since the p value exceeds 10%,taia the null
hypothesis, according to which the varialieome.; is exogenous to the model.

c-The Hausman Test (in the Lagrange Multiplier forrdje test whether the variables ¥ are endogenous
(correlated with the error term). This test confirthat the explanatory variables, apart from the thnat appear
simultaneously in the two equatior®®, et SEP), are exogenous.

d-The Hausman specification test shows that the asbm of our model on the total sample of 60 caestis
consistent using the method of two stage leastrequavhereas the three stage least squares methotl i

We continue the empirical analysis with some robess tests that are presented in
Table 2. Model (3) is a replica of the base modglop the total sample, but with the added
explanatory variablé&REE (civil liberties representing democracy). In a gammanner to
Fredriksson et al. [2005], we find that civil lies and political rights have a significantly
positive impact on the stringency of environmemnalicy. In the same way, this result
confirms the conclusions of other authors, sucRelBgrini and Gerlagh [2005] who found a
significant and positive marginal impact of demagraon the quality of environmental
regulation.

Model (3) shows that when democracy is taken imwoant, the marginal effect of
political instability (nstab) is no longer significant, whereas the coefficseat Corruption
andIncome.; increase somewhat. This change in the significamcksize of the coefficients
may be explained by the correlation between insbial variables and the level of income. In
principle, a democratic society is necessary ireofdr consumers to have the possibility to
express their preferences for environmental qualitydel (4) tests the impact of the variable
FREE for different groups of countries. Among theses¢hgroups, only the industrialized
economies in our sample have a significant posgifect of democracy on the stringency of
environmental policy.

Concerning the equation of G@missions, since the three effects of growth atso
be induced by trade, we test the robustness of results by introducing a variable
representing trade openness (the vari@dN in Model (5)). By comparing models (3) and
(5), we notice that the scale effect increasesh#lig Some coefficients representing the
relative share of different manufacturing sub-secthange their size and significance. Only
the coefficients of the industrial sub-sectétaper Productslron&Steel and Basic Metal
Products andMachinery and Equipmenare more or less robust. Also, once trade openness
Is taken into account, the effect on industrial,@issions of the share of the manufacturing
industry in the economy decreases. These changeseaexplained by the correlation
between trade openness and growth, countries’ egiongtructure and their industrial
specialization.
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Table 2 — Robustness tests

. 3) @ 5) 6)
Estimations b SLS IN(CO) | In(SEP) | In(COy) | In(SEP) | In(CO) | In(SEP) | In(CO) | In(SEP)
In(GDP) 0,886~ 0,873 0,928 1,010%
(0,030) (0,029) (0,038) (0,039)
In(Manuf_%GDP) 0,509% 0,354 0,388 0,292*
0.,17) 0.17) (0,15) (0,15)
In(Food_o%Manuf) 0,413 0,335+ 0,241+ 0,189
(0,099) (0,095) (0,095) (0,093)
In(Text_%Manuf) 0.315% 0,300%* 0,193 0,137
(0,057) (0,055) (0,051) (0,047)
In(Wood_%Manuf) 0.142%* 0,144 0,0259 0,0157
(0,056) (0,054) (0,054) (0,046)
In(Paper_%Manuf) 20,348+ 20,432+ 20,330 20,108+
0.11) 0.,11) (0,10) (0,090)
In(NonMetal_%Manuf) 20,0136 20,0330 20,0293 ane*
(0,047) (0,045) (0,042) (0,033)
In(Metal_%Manuf) 0.292% 0,279% 0.254% 03147
(0,079) (0,077) (0,068) (0,058)
In(Chem_%Manuf) 0,299% 0,268 0,0613 0,0351
(0,096) (0,093) (0,088) (0,070)
In(Mach_%Manuf) 0.410% 0,383 0.416% 0.159%
0,12) 0,12) (0,10) (0,096)
In(Other_%Manuf) 0,0839 00743 0,09331 0,0288
(0,060) (0,058) (0,052) (0,044)
In(SEP) -4, 415+ 4,065 2,203 2,354+
(0.24) 0,22) 0.27) (0,54)
In(CO) 20,00282 20,00217 0,00363 0,00174
(0,0036) (0,0041) (0,0045) (0,0048
In(CO,_vary) 0,00326 0,0132 20,0162 -0,0284
(0,053) (0,051) (0,055) (0,053)
In(Income.) 0,0764" 0,118" 0,0750% 0117
(0,014) (0,016) (0,015) (0,017)
In(Instab) 20,0362 20,0470 20,0372 20,0653
(0,071) (0,069) (0,071) (0,069)
In(Corruption) 20,0781 20,114+ 20,0751+ 20,139+
(0,028) (0,029) (0,028) (0,030)
In(Corruption)*In(Instab) 0,114** 0,103** 0,0935* 0,141***
(0,051) (0,049) (0,051) (0,050)
FREE 0,0682% 0,0128 0,046+ 0,057+
(0,017) (0,039) (0,019) (0,020)
Em*FREE 00572
(0,042)
IN"FREE 0,144
(0,050)
In(OPEN) 22,0097 | -0,131* | 3.188* |-0,0260
©037) | 0071 | (1.66) | (0,15)
Em* In(OPEN) 3,603+ | 0,222
©0,93) | (0,19)
Ind* In(OPEN) 4587|0232
2,25 | (0,29)
In(OPEN)*In(KL) 02197 20,355
(0,038) (0,19)
Em* In(OPENY"In(KL) 0,0462%**
(0,012)
Ind* In(OPENY*In(KL) 0,508"*
(0,23)
In(OPEN)*In(Incomey) 0,0169* 0,0119
(0,0075) (0,017)
Em* In(OPEN) *In(Incomg,) 0,0192
(0,021)
Ind* In(OPEN) *In(Incomex) 00137
(0,029)
Em 20,00224 8,434 | 0,0345
Ind -0,238%+* 20,046+ |-0,107%+*
Tr -8,253%+*
Constant 3,384 3,068+ 3,470% 3,210%+
Observations 329 329 329 329 317 317 317 317
R 00962 | 03335 | 00964 | 0,3990| 09972  0,3518]  0,09840,4179

Legend: Standard errors in parentheses ; *** p<0*®p<0,05 * p<0,1
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Moreover, the technique effect, represented bynfa@ginal impact of the stringency of

environmental policy, is decreased. One may corcthdt its effect is not always direct and
represented by a technical response to policyg&nay, but can be complemented by the
effect of trade openness and the need for comm@ianith technical and international

environmental standards.

Model (6) shows that the direct effect of trade ropess is to reduce industrial €0
emissions of emerging and industrialized econoniredustrialized economies, this effect
decreases as countries become more capital-abundasteas the negative effect of trade
openness on emissions increases with capital adationufor emerging economies. Opposite
results are found for the countries in transitibrade openness directly increases industrial
CO, emissions of the transition economies in our samplt the effect decreases with capital
accumulation. One could explain this result by gpecific development of the economies in
transition, that were strongly and irrationally ustkialized during the communist period. In
fact, trade openness would have stimulated theygtamh of sectors in which these countries
had comparative advantages, i.e., rather polligergors. Based on Antweiler, Copeland and
Taylor's [2001] analysis and our empirical resulige can conclude that trade openness
increases pollution in the countries that expoddgowhose production is pollution intensive.
If the direct effect of trade openness is to inseemdustrial C@emissions of the economies
in transition, then the indirect one that interasfth the accumulation of physical capital
reduces this effect. Economic openness (trade, Riduld have contributed to the
replacement of old capital (strongly polluting mitions and equipment) by more modern
technologies.

Finally, trade openness has also a direct impadhenstringency of environmental
policy. Model (5) on the total sample shows thatler openness reduces the stringency of
environmental policy ("race to the bottom" phenoorer), but that this effect is attenuated as
the net per capita income increases, and socieillingness to pay for environmental quality
increases. Model (6) does not enable us to disshgseparate effects of trade openness on
the stringency of environmental policy for the diéint groups of countries, so future research
that specifically analyses the impact of trade oess is needed.

We finish the empirical analysis by estimating Hase model on the reduced sample
of transition economies only (Table 3). Given thausiman test statistic (18.58) we discuss
the results estimated by three stage least sqtratare consistent and efficient. Starting with
the composition effect, the share of the manufatjusector in the economy was not a
significant determinant of industrial G@missions in the transition economies in our seampl
over the period 1995-2003. Since the manufactusegjor experienced a sharp drop in the
first phase of transition (1990-1995), it could lewer have been the determining factor in
explaining the fall in C@emissions during those years.

As for the structure of the manufacturing indusiiself, the marginal effects of
changes in the shares of tRaper Productsand Chemicalsectors are not significant. The
relative share of th#&Vood Productsector has reduced G@missions, though, whereas the
marginal effect of changes in the relative sharfeallothe other sectors has increased,CO
emissions.

3 The "race to the bottom" assumption is used asrgan@nt to fear that international trade and
investment put pressure on the environmental stded# countries and thus damage the environment.
For some, the expression "race to the bottom" sitgdkat the result will be a world of little ortivdut
environmental regulation. In general, the concerthat, insofar as countries are open to internatio
trade and investment, environmental standards lvélllower than those that would have prevailed
otherwise.

21



Table 3 — Transition countries only

2SLS 3SLS
In(COy) In(SEP) In(CO,) In(SEP)
In(GDP) 1,043 1,034%+*
(0,078) (0,061)
In(Manuf_%GDP) -0,183 0,162
(0,32) (0,24)
In(Food_%Manuf) 0,400* 0,411**
(0,23) (0,18)
In(Text_%Manuf) 0,124 0,213***
(0,10) (0,078)
In(Wood_%Manuf) -0,189 -0,168*
0,12) (0,092)
In(Paper_%Manuf) 0,0699 0,0344
(0,18) (0,14)
In(NonMetal_%Manuf) 0,543*** 0,396**
(0,21) (0,15)
In(Metal_%Manuf) 0,222 0,398***
(0,18) (0,14)
In(Chem_%Manuf) 0,0546 0,141
(0,13) (0,094)
In(Mach_%Manuf) 1,204%** 0,912%**
(0,21) (0,15)
In(Other_%Manuf) 0,437+ 0,303***
(0,14) (0,10)
In(SEP) -5,455%** -5,547***
(0,50) (0,41)
In(COy) -0,000263 0,00122
(0,0084) (0,0078)
In(CO,_vat.1) 0,00847 -0,0212
(0,072) (0,055)
In(Income.;) 0,0945** 0,114+
(0,039) (0,033)
In(Instab) -1,122** -1,248%*
(0,46) (0,39)
In(Corruption) -0,723*+* -1,012%+*
(0,25) (0,21)
In(Corruption)*In(Instab) 0,833** 1,063***
(0,34) (0,29)
Constant 4,175%** 4,323+
(0,59) (0,48)
Observations 82 82 82 82
R 0,9976 0,5606 0,9973 0,5315
2SLS vs 3SLSHausman chi2 and p-valug) 18,58 (0,0992)

To conclude the test of the basic model on the saofransition economies, we find
empirical results similar to those of Antweiler,g&and and Taylor [2001]: significant scale,
composition and technique effects, the last bemgrasented by a responsiveness to the
stringency of environmental policy, and having thest important marginal impact. As to the
total impact on C@ emissions, the scale and the composition effeat® tboth increased
industrial CQ emissions, whereas the technique effect has rddtilwem and actually
compensated for the first two effects, bringing wtban 18% reduction in industrial GO
emissions over the period 1995-2003. Table 4 shinesesults for each effect. Using the
change in GDP in transition countries between 188& 2003 (+30%), and of all the sub-
sectors for which we found a statically significaftect in the three stage least squares
regression on transition economies, and multiplythgm by their marginal effects (the
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elasticity coefficients from Table 3), we estim#bat the scale effect and the composition
effect have increased G@missions by 31% and by 8.4% respectively. By iplyihg the
change in the SEP index (+10.5%) with the estimatedginal effect of an increase in the
stringency of environmental policy, we find thaettechnique effect reduced industrial £LO
emissions by 58%.

Table 4 — Estimation of the scale, composition artéchnique effects for
transition economies, variation inco, emissions in 2003 compared to 1995.

A2003vs1995.% 1 [C.I. of ACO,, 95%]
X dCO,/dX P>z X 1 Cco,
In(GDP) 1,0337 0,0000 30,041 31,05 2746 34,65
Ln(Manuf %GDP) 0,1619 0,5000 -11,38 11,84 719 351
In(Food_%Manuf) 0,4108 0,0240 15,84 6,51 088 1214
In(Text %Manuf) 0,2133 0,0060 36,71 783 2201 13,46
In(Wood %Manuf) -0,1683 0,0670 33,89 57| 1180 041
In(Paper_%Manuf) 0,0344 0,8020 -0,99 -0,03 0,301 0,23
In(NonMetal %Manuf) 0,3957, 0,0110 34,22 13,54 3,161 23,92
In(Metal %Manuf) 0,3985 0,0040 6,181 -2,46 4161 0,77
In(Chem_%Manuf) 0,1407 0,1330 -33,65, 473|  -10920 145
In(Mach_%Manuf) 0,9121 0,0000 -20,35, -18,56|  -24,74  -12,38
In(Other %Manuf) 0,3031 0,0040 24,06, 7,29 2,35 12,24
In(SEP) -5,5469 0,0000 10,47, 58,1]  -66,51, -49,64

Note : The estimates of variables (X)bald are significant at a 5% level, excéfibod %Manuf — at 6.7%.

Overall, the total reduction of 18% of industrialOL emissions is considerable.
Nevertheless, our analysis suggests that theretimgre potential for pollution reduction by
means of a technique effect induced by increasedgsehcy of environmental policy. In
particular, our econometric analysis shows a sicgmift impact of institutional quality on the
stringency of environmental policy, and thus onlya@n. If there were convergence in the
indicators measuring corruption and political ibgdity in transition economies towards the
level of the same indicators for industrialized mmwmies, further improvement of
environmental quality could be achieved in the didmn economies studied here. In 2003, the
industrialized economies in our sample had an aeesaore of 1.3 for corruption and of 1.98
for political instability. In the transition econa@s in our sample, the equivalent indicators
were 3.01 and 2.6 respectively. Convergence towards the same &vidle indicators for
industrialized economies implies a reduction by S@%he corruption indicator and by 26%
in the indicator for political instability. This dection in corruption alone would bring about
an improvement of 57% of the SEP index, all elsgaén particular, an unchanged level of
political instability). This would translate into @nsiderable reduction of industrial €0
emissions. If, all else equal, the level of podtienstability was reduced to the level of
industrialized economies, there would be an in@ez#s32% in the SEP index. If the two
indicators — corruption and political instabilitycenverged simultanously towards the level of
the industrialized economies in our sample, theng#incy of environmental policy would
increase further, yielding a considerable improveime environmental quality of the
transition economies.

* These values represent the inverse of the orid@aaifmann indicators, with a transformation of
negative values into positive values: a low valugstindicates a low level of corruption and a high
value a higher level of corruption.
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Conclusion

The objective of the article was to test if the iemvmental performance observed in
the countries in transition between 1995 and 20@3 whe result of the change in the
economic and industrial structure or rather deteethiby an improvement in the stringency of
environmental policy. We developed a theoreticatlei@pecifying the demand for pollution
and the creation of the environmental policy (sypgl pollution) at the same time and we
tested this model on the determining factors otugtdal CQ emissions in the countries in
transition compared to the groups of emerging armtuistrialized economies. Our results
confirm the existence of a scale effect, a disagmgjeel composition effect, and a technique
effect, the last having had the largest marginglaat on industrial C@emissions.

The scale effect is greater in the transition eauese (compared to the industrialized
economies where it had less of an effect). As fier tomposition effect, the share of the
manufacturing sector in the economy was not a sogmt determinant of industrial GO
emissions in the countries in transition betwee®51@nd 2003. In terms of industrial
structure, the composition effect has had a sicgmifi impact on industrial pollution in the
economies in transition. We can conclude that theirenmental performance in these
countries can be explained partly by changes i ithdustrial structure: increases in the
relative weights of more pollution-intensive suletses and reduced shares of the less
pollution-intensive sectors.

The technique effect is represented in our studyhieyreactivity of producers to a
change in the stringency of environmental policat tisually occurs through a modernization
of production technology. This effect is signifitignegative and greater than both the scale
and the composition effects. Nevertheless, wheneffext of trade openness is taken into
account, the marginal impact of the stringencyrofimnmental policy decreases. One could
conclude that the technique effect is due alsoadet openness and the need for complying
with international technical and environmental d&as. At the same time, the direct effect
of increased trade openness is to reduce indugialemissions, but the impact decreases
when an economy becomes more capital-intensives fidsult is valid for the industrialized
economies in our sample, and to a lesser extehéoemerging economies. In the case of the
transition economies, the impact of trade openisesincrease industrial G@missions, but
this effect is attenuated with capital accumulatidmeir very industrialized economic
structure and the comparative advantage in thengly polluting) production of capital-
intensive goods at the beginning of the transitamyld explain this result. It is only with the
accumulation of more modern capital that these tms have been able to improve
production technology and become more effectivieims of pollution abatement.

As for the stringency of environmental policy ifselt is determined by the
institutional quality of the country and consumeefprences for environmental quality. The
impact of political instability and corruption i®gative, as predicted by the theoretical model;
their effect on the stringency of environmentalipplis very strong for the economies in
transition, whereas it is weak for the industriedizcountries in our sample. We also find an
interdependent effect of corruption and politicedtability on the stringency of environmental
policy. Finally, following tests of robustness, wete that the stringency of environmental
policy is also determined by two other variablesmdcracy and trade openness. The first is
strongly correlated with the institutional qualidf the country and has a significant and
positive impact on the stringency of the policy. fAs trade openness, our results on the total
sample indicate that trade openness reduced timgestcy of the environmental policy, but
that this effect was attenuated with higher nebime per capita. These results confirm the
“race to the bottom" hypothesis, the effect of whis mitigated once consumers become
richer and more concerned with environmental gualit
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To conclude, the environmental performance in teommdustrial CQ emissions of
the countries in transition recorded between 19852003 can be explained by the following
factors: a modernization of production technologguced mainly by increased stringency of
the environmental policy (contributing to a 58% uetion in industrial C@ emissions), and
that compensated the increase in emissions duehdostale effect (+31%) and the
composition effect in terms of changes in the s$tmg of the manufacturing industry in
favour of more pollution-intensive sectors (+8.4%Mhe technique effect thus permitted an
overall net reduction of 18% of industrial @@missions in 2003 compared to 1995. Finally,
the analysis concluded that further emission redost may be obtained in transition
economies through convergence of the quality ditutgonal governance indicators, such as
corruption control and political stability, towarttese in industrialized economies.
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APPENDIX

List of countries in the sample

Economies in transition™ Albania Bulgaria, Czech Republic, Estonia, Georgia, Hungary
Latvia, Lithuania, Moldova, Poland, Romania, RussiBederation, Slovenia, Slovak
Republic.

Emerging economie¥’: Argentina, Brazil, Chile, China, Colombia, Indiadbnesia, Jordan,
Malaysia, Mexico, Morocco, Pakistan, Peru, Philigs, South Africa, South Korea,
Thailand, Turkey, Venezuela.

Industrialized economies’”: Australia, Austria, Belgium, Canada, Cyprus, Derkna
Finland, France, Germany, Greece, Hong Kong, Ickldreland, Israel, Italy, Japan,
Luxembourg, Malta, the Netherlands, Norway, Portudgaingapore, Spain, Sweden,
Switzerland, UK, USA.

!> Previously planned economies that have embarkesh @ptransition process towards a market
economy.

'8 We define emerging economies according to the Bior§tanley Emerging Markets Index, 2006.
They are countries for which the GDP per capitavger than that of developed countries, but that go
through rapid economic growth, and for which livisijindards converge towards those in developed
countries, and that are characterized by a grosiirage of world commerce.

7 According to the 1997 edition of World Economic t@ok (IMF), a certain number of newly
industrialized countries in Asia (Hong Kong, Singeg), and Israel, are categorized in the group
traditionally known as industrialized countries.eBb countries, as well as Cyprus and Malta, are
among the top 30 countries in terms of standatviofy (Economist Intelligence Unit’s quality offé
index, 2005).
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Variable descriptions

Table 1 —Variable definitions and sources

Name Definition Source
CO, Industrial carbon dioxide emissions, in KT Interoadl Energy Agency
GDP GDP in constant 2000 US$ World Development Indicators 2005, World

Bank

Manuf_%GDP

Share of the manufacturing sector’s value added) (WAhe
GDP

INDSTAT4 (REV3) database of the United
Nations Industrial Development Organizatio
(UNIDO)

=

Food_%Manuf

Share of thé&ood sub-sector’s VA in the total manufacturing
sector's VA

UNIDO INDSTAT4 (REV3) database

Text_%Manuf

Share of th@ extilessub-sector’'s VA in the total manufacturin
sector's VA

YUNIDO INDSTAT4 (REV3) database

Wood_%Manuf

Share of th&Voodproducts sub-sector’s VA in the total
manufacturing sector’'s VA

UNIDO INDSTAT4 (REV3) database

Paper_%Manuf

Share of théaper productsub-sector’'s VA in the total
manufacturing sector's VA

UNIDO INDSTAT4 (REV3) database

NonMetal_%Manuf

Share of thélon-Metallic mineral productsub-sector’s VA in
the total manufacturing sector's VA

UNIDO INDSTAT4 (REV3) database

Metal_%Manuf

Share of théron & steel and basic metal productab-sector’s
VA in the total manufacturing sector's VA

UNIDO INDSTAT4 (REV3) database

Chem_%Manuf

Share of th&€hemicalssub-sector’s VA in the total
manufacturing sector’'s VA

UNIDO INDSTAT4 (REV3) database

Mach_%Manuf

Share of thé/lachinery & equipmergub-sector’s VA in the
total manufacturing sector’'s VA

UNIDO INDSTAT4 (REV3) database

Other_%Manuf

Share of th®©ther manufacturing productub-sector’s VA in
the total manufacturing sector’'s VA

UNIDO INDSTAT4 (REV3) database

Stringency of Environmental Policy Index

Calculabsdthe authors

MEA — number of signed multilateral environmentgeeements

World Trade Organization

ECOLEX - takes value 1 if the country has air g@lulegislation and
0 otherwise.

United Nations Environment Program

Al

SEP NGO - the number of members of international novegumental Center for the Study of Global Governance. 2004
organizations per million inhabitants Global Civil Society 2004/5
1SO14001- the number of ISO 14001 certified firragyted by GDP ISO — International Organization for Standardizat
Responsible Care® membership (see explanatioreciios 4) Responsiplg_que@ The chemical industry’s glob
vquntary initiative
Incom Net income per capita lagged by one year, intesnaticurrent | World Development Indicators 2005, World
&1 dollars in PPP Bank
OPEN Trade openness. Calculated by the basic methodiused World Development Indicators 2005, World
international statistics : (Exports+imports)/GDP Bank
Instab Index for political instability (see explanatiomssection 4) Kaufmann et al. [2005]
Corruption Index for corruption (see explanations in sectipn 4 Kaufmann et al. [2005]
A dummy variable taking the value 1 if the coungy
considered democratic and 0 otherwise. In fatakiés value 1
FREE if the average of the two variables of Freedom téaus Freedom House
« Political Rights » and « Civil Liberties » lies imeen 1.0 and
2.5 (which indicates a high level of freedom).
Interaction term between trade openness and theaCafmick
to Labour ratio. The capital stock is calculatedubing the .
OPEN*KL following formula: Creation of fixed asset.95*Capital World Development Indicators 2005, World

stock ;. Because of data availability, the fixed assetatextin
1989 are taken as a basic capital stock.

Bank

OPEN *Income,;

Interaction term between trade openness and theenetapita
income

World Development Indicators 2005, World
Bank

Corruption*Instab

Interaction term between corruption and politicedtability

Kaufmann et al. [2005]

Tr, Emand Ind

Dummy variables for transition economies, emerging
economies and industrialized economies, respegtivel

Constructed by the authors
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Table 2 — Descriptive statistics

Variable Obs. Mean Std. dev. Min. Max.
Co, 533 63900,86 156913,6 15 12662085
GDP 540 4,75E+11 1,33E+12 1260000000 1,03E+13
Manuf _%GDP 456 19,75191 5,743874 4,548165 39,34211
Food_%Manuf 428 19,04128 9,856324 2,97583 64,52444
Text_%Manuf 428 7,749555 5,759608 0,1061753 36,48634
Wood_%Manuf 428 2,884719 2,780549 0,1630973 17,79801
Paper_%Manuf 428 9,479729 5,047287 1,942741 33,62775
NonMetal_%Manuf 428 5,590139 3,373295 0,0177442 19,53495
Metal_%Manuf 428 10,9699 4,998871 0,7675812 30,59557
Chem_9%Manuf 540 18,04802 8,954029 2,10706 62,09823
Mach_%Manuf 428 23,47831 10,6087 2,075568 53,69643
Other_%Manuf 428 2,787934 1,738049 0,0606678 9,722949
OPEN 504 0,8409266 0,5443998 0,171077 3,2558671
Income; 540 15174,49 10513,65 1270,449 57846,66
Corruption 540 2,262923 1,065265 0,4170122 4,154919
Instab 540 2,502241 0,8626573 1,242691 4,947204
FREE 477 0,7148847 0,4519433 0 1
SEP 540 6152841  7,683734 37,75274 98,0698
MEA 540 15,13704 3,787946 0 23
ECOLEX 540 0,8981481 0,3027338 0 1
NGO 540 474,2888 1014,68 0 6353,3
ISO14001/GDP(Mrd 540 58,48929 1334,457 0 31011,04
Responsible Care® 5400,6666667 0,4718416 0 1
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Table 3 — Partial correlations (significance / p-vlues initalic)

0, 0, 0, 0, 0,
CO. GDP Ghb 'anii Marui séMandt Mandi  SoManul éManii SeMamii Manii Mangi SEP_ OPEN Income Comupton insiab FREE
CGo, 1.0000
GDP 0.5773 1.0000
0.0000
Manuf_%GDP 0.3169 0.0266 1.0000
0.0000 0.5715
Food_%Manuf -0.1637 -0.1633 -0.2462 1.0000
0.0007  0.0007 0.0000
Text_%Manuf 0.0111 -0.1769 -0.2590 0.1019 1.0000
0.8206  0.0002 0.0000 0.0350
Wood_%Manuf -0.1483 -0.1173 0.0370 0.1035 0.0220 1.0000
0.0023 0.0151 0.4806 0.0323  0.6500
Paper_%Manuf -0.1940 0.0339 -0.2085 -0.2882 -0.2688 0.1905 1.0000
0.0001 0.4840 0.0001 0.0000 0.0000 0.0001
NonMetal_%Manuf  -0.0630 -0.1432 -0.1959 0.3259 0.3070 -0.0567 -0.2896 1.0000
0.1970 0.0030 0.0002 0.0000 0.0000 0.2416 0.0000
Metal_%Manuf 0.0621 0.0874 -0.0239 -0.3397 -0.2673 0.0383 0.0358 -0.0142  1.0000
0.2032 0.0708 0.6495 0.0000 0.0000 0.4290 0.4603 0.7690
Chem_%Manuf 0.0812 0.0243 0.0929 -0.1309 -0.1909 -0.4240 -0.3394 -0.1399 -0.1222 1.0000
0.0611 0.5732 0.0473  0.0067 0.0001 0.0000 0.0000 0.0037 _ 0.0114
Mach_%Manuf 0.2134 0.2447 0.4063 -0.6888 -0.3302 -0.1597 0.2013 -0.5182 0.0440 -0.1255 1.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0009 0.0000 0.0000 0.3638 0.0094
Other_%Manuf -0.0822 0.0015 -0.0922 -0.1361 0.0648 0.2528 0.1798 -0.0057 0.1202 -0.4519 0.0881 1.0000
0.0920 0.9750 0.0786 0.0048 0.1812 0.0000 0.0002 0.9070  0.0129 0.0000 0.0688
SEP -0.1728 0.0478 0.0685 -0.2109 -0.2459 0.1660 0.3932 -0.1972 0.0953 -0.1504 0.1867 0.1926  1.0000
0.0001 0.2670 0.1444 0.0000 0.0000 0.0006 0.0000 0.0000 0.0488 0.0005 0.0001 0.0001
OPEN -0.2690 -0.2679 0.0352 -0.1682 0.1719 0.1112 0.1220 -0.0366 -0.1865 -0.0728 0.0921 0.1082  0.1798 1.0000
0.0000 0.0000 0.4589 0.0007 0.0006 0.0263 0.0147 0.4654 0.0002  0.1024 0.0662 0.0307  0.0000
Incomes -0.0120 0.3150 -0.1132 -0.4788 -0.3817 -0.0040 0.5660 -0.3941 0.2941 -0.0705 0.4049 0.2215 0.5335 0.2753 1.0000
0.7824 0.0000 0.0156 0.0000 0.0000 0.9350 0.0000 0.0000 0.0000 0.1015 0.0000 0.0000  0.0000 0.0000
Corruption 0.0594 -0.2003 0.0154 0.4853 0.4461 -0.0488 -0.6730 0.3738 -0.1979 0.1158 -0.4427 -0.1520 -0.5497 -0.1953 -0.8633 1.0000
0.1710 0.0000 0.7432 0.0000 0.0000 0.3135 0.0000 0.0000 0.0000 0.0070 0.0000 0.0016  0.0000 0.0000 0.0000
Instab 0.0629 -0.1319 -0.1275 0.3936 0.3546 -0.1981 -0.5474 0.2614 -0.1893 0.2341 -0.3688 -0.2681 -0.5593 -0.3191 -0.7253 0.8081 1.0000
0.1469 0.0021 0.0064 0.0000 0.0000 0.0000 0.0000 0.0000 0.0001 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
FREE -0.1097 0.1498 -0.0439 -0.2329 -0.2917 0.2036 0.3916 -0.3481 0.4181 -0.1313 0.1674 0.4008 0.4880  0.1293 0.5789 -0.5508  -0.6570 1.0000
0.0173 0.0010 0.3742 0.0000 0.0000 0.0001 0.0000 0.0000 0.0000 0.0041 0.0011 0.0000 0.0000 0.0060 0.0000 0.0000 0.0000
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