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EBRU GUVEN SOLAKOGLU

The Effect of Property Rights on the
Relationship Between Economic
Growth and Pollution for
Transition Economies
ABSTRACT: The paper measures changes in environmental quality in transition countries from 1987 to 2000 because of economic growth and environmental reforms. Indication of property rights may accelerate the growth process, as well as the composition
effect on the environment. Thus, we compare transition countries that are not yet members of the European Union offering poorly defined property rights with EU-member transition countries offering better-defined property rights. We find that although EU-member
transition countries exhibit an inverted U-shaped relationship between pollution intensity
and economic growth, with a turning point at $5,710, non EU-member transition countries do not support such a relation.

The investigation of an inverted U-shaped relation between economic
development and pollution started with Lucas et al. (1992) and Grossman
and Krueger (1993; 1995). Many other studies followed; they differed
in the type of pollutant examined, such as sulfhur dioxide (SO2), nitrogen oxides (NOx), total suspended particulate (TSP), and carbon, but
most supported an inverted U-shaped relation between economic development and pollution. However, their results indicated different turning
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points, mostly due to differences in their model specifications (HoltzEakin and Selden 1995; Roberts and Grimes 1997; Selden and Song
1994; Shafik and Bandyopadhyay 1992).
Later studies expanded earlier studies by including other pollutants,
such as automobile emissions (Kahn 1998) and toxic waste (Arora and
Cason 1999; Millimet and Stengos 1999; Wang et al. 1998). Most of
these studies agreed that economic growth does not steadily deteriorate
environmental quality. In general, they concluded that the relation between income and the demand for environmental quality is likely to
depend on the type of measure used to represent environmental quality.
There were also theoretical derivations of the relationship (Andreoni
and Levinson 2001; Selden and Song 1994). In addition, some studies
introduced factors such as trade and openness to explain the relation
between environment and economic growth (Frankel and Rose 2002;
Vukina et al. 1999).
Frankel and Rose (2002) analyzed the effect of trade on a country’s
environment for a given level of gross domestic product (GDP), and
concluded that the results generally support the inverted U-shaped relation of environment and growth, as well as the proposition that openness to trade accelerates the growth process. Vukina et al. (1999)
measured changes in environmental quality in the early years of economic transition for twelve Central and East European (CEE) countries
and newly independent states (NISs) by separating the pollution into
scale and composition effects. They found that emissions from manufacturing output have decreased because of a substantial fall in the manufacturing output of transition countries. However, emissions due to the
composition effect had heterogeneous patterns.1
Transition economies are an interesting sample to use to investigate
the relation between environmental quality and economic growth. Environmental issues were not a priority in the command systems, and heavy
goods production encouraged environmental degradation. However, in
the move away from command economies toward market-driven economies in the first half of the 1990s, liberalized prices led to inflation and
loss of macroeconomic control. Furthermore, due to economic turmoil
and the beginning of competition in the early phases of transition, profits
and output fell sharply, leading to decreases in pollution levels.2 The output fall came from both supply and demand factors. In contrast to some
countries in the Commonwealth of Independent States (CIS), East European and Baltic states showed smaller output falls and faster recoveries.3
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After the mid-1990s, however, macroeconomic stability showed a
mixed picture. Output started growing rapidly mostly in the Baltic countries, but it was slower in others. Most of the growth was partly from
increases in domestic demand (e.g., Hungary, Slovenia, Lithuania, Estonia) and partly from increases in external demand (e.g., Hungary, Slovak Republic, Lithuania). Some investments were made in the
environment to reduce emissions after the mid-1990s as a result of increases in household incomes and preparation for EU environmental
standards.4
This paper examines the effect of reforms on environmental quality
for transition economies from 1987 to 2000. It focuses on the effect of
the existence of property rights on environmental quality and economic
growth by investigating whether the indication of property rights accelerates the growth process and provides better environmental quality. That
is, do countries with better-defined property rights reach a cleaner environment sooner than do other transition countries? We address this question by comparing two groups of transition economies: new EU-member
countries with better-established property rights, and the rest of the transition countries with poorly established property rights.
We hypothesize that legal protection of property rights creates incentives to use resources efficiently, and the efficient use of resources may
lead to better environmental quality. We assume that EU membership
for the eight transition countries required better-defined property rights
compared to the rest of the transition countries. However, the definitions of the measures that define property rights are not explicit, as the
measures are debatable to capture the essence of property rights. Previous studies (e.g., Deacon 1994; Pargal and Wheeler 1996) consider different definitions of measures that explain the degrees of property rights
in different countries. Some examples for definitions of property rights
are measures of political turmoil and repression (Deacon 1994), land
tenure, land values, identity of the land agencies involved and investment (Alston et al. 1996), and exchange controls and the ratio of total
credit allocated to the private sector as a percentage of GDP (Leblang
1996). The existence of property rights and their effect on resource use,
investment, and market expansion has become an important issue explaining differences in economic growth (Leblang 1996; Scully 1992).5
Furthermore, differences in economic growth across countries may explain changes in environmental quality (Barzel 1989).6 This study does
not incorporate any definitions of property rights into the analysis; rather,
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it captures the effect of property rights in a comparative study by assuming that being a EU-member state indicates better-defined property rights
for those countries.
The assumption that EU member states have stronger property rights
is relevant because democratic nations tend to protect property rights
more than do nondemocratic nations (Leblang 1996), and democratization is an outright pressure from international organizations. The European Union required democracy as an explicit precondition for accession
negotiations (Fidrmuc 2003). To test our assumption, we use the ratio of
total credit allocated to the private sector as a percentage of GDP to
indicate property rights, following Leblang (1996). Although the ratio is
not the only indicator, it was used in previous studies and was available
for our sample. The latest data available was for 2002, and with the exception of Lithuania, the measure almost ranked countries by their EU
membership. For EU transition countries, the ratio of total credits allocated to the private sector is much higher than it is for non-EU transition
countries. While the ratio changes from 28.8 to 40.6 for EU transition
countries in 2002, for non-EU transition countries, it changes from 4.2
to 18.8. Thus, it is possible to depend on EU membership to define property rights for these countries.
Data and Methodology
This paper uses the estimates of sectoral pollution intensities for industrial activities from the Industrial Pollution Projection System database
(Hettige et al. 1995). The database includes fourteen different pollutant
types, expressed in pounds of pollutant per million dollars of output at
1987 prices, with three-digit International Standard Industrial Classification (ISIC) disaggregation levels. The pollutants are categorized into
four main groups. The TOXIC group includes toxic chemicals in the air,
water, or soil. The BIO group includes bioaccumulative metals in the
air, water, or soil. The AIR group includes air pollutants, such as nitrogen oxides, sulfhur oxides, volatile organic compounds, all suspended
particulates, and carbon monoxide. The WATER group includes water
pollutants, such as biological oxygen demand and total suspended solids.
The data set includes eighteen transition countries, eight of which
concluded negotiations in December 2002 and became member-states
of the European Union as of May 2004. The manufacturing output of
these countries is obtained from the Industrial Statistics Database
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(INDSTAT3 2005; United Nations Industrial Development Organization [UNIDO] 1996) at three-digit ISIC disaggregation levels.7 The observations for these countries, for fourteen pollutants over fourteen years,
are unbalanced. Technology is assumed to be fixed according to 1987
U.S. technology levels across countries and in time. In other words, we
assume that transition countries are all using the same technology as
what U.S. industry was using in 1987, and there is no technological
progress during the analyzed period.8
We calculated pollution intensities—that is, emissions—by multiplying the output in millions of U.S. dollars with pollution-intensity coefficients for each sector of each country from 1987 to 2000. Adding the
pollution intensities for all sectors gave us the total pollution intensities
in the manufacturing sectors for our panel, which is used to estimate the
relation between the total pollution intensities and per capita GDP in the
next section.
Estimation and Results
We start our analysis by estimating the relation between total pollution
intensities (E) and GDP per capita (GDPK) for all transition countries
and all pollutants with the following model:
Eit = β0 + β1GDPKit + β2 GDPKit2 +εit ,

(1)

where i is a country index, t is a time index, and εit states the disturbance
with zero mean and σ2 variance. Because some exogenous factors may
be omitted from the list of independent variables, or may be correlated
with pollution intensities, we estimate the relation by both ordinary least
squares (OLS) and generalized least squares (GLS).9 Table 1 reports the
Lagrange multiplier (LM) test and the Hausman’s χ2 specification test
results. High LM test values favor GLS over OLS, and high values of
Haussman’s χ2 test favor fixed-effects models over random-effects models. The model is chosen by testing the orthogonality of the random
effects and the regressors. The null hypothesis states no correlation. Thus,
large values of the test suggest statistical preference for a fixed-effects
model specification.10 Table 1 presents the estimates of fixed-effect, random-effect, and basic pooled regression models and test statistics. The
signs of β{1 and β{2 are expected to be positive and negative, respectively.
The turning points that give the maximum point of the inverse U-shaped
curve for each pollutant, –β{1/2β{2, are of particular importance.

Non-EU-accessed
transition countries
n = 1,358

EU-accessed
transition countries
n = 1,148

All transition countries
n = 2,506

All Pollutants

Table 1

GDPK2

GDPK

Constant

GDPK2

GDPK

Constant

GDPK2

GDPK

Constant

–400,539,814
(–1.17)
1,282,532
(2.53)
–299.13
(–1.98)

–441,475,251
(–0.79)
380,102
(1.53)
–28.89
(–1.31)

39,509,032
(0.17)
272,227
(1.87)
–23.84
(–1.59)

OLS

–764,944
(–0.76)
77.79
(0.33)

1,825,390
(4.33)
–168.02
(–3.97)

1,508,235
(4.44)
–137.69
(–4.02)

Fixed

GLS

–514,967
(–0.01)
540,365
(0.78)
–112.67
(–0.57)

–1,846,008,151
(–2.011)
1,324,720
(3.53)
–117.85
(–3.19)

–76,097,635
(–1.59)
918,090
(3.44)
–80.99
(–2.98)

Random
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LM statistic = 41.87
Haussman’s χ2 = 3.18
Favors GLS randomeffects model
Turning point
2,397.999

LM statistic = 8.22
Haussman’s χ2 = 9.18
Favors GLS fixed-effects
model
Turning point
5,432.062

LM statistic = 57.14
Haussman’s χ2 = 8.1
Favors GLS fixed-effects
model
Turning point
5,476.923

Test statistics
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The results clearly indicate that there is an inverted U-shaped relation
between pollution intensity and income per capita for all transition countries. According to fixed effects results, GDPK and GDPK2 estimators
are significantly different from zero and both have expected signs. The
turning point is calculated as $5,710.11
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Differences Between the Two Groups of
Transition Countries
Our simple model suggests a concave pollution-income path that eventually slopes down. Does that mean that higher-income transition countries are enacting good environmental policies and have better-defined
property rights? Are lower-income transition countries enacting bad policies, and would they be better off with international guidance in setting
pollution standards? Can we explain the role of “better-defined” property rights on environmental quality by investigating the differences
between the two samples? To find an answer, assuming EU membership
requires better-defined property rights, we divide the sample between
transition countries that became EU members as of May 1, 2004 (EUaccessed transition countries) and those that are not yet EU members
(non-EU-accessed transition countries).12
The results are reported in the second and third rows of Table 1. Using the same estimation techniques as above, we find no statistically
significant relation between pollution intensity and GDP per capita in
non-EU-accessed transition countries. EU-accessed transition countries,
however, show a significant inverted U-shaped relation between pollution intensity and GDP per capita, with $5,432 as the turning point.
Because the GDP per capita for non-EU-accessed countries does not
exceed $3,000, the results are not surprising. However, it is doubtful
that an observed inverted U-shaped pollution–income path for the full
sample, and no path for poorer non-EU-accessed transition countries, is
sufficient to argue that the policies of the poorer countries are inefficient, or that they do not have good pollution regulations.
The Effects of Different Groups of Pollutants
The literature recognizes that different pollutants lead to different results when testing for environmental Kuznets curves. Nevertheless, most
studies managed to find inverse U-shaped patterns for most pollutants.13
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We divide the sample across groups of pollutants (TOXIC, BIO, AIR,
and WATER) to capture the differences among pollutants and reestimate the relationship. The water pollutants BOD and TSS show similar
results to the full sample results.14 The rest of the pollutant groups do
not present any significant relation between pollution intensities and
GDP per capita. Table 2 contains water pollutant estimations and test
results.
Narrowing the samples by grouping the pollutants, we find that BOD
and TSS water pollutants are the only pollutants for EU-accessed transition countries that support such a relation. These results may suggest that
EU-accessed transition countries adapted better-defined property rights
to prevent water pollution. However, the results do not suggest the opposite for other types of pollution.
The analysis also suggests that EU-accessed transition country tests
favor fixed-effects models, which in turn suggests that emission differences across countries can be captured by differences in the constant
term. On the other hand, non-EU-accessed transition country tests favor
the random-effects model, suggesting that screening emissions are randomly distributed across this group of countries.
Another interesting finding is that non-EU-accessed countries suggest a significant U-shaped relation between pollution intensities and
GDP per capita for toxic chemicals in the air, water, or soil, suggesting
a (minimum) turning point at $724. The result suggests that the countries may have moved away from producing manufacturing goods that
emit toxic chemicals in the air, water, and soil at very early stages of
transition and started producing these goods at later stages. This result,
again, does not necessarily suggest any environmental regulation changes
in these countries.
Composition Effects: EU Versus Non-EU Transition
Countries
Our analyses suggest that instead of examining the entire inverted
U-shaped pollution-income path, we should investigate certain forms
of pollution decline with economic growth for certain groups of countries
over time, to understand the effect of better-defined property rights. The
composition of economic activities and technology is an important factor
for understanding the effect of property rights. Property rights may lead
to changes in the composition of economic activities or technology, which

Non-EU-accessed
transition countries
n = 194

EU-accessed
transition countries
n = 164

GDPK2

GDPK

Constant

GDPK2

GDPK

Constant

Water Pollutants: BOD, TSS

Table 2

–0.3E + 10
(–1.25)
9,275,621
(2.69)
–2,379.01
(–2.31)

–3.3E + 15
(–0.85)
2.70E + 12
(1.54)
–0.20E + 8
(–1.32)

OLS

–5,101,857
(–0.8)
295.69
(0.2)

1.30E + 13
(4.98)
–1.18E + 9
(–4.56)

Fixed

GLS

4.9E + 8
(0.14)
3,133,844
(0.68)
–863.49
(–0.67)

–1.40E + 16
(–2.35)
9.90E + 12
(4.26)
–8.92E + 8
(–3.85)

Random
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LM statistic = 55.93
Haussman’s χ2 = 3.46
Favors GLS randomeffects model
Turning point
1,814.638

LM statistic = 8.92
Haussman’s χ2 = 9.78
Favors GLS fixedeffects model
Turning point
5,526.907

Test statistics
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may result in downward pressure on emissions if sectors with low emission intensities grow faster than do sectors with high emission intensities. There is also a scale effect corresponding to the manufacturing share
of total output. Manufacturing output substantially decreased early in
transition for most countries, resulting in a decrease in total pollution
(Vukina et al. 1999). However, industrial activity started growing rapidly
in the later stages of transition in some of these countries. This does not
necessarily cause total pollution to increase rapidly as well, if production
moves toward cleaner sectors as captured by the composition effect. Therefore, the change in pollution intensities would depend on the dominating
effect. If the (positive) scale effect dominates the (negative) composition
effect, total pollution will continue increasing proportionally to increases
in production. On the other hand, if the (negative) composition effect
dominates the (positive) scale effect, total pollution will fall (Lucas et al.
1992; Vukina et al. 1999).15 We calculated these effects for eighteen transition countries for an unbalanced fourteen years; Table 3 presents the
results. Positive (negative) scale effects present the increase (decrease)
of pollution proportionally to the aggregate manufacturing activity. Positive composition effects indicate deterioration in environmental quality
as composition changes toward dirtier manufacturing sectors. Negative
composition effects indicate improvement in environmental quality, suggesting that manufacturing sectors with low-emission intensities grow
faster than sectors with high-emission intensities.
Calculations show that the manufacturing share of total output in the
EU-accessed transition countries (except Slovenia) increased during the
examined period. Among the EU-accessed transition countries, Hungary, Czech Republic, and Slovakia present an obvious pattern for composition changes toward cleaner manufacturing sectors. Sectors with
low-emission intensities in these countries show faster growth than do
sectors with high-emission intensities in all types of pollutants. GDP
per capita for these countries is around $5,000. Interestingly, Slovenia
behaves very differently than the other EU-accessed transition countries. Our calculations show that the manufacturing share of total output
in Slovenia decreased during the examined period. However, this decrease did not lead to any composition changes away from dirtier sectors and toward cleaner sectors. More interestingly, GDP per capita for
this country is about $11,500, according to World Bank statistics.
Calculations for non-EU-accessed transition countries are not very
surprising, because they suggest lower manufacturing share of total out-

Albania (1993–1997)
Armenia (1994–2000)
Azerbaijan (1990–2000)
Bulgaria (1987–2000)
Czech Republic (1988–1998)
Estonia (1992–2000)
Hungary (1987–2000)
Kyrgyzstan (1989–2000)
Latvia (1987–2000)
Lithuania (1992–2000)
Poland (1989–2000)
Romania (1987–2000)
Russian Federation
(1991–2000)
Serbia and Montenegro
(1994–2000)
Slovakia (1991–1999)
Slovenia (1987–2000)
Tajikistan (1992–2000)
Ukraine (1992–2000)

Scale and Composition Effects

Table 3

0.0651
0.1800
0.0848
0.0523
0.0004
0.0118
–0.0165
0.1779
0.0106
0.0042
0.0554
0.0411
0.0270
0.0278
–0.0024
0.0397
0.0774
0.0360

–0.1403
0.0832
0.0160
–0.0029
0.0513
–0.1561

BOD

–0.0372
0.0465
–0.1151
–0.1513
0.0022
0.4750
0.0264
–0.1630
0.7562
0.1179
0.0437
–0.0772

Scale
effect

0.0223
0.0127
0.0666
0.0902
0.0581

0.0832

0.0147
0.1712
–0.0078
0.0685
–0.0334
0.0518
–0.0577
0.2456
0.1034
0.0908
–0.0099
0.0706

TSS

Water pollutants

0.0191
–0.0252
0.0411
0.0770
0.0300

0.0137

–0.0694
0.1000
0.0594
0.0742
0.0277
0.0716
–0.0009
0.2368
0.0308
0.0490
0.0798
0.0077

Air

Composition effects

0.0220
–0.0567
0.0506
0.0808
0.0373

0.0209

–0.0732
0.1281
0.0893
0.0857
–0.0028
0.1101
–0.0238
0.2805
0.0382
0.0645
0.0784
0.0201

Solid

Toxic chemicals in

Downloaded by [Bilkent University] at 00:33 04 October 2017

0.0302
–0.0726
0.0478
0.0245
0.0311

–0.0119

–0.0328
0.0231
0.0144
0.0898
–0.0098
0.1284
–0.0345
0.2206
0.0088
0.0278
0.0842
0.0196

Water

(continues)
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Albania (1993–1997)
Armenia (1994–2000)
Azerbaijan (1990–2000)
Bulgaria (1987–2000)
Czech Republic (1988–1998)
Estonia (1992–2000)
Hungary (1987–2000)
Kyrgyzstan (1989–2000)
Latvia (1987–2000)
Lithuania (1992–2000)
Poland (1989–2000)
Romania (1987–2000)
Russian Federation
(1991–2000)

Table 3 (Continued)

0.0229
0.0740
0.1204
0.0711
0.0000
0.0569
–0.0240
0.3280
0.0635
0.0692
0.0580
0.0298
0.0299

0.0541

NO2

–0.0354
0.1968
0.1294
0.0723
–0.0127
0.0414
–0.0247
0.2705
0.0590
0.0872
0.0428
0.0245

SO 2

0.0668

–0.0519
0.2053
0.1249
0.0743
–0.0020
0.0548
–0.0255
0.2897
0.0974
0.0825
0.0192
0.0339

CO

0.0176

0.1039
0.0809
0.1296
0.0709
0.0256
0.0719
–0.0051
0.4848
0.0884
0.0908
0.0790
0.0187

VOC

Air pollutants

Composition effects

0.0720

–0.0084
0.0394
0.0522
0.0660
–0.0036
–0.0067
–0.0268
0.0506
0.0407
–0.0506
0.0010
0.0692

TEN

0.0466

–0.0219
0.1125
0.0911
0.0610
0.0026
0.0434
–0.0197
0.1686
0.0836
0.0067
0.0376
0.0415

All

Air

0.0690

–0.0839
0.2460
0.0546
0.0758
–0.0169
0.0819
–0.0311
0.2472
0.0945
0.0803
0.0087
0.0411
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0.0656

–0.0962
0.2559
–0.0050
0.0776
–0.0182
0.0934
–0.0298
0.2456
0.0933
0.0790
0.0265
0.0331

Land

Water

0.0488

–0.0160
0.0700
0.0637
0.0853
–0.0075
0.1333
–0.0388
0.2984
0.0815
0.0544
0.0531
0.0461

Bio-ACC metals in
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0.0307
0.0033
0.0550
0.0871
0.0369

0.0220
–0.0132
0.0485
0.0241
0.0255

0.0168
0.0106
0.0587
0.0885
0.0516

0.0125
–0.0351
0.0411
0.0534
0.0223

0.0260
0.0237
0.0621
0.0145
0.0345

0.0254
0.0107
0.0480
0.0714
0.0230

0.0300
–0.0026
0.0633
0.0902
0.0558

0.0324
–0.0041
0.0623
0.0904
0.0559

0.0199
–0.0567
0.0601
0.0701
0.0503

where E®/E stands for the rate of change in total pollution for the period under consideration, ei/E is the share of the ith sector pollution in total, S®i /S is the
rate of change in output share of sector i, and X®i /X is the rate of change in total output. The first term on the right-hand side of the equation (Σ(ei /E) * (S®i /S))
represents the composition effect; the second term on the right-hand side, X®i /X, represents the scale effect.

 e S  X
E
= ∑ i i + ,
E
E Si  X
i 

Notes: To determine the dominating effect, we calculated the composition and scale effects as follows (see Vukina et al. 1999 for more details):

Serbia and Montenegro
(1994–2000)
Slovakia (1991–1999)
Slovenia (1987–2000)
Tajikistan (1992–2000)
Ukraine (1992–2000)
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put for most of the countries and composition effects toward dirtier sectors.16 Overall, the results suggest that the sectors with composition
changes toward cleaner sectors are mostly the sectors in EU-accessed
transition countries that emit water and air pollutants into the environment. Among them, sectors in Czech Republic, Hungary, and Slovakia
that emit bioaccumulative metals and toxic chemicals in air, land, and
water show faster growth in low-emission intensities than high emission
intensities.
Conclusion
This study investigated whether an inverted-U relation exists between
total pollution intensity in manufacturing output and income per capita
for eighteen transition countries for an unbalanced fourteen years. The
key part of this study was to capture the effect of differences in property
rights on the relation by comparing two groups of transition countries.
One group presented the new EU-member countries with better-established property rights, as a country must meet certain EU environmental
standards to be a member state. The second group comprised the rest of
the transition countries with poorly established property rights, because
those countries have not yet established or prepared for such environmental standards. We recognize that not being a part of the European
Union does not necessarily suggest that property rights are less defined in
these countries. We tried to understand whether some transition countries
would benefit from international guidance in setting pollution standards.
We found that in EU-accessed transition countries, only BOD and
TSS water pollutants supported a relation between property rights and
pollution. Non-EU-accessed transition countries did not support the relation at all. Environmental policy may be more ambitious in countries
with higher incomes, which are the EU-member states in our sample.
However, it may also be the effect of the EU standards and regulations.
Because our findings suggested that EU-accessed transition countries
may have adapted better-defined property rights to prevent only water
pollution, the latter argument is obscure.
To understand the origins of change in emissions, we investigated the
composition of economic activities as an important factor to understand
the effect of property rights. This analysis provides a clearer insight to
understand the relation between economic growth and pollution with indication of property rights. Our calculations showed that non-EU-accessed
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transition countries suggested decreases in manufacturing share of total
output for most of the countries and composition effects toward dirtier
sectors. On the other hand, though manufacturing share of total output
in the EU-accessed transition countries (except Slovenia) increased during the examined period, composition effects suggested that sectors with
low-emission intensities grow faster than do sectors with high-emission
intensities, mostly in the sectors that emit water and air pollutants into
the environment.
Among the EU-accessed transition countries, Hungary, Czech Republic, and Slovakia (with per capita GDPs of $5,000) present an obvious pattern for composition changes of manufacturing toward cleaner
sectors for all types of pollutants. Therefore, it might be very useful to
investigate the environmental policies and regulations in these EU states
as role models. Moreover, the EU countries may provide international
cooperation, encouraging non-EU-accessed transition countries to reduce emissions and move toward cleaner manufacturing sectors while
sustaining economic growth.
Notes
1. One group of transition countries, which induced reforms affecting openness, showed cleaner composition effect, whereas the other group of transition countries, which induced reforms of privatization and enterprise restructuring, showed
dirtier composition effect.
2. Although these countries differ geographically and in environmental and socioeconomic conditions, they are similar in taking both economic efficiency and
environmental sustainability into consideration.
3. Albania, Poland, Romania, and Slovenia showed positive growth in 1993,
and twelve other transition countries showed positive growth in 1994. See Stern
(1996) for more details.
4. See World Bank, EU-8 Quarterly Economic Report, April 2004. Also, increase in incomes may lead to more environmental pressure with increases in consumption, or environmental control may not be compatible with the market economy.
The two reasons may not sufficiently ensure sustainable development.
5. Leblang (1996) argued that countries with well-defined property rights grow
faster than do countries with poorly defined property rights, and that the nature of
the political regime influences economic growth indirectly through the definition of
property rights. Leblang (1996) tests the relations between property rights, democracy, and economic growth using panel data from 1960 to 1990 for many countries.
Similarly, Scully (1992) argued that efficiency differences between economies are
the result of differences in the efficiency of the property rights structure.
6. Barzel (1989) argued that if the full protection of rights is costly, then rights
are never complete or well defined. However, if the ratio of benefits of property
rights to their costs increases, then property rights will be defined better in a society.
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That is why it is not surprising that the property rights are, generally, poorly defined
in developing countries and well defined in developed countries.
7. The latest data available for each cross section is for 2000. Because the negotiations are concluded in 2002, it would be better to have 2002 in the sample. However, the sample still captures the preparation and negotiation time period for these
countries.
8. Technology allows countries to develop cleaner technologies that would substitute for dirtier technologies when producing any given commodity, which leads to
decreases in pollution per unit of output when holding the output mix constant.
Therefore, this assumption should be treated carefully. Vukina et al. (1999) make
the same assumption and note that it leads to a pessimistic look on environmental
quality.
9. Therefore, we estimated Equation (1) assuming the error term is the sum of
two components: εit = ci + uit, where ci represents a country effect and uit is the
remaining error. It is assumed that the intercepts are drawn from a common distribution with mean c and variance σc2.
10. Fixed-effects estimation assumes that differences across countries can be
captured by differences in the constant term, or, simply, by introducing a dummy
variable for each country, which leads to large degrees of freedom loss. If we are
confident that the differences between countries are just parametric shifts of the
regression function (1), it will be appropriate to use fixed-effects models. If not,
then it may be more appropriate to view individual specific constant terms as randomly distributed across cross-sectional units. Because there is no justification that
omitted variables are not correlated with GDP per capita, the random-effects model
may also give biased and inconsistent results.
11. Among many empirical papers on the environmental Kuznets curve, Grossman
and Krueger (1995) find a peak before per capita GDP of $8,000 when examining
for SO2, TSP, and water for various countries and years. Some studies do not even
find a peak within reasonable range of incomes (Kahn 1998; Selden and Song 1994).
Most other studies agree that the findings are sensitive to countries and years in the
sample, as well as functional forms and specifications (Harbaugh et al. 2002; Hilton
and Levinson 1998; Roberts and Grimes 1997).
12. Member transition states are Czech Republic, Estonia, Hungary, Latvia,
Lithuania, Poland, Slovakia, and Slovenia. Accession negotiations for Czech Republic, Estonia, Hungary, Poland, and Slovenia had started in March 1998, and in
October 1999 for the rest. Transition countries that are not yet EU members are
Albania, Armenia, Azerbaijan, Bulgaria, Kyrgyzstan, Romania, Russian Federation,
Serbia and Montenegro, Tajikistan, and Ukraine. Bulgaria and Romania started negotiations in 1999 and are set for membership in 2007.
13. For example, CO2 shows a concave emission–income path with no peak at
reasonable income levels (Holtz-Eakin and Selden 1995; Roberts and Grimes 1997)
which may be because it is a global pollutant and difficult to regulate emissions.
Indoor air pollution, on the other hand, may be internalized, and suggests an inverse
U-shaped relation between income and indoor air quality (Chaudhuri and Pfaff 1998).
14. This finding is consistent with Shafik and Bandyopadhyay (1994), who find
water and sanitation pollution peaks earlier.
15. There are also many other studies separating the environmental effect of trade
liberalization into scale and composition effects (Grossman and Krueger 1993, 1995;
Stern 1996).
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16. The only exception is Albania. However, this can be because of the short
sample Albania presents.
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