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1.  INTRODUCTION

The effects of pollution and climate change are fre-
quently discussed in terms of contemporary social and
economic processes (e.g. Nishioka et al. 2006, Ebi &
McGregor 2008, Harris 2008). The effects of environ-
mental factors on the dynamics of economic growth is
so large that there is a need to revise the basic mea-
sures of growth that have been utilized thus far.
According to the most recent proposals by the Euro-
pean Commission, the new ‘green’ sustainable devel-
opment indicator formula will incorporate climate
change, energy consumption, level of biodiversity, pol-
lution of air and water and its effects on human health,
water management, the use of natural resources, and
certain social factors (see e.g. Goossens et al. 2007,
Stiglitz et al. 2009, European Commission 2010).

Research studies into the level of pollution and other
forms of degradation of the natural environment have,
until recently, mostly been based on absolute values of
the analyzed variables (e.g. Alvarez et al. 2004, EEA
2004, Kerr 2007). In these analyses, which attempt to
de fine whether there is a long-term balance point (i.e.
a shared steady-state level) describing all countries in
question in terms of a particular type of pollution, rela-
tive measures of pollution per capita have been used

(Heil & Wodon 1999, Strazicich & List 2003, Stegman
2005).

The approach recommended in the present study
uses relative measures of pollution in which the de -
nominator describes the size of the economy expressed
as its gross domestic product (GDP). We obtain a mea-
sure defined as the amount of pollution per GDP unit,
which allows assessment of the ecological effective-
ness of the analyzed economy. Low values of this mea-
sure indicate a high potential for reduction of the
amount of pollution. This relative pollution approach
takes into account both the size and the ecological
effectiveness of economies when analysing the effect
of an economic process on the degradation of the nat-
ural environment.

The main goal of the present study was to evaluate
and compare the processes leading to a reduction in
relative pollution in the developed and developing
countries within the Baltic Sea region (BSR). The rela-
tive approach is based on the assumption that less-
developed countries are characteristically quicker at
environmental improvement. If such an assumption is
not true, then we would observe a weak or even lack of
income convergence among the examined countries in
cases where the environmental factor is incorporated
into the green accounting of GDP (a recent study of
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income convergence among European Union countries
was presented in Batóg & Batóg 2006).

Previous analyses of pollution-level convergence
were based on the distributional approach (inter alia)
in the sense of stochastic kernel estimation, which sug-
gests that the cross-country distribution of emissions
per capita is characterized by persistence. Since there
is a lack of convergence, in an absolute sense, in emis-
sions per capita across countries, projection models
that generate convergence in emissions per capita are
inconsistent with their observed behavior (Stegman
2005)1.

Some authors also used the stochastic approach (see
e.g. Bernard & Durlauf 1995) to examine convergence
in emissions per capita by applying panel unit root
tests (Strazicich & List 2003) and the decompositions of
the Gini index (Heil & Wodon 1999) to analyze conver-
gence in projected emissions per capita.

In order to verify the main hypotheses, we assessed
whether relative levels of pollution are characterized
by the same long-term equilibrium and whether their
dispersion diminishes over time. Using a new concep-
tual model of marginal vertical convergence, we iden-
tified the contribution of individual countries to the
process of total convergence.

2.  METHODOLOGY AND SAMPLE

In the present study, 3 kinds of convergence analysis
were applied: σ-convergence, absolute β-convergence,
and marginal vertical β-convergence.
σ-convergence is an alternative to the Gini index and

applies if the dispersion of pollution levels for eco -
nomies tends to decrease over time. In the present
 paper, the examination of σ-convergence was based on
the estimation of a linear trend of standard deviations of
relative pollution:

σ = δ0 +δ1t + εt (1)

where σ is the standard deviation of logarithms of rela-
tive pollution, t is a time variable, δ0 and δ1 are parame-
ters of linear trends, and εt is random error.

Absolute β-convergence is an alternative to the distri-
butional and stochastic approaches and applies if coun-
tries with low and high levels of pollution tend to reach
the same long-run equilibrium (see e.g. Aghion &
Howitt 1999, Barro & Sala-i-Martin 2004). This kind of

convergence is described by the equation of absolute
β-convergence for discrete periods of unit length:

(2)

where the expression on the left-hand side of Eq. (2)
represents the average annual growth rate of relative
pollution in country i at time T, yi,T is the level of rela-
tive pollution in country i at time T, a is an intercept, u
is random error, β is the convergence rate and yi,0 is the
initial level of relative pollution in country i.

The rate of β-convergence can be calculated using
the formula:

(3a)

The term α1, the slope in Eq. (2), can be obtained by
rearranging Eq. (3a) in the following manner:

(3b)

Therefore the value of α1 is obtained by the estima-
tion of Eq. (2).

The half-life of convergence (T1/2) is the time at
which the convergence process is halfway between the
initial and the steady-state level and is given using the
formula:

(4)

It should be pointed out that the absolute β-conver-
gence analysis is not robust with regard to the choice
of the examined period (1990 to 2006), especially its
initial year.

The classical convergence approaches (β and σ) do
not differentiate between the speeds of convergence
for individual countries. As a solution to this problem,
the marginal vertical β-convergence could be applied.
The idea of this kind of convergence is described by
the formula:

(5)

where βi is the value of marginal vertical convergence
for country i, β is the rate of convergence calculated for
N countries, and is the rate of convergence calcu-
lated for N – 1 countries (excluding country i).

The marginal vertical β-convergence allows us to
assess the contribution of a given country to the pro-
cess of total convergence for the whole set of examined
objects.

The present research concerned 4 kinds of relative
pollution: A: emissions of acidifying substances (tonnes
of acid equivalent per 1000 units of GDP2), B: emissions
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1Some researchers came to quite different conclusions. For in-
stance, Criado et al. (2009) analyzed the spatial distributions
of per capita emissions and showed that cross-country pollu-
tion gaps have decreased over the period for nitrogen oxides
(NOx) and sulfur oxides (SOx) within Eastern as well as West-
ern European areas

2GDP is expressed in 2007 US dollars (converted to 2007 price
levels with updated 2005 Elteto-Koves-Szulc [EKS] purchas-
ing power parities [PPPs])



Batóg & Batóg: Convergence of Baltic relative pollution levels 87

of greenhouse gases (tonnes of CO2 equivalent per unit
of GDP), C: emissions of ozone precursors (tonnes of
ozone-forming potential per 1000 units of GDP), and D:
emissions of particulate matter (tonnes of particulate-
forming potential per 1000 units of GDP). The emissions
of acidifying pollutants, greenhouse gases, and ozone
precursors are defined according to the Convention on
Long-range Transboundary Air Pollution (LRTAP Con-
vention, www.unece.org/env/lrtap/), the United Nations
Framework Convention on Climate Change (UNFCCC,
http://unfccc.int/essential_  background/ items/ 2877.
php), and the European Union (EU, http:// rod. eionet.
 europa. eu/  instruments/ 592) Greenhouse Gas Monitor-
ing Mechanism. The emissions of acidifying pollutants
include nitrogen oxides (NOx), sulfur dioxide (SO2), and
ammonia (NH3). The greenhouse emission gases include
all of the greenhouse gases covered by the Kyoto Proto-
col, (http:// unfccc.int/kyoto_protocol/items/2830.php)
(CO2, CH4, N2O, SF6, hydrofluorocarbons [HFCs], and
perfluorocarbons [PFCs]). They do not include the
greenhouse gases that are also ozone-depleting sub-
stances and which are regulated by the Montreal Proto-
col (http://ozone.unep.org/). The emissions of ozone pre-
cursors include ground-level ozone precursors (NOx,
non-methane volatile organic compounds [NMVOCs],
CO, and CH4). Emissions of primary particulate matter
and secondary particulate precursors (NOx, SO2, and
NH3), called PM10 and PM2.5 respectively, are defined
by the European Environment Agency (EEA, www.  eea.
europa. eu) as fine solid or liquid particles added to the
atmosphere by processes originating from the Earth’s
surface. Parti culate matter includes dust, smoke, soot,
pollen, and soil particles.

The primary annual data of absolute levels of emis-
sions for the 8 countries in the BSR (Denmark, Estonia,
Finland, Germany, Latvia, Lithuania, Poland, and Swe-
den) for the period 1990 to 2006 were collected from the
Eurostat Database (http:// epp. eurostat. ec. europa. eu).
GDP data comes from The Conference Board and
Groningen Growth and Development Centre, Total Eco -
nomy Database, January 2008 (data — now updated —
available at www.conference-board. org/ data/ economy-
database/) The spatial range of data was constrained to
BSR countries to assure the homogeneity of the exam-
ined countries according to their anthroposphere charac-
teristics. The analyzed period was limited by the avail-
ability of the latest data on pollutions.

3.  RESULTS

The time series of the examined relative pollutions
are presented in Fig. 1. The data show that all consid-
ered relative emissions of pollutions were character-
ized by diminishing trends. In the early 1990s, Estonia

and Poland reported the highest levels of all the exam-
ined relative pollution types. The levels of relative pol-
lution in Lithuania and Latvia were lower than in Esto-
nia and Poland but higher than in the remaining
analyzed countries (the 4 ‘older’ EU members). The
lowest levels of relative pollution were reported in
Sweden and Germany. At the beginning of the exam-
ined period, the dispersions of values of all types of
pollution were much greater than in 2006.

Meaningful correlations can be drawn based on the
observation of changes in the components of relative
pollution, i.e. absolute levels of pollution and levels of
GDP. The highest absolute levels of all 4 types of pollu-
tion were registered for Germany and Poland.

In the case of absolute levels of Pollution A (data not
shown), a significant decrease was observed in Ger-
many and Poland, whereas the reduction was much
slower in Estonia, Lithuania, and Latvia. In the period
2001 to 2006, the decrease in absolute levels of Pollu-
tion A in these latter 3 countries was almost unnotice-
able. In the case of Pollution B, its absolute level in the
examined years was similar in all the countries apart
from Germany. Therefore, one can deduce that the
decrease in the relative levels of Pollution B was
caused by growth in GDP. The absolute level of Pollu-
tion C hardly changed in Estonia, Latvia, Lithuania,
and Poland, in contrast to the rest of the examined
countries, in which a decrease in Pollution C was evi-
dent. As for Pollution D, its absolute level did not
decrease in Latvia, Lithuania, and Poland.

Even in the cases where a reduction in absolute
emissions of pollutions was not observed, we can draw
the conclusion that the phenomenon of GDP growth in
BSR countries makes those countries more environ-
mentally friendly (see Fig. 1).

Eqs. (6) to (9) present the estimated models of absolute
β-convergence of the relative emissions of Pollutions A,
B, C, and D, respectively (t-statistics are in parentheses).
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Fig. 1. Relative annual emissions. (A–D) Pollution categories A to D. (A) Acidifying substances, (B) greenhouse gases, (C) ozone pre-
cursors, (D) particulate matter. Calculations based on Eurostat and The Conference Board and Groningen Growth and Development 

Centre, Total Economy Database data. EU average was calculated for 27 countries. Note the different y-axis unit for (B)
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It can be observed that in the case of emissions of Pol-
lution A, B, and D, convergence applies. For these 3
kinds of pollution, all the parameters are statistically
significant. The speed of convergence varies from
1.81% for the relative emission of particulate matter to
3.86% for the relative emission of greenhouse gases.
This means that in 20 to 40 yr, the relative levels of Pol-
lutions A, B, and D will reach the half-way point of their
steady states (long-term equilibriums). The resulting
estimates of β for the relative emission of Pollution C,
however, does not confirm the convergence hypothesis.

All the above conclusions (previous paragraph) are
confirmed by the results of the σ-convergence analy-
sis. Fig. 2 shows the behavior of standard deviations of
the examined relative pollutions (in logarithms) during
the examined 1990–2006 period. Negative tendencies
are evident for Pollution A, B, and D over the analyzed
period, while in the case of Pollution C, dispersion
started de creasing in 1997.

The estimated linear trends of the σ-convergence
results are shown in Eqs. (10) to (13), for Pollution A to
D, respectively. For the relative levels of Pollutions A,
B, and D, the occurrence of diminishing dispersion can
be seen in Eqs. (10), (11), & (13) respectively (t-statistics
are in parentheses). These 3 estimated models of linear
trends are characterized by very high values of the
coefficient of determination and by statistically signifi-
cant slopes. Only in the case of emissions of ozone pre-
cursors (Pollution C; Eq. 12) is convergence not visible.

(10)

(11)

(12)

(13)

The resulting calculations for the marginal vertical
convergence for the relative levels of the 2 selected
Pollutants A and B are presented in Table 1 and Fig. 3.

These results indicate that some countries make a
greater contribution to the process of convergence of
relative pollution. For the relative emission of acidify-
ing substances, Poland and Germany have tended
toward a lower speed of absolute convergence, while
Estonia and Sweden are inversely af fected. For the rel-
ative emission of greenhouse gases, a diminishing rate
of convergence can be ob served for Sweden and
Poland, while an increasing rate is observed for Esto-
nia and Finland.
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Fig. 2. Trends of standard deviations (σ) of logarithms of relative annual pollution: (A) acidifying substances, (B) greenhouse gases,
(C) ozone precursors, and (D) particulate matter. Calculations based on Eurostat and The Conference Board and Groningen 

Growth and Development Centre, Total Economy Database data

α1i (yr) βi Δ (yr)

Pollution A
Poland –0.0203 0.0246 28.19 0.0037 –4.98
Germany –0.0202 0.0244 28.37 0.0035 –4.80
Lithuania –0.0184 0.0218 31.83 0.0009 –1.34
Latvia –0.0174 0.0203 34.10 –0.0006 0.93
Denmark –0.0168 0.0196 35.33 –0.0013 2.16
Finland –0.0168 0.0196 35.34 –0.0013 2.17
Sweden –0.0160 0.0185 37.57 –0.0024 4.40
Estonia –0.0149 0.0171 40.63 –0.0038 7.46

Pollution B
Sweden –0.034 0.0500 13.88 0.0113 –4.06
Poland –0.032 0.0448 15.46 0.0062 –2.48
Germany –0.028 0.0379 18.30 –0.0008 0.36
Latvia –0.028 0.0377 18.36 –0.0009 0.42
Lithuania –0.028 0.0372 18.63 –0.0014 0.69
Denmark –0.027 0.0361 19.22 –0.0026 1.28
Finland –0.027 0.0348 19.92 –0.0038 1.98
Estonia –0.026 0.0328 21.15 –0.0059 3.21

βi
N −1 T i

1 2/T i
1 2/

Table 1. Marginal vertical convergence for relative emission of
acidifying substances and greenhouse gases (Pollution A and
B, respectively). (α1i): slope of linear model (Eq. 2) estimated
for N – 1 countries (excluding country i); ( ) rate of conver-
gence calculated for N – 1 countries (excluding country i); ( )
half-life of convergence calculated for N – 1 countries (exclud-
ing country i); (βi) value of marginal vertical convergence
for country i (Eq. 5); (Δ ) difference between the half-life
of convergence calculated for N countries and for N – 1 coun-
tries (excluding country i). Countries are ordered according to 

increasing values of parameter α1i

T i
1 2/

βi
N −1

T i
1 2/
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4.  CONCLUSIONS

One of the main findings of the present research is
that the trends in the relative emission of pollution in
the BSR are diminishing. It is important to mention that
the decrease in relative pollution levels in the newer
EU members was caused by the growth in their GDP,
while changes in the absolute pollution levels were
very small3. These results confirm the increase in the
ecological effectiveness of the analyzed economies.

The biggest decrease in relative pollution levels was
observed for countries with higher initial levels of pol-
lution. The highest absolute values of pollution were in
Germany and Poland.

Significant convergence exists for 3 types of pollu-
tion (A, B, and D), as demonstrated by the methodol-
ogy of β- and σ-convergence. This convergence is
equivalent to the degree of ‘environmental friendli-
ness’ of the BSR economies becoming more similar to
one another.

However, the influence of individual countries’ pol-
lution levels on the overall speed of convergence is
 different. These different speeds were demonstrated

using the idea of marginal vertical convergence. This
conclusion agrees with the empirical findings obtained
by Alvarez et al. (2004), who stated that the hetero-
geneity of pollution levels among countries does not
appear to be associated with substantial differences in
production technologies or the sources of emissions of
pollution but rather is implied by region-specific differ-
ences that can be related to the level of economic
development and to the output growth.
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