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a b s t r a c t

Ten out of the 12 new EU members, used to belong to the so-called ‘‘former eastern block’’,

with a post WWII environmental policy radically different from the tendencies followed in

Western Europe. The lack of conservation regulations has resulted in a rather harmful

industrialization, regarding natural resources and environmental quality. While air pollu-

tion transfer is a phenomenon of transboundary level, there is a particular interest in

examining the contribution of the new EU member states to the environmental pressure

faced by the older member states and vice versa. The current study utilises the official data

for almost 20 years published by the European Monitoring and Evaluation Program con-

cerning the transboundary transfer of NOx and SO2 in order to analyse the situation and

discuss the present and future environmental policy regarding air pollution.
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1. Introduction

Since May 2004, 12 more countries have joined the European

Union (EU), in its greatest expansion historically. Ten out of

the 12 new members used to belong to the so-called ‘‘former

eastern block’’, with a post WWII history significantly different

than that of the central and Western Europe. These countries,

having been politically isolated during the last decades, have

been left behind in the implementation of any environmental

protection policies.

The steadily growing agricultural and industrial production

in Western Europe significantly improved the material

standard of living since 1945. The high oil prices and the first

signs of severe environmental degradation resulted in the

development of environmental protection and energy saving

policies that proved beneficial in local and regional level. At

the same time the centrally planned economies of Eastern

Europe realised their development in means of physical

production growth especially in the industrial and energy

sectors. This has resulted in widespread resources exploita-
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tion and environmental degradation (United Nations Environ-

ment Programme, 2005).

While the struggle to improve the economic indicators was

rising, Europe experienced the threatening consequences of

the transboundary transfer of dangerous air pollutants. Up to

that time problems caused by the rising production of

acidifying and eutrophying gaseous pollutants have been

identified but it has been thought that their effects were only

local around the area into which they were produced. In

contradiction to that belief numerous lakes and hectares of

forests in Scandinavia were found to be exposed in very high

acidity, which was not produced in the nearby area (Krewitt

et al., 1998; Kaldellis and Konstantinidis, 1999). Acid com-

pounds that have been emitted in central Europe degradated

forest and aquatic ecosystems of the Scandinavian Peninsula

(ApSimon and Warren, 1996; Kaldellis and Chalvatzis, 2005).

The recognition of the problem of certain air pollutants

transboundary transfer throughout the European continent

led in 1979 to the initiation of ‘‘The Convention of Long-Range

Transboundary Air Pollution’’ (CLRTAP) (EC, 1979), which had
.
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set a clear framework not only for the environmental and

health consequences but also for the internationally coopera-

tive approach needed for their abatement. The Convention

was signed by the European Community, while 34 govern-

ments established the European Monitoring and Evaluating

Programme (EMEP, 2006), for the promotion of scientific

research and intensive monitoring of the transboundary air

pollution transfer (TAPT) effect, funded by the Organization

for Economic Cooperation and Development (OECD, 2006).

By 1985 the first sulphur protocol has been issued and

signed. Its agreements emphasized in the reduction of the

sulphuric air pollutants produced in the signatory countries.

More precisely the parties were expected to reduce their

sulphur dioxide (SO2) emissions by 30% relatively to their

emission levels of 1980, in a period of 8 years, i.e. until 1993.

That protocol was the main motivation for major investments

– especially among the Western European counties – which

promoted the massive installation of desulphurization units

in the large-scale industrial plants. Furthermore, natural gas,

containing only traces of sulphur, became the new environ-

mental friendly option for all the energy consuming sectors

although in the past it had only been utilized in the tertiary

sector (Syrakov et al., 1998).

Nevertheless, the increase of road transport as well as the

lack of any abatement measures resulted in the steady

amplification of the nitrogen oxides production (Paliatsos

et al., 2001). While in Western Europe it was mostly the

extensive growth of the private vehicles fleet that was causing

the problem, in the centrally planned economies it was the

extreme industrial specialization which heavily demanded

cargo overland transfer for raw materials and products. The

United Nations Economic Commission for Europe (UNECE)

implemented the first nitrogen protocol in year 1988, asking

the signatory parties to keep their nitrogen oxides emissions

below the 1987 levels until the year 1994.

During the same time the Regional Air Pollution Informa-

tion and Simulation (RAINS) model has been developed by the

International Institute for Applied Systems Analysis (IIASA).

The model makes use of data about economic and energy

development in order to identify the threats for the

ecosystems and the human health that the air pollution

causes. Most important is the integration of the model in a

multi-pollutant approach including the assessment of emis-

sions of sulphur dioxide, nitrogen oxides, ammonia, non-

methane volatile organic compounds (VOC), and primary

emissions of fine (PM2.5) and coarse (PM10–PM2.5) particles

(Schopp et al., 1999).

Particularly the RAINS model has been applied on data

regarding several European countries and its usability in terms

of cost and environmental damage evaluation is prooved

beyond any doubts (Karvosenoja and Johansson, 2003). The

present paper is making use of EMEP data to provide figures

that present the time-evolution of the transfer of air pollutants

from and to predefined country groups, in an original way. The

study in the time-variable framework combined with grouped

analysis provides a completely new dimension to the EMEP

matrices. These data if used with the RAINS model may offer

interesting estimations for the environmental and cost

performance of the EU environmental policy. Finally, it is

noteworthy that the latest version of IIASA models is GAINS
which facilitates a joint approach concerning the greenhouse

gases and air pollutants (IIASA, 2007).

Although the ‘‘first generation’’ protocols contributed a lot

in the emissions control, still the monitoring procedures were

reporting high acidity in several ecosystems. This fact put

forward the need for a different approach, as scientific

research should answer the question of how much acidity

were the ecosystems able to receive and still maintain their

balance (Erisman and Draaijers, 2003). Data from all the

participating countries were collected in order to sort out

solutions for minimizing the environmental damage with the

lowest economic cost (Kaminski, 2003). The second sulphur

protocol was drawn under this perspective. Taking into

account the transboundary transport of air pollution as well

as the ecosystems limits, each country was examined

individually and advised to lower its emissions at an adequate

level. Subsequently the Gothenburg protocol has been adopted

in 1999 to abate acidification, eutrophication and ground-level

ozone by cutting down the emissions of sulphur, NOx, VOCs

and ammonia (UNECE, 2007). The most recent evolution of the

legal and policy framework for the abatement of acidification

and eutrophication is set in the EU by the emission ceiling

directives (e.g. Directive 2001/80/EC). In the same context the

clean air for Europe (CAFE) programme has been established

aiming to develop a long-term, strategic and integrated policy

advice to protect against significant negative effects of air

pollution on human health and the environment (European

Comission, 2007).
2. A brief spatial analysis of the new
integrated EU area

The EMEP network, utilizing data for the national air

pollutants emissions, the local meteorological phenomena

as well as the local land surface of each region, results in data

about the transboundary transfer of air pollution among the

countries that participate in the monitoring and evaluating

program (Norwegian Meteorological Institute, 2003). For the

time period from 1985 until 2003 the development and use of

the Lagrangian and the Eulerian models offered data matrixes

presenting the annual masses of air pollutants being trans-

ferred across the European continent (Bartnicki et al., 1999;

Olendrzynksi et al., 2000).

The new integrated European area consists of the old EU

members as well as the new countries, eight of which are

located in the central and north-east Europe. Comparing the

main parameters of the economies of the old and the new EU

members states (Table 1) one may state the following:
� T
he population of the new EU members is almost the one

fourth of the EU-15 population, while the corresponding

area increase after the integration of the twelve (12) new

members is 36.4%.
� T
he corresponding gross domestic product (GDP) of the new

EU members is slightly higher than 10% of the GDP of the EU-

15, hence the per capita GDP value of the new members is

less than the half of the one of the EU-15 average.
� T
he primary energy consumption of the new EU members is

less than the 16% of the EU-15 corresponding value,



Table 1 – Comparison between the (15) old and the (12) new EU members

Population
(in millions)

Area
(km2)

Population
density

GDP
(BUS$)

GDP per capita
(US$/cap)

Primary
energy (1012 Btu)

Primary energy per
capita (MBtu/cap)

EU-15 370.1 3,208,182 115 9824.5 26,546 62438.4 168.7

New members 104.4 1,167,563 89 1012.5 9,698 10,074 96.5
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therefore the per capita primary energy consumption is less

than the 60% of the one of the EU-15 average.

Taking into consideration the above information, the

present study is based on defining an hypothetical border

line between the old and the new member states, Fig. 1. In this

way we are examining the air pollutants exchanged towards

each direction.

Beginning with a north towards south analysis one may

notice (Fig. 1) that the neighbouring countries in the Baltic Sea

region are Estonia, Latvia, Lithuania and Poland from the new

member states and Finland, Sweden and Germany from the

old member states. It is obvious that while Finland is closer to

Estonia and Latvia, Sweden interacts mostly with Lithuania

and Poland. The latter is also heavily influenced by Germany.

However, SW Poland together with the SE part of Germany

(former German Democratic Republic, GDR) and the Czech
Fig. 1 – New integrated EU area involved in transboundary

air pollution transfer.
Republic (western part of the former Czechoslovakia) were

forming the area which was well known as the ‘‘black

triangle’’. The heavy industrialisation of this region in

combination with the early exploitation of its high quality

brown coal resulted in the utilisation of poor quality fuels

with a high sulphur content. Serious damages have been

reported in the ecosystems of this region (Brimblecombe,

1986) and these were directly correlated to the high

concentrations and deposition of airborne sulphur com-

pounds and acidity (Bruckmann et al., 1986). It has been the

aftermath of the dramatic increase of the sulphur dioxide

emissions in this region by a factor of 10 in the 1960–1985

period (European Environmental Agency, 2001). Moving to the

South, the former Czechoslovakia, Hungary and Slovenia are

surrounding the eastern Austria. Finally northern Italy

neighbours on Slovenia.

One may notice that from the present study are excluded

several countries along the Western Europe as well as

countries which are at the East of the aforementioned new

member states. As regards to the Western European countries

like United Kingdom, Netherlands, Belgium, Luxembourg,

France, Spain and Portugal, the distance from the hypothetical

border line is significantly large resulting in minor air pollution

transfer to the new members and vice versa.

Same as above is the situation considering the Eastern

European countries of Belarus, Moldova, Ukraine and the

western part of Russian Federation. Moreover these countries

are not member states of the EU therefore there is little

interest in complying with EU-wide environmental policies.

While Romania and Bulgaria have only recently joined the EU,

there is a particularly increased interest in their interaction

with Greece as the closer neighbouring old member state at

the southern Balkan Peninsula. However, this issue has been

extensively studied in a previous work of the authors (Kaldellis

et al., 2004a).

Finally very little data is available for the western Balkan

countries, which used to form the ex-Yugoslavia. In the light of

this fact and their way into the EU being heavily questioned,

those countries have also been excluded from the current

study.
3. Methodology presentation

The transferred air pollutant mass ‘‘(k)Pi,j(t)’’ depends on the air

pollutant ‘‘k’’, the year ‘‘t’’, the receiving country ‘‘i’’ and the

emitting country ‘‘j’’.

More precisely, in the present analysis ‘‘k’’ stands for

nitrogen oxides (NOx) and sulphur dioxide (SO2). Additionally

the years ‘‘t’’ examined begin from 1985 and finish in 2003.

Finally, countries ‘‘i, j’’ are chosen among: Austria (AT, i = 1,

j = 1), Czech Republic (CZ, i = 6, j = 6), Estonia (EE, i = 7, j = 7),

Finland (FI, i = 2, j = 2), Germany (DE, i = 3, j = 3), Hungary (HU,



Table 2 – The two country groups involved

Examined group Country Symbols used

EU old members

(i = 1, 5, j = 1, 5)

Austria (AT, i = 1, j = 1)

Finland (FI, i = 2, j = 2)

Germany (DE, i = 3, j = 3)

Italy (IT, i = 4, j = 4)

Sweden (SE, i = 5, j = 5)

EU new members

(i = 6, 13, j = 6, 13)

Czech Republic (CZ, i = 6, j = 6)

Estonia (EE, i = 7, j = 7)

Hungary (HU, i = 8, j = 8)

Latvia (LV, i = 9, j = 9)

Lithuania (LT, i = 10, j = 10)

Poland (PL, i = 11, j = 11)

Slovakia (SK, i = 12, j = 12)

Slovenia (SL, i = 13, j = 13)
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i = 8, j = 8), Italy (IT, i = 4, j = 4), Latvia (LV, i = 9, j = 9), Lithuania

(LT, i = 10, j = 10), Poland (PL, i = 11, j = 11), Slovakia (SK, i = 12,

j = 12), Slovenia (SL, i = 13, j = 13), Sweden (SE, i = 5, j = 5). The

aforementioned countries are usually found in two separate

groups (Table 2).

In an attempt to define the total air pollutant masses

imported to the country ‘‘i’’ from each member state of

the other group of countries we may use the following

equations:
� E
mission transferred from all new EU members to the old

country ‘‘i’’

ðkÞPiðtÞ ¼
Xj¼13

j¼6

ðkÞPi; jðtÞ ði ¼ 1; 5Þ (1a)
� E
mission transferred from all old EU members to the new

country ‘‘i’’

ðkÞPiðtÞ ¼
Xj¼5

j¼1

ðkÞPi; jðtÞ ði ¼ 6;13Þ (1b)
In this study we examine the total contribution of the old

member states to every new member individually and vice

versa. Therefore it is important here to notice that the

suggested equations can be used to describe air pollutant

transfer towards both directions. Given the case of one old

member state receiving air pollution from the new members,

‘‘i’’ takes a specific value describing the receiving country,

while ‘‘j’’ takes the corresponding values referring to all the

emitting countries of the other group. It is noteworthy that if

country ‘‘i’’ belongs to the old member states then as countries

‘‘j’’ one may use all the new members, i.e. j = 6, 13. For example

the total amount of nitrogen oxides transferred from the new

EU members towards Austria (AT, i = 1) in 2003 can be

estimated as follows:

ðNOxÞPATð2003Þ

¼
Xj¼13

j¼6

ðNOxÞPAT; jð2003Þ ¼ ðNOxÞP1;6ð2003Þ þ ðNOxÞP1;7ð2003Þ
þ � � � þ ðNOxÞP1;13ð2003Þ (2)
Subsequently the estimation of the total air pollutant masses

exported from country ‘‘j’’ to each member state of the other

group is described by the equation below:
� E
mission transferred from each old EU member ‘‘j’’ to all

new countries

ðkÞP0jðtÞ ¼
Xi¼13

i¼6

ðkÞPi; jðtÞ ð j ¼ 1;5Þ (3a)
� E
mission transferred from each new EU member ‘‘j’’ to all

old EU members

ðkÞP0jðtÞ ¼
Xi¼5

i¼1

ðkÞPi; jðtÞ ð j ¼ 6;13Þ (3b)

Bear in mind that Eqs. (3a) and (3b), similarly to Eqs. (1a) and

(1b), make use of the country groups presented in Table 2.

However, the former two equations refer to air polluting

imports, while the latter group to exports. Given the case of

one old member state exporting air pollution to the new

members, ‘‘j’’ takes a specific value describing the emitting

country, while ‘‘i’’ takes the corresponding values referring to

all the receiving countries of the other group. For example, the

total amount of oxidized sulphur transferred from Lithuania

(LT, j = 10) towards the old European Union members in 2003

can be estimated as follows:

ðSO2ÞP0LTð2003Þ ¼ ðSO2ÞP010ð2003Þ ¼
Xi¼5

i¼1

ðSO2ÞPi;10ð2003Þ

¼ ðSO2ÞP1;10ð2003Þ þ ðSO2ÞP2;10ð2003Þ þ � � �

þ ðSO2ÞP5;10ð2003Þ (4)

In this way one may create for each air pollutant two two-

dimensional (2D) matrices including the time-evolution of the

transferred air pollution from and towards each country mem-

ber of the two subgroups interacting, see for example the

following equations:

kPiðtÞ �!i¼1;13ðAT;DE;IT;FI;SE;CZ;...;SLÞ
: :

kPiðtþ 1Þ : : :

kPiðtþ nÞ : : :

2
6664

3
7775 (5a)

kP0iðtÞ �!i¼1;13ðAT;DE;IT;FI;SE;CZ;...;SLÞ
: :

kP0iðtþ 1Þ : : :

kP0iðtþ nÞ : : :

2
6664

3
7775 (5b)

Finally, one has the possibility to estimate – for each pollu-

tant investigated – the net balance between the air pollutant

mass exported to the other subgroup and the corresponding

mass imported by all the countries members of this sub-

group, i.e.

dðkÞPiðtÞ ¼ ðkÞPiðtÞ � ðkÞP0iðtÞ ði ¼ 1;13Þ (6)



Fig. 3 – Transboundary SO2 transfer from and to the old EU

member states.

Fig. 4 – Transboundary NOx transfer from and to the new

EU member states.

Fig. 5 – Transboundary NOx transfer from and to the old EU

member states.
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4. Transfer of oxidised sulphur air pollutants

Sulphur oxides are some of the major pollutants emitted

mainly by the coal and heavy-oil combustion processes. Thus

the basic polluters are the large-scale electricity generation

stations as well as some forms of transport like overseas and

heavy-duty road transport (Kaldellis et al., 2003, 2004c). In the

present study reference is only made to sulphur dioxide as it

represents more than 99% of the emitted sulphur oxides.

Mainly due to the collapse of the former centrally planed

economies in the late eighties and early nineties the air

pollutants emissions from the new EU member states present

a declining trend, which reaches for the entire 1985–2003

period the 30% of the initial value. More precisely, regarding

the sulphur dioxide emissions exported from the new to the

old member states (Fig. 2) one may notice that Poland has been

the major exporter emitting 102 and 63 kt, in the beginning

and the end of the time period analysed, respectively. It is

noteworthy that in Figs. 2–6 and 8 the reader will find symbols

of the form ‘‘Country Code/10’’. In these cases the correct

amount of air pollutant transfered occurs from the multi-

plication of the presented figure by ten (10).

Hungary being one of the most industrialised countries of

this region comes second in the sulphur dioxide emissions

exportation, despite its relatively small size. While very little is

known for the individual contribution of the Czech Republic in

the emissions transferred to the old EU member states in the

time period before the 1996 one may consider them as high

due to the heavy industrialization of the country. As part of the

ex-Yugoslavia, Slovenia provides minimum reported informa-

tion about its individual contribution to the total exportation

of sulphur dioxide to the Western European countries, before

1991. However, the reported data after this year show that

Slovenia is one of the key exporters of sulphur dioxide mainly

to the neighbouring Austria and Italy. Finally the countries of

the Baltic region appear to have minor exports of sulphur

dioxide emissions to the old EU states. This is not only due to

the fact that none of the Baltic States has land borders on any

of the old EU members but also due to their relatively small

economies together with the extensive dependence on

nuclear energy.

Having already analysed the oxidised sulphur emissions

exported from the new EU members, it is of crucial importance

to focus on their allocation to the neighbouring old member

states. One may notice in Fig. 3 that the oxidised sulphur
Fig. 2 – Transboundary SO2 transfer from and to the new EU

member states.
received by the old member states in 1985 was allocated to

quantities ranging from 18 kt for Finland to 30 kt for Sweden

and West Germany. In the following time-period and until

1998 the received amount of sulphur dioxide in each one of the

examined countries presents a variation within the afore-

mentioned limits. While this is the case for Finland, Austria

and Italy, Sweden and mostly Germany present significantly

different results. Although Sweden’s peak receiving 46 kt in

1986 may be considered as a spontaneous event, Germany

seems to be heavily overburdened when compared to the

other old members, especially in the time period that follows

year 1990, receiving in 1997 more than 82 kt. The presented

situation, with Germany being the major SO2 importing

country, can be explained taking under consideration the



Fig. 6 – Net transboundary SO2 balance for the old and the

new EU member states (1993–2003).
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extensive long border line shared with Poland, which has

already found to be a key exporter of the air pollutant

examined. Finally, during the period 1999–2003 one may notice

a declining trend in the oxidised sulphur received from

Germany and Sweden, although during 2000 Sweden imports

present a significant local minimum (�40 kt). At the same time

Italy and Austria SO2 imports present a variable behaviour,

with a noteworthy minimum during 2002. On the other hand

Finland receives almost constant SO2 quantity from the new

EU members during the 1998–2003 period.

Bearing in mind the data presented regarding the sulphur

dioxide transferred from the eastern to western countries,

special emphasis should be also placed on the vice versa

approach. In Fig. 3 the data for the exported sulphur dioxide

from the old member states are presented. Although Germany

is the major exporting country already from 1985, it is

interesting to notice that in year 1991 the exported quantities

are severely increased and again gradually falling to the initial

levels by year 2000. Note that in 1990 the unification of

Western and Eastern Germany had taken place and as a result

the data given for the sulphur dioxide exportations are

summarised. As the German Democratic Republic has been

emitting significant quantities of sulphur dioxide one may

understand the evolution of the German emissions. However,

in the time period 1992–2000 the economic transition of the

eastern part of Germany resulted in the gradual shutdown of

several of the heavy polluting industries or the major

improvement of their environmental behaviour, therefore in

2000 the exported sulphur dioxide from Germany to the new

EU members has declined to the level of 1985 and remain low

for the next years. At the same time period Austria, Sweden

and Finland – sorted by their emissions significance – have

minor contribution to the total sulphur dioxide exported to the

new member states. This is not the case for Italy, which during

1990 and 2000 exported significant SO2 quantities towards the

new EU members.

While the unified Germany has been the major sulphur

dioxide exporter, in Fig. 2 one may notice that Poland is by far

the major importer. Similar behaviour is also encountered for

Czech Republic. As the major oxidised sulphur exchange

between the old and the new EU members takes place between

Germany and Poland it is obvious that the rest of the new

member states (excluding Czech Republic) share a percentage
not higher than 20% of the total new EU members imports, see

also Section 6.
5. Transfer of oxidised nitrogen air pollutants

Oxidised nitrogen air pollutants are mostly produced by the

transport sector due to the wide utilization of internal

combustion engines (Kaldellis and Chalvatzis, 2005). Therefore

the emitting sources are mainly non-stationary and are found

spread throughout the urban areas as well as in the national

road networks (Kaldellis et al., 2004b, 2005; Van der Kooij, 1998).

Bearing in mind the results presented for the oxidized sulphur

exported by the new EU members, one may realize that the

situation is not very similar regarding the nitrogen oxides

exports (Fig. 4). Poland is obviously playing the key role on the

oxidized nitrogen emissions, transferred to the old EU members

and only the contribution of the Czech Republic may be

considered as comparable. Although the available data for

Czech Republic begin from 1997, the heavy industrialization

together with the close neighbouring to Germany and Austria

are the major reasons for the high significance of the Czech

emissions, despite its relatively small size. The rest of the new

member states present only a minor contribution and only

Slovenia exceeds in 1997 the 5 kt of NOx exported.

In the light of the data presented concerning the oxidized

nitrogen exports from the new EU states, an attempt to study

their allocation to the old EU members follows. Hence, one

may observe (Fig. 5) that despite the fact that Germany is the

main nitrogen oxides importer from the eastern EU members,

other countries like Sweden and Finland are also receiving

considerably high quantities, presenting an increasing trend

during the end of the previous decade. However, after 2000 this

situation is inversed and the NOx imports of almost all old EU

members involved is decreasing. Finally, it is important to

note that a remarkable NOx imports increase is observed for all

five countries examined during 2003.

As the transboundary transfer of the nitrogen oxides from

the new member states to the old ones has been presented,

this part of the study focuses on the vice versa route of the air

pollutants under investigation. In Fig. 5, the evolution of the

exported oxidised nitrogen quantities from the old EU

members is presented. In this context one may realise that

Germany is the major exporter not only of sulphur, but also of

nitrogen oxides. Moreover, the increasing trend of the Italian

emissions can be also considered as remarkable, resulting in

year 2000 in a percentage of 25% of the total western oxidised

nitrogen exported. The Scandinavian countries of Sweden and

Finland present no significant changes during the examined

time period, and never exceed the 9% of the total emissions.

Finally, Austria, exporting after 1996 to the new EU members

more than 10 kt of nitrogen oxides, presents a noteworthy

contribution during the last decade.

Studying the allocation of the West Europe originated

nitrogen oxides air pollutants, one may refer to Fig. 4 out of

which becomes obvious that Poland is not only the major

receiver of oxidised sulphur but also of oxidised nitrogen.

Czech Republic, being inside the ‘‘black triangle’’ region is also

receiving a considerably high amount of the NOx emitted by

the old EU members, while similar is the situation for Hungary
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which neighbours to Austria. The rest of the countries under

investigation receive individually quantities less than 10 kt

without any considerable variation during the period exam-

ined.
Fig. 8 – Net transboundary NOx balance for the old and the

new EU member states (1993–2003).

Fig. 9 – Transboundary NOx transfer between Germany and

Poland, Czech Republic (1993–2003).
6. Discussion of the results

Having already examined the evolution of the air pollutant

quantities, which have been exchanged among the old and

new EU members, one may try to assess whether the

transboundary transfer of the oxidised sulphur and nitrogen

is beneficial or not to every individual country. In this context,

one may compare the net SO2 and NOx balance for 1993 and

2003. More specifically, the new EU states of Estonia, Czech

Republic, Hungary and Slovenia have been exporting more SO2

quantities than they import, Fig. 6. On the other hand, Poland

has been the country harmed the most from the transbound-

ary transfer of oxidised sulphur receiving almost 100 kt of SO2

during 1993. The situation is inversed in 2003, since Poland

presented positive (by 50 kt SO2) net balance with the old EU

members, see also Fig. 7. Finally, from the group of the new EU

states also Latvia, Lithuania and Slovakia are harmed but their

balance is remarkably improved in 2003. As a general

conclusion concerning the SO2 balance of the new EU

members, one may underline the fact that during the last

decade all countries, excluding Slovenia have ameliorated

their net balance.

Concerning the group of the old EU members (Fig. 6), one

may notice that apart from Germany all the rest countries are

harmed from the transboundary transfer of SO2. More

precisely Finland, Sweden and Austria are receiving in average

(15–23 kt)/year more oxidised sulphur than what they export.

The situation is much more severe for Italy, which although in

1993 is not remarkably influenced by the SO2 TAPT phenom-

enon, in 2003 received almost three times higher SO2 than

1993. Finally, as already mentioned, Germany during the

period examined is largely benefited from the SO2 exports.

However, it is worthwhile to mention that Germany gradually

decreases its SO2 exports, hence during 2003 the net SO2

balance is zeroed. This is also the case concerning the SO2

balance between Germany and Poland and Czech Republic,

Fig. 7.
Fig. 7 – Transboundary SO2 transfer between Germany and

Poland, Czech Republic (1993–2003).
Regarding the transboundary transfer of the oxidised

nitrogen (Fig. 8) the situation is different for the new EU

members as all of them (excluding Czech Republic) appear to

have received bigger NOx quantities than those exported.

Among the least harmed countries one may find Estonia,

Latvia and Lithuania together with Slovakia and Slovenia.

According to the calculation results Poland and Hungary are

by far the biggest NOx importers for the entire period

examined, presenting however a decreasing trend, Fig. 9. In

fact, like oxidised sulphur, Poland is the country harmed in

major (especially from Germany, Fig. 9), receiving 466 kt

more emissions than those exported, while Hungary is

following with 165 kt, for the entire 1985–2003 period

analyzed.

As regards to the status of the old EU states towards the

transboundary transfer of oxidised nitrogen (Fig. 8), the

study shows that only the Scandinavian countries of

Sweden and Finland are harmed in average by not more

than 5 kt per year each. Austria is slightly benefited

exporting less than 3 kt of NOx more than its imports, while

the relevant quantity for Italy is barely exceeding the 10 kt.

Finally, Germany is in this case as well the major benefited

country exporting annually 50 kt more oxidised nitrogen

emissions than its imports, 50% of which is exported to

Poland, Fig. 9.
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7. Conclusion

Recapitulating one may notice that the TAPT effect is harmful

for most of the countries included in the present paper. While

Germany is the only country benefited by large-scale exports

of both oxidised sulphur and nitrogen, some of the other

countries are benefited regarding one of the studied air

pollutants. As such may be considered Estonia, Hungary,

Slovenia as far as SO2 is concerned and Austria and Italy for

the NOx emissions. However, all the rest of the countries

analyzed have been harmed severely regarding both of the

examined pollutants. Quite interesting is the case of Poland,

which changes from SO2 importer in 1993 to SO2 exporter in

2003, while its NOx imports are also reduced by 60% during the

aforementioned period.

Transboundary transfer of pollution is a phenomenon not

strictly bound to air pollution but also relevant to cases of

water contamination when neighbouring countries share the

same rivers or lakes. The air pollutants in question are

considered to be responsible for various environmental

hazards such as the eutrophication of aquatic ecosystems,

the acidification of forests and the significant degradation of

the urban air quality and the historical monuments.

The analysis presented in the current paper refers to

existing official data until year 2003 taking into consideration

available information for almost twenty (20) years. In this

context, the authors believe that there is a certain reasoning

supporting the usefulness of this study. Out of the para-

meters resulting in the TAPT effect, the climatic phenomena

together with the land surface characteristics are not

changing significantly in the course of time. Therefore the

only factor which can be considered as variable in the short

term examination is the air pollution emissions of every

country. Thus this paper, making use of the analytical data of

EMEP for almost 20 years can provide for a comprehensive

outlook of the tendencies of the TAPT effect on either sides of

the hypothetical border line of the integrated European

continent.

While the environmental problems caused are severe, the

TAPT effect seriously questions the applicability and adequacy

of the ‘‘Polluter Pays’’ principle. Thus the need for a framework

providing for a steady ground which will better improve the

environmental quality by allocating the funds and efforts

more efficiently is emerging. It is the authors’ belief that the

integrated Europe with the old, new and forthcoming member

states can meet these needs sufficiently. For the near future

the authors are preparing a study combining the results of the

present paper with the use of the powerful RAINS model in

order to assess the TAPT consequences at the economic and

environmental sectors of the countries involved.
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