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Abstract.  Extensive air pollution simulations were carried out in the framework of a joint research project (Grant ENVIR.LG 973343) and a long-term evaluation of the SO2 exchange between Bulgaria and Northern Greece was performed. From both scientific and practical points of view, however, not only large-term pollution characteristics and country to country pollution exchange characteristics are of interest. The study of episodes with especially large air pollution in a selected region and their analysis with respect to the meteorological conditions and the pollution sources configuration is also important. That is why the present work aims at a more detailed study of the SO2 origin for some days of 1995 with particularly large mean concentrations over Bulgaria or Northern Greece. The method of functions of influence was applied in the study. The general conclusion from the simulations is that in most of the cases more than 50% of the extreme surface SO2 pollution in Northern Greece (up to 82% in some cases) originates from Bulgarian sources, with a particularly large contribution of the “Maritza” power plants (in one of the episodes nearly 80%). There are cases, however, when the SO2 pollution in Northern Greece is formed mostly (more than 60%) from Greek sources. In all the cases studied, more than 70% of the extreme SO2 pollution in Bulgaria is caused by Bulgarian sources. The present results are in good agreement with some previous studies, where the numerical evaluations were convincingly confirmed by the experimental data.
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1. Introduction

Extensive air pollution simulations were carried out (Syrakov, D. et al., 2001) aiming at long-term evaluations of the SO2 exchange between Bulgaria and Northern Greece. It is shown that about 7% from the emitted by Bulgarian sources sulfur dioxide is deposited over Greek territory. The deposed quantity is estimated to 28kt. Only 2% of Greece emitted sulfur compounds are deposited over Bulgaria, the quantity estimated to 6.2kt.  

From both scientific and practical point of view, however, not only large-term pollution characteristics but also country to country pollution exchange characteristics are of interest. The study of episodes with particularly great air pollution in a selected region and their analysis with respect to the meteorological conditions and the pollution sources configuration is also important. That is why the present work aims at a more detailed study of the SO2  origin for some days of particularly large mean concentrations over Bulgaria or Northern Greece.  

2. Research method and technique

A review was made of the one-year simulation results (Syrakov, D. et al., 2001) and the 10 days with larger mean surface SO2 concentrations for each country were picked out. The method of the functions of influence (Marchuk, 1982; Ganev, 1991) is applied for determining the origin of the mean surface SO2 concentrations in Bulgaria or Northern Greece for the selected episodes.

The functions of influence are solutions of an equation conjugated to the pollution transport one. They depend on the meteorological conditions on the domain, whose pollution has to be estimated, and on the choice of the air pollution characteristic (for example, pollution quantity, concentration, deposition, etc.), but not on the air pollution sources. Thus if the functions of influence are known for a chosen domain and pollution characteristic, the pollution characteristic value can be easily obtained for arbitrary pollution sources. In particular the functions of influence can be applied for discrimination of the contribution of each of the pollution sources to the air pollution of the chosen region.

The functions of influence can be perceived as an Eulerian analog of the back-wind trajectories, so they produce a rather graphic and informative idea also of the integral meteorological conditions under which the studied pollution characteristic is formed.  

3. Numerical simulations and discussion of the obtained results

As stated above simulations of the functions of influence were carried out concerning the 10 days with larger 24-hour mean, spatially averaged surface SO2 concentration in Bulgaria or Northern Greece. The simulations in all of the cases were made for 4-day time intervals. It turned out that extending the integration period does not lead to any qualitative or quantitative changes in the air pollution evaluations, i.e. the 24-hour mean, spatially averaged surface SO2 concentration in the studied regions does not reflect a longer history of evolution of the meteorological fields. 

The calculations were carried out in the same domain and using the same meteorological data and emission inventory as in (Syrakov, D. et al., 2001). Because a study of the pollution exchange between Bulgaria and Northern Greece is aimed at, the SO2 emissions of the other countries in the region were disregarded. 

The corresponding fields of the time integrated functions of influence are shown in Figs. 1 and 2, together with the relative contribution (in %) of the SO2 sources in each of the cells of the EMEP grid. The estimated 24-hour mean, spatially averaged surface SO2 in Bulgaria or Northern Greece, together with the corresponding contribution of the sulfur sources in Bulgaria and Northern Greece are shown in Table 1. Since only the Bulgarian and Greek sources have been accounted for, the contribution of all the Greek sources apparently complements the contribution of the Bulgarian ones up to 100%. 

First of all it should be noted that the direct estimations, made in (Syrakov, D. et al., 2001) agree very well with those obtained by using the method of the functions of influence, which may be treated as indirect evidence of the consistency of the evaluations of both models.

The time integrated functions of influence reflect the wind field pattern during the whole integration period, including the space heterogeneity and the time evolution. That is why in some of the cases they are rather complex. Nevertheless, the general conclusion from comparing the figures is that extremely large mean surface concentrations in Bulgaria may occur under different synoptic conditions and dominating flows, while the larger mean surface SO2 concentrations in Northern Greece are as a rule connected with situations of steady N - NE flows above Southern Bulgaria and Northern Greece. This is not surprising at all if the fact that the SO2 emissions in Bulgaria are almost twice bigger than those in Greece is considered. That is why even in episodes with steady S - SW flows (03.11.1995, 26.04.1995) the contribution of the domestic sources to the SO2 
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	Fig. 1. Horizontal cross-sections of the time integrated functions of influence [s] at 
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and the contribution [%] of the sources in the corresponding EMEP cell concerning the 24h mean, spatially averaged surface SO2 concentration in Northern Greece for the 10 episodes with larger surface concentration for 1995.
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	Fig. 2. Horizontal cross-sections of the time integrated functions of influence [s] at 
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and the contribution [%] of the sources in the corresponding EMEP cell concerning the 24h mean, spatially averaged surface SO2 concentration in Bulgaria for the 10 episodes with larger surface concentration for 1995.


surface pollution of Bulgaria remains more than 70%. On the contrary, the contribution of the Bulgarian sources to the SO2 surface pollution of Northern Greece is less or about 50% in only 3 of the studied 10 episodes (15.04.1995, 13.12.1995, 27.10.1995) and even then the contribution of the Northern Greece SO2 sources is not dominant. As it can be seen from Table 1, the surface SO2 pollution of Northern Greece in the studied extreme cases is very much due to Bulgarian (more likely) or other Greek sources. 

Table 1. The larger mean surface concentrations of SO2 for 1995 (
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]) in Bulgaria (Bg) or Northern Greece (NGr) and the corresponding contribution of Bg and NGr sources.

	Days with larger mean surface concentration for Bulgaria
	Days with larger mean surface concentration for Northern Greece

	date
	C
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	 Bg sources [%]
	NGr sources [%]
	date
	C
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	 Bg sources [%]
	NGr sources [%]

	28.03.
	6.67
	90.87
	8.71
	15.04.
	7.04
	38.24
	32.67

	03.11.
	6.30
	79.69
	5.75
	23.10.
	6.83
	82.04
	17.85

	07.12.
	5.67
	98.39
	1.13
	24.10.
	4.91
	80.19
	19.80

	01.12.
	5.13
	94.76
	0.75
	29.05.
	4.55
	71.41
	25.73

	21.12.
	4.81
	95.68
	2.41
	08.10.
	4.34
	80.38
	19.59

	26.04.
	4.48
	77.61
	5.54
	13.12.
	4.29
	42.32
	30.52

	09.11.
	4.47
	97.38
	2.62
	27.10.
	4.01
	57.61
	41.43

	28.12.
	4.31
	90.56
	7.87
	17.10.
	3.54
	73.17
	26.52

	05.12.
	4.13
	85.19
	0.13
	21.11.
	3.17
	73.44
	26.56

	23.11.
	3.96
	96.98
	3.02
	22.11.
	3.06
	65.34
	36.65


4. Conclusions

The evaluations quoted above show that in most of the cases more than 50% of extreme surface SO2 pollution in Northern Greece (up to 82% in some cases) originates from Bulgarian sources, with a particularly large contribution of the “Maritza” power plants (in one of the episodes nearly 80%).  There are cases, however, when the SO2 pollution in Northern Greece is formed mostly (more than 60%) from Greek sources.  In all the cases studied, more than 70% of the extreme SO2 pollution in Bulgaria is caused by Bulgarian sources.  The present results are in good agreement with some previous studies (Zerefos et al., 1998; 2000), where the numerical evaluations were convincingly confirmed by experimental data.  This proves that the method of functions of influence is a fruitful and reliable approach for studying the origin of the air pollution in chosen regions.
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Някои случаи на екстремно замърсяване със серен двуокис на България или Северна Гърция

К. Ганев, Д. Сираков, Хр. Зерефос, М. Проданова, Р. Димитрова, А. Васарас

Резюме.  Получените резултати представят еволюцията на обмена на замърсяване със серен двуокис между България и Северна Гърция и са проведени в рамките на международен изследователски проект на NATO (Grant ENVIR.LG 973343). От научна и практическа гледна точка са интересни не само характеристиките на максимално замърсяване, но и взаимният обмен на замърсяване между двете страни. От особено значение е изучаването на епизодите с максимално замърсяване и тяхното анализиране съвместно с метеорологичните условия и конфигурацията на източниците на замърсяване. Целта на настоящата статия е детайлно изучаване на някои дни от 1995 година с достигнати най-високи стойности на приземната концентрация в България или Северна Гърция. За тази цел е приложен методът на функциите на влияние. Основните изводи от проведените числени експерименти са, че при повече от 50% от случаите на максимално замърсяване с SO2 на Северна Гърция е предизвикано от български източници (до 82% в някои случаи), като най-голям принос има ТЕЦ “Марица-Изток” (около 80% в някои от епизодите). Установяват се и случаи, когато замърсяването на Северна Гърция е резултат предимно от гръцки източници (повече от 60%). За 70% от случаите на максимално замърсяване в България то се дължи на български източници. Получените резултати потвърждават изводи от някои предишни изследвания, при които получените данни са сравнявани с експериментални данни от измервания. 
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