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Exchange of sulfur and nitrogen compounds between Bulgaria and Greece, estimated by a simple three-layer pollution transport model.
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Abstract. The simulation of the transport and chemical transformations of Sulfur and Nitrogen pollution from both Greek and Bulgarian sources and estimation of the pollution exchange between Bulgaria and Northern Greece is the objective of the present work. A three-layer Eulerian model, tuned for the cases of complex chemical interactions, is used for the purpose, the simulations being restricted to only two time periods - January and July 1995. The estimations made should be considered as preliminary ones. They still have to be proved by some comparisons with air pollution measurements data.  Qualitatively, however, they agree with previous SO2 pollution exchange studies, which is some evidence of the consistency on the simplified pollution transport model.
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1. Introduction

It is well known that Sulfur pollution is the most severe environmental problem for the Balkan Peninsula.  That is why there is quite a large number of studies (Zerefos Ch. et al., 1998), (Zerefos Ch. et al., 2000), (Syrakov D. et al., 2000) concentrated mostly on it. Nevertheless the study of the Nitrogen compounds transport over the region is also of interest.  The simulation of the transport and chemical transformations of Sulfur and Nitrogen pollution from both Greek and Bulgarian sources and estimation of the pollution exchange between Bulgaria and Northern Greece is the objective of the present work.  As a new numerical model (Dimitrova R., 1997), which is still not well enough verified and tuned for the cases of complex chemical interactions, is used for the purpose, the simulations are restricted to only two time periods - January and July 1995.
2.  Models and Data
A three-layer Eulerian model (Dimitrova R., 1997) is used for simulation of the pollution transport over the Balkan Peninsula.  It is a simplified model with a parameterized vertical structure, based on the following assumptions:

· The model atmosphere extends from the earth’s surface 

 to a level 

, which is supposed to be a free material surface - the lower boundary of the free atmosphere. 

· The layer of turbulent atmosphere extends from the earth’s surface 

 to a height 

, and the level 

 varies as a result of the dynamic processes and the entrainment of air from or to the above lying air.

· The turbulent layer has a sub-layer (surface layer) with a constant depth 

, so its height 

 does not depend on the dynamic processes and does not change with time.


Thus the model atmosphere consists of the following layers:

· surface layer 

 with a constant depth 

, 

· mixed layer 

 with a variable depth 

,

· “reservoir” layer 

 with a depth 



 EMBED Equation.2  
.

It is assumed that the pollutants are homogeneously distributed in the layers.  A detailed description of the parameterization of the layer to layer pollution exchange is given in (Dimitrova R., 1997).

The standard EMEP chemical transformation scheme (Tuovinen J. P. et al., 1994), which considers also non-linear chemical reactions, is included as one of the model options.  It accounts for 10 interacting Sulfur, Nitrogen and Ammonia compounds:
	


	Nitrogen Monoxide

	


	Nitrogen Dioxide

	


	Nitric Acid

	


	Peroxyacetyl Nitrate
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NO


	Particulate Nitrate (not including ammonium nitrate)

	


	Sulfur Dioxide

	


	Particulate Sulfate (not including ammonium sulfate) 

	


	Ammonia

	


	Ammonium Nitrate

	


	Ammonium Sulfate


The models output gives, in addition to the admixture concentrations, also some integral air pollution characteristics, such as the air pollution mass-balance relations for each of the pollutants in an arbitrary sub-region 

 of the integration domain 

, and for a time period [

]:
	


	(1)


where 

 is the emission, 

- the total quantity in the moment 

, 

 is the initial quantity, 

 is the dry deposition, 

 is the pollution quantity which has passed the upper boundary of 

, 

 is the wet deposition (washed-out pollution quantity), 

 are the wastes of the given pollutant due to chemical transformations, 

 are the influx of the given pollutant due to chemical transformations, 

 is the pollution quantity which has passed the side boundaries of 

 (

>0 means inflow and 

<0 means outflow of the pollutant).  Obviously by a boundary transition the pollution budget (1) can be defined for each point of the integration domain, the corresponding qualities denoted by 

, 

, 

, 

, 

, 

, 

, 

.

The integration domain is a sub-region of the standard EMEP domain.  The horizontal grid with steps 25km is nested in the EMEP’s one.  The meteorological information used for the simulations (wind field at 850 hPa, potential temperature difference between ground and 850hPa and rain intensity) is taken from the diagnosis of the  Europa-Model of the RSMC-Offenbach, Germany and interpolated in the grid points of the domain of integration by a procedure described in (Syrakov D. and Andreev V., 1995).  The mentioned synoptic information is used for constructing the wind in the layers and the layer to layer exchange coefficients.  A one dimensional version of a three-layer model of the mesoscale dynamics (Ganev K. 1995) is applied for the purpose.

3. Numerical simulations

As stated above, the simulations were carried out for one winter and one summer month - January and July 1995.  The calculations were made separately for the pollution from Bulgarian and Greek sources and on this basis the contribution of each country to the other country pollution is evaluated. This is not a correct procedure, because there are some non-linear reactions between the compounds, but it is the only way to estimate the country to country pollution budget, and so it is normally applied for the purpose. The fields of some of the characteristics defined in the previous paragraph, together with the corresponding fields of the contribution of the Bulgarian sources (in %) are shown on Figs. 1-6.  As only Greek and Bulgarian emissions are taken into account apparently the contribution of the Greek sources cover the residuum to 100%.  The fields shown are a result of a complex interaction of meteorological conditions (horizontally heterogeneous and none-stationary) and chemical transformations (some of which none-linear) of the compounds.  That is why it is not easy to make a detailed analysis of the demonstrated characteristics, not speaking of any comments on the impact of the different  processes under  whose influence  they  are  formed.   Nevertheless, it  is 
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Fig. 1. Fields of 

, 

, and 

 for Sulfur [

] (a.) and the contribution of the Bulgarian Sulfur sources [%] to the corresponding characteristic in each point (b.), January 1995. 
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Fig. 2. Fields of 

, 

, and 

 for Nitrogen [

] (a.) and the contribution of the Bulgarian Nitrogen sources [%] to the corresponding characteristic in each point (b.), January 1995.  
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Fig. 3. Fields of 

, 

, and 

 for Amonia [

] (a.) and the contribution of the Bulgarian Amonia sources [%] to the corresponding characteristic in each point (b.), January 1995.
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Fig. 4. Fields of 

, 

, and 

 for Sulfur [

] (a.) and the contribution of the Bulgarian Sulfur sources [%] to the corresponding characteristic in each point (b.), July 1995.  
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Fig. 5. Fields of 

, 

, and 

 for Nitrogen [

] (a.) and the contribution of the Bulgarian Nitrogen sources [%] to the corresponding characteristic in each point (b.), July 1995.
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Fig. 6. Fields of 

, 

, and 

 for Amonia [
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] (a.) and the contribution of the Bulgarian Amonia sources [%] to the corresponding characteristic in each point (b.), July 1995.

clear that the dominating air flows in July are from E - NE, while in January, though the flows are less organized, some W - SW trend can be detected.  It should be noted that the total pollution quantities density 

 refer to the final moment of each of the integrating periods, and so reflect the meteorological conditions in the last 3 or 4 days of each month only.

It is easier to make comments on the integral characteristics, demonstrated in Tables 1.- 6.  From the tables it is clear that in both months the Sulfur and Nitrogen air pollution of Bulgaria is mostly due to home sources, especially in July. The estimations of the contribution of the Amonia sources to the pollution of each of the countries should be considered with some caution due to the complex chemical  transitions  these compounds go through and  the semi-correctness of 

Table 1.  

 quantities and the corresponding contribution of Bulgarian sources [%], January 1995.

	
	Sulfur
	Nitrogen
	Ammonia

	Country
	


	%
	


	%
	


	%

	Bulgaria
	5.8x102
	95
	1.7x102
	78
	1.0x102
	28

	Greece
	2.0x102
	3.1x10-2
	8.4 x101
	1.1x10-1
	9.6 x102
	2.3x10-3

	North Greece
	4.9x101
	1.3x10-1
	3.4 x101
	2.6x10-1
	1.0x102
	2.2x10-2


Table 2.  

 quantities and the corresponding contribution of Bulgarian sources [%], January 1995.

	
	Sulfur
	Nitrogen
	Ammonia

	Country
	


	%
	


	%
	


	%

	Bulgaria
	7.1x103
	93
	3.8x102
	86
	6.9x103
	13

	Greece
	5.6x103
	27
	3.0 x102
	25
	3.8 x104
	6.5x10-2

	North Greece
	1.9x103
	53
	9.9 x101
	48
	8.4
	2.2x10-1


Table 3.  

 quantities and the corresponding contribution of Bulgarian sources [%], January 1995.

	
	Sulfur
	Nitrogen
	Ammonia

	Country
	


	%
	


	%
	


	%

	Bulgaria
	1.7x104
	97
	9.5x102
	79
	1.2x104
	25

	3/Greece
	1.0x104
	22
	9.0x102
	29
	1.1 x105
	1.1x10-1

	North Greece
	4.3x103
	49
	4.7x102
	48
	8.4 x103
	4.0x10-1


Table 4.  

 quantities and the corresponding contribution of Bulgarian sources [%], July 1995

	
	Sulfur
	Nitrogen
	Ammonia

	Country
	


	%
	


	%
	


	%

	Bulgaria
	1.2x103
	100
	2.0x102
	100
	1.3x102
	46

	Greece
	6.1x102
	24
	1.7x102
	100
	5.0 x103
	1.3x10-1

	North Greece
	2.1x102
	71
	4.0x101
	44
	9.9 x102
	6.7x10-1


Table 5.  

 quantities and the corresponding contribution of Bulgarian sources [%], July 1995

	
	Sulfur
	Nitrogen
	Ammonia

	Country
	


	%
	


	%
	


	%

	Bulgaria
	4.8x103
	100
	3.5x102
	100
	1.9x103
	46

	Greece
	7.5x103
	33
	4.5x102
	41
	5.8 x104
	1.7x10-1

	North Greece
	3.1x103
	56
	2.0x102
	55
	1.2 x104
	6.2x10-1


Table 6.  

 quantities and the corresponding contribution of Bulgarian sources [%], July 1995

	
	Sulfur
	Nitrogen
	Ammonia

	Country
	


	%
	


	%
	


	%

	Bulgaria
	1.7x104
	100
	1.1x103
	98
	6.4x103
	58

	Greece
	9.3x103
	51
	1.1x103
	47
	5.8 x104
	4.5x10-1

	North Greece
	6.9x103
	61
	7.0x102
	56
	2.7 x104
	8.2x10-1


the procedure applied.  Anyway it is clear that the Amonia in both countries is mostly secondary - not from direct Amonia emissions, but from the Nitrogen compounds transformations.

The estimations for July should be especially underlined.  The fact that the pollution of Bulgaria is practically due to its own sources and that the Bulgarian source contribution to the Sulfur and Nitrogen Pollution of Greece and Northern Greece is so large, can be explained only by the specific synoptic conditions in the region during the time period - namely steady E - NE flows during almost the whole July 1995. This is a well known fact, well displayed in both the pollution climate of Northern Greece and some evaluations made for cases of large summer 

 pollution in the city of Thessaloniki [1, 2].  

4. Conclusions

The estimations made above should be considered as preliminary ones.  They still have to be proved by some comparisons with air pollution measurements data.  Qualitatively, however, they agree with previous 

 pollution exchange studies (Zerefos Ch. et al., 1998), (Zerefos Ch. et al., 2000), which is evidence that the simplified pollution transport model with complex chemistry, introduced in the present paper, will be perhaps suitable for further more extensive studies of the pollution transport over the Balkan Peninsula and in particular of the pollution exchange between Bulgaria and Northern Greece.
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Обмен на сулфатни и нитратни замърсители между България и Северна Гърция оценен с помощта на един трислоен транспортен модел

Р. Димитрова, К. Ганев, Хр. Зерефос, А. Васарас

Резюме.  Симулиране на преноса и химическите трансформации между сулфатни и нитратни компоненти от големите източници в България и Гърция и оценка на взаимното замърсяване между България и Северна Гърция са разгледани в представената работа.  За целта е използван трислоен Ойлеров модел, като оценките са направени за един зимен и един летен месец на 1995 година.  Получените оценки са все още предварителни, но показват качествено съгласие е предишни оценки за обмен на замърсяване със сяра.
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