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Abstract: The air pollution transport is subject to differescale phenomena, each characterized by spedifiospheric dynamics
mechanisms, chemical transformations, typical tepales etc. The specifics of each transport scefimeda set of requirements for
appropriate treatment of the pollutants transpadt tsansformation processes, respectively for blatenodelling tools, data bases, scenarios
and time scales for air pollution evaluation. Threpallution pattern is formed as a result of imtefon of different processes, so knowing
the contribution of each for different meteorolaiconditions and given emission spatial configoratand temporal behaviour. The
present study attempts to make some evaluatioteafontribution of different processes of the ldoaegional pollution over the Balkans.
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INTRODUCTION

The main scientific challenge of local to regioathospheric composition pattern modelling probablthe accounting for
the strong dependence of concentrations on fluohstof local and regional meteorological condisipthe complex
interaction of transport scales (different life ¢éisnof the pollutants make it even more complexgeuminties and responses
to emission forcing and boundary conditions, bathoducing information noise.

The air pollution transport is subject to differesttale phenomena, each characterized by spedaifiosaheric dynamics
mechanisms, chemical transformations, typical tisecales etc. The specifics of each transport scafmel a set of
requirements for appropriate treatment of the pafits transport and transformation processes, ctgply for suitable
modelling tools, data bases, scenarios and timesdar air pollution evaluation. The air pollutigrattern is formed as a
result of interaction of different processes, sowimg the contribution of each for different metaglogical conditions and
given emission spatial configuration and tempoetidviour. The present study attempts to make som@ations of the
contribution of different processes of the locatdgional pollution over the Balkans.

Modelling tools

The US EPA Model-3 system was chosen as a modetioigbecause it appears to be one of the mostlyigdeed models

with proven simulation abilities. Important advagda of this software are that it is free downlodelamd it can be run on
contemporary PCs. In the same time, this is a miodeibol of large flexibility with a range of optie and possibilities to be
used for different applications/purposes. Many aese groups in Europe already use the Model-3 sysie some of its

elements and this number is going to increase lapid

The system consists of three components:

MM5 - the 5th generation PSU/NCAR Meso-meteorologicad®dviM5 - Dudhia (1993), Grelét al. (1994), used as
meteorological pre-processor;

CMAQ - the Community Multiscale Air Quality System CMA@yunet al. (1998), Byun and Ching (1999);

SMOKE - the Sparse Matrix Operator Kernel Emissions MadgSystem - CEP (2003).

Input data
The large scale (background) meteorological databhasd by the application is the NCEP Global Anal{Bta with 1%1°
resolution. At the moment the created databaseatmnall the necessary information since year 2000.

The TNO high resolution inventory (A. Visschedigt al. ,2007) is exploited. The inventory is produced fopper
disaggregation of the EMEP 50-km inventory dataebdase TNO inventory resolution is 0.225.0625° longitude-latitude,
that is on average about @ km. GIS technology is applied as to produce areh large point source input from this
database. It must be mentioned that the TNO emisséwe distributed over 10 SNAPs (Selected Nomamelgor Air
Pollution) classifying pollution sources accorditg processes leading to harmful material releadbe atmosphere. The
inventory contains 8 pollutants: CH4, CO, NH3, NMVQZOC), NOx, SOx, PM10 and PM2.5.

CMAQ demands its emission input in specific format tfleg the time evolution of all polluters accountied the used
chemical mechanism. A specific approach for obtajnspeciation profiles is used here. The USA EP#fadmse is
intensively exploited. A Bulgarian emission expeas Hound coincidence between main Bulgarian sodoresvery SNAP
with similar source types from US EPA nomenclaturbe weighted averages of the respective specigtiofiles are
accepted as SNAP-specific splitting factors, weigbeing the percentage of contribution of everyremuype in total
Bulgarian emission in particular SNAP. In such a W&C and PM2.5 speciation profiles are derived. listrbe noticed
that the choice of source types and their contidbuto the respective SNAP emissions are countegifip, i.e. the obtained
speciation profiles are applicable for Bulgariamitery, mainly.
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Domains and nesting

As far as the background meteorological data iSNG&P Global Analysis Datwith 1%1° resolution, it is necessary to use
MM5 and CMAQ nesting capabilities so as to downstal8 km step for the innermost domain. The MM5-precessing
program TERRAIN was used to define three domaink &4t (D1), 27 (D2) and 9 (D&m horizontal resolution. These four
nested domains were chosen in such a way thataimaid with a horizontal resolution ofkdn contains the whole Balkan
Peninsula.

Aerosol processes, January Cloud processes, January  Dry deposition, January Vertical diffusion, Jarjuar

Figure 1. Plots of the contributiopd/m®] of aerosol, cloud, dry deposition and verticdfidiion processes to the formation of PM2.5 at
16.00 on a “typical” day in January and July

Integrated process rate analysis
The Models-3 “Integrated Process Rate Analysis” aptis applied to discriminate the role of differesynamic and
chemical processes for the air pollution pattermtttion. The procedure allows the concentratiomgbk&or each compound

for an hour/AC to be presented as a sum of the contributionepticesses, which determine the concentration:

N
Ac=)"Ac 1)
i=1
The processes that are considered are: adveciffusian, mass adjustment, emissions, dry depasitahemistry, aerosol
processes and cloud processes/aqueous chemistry.

Grid computing

Multi-scale numerical experiments have to be cdroet, which are to clarify to some extend différepale processes
interaction, but also to further specify requiremsefor input data (emissions, boundary conditidasge scale forcing).
Model interfaces from synoptic trough meso- to Istle have to be tailored (two-way nesting efféeive to be checked).
Simply speaking, extensive sensitivity studies h@vbe carried out, tailoring the model set-up pathmeters. Performing
extensive simulations of this kind with up to datighly sophisticated numerical models obviouslyuiegs computer
resources of the order of magnitude of those pealidy the so-called supercomputers. Using superctarg however, is
rather expensive and far beyond what most of teeareh groups can afford. Luckily an alternativdhtmlogy — the grid
computing (Atanassoet al, 2006, Foster and Kesselmann, 1998, Gaeewal, 2009), is recently developing very
intensively, which makes formulating and solvinglgems absolutely unthinkable several years ag@dir quite relevant.

SOME EXAMPLES OF PROCESS ANALYZIS SIMULATIONS

The modelling infrastructure (models and input d&sd simulation practices) has been well validagsee for example
Ganeyv, 2009) which allows applying it for air poidn studies for the Balkan region with some trasthie obtained results.
Following the methodology described above, MM5 @MAQ simulations were simulations which were carrged for the
years 2003- 2009 and the respective process cuotitrits for each day for all the period were caltada Averaging the
process contribution fields over the whole ensemblesults for the respective month produces endibehaviour of given
pollution characteristic, which can be interpresad‘typical” for the month (respectively seasorf)eTcharacteristic, which

will be demonstrated and discussed as an exampleefuin this paper are the surface process catibis Aq and the

resulting hourly concentration chang&C for months January and July.

Plots of the horizontal fields of some of the psmEs which determine the concentration changes;oar@d PM2.5 for
January and July are shown in Figs. 1, 2. The paiteindeed very complex. Some typical effects loarfollowed however.
For example the roads, big cities and agglomeratagpear as big sinks in thg €Ghemical transformation plot and as big
sources in the PM2.5 aerosol processes plot.
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Chemical processes, January Cloud processes, yanuar Dry deposition, January Vertical diffusion, Janua

Figure 2. Plots of the contributiopd/m?] of chemical, cloud, dry deposition and verticéfusion processes to the formation of & 16.00
on a “typical” day in January and July

Plots of this kind are rather spectacular and ¢a@ g good qualitative impression of the spatiahptexity of the different
processes contribution. In order to demonstrateptioeess contribution behaviour and the processdntion in a more
simple and easy to comprehend way, the respedgidsfcan be averaged over some domain (in this tas territory of
Bulgaria), which makes it possible to jointly follamd compare the diurnal behaviour of the diffepgotesses contribution

and their resultant hourly surface concentrafd@ .

Such plots for NOx, SQPM2.5 and PM10 are given in Figures 2-3 for Janaad July respectively. A detailed description
even of these much simpler images will take a fatpace and probably is not necessary. Some mowrgeeatures could
be mentioned, however:

- First of all the hourly surface concentratidhC is determined mainly by a small number of mostadngnt processes
(which could be different for different compoundsjiile the role of the others is minor;

- The temporal behaviour of the processes is alsmiex;

- For some processes the contribution sign is alsvidike emissions or dry deposition), but some change their sign
during the day;

- For all of the compounds some of the advectidfusion processes have a major role.

CONCLUSIONS

The numerical experiments performed produced a Ivofgme of information, which have to be carefudlyalyzed and
generalized so that some final conclusions can &gemiThe conclusions that can be made at this sfape studies are that
the processes interactions are indeed very complex.

The results produced by the CMAQ “Integrated Prodeate Analysis” demonstrate the very complex behavend
interaction of the different processes — processrimutions change very quickly with time and thedwmnges for the
different points on the plane hardly correlate lat Ehe analysis of the behaviour of different peeses does not give a
simple answer to the question of how the air pwiutn a given point or region is formed.
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Figure 3. Plots of the diurnal course of the cantibns ig/m® and ppmV] of the different processes to the foiamadf NOx, SQ, PM2.5
and PM10 and the resulting hourly concentratiomgeac for a “typical” day in January
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Figure 4. Plots of the diurnal course of the camatibns ug/m?] of the different processes to the formation ofA©Q, PM2.5 and PM10
and the resulting hourly concentration changdor a “typical” day in July

The “Integrated Process Rate Analysis” is a fruifmproach, however, so an attempt should be madbdcevaluation and
analysis of the processes to be presented in a gemeral way. The characteristics demonstratedeaboe averaged over a
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large ensemble of simulations. A more extensivéssizal treatment — calculating not only the meaacess contributions
fields, but also standard deviations, skewnesswétis their dominant temporal modes (seasonalardilrnal variations).

The “Integrated Process Rate Analysis” could be ajggied in combination with emission sensitiviégts (see for example
Jordanovet al, 2010)) which can outline the impact of differeahission categories on the processes by whichithe a
pollution is formed.

Studying the impact of the numerical special retofuto “Integrated Process Rate Analysis” resudenss to be a promising
task as well.
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