Bulgarian Geophysical Journal, 2007, Vol. 33
Geophysical Institute, Bulgarian Academy of Sciences

INTERACTION OF AIR POLLUTION TRANSPORT SCALES -
OUTLINES OF STUDIES IN BULGARIA

A. Todorov3, G. GadjeV

1Geophysical Institute, ul.Acad.G.Bonchev, bl3, Sbfia3, Bulgaria,

Abstract. The smaller scale processes impact on larger agapmllution patterns is
a problem still far from being solved. The probleetomes even more difficult, but
also more important in regions with complex terrdike Bulgaria. That is why quite
extensive studies on the subject had been cardeth@ur country. A brief review of
these studies and some generalization of the csinds made is the subject of the
present work.

Key words: air pollution, atmospheric dynamics, transport esahesting, telescopic
approach, mesoscale effects

Introduction

Speaking of “transport scales”, obviously one hasniind a set of dynamic
processes which are typical for the given scale langely determine the respective air
pollution patterns. In reality, of course, the pailution in a given point is subject of the
joint impact of all the scales, which interact inamplex way.

Traditionally the impact of larger transport scad@ssmaller ones is accounted for
by treating the larger scale pollution pattern abagkground on which smaller scale
transport and transformation processes develogithgollution details. This seems to be a
fruitful and generally accepted approach.

The smaller scale processes impact on larger agajellution patterns, however,
is a problem less studied and still far from besodyed. The problem becomes even more
difficult, but also more important in regions witomplex terrain, like Bulgaria. That is
why quite extensive studies on the subject had leaeried out in our country. A brief
review of these studies and some generalizatiatheitonclusions made is the subject of
the present work.
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Brief description of the applied models

The studies were mostly carried out with the IMSMtégrated Multi-Scale
Model) (Ganev K. and E.Syrakov, 1994, Ganev K. &nh8&yrakoy 1995, Ganev K.,
E.Syrakov and E.Georgieva, 1997, Georgieva E. Mr@odev N., 1987, Syrakov E.,
K.Ganev and N.Godev, 1987, Sirakov E., K.Ganev &h@odev, 1988, Sirakov E.,
K.Ganev and N.Godev, 1988, Syrakov E. and K.Gad®89, Syrakov E. et al, 1989,
Syrakov E. and K.Ganev, 1993, Syrakov E., K.Gar394). The model provides an
embracing and complex evaluation of the air padluti accounting for the specific
characteristics of the different transport scakeg.().
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Fig.1. Range of appliance of the IMSM in dependence efttale of horizontal transport () and
the corresponding space discretisatfnused in the present study. (Syrakov E., K. Gah898)

IMSM incorporates several coordinated air polluticansport models:
- a 3-D Eulerian pollution transport model;
- air pollution mass-balance relations for eackhefpollutants in an arbitrary sub-
region Dy of the integration domairD, and for a time periodd—T ], providing the

balance relations betwed® - the emissionpP - the total quantity in the momert , Py -
the initial quantity, Py - dry deposition,Py - the pollution quantity which had passed the
upper boundary oD1, Ryet - wet deposition (washed-out pollution quantity,,t are

the wastes of the given pollutant due to chemieaisformations,R, are the influx of the

given pollutant due to chemical transformatiors, is the pollution quantity which had
passed the side boundaries Bf (F >0means inflow andF <0 means outflow of the

pollutant):

- functions of influence problem, concerning ecddaly important pollution
characteristics of a given “protected” region (as®Ganev K., 1991, Ganev K. 2004)

- “Puff” model and a trajectory model (basic andlavind trajectories).

In dependence of the transport scale specifics progriate combination of
dynamics and transport models is chosen and sording to Fig.1., three basic operational
regimes of the IMSM exist - IMSM, IMSMsgg, IMSM | R:

- IMSM_¢ describes the pollution transport in the local domaround a given
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source LC (<20-25 km). It contains a splited-up BDlerian model, which treats the
vertical diffusion numerically, and applies a Gaumsdistribution in horizontal direction. It
utilizes a PBL model (stationary or evolutionargrameterized either in accordance with
the resistance laws, accounting for inversionspddgnicy, terrain slope, or in accordance
with the Pasquill-Turner stability classes (forailst see Syrakov E., K.Ganev (2002, 2003,
2004));

- IMSM_x describes the pollution transport in the LR areB0km). It treats the
above stated set of models numerically. A PBL rhpdeameterized by external aerologo-
synoptical parameters is used for the purpose;

- IMSMgg describes intermediate (in respect with the LR B@dscales) sub-grid
(SG) effects of pollution in a grid nested (in fhr@sent withA =37.5km) in the standard
EMEP one, with a more detailed emission inventarg accounting of topography effects.
A mass-balance diagnostic model (Ganev K., E.Swrakal E.Georgieva, 1997, Georgieva
E. and N.Godev N., 1987, Syrakov E. et al, 198%)sisd for the purpose, with a procedure
for coordinated surface and aerological data imtetmpn, especially designed in
correspondence of the physical-geographic speaificke country. A convincing proof of
the consistency of this approach is demonstrategiafos et al (199&000, 2004)

A three-dimensional hydrostatic mesoscale modehé@aK., 1981, Ganev K.,
1993,Ganev K. 1996) was also applied in some ssuidieconstructing the meteorological
fields in this spatial scale.

Main problems addressed

Local to regional transport of pollution from Thermal Power Plants (TPP)

Accounting for sub-scale pollution effects is esple important for powerful
source, located in or close to regions with complexese effects can lead to significant
corrections of the standard long-range pollutioarahteristics in regions close around the
sources, as well as for the integral charactesisifdche corresponding cell from the EMEP
grid. That is why studying the pollution from th&F is important from both scientific and
applied point of view.

The high and powerful sources from the Maritza-Eashplex cause significant
air pollution, which can be followed in the threartsport scales. As it can be seen from
climatic evaluations for the biggest source (M-@tained by applying the mass-balance
approach to the calculated annual pollution rosbgined in a cylindrical domain with a
radius of 25km (Table 1) the predominating parthef pollutants (about 98% for Sulphur
and 99% for the Nitrogen compounds) leaves thel ldamain and thus becomes a subject
of the larger transport scales.

20 basic synoptic situations, representative foweative or none-gradient
meteorological conditions, typical for the countmere chosen, after extended synoptic and
climatic expertise, for studying the interactiontbeé LR and SG effects. Two different
assessments of the pollution characteristic§concentrations, depositions, acid rain, etc.)

are made for the territory of the country (SyrakoyK. Ganev, 1998):
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f= fLR (1)

where f| r, accounts for the long range transport only anchlsulated by IMSk, and
the assessment specified with accounting for thefigsts:

=8+ s (2)

where f[%d is obtained like (1), with the only difference thamissions from the

considered major TPP are subtracted from the EMBBstons for the corresponding cells,
and fgg is obtained by the IMSM, with a more detailed topography description,

accounting only for the major (excluded from tlhé%d simulations) Bulgarian TPP.

Table 1 Annual pollution balance components for M-2 soui@mea cylindrical region with radius
25km

Q P Ri Pout Pin Puvet F
NO[t(N)] | 4637.0 | 0.167 0 38330] -34450 0 755
NOJt(N)] | 159.2 | 0.828 | 2.605| 34890 -3838D 0 -365p
HNOJt(N)] 0. 0.032 | 1.750 5 -206 8 -192
PAN[t(N)] 0 0.005 | 0.058 53 -181 0 -128
NOJt(N)] 0 0.098 | 0.302 7 67 16 42
SOJt(S)] | 184100| 41.620| 866.8] 4025 0 2973 -176200
SOJt(S)] | 6460 | 2505 | 9.860 0 -4025 574 -989f
total S [t] | 4797 1.131| 4.715] 73280 -73280 24 4768
total N[f] | 100600| 44.120] 876.6] 4025  -40256 3547 6400

On the basis of inter-comparison cbpf%d and fgg ,correspondingly off r and

red
flR

estimations.
It is natural the analysis of the results to stdth a discussion of the 24h averaged
surface concentration€ (the SQ is chosen for demonstrations from the 10 simulated

Sulphur and Nitrogen compounds), when (3) obtaires form C:CIr_‘f__\ﬁj +Cgg. The

+ fgg, it can be detected the significance of the suth-gorrection to the long range

isolines of Cgg, together with theClr_eFfI values for the corresponding EMEP cells are
shone on Fig.2. The analysis of all the situationsluding the demonstrated in Fig. 2.,
shows that the relation betweeﬂ?ilr_el:fI and Cgg strongly depends on the synoptic

conditions, when in most of the situations there areas in whiclCgg >> Clr_ng , i.e. the

sub-grid corrections are very significant. Theseas, usually with radius ~ 50-70 km,
around ore shifted from the sources, in which tlub-grid correction is especially

significant, can be defined from the conditidhsgzclr_%?. Generally speaking the

maximal SG-effects can be observed when the wimdction coincides with the line
formed by the 4 sources from the Maritza complaxretatively low or medium wind
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speed, or blocking local circulation (alternatechdvidirections, sharp changes in wind
speed or direction, etc.), caused by the complpagmphy influences. The SG effects are
smaller at winds with bigger speed and directiorperdicular to the line around which the
discussed sources are located, at ventilating ¢apagraphy effects, etc.
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Fig. 2. |solines of the surface values @gg (for SO,) and the values OCIr_?:? (for SOy)
[ g/ m~] for the corresponding EMEP cells. The cell, whicontains the four TPP from the
“Maritza” complex is the (33,18) cell from the EMEAd (Syrakov E., K. Ganev, 1998).
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Analogical effects can be followed for all the brala componentgSyrakov E., K.
Ganev, 1998)
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An example for the interaction of local and synopt transport scales - a case
study

The same telescopic approach was applied for nealersimulation and
interpretation of the evolution of daily averagedhcentrations at Background Station (BS)
“Rojen” - (see fig.2.) for the period 07.-13..10879 Experimental data for the same

characteristics is available (see the Report of W IJE) and had been used for

comparison and verification of the approach Twdedént telescopic grids with stegs;
and A, (mesoscale models MM1 and MM2) are used, and ¢hheesponding mesoscale

corrections to the concentrations simulated for“®ejen” BS were calculatedsgrakov E.

et al, 1989, Ganev K., E.Syrakov and E.Georgieva719The comparison of the simulated vs.
measured concentrations decisively demonstrates inigortance of accounting for
mesoscale dynamic processes for interpretatiorhefeixperimental results, even if BS
(where it is supposed the pollution to be subjeotthy to LR processes) are concerned.
Moreover, the study proved that improving the satioh results is not due to the better

spatial resolution, but mostly to the better actimgnfor mesoscale dynamic phenomena by
the SG simulations.

Table 2 Some integral air pollution characteristics [tearas S] and the corresponding mesoscale
corrections [%] (in the parenthesis)

Episodes with larger mean surface,SO Episodes with larger mean surface,SO
concentrations for Bulgaria concentrations for Northern Greece
P Pd F P Pd F

499(-25) 423(22) -1500(0) 51.2(-3) 24.4(-14 -155(-
1190(41) 415(21) -999(-32) 353(57) 990.1(14 2.76980
738(63) 284(29) -1300(-31) 638(78) 190(58) 452(116)
349(29) 271(25) -1710(-5) 203(40) 128(44) -194(29)
402(40) 237(28) -1600(-11) 289(57) 103(41) -88.6)-3
716(-44) 353(-35) -1730(34) 197(35) 70.1(0) 39.3u41
717(32) 528(29) -1670(7) 130(1) 80.7(-49 -389(45
736(67) 474(58) -1950(2) 334(25) 51.1(-121) 109(48
704(21) 461(-12) -1470(-35) 62(48) 90.4(76 -470(59
319(34) 259(-1) -1860(-4) 76.2(18) 36.5(-1) -158§-1

An example for the interaction of local and synopt transport scales - a case

study

Another demonstration of this effect is given belo@alculations of the transport
of SO, from Bulgarian sources over the Balkan Peninswdasehbeen carried out for

different synoptic episodes, with and without actimg for the mesoscale dynamic effects
(Dimitrova R. and K.Gane¥999) The simulations proved that the mesoscale diahges of
the wind fields are significant and reflect sompidgl effects like the tendency of air flow
channeling along the Danube river, some blockingth®y mountains with cyclone like
rotation in the concave regions, etc. The comparfathe orders of the wind velocity and

40
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the corresponding differences shows that the matosdfects are not only qualitatively
but also quantitatively well displayed.

The evaluations of the integral pollution charastars, made for all the synoptic
episodes show that the relative differences caguite large - sometimes exceeding 100%,
and in most of the cases more the 10% for a céli@bttandard 150x150 km grid. Even for
larger domains - the whole territory of Bulgariagse differences can be significant - up to
70% for the columnar pollution contents and 35%il@r pollution cross-border flows.

The simulations made for cases of especially langan sulfur concentrations in
Bulgaria or Northern Greec&énev K. et al, 2093showed similar effects (see Table 2.).

Conclusions

The following main conclusions can be made fromaheve brief review:

1.) The importance of the accounting for the SGeaff caused by powerful
sources in regions with complex topography is cocivigly demonstrated.

2.) The proposed relatively simple procedure, whiichsists of the solution of the
long-range transport problem with exclusion of se@rces from the studied SG area and in
addition a more precise treatment (in a nested gnd accounting for the topography
effects) of the pollution from these sources, carsbiccessfully applied for accounting for
the SG effects.

3.) For regions with proved significance of the 8ffects it may be appropriate
the environmental loads also to be treated in @moecise way, according to the approach
followed in this work:

4.) In many cases the daily averaged pollution eatrations at a BS over a
complex terrain can not be explained by a LRM osly,the measured data may not be
representative as a background value, especialliyafter intervals (synoptic episodes) are
considered. In such a case mesoscale simulatiams be used for making the
corresponding corrections and obtaining the reakdpaund (representative for the long-
range transport) values;

5.) Mesoscale phenomena can really effect the lsecgke pollution characteristics.
For Bulgaria, for which it is known that it's dontiessources always largely contribute to
the country’s pollution, a specification of the erdf 30-50% is by all means important.
The mesoscale corrections of the pollution charaties have there signs - depending on
the meteorological conditions they may lead toramdase or to a decrease of the estimated
values. That is why, if the estimations are maateldnger time periods (a month or a
year), the mesoscale corrections will be probabligimsmaller. Nevertheless several day
episodes with steady meteorological conditions roftecur, and in these cases the
mesoscale corrections to the large scale pollui@racteristics may be important.

Acknowledgments This work is partly supported by grant ES 80888y the Ministry of
Education and Science.

Bulgarian Geophysical Journal, 2007, Vol. 33 41



A.Todorova, G.Gadjev: Interaction of air pollutiobsport scales...

References

Dimitrova R. and K.Gane%999: Some examples of the mesoscale topograpbgtefdn large scale
air pollution transport. Second Workshop on Largecale Scientific Computations of
Engineering and Environmental Problems Il, 2-6 Ju8ezopol, Bulgaria, Notes on
Numerical Fluid Mechanics, Vol. 73, pp. 267-274.

Ganev K., 1981: Some results of the numerical modetif mesometeorological processes in the
Sofia field. (in Bulgarian), Bulgarian Geoph. VM, 3, 3-15.

Ganev K., 1991: Formulation of the influence funetiproblem for a complex of interacting
admixtures. EUROTRAC workshop on regional and glabatielling of minor atmospheric
constituents. Wiesbaden, 23 - 24 April 1991 ( Atsblished in Compt. Rend. Acad. bulg.
Sci., 45, No3, 29-32).

Ganev K., 1993: Numerical study of the local flowstgns in the “Kozloduy* NPP region - some
preliminary results. 18th General Assembly of therdpean Geophysical Society,
Wiesbaden, 1993. (Also published in Bulgarian Gedphv. XIX, No 1, 9 - 23).

Ganev K. and E.Syrakov, 1994. Treatment of chentiGisformations in atmospheric pollution
modelling. (in Bulgarian)Bulgarian Geoph. Jv. XX, No 4, 77-89

Ganev K. and E.Syrako1995. Application of the method of functions ofiirence on the problem
of reduction of thermal power plants effects on ¢én@ironmentBulgarian Geoph. J.v.
XXI, No 1, 12-23.

Ganev K.1996: A Three-layer model of the mesoscale atmerspldynamics. Compt. Rend. Acad.
bulg. Sci., v. 49, No.7

Ganev K., E.Syrakov and E.Georgieva, 1997, An e¥arfgy the interaction of local and synoptic
transport scales - a case stuBwedish-Bulgarian Workshop on Long-Range Air Pialfut
Sozopol 19-23 October, 1997.

Ganev K. 2004: Functions of influence and air pallutmodels sensitivityCompt. Rend. Acad. Bulg.
Sci.,57, No.10, 23-28

Ganev K., R. Dimitrova, D. Syrakov, Ch. Zerefos, 20@&:counting for the mesoscale effects on the
air pollution in some cases of large sulfur podutiin Bulgaria or Northern Greece,
Environmental Fluid Mechanic8, 41-53.

Georgieva E. and N.Godev N., 1987, Interpolation wfdwdata taking into account the relief-some
results and problems (in BulgariaBylgarian Geoph. Jv.VIII, 4

International Joint Experiment “Rojen-87“, XIl GSMQ@&port, 1988, Sofia-Moskow.

Syrakov E., K.Ganev and N.Godev, 1987. A trajectorydehdor studying long range pollution
transport in PBL., inProceedings of the WMO conference on air pollutiometiing and
its application., Leningrad, USSR, 19-24.05.198810/TD No 187, v.l, 226-239.

Syrakov E., K.Ganev and N.Godev, 1988. Long-rangesfrart of sulfur and nitrogen, taking into
account the influence of the synoptic conditiomegoaphy and arranged vertical motions.
(in Bulgarian), Bulgarian Geoph. Jv.XIV, 1, 11-27

Sirakov E., K.Ganev and N.Godev, 1988, Estimatiothef mutual pollution of different regions at
distant and regional transport. (in BulgariaBlgarian Geoph. Jv.XIV, 4, 10-21

Syrakov E. and K.Ganev, 1989, Modeling of sulphud aitrogen compounds transport within the
PBL under nocturnal and convective conditionsRussian)Z. Meteorol, 39, 2, 81 — 88

Syrakov E., K.Ganev, N.Godev, E.Georgieva and E.Bogdd989. A telescopic approach for
coordinated study of the air pollution at long-rarand regional transport over a complex
terrain, in: Special Environmental Report No.17 “Changing Compasitof the
Troposphere* - Extended Abstracts of the WMO Techr@onference. Sofia, Bulgaria, 23
- 27.10.1989 WMO No.724, 189 - 192

42 Bulgarian Geophysical Journal, 2007, Vol. 33



A.Todorova, G.Gadjev: Interaction of air pollutiobsport scales...

Syrakov E. and K.Ganev, 1993tudy of the Environmental Impact of the Thermal PdwWants(in
Bulgarian), Annex No.12, Energoproect Archives, &ofi

Syrakov E., K.Ganev, 1994 Transport, chemical faansations and characteristics of pollution in
local scales. (in BulgarianfBulgarian Geoph. Jv. XX, No 3, 5-25

Syrakov E., K. Ganev, 1998: On the accounting fanescub-scale effects in the long range air
pollution modeling over a complex terrain. XXllIternational Technical Meeting on Air
Pollution Modelling and its Applications, 28.09-0Q. 1998, Varna, Bulgaria. Kluwer
Academic/Plenum Publ. Corp., pp. 107-115

Syrakov E., K.Ganew002: Accounting for effects of wind rotation inettPBL on the plume
characteristicsProc. of the 8 Intern. Conf. on Harmonization within Atmospheric
Dispersion Modelling for Regulatory purposes, Sofialgaria, 14-17 Oct. 2002pp. 232-
236,

Syrakov E., K.Ganev 2003Accounting for effects of wind rotation in the PBin the plume
characteristicdnt. J. Environment & Pollutionvol. 20, No.1-6, 154-164.

Syrakov E. and K.Ganev, 2004: Stratification, barecity and inversion effects on the lagrangian
and diffusion characteristics of instantaneouslgased clod in the PBL"0Harmonisation
Conference, 1-4 June 2004, Garmish Partenkirchen.

Zerefos Ch, K.Ganev, D.Syrakov, A.Vasaras, M.T4outz M.Prodanova, E.Georgieva,
1998: Numerical Study of the Total $Oontents in the Air Column Over the City
of Thessaloniki, Proceedings of the XllI Internatd Technical Meeting on Air
Pollution Modelling and its Applications, 28.09-0Q. 1998, Varna, Bulgaria.
Kluwer Academic/Plenum Publ. Corp., pp. 175-182

Zerefos C., K.Ganev, K.Kourtidis, M.Tzortziou, A.8&ras, E.Syrako2000: On the origin
of SO, above Northern Greec&eophysical Research Letters 27, No.3, pp.
365-368

Zerefos Ch., D. Syrakov, K. Ganev, A. Vasaras, KouiKidis, M. Tzortziou, M.
Prodanova,R. Dimitrova, E. Georgieva, D. YordandvMiloshev, 2004, Study of
the pollution exchange between Bulgaria and Norti@reecelnt. J. Environment
& Pollution, vol. 22, No.1/2, 163-185

B3aunMopeiicTBMe Ha Mamadu Ha IMPEHOC Ha aTMOC(l)epHO 3aMbpCABaHe — MperJjea Ha
H3CJIeABAHUATA B anrapnﬂ

A.Tonmoposa, I".I'amxeB

Pe3ome: BrimsHmMeTO Ha MPOIECHTE ¢ MAIKH Mamadu BEPXY 3aMBbPCSIBAHETO B MIO-TOIEMHU
Mamabu e mpoOieM, KOWTO Bce OIlle He € pelieH. 3ajadaTa cTaBa JIOpH 10 — TPYAHA, HO
CBIIIO TaKa ¥ MHOTO II0 - Ba)KHAa B pallOHU ChC CJIOXKEH TepeH kaTo bearapus. [lopanu ta3u
NPUYHMHA B HaIllaTa CTPaHa ca HAIpaBeHM J0CTa MamaOHU W3CIeaBaHMA 10 Ta3u TeMa. Llen
Ha HacTosmaTa paboTa € Ja HampaBH KpaThK INperjeq Ha Te3W H3CIeIBAaHUS W HIKOU
00001IaBaIIy 3aKIIOYEHNS.
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