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YBoa

Bw3ayxsT € jKH3HEHATa cpefa Ha YOBEKa M penuila aTMOCHEPHH, COIMATHU U JeMOorpad)CKu, apaMeTpu
“MaT roJIIMO 3HAaueHHE 3a KauyeCTBOTO Ha >KMBOT M 3JIpaBeTO Ha xopara. Bce moBede B MpakTHKaTa HaBIM3a
TepMHUHBT "KauecTBO Ha XWBOT". [lomoOpsiBaHETO Ha CHCTOSHHUETO HAa KOMIIOHCHTHUTE Ha OKOJIHATa cpena B
HaceJICHUTE MeCTa € 3aJb/DKUTENTHO 3a IMOCTUTAaHE Ha IMO-BHCOKO KAa4eCTBO Ha HUBOT. KayecTBOTO Ha KUBOT B
rpajoBeTe € MPSAKO 3aBHCHMO OT OajaHca MEXIy COLIMAIHO PaBEHCTBO, MPUXOIM, JKUJIHILNA, OJIaroycTpoicTBo,
YHCTa OKOJIHA CpeJia, COIMAITHN OTHOIICHMSI, 3/[paBeoa3BaHe U 00pa3oBaHHeE.

I'panckara okosHaTa cpena, OCHUTypsBamia MO-A00pO KadyecTBO Ha JKWUBOT, TpsAOBa 1a OTroBaps Ha
CIICJIHUTE YCIIOBHS: JOOPO KauyecTBO Ha aTMOC(EpHHsS BB3IyX, HUCKO HHBO Ha ITYMOBO 3aMbBPCSBAHE, YUCTA U
JOCTBITHA BOJA, TPAJICKHA AW3AiH, OCHUTYpSBAIl JOCTHIIHU M TOANBPKAHW NYOJMYHH W 3€JCHU IUIOIIH,
OJaronpusATeH JIOKaJIeH KIIMaT.

HacenenueTro Ha cBeTa ce KOHLEHTpupa npeauMHO B rpagoBere. OuakBa ce 80 % oT xuBeelure IO
cBeTa JieBeT MuihapAa xyniu npe3 2050 1. ga oduraBaT rpaJcKuTe 30HH. MHOTO OT TpalloBETe TPYAHO CE CIIPABSIT
ChC COIMAJIHA W EKOJOTMYHH IPOOJIEMH, KOUTO ca B pe3yiTaT Ha MpeHacenBaHe, OCJHOCT, 3aMbpCsSBaHE H
aBTomobmien Tpaduk. Ilo cBeta rpamoBeTe 3aemar enBa 2 % OT 3eMHATa MOBBPXHOCT, a B TAX IKHUBEST
MOJIOBMHATA OT HACEJIEHUETO Ha TulaHeTata. EBpoma e euH oT Hail-ypOaHM3MpaHUTEe KOHTUHEHTH KaTo 75 % oT
Xopara JKMBEST B TpagoBe. lma BeposATHOCT Te3W mokazatenn na HapacHat mo 80 % mo 2020 r.
(http://www.eea.europa.eu/bg/articles/ot-gradski-prostranstva-do-gradski-ekosistemi)

PasButneTo Ha rpazoBeTe MMa HMIMPOKO €BPOIEICKO M3MepeHue. ['oneMuTe rpagoBe B3aMMOACHCTBAT U
BIIUSISIT Ha OKOJIHATA TEPUTOPHS, KATO TaKa OKa3Ba Bh3JCHCTBHE BHPXY CKOJOTHATA HA MHOTO IO-ITUPOKA 30HA.

Yopemikara JeHHOCT B TpajoBeTe BOJAM 1O HWHTCH3WBHA NPOMsHA Ha MOCTHJANaTa IMOBBPXHOCT
(Changnon 1992), HampuMep H3MOJI3BAaHETO Ha MaTepHali C BUCOK TOIUIMHEH KamaluTeT NMpU U3rPaXKIaHeTO Ha
Crpajii H IIbTHINA, KOETO BIMAC BBPXY JIOKAIHWSA MUKpPOKIUMAr. Pasnukata B eHepruiiHHs OaJiaHc,
TEeMIIEpaTypara, BIaKHOCTTa, OTTHYAHETO CJIe] BAIEK, € ChIECTBCHA MEXTy TPaJICKU palioH 1 3a00MKaIAIIaTa IO
cpena. ,,['panckus octpoB Ha TomnuHa™ (I'OT) e cBbp3aH ChC 3aIbpKAHETO HA TOIUIMHA B OETOHA W APYTUTE
CTPOWTEITHH MaTepHAIIH 32 TI0-IBJITO BpeMe Ipe3 HOIITa, B CPAaBHEHHE C U3BBH IpajicKaTa IMOCTHIAIIA IIOBBPXHOCT
(Bornstein 1987; Oke 1988; Emmanuel and Fernando 2007, Fernando 2010; Fernando at al. 2010). Cb3naneHusr
TPaJICKl MUKPOKIMUMAT € YHUKAJICH 3a BCEKH PaiioH, Mopaau cnenuduyHute oporpadusi U XapakTepUCTHKH Ha
mocTujamara MOBBPXHOCT (TOIUIONMPOBOJUMOCT, OTpaskaTellHa CIOCOOHOCT, BIIAYKHOCT, TpamaBOCT U T.H.).
MHOroTO HepeleH! BhITPOCH MTPOABIDKABAT Ja ObJaT MPEIU3BUKATEIICTBO MPEJ CBETOBHATA HAyYHA OOIIIHOCT, a B
B’I)J'IFapI/ISI, Haﬁ-FOHHMO HpeHSITCTBI/Ie € JIMIrcaTrta Ha A0CTAaTb4YHO eKCHepI/IMeHTaHHI/I JaHHU C’b6paHI/I 3a Hamarta
CTpaHa.

3ambpcsBaHeTo Ha Bb3ayxa B EBpomna B mepuoma 1990-2004 r. nmokas3Ba, ye BBIPEKH HamaleHHUsATa Ha
€MHUCHH, BHCOKUTE KOHIICHTPAITMU Ha (PMHU MPAXOBH YACTHUIIM W O30HBT MPH 36MHOTO PABHHUIIE MPOIBIDKABAT JIa
HpI/I‘II/IHHBaT HpO6JIeMI/I B MHOI'O IOJIEMU Fpa}lOBe U OKOJIHUTEC O6J'IaCTI/I. cDI/IHI/ITC HanOBI/I 4yaCTUIlM B MOMECHTaA Ca
OOIIONPHU3HATH KaTO 3aIllaxa 3a YOBEIIKOTO 37paBe BCICACTBHE Ha 3aMbpPCABAHETO Ha Bb3ayxa. Cropen
CaeroBHara 3apaBHa opranu3auus (C30) cmbprra Ha okosio 100 000 nymu Ha roguHa MOXKE J1a € CBbp3aHa ChC
3aMBPCSIBAHETO HAa aTMOC(EPHUS BB3IyX B TOJIEMHTE I'paioBe Ha EBpoma, kaTo Taka CKbCsiBa MPOIBIDKUTETHOCTTA
Ha )KHBOTA CPEJTHO C €THAa FOJIUHA.

OcCHOBHa TIPUYHMHA 32 3aMBPCIBAHETO HA BBH3JyXa € YBEIMYABAHETO HA MOTOPH3UPAHUAT TpaduK, KOWTO
CBIIO BOJM JI0 HaMaJsiBaHE Ha HAIMYHWUTE 3€JICHU W TUXH MPOCTPAHCTBA B IIEHTPOBETE HA TOJIEMHUTE TPaJlOBE.
TOBa Kapa xopaTa aa C€ MCECTAT B HOKpaﬁHHHHTe HU3BBH rpazla U BBB B’I)Tpe[HHOCTTa Ha CTpaHI/ITe. HOBI/ITe
TPaJICKH 30HM C HHCKA T'bCTOTA BOMST JI0 MO-TOJISIMO M3IOJI3BAHE HA WHWBUIYaTHUSI TPAHCIIOPT, KOETO U30CTPSI
CBIIIECTBYBAIIUTE npobiaeMu (http://www.eea.europa.eu/bg/themes/urban/about-the-urban-
environment)(http://www.eea.europa.eu/bg/signals/signali-2016-g/statii/transport-i-obshtestveno-zdrave)

1. IeJsin 1 321a4U HA U3CJICABAHETO

OOmmmpHA TPOyYBaHHMS M CHMYJAIMKM 3a KiIUMara M ChcTaBa Ha armocdepara B Boarapus 0Osxa
M3BBPIICHH C TOMOIITA Ha aKTyaJHd HHCTPYMEHTH 3a MOJICIHPAHe U MOAPOOHU HAISHKIHU BXOAHU MaHHU. Te3u
KOMITFOTHPHH CUMYJIAIIMH Ca 32 JOCTAThUHO ABJIBT MIEPHOA OT BpeMe U ¢ noopa pesomronms (Gadzhev et. all. 2011
a,b, 2012 ,2013 a,b,c, 2014 a,b,c, 2015 a,b,c).

Crnenpamara CThIIKA B W3yyaBaHE Ha KJIMMara Ha ChCTaBa Ha arMocdepara € H3BBPIIBAHETO Ha
CHMYJIAIMU B TPAJCKA MaIial.

'panckus kuMar Ha 3aMbpcsiBaHe B beiarapus He € CUCTEMHO TPOYYECH BCE OIIe, Makap 4e € OmiIo
M3BBPIIBAHO MOJCIMPAHE HAa 3aMbpPCABAHETO Ha Bb3myxa 3a rpax Codus (Ganev, 1981, Ganev and Yordanov,
1981, 1983, 1985, Ganev et. all., 2004) u CcBIIO Taka OT HIKOJKO IOJWHH CE MPABH MPOTHO3a HA 3aMbPCIBAHETO
Ha Bb31yxa 3a rpana (Syrakov et. all . 2013, 2014, Erpomnosncku E., 2015).
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OcHoBaHa eJI: Ha HACTOAIIOTO M3CJICABAHE € M3yYaBaHETO HA 3aKOHOMEPHOCTHTE Ha aTMOC(HEPHOTO
3aMbpCSIBAHE B JJOKATHU MaIllladu U rpajicka cpena, mo-crenuanto Ha rpajg Codus, a UMEHHO:
v' TlonyyaBaHe Ha JIOCTaThYHO HAJEKICH aHCAMOBJ, OCUTYPSBAI CTATUCTHYECKA 3HAYMMA OIIEHKA 3a KJMMara
Ha aTMOC(epHO 3aMbPCSIBaHE B JIOKATHU ManaOu (BKJIFOUYUTEITHO U B TPAJICKa Cpeia)
v/ W3ueprmaTenHa OIEHKAa M aHAIW3 Ha TI0J€TaTa Ha 3aMBPCSIBAHE Ha OTJAECIHUTE XUMHYECKH BHIOBE
3aMbPCUTEINH.
v' Tlpecmsitane Ha WHAEKC Ha 3ambpcsiBane 3a rp. Copus. AHaiIW3 Ha HETOBOTO MPOCTPAHCTBEHO - BPEMEBO
MIOBE/ICHHE.
v’ M3y4aBaHe Ha JIOKAIHUTE MPOLIECH HA MPEHOC ¥ XUMHYHH TpaHC(OpMaImu B aTMocdepara 3a TpaJICcKu paioHu
- rpag Codus.
v OmnpeziensHe MPUHOCA HA PAa3IMYHUTE BUIOBE 3aMbPCUTENH M M3TOYHHIM KbM 3aMBPCSBAHETO Ha M30paHaTa
rpajcka cpena — rp.Codusi.
v' OnpeziensiHe IPUHOCA HA PA3IMIHKUTE MIPOIIECH KbM hopMupane 3ambpcsiBaneto B rpaa Codus.

2. CTpyKTYpa HA JUCEPTALMOHHHUS TPYA

JuceprannoHHUSAT TPyA ce cheron oT YBox, [ler rimaBm, 3akmouenue, [Ipunocu u JIuteparypa. Kem Besika
OT TIETTE TJIaBH ca npuiioxkeHn "[IpuoskeHus" B enekTpoHeH popmar.

B I'maBa I e HampaBeH KpaTbK Iperyie]; Ha H3MOJI3BAHUTE MOJEIM IIPU MOJEIHMpPAHE CbCTaBa Ha
aTMoc(epara, BXOJHA JaHHH, TapaMEeTPH3aMUOHHI CXEMH, 00JIacTH, EMICHOHHO MOJEITUpaHe W WHBCHTAPU3AIIH
Ha emucud B ctpaHata. B I'maBa II ca pa3srmenaHn U KOMEHTHPAaHH HSIKOM OCPENHEHH IOJIETa Ha MPU3EMHU
KOHIIEHTPAllUd U CTaTUCTUYECKU UM XapaKTEpPUCTHKU Ha pasnuuHute 3ambpcurend B Codus. B I'masa III ca
MPEJICTAaBeHH HAKOM PE3ydTaTH OT KOMIIOTBPHM CHMYJAlMM, IIOKa3BallM MHIEKCa 3a KayecTBOTO Ha
atMoceprus Bp3ayx 3a rpax Codwus. 'masa IV e mocBereHa Ha m3cienBaHe IIPHHOCA HA PA3IMIHU KaTETOPHU
W3TOYHMIM KBbM OOlaTa KapTUHa Ha 3aMbpcsiBaHeTo B rpag Codus. I'mapa V e mocBeTeHa Ha M3CNEIBAHE Ha
Pa3NUYHUTE MIPOLECH Ha MPEHOC U TpaHCGHOPMAIMS U OLIEHKa Ha TEXHUS IPUHOC KbM (POpMHUpPaHE 3aMbPCSIBAHETO
B 3a rpaa Codwusl.
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I'naga I: MeToauka Ha U3cCJeABAHETO

I.1. BbBenenne

[Ipu MonenupaHeTo Ha 3aMBPCSABAHETO HA BB3IyXa OT 0COOCHO 3HAYEHHUE € Jla Ce HalpaBH aJcKBATCH
n300p, BepUPUKANMATA W BaIHIAIMITA HA DPA3IUYHATE MOJCIH, pasriIekKIaHe HAa TEXHHTE CHUMYJAIlMOHHU
BB3MOXKHOCTH M OTPAHMYCHHS, KAKTO W YYBCTBUTEIHOCTTa M DPEAKIHMHUTE MPU BAPHPAHETO HA PATUIHUTE
napamerpu. TakbB BHJ H3CICIBAHE HAJIAra ¥ N3UCKBA M3MIOJI3BAHETO HA FOJIEMU KOMIIOTHPHU PECYPCH H MOXKE Ja
Ce OCBINECTBH Ype3 U3IMOI3BAHETO HAa KOMITIOTHPHU KIILCTEPH M TPHJI KATO M3UUCIIUTENHA TaTdopma.

B rnaBa L.2. me Obmar pasrienaHu u OOSICHEHH METOIMTE W3IOJI3BAHU B HACTOSIIUS IHCEPTAIIMOHEH
TPYyA, CAMUTE MOJICH U TEXHUs HA4YMH Ha padora.

B 1.3. ¢ oObpHaTo BHMMaHWe Ha BXOJIHHTE JaHHU HEOOXOIUMH 3a MOJEIUTE, HU30paHUTE
napaMeTpHU3aMOHHH CXEMH, 00JIAaCTH U eMUCHOHHOTO MOJICITUpaHEe W HMHBEHTAPHU3AIMATa HA EMUCHHTE.

B rmaBa 1.4 ca moka3zaHM HEOOXOIMMHUTEC KOMIIOTBPHH PECYpCH IpHU NPOBEXKIAHE HA TaKuBa
H3CICABAHMS.

1.2. O630p Ha YucIeHUTE MO M3MO0JI3BAHU NIPU U3C/1eIBAHETO

KagectBoTO Ha MOIenuTEe W HA BXOTHHUTE JAHHH Ca OT OTPOMHO 3HAUCHHUE 33 YCHEITHUTE KOMITIOTHPHU
cumynanui. OcoOEHO BAXHO € Ja Ce MOCTHI'HE OPTaHWYHO CHOTBETCTBHE MEXKIY H3IIOJI3BAHH MOJENH W BXOIJHH
JAHHU — M3IM0JI3BAHETO HA MHOTO YCHBBPIIEHCTBAHU MOJENU MPU HAIMYMETO Ha HEIOCTAThUHO ACTAilTHU WM
HEKa4yeCTBEHU BXOJHM JAHHU MOXE Jla JOBEJE JOpPU A0 MO-JOUIM PE3yATaTH KaTo IeHepHpaHe Ha IPEeIIKd U
HApaCTBAIM TP YUCIIEHUTEe cuMynanud. OT oco0eHa Ba)KHOCT € KAa4eCTBOTO HAa €MHCHOHHHTE NaHHU. Llemms
MPOIIEC Ha KOMIMIOTBPHO CHUMYJIHpaHe € 00paboTka Ha eMUCHOHHUTE JaHHHU, KOETO Hajara B TO3M pasJiell, Hape[ C
MOJIENUTE, J1a ObJe HAaIlpaBeH U KpaThK 0030p Ha Ch3/1aBAaHETO HA HHBEHTApU3alUs Ha EMHUCHHTE.

EBpomnetickara m Harmonanna HopMaTmBHa 0a3a HsIMa CTPUKTHH U ONpPENCNICHH W3WUCKBAHUSA WU
neUHUINN 32 MOJEINTE, C KOUTO Ja ce MpaBsAT CUMYJIalliH 3a ChCTaBa Ha aTMoc(epaTa, TOBa € U MPUIMHATA 1A
uMa U Jla ce U3MO0J3BAT U3KIIOUUTETHO ToJIIM Ha0Op OT TaKuBa MOAEH. Te3u MoJenu ca pa3IuuHH 10 CI0XKHOCT
W pasnojarat ¢ pa3audHa (u3ndecka OCHOBA, U ca IMPUCIIOCOOSHN KbM MHOTOOOPa3HeTO Ha MaIlladuTe Ha MPEHOC
- oT m1o6aneH 1o nokaineHn mamad (["amkes I'., 2013).

3a menuTe Ha HacTosIara padoTra e u3nossBaHa cucrema ot moaenn US EPA Models-3 System, kosito
chyeTaBa B ceOe CH eIMH METEOPOJIOTHICH MOJIEI, XUMHUIECKH TPAHCIIOPTEH MOJEIN 3a MPEHOC HA TAHHU U CIHH
eMHCHOHEH Mozen. Ta3m cucrema oT 3 Mozeda MMa BHUCOKa OICHKa HAa CHUMYJAIIMOHHH BB3MOXKHOCTH U €
MIPU3HATa OT CBETOBHATA Hay4Ha OOIIIHOCT.

B Hacrosiiata yact OT raBara 1me 0baat pasriienanu tpute komnoneHnTa ot US EPA Models-3 System.

WRE - e cokpamenue ot Weather Research and Forecasting (WRF), (Dudhia, 1993, Grelletal., 1994),
(Shamarocketal., 2007) http://www.wrf-model.org/ e cBoGomeH 3a JOCTBII MOAEN, KOWTO € MpeIHa3HAuYCH 3a
HAy4HU H3CJICABAHUS M MPWIOKEHHs, 3a YHCIeHa Mporuo3a Ha BpeMeTo (NWP) u 3a atmocepHu cumymanum.
PazButnero Ha WRF e ¢ nen usrpaxmade Ha cieaBanio NOKOJICHHE MOJEN 3a IPOTHO3a U CUCTEMA 3a aCUMUJIALIHAS
Ha JAaHHWUTE, 32 HAPEeIbK B MPOTHO3MPAHETO M yCKOpsBaHE Ha TpaHcdepa Ha HaydHuTe m3ciensanmsi. WRF e
chBMecTHa pa3paboTka Mexay Hanmonanmaus neHTbp 3a atmochepHu m3cneaanus (NCAR), Me3o u Mukpo
MamabHaTa MeTeopoiorumyna opranm3anus (MMM), Harmonanna okeaHcka w aTtMoc(epHa aaMHHUCTPALIUSL
(NOAA), Harmonanen neHTsp 3a mporxnosa Ha okoiHata cpeaa (NCEP) u Jlaboparopust 3a n3cinenBane Ha 3eMsTa
(ESRL), Areniust Ha BOCHHOBB3AYIIHUTE criii U Bpemero (AFWA), LlenTsp 3a aHanmu3 u u3clieiBaHe Ha OypuTe
(CAPS) u Denepannara aBuauroHHa aaMuaucTpanus (FAA).

B nocnegaute ronuan WRF e Bce mo-4ecTo M3mon3BaH B IEHSI CBAT, KATO W3XOAHATAa MH(OpMANUs OT
HEro 3axpaHBa Pa3jIW4HU JUCIEPCUOHHU MOJeNH, BKIOUNUTENIHO U CMAQ. OcBeH ToBa TOW HENPEKBCHATO CE
pa3BHBa M MOJO0pSBA, KaTO JOCTBIIBT IO HEro € MHOro JjieceH upe3 Internet crpanunata Ha monena. WRF ce
MOJTbprKa KaTo MOJIEN 33 OOIIeCTBEHOCTTa, 3a Ja Ce YJIECHH IIHPOKa yroTpeda B MeXKTyHapOIeH IJIaH, 32 HAy9HH
W3CIIeABaHuUs, OlepaThBHA padoTra, U mpenomaBaHe. ToH ¢ MOAXOIAII 3a MIMPOK IUANa30H Ha MPIIOKCHUS 32
BCHYKH BapHpAIIX OT TOJIEMH BUXPHU 0 MIOOATHHU CUMyJanuu. Te3n MpuIoKeHHs BKIIOYBAT MPOTHO3a B PEATHO
Bpeme NWP, acummianuss Ha ITaHHH W TIPOYyYBAHHS 3a pPa3BHTHE, MapamMeTpu3anus Ha (U3UKa, HAyIHU
W3CIICBAaHMUS, PETUOHANICH KIIMMAT, CUMYJIAINH, MOACINPaHe Ha Ka4yecTBOTO HAa BB3IAyXa, Bpb3Kara arMocdepa-
OKeaH, U HJICATM3UPaHN CUMYIIAIIH.

Bpost Ha peructpupanute norpebutenu Ha WRF naasumasa 6000, a WRF e B cuctemu 3a u3cienBaHus Mo
LIEJIHS CBAT.

CMAQ - e cpkpamenne ot Community Multiscale Air Quality (CMAQ) (http://www.cmag-model.org/)
(Byun etal., 1998, Byun and Ching, 1999) e mMonen 3a mpeHOC U XUMHYHH TpaHc(opMmanuu B atMocdepara u e
gact ot cucremata US EPA Models-3 System Ha AMeprKaHCKaTa areHIus 10 OKOJIHA Cpeaa.

4
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ABEKTUBHO-TU(Y3UMOHHUTE MPOIIECH B aTMOC(epara ce pa3npoCTHPAT B IMUPOKH JHANA30HU OT MaIadu
U B CJIOXHa TypOyJeHTHa cpela U 3a Ja ce 00XBaHAT BCHYKHM Npolecd TpAOBa Aa ce HampaBu 3D uucieHo
MoJIeipaHe, KaTo Hal-eUKacHUS HauWH 32 TaKOBa € M3IOJI3BAHETO HAa TOYHO Ta3u cuctema Models-3 System.
CMAQ xato 4acT OT cucTemara ce obe3rneuaBa OoT eAHa cTpaHa oT MeTeoposiorndeH monen (WRF) u ot mpyra
cTpaHa eMUCHOHHO oT Mojena SMOKE, koiiTo NOAroTBsS eMUCHOHHUTE JAHHU 3a AafieHaTa 00JacT.

CMAQ e OtinepoB mojen, “one atmosphere” - oTYMTAIl B3aUMOICHCTBHETO MEXKIY MHOXECTBO
3ambpcutes (okosio 100 Buma) B pa3nuyHU AMHAMUYHU Mamabu. CMAQ cumynmpa: 030H, NMPaxoBH YaCTHIIH
(PM), BUIMMOCT, KHCEJIMHHU OTJIaTaHWA, TPAHCIOPT Ha Tpacepu, TOKCHYHHU 3aMbPCUTENH, BUIUMOCT. Mojena
00paboTBa CIOKHU KOMITO3HUIIMK OT 3aMBPCHUTEIHNTE M CIOXHA KOH(PHUTYpalis Ha W3TOYHHIIUTE, MOAEIHpA
TpaHcHopTa U Au(y3usaTa B JUHAMIYHA Cpela B ITUPOKH BPEMEBH Mamabu- OT MUHYTH A0 THH W CEAMHUIN U B
CHOTBETCTBAIINUTE MTPOCTPAHCTBEHU MaIlaOH - OT JOKAIHH 110 Tiobamau. CMAQ paboTu ¢ ypaBHEHWUsI, 3aIIIICAaHU B
0000IIIeHH KOOpPAMHATH W MOXE Ja H3IMO0JI3Ba Pa3iuyHU KapTorpadcku Npoekuud. To3u MOAXOI OCUTYpsiBa
ceBMecTuMOCcT Mexay CMAQ u W3MON3BaHMs] METEOPOJOTHYEH MOJIEN, KOWTO 3a IEeTUTe Ha HACTOSIIUS
nuceprannoneH Tpyn € WRF monena.

SMOKE - e cokpamenne ot The Sparse Matrix Operator Kernel Emissions (SMOKE)
(http://www.smoke-model.org/) (CEP, 2003) u e pa3paboTeH 3a HMHTErpupaHe Ha E€MHUCHOHHH IaHHH dYpe3
anroputMu 3a paspenenn Matpuii. SMOKE e cr3nanen ot IlenTbpa 3a Moaenupane Ha okonHara cpena (EMC),
KOHTO TO3BOJIsIBA 00pabOTKaTa Ha €MHCHOHHU JIaHHM 3a IEJTUTe Ha MOJIENUTE 3a TPAaHCHOPT Ha 3aMbPCUTEIH.
To3u Momen ocurypsiBa MEXaHHW3bM 3a IOATOTBSHE HA CHECIUANN3HPAHA BXOJHH NAHHA W IIPAaBH BH3MOKHO
MIPOTHO3UPAHETO CHCTOSHUETO Ha BB3Ayxa. SMOKE moxe na o6padorBa razoru 3ambpcutenu kato CO, NOX,
VOC, SOx, PM, kaTo npakTU4ecKU HsIMa OrpaHUUYEHUS B Opost U BUAA HA 3aMbPCUTEINTE, KOUTO MOTaT Aa Obaar
W3IION3BAaHH OT MOJIEIA.

OcHoBHaTa IIeJI Ha MOJIeNa € Ja TpaHC(HOPMUpPa eMUCHOHHUTE JaHHU BBHB ()OpMATHpaHH BXOIHH TaHHH,
M3HUCKBAHU OT MO/JICJIUTE 32 KAUECTBO Ha Bb3yXa.

OONKHOBEHH €MHUCHUOHHUTE BXOJHHM JaHHHU Ca C TOAUIIHU CTOWHOCTH 32 BCEKM €MHCHOHEH H3TOYHHK.
TpaHcTIOpTHATE XUMUYHU MOJIENN 00ade, M3UCKBAT eMUCHOHHUTE JaHHH J]a ca Ha YacoBa 0a3a 3a BCSAKA KJIETKA OT
Mpexkata 1 umeHHo SMOKE npepaboTBa Te3u JaHHU, 32 HY)KIUTE HAa MOJEITUTE 32 Ka4eCTBO Ha Bh3AyXa.

SMOKE mnogbprka pa3nuuHu U3TOYHUIM Ha 3ambpcsiBane - [Inomnau (Area Sources), Mooumau (Mobile
Sources) u Toukou (Point Sources), kato chIo ca BKIOYeHH 1 brorennnte (Biogenic). 3a BCekH OT OTOCITHUTE
BHJIOBE M3TOYHHIIN UM OTIPEICIICHH BKIFOUSHH MOAEIH, KOUTO TH m3gucisBar B cucremara SMOKE.

Bewukn moaemu ot cuctemara US EPA Models-3 System ca moJipoOHO ONUCAaHU U € pasriie/laH TeXHUS
npuHOU Ha padora B [lpunoxkenue 1.2.

1.3. MeTtoauka - MoJe/IH, BXOJHH JaHHH, TAPAMETPU3ALHOHHH CXeMH, 00JIaCTH M TeJeCKOMU3anus
Ha n30paHuTe 00/1aCTH, EMUCHOHHO MO/IeTHPaHe, HHBEHTAPH3allUs HA EeMHUCHHU B CTPaHAaTA.

Wznon3sanara cuctema ot mojenu € US EPA Models-3 System. IleproasT Ha cuMmynanuu € 7 TOAMIIEH,
KaTo MOKpHBa BpeMeTo OT Hayanoto Ha 2008 ronuHa o kpas Ha 2014 ronuHa.

1.3.1.MeTeoposornynu BXO/JHH
JAHHM:

3a wHavano 1me OBJAT pasrienaHu
METCOPOJOTHYHUTE JaHHH H 00JacTUTe Ha
HWHTETpUpaHeE.

WRF-  Weather  Research  and
Forecasting € Me30 - MeTEOpPOJIOTHYEH MOJEIN
W3MOJ3BaH KaTO METEOPOJIOTUYEH MPe-TPOLIEcop
B cuctemara Models 3.

B nHacTos1moTo u3cineaBaHe METEOPOJOTMYHHUTE

JIaHHU ca B3eTH OT AMepukaHckusi Harmonanen

enTsp 3a u3cnensane Ha atMochepara (NCEP  ®urypa 13.1.: Hectunr (Temeckommsaris) Ha 5-Te BMECTEHH eHa B Apyra

Global Analysis Data) u ca chc XOpH30HTaNHA obnacru 3a mostena WREF: D1 (Espona) - 81x81 xm, D2 (bankancku n-oB) - 27x27
kM, D3 (Bwarapus) - 9x9 km, D4 (Codus obnacr) - 3x3 xm u D5 (Codwust rpan) -

paszenuTenHa CIOCOOHOCT - 19<1°% 141 e

WsnomsBanure namHu ca Re - Analyze, cbc

CTBIIKA Ha BCEKH 6 vaca, a popmarsT, B KoiiTo ca nanaute ¢ GRIB2 dopmar.

MojgenuTe UMaT ONIMM 3a Taka HapedyeHaTa TEJIECKOMU3alus WM HECTHUHI, KOSTO TMO3BOJISIBA Ja CE
pasriiefiaT HAKOJIKO 00JIacTH BMECTCHH €JlHA B JIpYyra, KaTo pa3/eiHMTElIHa CIIOCOOHOCT MOCTEIIEHHO HamallsiBa C



http://www.smoke-model.org/

JaleHa CThIIKA JIOKATO €€ JOCTUTHE N0 TakaBa Pa3[elUTEIHa CIIOCOOHOCT HY)KHA 3a JAJCHOTO m3ciensaHe. B
HACTOSIIIIOTO HW3clienBaHe 3a Mereoponornuynus monen WRF ca monOpanu oOmo 5 obnactu BMeCTeHU enHA B
Ipyra ¢ HaMaJIsIBaIla XOpH30HTaIHa pe3osrorms. (Purypa 1.3.1.).

Haii - romsmara obnmact ¢ D1, kosto mokpuBa msuia EBporna m € chC XOpHU3OHTaIHA DPa3lEIHTEIHA
cnocobHocT 81x81 kM, cnenBamiara nmo mMainka oonact BMectera B D1 (EBpomna) e D2 (bankaHcku monyocTpoB) —
27x27 xwm, cnenBa D3 (bwarapus) mnokpuBamia IsiaTa TEpUTOpPHS Ha cTpaHata ¢ 9x9 KM pasjenuTeniHa
cniocobHoct, BMecteHa B D3 e D4 (Codus obmact) — 3x3 KM M mocienHaTa U Hail - ¢uHa Mpeka e u3dpaHa 3a
obxnactra D5 (Codus rpan) cbe pazgenurensa cnocodHocT 1 x 1 kM.

Havamaute 1 rpaHryHY YCIIOBHUS HA Hail-roismara obnact D1 ce moAroTBAT OT onpeiesieH mpe-mporecop
B CHCTEMaTa Ha METCOPOJIOTHYHHS MOJEN, KaTo CE€ HM3IIOJI3BAaT METCOPOJIOTHYHHTE TOJNeTa OT AMEPHUKAHCKHS
Hammonanen Lientsp 3a U3cnenBane Ha Atmocdepara (NCEP). 3a Besika cienpaia BMeCTeHa 00JIaCT HAYaTHUTE
W TPaHWYHU YCJOBHUS CE MpeaaBaT OT MpeaxonaHara obmact. TpsOBa chIIO Ja ce OTOCNESKU W HM3MOJI3BaHATA
BB3MOYKHOCT 3a JABYIIOCOYHOTO B3aWMOAEHCTBHE MEXIy 00acTHTE WK Taka Hapedenoro "Two - Way Nesting”,
KOETO TI03BOJISIBA CHMYJAIMUTE J]a CE M3BHPIIBAT SIHOBPEMEHHO 32 BCSIKA OOJACT, KAaTO MO-MajKaTa BMECTEHA
obOnact momaBa wuH(popMmaims (oOpaTHa Bpb3Ka) KbM MpeAxofHaTa mo-rojisiMa (mo-rpyda) obmact. Ilpu
WHTEPIIONIAINATA 32 BCSKA CTHIIKA IO BPEMETO Ha MO-TpybaTa Mpeka ce W3MOI3BAT HAYATHUTE W TPAHHIHH
YCIIOBHSA 32 TO-(prHATa BMECTEHA 00IACT, KOSTO OT CBOSI CTpaHa IIPH CIICABAIA HHTEPIIOTIANHS II01aBa TaHHA KbM
MpeIXoHaTa Mo-rpyda Mpeska U Mo TO3U HAYMH OKa3Ba BIMSHHE BBPXY HEsl.

JlaHHHM 3a MOJJIOKHATA TIOBBPXHOCT U peneda ce TeHepupar oT crielldaiHa nporpaMa Ha mozaena WRF -
GEOGRID, koATO WHTEepHojHpa CTAaTHYHUTE TeorpacKH JaHHM KbM Mpexara B H30paHarta o0OjacT Ha
uHTerpupane. [nobannara 6a3a mganHu 3a peneda u mommokHaTa MoBBpxHOCT € oT USGS (United States
Geological Survey) 6a3ata gaHHM ¢ pasjenutenHa crmocoOHocT 30"x30" m 24 kareropusalvi Ha TOJIOKHATA
noBbpxHOCT. OcBeH kinacupukanuaTa Ha USGS, Moke ChIO Taka Ja ce n3bepe M alTepHATHBHA KIIACU(PUKAIIHS
Ha noJuIokHaTa noBbpxHOCT MODIS, kosiTo chabpxa 20 kareropuu (21 mpu BKIIOYEHHU e3epa) Ha MOAI0KHATA
MOBBPXHOCT W C€ NpHiara Npd H3MOJI3BaHE HAa MOJeN 3a IojuioxkHaTa noBbpxHocT Noah. Ilpum uzbop Ha
MOAXOJAINa cXeMa 3a IapaMmeTpu3anus Ha ¢usukata B Moaena WRF 0Osxa pasrieqanu ABe pasiddHH
napamerpuzanoHHu cxemu Pleim-Xiu u Noah ¢ aBere Bp3mMoxHM Kinacudukauuu USGS u MODIS, kakTto u
CHOTBETHHUTE MOJIENH 3a NO/I0KHA TTOBBPXHOCT.

1.3.2. U360p Ha napaMeTPU3AIIMOHHYU CXEMH 32 ONUCAHHE HA 3eMHAaTa NoBbpPXHOCcT: Noah/Pleim-Xiu

MonenupaHeTo Ha MPOIECUTE Ha 3eMHaTa MOBBPXHOCT € BAKHO 33 ME30 - MAalaOHUTE METEOPOTIOTHYHH
MOJIENTH, 3aTOBa € Ba)KHA M OTTOBOPHA 3a/ada M300pa HA IOAXOAAII MOJEN 3a 3eMHaTa MoBbpxHOCT (LSMs).
Henra ma LSMs e mo-mo0po ¥ IBIHO TpENCTaBsHE Ha MOBBPXHOCTHATA E€HEPTHs M Bllara, KakTo W TAXHATa
CIOCOOHOCT J1a TIPEICTAaBAT M pearupar Ha MPOMEHSIIUTE Ce KIMMATHYHU YCIOBUS U MIPOMEHHUTE HACTHIIBAIIH B
EKOCHCTEMHTE. 32 Me30-MaIlabHO MOJAEIHpaHe Ha METEOPOJOTHATa B IBITOCPOUEH IUIAH Te3W IMPOMEHH HE ca
TOJIKOBA Ba)KHH, HO CE30HHUTE MPOMEHU Ha PACTUTEIHOCT U CUHONTHUYHUTE IPOMEHH B MOBBPXHOCTHUTE YCIOBUS
Ha Bjlara MMaT 3HauYUMHU €(DEeKTH BBPXY METEOPOJIOTUYHUTE CHMyJanuu. [TOBBPXHOCTHUTE MPOIECH, KaTo
BJIQKHOCTTA Ha T[OYBaTa W MPOBOJAMMOCTTAa HA PACTUTENHOCTTa, KOHTPOJHMpAT Pa3NpeAeiieHHueTO Ha
paavalMOHHATa €Heprus, Ha JIATEHTHA €Heprysl U Ha TOIUIMHHUTE MOTOLM Ha 3eéMHaTa NOBbPXHOCT, KOUTO OT CBOS
CTpaHa OKa3BaT CHJIHO BJIHMSHHE BBPXY TeMIlepaTypaTra M BIQXHOCTTAa Ha Bb3JyXa Ha TOBA pPaBHUILE, KAKTO H
BBPXY IapaMeTpu3alysiITa Ha IiiaHeTapHus rpanudeH cnoil (PBL). B HacTosmata riaBa ca pasrienaHu 1Ba OT
Hal-4ecTO M3MOJI3BAHUTE MOJEIM 3a 3eMHaTa NMOBHPXHOCT Noah u Pleim-Xiu LSM Bko4YeHH BBB (DU3HUHHUTE
oy Ha Meteoponoruanus moaen WRF. Cumynanun ca HampaBeHH KaKTo MPH CTapTHpaHe Ha moxena ¢ Noah
LSM u napameTpuzannonHa cxema 3a MUKpo - ¢puznka Noah MP, taka u ¢ Pleim-Xiu LSM u Pleim-Xiu cxema 3a
mapaMeTpH3anus Ha MUKpO - pu3uka. PesynTature OoT cuMynanuuTe ca CpaBHEHHE €HA C Ipyra,d IMapajiellHo ¢
TOBa C TaHHH OT U3MEPBAHU, C IIeJ Ja C€ OIPENeNId KO MOJIEN M KOs CXeMa 10 - To0pe OMHMCBaT IPOMEHsIIIAaTa
ce knmumatuuHa cpena. Craptupanure cumynanuu ¢ WRF monena 3aeqno ¢ asere PBL cxemu ca 3a mepuon ot
2011 no 2012 roauHa, KaTo pe3ysiTaTUTE ca 3a TPEHAA Ha TeMIlepaTypaTa Ha 2M. U [I0COKa U CKOPOCT Ha BATHPA.
HampaBenu ca cpaBHEHUS! MEXKIY IBETE CXEMH U NapajeHO C pealiHu JaHHU OT u3MepBaHus @urypa 1.3.2.1.

HanpaBenu ca cpaBHEHHS HAa JaHHHWTE MOJIYYEHH OT MOJEJa C JBaTa THIA ApaMETPU3AIHOHHNA CXeMHU U
ca CpaBHEHH ¢ JaHHUTE OT u3MepBaHusi. Ha @urypa 1.3.2.1 ca moka3aHu caMo M0 €MH THIIMICH MeCEI] OT BCEKH
ce30H 3a 2012 romuHa. Che CUH IBSAT € MpeacTaBeHa rpadukara Ha JaHHU OT HAOJIIOICHUATA, C YEPBEH - JIaHHUTE
npu cumynanuute Ha WRF cbe cxema Noah, 1 cbe 3e5ieH ca MojieTHUuTe pe3ynraTi che cxema Pleim. U 3a 4-Te
Mecena ce BIKAa, 4e Pleim cxemara cienBa TpeHaa Ha HaOmoaeHUATa 0-100pe cipsimo Noah. U nBara monena
HE ca ChbBCEM TOYHH CIPSIMO JAHHUTE OT HAOIIOACHUITA M JBaTa MOJENA B IO-TOJIsIMaTa CH 4acT IIOKa3BaT Mo—
3aHIDKEHH CTOMHOCTH Ha TeMIepaTypara OT PeaHUTEe U3MEPEHH.




[Ipe3 mo cTyneHHWTE, 3UMMHH MECEIY CUMYIAIMHUTE CTApTHPaHH ChC cxema Noah nmaBar gocta roisiMo
MOJIIICHSABAHE 332 CTOMHOCTUTE Ha TeMIlepaTrypara, CpsMo Te3u Ha cxema Pleim, ocobeno 3a croitnocTr oz 0°C.
[Ipe3 Torumre Mecenu, cxema Pleim gaBa mo q00po mpuOIMKEHUE 3a TeMIleparypaTa KakTo 3a MaKCHMAJTHHUTE,
Taka W 32 MUHUMAQIHUTE W3MEpeHH CTOWHOCTH OT cxemara Noah. HampaBeHata mpoBepka M CHOTBETHHTE
MOJIYYEHUTE Pe3yJITaTH BOMAT IO M3BOJA, Y€ € MO-MOIXOAII0 € Ja Ce M3I0JI3Ba IapaMeTpU3aloOHHa CXeMa H
mozen Pleim-Xiu LSM.
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Ourypa 1.3.2.1 CpaBHeHHe Ha JaHHU OT u3MepBanus ¢ JaHHU oT Mojena WRF ¢ neere napamerpuzanmonnn cxemu Noah /Pleim 3a
Mait, Asryct, Oxromspu u lekemBpu 2012 roauna.

1.3.3. EMUCHOHHH BXOJXHHU JAaHHH

[Ipn mMonenupane CBhCTOSHHETO Ha aTMocdepara OCBEH METEOPOJOTHYHH JaHHH Cca HEOOXOIUMH |
€MHUCHOHHHY JJAHHU, KOUTO CITY’KaT KaTo BXO/J] 32 XHMUYHHUTE TpaHcropTHU Moaenu (Hanpumep CMAQ). 3a nienute
Ha HACTOAIIOTO M3cieABaHe B cuctemara Models 3 eMUCHOHHUAT MOAEN, KOHTO MOATOTBS JAaHHUTE B OIPEICICH
(dopMaTn, MOJIETT M OTpa3sABaIll €BONIONHATA BbB BPEMETO HA BCHYKM 3aMBbPCHTENH (BKIIOUCHH 32 ONpeJeTICHU
xuM. mexaau3bpM) ¢ SMOKE — the Sparse Matrix Operator Kernel Emissions Modelling System. To3u monen e
W3IOJI3BaH UMEHHO C 111 00paboTKa Ha eMHUCHOHHHTE JAHHU 3a LEJNTE Ha MOJieNa 3a TPAaHCIIOPT Ha 3aMbPCUTEIH
CMAQ. KaTo BXOIHM €MHCHOHHH TAaHHU 3a TepUTOpUATa Ha brirapus e m3mon3Bana Hammonamnara eMucuoHHa
0a3a JaHHW, JOKaTO WM3BBH CTpaHAaTa JaHHWTE ca OT Huaepnanicka opraHu3anus 3a MPHIOKHH HAYIHU
nzcnenBanus (TNO) (Vestreng, 2001, Vestrengetal., 2005) cbe pezomonus 0.25° x 0.125° 3a 10 SNAP kareropun.
Bxon 3a TpaHCIOpTHHUTE XUMHMYHM MOJENM, KaTo B Hacrosmara Te3a ce usnon3Ba CMAQ Mogxena, ca
METEeOpOJIOrHYHUTE M3XoAHU JaHHU oT WRF mozmena u emucuute mnpensaputenHo mnoiarorseHd or SMOKE
Mozena. Craprupanute cumynanuure cb¢ CMAQ ca npoBelieHH HE 32 BCHUYKW M30paHu 5 obiactu ot durypa
1.3.1, a camo 3a 4 ot Tax - D2 (bankancku m-oB) - 27x27 kM, D3 (bwenrapus) - 9x9 km, D4 (Codust obnact) - 3x3
kM 1 D5 (Codus rpan) - 1x1 kM. KaTo HagayiHM yciioBHs 3a CUMYJIaLlMHUTE C€ M3MOI3BAT cTaHAapTHHTE 38 CMAQ
npodIIN Ha KOHIEHTPALUHUTE, MTOJYyIeHH OT IIIOOAIHUTE MOJENH, a 32 HaYaJHU U TPaHUYHHU YCIIOBHS 3a BCSKA
cienBamia BMECTeHa 00JIacT ce MOy4aBaT OT MPEAXO0JHaTa BHIIHA (KAKTO IPH METEOPOIOTUIHUS MOJIEN).




1.3.4. UuBeHTapU3alisl HA eMHCHHU B CTPaHATAa

MxoHOMHKaTa Ha ChbBPEMEHHOTO OOIIECTBO 3aBUCH KAKTO OT JOCTHIA JO HAIMYHUTE CHEPTUUHU PECypCH,
Taka U OT HauMHAa Ha NOJy4YaBaHE Ha €HEeprus OT TAX, KOATO C€ M3MO0JI3Ba HABCAKBE: 32 TPAHCIOPT, OTOIICHHUE,
OCBETJIEHHE, B IPOMMIUIEHOCTTa MU CEJICKOTO CTONAHCTBO. B MOMeHTa mo-rojsiMa 4acT OT €Heprusra ce
MIPOM3BEXK /1A Upe3 TOPEeHe Ha T.H. u3KonaeMu ((hocuiiHr) ropuBa. EMUCHUTE OT BCHUKH TSIX ca BPEIHU U OMACHU 3a
YOBELIKOTO 3[paBe U OKOJHATa cpela. 3aMbpPCUTENUTE OT TE3U U3TOYHUIIM ca OIIACHU HE CaMO B HENOCPEACTBEHA
OJIM30CT, HO CHINO W HA TO-TOJEMH Pa3CTOSHUA. ['0iisiMa 4acT OT TSAX THPILSIT XUMUYECKH TPaHC(HOPMALIUH MIPH
OTIpeNIeNICHH aTMOC()EPHU YCIIOBHS U KAaTo pe3yiiTaT ce HaONI0AaBaT BTOPUYHU HEOJIATONPUATHU 33 OKOJIHATA
cpexa edeKTH. 3aMbPCHUTENHTE Ce KIacH(UIMPAT KAaTO IMBPBHYHHM — H3ITyCKAaHM B aTMocdepara AUPEKTHO OT
Pa3NUYHN W3TOYHHIM W BTOPHYHH, KOUTO ce (popMHpaT KOrato IbPBHYHHUTE 3aMBPCHUTEIN BIM3AaT B XUMUYHH
peakuuy IOMEXy CH WIH ¢ IPYTd KOMIIOHEHTH, MPUCHCTBAILN BbB Bb3ayXa. CBHBpeMEHHHST rojsM npolieM Ha
YHCTOTAaTa Ha aTMOC(EPHHS BB3IyX KaKTO Mpe]| pa3BUTHTE, TaKa U MIPe]] Pa3BUBAIIUTE CE CTPAHU Ca EMHCHUUTE HA
I'bPBUYHUTE 3aMbpcutTend. Ilpyu omnpeneneHn MeTEOpPOJIOrMYHHM YCJIOBUS, HSAKOM OT IbPBUYHUTE 3aMbPCUTEIH
BJIM3aT BbB (DOTOXMMUYHHU PEAKI[HH, KOUTO TOBEXKIAT IO 00pa3yBaHETO HA BTOPUYHU 3aMbPCHUTENH. [IbpBHUHHTE
Y BTOPUYHHUTE 3aMBPCUTEIIN MOTAT Ja ce MIPEeHecaT Jajiey OT pailoHa, B KOMTO ca oOpa3yBaHM U ca NPUYMHA KaKTO
3a 3aMbPCABAHE B CEJICKOCTOIIAHCKUTE pailoHH, Taka U 3a TPAHCIPaHUYHOTO 3aMbPCSIBAHE.

WuBeHTapu3anusTa Ha EMICHUTE € aOCONIOTHO HEeoOXoAuMa KakKTO 3a MOJETHA OIeHKa HUBaTa Ha
3aMbpCsIBaHe, BbB BPb3Ka C OllEHKATa Ha KauecTBaTa Ha OKOJHHS BB3yX, Taka U 3a UICHTU(DUKALINS U3TOUHHUIIUTE
Ha 3aMbpcsaBaHe. IHBEHTapu3alusTa OLEHsIBa KOJIUYECTBOTO 3aMbPCUTENH, U3IYCKaHU OT OTAEIHUS U3TOYHUK, a
TakKa ChIIO U KOMOMHUPAHUTE EMUCHU OT MHOTO H3TOYHHIIH.

3a cranAapTH3MpaHe Ha U3UMCIUTEIHUS POIleC MPH OLIEHKaTa Ha EMUCHHTE B MEXyHAPOJICH IJIaH Haii-
yecto ce usnoi3Bar meroaukure [PCC-Metoaukarta € craHaapT 3a AOKJIaJBaHE Ha €MHCUUTE OT NMapHUKOBHU
razoBe cprinacHo Konsenrusita Ha OOH 3a mpomsna Ha kmmmvara UNFCCC u CORINAIR-Mertoanka 3a omeHka
Ha atMochepHute emucuu B EBporna u mo KoHBeHIUATA 32 TpaHCTPAaHUYHO 3aMbPCsSBaHE HA Bb3yXa Ha JaJICUHH
pascrosiaus (CLRTAP).

3a m3mbNHEHHWE aHTaXuMeHTHUTe Ha PemyOmuka bearapus mo KonBeHmmsAra 3a TpaHCTPaHUIHO
3aMbpCsIBaHE Ha BB3yXa Ha NAJIEYHH pa3CTOsIHUA, V3IBIHUTENHA areHIUs TI0 OKOJIHA cpeia Ipu MUHHUCTEPCTBO
Ha OKOJIHATa cpefa ¥ BoJauTe U HalnnoHamHHUs CTaTUCTUYECKU MHCTUTYT €XKErOJHO M3BBPIIBAT WHBEHTAPU3AIUS
Ha EMUCHHTE Ha BPEJHH BEIIECTBa B aTMOC(epHHUs BB3IyX. PesynTatuTe ce M3MOI3BAT 32 JOKJIAABAHE HA OOIIUTE
TOJIMIITHU HallMOHAHU M cekTopHu emucuu npern Cekxperapuata Ha KT3BJIP, mpen EBpomeiickara areHnus 3a
okonHa cpefa, npea EK mo otHomenue mpunaraHero Ha JupexktuBa 2001/81/EC 3a HauMOHaJIHWUTE TaBaHU 3a
eMHUCcHHM, KakTo U npea EBponeiickus peructsp Ha emucuute. IHBEHTapU3aLMUTe ce U3BBpPIIBaxa 110 METOIUKA,
0asupana Ha PproBozcTBoTo CORINAIR Ha EAOC.

1.3.5. EMucuonHo mojempane:

Bcewukn TpaHCTIOPTHH XUMHYHU MOJICIA M3MCKBAT BXOJHUTE SMHCHHU Jia ca B OmpeneicH GopMar u Ja
OTpa3siBaT €BOJIOLHUATA BbB BPEMETO HA BCHYKH 3aMbPCHUTENM, KOMUTO Ca BKJIIOUYEHH B CHOTBETHUS XHUMHUYCH
MeXaHW3bM. Te3M M3UCKBaHWS ca B CHJa U MPU TOJATOTOBKATA HA BXOJHHTE €MHCHOHHU JaHHU 32 XUMHYHUS
TpaHcnopreH mozaen CMAQ.

OOMKHOBEHO HMHBEHTApM3ALMITA HA EMHCHUTE € Ha TOIMIIHA 0a3a 3a ToJleMH TepUTOpHH (OOIIMHH,
OKP'B3H, IHPKaBH) U 3aMBbPCUTEIINTE ce n3uucisaBat Ha rpynu (dpammmmn) - CHy, CO, NH3, VOC, NOy, SOy, PM.
[Ipu moaroroBkaTa Ha (haiIOBETE C EMUCHUTE 33 XUMUYHHS TPAHCTIOPTEH MOJIEN € HEOOXOIUMO I1s1aTa MbPBHUYHA
nH(bOpMAaIUs B CypOB BHJ, 33JaJicHa MO OOIIMHHU M JPYTM HACEJICHH MeCTa Ja Ce MHTEPIIOIMpa B ChOTBETHATA
n30paHa Mpexa. 3a BCsAKa TOYKa OT MpEeXara ce 3a/laBa CKOPOCTTa Ha EMUTHPAHE OT KIETKaTa C IEHThP TOYKaTa
oT Mpexara. Jpyra Ba)kHa HEOOXOMUMOCT € HajlaraHETO Ha BPEMEBH NPOQPHIH, KOUTO Ja MOAUQHUIHpAT
TOJIMIITHUTE CTOWHOCTH, TaKa 4e JIa MOTaT Jia Ce OTYUTAT CE30HHUTE W JIHEBHHUTE Bapuanuu. Heo0Xoaumo ChIIo
Taka e u emucuute oT otaenHute rpymu (NOyx, SOx, PM) na 6bpaaT npeoOpazyBaHu WM pa3leleHH B TO-TOJISIM
Opoil KOMIIOHEHTH, TOHEXE TaKWBa ca H3HMCKBaHMATA Npu u3noia3BaHeTo Ha CMAQ wmopaena. TakbB BUJ
pasIenBaHe Ha EMICHUTE Ha TIOBEYE KOMIIOHEHTH ce Hapuda "“speciation” (lamkes I'., 2013).

KakTo Beue Oemie CIIOMEHATO EMUCHOHHHUTE JAHHHM Ca TOJMINHM CTOMHOCTH 34 BCEKM E€MHCUOHCH
M3TOYHUK M € HeoOXOJMMO Te3W JIaHHM Ja ca Ha 4acoBa 0a3a 3a Bcsika kietka oT Mpexkata. SMOKE mopnena
npepadoTBa €MHUCHOHHUTE JaHHH 32 BPEMEBHM, XHMHUYHH W TPOCTPAHCTBEHH HYXKIH KaTO HEOOXOMHMM BXOJ 3a
MOJICJIUTE 3a Ka4eCTBOTO Ha BB3Ayxa. M3tounmmute, kouto mozxena SMOKE mommepka ca [lnommm (Area
Sources), Moounmau (Mobile Sources), ToukoBu (Point Sources) u buorennn (Biogenic Sources) W3TOYHHUIIH.
AnTponoreHHuTe emucuu ce BirouBar B IlnonauTe M ToukoBUTE HM3TOYHUIM U ca pasneicHn B SNAP
Kateropud. BCEkM OT pa3iMyHUTE THUIOBE W3TOYHHUIM C€ TpeTHpa Mo crnenuduueH HayuH. EmMucuurte ot




TPAaHCIIOPTa CHIIO Ca OTIENHA KaTeropws, HO MOpajay HAauWHA HAa WHBCHTapU3uUpaHeTo mM B beirapus Te ce
00CeTUHSIBAT C TUTONTHUTE U3TOYHUITH.

3a menuTe Ha HACTOSIIOTO M3CIIEIBAHE BPEMEBHTE BapHALlMM HA EMHUCHHTE Ca W3YHCICHH Ha 0azara Ha
JTHEBHM, CEIIMUYHU M MecedHu npodunu npenocraenu B (Builtjesetal., 2003, Schaapetal., 2008). Te3u BpemeBu
npodwn ca crieruduyHu 3a 1ppiKaBa, 3ambpcuTen U oTHocHO SNAP kateropus (Selected Nomenclature for Air
Pollution).

[Iponeaypata mo pasnenBaHeTo - “‘speciation” e 3aBUCHUMa OT M3MOI3BaHUSA XUMUYeH MexaHu3pM. CMAQ
MOJUTBPKA PA3TUYHN XMMUYHU MEXaHU3MH. 32 [EUTE Ha 030HOBOTO MOJIEMpaHe Hali-uecTo ce m3mosBa Carbon
Bond v.4 - CB4 (Geryetal., 1989). OcnoBara Ha CB4 MexaHn3Ma ¢ peaKTHBHOCTTA Ha OPTaHMYHUTE KOMIIOHSHTH
B aTMocdepara Moxke Aa OpAe CUMyTupaHa JOOpe OT pa3InYHHA MEXAaHW3MHU NPEACTABSIIN PAa3IHYHH THIIOBE
BBIJICpoAHU Bpb3ku. OT BpemeTo Ha myOmukyBaHero CB4, ca HampaBeHH HsKONKO mpomeHu. [lo-crermanHo,
nobaBeHa e xuMus Ha PM.

PasnenBaneTo e crienmduyHO 32 IbpXkKaBH ¥ 10 kateropuu u3rounuim (SNAP). B moaroroskara Ha ¢aitia
C EMHUCHUTE, Te3H 25 CheMUHEHUs TPpIOBa na ObJaT KOMOMHUPAHH B TOPHUTE OJIOKOBU 3aMBPCUTEIH B 3aBUCHMOCT
OT M3MOJI3BAHUS XUMUYEH MEXaHU3bM CIICIBAKH ChOTBETHHUTE MPOIETYPH.

Pazpaboten Oemie crieruduyeH MOIX0 32 OCBIIECTBABAHE HA TOBa paslienBaHe (speciation). [Ipennara ce
3a IeJHTe Ha IMPOTHO3a HUBATa HA O030HA B HAIlaTa CTpaHa Ja ce cleiBa TeXHoiormara paspaborena ot US EPA
Emission Factor and Inventory Group (Ryan, R., 2002). Bxognara nadopmanus, HeoOXoauMa 3a U3YUCIIsBaHEe Ha
E€MHUCHHTE Ca MPEXOBH JaHHU 3a IUIONTHUTE M3TOYHUIHN (Ared SOUrces — AS), 3a MOITHUTE TOYKOBH W3TOUYHHUIIH
(Large Point Sources — LPS) n mamHu 3a xapakrepa Ha 3emHara moBbpxHocT (Land Use), HeoOxomumu 3a
MoOJIeTUpaHe Ha ecTecTBeHUTe (Win OuorenHu) uirounuiy (BgS). Ilocnennure emutupat opranuka, CO u NO u
CTOMHOCTHTE UM 3aBUCST CHITHO OT METCOPOJIOTHYHNTE YCIOBHUS, BKIFOUUTEITHO CTHHIEBOTO IPECHE.

JlaHHUTE 32 IUIOIIHUTE U3TOYHHIIM 3aXPaHBAT CHELUAIHO Ch3aeHaTa nporpama AEMIS, kosTo U3BbpIIBa
paslenBaHeTo (Speciation) U HaJlaraHEeTO Ha BpeMeBUTe Mpo(duiy 3a Besika KJIeTKa OT MpekaTa 3a Bcek SNAP, 3a
CHOTBETHHTE FONMUAHCKU naTu. [lonydenuTe dacoBu ctoitHocTd Ha Bemukute 22 (CHy4, CO, NHs, 10 Tuma VOC,
NOx, SOx, PMC u 5 tuna PM2.5) ce 3anmucBat BB ¢ait B NetCDF ¢opwmar.

Bazara mannu LPS cbabpxa nanau camo 3a 4 SNAP cekropa — 1, 3, 4 u 8. Ta3u undopmanus, 3aeqHo C
n3xona Ha MCIP ce nonasar Ha LPS-npoyecopa na SMOKE, koiiTo nmpousBexaa CbOTBETHUSI eMHUCHOHEH (aiil.
3a menrta WHBCHTapH3alMsATa HA MOIIHHUTE TOYKOBH M3TOYHHUIM ce TpaHchopmupa B miuckBanusi ot SMOKE
IDA-dopmar. B To3u (haiin, Hape ¢ HHBEHTapU3aIMOHHUTE JaHHHM, BIM3AT U PEIUIla MapaMeTPpH Ha U3TOYHUIIATE
KaTo reorpackv KOOPAWHATH, BUCOYMHA U JUAMETHhD HAa KOMUHA, CKOPOCT M TEMIIEPATypa Ha HU3XBBPIISHE Ha
3aMBpPCUTENUTE U Ip. MomersT HE caMO W3BBPINBA CIIEIHANUSI M BpPEeMEBa aNOKalWs, HO W W3YHCISIBA T.HAp.
“plume-rise” U3XBBPJISIHETO Ha 3aMbPCHUTEIIUTE BHB BHCOYMHA B pPE3YITaT OT MEXaHUYHHS HUMITYJIC W
ApXUMEIOOBUTE CUJIN. Tosa HapaCTBaHEC Ha BUCOYMHATA Ha CTpysATa 3aBUCU CHIICCTBCHO U OT MECTCOPOJIOTUIHUTE
YCIIOBUS — BATBP U YCTOWYMBOCT Ha aTMocdepara. B pesynrar SMOKE npoussexaa 3D-daiin — 3aMbpcUTETUTE
Ce U3XBBPJIAT Ha Pa3IMYHU HUBa (HMBATa ChBIIAAAT C BepTHKalHaTa cTpykTypa Ha CMAQ).

1.4 T'pux moaenupane
N3cnenpanusTa me 0baT NPOBEKAAHN C M3MOJI3BaHE HA HAli-ChbBPEMEHHU Me30Mallla0HU TMHAMHYHHU MOJIEIIH,
KaKTO ¥ Ha TaKMBa 32 KA4eCTBO Ha Bh3yXa. 3a MojlyyaBaHe Ha HaJIe)KIHU MOJIeTa Ha TTapaMeTPUTE Ha Bb3AYyIIHATA
cpelia M Tpajickata Bb3AyIlIHA Cpefia Ce HajlaraT aHCaMOJIOBH CUMYJIAIMY C BapUpaHe Ha MHOTO TapaMeTpH U
OIICHKA Ha YyBCTBUTEIIHOCTTA HA MOMydeHHUTE pe3ynrtaT. Hemro moBeve, cuMmynanuurte TpsoBa na Obaat
HaIpaBeHH 3a M3YepraTeicH Habop eMHUCHOHHH CIICHAPHH 32 Jia C€ M3SICHH MIPUHOCHT HA PA3INYHUTE TI0 THII
M3TOYHHUIM Ha 3aMbPCABAHE BBPXY KAUECTBOTO Ha BB3ayXa. M3ciieBaHe OT TO3HM THUI H3UCKBA MHOTO TOJICMH
KOMITIOTBPHH PECYPCH - BUCOKOTIPOU3BOAUTEIHA KOMIIOTHPHHU TUIATGOPMH (KOMIIOTEPHU KITbCTEPH, 'pH,
CYMEPKOMITIOTPH ), © ONITUMAITHA OPTaHU3aIUs Ha YHCIICHUTE eKCIIEPUMEHTH ¥ ITOTOKA Ha JJAHHU KaTo
u3uncaurenau miatpopmu. (Foster J., C. Kesselmann, 1998, Atanasov et al., 2006, Ganev et al., 2009, Todorova
et al., 2010)

M3uckBanusra 3a koMtoTbpHU pecypcu Ha Mogenute WRF, SMOKE u CMAQ ca nocra ronemu. Ilopanu
TOBA YHCJICHUTE EKCIIEpUMEHTH Osixa opranusupanu B epekrnBHa HPC cpena kaTo M3YUCIICHUATA CE€ H3MTbIHSIBAT
Ha cymepkommiorep Ha Kibctepa HPC B MUKT-BAH (Intel Xeon E5-2650v2 mpomecopu u 64GB RAM).
Cumynanuure 3a qomeitan D2, D3 u D4 u Te3u, 3a D5 6s1xa opraHu3upaHu B OTJEIIHU paOOTHH MecTa (HkKoOoBe),
KOETO TI03BOJIM BPEMETO 32 M3ITBIHCHUETO Ha €I1H /KOO oT 24 Jaca, 1a ObJIaT CUMYyJTUpaHu 6 JTHU.

M3xomHuTe MaHHU OT MOJIENUTE, 0bade ca TBbpAe rojemu. He 1isamnara uapopmaius oT U3XOAHUTE (ailyioBe e
TOJIKOBA IICHHA M C€ Hajara JONbJIHUTENHa 00paboTKa Ha JaHHUTE M CHOTBETHHs codTyep 3a Ja MoxkKe
nHpopMmanusTa na ce " ¢puirpupa " 1 camo HeoOXoAMMaTa TakaBa Jia ce 3amna3u. B uzxona ot mogena CMAQ ce
3amas3Bar 4aCOBUTE JaHHU 33 TIOBbPXHOCTHUTE KOHIICHTPAILIMU HA CIICHUTE Hal-BaXKHHU 3aMbPCUTEIIH:




* NO,, NO, 03, NO3, OH, HOQ, N205, HNO3, HONO, PNA (Peroxynitric aCid), Hzoz, CO, FORM, ALD2, 0203,
PAN (Peroxyacetylnitrat), PACD (Peroxyacetic acid), PAR, OLE, FACD (Formic acid), AACD (Acetic Acid),
ETH, TOL, CRES (Cresol), TO2, XYL, MGLY (Methylglyoxal), ISOP, ISPD (Products of isoprene rxns), SO,
SULF (H,SO, Sulfuric acid), UMHP (Methanediol), TERP, NH; (gases34)

* PSO4, PNH,4, PNO3, POA, PEC (aerosol—b5)
* SOAA, SOAB (Anthropogenic and Biogenic secondary organic aerosol—2)
* FPRM, CPRM (fine and coarse PM—2).

Cumynanun 32 WRF /CMAQ ca u3BbpIIeHH JieH 3a JieH 3a repuof oT 7 roausu - ot 2008 r. mo 2014 r. 3a
rpan Co¢wus. [1o To3m HaUMH e Ch3lIaJeHa elHa JocTa OOIIMpHa 0a3a JaHHH, KOATO OM MOTJIA Jia ce M3II0JI3Ba 3a
Pa3IMYHU MPOYYBAHUSA M CHOOPAKECHNUS, CBHP3aHM C OCHOBHHTE XapaKTEPHCTHKH W MPOU3X0/a Ha aTMOCHEpHUS
cberaB B rpan Codusi, BRIFOUUTETHO KIIMMAT Ha 3aMbPCIBaHE U MHACKC 33 KAYECTBO HA aTMOC(EPHHUS Bb3IyX.

1.5. locToBepHOCT Ha pe3yJITATHTE 0T KOMIIOTHPHUTE CUMYJIAIIAH

KoMmoThbpHHUTE CUMYJIAIMN Ca U3BBPIIECHH ChC CHCTEMa OT MOJICNH C JOKA3aHH CUMYJIAIIMOHHN Ka4eCTRa.
ToBa, pa3dbupa ce, He TapaHTHPa aBTOMATHYHO JOCTOBEPHOCTTA HA PE3YATATHUTE OT KOMIIIOTHPHUTE CHMYJIAINH,
3alI0TO TE 3aBHCAT OT M30paHUTE MOJCITHH KOHPHIYpaluu M OCOOEHO OT BXOJHHTE NaHHU. M3BEeCTHO €, ue
E€MHCHOHHHUTE JTAHHU BHACST TOJIIMAa HEOMPEACICHOCT B KOMITIOTHPHHUTE CHUMYIAIMHA M Ca, BEPOSTHO, OCHOBECH
M3TOYHMK Ha TPEIIKH B CHMYJIHPAHUS ChCTAB Ha Bb3IyXa.

IIpoBepka Ha CHMyJIalIMOHHUTE KayecTBA Ha CHCTeMaTa (MOIEIH W BXOAHH JaHHH) Bede Oelre n3BbpIIeHa
3a TepuTopusATa Ha 1s1a bearapus u 3a rpag Codus (I'amxes, 2013; Gadzhev et al., 2015, Etpononcku 2015,
Syrakov et al., 2014, 2015, Georgieva et al., 2014) u moka3a 3aJOBOJMTEIHO CHBIAJCHHE Ha NAHHUTE OT
HW3MEPBaHMATA C MOAETHUTE PE3YIITATH.

ToBa m0Opo ChHBHAACHUE IMOKA3Ba, Y€ M PE3YATATUTE OT KOMITIOTBPHUTE CHUMYJIAIMUA TI0 HACTOSIIOTO
u3ciIeaBane, 0COOCHO pasriIeKIaHn KaTo aHcaMOBbJI, ca JOCTAThYHO HAAEKIHM M CHOTBETHO HAIIPABEHHUTE OT TAX
M3BOJM JOCTATHYHO M0OpE OTpa3siBaT OCHOBHHMTE YEPTH HA KIMMaTra Ha 3aMbPCSIBAHETO Ha Bh3AyXa B paiioHa Ha

rpan Codusi.

10



I'nasa II: Knumat Ha atMocdepHO 3aMBpPCABAHE 32 H30paHa rpajacKa cpeaa -
rpaja Cobdus

I1.1. BnBenenue

Wscnenpanus paiton e rpag Codus. Toit e n3dpan mopaau ToBa, 4e € cToiuua Ha bearapus u e Haii-
TOJIEMHUSAT Tpaj B cTpaHarta (Hacesenue: 1 291 591 gymm; mmom: 492 kM°) 1 15 mo-ronemMuna rpazn B EBponeiickus
ChI03. M3cnenBaneTo Ha 3aMBPCIBAHETO HA BB3AyXa 3a rpax Codus e oT roiasMo 3HadeHHe U mopanu (akra, e
CTOJIUIIATA € OCHOBEH TYPUCTUYECKH, aIMUHUCTPATHBEH, IPOM3BOJACTBEH M MHAYCTPHAJICH HEHTHp (HaH-ToIsIM 32
Bwarapus) ¢ sokanus Ha okxono 800 rosemu npennpusaTHs (0Koio 1/6 OT MPOMHIUICHOTO ITPOM3BOJICTBO Ha
Benrapus-75% ot uepnata metamyprus, 50% oT mnonmrpagumueckara, 15% OT eneKTpOTeXHHYECKaTa W
€JIEKTPOHHATAa MPOMHUIIICHOCT, 14% 0T KoXKyXapckara u o0yBHarta npomunuieHocT). Codus chIo Taka € Haii-
rojieMusl TPaHCIIOPTEH LIEHThP ¢ HAW-MHTEH3UBEH TPAHCHOPT. B rpasa ca pasnonoxeHue 4eTupu Tomo
Enexrpuuecku LleHTpanu, oT KOUTO JBE ca OCHOBHUTE 3aMbpcutenu Ha rpajga - TEL] "Codus" B ueHTbpa Ha
rpaga u TEL] "U3tok" B kB. [Jpyx0a (@urypa I1.1). OCHOBHM 3aMBbpPCHTENIN HA Bb3IyXa B CTOJNMIATA ca (HHUTE
MPAaxOBU YACTULU M a30THUTE OKCUAU, KOUTO C€ F€HEepUpaT OCHOBHO OT aBTOMOOMIIHUS TPAHCIIOPT, OTOILIEHHUETO
C TBBPIM U TEUHHU TOPUBA, 3aMbPCEHUTE IBTHU HacTUIku 1 TELL-Te.

[Ipu pasrmexnane KiIMMaT Ha 3aMbBpPCSBaHE B Tpajcka Cpeda OCHOBHA pOIII IpH IPoOieMa Che
3aMBPCSIBAHETO Ha BB3AyXa € reorpadckoro pasmnonoxkenue. Codus ce Hamupa B CoduiickaTta KOTIOBHHA,
3a00uKoJIeHa oT IaHuHu (Buroma Ha for, JIroauH Ha 3anax u Ctapa IUTaHHHA HAa CEBEP), KOUTO BB3NPENATCTBAT
BB3MOXKHOCTTa 32 CaMO NpOYNCTBAaHE Ha aTMocdepara. KimMmareT € yMmMepeHO KOHTHHEHTAJCH ChC CpemHa

TOJTATITHA TeMIiepaTypa oT OKOJIO 10°C.
(https://bg.wikipedia.org/wiki/%D0%A1%D0%BE%D1%84%D0%B8%D1%8F#.D0.9A.D0.BB.D0.B8.D0.BC.D
0.B0.D1.82) .

Ha cnenmBamara ¢urypa e nperncraBeHa kaprara Ha rpaxg Codus. Ha Ta3u kapra OCBeH TepHUTOpHATA Ha
rpaga ca o0O3HA4YEeHH M TO-BaXHM "TOpEIIM TOYKH', KOUTO MpPU aHAIU3HpPAHE PE3YNTaTUTE OT KOMIIOTHPHU
CHUMyJIallUM MMaT Ba)KHO 3HaYCHME U ce OTKposiBaT kato paifonu: TEI["M3tok" B kB. Jlpyx0a, B rorousrouHara
yact Ha Tpana; ceno Ilanvapeso; Komurorto; 3oomapk Codus B rokHaTa 4acT Ha rpaaa; OpinoB MocT U Pycku
MaMETHHK - JIB€ HATOBapEHH IIbTHU KPBCTOBHIIA B IIEHTpaiHaTa yacT Ha rpaaa; TEI"Codus" B ueHTHpa Ha rpaja
u paifona Ha KocTuHOpOn B ceBepo3anagHaTa 9acT.

KocT#'s6poa
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puBHHA
( )
m
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17y
KOrnnroTo (35
e . —

Fepman
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c. Kokanane
C

181} { 52 |
®urypa II.1 Kapra Ha rpag Codus - "ropern Touku".

IIpeobnamaBama ¢ aHTUIMKIOHAIHA IUPKYJIAIMs, ONarompHsITCTBAlla 3aMbPCSIBAHETO HAa MPU3EMHHS
aTMocdepeH ciIoi U KOHTUHEHTAHIS XapaKkTep Ha KiiuMara. XapakTepHa, 3a paifoHa, € W JIOKaJTHA IIHPKYIIAIHs,
CBBp3aHa ¢ MosBara Ha (PbOH, CeBEpHO OT BuToIma, mpe3 CTyneHHs Ce30H W IUIAHWHCKO-TOJMHHA ITHPKYIIaIlus,
XapakTepHa 3a TOIUIMS CEe30H (Ipe3 AEHS BATHPHT AyXa OT MOJETO KbM IDIAHHMHATA, a Ipe3 HOIITa OOpaTHO - OT
IUIaHWHATa KbM MoJyieTo). biokupamusaT eekT Ha IUlaHWHA BuToma 3aTpynHsiBa MpOLECUTE Ha JIOKAJIHATa
aTMoc(epHa IUPKYNIAIHs ¥ Ch3aBa YCIOBHS 3a HATPYIIBaHE HAa MACH 3aMBPCEH BB3IyX JI0 CEBEPHUTE i CKIIOHOBE
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http://bg.wikipedia.org/wiki/%D0%9F%D1%80%D0%BE%D0%BC%D0%B8%D1%88%D0%BB%D0%B5%D0%BD%D0%BE%D1%81%D1%82_%D0%BD%D0%B0_%D0%91%D1%8A%D0%BB%D0%B3%D0%B0%D1%80%D0%B8%D1%8F
http://bg.wikipedia.org/wiki/%D0%9C%D0%B5%D1%82%D0%B0%D0%BB%D1%83%D1%80%D0%B3%D0%B8%D1%8F
http://bg.wikipedia.org/wiki/%D0%9A%D0%BE%D0%B6%D1%83%D1%85
http://bg.wikipedia.org/wiki/%D0%9E%D0%B1%D1%83%D0%B2%D0%BA%D0%B0
https://bg.wikipedia.org/wiki/%D0%92%D0%B8%D1%82%D0%BE%D1%88%D0%B0
https://bg.wikipedia.org/wiki/%D0%9B%D1%8E%D0%BB%D0%B8%D0%BD_(%D0%BF%D0%BB%D0%B0%D0%BD%D0%B8%D0%BD%D0%B0)
https://bg.wikipedia.org/wiki/%D0%A1%D1%82%D0%B0%D1%80%D0%B0_%D0%BF%D0%BB%D0%B0%D0%BD%D0%B8%D0%BD%D0%B0

Ka‘IeCTBOTO Ha aTMOC(bepHI/Iﬂ B”I)3Ilyx € (bYHKIII/ISI oT BLSﬂeﬁCTBHeTO KaKTO Ha KIIMMAaTUYHUTEC (i)aKTOpI/I,
HO M OT BHAAa W KOJHUYCCTBATAa Ha €MUTHUPAHUTEC BPCAHU BCHICCTBA OT pa3H006pa3HH U3TOYHUIIN. HuBarta Ha
3aMBPCUTEIIUTE B TIPU3EMHUS aTMOC(EepeH cIol ca TMHAMHYHA BEJTMYMHA, 3aBUCEIa OCBEH OT GU3UKOXUMHUIHUTE
MM CBOWCTBA, CHIO Taka W OT aTMoc(epHaTa IUPKYJIAIUs - Pa3ceHBaHETO, OTIATAHETO WJIM 3a]IbPXKAHETO Ha
BHUCOKHU KOHHCHTpaHI/IH Ha BaM’prI/ITeJ'II/ITe B onpez[eneH paﬁOH.

[ToBTOpsieMocTTa Ha KOMIIEKC OT OIpeNe]eHH METEOpPOJIOTMYHU TapaMeTpyu Cbh3/1aBa YCIOBUS 3a
XapaKTepHa CE30HHA WJIM JICHOHOIIHA BapHaOWJIHOCT B HUBATa Ha HSAKOM OT aTMOC(EepHHTE 3aMbPCUTEIH.
(http://sofia.bg/smet/Programa_OS_1.pdf)

B HacrosiuaTa riaBa ca pasrienanu 11.2. OcpenHenu monera Ha IPU3EMHU KOHLICHTPAIMU Ha Pa3iduHU
sambpeurenn U 11.3. CraTucTHuecky XapakTepUCTHKH Ha TPU3EMHUTE KOHICHTPALUK HA Pa3IHIHUATE
3aMbPCHUTENH, KaTo B ocneanara dact 11.4. ca 06001eHn N3BOJUTE OT HAIIPABECHUTE KOMITIOTHPHU CUMYJIallHH.

B aBTOopedepara mo-moapoOHO mie ObJAT MOKAa3aHW CaMO TOJUIITHO OCPEIHEHWTE IBYMEPHH TIOJeTa Ha
KOHIICHTPAIIMUTE U HAKOM CTATUCTUYCCKU XaPaKTSPUCTUKH HA MPU3EMHHUTE KOHIICHTPAIIHH.

I1.2. Ocpennenu mojieTa Ha NPHU3eMHHM KOHIEHTPAIMM HA pa3ju4yHu 3ambpcutenu:. [ogumrnm
CPeIHH MmoJieTa HAa MPU3eMHHUTEe KOHIeHTpanuu Ha azoren auokcua (NOy), o3on (03), cepen quokcus (SOy)
u unnu npaxosu yacruuu (FPRM).

3a ;a ce HampaBH OIEHKA ChCTaBa HA aTMocdepara Hai-TeCHO W HOPMAITHO € J1a C€ OLEHST IPH3EMHUTE
KOHIICHTpAIlM{, OIIe IIOBeYe, Y€ T€ Ca Te3W, KOUTO BIHSAT Ha YOBEIIKOTO 3IpaBe W, B TOIsIMa CTEIICH,
exocuctemure. Upe3 ocpenHsIBaHE BBPXY BCHUKH CHUMYJIMPAHU IMOJIETa OT aHCAaMObJa, ca TOIYYCHH CPEIHUTE
TOJIMIITHU Y CE30HHM NMPHU3EMHH KOHIEHTPAIMHA M TAXHOTO TMOBEACHHE MOXE /1a Ce pa3riexaa Karo "TumudHu'
©KEIHEBHH MOJICNI Ha KOHIIEHTparmuTe. Upes3 ocpeaHsBaHe [0 HeNrs aHCaMOBJT 32 Pa3InIHUTE 3aMBPCHTEIH Ca
MOJYYEHH CPETHHUTE TOMWIIHA U CE30HHH MNPH3EMHH KOHIIGHTpalmu. KapTh Ha TakuBa TOMIMIIHU IIOJICTa
pasriiexaaHy KaTo "TUIHYHHU" ca MpeACTaBEeHH 3a HAKOW 3aMbpcutenute: azoreH muokcun (NOy), o3oH (O3),
ceper amokcun (SO;), ¢uuum npaxosu dactuim (FPRM) m empu mpaxosu wactunum (CPRM), karo B
aBTOpedepaTa MO-NOAPOOHO INe OBJAT KOMEHTUPAHU CaMO TOIMIIHO OCPEIHCHHWTE JBYMEPHH IIOJleTa Ha
KOHIICHTPAIIMUTE Ha 3aMBPCUTEIIUTE U HAKOM CTATHCTHUYCCKH XapaKTEPUCTUKU Ha MPU3EMHUTE KOHIICHTPAIIMU Ha
pasnuuHu 3amMbpcutend 3a Copus 1 3a OTISITHI TOYKH.

Toouwnu cpednu nonema na npuzemuume Konyenmpayuu Ha azomen ouoxcuo (NOy)

ABOTHHUS THOKCHIl € TOKCHYCH MPY BIWIIBAHE M MMa OCTpa M paslio3HaBaeMa MHUpH3Ma To3u 3aMBbpCHTEN
UMa BpPEIHO BB3ACHCTBHE BBHPXY XOpaTa W CE€ OTpa3siBa MPEIUMHO BBPXY AUXATETHUTE (YHKIUH. XPOHUIHO
OOJIHHUTE C PeCcIUPaTOpHU MHQEKINH ce MOBJIUABAT HEOIAronpusaTHO, a XopaTa O0JHUTE OT OenoIpoOHa acTMa ca
¢ 0cOOCHO YYBCTBHUTEIHH KHM ITOBHIIABaHE HMBOTO HA a30THHUA MUOKCHA. OCHOBHUTE M3TOYHHUIINTE Ha a30TCH
IVOKCHIl Ca JIBUTATEIHTE C BBTPEIIHO TOPEHE, TOIUIOCICKTPUICCKUTE MEHTPAIH, HIKOW ITPOMHUIILICHH
MPEINPUITUS U IPYTH.

C Hapenba Ne9 (/[IB, Op. 46/1999 r., uam. u momn. JIB, Op. 86/2005 r.) ca ompenenenu [IpemenHo
Jlomycrnvu Konnerrparn (ITJIK) 3a asoren guokenn: Cpeono Yacosa Hopma (CHH) - 200ug/m® (da ne 6woe
npesuuiasana noseye om 18 nemu 200uwno), Cpeono I'oouwna Hopma (CTH) - 40ﬂg/m3 u Anapmen npaz -
400/4g/m3 (usmepenu npes mpu nociedogamennu yaca om cvomgeemuume AUC u JJOAC):

Ot ®urypa I1.2.1 B 2 u3bpana Jaca ce BWXKIa, 4e MakcuManHute cToiiHocTH Ha NO, ce HaOmomaBat B
CYTpEIIHUTE YacoBe B paiioHa Ha I0KHUTE KBapTain Ha CoHs U IEHTPATHUTE YacTH. MakCUMaTHaTa CTOWHOCT €
okoso 200 ug/ms, a MuHuManHaTta okosio 100 ug/ms. Tbil xaTo ocHoBHUTE M3TouHMIM Ha NO, B rpaaa ca
MPEIVMHO TIPH3EMHH W3TOYHHU (aBTOMOOWIIHUS TPAHCHOPT), TO TAKHBAa BHCOKH CTOWHOCTH Ha IPHU3EMHUTE
KOHILICHTPallMUTE B CYTPEIIHWTE YacOBE W TIIO-HUCKM IO 0051 u ciemoden, BEpOATHO ce€ IbJDKAT, Ha
HeCTaOMIIHOCTTa Ha aTMocdepara B CIeZ0OCIHNTE YacOBe M MHTCH3MBHUS TypOyneHTeH TpaHcropT Ha NO,. B
obenHUTE U ciaeno0eHUTe YacoBe, Bede Ce OTKPOsBAT CaMo 2 TOYKHM OT Ipajia C MOBUIIEHA KOHIEHTPAIUsS U TOBa
ca llenrspa u TEL] ,,i3TOK”.

T'oouwnu cpeonu nonema na npusemnume Konyenmpayuu na 03ou (O3).

O30HBT € ra3 ChCTOI] ce OT TPU aToMHa MoJieKya kucyopog (O3). Cperna ce B TopHaTa yacT Ha
atMocdepara Ha 30 - 50 KM HaJ 3eMHATa TOBBPXHOCT ¥ B TIPU3EMHUS BB3/YIIEH cioil. B ropHara atmocdepa
030HOBHS CJIOH MMa 3aIUTHH (HYHKIIUH (3aIIUTa CPEIly YITPABHOJICTOBUTE JIBUH), & B IPU3EMHUS CJIOH, TOH
MOJKe J]a Ma HeOMaronpusITHO BB3ACHCTBHE, 3aII0TO € CHJICH OKHCInTeN. O30HBT HE C€ eMUTHPA AUPEKTHO B
atMocdepara, a ce popMHUpa rIABHO OT B3aMMOJICHCTBUETO HA a30THUTE OKCHUIY U JICTIMBUTE OPraHUYHH
CHEIAMHEHHS IO/ BIMSHIE HA BUCOKU TEMIIEPATypH U CIbHYEBA CBeTIIMHA. JIUTICBAT aHTPOIIOTCHHU EMUCHU Ha
030H BHB Bb3/yXa. EcTecTBeHUTE My )OHOBH CTOMHOCTH BBB Bb3/yXa ca okoJio 30pg/m3, Ho MoraT Jla CTUTHAT
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MHOT'O ITO-BUCOKH cToiHOCTH (Hamp. 120ug/m3). O30Ha CHIIO BIUsSe HEOTATONPUATHO HA YOBEIIKOTO 3/IPABE -
MIPY IPOHUKBAHETO MY B TUXAaTEIHATA CUCTEMa, TOM OKa3Ba TOKCHYHOTO CH BB3ACUCTBHE BEPXY Hes. Edekrure ot
JECTBIETO MY CE ChCTOST BHB BB3IMAIICHIE HA PECIUPATOPHUTE OPraHy, HaMaJleHre Ha (QYHKIIMOHATHOCTTa Ha
6enms 1po0, CHIIPOBOACHHU C YCKOPEHO TUIIaHe, HAMASIBAHE YCTOHYMBOCTTA KbM PECIIUPATOPHU 3a00JIIBAaHUSI U
oTciabBaHe HAa IMyHHATa CHCTeMa. Xopara ¢ aCTMAaTHYHU 3a00JIIBaHUS M TAKHBA, KOUTO pabOTAT Ha OTKPHUTO Ca B
HaW-pPUCKOBO BIUSHKE OT 030HA.

Bwirapckoro 3akoHomarenctBo ¢ pernmamentupano [1/IK 3a o3on B atmochepuus Bp3ayx ¢ Hapenba Ne 8
(/1B, 6p. 46/1999 1.), Hapenba Ne 4 (/IB, Op. 64/ot 5 romu 2004 T.) - 32 HOPMH 3a 030H H AJIAPMEHH IParoBe 3a
HUBaTa Ha 030H B armocheprus Bw3ayx: (http://en.wikipedia.org/wiki/Ozone) : [llpae 3a ungopmupane na
nacenenuemo (CUH) - 180,ug/m3 (usmepena npe3 mpu nociedogamennu uaca) u Ilpae 3a npedynpesicoenue Ha
nacenenuemo (CYH) - 240,ug/m3 (usmeperu npes mpu nocie008amentu 4aca).

Ot ®@urypa 1L.2.1 ce BwxIa, uye CyTpUH KOHLEHTpALUMUTE HA O30H ca MHOro Manku Haj rpaga. C
HalpeBaHeTO Ha JIeHs M I'PEeHEeTO Ha CIBHIIETO, ce 3a0ens3Ba Kak KOHIEHTpalMUTe Ha 030HA Ce TIOBHIABAT U
KaTo, 4e JH OOTpBIIAaT TepUTOpHsTa Ha Tpana. HambeiHO ecTecTBeHO, Hall-roieMn CTOWHOCTH ce HaOII0JaBaT B
crero0eIHUTE YacoBe OKOJIO 1 HaJ INTAaHUHUTE, a 110 TepuTopuaTa Ha Codus Te ca Mo-MajKH.

O30Ha B bearapus 1o rojsiMa CTEMeH ce IbDKH Ha TpaHCHOpT oT uyx6uHa (Gadzhev et al. (2012, 2013
a,b,c,d)), ToBa ¢ W emHa OT MPUYMHHTE, 3aI0 O30HOBHTE KOHIICHTPAIMH Ca HHUCKU MMpPe3 CYTPEIIHUTE YacoBe
CTIPSIMO T€3M OT OO0 M clefo0eaHITe — MMo-c1ab0 M3pa3eH MHTEH3WBEH TPAHCHOPT Ha 030H OT BHCOKUTE HHBA.
Jpyra npu4rHa 3a pasnpejeieHre Ha KOHIEHTPAaLUUTe B TPAJCKU PaiiOH € BEPOSITHO € 030HOBaTa (POTOXUMHS,
KOSITO OOSICHSIBA, KAKTO BHCOKHTE KOHLIEHTPAIIWH TIPe3 JeHS U Mpe3 TOIUTUTE MECenH, Taka | ,,030HOBUTE IyNKH
KOWTO ce 00pa3yBaT Ha MecTara, KbJIeTo KoHIeHTpanuuTe Ha NO; ca roinemu.

Toouwinu cpeonu noiema nHa npuzemnume Konyenmpayuu Ha ceper ouoxcuo (S0,).

CepHUSIT TUOKCH]I € OT rpyrara Ha cepHUTe okcHIH (SOy), KOUTO ce GOpMHpaT IPH U3rapsHe Ha TOpUBa C
BHUCOKO CSIPHO ChABbpXkaHue. EHepreTHkara € Hail-roJeMUsT M3TOYHHK Ha cepeH auokcua — 93,9% ot obmoro
eMUTHPAHO B CTpaHaTa KosmuecTBO. OCHOBEH aHTPOIIOT€HEeH M3TOYHUK Ha cepeH auokcun ca TELL- Te u OutoBute
W3TOYHHUIM (M3rapsHETO Ha NPHPOJHH TOpHBA). JIpyru M3TOYHHIIN Ha 3aMBbpCSBAaHE CHC CEPEH ITUOKCHA ca
IBUTATEINTE C BETPEIIHO TOPEHE, METATYPTUATa U XUMHIECKaTa MIPOMHUIIICHOCT.

CepHust TUOKCHI MOXKE [1a MOTAJHE B OpraHM3Ma Ype3 peclupaTopHaTa CHCTeMa M Ja OKaXe BIHSIHUE
BBPXY YOBEIIKOTO 3/1paBe. [Ipy momagane Ha BUCOKH KOHIEHTpanuu B opranmma, 90% ot Hero ce abcopbupa ot
TOPHUTE JMXAaTelMHU ThTHINA. Jlerara, Bb3pacTHUTE, Xopara C acTMa M ChbPACYHOCHIOBU 3a00NISIBAHMS WU
XPOHHUYHU 0eJ0ApOOHU 3a00NsIBaHUS ca OCOOCHO YyBCTBHUTEIHM KbM BHCOKHTE HHWBA Ha CepeH muokcua. Karo
3IpaBHU e(DEKTH BBPXY 37PaBETO ce MPOSABABAT HAPYIICHHE Ha JIUIIAHETO, OeJI0IPOOHN 3200 IsIBaHMS, HAPYILICHUE
Ha UMyHHara 3aiura Ha Oenus 1po0.

C Hapen6a Nel2 ot 15 romm 2010 1. (06n. IB, 6p. 58 ot 30 romu 2010 r.)ca onpenenenu [1JIK 3a cepen
muokeua.  (http://eea.government.bg/bg/output/daily/pollutants/s2o.html): Cpeono Yacosa Hopma (CHH) -
350,ug/m3 (0a ne 6woe npesuwiasana noseye om 24 nvmu 200uuino), Cpeono Jueena Hopma (CAH) - 125,ug/m3
(0a He O6WOe npesuwasana nogeve om 3 nvmu 200uUWHO) u Anapmen npae - 500,ug/m3 (usmepenu npes 3
nocaedosamennu yaca om cvomeemuume AUC u JJOAC).

Ot @urypa I1.2.1 ce BWXKIA, Ye BUCOKM KOHIIEHTpAIlMM CE HAONIO/IaBAaT Hail-Beue B CYTPEIIHUTE U
obOe/iHUTE YacoBe B paiioHa Ha [laHuapeBo M CyTpuH ce 3abens3Ba paiioHa Ha KocTHHOpom B 3amajHHTE
MMOKpaliHUHU Ha Tpajaa. B cremobeqHuTe M BEYEPHUTE YaCOBE, KOHIIEHTPAIIMUTE HAMAJISIBAT, KATO MPE3 HOIITA CE
3a0ensa3BaT camMoO B TOJHOXHMETO Ha Buroma turanuHa. Ha kapTuTe ce BmKAa, 4ye MaKCUMAIHUTE MPU3EMHU
koHIeHTparuu Ha SO, ca npeaumHo B paiionuTe Ha Llentspa, [lanuapeBo u nogHOXKMsATa HA Butomia manuHa. B
pationute Ha ceno [lanuapeBo u B cenara B MOAHOXKUETO Ha BuTola, BEpOSTHN U3TOYHHIIN HA CEPEH JUOKCH]I, Ca
JIOMaKMHCTBAaTa OTOIUISIBAIIM CE Ha TBHPIIO TOPUBO, KOETO € €JJHa OT MPUIYMHUTE 32 Te3U BUCOKH KOHIICHTPAIINH B
paifoHa. BB3MokHA TpUYMHA ca M OCOOCHOCTUTE Ha LHPKYNAIMiTa, 0OYyCIOBEHa OT XapaKTEPUCTUKUTE Ha
peneda. B nieHTpamHuTe paioOHH, OCHOBEH W3TOUHHUK Ha cepeH auokcua e TELL "Codus".
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S02

(Dnr;pa 11.2.1.: CpenHo romunHu npu3eMHn KoHneHTpaunu Ha NO,, O3, SO2 nu FPRM [pg/m"'] B 06:00 1 18:00 GMT.

T'oouwinu cpeonu nonema na npuzemMHume KOHyeHmpayuu na unnu npaxoeu wacmuyu (PRM).
Enva or ocHOBHHTE 3aMBpCHTENM Ha BB3IyXa ¢ mpaxta. OCHOBHH U3TOYHUIIM Ha TMpax ca
MPOMHMIIICHOCTTA, TPAHCIIOPTa M CHEPTeTHKATA U TSI €CTECTBEHO MMa BPEIHO BIIHMSIHUE BBPXY YOBEIIKOTO 37paBe.
ToBa BiIMsSHHE 3aBHCH TJIaBHO OT pa3Mepa W XUMHYHHS CHCTaB Ha IMPAaxOBUTE YacTHLHU. llo-eapure mpaxoBH
gactuy (0T 2.5 pm 10 10 pm - PM10 nan CPRM) nipu nonasase B opraHu3Ma 4pe3 JUXaTeHaTa CHCTeMa, Ce
3aJbPXKaT B TOPHUTE IUXATCIHU ObTHUIIA, a no-puuauTe (Mox 2.5 pm - PM2.5 uan FPRM) nocrurar go mo-
HUCKHUTE OTAEIHM Ha AMXaTelHaTa CHUCTEMa M BOAAT JO YBpEXJaHe Ha ThbKaHUTEe B Oemust apob. Ocobeno
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YYBCTBUTCIIHA KbM BHCOKHU croiinoctd Ha PM10 ca Acnara, BB3PACTHHUTEC U XOpa C XPOHUYHH 6CJ'IOL[pO6HI/I
3360J’I$IB3HI/I$I, TpHIl U1K acTMa.

C Hapen6a Ne 9 (/IB, Op. 46/1999 r.), (u3m. u gom. [IB, 6p. 86/2005 r.) ca mpueTH HOPMH 3a MPEASITHO
nomyctumu koHuentparuu (I1JIK) 3a ¢unu npaxosu gacturm. Beeenenure [11K nensat npeanassane oT TeXHHUS
BpeIecH edext BBPXY 3IpaBeTo Ha xopata u OKOJIHATa cpena.
(http://eea.government.bg/bg/output/daily/pollutants/pm.html):

Eapu npaxosu yactuuu (CPRM) (ot 2.5 pm g0 10 pm): Cpeono Jnesna Hopma (CAH) - 50pg/m3(0a He 6v0e
npesuwasana noseve om 7 nomu 200uutno) u Cpeono 2oouwna Hopma (CI'H) - 40pg/m

®unnu npaxoBu 4Yacruuu (FPRM) (mox 2.5 pm): Cpeono [nesna Hopma (CAH) - 40p,g/m3 (0a ue 6voe
npesuwiasana nogeue om 14 nvmu 2o0uwno) u Cpeono coouwna Hopma (CT'H) - 20pg/m3.

IIpe3 msoTo meHoHomue ce 3abensa3BaT KoHIeHTpanud Ha FPRM okono 20 pg/m3 B lleHThpa Ha
rpaga(@urypa IL.2.1). B cyrpeminure yacoBe ce 3a0eNf3BaT U KOHIIEHTPAIMU B FOKHHUTE YaCTH HA TPajia OKOJIO
10 ug/ms. [Ipe3 usan0TO JEHOHOMIME ce OTKPOsiBa U paiioHa Ha KoctuHOpoa. BucokuTe cyTpenrnu KOHIIEHTpaIuu
BEPOSTHO CE€ IB/DKAT Ha CTAOMIIHOCTTAa Ha atMocdepara ¥ Bh3NPENSTCTBAHUSA TypOYIEHTEH TPAHCIOPT, KAKTO H
MHTEH3UBEH aBTOMOOUJICH TpaduK.

[Ipu cpenHO TOAUINIHUTE IPU3EMHN KOHIIEHTpAUU Ha enpute npaxoBu dactuny (CPRM) Ha Haii-ronemu
ca CTOMHOCTHTE B CYTPELIHHTE W ClIeI0OEIHMTE YacoBe, KAKTO W Ipe3 Homra. Mecrara Ha, KOUTO ca Te3H
MakCHMaJIHH CTOWHOCTH ca LleHThpa Ha rpaga M OKOJHOCTHTE My, Kakro W paiioHa Ha Kocturbpom.
MaKCHMAaIHATE KOHIGHTPALKH ca 0kos1o 100 pg/m”.

IL.3.CTaTHCTHYECKH XapaKTePHCTUKH HA TNpPH3eMHHMTE KOHUEHTPAUMH HAa  pa3JIH4yHHTE
3aMBPCHTEIN Ha TepuTopusaTa Ha rpax Codusi M 32 OTIeTHH TOUKH.

KOMIIOTBPHO CHMYJHMpaHHSI CEAEM TONMIIEH aHCaMOBJI € IOCTATBYHO TOJNISIM M H3UYepIlaTesieH 3a Ja
MO3BOJISIBA Pa3HOOOPa3HH CTaTHCTHYECKH 00padoTku. IIpencraBeHuTe CPeJHOTOMUIIHE KOHLICHTPALMY Ha HIKOH
3ambpeuteny B ri1aBa 11.2. He nzuepnBar nHdpopMalmiTa, KOSITO MOXe Ja ObJe N3BJIeUYeHa OT aHcaMO®bIiIa, a Ouxa
MOTJIH J1a C€ U3YHCIIAT Pa3IMYHU CTATHCTHYECKH XapaKTePHCTHKHY, KakTo 3a Iisuiara obnact Codus rpaz, Taka 1 3a
n30paHd TOYKHU.

CTaTUCTHYECKUTE XapaKTEPUCTHUKH, KOUTO MOTaT Ja C€ H3YUCIAT ca JUCIepCcHsi, aOCOJIOTHHTE
MHUHUMAJIHA W MakKCHUMaJHU KOHUCHTpalu!, MPOLCHT Ha CPCAHUTE CTOMHOCTU B OaJ€H HWHTEpBaJl OT BCUYKU
CTOMHOCTH HA aHCAMOBJIBT, IUTBTHOCTTA Ha BEPOSTHOCTTA, ACHMETPHYHOCT, EKCLIEC/KypPTO3UC (BUCOYMHA Ha BhPXa
Ha HOPMAJTHOTO pasMpeelieHne) U APYTH.

B rnama 11.3.1 - 11.3.6 B guceprammsara ca npeicTaBeHH I'padWKy MOKa3Ballldi OCHOBHU aHCaMOJIOBH
XapaKTePUCTHKH Ha 3aMBPCIBAHETO, a NMEHHO CE30HHU W TOIMIIHU XapaKTEPUCTUKU 32 HIKOM 3aMBbPCHTEIH
(NOy, O3, SO,, FPRM, CPRM), ocpennenu 3a msiata obmact Codus rpax U B HAKOU MOAOPAHH OTIAETHU TOYKH
ot obmactra ([Inomazn Pycku mamernuk, Opnos moct, TEL] ,,13tox”, 3oomapk, Konmroro). I'padukure Ha npyru
mox0paHu TOYKH OT obiactra ca npenacraBenu Ipunoxkenue 11.3. B aBropedepara me Obe npeacTaBeH eIuH
npuMEp 3a CTaATUCTHYCCKUTEC XapaKTCPUCTUKH HA TOAWIIHO OCPEAHCHUTC IMPHU3CMHHU KOHICHTPAIlMUM Ha HAKOU
3ambpcurent B rp. Copust @urypa I1.3.

Ha Bcuuku rpaduku ca n300pa3eHn CpeTHUTE KOHIICHTPAIIUK, MAKCUMATHH 110 aHCaMO'bJ1 KOHIICHTPAIIUU
u kpuBuTe obo3naueHu ¢ 10%, 25%, 75% u 90%. Te3n KpuBU NpeACTABISBAT MUCICHH KOHIICHTPAINH, 32 KOUTO
ceotBeTHO B 10%, 25%, 75%, 90% OT cimydanTe ca OWIM CHMYIHpPaHU IO-HUCKH KOHIEeHTparuu. Ilpu Taka
MPEICTaBeHUTE KPUBU B HHTEpBaia Mexay 25%-75% momagmat 50% ot ciydaure, a B uHTepBaia 10%-90%
nmomagat 80% ot ciaydaute. M300pa3eHnTe MO TO3W HAYWH KPUBHU JIaBaT JOCTAaThYHO J00pa MpeicTaBa 3a
CTaTUCTUYCCKUTE XapaKTEPUCTUKU Ha aHCaMOBblia — TUCTICPCHSL, aCHMETPHSL, eKcIiec, 0e3 Ja ObIaT IMoKa3aH! SBHO.

I'padukure 3a NO,, SO,, FPRM u CPRM ca npezacraBeHu B JIOTapuTMUYHA CKajla, TIOPaJId TOJIEMHTE
CTOWHOCTH Ha a0COJIFOTHUTE MAKCUMATHHM KOHIIEHTPAIlMd W HEBBH3MOXKHOCTTA Jla C€ pasriie[aT WHTEPBAIUTE OT
clydad ¢ JaJeHd KOHIICHTpPAalMM Ha efHa rpaduka ¢ abCOJMIOTHUTE MAaKCHMAJIHW TakuBa. AOCOJIOTHUTE
MHUHUMAIIHA KOHIIGHTPAllMU ca, B MOBEUYETO Ciy4ad, OJNIM3KM JO Hyjda, Taka 4Ye Te HE ca IMOKa3aHW Ha
JIOTAaPUTMHUYHUTE IpaduKy.
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®urypa I1.3.: CratucTiHyecknTe XapaKTEPUCTHKH Ha TOAUIITHO OCPEIHEHUTE IPU3EMHH KOHIIEHTPAIlNK Ha HAKOM 3aMbpcenTeny B Codus

loaumHO W Ce30HHO OCpeAHEHW KOHIeHTpanuu Ha a3oTeH guokcun (NO,) 3a Codus mokasBar, e
CpeIHUTE KOHIIEHTPAINY UMaT J00pe M3pa3eH JEeHOHOIICH X0 C MAKCHMYM B CYTPEITHUTE YacOBE U MHHUMYM B
cnenobennute. CpeHUTE KOHIEHTpaluu ciensat 75% KpuBa, Kato mo ckopo momangat B 80% wuHTEpBand OT
crydan (Mexay nBere 3enenn kpuBu 10%-90%). CpenHuTe KOHIEHTpAIMU Ca aCHMETPUYHO PA3MOJIOKCHH B
Pa3NUYHUTE OTPSI3BLU OT OpOsI CIIydaw KaKTO Ipe3 JCHOHOIIHETO, TaKa U Mpe3 pasInyHuTe ce30HH. Ce30HHUAT
XOJ] TOKa3Ba, 4e abCOMOTHUTE MAaKCHMAaJIHH KOHIICHTPAI[MM Ha a30TE€H JUOKCH]I ca Hal-BUCOKH IIpe3 €CeHTa U
3MMaTa, KOETO BEPOSITHO C€ ABIDKM Ha I0-4eCTO yCTOW4MBaTa arMocgepa M BB3IPENATCTBAHUSA TYpOYJICHTEH
Tpa"cnoptT Ha NO, BbB BUCOUYMHA.

logumHO W ce30HHO ocpeaHeHM KoHIeHTparuu Ha 030H (Os) 3a Codust mokasBar, ue CpeaHHTE
KOHIIEHTPAIIMUTE ca C JOOpe M3pa3eH! ICHOHOIIEH U ce30HeH XoJ. O30HBT UMa JA00pe M3pa3eH MaKCUMyM Ipe3
JICHS B CIeNO0CTHUTE YaCOBE, KOUTO € CBBP3aH ¢ HUCKHUTE CTOMHOCTH Ha NO; 10 TOBa BpeMe Ha JCHOHOIUETO U
yckopeHuTe (HOTOXMMHYHU peakiuu. [Ipe3 cyrpemHnTe gacoBe mMa ao0pe W3pa3eH MHHUMYM B BEPOSITHO
JIBJDKAI] Ce Ha MO-CIad0 M3pa3eH TPAHCIOPT Ha O30H OT IMO-BHCOKUTE HMBA. CpeIHUTE KOHIEHTpAIMU Ce
pasmpenenar B HHTepBaia chabpkam 50% ciaydau B ca CHMETPUYHO PA3IOJIONKECHH B PA3IAYHUTE OTPSI3BLHU OT
Opost ciydaW Tpe3 ICHOHOIIMETO W TIpe3 pa3nuuHuTe ce30HH. CpeaHuTe W aOCONIOTHUTE MaKCUMATHU
KOHIICHTpalun ca HaW-BUCOKH npe3 MpoJIeTTa U JATOTO, KOCTO BEPOATHO CE€ IABJDKHM Ha q)OTOXI/IMI/I"IHI/ITe
TpaHC(HOPMAITH U HEYCTOWYIHMBATA CTPATH(HUKAIHS ITPe3 TOILTUTE MECEIH (CITyCKaHETO OT BUCOYMHA HA 030H KbM
MIPU3EMHHUS CIIOH).

logumHO M CE30HHO OCpPEeNHEHW KOHIeHTpamuu Ha cepeH auokcup (SO,) 3a Codwus. mokassaT, 4e
CPeIHUTE KOHIICHTPAIIMA UMaT MHOTO clIab0 U3pa3eH JICHOHOIIEH X0/l ¢ MAKCUMYM OKOJI0 00si 1 monaaat B 80%
HWHTEPBAJ OT CIIydYaH Mpe3 MPOJIeTTa U JIITOTO U HaJ HEeTO Mpe3 CTYACHUTE MECeld, KaTo ca Hai-0JIn30 10 KpuBarta
90% W ca acCHMETPUYHO PA3MOIOKECHU B PA3IMYHUTE OTPA3BIM OT OPOs CIydan KakToO Mpe3 JICHOHOIIUETO, TaKa u
1pe3 pazIMyHUTE Ce30HU. AOCOTIOTHUTE MAKCUMAIHH M CPEAHUTE KOHIICHTPALUH Ca Hal-BUCOKH IIPE3 €CEHTa U
3MMaTa, KaTo Mpe3 CTYACHUTE MECEl CPEIHUTE KOHIEHTpauuu ca mo-ronemu oT 90% ot ciydaurte. BepostHa
MpUYMHA 33 TOBa, € Y€ MMCHHO TOTaBa € HAW-TOJNSIMO IPOHM3BOICTBOTO HAa E€MHUCHUTE OT CHEpPreTHKara U
OTOIUICHHUETO KAKTO U METEOPOJIOTUIHUTE YCIOBUS (YCTOMYMBATA CTPATU(DUKAITHS).
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loaumiHO M CEe30HHO OCPEMHEHU KOHIEHTpauuu Ha (GuHHU W eapu npaxoBu dactuiy (FPRM/CPRM) 3a
Codus moxasBar, ye CpeIHUTE KOHICHTPALUHTE ca C JM00pe M3pa3eHH JCHOHONICH W CE30HEH XOa W ca
ACHMETPUYHO PA3NOIOKEHH B PA3IMIHUTE OTPS3BIM OT Opos cirydaw Ipe3 JECHOHOIIMETO W Ipe3 pa3iIndHuTe
ce3onu. CpeqHuTe KOHIIEHTPAIMK TOMAaaaT B MHTepBaia chabpxkaml 80% ciydan mpe3 TOIUIUTE MECEIH U HaJ
HEro mpe3 eceHTa M mpe3 3umara cbBmagar ¢ 90% xpuBata. AOCOJIOTHUTE MAaKCHUMAaJHHTE M CPEIHU
KOHIICHTPAIlNU ca Hali-BHCOKH IIpe3 eceHTa U 3uMara (ycTroiumBara crpatudukanys). B cyrpenrauTe qacoBe nma
no0pe U3pa3eH MakCUMyM, KakTo € u ipu NO, u MUHHMYM okojio o0si 3a FPRM.. BepostHa nprynHa 3a TO3U
MaKCHUMyM ca CTa0miIHaTa aTMocdepa U HHTCH3UBHUS aBTOMOOWICH Tpancnopt cyrpuH. [Ipu CPRM uma mobpe
W3pa3eH MUHUMYM IIpe3 JeHsS 1 MaKCUMYM Bedep. AOCOIIOTHUTE MAKCUMATHUTE M CPEHH KOHLICHTPALIUH ca Hall-
BHCOKH IIpe3 eceHTa W 3muMmara (ycToilumBara crpaTHuKarwsi). M3ToOUHHIM Ha eIpH NpaxoBH YacTHIH ca
€HepreTuKara 1 JJOKaJTHOTO OTOIUIEHUE, KOUTO Ca Hall-WHTEH3UBHU NPE3 MO-CTYIEHUTE MECEIIH .

11.4. U3BoaM

OT mpeacTaBeHUTE MOJeTa Ha KOHLEHTpAIMHUTE Ha Pa3IMYHUTE 3aMBbPCHUTENHM MOTaT Ja Ce HampaBsT
CIICTHUTE U3BOIH:

Mecrata u pationure mo Tepuropusra Ha rpax Codus, KOUTO ce OTKPOSIBAT C BHCOKH KOHIICHTPAIH Ha
BCUYKHU 3aMbpcutenu ca FOxuute yactu Ha rpazna, Llenrpanuute yactu, TELL "HM3Tok" u paitona Ha Koctun6pon
(3ananHa gact Ha Codus).

Tl'onemu croiiHocTr Ha KoHIeHTparuute Ha NO, ce HabmromaBar B Llentspa, TEIL "U3Tok" u KOxHHTE
KBapTalM, KaTo CpPeJHO TOJUIIHA HOpMa ce mpeBumasa B paifonure Ha TEL] "M3tok" m TELl "Codus". Han
IaHuHUTe - Butoma, Jlronun, Crapa rianuHa u JIo3eH, KOHIEHTpalMUTe Ha TOYTH BCUYKHU 3aMbPCUTENH Ca Hal-
HHUCKH ¢ M3KITI0UeHne Ha 030Ha (O3), KOWTO MMa Hali-BHCOKH KOHIEHTpanuu TaMm. O30HOBUTE KOHIICHTPAILIUH HE
npesuasat onpeaenenure IJIK.

Haii-ronemu koHneHTpauun Ha cepeH nuokcun (SO;) ce HabmromaBaT B paiioHa Ha llanuapeBo u
MMOTHOKKETO Ha Buroina, kakTo u pationa Ha KoctruHOpOI.

IToseraTa Ha KoOHIeHTpalmuTe Ha npaxoBute yactuid (FPRM/CPRM), kakto Ha (WHHHTE Taka ¥ Ha
eapute ca Bucoku B Llentpamnute wyactu u FOxuurte kBaptanmu Ha Codwus. Kato oTaenHo MICTO ¢ BHCOKa
KOHIICHTpalWsl ce OTKposiBa W paifoHa Ha KoctmHOponm B 3amamHuTe mokpaiHuHHM. Ha Mecta B criomeHaTuTe
palioHM Ha BUCOKHM KOHIEHTpaiuu ce nocturatr onpezaencHure ITJIK 3a ¢uHHM mpaxoBu yactuiu (okoso 20
ug/ms), JoKato eapute npaxoBu yactunu npesumiasat [1JIK B LlenTspa Ha rpana u paiiona xHa Koctuaopon.

Ot CTaTUCTHYECKHU XapaKTePUCTUKU Ha 3aMmbpcutenute 3a Codus u 3a OTACTHH TOUYKH U3BOJIUTE Ca.

JICHOHOIITHUAT ¥ CE30HHUAT XOJI € JOOpE U3pa3eH 3a BCHUKU TOUKH.

Cpenuure xoHueHTpauuu Ha NO, SO, 1 FPRM/CPRM. ca acUMETpHYHO Pa3NOSIOXKEHU B Pa3IMUHUTE
OTPS3BIM OT OpOs Cilydau KaKTo Mpe3 JCHOHOIIMETO, Taka U MPe3 pa3InyHuTe ce30HU. CpeTHUTE KOHIEHTPAIH
Ha Te3u 3aMbpcuTenn nonanat B 80% waTEepBan oT cimydan. [loutn 3a BCcHYKH 3aMbpcuTeny uBumara 25%-75%
MoTajia MmoJi CPENHOTO 3a ChbOTBeTHUS ciyvaid. Tesu Ha NO, cneasar 75% kpuBa, KaTo Mo ckopo monanat B 80%
WHTEpBaJ OT CIy4au, KaTo B CyTPEIIHUTE YaCOBE CPETHUTE KOHIICHTpaluu HaaBuinasat 90% kpusa.

Cpemnure KoHIEHTpanuu ot rpadukute Ha SO,, FPRM u CPRM mnpe3 nponerra u jsatoto ciaeasatr 90%
KpHBa, KaTo nomnazaat B uaTepBaia 80% oT ciydyaure, J0KATO Mpe3 CTyIEHUTE MeCeLH 10pH ca 1mo-royieMu ot 90%
kpuBa. PaKkThT, Y€ B MHOTO CIy4ad JIMHUSTA HA CPEJHUTE KOHILEHTpAIMM Tonaaa jaopu Han nuHusta 90%
MoKa3Ba, ue B octaHanure 10% ot ciiyyante KOHIEHTPALUUTE ca U3KIIOYUTETHO BUCOKH.

CpenHuTe W aOCONIOTHUTE MaKCUMallHU KoHIeHTpamud Ha NO;, SO,, FPRM u CPRM ca Haii-BHCOKH
Ipe3 eceHTa U 3uMaTta (ycroifunBara atmocgepa u ciad TypOylIeHTeH TPaHCIOPT BbB BUCOUHHA).

Cpennute xoHneHtpanuu Ha O3z ce pasmpenensaT B uHTepBaiia chabpxkail 50% ciiydan v ca CUMETPUYHO
Pa3IoNIOKEHH B Pa3IMUHUTE OTPAZBLM OT Opos Cilydau Mpe3 JEHOHOLIMETO U Mpe3 Pa3inyHuTe ce30Hu. CpeqHure
1 abCOJIIOTHUTE MaKCUMAJIHH KOHIICHTPAIIMM Ha 030HA CHIIO UMAT J00pe M3pa3eH JCHOHOIICH U CE30HEH X0l C
MaKCUMYM Ipe3 TOTUTUTE MECEIN U OKOJIO 005/ M ¢ MUHUMYM B CYTPEIIHUTE YyacoBe. ToBa BEPOSITHO ce ABJKU Ha
c11abo M3pa3eH TPAHCIIOPT Ha 030H OT MO-BHCOKUTE HUBA CYTPHH U CTAOMITHOCTTA Ha aTMocdepara.

[IpaBu BHeYaTIICHHE MHOTO BHCOKHTE MAaKCHUMAlHU CTOWHOCTHM Ha KOHIICHTPALMUTE 3a IIOBEYETO
3aMBPCUTENH € U3KITIOYCHHE Ha 030HA. TpsOBa ja ce MMa MpenBu, Y€ Te3W CTOMHOCTH C€ TIOJy4aBaT 3a BCSKA
OTIETHA TOYKA M YaCT OT JCHOHOIIMETO B PAa3JIMYHU JHU U KaKTO ce BWKAa oT rpadukute 90% oT ciydaure,
KOHUEHTPALMUTE Ca MHOTO MO-MaJIKU. AHAJIN3bT Ha KOHKPETHUTE METEOPOJIOTMYHM YCIOBHS MPHU KOUTO TE3U
€KCTPEMHH KOHIICHTPAINH Ce TOJTydaBar, me Ob/ie 00EKT Ha M0 HATATHIIIHA U3CJIC/IBAHHS.

Cpennure 1Mo aHCaMOBJ KOHICHTPALUKM, Ca TOJNYYCHH U C OTYHTAHE Ha CKCTPEMHO BHUCOKUTE
KoHUeHTpauuu. EnHa apyra Bb3Mo)KHa XapaKTepUCTHKa Ha aHCaMOBbJia ca Hail-BepOATHUTE KOHLEHTPALUU, KOUTO
KaKTO Cc€ BIKIOAa W OT rpaduKuTe mie OBIAaT MO-HHUCKH OT cpenHute. ONpeAensHeTo Ha Hal-BEPOSTHHUTE
KOHIIEHTPAIIMH ChIIO 1Ie ObJIc 0OCKT Ha 10 HaTaThIIHA 0OpaboTKa Ha aHCAMObJIa.
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I'nasa I11: Uanekc 3a kayecTBOTO HA aTMOchepHus BL3ayx 3a rpax Codus.

II1.1. BbBenenue

ATMOChepHHS BB3AYX € KU3HEHaTa cpe/ia Ha YOBEKa, KOWTO MMa OTPOMHO 3HAYCHHE 3a KadeCTBOTO HA
JKUBOT W YOBELIKOTO 37paBe. BB3AyXbT, KOWTO HU 3a00MKANS U TUIIAME € CJIOXHA CMEC OT IIUPOK CHEKTHDP OT
3aMBPCHUTENH, CBBP3aHU IO CIIOKEH HAYWH, KOUTO BIMSAT HAa Ka4eCTBOTO HA JKMBOT. llopagm ToBa BIHSHHUE ce
OTIpesiesIsi KaueCTBO HA CaMUsI BB3yX KaTO MSpPKa 3a ChCTOSIHUETO Ha BB3AyXa CIIPSIMO M3MCKBAHHUATA HA €IHA WIH
noBeue OnosornyHu BuaoBe. KauectBo Ha Bb3ayxa (AQ) e KII0UOB eleMEeHT 3a 0JarochbCTOSIHUETO U KaueCTBOTO
Ha JKUBOT Ha EBPOINEHCKHUTE TPaXKIaHU. ACOLMUpaHe MEXYy MOBUIICHATA YECTOTA HA MUXATENHATA, ChPICYHO-
CHIOBH, HEOIUIACTUYHH 3a00JIIBaHMS, HAMaIeHAaTa IPOABIDKUTEIHOCT Ha JKUBOTA M 3aMBbPCSIBAHETO HA BB3yXa €
enepruuno ycraHoBeH (Brunekreef B, Holgate S 2002), (Atkinson at all, 2012). Cropen CBeToBHaTa 3apaBHA
opranmanus (C30), 3aMbpcsIBaHETO HA BB3IyXa CHIIHO CE€ OTpa3siBa Ha 3JPABETO HA €BPONCUCKUTE Tpa)KIaHU
(C30, 2000, 2004), mexxy 2.5 u 11% ot oOmus Opoil Ha CMBPTHHUTE CIIydaw c€ IBJDKAT Ha 3aMbPCSIBAHETO HA
BB3ayXxa). JeictBamoro 3akonomatenctBo (dupektuBa 2002/3/2008 EC) w3uckBa wuHpOpMUpaHE Ha
OOIIECTBEHOCTTA 32 KAa4EeCTBOTO HAa BB3/yXa, 3a OICHKA HA KOHIECHTPALMHTE HA 3aMBPCHTEIN HAa BB3AyXa Hal
[sUIaTa TEPUTOPHS HA THPIKABUTE-WICHKH W TI0Ka3Ba INPEBUIICHUATA HA TPENENHO AOMYCTUMHUTE CTOMHOCTH
(ITOK) n meneBu CTOWHOCTH, IPOTHO3UpA TMOTCHIIMATHNA NMPEBUIICHHUS U OICHKAaTa Ha BB3MOXHUTE aBapHHHH
MEpKH 3a HaMaJsIBaHE Ha MPEBHUIIICHUATA, U3OI3BANKYN HHCTPYMEHTH 33 Mojienupane. KauecTBOTO Ha Bh3ayxa ce
oTpenensi, KaTo ce KOoHCTpyHupa MHaeke 3a kauecTBOTO Ha BB3ayxa (AQI), KoifTo 1a mokasBa 10 KakBa CTEICH €
YHcTa WIM 3aMbpPCEHa cpelara, KOSATO OWIIaMe W KakBH Omxa OMIM IOCICOUIMTE 3a 3IpaBeTO Ha Xoparta.
WupexchT 3a Ka4ecTBOTO HAa aTMOC(EPHUS BB3IyX € ChCTaBEH U CE M3MEPBA, 3a Jia CE ONPENCIU ChCTOSHUETO U
Ka4eCTBOTO Ha BB3JyXa, CIPSIMO IMIMPOKUS KPBI OT 3aMBPCUTEIN OT KOMTO ¢ chcraBeH. OCHOBHA (DYHKIUS HA
MHJIEKCa 32 Ka4eCTBOTO Ha BB3IyXa € OMOBECTIBAHETO HAa PEaTHOTO CHCTOSHHE Ha BB3AyXa U 0000IMIaBaHETO My B
enHa mudpa (Hampumep, U3pa3eHa KaTo IBETHA MHUKTOTpamMa WM KaTo KOJ), KaTo Ce JaBa Bh3MOXHOCT Ja ce
OTIHUIIIC 1O €IMH TPOCT U pa3dupaeM 3a XopaTa HauuH.

B raaea 111.2. e onncan m3non3BaHus B HacTosata padora MHIekc 3a kauecTBOTO Ha atMochepHUs
BB3YX, B riaBa |11.3. ca npencraBeHu pesynraTu OT YHCIEHH CUMYNAIMK HAIIPAaBEHH 3a ONpEAETIsIHE HHIEKCa 32
Ka4eCTBOTO Ha aTMOC(EpHHUS BB3AyX KAKTO M aHAJIHM3 Ha HETOBOTO MPOCTPAHCTBEHO - BPEMEBOTO ITOBEICHHE 3a
rpax Codust. B raasa |11.4. ca mpencraBeHr U3BOJNTE OT MPEICTABCHUTE PE3YIITATH.

B aBTopedepara e 0b1aT MOKa3aHW U KOMEHTHPAHU CaMO TOAUIIHO OCPEIHEHUTE IBYMEPHHU IOJeTa Ha
MOBTapsIeMOCTTa Ha MHJEKCA 32 KauecTBOTO HA aTMOc(hepHHs Bb3AYyX 3a rpag Codus.

II1.2. Magexc 32 Ka4ecTBOTO HAa aTMOC()EPHHA BB3AYX

WHpekchT 3a Ka4eCTBOTO Ha aTMOC()EpHHUS BB3AyX JaBa MHTETpalHa OLIEHKA Ha BIMSHHUETO Ha IpsUIaTa
CBBKYITHOCT OT 3aMBPCHTENN BBPXY UYOBEIIKOTO 3/paBe M Ce M3YMCIsIBa Ha 0Oa3ara Ha KOHIIEHTpAILMsTa Ha
Pa3NUYHUTE 3aMBPCUTENH MOJyUYeHa OT U3MEPBaHEe WM YMClIeHO MoaenupaHe. [IpenocraBsneTo Ha MH(pOpManus
3a pealHOTO Ka4eCTBO Ha BB3yXa CE OCBIIECTBSABA Upe3 IpeoOpazyBaHe Ha KOHLIEHTPALUSITA HA 3aMBbPCUTEIINTE B
MHJIEKC, KOMTO ce ONpezens 3a BCEKH 3aMbPCHUTEI MOOTAETHO U M0 pasznnieH HaunH. Ciien mpeoOpa3yBaHETO Ha
KOHIIEHTpalnusiTa B HMHJEKC, ce oOpasyBa Oe3pa3MepHa CKajla, B KOSTO IOMaja HHICKCHT M € CBBp3aHa C
WHTYUTUBEH I[BETEH KOA (HAIp. OT 3€JIE€HO 0 YEPBEHO) M JIMHTBUCTUYHO ONMHCAaHHE (HAIIpUMEpP OT MHOTO J00po
JI0O MHOTO JIOIIIO).

WHnexchT Ha 3aMBbpcsBaHE ce ONpesielis B HAKOJIKO WHTEpBalia, 32 BCEKH OT KOWTO € JIMHeHHa (yHKIuS Ha

KOHIIeHTpanusTa Ha choTBeTHHTE puMecu (EPA, 2009):

[= Ihigh - Ilow

Chigh - Clow
KBbACTO: 1= HHIACKC Ha 3aMBbPCsIBAHE, C= KOHICHTpAaUuA Ha 3aMbPCUTECIIA, C low = AOJIHA T'paHUYHa CTOMHOCT Ha
konneHtpanusra C, C pjgh= ropHa rpaHuYHa CTOMHOCT Ha KoHUeHTpauusaTa C, | o, = JOJIHA IpaHMIIa Ha UHIEKCA
cpoTBeTcTBaIlA Ha C jgw, | high = TOpHA IpaHMIIa HA MHJEKCA ChOTBETCTBAIA Ha C pigh

(C = Ciow) + Liow (111.2.1)

Taka w3YUCICHUST WHIEKC Ha 3aMBbPCsABAHE IMOMAaAa B HAKOM OT AMAama3oHHWTE Ha Oe3pa3MepHaTa cKaia.
OOpasyBaHero Ha Oe3pa3MepHa CKaja ce MpaBU CHPSMO CTOMHOCTHTE HAa MHJIEKCAa Ha 3aMbpPCSBaHE, KOUTO CE
pasgenar Ha Auana3oHd. BbB BCEKW AMama3oH CTOWHOCTUTE HA MHAEKCA Ca CBBP3aHU C OMPENENiCH LBETCH KO/,
JUHTBUCTUYHO OMUCAHUE U MPETOpPhKa Kacaella YOBEIIKOTO 31paBe.
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B pasnuyHHMTe ABpKABA W OpPTraHU3alUU CE KOHCTPYUpPAT pa3IMYHH HHACKCH ¥ CKAlU OIMUCBAIIH
3aMbBPCSIBAHETO HA BB3AyXa W BIHSIHUCTO MY BBPXY YOBEHIKOTO 3/IpaBe, KaTo Cc€ B3WMAaT 3a 0a3a pasiIndHH
3aMbpcuTeNH: 3a crpanuTe oT EBpomeiickus cpio3 B pamkute Ha mpoekra CITEAIR Gemre paspaboreH OO
Wunexkc Ha 3ambpcsiBane, KOMTO pa3innyaBa 4acoBH, JHEBEH U roauiieH uHaekc. (http://www.citeair.eu/)
YacoBusi ¥ JHEBeH MHJAEKCH MMaT 5 HUBA U3MoJi3Baiiku ckaita oT 0 ( MHOTO ciabo) mo > 100 (MHOTO CHITHO) B
OTHOCHTEJIHH SIWHUIM OT KOHIICHTPALMATA Ha 3aMbpcUTENNTe. basupar ce Ha TpU 3aMbpCUTENsS, KOUTO ca Hak-
sHaunumu 3a EBpona — PMyg, NO; 1 O3. Morat na ce usnossBar B gonbjiHeHHe ciaenaute npumecu: CO, SO, u
PM,s. [Ipumep 3a serenmaTa W3NON3BaHA MpH OOIIMS MHICKC Ha 3aMbpcsBaHe B EBpoma e mpencTaBeH Ha
Taomauna I11.2.1.

Ta6mmma I11.2.1: O6m Muanekc Ha 3aMbpcsIBaHe - JETeH 1A

3ambpcsiBane CroiiHocT

Mauoro ciabo 0/25
Cmabo 25/50
CpenHo 50/75
Cuitao 75/100

Mmnoro cuiHO >100

OOuUAT roguIIeH MHAEKC Ce M3YMCISABA 10 Pa3IWyeH METOM, KaTo IMPEACTaBs OTKIOHEHHETO OT TakKa
Hape€4dyCHaTa IrpaHU4Ha CTOMHOCT H3BJICYCHA OT EBpOHeﬁCKHTe AUPEKTUBU 3a T'OAWIIHU CTAHAAPTHU Ha Bb3ayXa.
Korato To3u HHACKC € IIO-T'0JIsIM OT 1 ToBa O3Ha4daBa, 4€ 3a €AH WJIH IOBEYC 3aMbPCUTEIIN T'PpaHUIHATA CTOMHOCT
HE € TOCTUTHAaTa, T.C. UMa IIPCBUIICHNE HA CbOTBETHUA CTaHIAPT. Axo HUHIACKCHT € IMO-MaJIbK OT 1 ToBa O3Ha4daBa,
Y€ IpaHUYHaTa CTOMHOCT € JAOCTUTrHaTa T.C. HAMA IMPEBUIICHUEC HAa CHOTBCTHHA CTAHAAPT 3a HUTO €AWH OT
3aMBbPCUTCIIUTE. To3u HWHACKC MPEACTAaBs U3JIaraHCTO Ha BPCAHOTO BJIIMAHHUC HA 3aMBbPCABAHETO 3a IMMO-ABJITOTPACH
TIEPUOJ M € CBBP3aH C MPEMOPBHKUTE 32 OMa3BaHEe 3[PaBeTO Ha HACENEeHUETO HampaBeHH oT CBeToBHATa 31paBHA
Opranumsarms (C30).( http://www.airqualitynow.eu/about_indices_definition.php)

Yecto m3nomBaH MHgekc 3a 3aMbpcsBane ¢ BpUTaHCKHUAT MHIEKC 32 KayecTBO Ha aTMOC(hEpHUS BB3IYX
(Leeuw, F. de, Mol, W., (2005)). Toit ce usnmons3Ba U B beiarapus B pamkata Ha bwirapckara Cucrema 3a
[Iporaoza Ha Xumuunoto Bpeme (Syrakov et al., 2009, 2011a,b, 2012, Etropolska et al, 2010). To3u ungeKc €
KOHCTpyupaH Ha 10 HHBa, KOUTO ca paslpelesieHd B 4 KaTeropuu: HUCKO, CPeAH0, BUCOKO U MHOI0 BHCOKO.
WupexchbT Ha 3aMbpcsiBane ce 6asnpa Ha KOHIeHTpanuuTe Ha 5 3ambpeurtesst: O30 (03), Asoren auokcun (NO,),
Cepen guokcun (SO;) u Ipaxosu yactuim (PMy 5, PMyg). I'paHnvHITE CTORHOCTH MEXKTY HHAEKCA CE OMPEACIAT
32 BCEKM 3aMBPCUTEN TMOOTAETHO M OOIIMS MHJEKC Ce ONpeess KaTo Ce B3eMe MaKCHMalHaTa CTOMHOCT Ha
uHaekca. PedepeHTHHTe HMBa HM3MON3BaHU IMpH OOpa3yBaHETO HA TaKWBa TAaOJHWIM M CKANIHA Ca CBBP3AHH C
JUPEKTUBUTE 3a TPAHUYHUTE HMBA 33 ONa3BaHe Ha YOBEIIKOTO 37paBe, onpenesieHu ot EBponeiickus Cbio3 u/uim
ot CperoBHara 3npaBna Opraamzanus (WHO 2005).

111.3. AHagu3 Ha NPOCTPAHCTBEHO - BPEMEBOTO NOBEAeHHE HA HHAEKCAa 32 KA4YeCcTBO Ha
arMocdepHus Bb3ayX 3a rpag Copus

Kakro Beue Oemre ciomeHato B bbiarapus ce u3non3Ba bpUTaHCKHUAT WHAEKC HA 3aMBPCSBAaHE B paMKaTa Ha
brarapckara Cucrema 3a [Iporsosza Ha XumuuaaoTo Bpeme (Syrakov et al., 2009, 2011a,b, 2012, Etropolska et al,
2010). UanekcwT e cheraBeH Ha 10 HEBa, Kato ca pasnpesencHu B 4 kareropuu: Hucko, Cpeano, Bucoko u
MHuoro Bucoko.

IIpocTpaHCTBEHOTO U BPEMEBO MOBECHHE HA MHIIEKCA 32 Ka4eCTBO Ha Bh3ayXxa 3a rpan Codus e onpeneicH
KaToO BCUYKH CUMYJIAIIMU ca TMPEACTaBEHU KaTO CyMa Ha BCEKH WHJCKC BBB BCSKa €HA OT Kareropuute - Hucko,
Cpenno, Bucoko u MHuoro Bucoko. B kareropusara "Hucko" Bb3nyxa € Hail 4YUCT, KOETO O3HA4aBa, Y€ BHUCOKHU
CTOMHOCTM TpHU MOJIeTaTa ¢ MOBTOPSIEMOCTTA Ha JHUTE C JaJeH MHIEKC 3a KayeCTBOTO Ha BB3IYX, IOKa3Bat
MOBEYE CIIyYau C YUCT BB3AYX, & HUCKUTE CTOMHOCTH 03HAYaBaT MO-MAJIKO CIIy4au C YHUCT BB3YX, PECIIEKTUBHO —
MOBEYE CIIy4yau ChC 3aMbpceH Bb3ayX. [Ipu octananute kareropun Cpenno, Bucoko u Muoro Bucoko, Bucokure
CTOMHOCTH IOKa3BaT MOBEYE CIy4au ChC 3aMbPCEH Bb3AYX, a HUCKUTE — [IOBEYE CIy4au C YUCT Bb3IYX.

IpencraBenu ca roauiiHo ocpeanenu nonera (®urypa 111.3.1) Ha moBTapsieMocTTa B MPOIIEHTH HA WHICKCA
Ha 3aMbpcsBaHe B 4-Te Kateropuu - Hucko, Cpenno, Bucoko u MHoro Bucoko 3a rpag Codus B nBa n3dpanu
yaca (07:00 u 15:00 GMT), ¢ uen na ce 00XBaHAT MUKOBUTE YaCOBE HA MHTEH3UBEH TPAHCIIOPTEH TpaduK.
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@wurypa I11.3.1: TTosrapsemoct Ha IKB B 4-Te kaTeropuu - ToANIIHO ocpeHera 3a rpaj Codus

IIpe3 mponerra mo-manka MoBTapseMOCT Ha AHHUTEe ¢ VHAekc Ha 3aMbpcsiBaHe B kareropusra "Hwucko" ce
HaOJIOIaBaT B CYTPEITHHUTE YacOBE caMO B IIGHTPAHHUTE YaCTH HA Tpajga B palioHa Ha Pycku maMeTHUK, a cliel
00511 okoJ0 1 Haj Buroma mnannHa. ToBa MOXke Ja ce MpOoCiean U Ha moneTara oT kareropus "CpeaHo" ¢ 0KoIo
20% moBTapsieMocT B cienobenHuTe yacoBe. B kateropusta "MHOro BUCOKO" ce OTKpOsIBa LIEHTpaHATa 4acT U
IOKHUTE KBapTaJM HA Tpaja ¢ MOBTapseMOCT Ha THUTE ChC 3aMbPCEH BB3IyX okoio 10 - 15%, kakTo u paifoHa Ha
KocTrHOpOA B CyTpenIHUTe YacoBe, KOraTo OOMKHOBEHO aTMOoc(epaTa € CTabHIIHa.

IIpe3 naTOTO MOYTH HABCAKBAE MOBTAPSIEMOCTTA Ha ciaydaute B auamasoH "Hucko" e mourn 100%, ocen
okoio CeBepHaTa Ibra Ha OKOJOBPBCTHHS IBT. B cyTpenmiHuTe yacoBe MOraT jAa ce BHIST Te3U HM3KIIOUYCHUS,
kouto HaapumraBat 20% moBTapsieMoct B auana3oH "Cpemno", a cien 0051 0KoJI0 ¥ Hajx BuTomia nmianuHa, KakTo
U TOBTapsieMocT okojo 15% Han memms rpaxa. Toa 3aMbpcsBaHe ce ABDKH Ha MO-BHCOKaTa KOHIIEHTpAIMs Ha
030H B IUIAHMHCKUTE PAalOHM W WHTCH3WBEH TPAHCIOPT OT IO-BHCOKHM HHMBA IPH WHTEH3UBHA atMocgepa B
obenauTe yacose. [loBTapseMocTTa Ha CilyqanTe ¢ Hai-3aMbPCEH BB3IyX € CPAaBHUTEIHO BHCOKa (okoso 20%) u
ce HaOMIO1aBa B IICHTHPA Ha rpajga (B Omu3ocT 10 Pyckn mamMeTHHK) paHO CYyTpHHTA. BHCOKaTa MOBTapseMoCT Ha
uHjekca B nuana3onute "CpenHo" u "Bucoko" mpe3 CyTpelrHUTe 4acoBe BEPOSTHO CE IBJDKH HA aBTOMOOMITHUS
TPaHCIIOPT M CTAOWIIHOCTTa Ha aTMocdepaTa, KOsITO BOJH 0 BUCOKH KoHIeHTpauuu Ha NO, paHO cyTpUHTa.

IIpe3 ecenHure Mecenu ce HaONMOAaBa IOHW)KEHO KauyecTBO Ha Bb3ayxa no CeBepHaTa Jbra Ha
OKOJIOBPBCTHHSI BT B CYTPEIIHUTE YacoBe, B Anamazonnte "Hucko" u "CpegHo", KOeTo BEpOSATHO c€ ABIIKH Ha
WHTCH3UBHUS TpPAHCIOpPTEH Tpaduk U BHCOKUTE KoHIeHTparuu Ha NO,. B kareropusra "MHoro Bucoko" ce
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OTKpPOsIBa €IMHCTBEHO LeHThpa Ha Codus ¢ MOBTapsSEMOCT Ha THHUTE ChC 3aMBPCEH BB3AyX 0KoJio 20% OTHOBO B
CYTPEILIHUTE YacOoBe.

[Ipe3 3umaTa moBTapsieMocTTa Ha cimydauTe B quamna3oH "Cpenno" u "Muoro Bucoko" e mo-Bucoka CyTpuH u
mo o0sa. B mmamason "Cpenano" moBtapsemoctta € Mexay 15 w 30% moutm Han nenus Tpaa. Bucokoro
3aMbpCSIBAHE B Tpaja mo 005y ce O0sICHSABA C MO-MHTCH3MBHUS TpaduK M MO-cTabwiHaTa 3uMHA atMocdepa, u
mopany aTMOC(EepHHUTE YCIOBUS HE CE€ TPAHCIIOPTHPA 3aMbPCIBAHETO BHB BHCOYMHA.

Ilogumuo ocpenuenute (Purypa I11.3.1) mosera Ha MOBTapsAEeMOCTTa HA JHUTE C ONMpPENEJCH HMHACKC 3a
KauecTBO Ha BBb3JyXa, IOKa3BaT pe3YyJITaTH, KOUTO HAIbIHO €CTECTBEHO CJelBaT CE30HHHUTe Tojiera. B
kareropusita "Hucko", paifloHUTe ChC 3aHIKEH WHIEKC Ha KAYECTBOTO HA BH3/yXa ca MPEeANMHO OKOJIOBPHCTHATA
MpeXka Ha rpafa U I0-HaTOBapEeHUTE TPAHCIIOPTHHU TPaceTa, KaKTO U IEHTPATHUTE YacTH, Hali-Beue B CyTPEIIHUTE
yacoBe. ToBa ce mpociiessiBa u B kareropusara "Cpeano", paHo cyTpuH ¢ okojo 20-30% moBTapseMocT Ha THU ChC
3aMbpceH BB3AyX. B cienoOeaHuTe yacoBe B Ta3W KaTEropus ce OTKpOsABa 3aMbpcsABaHE Hal BuTolna miaHuHa,
KOETO BEPOSTHO CE€ ABIDKH Ha TYypOYJIECHTHHS TPAaHCIOPT HA O30H OT MO-BHCOKM HUBAa Mpu TypOyJIeHTHa
aTMocdepa.

®@urypa I11.3.2 npenctaBs JEHOHOUIHHS XOJA M CE30HHOTO pa3MpeiesieHHe Ha CPEJIHUTE MOBTAPSEMOCTH B
[%] 3a paznmuHuTe MHACKCH HA 3aMbpcsiBane (0T 1 1o 10) 3a Tepuropusra Ha rpag Codus, KaKTO U 33 pa3InIHU
n30paHn TOYkU OT Tpama — OpmoB MocT, ITnoman Pyckm mamernuk, TEL] "M3tox", 3oomapk u Kommroro
(®urypa I11.3.3) I'paduxute Ha octananute u3BaneHu Touku ot Codus ca mokasanu B lpuioxenne 111.3.

Ha ®urypa II1.3.2 ce Bmwkma, 4ye HaW-TOJNSIMA MOBTAPSEMOCT TPe3 PA3TUYHUTE CE30HM MMAT WHACKCUTE
AQI1, AQI2, AQI3, xouTo momnanaT B vHTEpBai ,,Hucko”. JIeHOHOIIHUS X0/ Ha Te3W HHACKCH € JJoOpe u3paseH. B
CyTpelIH! yacoBe noBTapseMoctT oT okoio 40-50% umar AQI1, AQI2, a mo ToBa Bpeme AQI3 uma MuHMMaTHA
noBTapseMocT. [Ipe3 mponerra u msroto B crnenobennute dyacoBe AQI4 mma muk ¢ moBTapsieMocT okoio 10%.
[Ipe3 Bcuuku cezonu ce orkposiBa U AQI10, koito orroBaps Ha Kareropus ,,MHoro Bucoko” ¢ okosno 5%
noBTapsieMocT. OcTaHATUTE UHACKCH UMAT HE3HAUYUTEIHA TIOBTAPSIEMOCT.

Ha ®wurypa I11.3.3 ce Bmwxa, ue Haif-rojsiMa MOBTapsAEMOCT 32 BCHUKU TOUKH uMmat unaekcute AQIL, AQI2,
AQI3, xouto moragar B uaTepBaN ,,Hucko” u AQI4 (kareropus "CpenHo"). JIcHOHOIIHHS X0/ Ha T€3W WHACKCH €
no0pe u3paszeH. 3a toukute [Inoman Pycku mamernuk u OpioB MocT ce oTkposia 1 AQI10, koiiTo oTroBaps Ha
kareropus ,,MHoro Bucoko” ¢ MHOTrO BHCOKa moBTapseMocT - okosio 10% 3a OpnoB Moct u okoio 30 3a Pycku
nmameTHUK. Hali-romsima moBtapsiemoct Ha AQII0 e cyTpuH M mpe3 3uMara, KOETO BEPOSTHO CE€ NBIDKH Ha
cTabmiiHaTa 3uMHa atMoc(epa U BB3NPEIITCTBAHOTO M3HACSHE Ha 3aMBbPCSIBAHETO BB BHCOUMHA. €3 TOUKA Ce
OTKpOSIBAT, KATO €JIHY C Hali-HUCHK CTAaTyC Ha Ka4eCTBOTO Ha Bh3yXa.
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@urypa I11.3.3:ToauniHo ocpeHeHn MoBTapseMocTH B [%] 3a pa3snuyHUTE HHIEKCH Ha 3ambpcsiBane (0T 1 10 10) 3a pasianunu Touku ot rpajg Codust

111.4. U3BoaM

Ot ¢urypure nokassauu craryca 3a (MKB /AQI) kauectBoTO Ha arMocdepHust Bb3ayx Ha rpag Codus,
MOTarT Ja ce 3aKJIIouaT CICAHUTE U3BOIH:

Kakro B raaBa Il., xpaero 0sxa moKa3aHW KOHICHTPAIMATE HAa HAKOW 3aMBPCUTEIH C€ OTKPOHXaA
HSIKOJIKO TOYKH, TaKa W IPH ONpeAesTHe WHAEKCA 32 KaueCTBOTO Ha BB3/AyXa, ce 3a0eisa3BaT IMCHHO TE3H MecTa
[0 TEPUTOPHATA Ha Tpaja. ToBa € HaITbJIHO €CTECTBEHO MMAiiKH MpeIBUA, 4e 3a Aa ce U3YHCiIu U Mozenupa AQI
Ce M3MCKBa KOHIIEHTpAIMs Ha JaJeH 3aMbPCUTEN MTOTyIeHa OT HAOMIOCHHUS FITH OT MOZET.

Ha ¢urypure ce otkposiea LleHThpa Ha Tpaaa cbe 3anmwkeH AQI cratyc, KakTo Mmpe3 IUI0TO JCHOHOIIIHE,
Taka ¥ Mpe3 BCHUKHU Ce30HU. TOBa € eHa OT TOUKHUTE C ITOCTOSHHO 3aMBbPCEH BB3AYX.

CeBepHaTa CKOpPOCTHA TaHTe€HTa U u3xoaa 3a AM "Tpakus" ce OTKpOsIBaT C MOBTapseMOCT Ha THUTE ChC
3aMbpceH Bb3AyX 0koJi0 30%, HO BBIIPEKH TOBa MOBTapseMocTuTe nonajgaT B kareropuute "Hucko" u "CpenHo".

B xateropus "Muoro Bucoko" momamat llenTpanHuTte uacTh, KakTo W paiioHa Ha KoctunOGpon B
3amaIHUTE OKPatHIHU ¢ OBTapsieMocT 0kouto 20% Ha THH ChC HIUCKO Ka4eCTBO Ha aTMOC(EPHHUS BB3IyX.

C orzen Ha pe3yATaTUTE OT MoJieTaTa [MOKa3Balll MOBTapsieMocTTa Ha HUTe ¢ aafaeH AQI cratyc B rpana,
0sixa pa3TiiellaHd W JCHOHOIIHUS X0 M CE30HHOTO pa3mpeieieHUe Ha CPEIHUTE MOBTAPSIEMOCTH 32 Pa3IAIHUTE
WHJICKCH B HAKOHM OT CIIOMEHATHTE MO-TOPE TOYKH.

Ha Bcwuku durypu ce otkposiat AQI1, AQI2, AQI3, AQI4 karo TakuBa ¢ Hai-TOIIMA TOBTAPSIEMOCT 32
BCHYKH TOYKHU ¥ BCUYKH C€30HU. Te3n nHaeKkcu nomnajaaT B kareropuure "Hucko" un "Cpemnno".

[IpurecHutenen e Qakra, ye B TOYKUTE HaMHPAIIH CE€ B IEHTPAIHUTE YacTu Ha rpanga - OpioB Moct u
Pycku namernuk, norapsiemoctra Ha AQI10 e Bucoka, kaTo 3a paiioHa okojo Pycku namerHuk e oxoso 40%. 3a
toukute 3oonapk u TELL "U3Tok" chl1o ce 0TKposSBa CpaBHUTENHO BUCOKa moBTapseMocT Ha AQI10, makap u He
TOJIKOBA TOJIsIMa KOJIKOTO B IIEHTPAIHU YacTH Ha rpaja - okoio 10%. To3u unaekc nomnaaa B kareropusita "MHuoro
Bucoko" 1 Bucokara My HOBTapsieMOCT ce OTKpHBa npeanMHo B Llenrspa Ha Codust mpe3 BCHUKH CE30HH.
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I'nmaBa IV: Ouenka npuHoca HA pa3jandauTe kareropuv n3toaaunu (SNAP
KaTeropumn) KoM 3amMbpcesaBaneTo Ha rpaa Codusa v 32 0TAeJHH TOYKH.

1V.1. BbBeneuue

KagectBoTo Ha atMochepHus Bb3ayX B rpag Codus ocBeH OT GU3UKO - TeOrpad)CKU U METEOPOTIOTUIHU
0CO0EHOCTH, 3aBHCH CBIIO OT Pa3HOOOPA3HH AHTPOIOreHHHW U3TOYHUIIM. ['pajcKuTe M3TOYHHUIM Ha aTMOCHEPHO
3aMBpCSIBAHE Ca CTAMOHAPHH W MOOWIHH. CTalOHApHUTE M3TOYHHUIM B TPAICKUTE pailoHH, ce neduHupat
JOIBIIHUTEITHO B: MOYKOGU - TOJIEMH HETIOIBIKHU M3TOYHHUIIH C €IUH WIIH HAKOJKO BHCOKH KOMUHHW; MIOU{HU -
MAJIKU HETIOJIBMKHY U3TOYHUIH (OUTOBU M3TOYHHMIIN, IPOU3BOACTBEHU CTPAIN, HUCKU KOMHHH).

lomsama gact (27%) ot Tepuropusta Ha rpax Codus e 3aeTa 0T IPOU3BOACTBEHU EHHOCTH, MPU KOETO
3HAYMTENHA YacT OT MPEANPUATHATA, 3aMBbPCABAIIN BB3AyXa ¢ TOKCHYHHU BEIIECTBA, C€ HAMUPAT B JKWINIIHUTE
30HH WM B HEMOCPEICTBEHA OJIM30CT MO TsIX. TO3M THUN 3acTpOsIBaHE 3aTpyMHSIBA SCHOTO pa3rpaHWYaBaHe Ha
MPOMHUIIUICHUTE 30HH, a (aKkThT, 4e OKOJIO 34% OT MPOU3BOJCTBEHUTE TEPUTOPUU Ca PA3MOIOKEHHU 0 4 KM OT
HEHThPA Ha TPaja, JOIIBIHUTEIHO YCIOKHIBA YIPABICHHETO HA KAYeCTBOTO Ha aTMOC(EpHNUS BB3AyX B paioHa.

OCHOBHHTE TPYIH aHTPOIIOTCHHHU ACHHOCTH, UMAIM OTHOIICHUWE KbM 3aMbPCSBaHE Ha aTMOC(EpHHUS
BB31yX B CTonunara ca :

Hpomuwnenu u unoycmpuannu oetinocmu - VIHBeHTapu3aysATa Ha H3TOYHUIIUTE U BPETHUTE UM SMUCHU
UACHTH(UIpaXa OTPACIOBUTE NCHHOCTH, UMAIM MPSIKO OTHOIICHHE KbM KaueCTBOTO Ha BB3IyXa B paiioHa Ha
Codus. Te ca mpencTaBeHH OCHOBHO OT YEPHA/IBETHA METANYPrHsi U OT LIEHTPAIUTE 3a MPOU3BOJCTBO HA
torutoeneprus (TELL-Te).

Humensusen agmomobunen mpagux - 3aMbpcsiBa Bb3AyXa C MIMPOKA ramMa OT XUMHYHH ChEIUHCHUS:
Q30THH M BBIVICPOJHH OKHCH, MPAaXOBH Aaepo30iH, CAXKIH, CEPHH OKCHAU, TMOJIHIUKIAIHA apOMAaTHU
BBITICBOOPOIH.

W3BBpIBaHeTo Ha cmpoumennu u pemMoHmHY OeliHocmy, B Pa3IMYHA PaliOHW Ha Tpaja, € CBBP3aHO C
JOIIBITHUTEITHO TIOBUILICHHE HA KOHIICHTPAIIMUTE HA CYCIICHIUPaH MPax M BPEIHH ra30Be OT HeTeHH ropuBa.

Emucuure ot MIIC 3ambpcesBat npu3eMHust atMmocgeper cinoit Ha rpag Codust ¢ a30TeH TUOKCHII, TOKATO
MPOMHUIIICHOCTTA UMa TIO-TOJIMO 3HAUEHHE 33 3aMBPCIBAHETO ChC cepeH MuOoKcHA. OCHOBHU M3TOYHHUIN HA Mpax
(PM) ca B npuOMU3UTENIHO €IHAKBA CTEMEH TPapHUKbT, TOJIEMUTE WHIYCTPHAIHHU MPEINPUATHS, OUTOBOTO WIIH
MPOMMIILICHO U3rapsiHe Ha TBBPAU U TCUHH T'OPUBA 33 OTOIUICHHE.

bumoeu Oeiinocmu - M3MON3BaHETO HA TBBPOU M TEYHH T'OpPHBA 32 OTOIUICHHWE TpEe3 3UMHHUS CE30H B
OUTOBHUS CEKTOP M MECTHHUTE TOIUIOLCHTPAIH MPOAbIDKaBa Ja ObJie OT CHINESCTBEHO 3HAUCHHE 3a KAUYeCTBOTO HA
BB37yxa B CTonnyHa oOniuHa.

CrpImecTBeHa pojsl 32 Ka4eCTBOTO Ha BB3IyXa B paifoHa Ha CTonmiara MMa WHTEH3UBHHAT Tpaduk. Ha
BTOPO MSCTO, Ca MHIYCTPHATHHUTE ACHHOCTH, IMPEIUMHO IIPOU3BOJICTBOTO HA TOILIOCHEPTHS, €IEKTPOCHEPTHS H
JCHHOCTUTE Ha METATYPTUYHUTE MPEIANPHUATHS, & C HAH-MaIbK U1 KbM OOIIOTO 3aMBPCSABAHETO HA Bh3IyXa Ca
CTPOUTETHHTE, peMOHTHHTE 1 OuToBHUTE Aeitroctu. (http://sofia.bg/smet/Programa_OS_1.pdf)

3aMBpCSIBAaHETO Ha BB3IyXa CIJIHO 3aBHCH OT €MHCHHUTE Ha mpuMecuTe. ETo 3amo m3cienBaHeTo Ha
MPUHOCA HA EMUCUHUTE OT OTAeiHHM Karteropuu wu3TodHuIM (SNAP karteropuu) kbM oOInara KapTHHa Ha
3aMbpCSIBAHE € 3a/1a4a C TOJSIMO MPAKTHYECKO 3HAUCHHE, YUUTO PE3yJITaTH MOTaT Ja ObAaT MPSKO HU3MOA3BAHU
npu  (QOPMYIHUPAaHETO HAa KPATKOCPOUHH (TEKYIIM) PEHICHWS ¥ IBITOCPOYHM CTPATETHMH 32 HaMalsBaHe
3aMbPCSIBAHETO HA BH3IyXa.

IV.2 EMHUCHOHHM CLEHAPUU U HAKOH 10JIeTa HA aHCaMOJIOBO OCpelHEHUTe NIPUHOCH HA OT/eJIHUTE
KATEeroOpuu U3TOYHUIIM KbM NMPU3EeMHUTE KOHIIEHTPALMH.

Pesynratute B HacTosIIaTa riaBa ca MOJYYCHH Bh3 OCHOBATa Ha 5 €MHCHOHHH CIICHApHS, BCEKH CIHH 32
nenust nepuoA ot 2008 - 2014 roxuna.

W360psT Ha Te3W CIEHapuUHM € MOAOpaH CIPSIMO Pa3lpEIciCHHETO Ha ISUIOBETE HAa BCAKA KaTErOpHS
W3TOYHHUIM, KbM 0OOIlaTa eMHUCHOHHA KapTHHA KakTo B cTpaHaTa, Taka U B Codusa. MHBeHTapu3anmsTa Ha
emucuure Ha TNO e 3a 10 SNAP kareropum, KoeTo, IO3BOJSBA OIIEHKAaTa Ha MPUHOCA HA Pa3IMYHU
AQHTPOIIOTCHHY JACHHOCTH KbM O0IaTa KapTHHA HA 3aMbPCSBAaHE HA CTPaHATA U IO CHEIHAITHO 32 Pa3TiIekKIaHHs
paiion Codus rpa.

Nzrounntute ot SNAP kateropus 01 (EnepreTrka) umar Hail-rojisiMm Jisil B CyMapHHUTE, KaKTo 3a CTpaHaTa,
taka u 3a Codust emucun Ha SOX 1 NOx. Uzrounuimre ot SNAP kareropus 02 (HennmycTpuaiHu u3rapsiHus)
UMAaT OTHOCHTEIIHO MaJBK [T B CyMapHHUTE 3a CTpaHaTa €eMHCHH Ha TOBEYETO 3aMbpcuTent, HO 3a Codus umat
roJsam st kbM cymapaute 3a NOx. Emucunre ot SNAP kareropus 03 (MaaycTpuaiHu usrapsHus) UMaT TOJISIM
o1 B cymapHute 3a ctpaHata U Codwus emucun Ha CO, HO CBIIO Taka ca CbC BTOPH IO-TOJIEMHHA 51 B
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cymapuure emucun Ha SOX. 3a Codus maroununure or SNAP karteropus 03 mMar W HaW-TOISAM ISUT OT
cymapHute 3a rpaga emucud Ha PMC. Ustoununute ot SNAP kareropus 07 (IIbreH TpaHcnopt) ca ¢ BTOPH IO
ToJIEMHHA JIsUT B cymMapHuUTe eMucuu Ha NOX 3a crtpaHata U 3a Cous 1 uMaT Hal-TOJSIM JISTT KbM CYMapHHUTE 3a
Coduss Ha PM2.5. Haii-ronsm msn xkpM cymapHute 3a Codus mmar emucuute oT SNAP kareropus 01
(EHepreTuka), mopaay HaTUYMETO Ha TOUKOBU U3TOYHULM B 00JACTTA.

[opamu pasmpeneneHneTo Ha eMHUCUHUTE OT PA3IMYHUTE M3TOYHUIN KBM CyMapHHTE 3a cTpaHata u Codust
rpaj 0sxa MoI0paHu TOYHO TE3U 5 CIICHAPHS:

Cuenapuii 1: Emucunre or SNAP_01 (Enepreruka) penyuupanu ¢ gakrop 0.8

Cuenapuii 2: Emucunrte ot SNAP_02 (Hennmyctpuannu usrapsaus) penyiupanu ¢ hakrop 0.8
Cuenapuii 3: EMucuute or SNAP 03 (MuaycTpuanHu usrapssusi) peayuupasu c ¢axropa 0.8
Cuenapuii 4: 8Emucuute or SNAP_07 (ITpreH TpancnopT) penyuupanu ¢ gaxtopa 0.8.
Cuenapuii 5: Emucunre ot Bcuuku kateropud SNAP_ALL penynupanu ¢ gakropa 0.8

B rmaBa 1V.2. ca mpencTaBeHU HSKOM OCPETHEHU IO aHCAMOBJI MPUHOCU HA M3TOYHHIM OT KaTErOPUH
SNAP 01, SNAP 02, SNAP 03, SNAP 07 u SNAP_ALL (M3TOYHHIIUTE OT BCHUYKH KATETOPHH) BOJCIIH [0
3aMbpcsiBaHeTO Ha Teputopusata Ha Tpax Codumsa. B rmaBa 1V.3. ca mpencraBeHH ChOTBETHUTE OICHKH,
ocpenHeHuTe 3a TepuTopusita Ha Cous U 3a OTIEIHN TOYKH OT rpajna. B aBTopedepara camo e ObaaT onucaHu
pE3YNTATHTE OT TE3H JBE TTIABH.

Toouwnu nonemama na cpeonume omuocumennu npunocu na emucuume om SNAP 01, SNAP 02,
SNAP 03, SNAP_07 u SNAP_ALL so0ewu 0o oopazysanemo na azomen ouoxcuo (NO).

Ot mosieTaTa 3a CpeHHTE TOIUIITHN TpuHOCH Ha emucunute oT SNAP 01 Eneprernka 3a oOpasyBaHe Ha
npuzeMeH a3oteH nuokcun (NO,), B 06:00 u 12:00 yaca go0pe ce oTKposiBaT aBe TOUKH, Kouto ca neata TEL[-a B
Codmus - TEL Ustok (xB. Hpyx6a) u TEL] Codus (ueHTpasiHa yact), KaTo MecTa ¢ BUCOK M CHITHO JIOKAJIM3UPaH
Haj TsX npuHoc okosio 40 — 50 %. IlpuHOChT Ha TeLoBeTe € MakcuMalleH B cyTpemHute yacose. B 18:00 ce
3a0ens3Ba MOHWKEHNE B TPUHOCHUTE Ha TeroBeTe u Bede B 22:00 Jaca ca Hail-HUCKUTE MPUHOCH 3a LisjiaTta 00IacT.

Ot mosieraTa 3a CpefHUs TOAUIIHUA TpuHOC Ha emucuute oT SNAP 02 HeunmyctpuaiHu usrapsHus 3a
oOpasyBane Ha npu3emer asoteH auokcun (NOy), ce BHKAa, ye mpe3 ISUIOTO JSHOHOIIHME TOW € MOJIOKUTENICH,
KaTo Haii - roysamM e 3a paiiona Ha TELL M3Tok okosio 50%. OTKposiBa ce 1 LIeHTbpa Ha rpaja ¢ npuHoc okoJio 30%
npe3 uenus aeH. Hag ocrananarta yacT cpeHUST rouiineH npuHoc € okoiio 20% - 30%.

Ot nonerara 3a cpeHUs TOAUIIHUS NpUHOC Ha emucuure oT SNAP 03 UunyctpuanHu usrapsHus 3a
obpaszyBaHe Ha mpu3eMeH azoreH aumokcun (NOj), ce BmKIOa, e TOW € H3ILUIO TMONOKUTeNeH. Haif-Bucok e
nprHoca 3a paifona Ha asara TEIL[-a Codusa u U3Tok, okono 40% B 06:00 u 12:00 gaca. B cnenobennure u
HOITHHUTE YacoBe MPUHOCA Ce OTKPOsiBa camo B LleHTHpa u To ¢ mocTta BUCOK mpoueHT okouo 40 - 50%.

OT moneraTa 3a CpemHUs TOAWIIHUS mpuHoC Ha emucuute oT SNAP 07 ABTOMOOWMICH TpaHCIIOPT 3a
obpasyBane Ha npuzeMeH a3oteH auokcua (NOy) (@urypa IV.2.1.), ce Buxaa, ye mpe3 IsI0TO JCHOHOIINE TOU €
nonoxkuteneH. B 06:00 u 12:00 yaca cpeaHusT MpUHOC € Hall-HUCHK 0koJ10 30% 3a palionute okoio asara TELl-a
Codus n Uzrok. B 18:00 waca mpuHOCHT € Haii-BHCOK O0KO0J0 50%, KaTo ce OTKpOsBAT IOKHUTE KBApTAlU U
HeHTpanHute yacti Ha Cogust.

Ot noserata 3a CpeiHUs TOJUIIHUA [PUHOC Ha eMHUCUUTE OT Bcuuku Kateropuun SNAP ALL 3a
obpasyBane Ha npuzeMeH azoten auokcu (NO,), ce BIKIa, ue Toi € u3msuio nonokureiaen. B 06:00, 12:00 gaca
npuHOCHT € 0koJ0 40% B paiiona Ha TEIL] Codus u TEL] U3ToK, mokaro B 18:00 u 22:00 yaca ce BmkIa, 4e OUYTH
3a 1sUIaTa 00JacT CpeJAHUAT MPUHOC ¢ MakcuMaleH U ¢ okoso 40%-50%. C mo-Huchk mpuHOC okojio 20% ce
otkposiBa CeBepHata Jbra Ha OKOJOBPBCTHHUS IMBT. KaTo MSCTO ¢ BHCOK IMOJOXKHTENCH IPHHOC CE€ OTKPOSBA U
paitona Ha KoctunOpon. B 06:00 gaca cpenHust pUHOC € MHHUMAJICH.
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@urypa 1V.2.1. Cpennu roguiay npuseMHu npuHocu [%] Ha SNAP_07 3a NO,.

T'oouwnu nonemama na cpeonume omuocumennu npunocu na emucuume om SNAP_01, SNAP_02,
SNAP_03, SNAP_07 u SNAP_ALL sodewu 0o oopasysanemo na o3on (03).

Ot moneTtara 3a cpeqHus roauirHus npuHoc Ha emucuute oT SNAP 01 Enepreruka 3a oOpa3yBaHe Ha
npm3emen 030H (O3), ce BIk/a, 4e Toii e cTporo otpurarene. B 06:00 u 12:00 gaca, IPUHOCHT MOYTH HAJT IEITHS
rpaj BKJIIOYUTEIHO W Haja IUIAHHMHUTE € MOYTH HYJIEB, KaTO CE OTKPOSBAT IEHTPAIHUTE YaCTH Ha rpajaa ¢
oTtpumareneH npuHoc okono -50% B 06:00 u 12:00 waca u paitona okono TEIl M3Tok ¢ romsiM oTpumarencH
npuHoc 0koJ10 -80 - (-100)% B 12:00 yaca. B crnenobeaHuTe U BEUCPHUTE YaCOBE MPUHOCA HA EMHCHHUTE OT TO3H
CHAIl IOYTH HaJ I1s1aTa 00JacT cTaBa oTpuilaresieH. ToBa mokassa, ye 030HBT B paiioHa Ha rpajg Codus ce AbIKu
Haif-Bede Ha MpeHOC B 001acTTa, a COOCTBEHUTE M3TOYHHIN YPE3 EMUTHPAHUTE a30THU OKCHAW DOIPUHACAT 32
pasrpakiIaHeTo Ha 030HA.

Ha ¢urypute He ce OTKpHBa KadyeCTBEHAa M KOJUYECTBEHA pa3iUKa MPH NMPUHOCA HA EMHUCHUTE OT
pasnuuauTe SNAP kareropuu, KoeTo camo MOTBBPKIaBa TOBa, ue 030Ha Haj Codus rpan ce GopMupa Ha IPyro
MSCTO HW3BBH Tpaja M HETOBOTO KOJHMYECTBO U paslpelelicHHe ce ABDKH HA IPEHOC OTBBH KBbM Tpana. [lpm
ce3oHHOTO pasmnpenencHue (Ilpusoxenue IV) Moxe na ce mpociean pasiuka, KOATO Tpe3 TOIUTUTE CE30HU Ce
OTKpOSIBA C OTPHLATEIHM INPUHOCH KJIOHSIIM KBbM HyJa OT BCHUKM CHAIlOBE HAJ Isiata o0NacT, OCBEH Haj
Buromma nmianuHa, KbAETO IPHHOCHUTE €A TOJIEMHU H CTPOTO OTPHUIIATEITHH.

T'oouwnu nonemama na cpednume omuocumenuu npunocu Ha emucuume om SNAP_01, SNAP 02,
SNAP_03, SNAP_07 u SNAP_ALL s00ewu 0o obpazysanemo na cepen ouoxcuo (S0,).

Ot moneraTta 3a cpegHusl TOAUIIHUS MpUHOC Ha emucunute oT SNAP 01 3a oOpa3yBaHe Ha mpHu3eMeH
ceper muokcun (SO,) (Purypa IV.2.2)), ce Bukaa, 4e TOH € MPEAUMHO TOJIOKHUTEIEH B paiiona Ha [TaHuapego,
MOZIHOXMETO Ha Burora mianuHa, IeHThpa Ha rpaja u paifona Ha KoctuaOpon. Makcnmaren e mpuroca B 06:00
u 12:00 gaca B paiiona Ha [lanuapeso okono 50%.
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Qurypa IV.2.2. Cpennu roguisu npuseMuu npuHocu [%] vHa SNAP_01 3a SO,

OT moneraTa 3a cpemHHs TOTUITHHS IpuHOC Ha emucuute oT SNAP 02 3a oOpasyBane Ha Ipu3eMeH
cepen auokena (SOy), ce BHKAA, Ue TOW € TOJIOKUTEIEH KaTo ce OTKPOSBAT MecTara IeHThpa Ha rpaia, TEI]
Uzrok u paitona Ha KoctunbOpona. Makcumanen e mpuHoca B 06:00 u 12:00 gaca Ha Te3u mecta okomno 50%.

OT moneraTa 3a cpemHus TOXUIIHUS TpuHOC Ha emucunte oT SNAP 03 3a oOpasyBane Ha mpu3eMeH
cepen auokens (SO,), ce BIKA, 4e TOU € MOJIOKUTENIEH KaTo Ce OTKPOSBAT MECTaTa IICHThPA Ha rpajia M paiioHa
Ha KoctuHOpo. MakcumalieH e mprHoca 3a paiioHa Ha KocTuHOpo/1. mpe3 msiioTo JeHoHolme okoiio 50%.

OT moneraTa 3a cpemHus TOXUINHUS TpuHOC Ha emucuute oT SNAP 07 3a oOpasyBane Ha HpH3EMEH
cepen auokens (SOy), ce BUKIA, Ue TOM € MHOTO MalbK U MOJIOKHUTENICH KaTO C€ OTKPOSIBAT MECTaTa LICHThPa Ha
rpaja, paiiona Ha KoctuHOpox u paiiona Ha [lanuapeBo. Haj ocrananata yacT OT o0iacTTa mMpUHOCA € MOYTH
HYJIEB.

Ot noserata 3a cpeAHus ToAUIIHUS npuHOC Ha emucuute oT SNAP ALL 3a oOpa3yBaHe Ha MpU3EMeH
cepen auokcua (SO,), ce BUKIIa, 4e TOH € MakCUMalIeH U MOJIOKUTEIEH MOYTH HaJl Is1aTa obnact. MakcuMareH e
npuHoca 3a paifoHa Ha KoctuHOpon xakro u Hax [TanuapeBo B 06:00 u 12:00 gaca okomno 50%. Han mmanmanTe
MPUHOCA € HYJIEB.

Ha Bcuuku ¢durypu ce oTKpHBAT U MeCTa ChC CTPOTO M TOJIEMH OTPUIATETTHH CTOWHOCTH, OCOOEHO B
CIIeI00CTHUTE W BEUCPHUTE YacOBE. T€3U OTPHUIATEIHH MPUHOCH BEPOSTHO CC IBJDKAT HA JIOKAJTHU IPOLECH Ha
XEeTepOreHHa XUMUS U B3aUMOACHCTBUETO C a€PO30JIH.

Toouwnu nonemama na cpeOHume omuocumennu npunocu Ha emucuume om SNAP_01, SNAP_02,
SNAP _03, SNAP_07 u SNAP_ALL 6o0ewiu 0o oopasysanemo na gpunnu npaxosu yacmuuyu (FPRM).

Ot monerata 3a cpegHHUS TOMUINHHUS TpuHOC Ha emucuute oT SNAP 01 3a oOpasyBaHe Ha (GUHHH
npaxosu yactuiid (FPRM), ce Bmkza, 4e MpUHOCHT Mpe3 LSIIOTO JCHOHOIINE HABCAKBIE € MmojokuTeneH. CaMo
HaJl BHCOKHTE 4acTH Ha IuaHuHuTe Buroma m Crapa [lnanmHa TOM € MHHMManeH W TOYTH HYJIEB, a Haj
ocTaHajarta 4JacT oT objactTa mpuHoca ¢ okoio 30%. [IpuHOChT € Hal-BHCOK HaJ IIEHTPAHUTE YacTH Ha Tpaja,
I0KHHTE KBapTaIn U paitona Ha KocturOpoa okoso 40%.

Ot nonerata 3a cpeHUs FOAUIIHUS IPHHOC Ha emucuute oT Heunnyctpuannure usrapsaus SNAP_02 3a
obpa3yBane Ha (uHHHN npaxoBu gactuim (FPRM), ce Bika, 4e MPUHOCHT Mpe3 IISIIOTO JICHOHOIINE HABCIKB/IE €
II0JIO’KUTEIIEH, KaTO CPEAHMAT NMpUHOC 3a rpaga € okoso 30%. B 06:00 uaca npunoca e Hail-Bucok okoso 40% B
LEHTPAJTHUTE YacTH Ha rpajia, KaTo ce OTKposBa M paifoHa Ha KoctuHOpon B ceBeposamaanara yact. B 18:00
CpenHuAT NpuUHOC HaMansBa U B 22:00 yaca Beye Toi € MUHUMAaEeH 0kojo 20%.
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@urypa IV.2.3. Cpennu roguiay npuseMHu npuHocH [%] na SNAP_07 3a FPRM.

Ot monerata 3a CpeJHUs TOMUIIHIS prHOC Ha emucuute oT [Ipomunmienoctra SNAP_03 3a oOpasyBane
Ha ¢uuHM mnpaxoBn yactuiu (FPRM, ce Bmwkna, 4e NPHUHOCHT Tpe3 IBIOTO JCHOHOLIME HAaBCAKBIE €
nonoxurenned. B 06:00 u 18:00 gaca To# € MakcuMaieH 3a msurara obaact, a B 12:00 u 22:00 yaca e MakcuMaieH
camo B [IeHThpa u paiiona Ha Koctuabpozn. CpeqHus mpuHOC 3a TTIOUTH msi1ata 00acT e okomo 20%.

Ot moneTara 3a CpeAHUs TOIUIIHUSA MPUHOC HA eMUCcHUTE 0T ABTOMOOMIHUS TpaHcnopT SNAP 07 3a
obpa3yBane Ha ¢uHHM npaxoBu vactuim (FPRM) (®urypa IV.2.3.), ce Bkna, 4e NPUHOCHT Tpe3 ISIIOTO
JICHOHOIIME HaBCIKBAE € monoxuteneH. B 06:00 u 18:00 waca cpeqHusT MPUHOC € MaKCUMaIeH U € okoiio 50%,
karto B 06:00 ce oTkpossa ¢ npunoc Hag 60%. B 12:00 u 22:00 gaca npuHOCca € IO HUCHK B CPABHEHHUE C JIPYTUTE
JacoBe, HO BBIPEKH TOBa ocTaBa okoso 30% B LEHTpalTHUTE YacTH M Hadanoro Ha AM Tpakus KakTo U
OCHOBHUTE ITbTHHU TpaceTa B Cronunara.

Ot mosieTara 3a CpefHUs TOTUIIHNUS IPUHOC HA EeMUCHHTE OT BCHUKHU KaTeropuu u3tounurm SNAP ALL
3a oOpasyBaHe Ha puHHU npaxoBu yactunu (FPRM), ce Buxa, 4e IpHHOCHT Mpe3 LUIOTO JCHOHOIINE HABCSIKbIC
€ MOJIOXKUTEIeH U MakcumaiieH. Jloctura croiinoctu Hag 60% 3a 1siaTa 00J1acT OCBEH HaJ IVIaHMHMTE BuTomia u
Crapa mjaHuHa, KbJIETO TOH € HyJieB Ipe3 LsioTo AeHoHouue. [lpunockT e Mmakcumaner B 06:00 u 18:00 vaca
c¢bC cTOWHOCTH OKOJI0 70%, B LIEHTpaJHUTE YacTU M IOKHHUTE KBapTaJld, KaTO C TOJSIM MPUHOC CE€ OTKPOSBa M
paifona Ha Paiiona na Koctunbpo.

IV.3. 'oguiHo M Ce30HHO OCPeJHEeH! NMPU3eMHH NPMHOCH HA OTACJHUTE KATErOpMH M3TOYHMIU 32
oTaeJHM To4YkH oT rpaa Codusi.

Iloka3anuTte mO-rope pe3yaTaTd 3a IMPHU3EMHUAT OTHOCUTENIEH IPUHOC HA Pa3IMYHUTE U3TOYHMIHU
OCpEIHEeHH M0 LeNusl aHCaMOBJI MOJYYEHH Ype3 KOMIIOTHPHO CUMYNHpaHe, MOTaT 1a ObIaT W3MOI3BaHM 32 Jla Ce
OTIpEIeIIAT, KaKTO OTHOCHUTEIHHUTE HMPUHOCH Ha OTACIHUTE M3TOYHHIM 33 OIpEIeIeH 3aMBpPCHUTEN 3a 00JacTTa,
Taka ¥ 3a m30paHa oTAeNHa To4ka oT Hed. ToBa maBa meHHA MH(POPMANUsS 3a JBITOCPOYHH WIM KPAaTKOCPOYHHU
CTpaTeruy 3a HaMasiBaHE Ha €MUCUHUTE OT BBIIPOCHUTE W3TOUHUIMTE Ha 3aMbpcsABaHE, 3a Jla ce IpeAnasu
CBHOTBETHATA 00JACT WIM PETHOH OT IpeBHIIaBaHe Ha ompexaencHure IlpenenHo Jlomyctumure Konnenrtparmm
(ITAK). Ionbpann ca TOYKMTE Taka, 4e Ja MMa IMPEACTaBUTENHA OT BCEKH OT 3acerHaTuTe MO-Tope paiioHw,
MOKa3Bally Hai-ronsMo 3aMmbpcsBaHe. OT LIEHTpalHUTE 4yacTU ca Moka3zaHu Toukure OpnoB MocT u Pycku
MaMETHHK, OT F0XKHUTE YacTH MPEJICTaBUTEN € TOUKa 300MapK, eCTeCTBeHO ca orpazeHu u asata TELl-a B Codus -
"U3ztok u Codus", [laHuapeBo U eqHA YMCTO IUIAHMHCKA TOYKA € m30paHa 3a mo-1o0po cpaBHeHUe - Komuroro.
BbB BCHUKU Te3U TOUKU Ca MOKA3aHU OCPEAHEHMUTE NMPUHOCU HAa eMHCUHUTe OT pasnuuyHute SNAP kareropuu
BOJICIIN 10 00pa3yBaHETO Ha TaACH 3aMbPCUTEIL.

Tyk me OBIaT Mmoka3aHd camMo [ OQWIIHO OCpeNHCHHW NMPHU3EMHU NPHHOCH HA OTACTHUTE KaTeTOPHU
n3To4HNIM 3a Tpax Codus, a 32 OCTaHAINTE TOYKH IIle ObJaT HAKPATKO ONMCAHH.
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Ot @urypa 1V.3.1. 3a ocpenHeHHUTE MO aHCAMOBJIa TOAUIIHN W CE30HHU (IPEICTABEHU B TUCEPTAIIHATA)
MPUHOCH Ha OTAEITHHUTE W3TOYHHIM, Bomemu 1o (opmupanero Ha mnpmseMeH NO, B Codwus, mpe3 OTAETHUTE
CE30HH NPHHOCHT HA PA3IMYHUTE THUIIOBE HM3TOYHHIN € pPasiIHyeH, HO C IOYTH EAHAKBB JCHOHOIIEH XOI.
Hagcsikbie B cieqo0eiHUTE YaCcOBE U IPE3 HOLITA BOJEII € IPUHOCHT Ha EMUCHUUTE OT BCUYKHU cHaroBe, (SNALL)
- okouo 40% crenBaH OT TO3HM Ha aBTOMOOWIHUS TpaHcopT (SN7) okoino 30%, npe3 Bcuuku ce3oHU. [IpuHOCHT
Ha BCUYKH OCTAHAJIM U3TOYHULIM B CYTPELIHUTE YaCOBE UMAT JieK MUK okoio 10% mpuHoc.

Ot ¢urypure 3a OCpEeAHESHHUTE TI0 aHCAMOBJIa TOMUIIHYI U CE30HHH MPECTABEHH B UCEPTAIMATA TPHHOCH
Ha OTHIENHUTE M3TOYHUIM, BoAemHM a0 (opmupanero Ha mpu3emeH Oj ce BIKIA, Y€ IPE3 OTHEIHUTE CE30HH
MPUHOCHT HA PA3INYHUTE THIIOBE U3TOYHHUITN € PA3JIMUCH, HO C MOYTH €AHAKBB IEHOHOIIEH X0  OCBEH TOBA TOM
€ W3IPUIO OTpHIaTeleH. B cyTpemHuTe W cieqo0eqHUTEe YacoBe Ca HaM-TOJEMUTE OTPUIATSIHH CTOHHOCTH,
JIOKaTO OKOJIO O0sI] MPHHOCHT HA BCHYKH CHAIoBe ce nobnmkasa o 0. [Ipe3 3uMHUTE Mecely, ce OTKpOsBaT Hall-
TOJIEMHUTE OTPHULATEIHN CTOMHOCTH, a IPe3 eCeHTa M JITOTO - Hail-mamkute. He Moke ma ce ompemenu Kou
W3TOYHUIIH, Ca C Hall - TOJIAM NPUHOC, BCUUKU UMAT €IHAKBO pa3lpeeieHHe.

Ot ®urypa 1V.3.1. 3a ocpenHeHuTe o aHcamOBbJia TOAWITHY U CE30HHH (TIPEACTAaBEHH B JHCEPTAIUATA)
MPUHOCH Ha OTACIHHWTE W3TOYHHUIM, Bojeur 10 (Gopmupanero Ha npusemen SO, ce BIXKIA, Ye TOH € H3LIO
MOJIOXKUTEIICH, U Ue TIPe3 OTIACTHUTE CE30HU MPUHOCHT HA PA3IMYHUTE THIIOBE U3TOYHUIU € PA3IMYCH U C MOYTH
eIHAKbB JICHOHOIIEH XOJ. HaBCsiKbae IOMUHHPAIIMAT MPUHOC € TO3M HA H3TOYHUIMTE OT BCHUYKH CHAIIOBE
(SNALL) oxomo 30%, cienBan ot To3m Ha eHeprerukara (SN1) oxomo 20%. [IpwHOCHT Ha oOcTaHATUTE
u3royHuIy ¢ mox 10%. MakcumanHu MPUHOCH Ha €MHUCHHTE OT BCUUKU CHATIOBE M HA TE3H OT CHEPreTHKATa Ce
3a0e13BaT OKOJIO OOEIHUTE YacOBE.

Codus
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)it 3.1: JHEHH 110 aHCAMOBJI TOAMIIHN TIPMHOCH Ha OTAEIHUTE U3TOYHUIIN, BOIEIIH I MHUPAHETO Ha MPU3EMEHUT
(0] a IV.3.1: Ocpenne 0 aHcamoO 0, OCH Ha OT/IE. € U3TO ozie 0 o, aHETO Ha 3eMEHHUTE
KOHIIEHTPAIINH Ha a30TE€H IUOKCHJI, 030H, CePeH IUOKCH, GUHHU U epH MPAXOBH YACTHIIH.

Ot @urypa 1V.3.1. 3a ocpeHeHNUTE 110 aHCAaMO'BJIa TOAUIITHHA ¥ CE30HHU (TIPEACTaBEHU B IUCEPTAIIHITA)
MIPUHOCH Ha OTJICIIHUTE M3TOYHHUIIN, BOJCIH 10 popmupaHeTo Ha npuseman FPRM ce Bmxkna, de nipe3 oTaenHuTe
CE30HU TMPUHOCHT HA PA3IMYHUTE TUIMOBE W3TOYHUIM € Pa3jMYeH, HO C TOYTH €JHAKbHB JICHOHOIIEH XO/I.
JoMUHHpamuAT IPUHOC € TO3M Ha M3TOYHMIHTE OT Bcuuku cHamoBe (SNALL) oxono 40%, cienBaH OT TO3H Ha
aBTOMOOWIHMSA TpaHCTIOpT (SN7) - okoxo 30%. IIprHOCHT Ha OCTaHAINTE U3TOYHHUIH € OKoo 10% mpe3 Bcuuku
ce30HU. J[EeHOHOIIHOTO pa3mpejeNeHre IMOKa3Ba, Y€ MaKCHUMaJjeH MPUHOC MMAaT CHANOBETE B CYTPEIIHUTE U
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cliefo0eIHUTE YacoBe, a MUHHMAJeH OKoio 0051 (edekrta Ha MO-MHTCH3MBEH BEPTUKAICH IPEHOC IpH
npeo0IagaBamio HeyCToiuuBa aTMocdepa) U Mmpe3 HOIITA.

Ot ®urypa 1V.3.1. 3a ocpenHeHuTe o aHcamObJia TOAUITHY U CE30HHH (TIPEACTABEHU B JUCEPTAIUATA)
MIPUHOCH Ha OTIIEIIHUTE M3TOYHUIIH, BoJieln 10 (opmupaneTo Ha npuzeMHn CPRM ce Bwkia, 4e MPUHOCUTE ca
M3IUI0 TIOJOKUTEITHH M TIPEe3 OTIEIHUTE Ce30HU NMPUHOCHT Ha PA3IMYHUTE THIIOBE M3TOYHHIIM € Pa3IMYCH, HO C
MOYTH €AHAKBB NIEHOHOIIEH XoJ. HaBcsakpiae MOMUHHPALIUAT MPUHOC € HAa M3TOYHHINTE OT BCHYKH CHAIIOBE
(SNALL) okomo 50%. BropusT mo rosieMrHa IpUHOC € Ha aBTOMOOWIHMS TpaHCTIopT (SN7), Kato B CyTpenIHuTe
yacoBe, TOW ce W3paBHSIBa C NpPUHOCAa HAa eMucuute OoT npomuuuieHoctta (SN3). Haii-ronemu ctoifHOCTHM Ha
MPUHOCUTE Ca B CYTPELIHHUTE YacOBE Ipe3 BCHUUKU CE30HH, KAKTO W B cienodennute. Haii-Manbk mpuHOC MMaT
n3roununure Ha Hennaycrpuanuure usrapsaus oxkoio 10%.

OcpenHennuTe 1O aHCaMOBJIa TOAWIIHH W CE30HHU NPUHOCH HA OTACITHUTEC HW3TOYHUIIM, BOJCIIN [0
(dhopMHpaHETO Ha NMPU3EMHUTE KOHIICHTPAIMK Ha 3aMBPCUTEIHUTE 3a Pa3InyHH W30paHH TOYKH OT 00JIacTTa, ca
MIPENICTABCHH B AMCEpTaIuATa, KakTo u B [Ipuioxkenne 1V.

1IV.4.M3B014

Ot moneTara 3a cpeJHUTE OTHOCHTEIHHU MPUHOCH Ha eMucunte oT pasnnunaute SNAP xareropuu, Bogenm
10 00pa3yBaHETO HA PA3IMYHU 3aMBPCUTEIH MOTAT Jla C€ HAMPABAT CICIHNUTE W3BOIH:

IIpunocer Ha emucuure oT (SNAP 01) Eneprerukara ¢ MOJOXHTENEH 3a MOYTH BCHYKH KapTU C
M3KJIIOYEHUE Ha O30HOBHTE TOJIETa, KBACTO MPUHOCA € OTpuIlaTeseH. MHoro no0pe ce oTkposisat asara TEILl-a
"Co¢us" (B meHThpa Ha rpama) m "Ustok", B kB. "/lpyx6a". Makcumanauar npuHoc Ha SNAP-01 kbM
MIPU3EMHHUTE KOHLIEHTPALMU Ha CEpeH MUOKCHU] € B paifoHa Ha [laHuapeBo 0coOEHO mpe3 AeHs, KaKTO U B pailoHa
Ha paiiona Ha KoctuOpox. ['oneMuaT OTHOCUTENEH MPHUHOC Ha N3TOYHHUIIUTE OT CHEPIeTHKATA B MOJHOKUETO Ha
Buroma mpe3 meHs BEpOSATHO ce IBIDKA Ha OCOOCHOCTUTE Ha JIOKamHaTa IHpKynanus B CoQHIICKOTO Imoje —
MOTOLM HAacCOYEHH KbM IUIAaHWHATA, KOETO KOMOMHHUPAHO C MO-WHTEH3UBHOTO CMECBAHE Mpe3 JIEHS CBEHTYAJIHO
BOJIU JI0 IIO-BUCOKH IIPU3EMHH KOHLIEHTPALIUHI Ha CEPEH TUOKCHUI.

[Ipu moxerara Ha cpeqHUs MPUHOC HA CHEPreTHKaTa KbM (OPMHUpPAHETO HA (PMHHU MPAXOBU YACTHUIIH, CE
OTKpOSIBAT LICHTPAJIHUTE YacTH U paifoHa Ha KocTunOpox.

IIpunocetr Ha emucuute or Hewnnmycrpuanuure usrapsHust (SNAP 02) cpmio e mojoxurtesleH Haj
TEPUTOPHATA HA Tpajia OCBEH IPH MOJeTaTa 3a 030HA, KBIETO € CTPOTO OTpHUIAaTeNleH. TyK ce OTKpOosBaT 3 TOUKH,
KaTo MECTa C Hal-TOJISIM MPUHOC Ha EMUCUHUTE OT Ta3| Kareropus u ToBa ca llenTspa Ha rpana, TELL "U3tok" n
paifona Ha KoctuaOpon. MakcumaneH € HpuUHOCAa Ha eMHCHUTEe OT HeumHgycTpHamHWTE H3TapsHus 3a
00pa3zyBaHETO Ha TPaXOBH YACTHUIIH.

[IpunockT Ha emucuute oT Unayctpuananute usrapsaus (SNAP_03) e mosokuTesieH Makap ¥ TO-MaJIbK B
CpaBHEHHE C APYIHTEe KAaTETOPHH, 32 BCHUKH 3aMBPCHUTENN 0e3 030Ha KaTo ce OTKposiBaT MectaTa LleHTbpa Ha
rpajaa u paitona Ha KoctrHOpO ¢ MakcuMaleH MpUHOC.

[punocet Ha emucumure oT ABTOMOOWTHHS TpaHCTOPT (SNAP 07) e monmoXwTelneH W MaKCHMaJeH 3a
oOpazyBaneTo Ha azoTeH nuokcuj (NO,) u mpaxoBu yactuim (PM). lobpe ce omucmBaTr mo-rojieMUTe MBTHH
TpaceTa B CTOJIMIATAa KaTO OCHOBEH M3TOUYHUK Ha NO,. MecTtaTa ¢ Hali-ToJIsIM MOJIOKHUTENEH IPUHOC HA EMUCHHTE
OT Ta3W KaTEropHsl ca IPEIUMHO B IOKHHTE KBapTrand - IOkHata opra Ha OKOJNOBPBCTHHS ITBT, M3X0Ja Ha
Hapurpancko moce kbM AM Tpakust 1 IEHTpaJTHUTE YacTH XapaKTEpU3HPAIU Ce C €AHU OT Hal-HaTOBapeHUTE
II'BTHO TPAHCIIOPTHHU TpaceTa. TaMm KBAETO ca MecTaTa ¢ MaKCHMAaJIeH IOJIOKUTEIICH MIPHHOC Ha TPAHCIIOPTa KbM
obpazyBaneTo Ha a3oteH nuokcua (NO;), Ipu 030HOBHTE TIOJIETa CUTyalusATa ¢ 00paTHa - Ha Te3W MeCTa IPUHOCA
€ CTpOro OTpULATEJeH U MaKCUMaJIeH, KOETO 03HauaBa, 4e TOBa ca paiioHuTe KbAeTo 030Ha (O3) Hal-CHUIIHO ce
paspymIaza.

[IpuHOCHT HAa EMUCHUUTE OT BCHYKU KaTETOPHH KbM 00pa3yBaHETO HA BCUYKH 3aMBPCHUTENHN C H3KIIOYCHUE
Ha O030Ha, HAIIBJIHO E€CTECTBEHO € MAaKCHUMaJeH M TMOJOXHUTENEH CHPSAMO BCHYKM OCTaHAJIM MPUHOCH Ha
pasriefaHuTe KaTeropu. MecraTa, Ha KOHTO TO3M HPUHOC € MakCHMaJeH ca LEHThpa Ha Tpaja, IOXKHHUTE
KBapTayi W paifoHa Ha KoctuHOpOA, BEposTHO ABJDKAIl ce Ha pasrieaaHuTe no rope kareropun SNAP 01,
SNAP 02, SNAP 03, SNAP_07. Paiionute Haj rutanunutre Buroma m Crapa miaHuHa ca MecTara C HYJIEB
MPUHOC Ha eMUCHHTE OT BCHUKU CHAIIOBE MOPAJIHN JIUIICATa Ha W3TOYHUITH.

Ha nonerara 3a oOpazyBaHe Ha 030H M IPHHOCUTE HA PA3IMYHUTE KaTETOPHH HE CE OTKPUBA KaueCTBEHA U
KOJIMYECTBEHA pa3JiMKa MpH MPUHOCA Ha EMUCHHTE, TOM € CTPOro oTpHuLaresieH. ToBa NOTBbpXk/AaBa, 4Ye 030Ha HaJl
rpax Codus ce ¢popMupa Ha APYro MACTO M3BBH I'Paja U HETOBOTO KOJNMYECTBO M PA3IpEACICHUE ce IBJDKU Ha
MPEHOC OTBBH HABBTPE KbM TEPUTOPHSTA Ha Tpaja. MecraTa Ha KOUTO IPHUHOCA HA TPAHCIIOPTA € MAKCUMAJICH U
MOJIOKUTENIEH, TO TaM MMa "W3sDKAaHe" M paspyllaBaHe Ha O30HA. 3a MOBEYETO TOYKW M30paHU OT objacrra,
JOMHHHpAIl € TpPHHOCa Ha aBToMoOwrtHMs TpaHcmopT (SNAP 07) mpe3 pmeHs, a mpe3 HOIIHUTE YacoBe
JIOMHUHUPAI OTpUIlaTeleH npuHoc nmaT Hemnnycrpuanaure usrapsaus (SNAP_02).
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[IpaBu BHeuaTiICHHE WU3KIIOYUTEIHO TOJEMHAT MO a0CONIOTHA CTOWHOCT OTpPHUIIATENICH MPUHOC, KOHTO ce
HaOJFO/IaBa HA MECTA Ha TPAKTHKA 32 BCHYKU KATETOPHU M3TOYHHIHU. TO3U M3KIFOYUTEITHO TOJISIM IO abCONIOTHA
CTOMHOCT OTpHLATENEH NPHHOC Ce IBIDKH Ha MPoCTHs (akT, ye B HAKOU, OTPAHUYEHHU 1O OpOii eMmU30AU CaMUTe
0a30BH (C OTYMTAHE HA BCHYKH M3TOYHHIINA) KOHIIEHTPAIMH Ca MHOT'O MaJIKH, Ha TIPAKTUKa OJIM3KH JI0 HYyJa, KOETO
€CTECTBEHO BOJIM JI0 MHOTO TOJIEMHS 110 aOCOIFOTHA CTOMHOCT TIPHHOC.

3a Tepuropusita Ha rpax Cous OTHOCUTETHHUTE MPUHOCH MUMAT JOOpe M3pa3eH JCHOHOMIICH M CE30H XO.
Ce30HHMAT X0 MOXKe J1a ObJie Pa3uieH 3a pa3IUdHUTE 3aMbPCUTENHN U Ja C€ MEHU B 3aBUCUMOCT OT MU3TOYHHKA
Ha JajzeHara eMmucus. ToBa ce mpociensBa Ha TrpadHKHTE 32 OCPETHEHHUTE MPU3EMHH IPUHOCH Ha OTHCTHUTE
M3TOYHUIM 32 pa3IMYHHU TOUKH.

Kaxkro 3a rpax Codus (usmara obnact), Taka M 32 OTAEIHUTE PasriIekIaHH TOYKH MOXeE Jia Ce HalpaBH
0000mIeH HW3BOJ, 4Ye 3a oOpasyBaHero Ha azoreH auokcuna (NO;) u IlpaxoBu uactumm (PM) momuHmpa
ArtomobmmHus Tpancnopt (SNAP _07), a 3a cepuust amokcunm (SO;) - Eneprerukara u WHIycTpHanHute
msrapsiaug (SNAP_01, SNAP 03). IlpunockT Ha emucuute oT Bcuuku kareropuu (SNAP ALL) B otnenHure
TOYKH, KakTo ¥ 3a 1suiata odmact Codus rpan, e mo-Marsk oT 100% (3a HSIKOM 3aMBPCHUTENN € 3HAYUTEITHO T0-
MairsK 0T 100%), KoeTo 03HavaBa, g€ 4acT OT KOHIICHTPAIIMHUTE ce (POPMUpAT U OT U3TOYHUITN, KOUTO Ca BHHIITHH
3a obnactra DS u ca pe3yaraTt Ha IpeHOC Mpe3 TPAHULUTE .
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I'1aBa V: OneHka NpuHOCA HA PA3JIHYHUTE NIPonecH KpM hopMHUpaHe HA
3aMmbpcsaBaHeTo 3a rpax Codus.

V.1 BnBenenune

ATMOC(EpHOTO 3aMbpcsiBaHe (OpPMUpA B pe3yiTaT Ha B3aUMOJCHCTBUETO HA PA3IMYHU JUHAMHYHH W
XMMUYHH TIporiecu. PasriexxaaneTo Ha B3aUMOJACHCTBHETO M IPUHOCA HA TE3W MPOIECH JaBa BB3MOXKHOCT 3a
o0sicHeHre Ha 00IaTa KapTHHA Ha 3aMbpcsiBane B Tpax Codus.

[Iporecute, KOUTO BIUSAT BBPXY (popMupaHe KapTHHATA HA 3aMBbPCABAHE Ca: XOPU3OHTATHA U BEPTHKAITHA
mudy3us, XOPH30HTATHA W BEPTUKAIHA AaIBEKIHsI, EMHCHH, CYXO OTJaraHe, XUMHYECKUA TpaHC(OpMaIluy,
aepO30IIHY MPOIIECH, XETEPOreHHA XIUMUS B 00JIAYHU MIPOIIECH, 3alla3BaHe/ChXpaHeHNE HAa MacHTe.

B macrosmiara riaBa mie ObIaT MPENCTABEHH TIIABHO HAKOM PE3YNTATH OT KOMIIOTHPHUTE CHMYJIAlluy,
OLICHSBAIIM MPHHOCA HA PA3IMYHUTE TUHAMHYHH IMPOIECH Ha MPEHOC W TpaHchopMmanms HA 3aMbPCUTEIHTE,
KouTo (opMupaT KIMMara Ha 3aMbpcsBaHETO Ha BB3myxa 3a rpax Codusa. B V.2. e mpenacraBeHO KpaTko
ormrcanue Ha “Integrated Proces Rate Analisys” ¢yaknusara vHa mogena CMAQ, no3BosisiBaiia pa3riekIaHeTo Ha
TE3W TPOLIECH U TeXHUs MPHUHOC, B V.3 ca mpeACTaBeHU JABYMEPHHU TOJIeTa U TpaduKy HA HAKOM OCPETHECHHU TI0
aHcaMOBJI mpu3eMHH (ITBPBHUS CJIOW B 00JacTTa Ha WHTETPUpPaHE) MPHHOCH Ha oTAenHuTe mporecu. B V.4, ca
H3BOJIUTE OT HAIIPABEHUTE CUMYIIAIIHH.

V.2 ®yukuusta Ha moaeaa CMAQ - “Integrated Proces Rate Analisys”.

Xumugaus TpaHcmopTeH Moxen CMAQ, Ko#TO e M3IMOoI3BaH MPpH CUMYJAIMATE UMa CIIeIU(UIHA OIIIHS
“Integrated Process Rate Analysis”, KoATO JaBa BB3MOXHOCT Jla C€ OIIGHH POJIATA Ha BCEKH OT OTHEJIHUTE
MIPOLIECH CIIOMEHATH II0-Tope, NpU (opMuUpaHe Ha aTMOCc(hEepHOTO 3amMmbpcsiBaHe. [10 TO3M HAYMH U3MEHEHHETO Ha
KOHIICHTpANMATA 3a JalleH HHTEepBal OT BpeMe AC MOXKe Ja ce MPEICTAaBU KaTo cyMa OT IPHUHOCA HA Pa3IHIHUTE
MIPOLIECH:

Hpouecnu:

HADV - XopuzoHTanHa qudy3us
ZADV - Bepruxanza audysust
HDIF - Xopu3oHTanaHa aaBeKIHs
VDIF - BeprukanHa ajaBekius
EMIS - Emucun

DDEP - Cyxo otnarane

CLDS - O6naynu nporiecu
CHEM - XumugHM mporiecu
AERO - Aepozonnu niporiecu

BxurouBaHeTo Ha onuMATa 3a U3CJIEIBAHETO HAa NMPUHOCUTE HA OTIECJIHUTE MPOLECH, 1aBa BH3MOXKHOCT J1a Cce
OTIPENENIST He CaMO MPUHOCHTE Ha OTIENHUTE NPOIECH 3a ONpPEeeH 3aMbPCUTEN, HO CBINO Taka U 3a Tpyma OT
3aMBPCHUTEIH:

GNOY = NO + NO2 + NO3 + 2*N205 + (HONO + HNO3 + PNA) - A30THH OKHCH
ORG_N =PAN + NTR - Opranu4su HUTPaTH
HYDC = PAR + ETH + OLE + TOL + XYL + ISOP - Xuapo Kapoonu
CAR_PHE =PAR + ETH + OLE + TOL + XYL + ISOP - Kap6oun ®enoan
CPRM = ACORS + ASEAS + ASOIL - Eapu IIpaxoBu Yactuuu (CPRM)
A2 _5=S04 + NH4 + NO3 + EC +(ORGA + ORGB) + PM2.5- ®unnu Mpaxosu Yactuuu (FPRM)
B Ttasu rmaBa ce pasriaexzaT camMo eiHa Ipyna oT rasoBute 3ambpcurenun GNOY u e rpymu ot
npaxosute 3ambpcutenst CPRM u FPRM (enpu u puHHE IpaxoBH YaCTHIIN).

V.3. OcpeanennTe NPpU3eMHHU NPUHOCH HA OTAEJTHHUTE NMPoUecH

U3zcnenpaneTo Ha OTHENHU MPOIECH HA TPAHCIOPT U TpaHc(opMamms Ha 3aMBPCUTEIHTE MMa 3a el Ja
MOKaXKe, KOW MJIM KOU MPOIECH Ca BOJACIIN MPH OMPEACSIHE 3aMbPCABAHETO HA Bb3ayXa. TOBa CHJIHO 3aBUCH HE
caMo OT €MHCHUTE Ha JaJCHUAT 3aMbpCUTEN, peneda, MOI0KHATA TTOBBPXHOCT MU METECOPOJIOTHAITA, HO M OT
crnenuduKara Ha JaJCHUAT 3aMBPCUTEN - Jalll TOH € ra3 WIK acpo30JI, N, JO KOJIKO M KakK IIe MY BIHSAT
XMUMUYHUTE U a€PO30THUTE MPOLIECH MTPY M3MEHECHHETO Ha HETOBUTE KOHIICHTPALIUH.

B nmuceprammsta ca mpeacTaBeHH caMO TOAMIIHO OCPEIHCHHTE IIOJIeTa HA IPU3EMHUTE TNPHHOCH Ha
pasmuunute npouecu (VDIFF, HDIFF, VADV, HADV, EMIS, DDEP, CLDS, CHEM, AERO), Boxeumwm o
obpasyBaneto Ha pasnmuaute 3ambpcutenu (GNOY, NO,, Oz, SO,, CPRM u FPRM). Ce3onHute monera Ha
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BBIIPOCHUTE MPUHOCH Ha TPOIIECUTE BOJCIIH 10 (POPMUPAHETO Ha 3ambpcuTenuTe 3a rpan Codus ca npeacTaBeHu
B IIpuioxenue V.

B aBropedepara 1me ObIaT MOKa3aHH CaMO TOJAMIIHO OCPEAHEHUTE I0JeTa Ha MPU3EeMHHUTE HMPHHOCH Ha
pa3IMIHUTE MPOIECH, BOACHIH 10 00pasyBaneTo Ha azoreH auokcun (NO,),@urypa V.3.1. u o3ou (O3) @urypa
V.3.2., a npuHOCa Ha MPOIIECUTE KbM OCTAHAIMTE 3aMBPCHUTEH 3a 00IaCTTa ca MOKa3aHH B UCEPTAIUTA, & TYK
caMmo I1e ObAaT OMUCaHH HAKPATKO.

Cpeono zo0uwinu nonemama Ha npuzemnume nputnocu Ha npouecume (HADV, VADV, HDIFF,
VDIFF, DDEP, CLDS, CHEM, EMIS) ¢odewuu 0o oopaszysanemo na evenepooen ouoxcud (NOy).

Ot moseraTa 3a CpeIHHTE NMPUHOCH HA XOPH3OHTAJIHATA aIBEKIWs 3a oOpasyBaHEe Ha IPU3EMEH a30TCH
muokenn (NO;) ce BIKIa, Ye MUHUMAaITHUTE CTOMHOCTH ca 1o BuTola mjaHWHa, B LIEHTbpa Ha Tpaja U CaMUTE
u3touHu. OTKposiBa ce cbio Taka u Haj TEL[ "M3Tok" ¢ MUHUMAaHU CTOWHOCTH. MaKCHUMaTHU CTOHHOCTH ce
HaO0IIt0]aBaT B IMOJHOXKHUATA HA TTaHuHUTE. B 18:00 yaca mpHHOCHT Ha XOPU3OHTAIHATA aJIBEKIIHS € Haii-MaJIbK, a
B 06:00 Haif-rosm.

OT mojerara 3a cpelHUTE NPUHOCH HA BEpPTHUKAJHATA aJBeKUus 3a oOpa3yBaHe Ha MPU3EMHHS a30TEH
mrokcnn (NO,) ce BmKIa, 4¢ MAKCHMATHHTE CTOMHOCTH ca MO IUIAHWHUTE, 4 MUHFMAIHU ce HaOJromaBaT B
MMOAHOXUSATA HA TUNIAHWHUTE, TOYHO MPOTHUBOIONIOKHO Ha TUIOTOBETE OT XOpHU3OHTanHara aaBekuusa. B 18:00 gaca
MIPUHOCHT Ha BEPTHKAIHATA aJABEKIIMs € Hail-ManbK, a B 12:00 Hail-romsm.

HBoiikata Xopu3oHTanHa-BepTrkanHa agBeKuus ce M3MEHAT B €IMH IHANa30H U Ca C MPOTHBOIIOIOKHH
3HaIM, KOETO € OTpakeHHEe Ha YpPaBHEHHETO Ha HENMpeKbcHaTtocTTa. M 1nBere aaBekunu moOpe OmmcBaT
TJJAHUHCKUTE YacCTH.

Crnenpamiara pas3riexaaHa qBoiika ¢ XopusoHtaiaHa-Beprukanna Judy3us ®@urypa V.3.1.. Ot nmonerara
3a CpemHUTe NMPUHOCH Ha XOpW3OHTamHata Audy3us 3a oOpasyBaHe Ha NMpu3eMHHS a30TeH amokcua (NOj) ce
OTKpOSIBAT MUHHMAJIHH CTOHHOCTH B TIOJHOXHSATA Ha IUIaHUHUTE, IIeHTbpa Ha Tpaaa W Hag TEL]
"U3ToK".3aBHIIIEHN CTOMHOCTH ce HAOJI0AaBaT M0 IUIAHUHHUTE M OKOJIO caMuTe n3TouHuiy Ha NO,. B 18:00 uaca
MIPUHOCHT HA XOPU3OHTATHATa AU(Y3Us € Hail-Manbk, a B 06:00 Haid-roysiM (TOJIeMH XOPH30HTATHU TPAIMEHTH Ha
KOHIIEHTpAIHSTa).

IMonerara 3a cpeHUTE MPUHOCH HA CYXOTO OTJIAaraHe 3a o0pasyBaHe Ha mpu3eMHUs a3oTeH auokcun (NOy)
MOKa3Bat, 4e TOH, €CTECTBEHO, € OTPHIATENCH Haj IiUiata Tepuropus Ha rpama. Kato cmemmpudeH paiioH ce
OTKpOsiBa LEHTHPA HA Tpaja, KbAETO IPHHOCA Ha OTJIAaraHeTO € HYJEB, a MACTOTO C HAaWl-TONSIM OTpHIATEICH
npunoc ¢ TEL] "M3tok" B kBapran "Jlpyx6a" B cyrpeurnute dacose. Ilpe3 Homrra B 22:00 yaca mpHHOCHT Ha
CYXOTO OTJIaraHe HaBCSIKBIC € HYJICB.

Ot mosneraTa 3a CpeIHUTE IIPHHOCH Ha O0JIaYHUTE MPOLIECH U BOJHATA XMMUS 32 00pa3yBaHe Ha IPU3EMHHUS
azoteH auokcua (NOy) ce BIKAa, Y€ TOH € M3IUI0 OTpUIlaTeieH. MSICTOTO ¢ Hail-rOJIsIM OTPHUIIATENIeH MPUHOC €
HaJ BuTola rmiaHnHa B CYTPEIIHATE U OOCTHUTE YacoBe.

Ot moneraTa 3a CpeJHHUTE IPHHOCH HA XUMHYIHUTE TPOIIECH 32 00pa3yBaHe HA MPU3EMHHUS a30TCH TUOKCU
(NOy) ce Bmxa, ye PUHOCHT € MOJOKUTENIECH KATO MECTaTa ¢ Hal-BUCOKM CTOWHOCTH Ca IIEHTPATHUTE YaCTH U
TELL "UsTok" B cyTpemHuTe yacoBe. B creqobemHUTEe W BEYEPHHUTE YacOBE CPETHHST MPUHOC HaMalsBa, KaTo
caMo LEHTHpa Ha Tpajia c€ OTKPOSBA C BUCOK MPUHOC Ha XUMHYHHTE IIPOIIECH.

[Tonerara 3a cpeaHusI MPUHOC HA EMUCHHTE 32 00pa3yBaHeTO Ha mpu3eMHus a3oteH anokcun (NO,) ca kato
TE3W Ha XUMUYHHUTE MPOIIECH - TIoJokuTeNeH 3a rpaj Codus, kKaTo MecTata ¢ Hali-TOJISIM TIOJIOKHUTEIICH IIPHUHOC ca
LEeHThpa Ha Tpana, paiiona Ha AM "Tpakus" u paitona Ha KoctuaOpox B 3anmannara yact Ha Codus. MakcumaneH
MOJIOXKUTEINIEH MpUHOC ce Hadmoaaa B 06:00 u 12:00 yaca.
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@urypa V.3.1. CpexnHo roaumieH npusemet nputoc Ha npouecure (HADV, VADV, HDIFF, VDIFF, DDEP, CLDS, CHEM, EMIS) 3a
o6pasysanero Ha NO[(ug/m®)/h] 3a 06:00 GMT

Cpeono zo0uwinu nonremama na npuzemHume npunocu na npoyecume (HADV, VADV, HDIFF, VDIFF,
DDEP, CLDS, CHEM) ¢odeuu 0o oopasysanemo na o3on (0s).

CpenHo TOAMITHUTE MPU3EMHHM TNPUHOCH Ha XOpW3OHTaimHaTa - Beprukamnata aasekius ®urypa V.3.2.
BOJICIIN J0 00pa3yBaHETO HA 030H ca B MpoTHBO(daza. MakCHMaTHHUTE U MTOJIOKHUTEIHN CTOMHOCTH 3a IMPUHOCA Ha
XOpH30HTANHATA AJBEKIUS ce HaONIoJaBaT B TONHOXKHATA Ha IUaHHHATE U AM "Tpakmsa", KbIETO IBK
CTOMHOCTUTE 3a MpUHOCA Ha BEpPTUKAIHATAa aJaBEKIMs B Te3M paloHM ca OTpUIaTeNHH. MUHUMaIHHUTE
OTPHLIATETIHM CTOWHOCTH 3a TPHHOCA HA XOPHU3OHTAIHATA AIBEKIMs ca MO IUIAHHHWTE, KaTo Hal-TOJSIM
oTpuIaTeNeH npuHoc ce Habmoaasa B 22:00 Jaca, a 1mojyieraTa Ha BEpTUKaJIHATA a{BEKIH 10 TUNITAHUHUTE TIPHHOCA
€ MaKCHUMaJICH H MOJIOKHUTEIICH.

OT moJnieTara 3a CpeHUTE MMPUHOCH Ha XOpU3OHTAIHATa qU(y3us 3a oO0pa3yBaHe Ha npu3eMHus 030H (O3) ce
BIKI]a, Y¢ MUHHMAIHUTE OTPULATEIHUA CTOMHOCTH ca MO Owmiarta Ha IUIAHWHUTE. 3aBUINCHH CTOHHOCTU Ce
HaOroaBaT B MOJHOXKKETO Ha Buroma mnanmHa. Karo 1su1o Haj mo-ronmsiMara 4acT rpajia MPHHOCA € MHOTO
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MarbK. B 18:00 u 22:00 gaca npuHOCHT Ha XOpU30HTaNHATA AUPY3Hs € MAaKCUMAJICH U MOJOXKUTENICH B LICHThpa
Ha rpaja.

[loneraTa 3a cpemHHUTe MPUHOCH HA BepTHKATHATAa AU(Yy3Hs 00ade MMAT CHIIECTBEHA Pas3liMKa C IMPHHOCUTE
Ha BepTUKaTHaTa IU(y3Hs MpH 00pa3yBaHETO HA a30TE€H JHOKCHI - Ha ITBPBO MSACTO TOH € M3ISUIO MOJIOKHUTEIICH
¥ Ha BTOPO MSCTO TaM KBbAETO MPUHOCA € OTPHULATEICH Ipu oOpa3yBaHeTo Ha NOp, TO IPU 030HA € TOJIOKUTEIICH.
C nmpyru gymu cTOWHOCTHTE ca B poTuBogdaza. ToBa € HOpMaITHO TIPH MMOJIOKECHUE, Y€ OCHOBHUTE N3TOYHHIIN Ha
NO; ca npuzemHuTE, a IPU3EMHUS 030H € PE3YITAT B TOISIMA CTETICH Ha BEPTUKAJICH IPEHOC OT M0-BUCOKH HUBA.
Hait-Bucokute cTOMHOCTH ce HaOMIOAaBaT Haa BuTomia miaHuHAa U NPUHOCHT € Hai-rosiM B 06:00 vaca u Haii-
ManbK B 22:00 yaca moyTH HyJIEB.

-100
-200
-300

-400

10

-4

-40

-60

-100

®urypa V.3.2. CpenHo roauuieH npuszemed nputoc Ha npouecure (HADV, VADV, HDIFF, VDIFF, DDEP, CLDS, CHEM) 3a o6pa3syBanero Ha
Os[(ng/m®)/h] 3a 06:00 GMT

Ot noserata 3a cpeHUTE IPUHOCH Ha CYXOTO OTJIaraHe 3a oOpasyBaHe Ha npu3eMHHs 030H (O3) ce BIKIa, 4e
TOH € OTpHULaTENEH, KaTO CyXOTO OTJIaraHe B LIEHTbpa Ha rpajia € ouTH HyJa. MecTara ¢ Hali-royisiM OTpuLiaTesieH
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MpHUHOC ca HaJ iaHuHuTe. B 12:00 yaca oTpuuaTenHUAT NPUHOC Ha CYXOTO OTJaraHe e Hai-rosisaM, a B 06:00 e
MOYTH HYyJICB HABCSAKBJIC OCBCH Hall Burtoma rianuna.

[ToneraTa 3a cpenHUTE IPUHOCH Ha 00JIAYHNTE MIPOIIECH W BOTHATA XUMHS 32 00pa3yBaHe Ha MPH3EMHUS 030H
(O3) mokasBar, ye mMecTara C IO-TOJISIM OTpPHUIATENIeH MPUHOC ca meHThpa Ha Codwust u paiiona Ha KoctuuOpom.
Otpunatensus npuHoC € Hail-rossiM B 22:00 vaca, KbJIeTo ce OTKposiBa 1 Buroma miaHuHa.

OT moserata 3a CpeHHTE NPUHOCH HA XMMUYHHTE TIpollecH 3a oOpasyBaHe Ha mpu3eMHHS 030H (O3) ce
BIDK[IA, Ye TOU € oTpurareneH. Mectara ¢ Hail-ronsam otpurarenex npuHoc ca TEL] "MU3tok" u nenTshpa Ha Tpaga
B 18:00 u 22:00 yaca. B cyrpemHute yacoBe mpHHOCAa HaJ LEIHs Tpaj € HyJleB ¢ H3KIoYeHHe Ha Buroma
IUTaHUHA.

Cpeono 200umnu noremama na npuzemuume npunocu na npoyecume (HADV, VADV, HDIFF, VDIFF,
DDEP, CLDS, CHEM, EMIS, AERO) sodewu 0o oopaszysanemo na azomnu okucu (GNOY).

Ourypute Ha CpeIHO TOOWITHUTE NMPUHOCH Ha XOPH30HTAIHATA U BepTHKamHaTa agBeKIHs MPEICTaBEHH B
JMcepTalyiTa BOACIM 10 o0pa3yBaHETO Ha A30THHTE OKHCH W TYK ca B €IUH JWana3oH M ChIIO ca C
MPOTHUBOIIOJIOKHHM 3HAIM. [IpaBy BIieUaTIeHHE CHIIO Taka, Y€ TE Ca OKOJIO 2 ITHTH 110 TOJIEMH OT TE3W Ha a30THHS
IHOKCHI. MaKCHMaTHUTE CTOMHOCTH Ha MPUHOCA HA XOPH30HTAIHATA aABEKUIUS (M CHOTBETHO MUHHMAIHU TIPH
BEpTUKAIHATA) ca B IOJHOXXHUETO HA IDIAHUHHUTE U OKOJIOBPHCTHATA Mpeka Ha Tpana. MakcuMaleH OTpUIaTeNeH
MPUHOC C€ OTKpOsiBa B IIEHTbpa Ha rpajna u okono TEL] "M3Tok". OOpaTHOTO BakKH 3a IojieTaTta Ha IMpHHOCA Ha
BEPTUKATHATA a/IBEKIIHSL.

Ot monerara 3a CpeIHUTE IPHHOCH HA XOpU3OHTaNHaTa AU(Y3us 3a 0Opa3yBaHe Ha MIPU3EMHH a30THA OKUCH
(GNOY) ce BwkIa, 4ye¢ MUHHMATHHUTC CTOWHOCTH Ca HAJ CAMHTE HW3TOYHHUIM. 3aBUIICHH CTOMHOCTH Ce
HaOJIOIaBaT B IIOAHOXKISITA HA TUIAHWHHUTE W IOKPai N3TOUHUIIHTE.

Ilonmerata 3a cpemHHTEe MPUHOCH HA BepTHUKaTHATa AU(Y3Ws MMOKA3BaT, Y€ MPHUHOCHT ITOYTH HABCIKBIE €
OTpUIIaTeJIeH, KaTo Hal-HUCKHUTE CTOWHOCTH ce HalllfojaBaT B IEHTpPaJHUTE 4YacTH Ha rpaaa. OtpunareneH
MPUHOC C€ OTKPOsiBa M Hal Buroma riaHWHA B CYTpPEIIHHTE yacoBe. [I[pHHOCHT HA BepTHUKAIHATA TU(PY3UI €
TIOJIOXKUTENICH U gopu MakcumaiieH camo Hag TEL] "M3Tok".

OT noneTara 3a cpelHUTe MPUHOCH Ha CYXOTO OTJiaraHe 3a oOpa3yBaHe Ha mpu3eMHHU a30THH okuch (GNOY)
ce BIK/A, Ue B LICHTPATHUTE YaCTH Ha Tpajia Cyx0TO OTJIaraHe € IouTH Hysia. MecTaTta ¢ Hall-roJisiM OTpHLATEeNIeH
npuHOC ca Hajx MiaHuauTe U okoio AM "Tpakus". B 18:00 u 22:00 waca nmpuHOCa Ha CyXOTO OTJIaraHe MOYTH
HaBCSIKBJIC HAMaJIsIBa.

OT monerara 3a CpeAHUTE NMPHUHOCH Ha OOJauyHWTE IPOLECH 3a 0OpasyBaHE Ha MPU3EMHHM a30THH OKHCHU
(GNOY) ce Bwxkaa, ye MecTaTa ¢ Hali-roJisiM OTpULIATeNIeH MPUHOC ca Haj mianuHute. B 06:00 yaca mpuHoca Ha
00JJagHUTE TIPOIIECH € TIOUTH HYJIEB, a MAKCHMAJICH OTpHIIaTesieH Toi ¢ B 22:00 vaca.

Ot nonerara 3a CpeJHUTE NPUHOCH Ha XUMUYHHUTE IPOLIECH 3a 00pa3yBaHEe Ha NMPU3EMHHU a30THH OKHCH
(GNOY) ce Bmxa, ye IpUHOCHT HABCAKBAE € OTpULATENIEH KaTo MICTOTO C Hal-HUCKM € LIeHTpajiHata 4acT. B
12:00 croifHOCTHTE CcTaBaT MOJIOKUTEIHU U TPEHIa ce 0OpBIla, HO BCE MaK CH OCTABAT NMPEHEOPEKMMO MATKH U
OJIM3KH JI0 HyJIA.

[Nonerara Ha cpeAHUWST NMPUHOC HA EMHUCHUTE IOKa3BaT, Y€ TOW € IOJIOKHTEJeH. Mecrara ¢ Hal-ToJIsIM
npuHOc B 06:00 1 12:00 ca yactu Ha nieHTpanHa Codus. B 18:00 u 22:00 nprHOCa HamaIsBa.

[Nonerara 3a cpemHHus TPUHOC Ha aepo30JIHUTE IPOLIECH IIOKa3BaT, Y€ TOH € M3LSIO MOJOKHUTEICH.
Makcumaies e npuHoca B 06eqaute gacoBe okoito 40 (ug/m3)/h mpeauMHO B IEHTHPa Ha Tpaja.

Cpeono zo0uwinu nonremama na npuzemuume npunocu na npoyecume (HADV, VADV, HDIFF, VDIFF,
DDEP, CLDS, CHEM, EMIS) ¢o0ewu 0o oopazysanemo na cepen ouoxcuo (S0,).

OT monerarta 3a CpelHUTE NMPHHOCH HA XOPHU3OHTANHATA aaBEKIHs 32 o0pa3yBaHe Ha MPU3EMHHS CEpPEH
muokenna (SO;), NpencTaBeHd B AMCEPTAIMATA C€ BIDKIA, Y€ MUHHMAIHUTE CTOMHOCTH ca MO IUIAHUHUTE, U
camure u3rouHun Ha SO,. TBH KaTo XOpU3OHTaNHaTa aJBEKLMs € IPONOPLUOHATIHA HA BATbpa MU
KOHIICHTPAIHATA, 2 OCHOBHUTE M3TOUYHUIY HA SO, ca BUCOKH (CHOTBETHO KOHIICHTPAUUTE HEMOCPEACTBCHO MO
TSX Ca CPAaBHUTEIHO HUCKH), MAJKHST IPUHOC Ha XOPU30HTATHATA TU(Y3Hs HEMOCPEICTBEHO IO U3TOYHUIINTE €
JIECHO OOSICHHM.

MakcuMaaHATe CTOMHOCTH C€ HaGJ’I}OJIaBaT B IIOJHOXMHATA Ha INVNIAHUHUTE. HpI/IHOC'bT Ha XOpU3OHTAJIHATa
anBeknus B 22:00 Hait-ronsm. OTKposiBa ce BUCOK OTPHUIIATENICH IPHHOC B paiioHa Ha [largapeso. [1pu moneraTa
Ha BEpTUKaJHATa aJBEKIWs 3a oOpasyBaHe Ha mpu3eMHHUS cepeH amokcua (SO,) e oOpaTHO Ha Te3uW OT
XOPH30HTAIHATA - MAaKCHUMAJTHUTE CTOHHOCTH ca Haj CaMUTE W3TOYHHIM, W 10 Buroma mianuHa. MuHHMAaTHA
CTOMHOCTH ce HaOII01aBaT B IOJHOXKUATA Ha TUIAHUHUTE.

INonerata 3a cpeqHHUTE MPUHOCH HAa XOpH30HTaMHATa AU(y3Hs 32 00pa3yBaHe HA MPU3EMHHUS CEPEH TUOKCHUJT
(SO,) mokassar, ye muaumanHute croiHocTr ca Hax TELL "M3rok" u B 1ieHThpa Ha Tpaja, KakTo W B paiioHa Ha
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[ManuapeBo. 3aBUIIEHN CTOWHOCTH c€ HAOIOABAT MMOKpail rope crioMeHaTuTe paiionu. Ha mo-romsimMara 4acT OT
rpaja MpUHOCA € MHOTO MalbK U Jopu HyneB. [lonerata 3a cpelIHUTE MPUHOCH HAa BEpTHKATHATA AUDY3HS
MOKAa3Bat, 4e MPUHOCHT IIOYTH HABCAKBIE € HYJIEB, KATO MECTa C OTPHUIIATENICH IIPHHOC C€ OTKPOSABAT IICHTHhpa Ha
rpaja u paiiona Ha KoctuHOPO/, a MOJIOKUTENICH IPUHOC MMa B paiioHa Ha [TaHdapeBo. [IpuHOCHT € MakcHUMaleH
B 12:00 vaca.

Ot mosnierara 3a CpeHUTE IPUHOCH HA CYXOTO OTJIaraHe 3a oOpasyBaHe Ha mpu3eMHus cepeH auokcui (SO,)
ce BIKIa, 9e HaJl IeIHs Tpaj TOH € oTpumareneH. MecTtara ¢ Haii-ToJIsIM OTPHLATEIICH IPUHOC €A 10 ITAHUHHUTE U
B paiioHa Ha [TaH4apeBo (TaM KbAETO ca M Hali-roNeMUTe MPU3EeMHHU KOHIeHTpaun Ha SO,).

OT moerara 3a cpemHHTE MPUHOCH Ha OOJAYHUTE IPOIECH 3a oOpa3yBaHE Ha NPHU3EMHUS CEPEH THOKCHUI
(SOy) ce Buwkaa, 4e MecTaTa ¢ Hail-rOJISIM OTPHIIATEICH IPUHOC Ca IIEHThPa Ha Tpajaa u paiona Ha KoctuHOpoI B
06:00 gaca. IIpe3 ocTaHanaTa 4acT Ha JICHOHOILUETO ce HAOIIOAaBa OTpHLATENICH IPUHOC 10 BuToma ninaHuHa.
Ha npyrute Mecta mpUHOCHT € MHOTO MaTBK M [TOYTH KJIOHSII KbM HyJIA.

[TprHOCa HAa XUMHIYHHTE TIPOIECH 3a 00pa3yBaHe Ha MPU3EMHUS CEPCH AUOKCH]I TI0Ka3BaT, Y€ HaJ| IeIHs Ipas
TOH € MHOTO MalTbK U OoTpHLaTesleH. MecTaTa ¢ Haii-royisim otpuuareneH npuHoc ca B 06:00 u 12:00 ca B neHTbpa
Ha rpaja u paiioHa Ha [laHuapeBo, a HaJl OCTaHaNaTa YacT € IOYTH HyJIeB.

[loneraTta Ha cpeaHUAT IPUHOC HA EMIICHUTE, IOKA3BaT, Ue TOH € M3ISI0 MOJIOKUTEIICH, KaTO OTKPOSBAIIUTE
ce MecTa ¢ Hai-rojsaM monoxkuteneH nmpuaoc B 06:00 u 12:00 ca nieHThpa 1 paiiona Ha KoctuaOpon. HaBcskbae
Jpyrajie TOi € MOYTH HYJIEB.

Cpeono zo0uwinu nonremama na npuzemuume npunocu na npoyecume (HADV, VADV, HDIFF, VDIFF,
CLDS, DDEP, CHEM, EMIS, AERO) ¢0dewu oo oopazysanemo na punnu u edpu npaxoeu wacmuuu (FPRM
[ CPRM).

OT monerara 3a CpegHHTE NPHHOCH HAa XOPH3OHTANIHATAa aIBEKOWsA 3a OOpa3yBaHe Ha IpU3EMHH (DUHH
npaxosu yactuuu (FPRM) ce Bmxkia, Y€ MUHUMAIHUTE OTPULIATETHM CTOMHOCTH ca MO IUIAaHHHUTE,IIEHThpa Ha
rpaja u Haj paiiona Ha KoctuaOpoa. MakcumaHuTe CTOMHOCTH ce HaOJII0IaBaT B TIOAHOXKUATA Ha IJIaHUHUTE. B
22:00 waca MpUHOCHT HA XOPHW3OHTATHATA aABEKIUs € MakcumaineH. [lo TaHwHWTE KBAETO MPUHOCA Ha
XOpPU3OHTAJIHATa aJBEKIMs € OTpHIATeNIeH, TO INPUHOCA Ha BepTHKAllHATa aJBEKLUs € MaKCHUMaJjieH H
MOJIOXKUTEIIEH - BETE aJIBEKIUH Ca B IIPOTHBOGA3a.

OT moneTaTa 3a CpeJHATE IPUHOCH Ha XOpU3OHTATHATa TU(Y3us 3a 00pa3yBaHe Ha IPU3EMHN (HUHH IPaXOBH
yactuid (FPRM) ce Buka, 4e OTpUIIATETHUTE CTOMHOCTH ca B IICHTPAJTHUTE YacTH U paiioHa Ha KoctuHOpo, B
paﬁOHHTe OKOJIO T€3U MECTa U NOAHOKUATA HA IMIJIAHUHUTE IPUHOCA € MAKCUMAJICH U MOJIOKUTEJICH.

OT morneTara 3a CpeHUTE NMPUHOCH Ha BEPTUKATHATA TU(Y3USI CEe BIDKIA, Y€ MPUHOCHT MOYTH HaJ IIaTa
CTpaHa € HyJIeB, KaTO Hali-HUCKH CTOMHOCTH ca HaJI IICHTPAJTHHUTE YacTh U paiiona Ha KoctuuOpon. [TpuHOCHT Ha
BepTUKaTHATa AU(Y3Us € TONOXKUTEICH U JopH MakcumaieH B 12:00 waca Hajg mo-rojsiMaTa 4yacT OT Tpaja,
IJIaHUHUTE U okoJjo [TaHuapeso.

OT moneTaTa 3a CpeAHUTE IPUHOCH Ha CYXOTO OTJIaraHe 3a oOpasyBaHe Ha MPU3EMHH (GUHH MPAXOBH YaCTHUIIN
(FPRM) ce Bmxk/a, 4e MOUYTH HABCAKBJE MPUHOCA € HyJeB. MecTtaTta ¢ Hali-TOJISIM OTpUIATENIeH MPUHOC Cca Haj
naHuHuTe. Hail-rosasm oTpunaTenes NpuHoC cyxoTo omiarane uma B 12:00 gaca.

OT moserara 3a CpeIHUTE MPUHOCH Ha OOJIAYHUTE MPOLIECH C€ BIKIA, Ue mpeoliagaBa HyneB mpuHoc. Kato
MIPUHOCHT € Hall-CUITHO OTpUIaTelIeH HaJl TNIaHUHKUTE U e mookuTteneH B 06:00 yaca camo Haj IeHTbpa U pailoHa
Ha Koctunbpoz.

OT moneraTa 3a CpeIHUIT IPHHOC HA EMUCHUTE 3a 00pa3yBaHe Ha mpu3eMHH (huHH npaxosu yacTuiu (FPRM)
C€ BIDK/A, Y€ € MOJIOXKUTEJIeH HO MOYTH HyneB. MectaTta ¢ Hal-TosiAM nojoxuresned npunoc B 06:00 u 12:00 ca
LIEHThpa Ha rpaja, paiioHa Ha Koctunbpong u AM Tpakusa. Han octananata 4acT OT rpaja MPHHOCA € MOYTH
HYJIEB.

OT mnonerara 3a CpeIHUTE NPUHOCH HA AaepO30JIHUTE NPOLECH C€ BIDKIA, Y€ MecTara ¢ Hal-ToJsIM
MOJIOKUTEIICH TIPUHOC ca IIEHTHpa, paiioHa Ha KoctunOpox u paitona Ha [lanuapeBo B 12:00 waca. B 12:00 gaca
MPUHOCA Ha aepO30JIHUTE MpOollecH HaMassBa JOPH CTaBa OTPHULIATENIEH HaJl LIEIHs Tpajl OCBEH ropeclioMeHaTUTe
panoHu.

OT moserata 3a CpeIHHTE NMPUHOCH Ha XOPHU3OHTAJHATA aJBEKIUs 3a oOpa3yBaHe Ha TPU3EMHH CIpH
npaxosu yactuiy (CPRM) ce Bixa, ue mpruHOCa € MaKCUMaJleH OTpULIATeNIeH B IICHThPA Ha Tpajia U HajI paldoHa
Ha KocTuHOpOX, a OKOJIO Te3u JBe MecTa NPHUHOCAa € MaKCUMalleH U MojoxuTedaeH. Haa miaHuHuTe npuHOCa €
MaJIBK M OTPULATENICH, & B MOJHOXKUATA U OCTaHAJIATA YacT OT TPajia € MOJIOKUTENICH.

[Tonerara Ha BepTUKaIHaTa aBEKLMA CHILIO [10KA3BaT Y€ IPUHOCA € MAKCUMAaJIEH OTPULIATENIEH B LIEHTbpa Ha
rpajna, Haj paiioHa Ha KoctunOpoz B 06:00 u 22:00 yaca. Han muiaHuHUTE IPUHOCA € TIOJIOKUTENEH.
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[Nonerara 3a cpeqHMTe MPUHOCH HAa XOpW3OHTanHaTa AUQYy3HUs 3a oOpasyBaHe Ha NPH3EMHHU €pU NPaxoBU
gactuiu (CPRM) nokasBar, 4e mpHHOCa € MaKkCHMAlleH OTPHUIIaTeleH B LEHThpa Ha Tpaja W HaJ paiioHa Ha
KocTtnaOpoz, a B 00;1aCTUTE OKOJIO TE3H 2 N3TOYHUKA IIPHHOCA € MAKCUMAJICH M TIOJI0KHTEIICH.

CpenuuTe IpUHOCH Ha BepTHKaNHA IuQy3us NOKa3BaT, ye NMPHHOCA € MAaKCUMAJICH OTPULIATENICH B LIEHThpa
Ha Tpaga W Hax paiioHa Ha KocturOpox. Han mmanmauTe mprHOCa € momoxkureneH, kato B 12:00 gaca Toit e
MaKCHMaJIeH U IIOJIOXKUTENICH HaJl LIeNHs IPall OCBEH ropeclioMeHaTHTe 2 paiioHa.

Ort nonerara 3a cCpeHUTE IPUHOCH Ha 00JIaYHHUTE IPOIIECH M BOAHATA XUMUS, KAKTO M HA CyXOTO OTJIaraHe 3a
oOpasyBaHe Ha mpu3eMHH enpu npaxoBu 4actui (CPRM) ce Bmknia, 4e mpuHOCAa € HyJEB HaBCSKBAE Ipe3
ISUIOTO JEHOHOLIME ¢ WM3KIIOYEHHE Ha LEHTPaIHHTEe YacTH W paiioHa Ha KocTHHOpon, KbIETO NpHHOCA ¢
OTpHLATEIICH.

[lonerara 3a cpesHUAT NMPUHOC Ha €MHUCHUTE IOKa3BaT, Ye TOW € TOYTH HyJeB. Mecrarta ¢ Hai-TOISIM
TIOJIO’KUTEJICH TIPHHOC ca IIeHThpa 1 paiioHa Ha KoctuHOpOI.

CpenHUAT MPUHOC Ha aepO30JHUTE MPOIIECH 32 00pa3yBaHe Ha MpH3eMHHU enpu npaxoBu yactuiy (CPRM) e
MHOI'O MaJlbK IIOYTH HyJeB. MecTaTa, KOUTO C€ OTKPOSBAT ¢ MAaKCUMaJEH MpUHOC ca miuaHuHuTe B 18:00 u 22:00
yaca. B 06:00 yaca npuHOCa € MUHHMAaJIEH.

V.4. l'ogumiHo M Ce30HHH OCpPeIHEHU MPHU3eMHH NMPUHOCH HA OTHEJHUTE MPOLECH BOAEIIH 10
00pa3yBaHeTO Ha Pa3jINyHM 3aMbPCUTENH 3a TepuTopuaTa Ha rpax Codus u 3a pa3jMYHU TOYKHU OT Irpaj
Codus.

[lokazanute pe3ynaratn B rimaBa V.3. Ha IoileTata Ha MPU3EMHHUTE MPUHOCH HA Pa3IHYHHUTE MPOIECH
OCpE/IHEHH 0 1eNInsl aHCcaMOBJI, Morat Ja ObJaT U3MOJI3BaHM 32 J1a C€ OMPEIeNsAT U OTHOCUTENIHUTE IPUHOCH Ha
OTAETHHUTE U3TOYHHUIIA 33 OIIPEeNICH 3aMbPCHUTEN 1 3a M30paHa OTIeNlHa TouKa oT obOmactra - rpan Codus. Takasa
[eHHa HHpOpMAIs MOXe 1a Oblle W3MOI3BaHa MPH PasriIeKJaHe 10 AETAMIHO 3aMbPCSIBAHETO B AaJlCHA TOUKa,
Ha OIpe/ieNieH 3aMbPCUTEN UIIH CEMENCTBO OT 3aMbPCHUTEIIH.

B aBtopedepara me ObaaT mokazaHu camMoO rpaduky Ha TOJUIIHO M CE30HHH OCPETHEHU IPHU3EMHH
MIPUHOCH Ha OTAETHHUTE MPOIECH BOJECIIN JO 00pa3yBaHeTo Ha a30TeH Juokcua U 030H ( NO,, O3) 3a obnacTra.
I'paduxure Ha ocraHanmute pasriegaHu 6 Touku oT obsactra rpag Codus - Komnurtoro, HUI'TT-BAH, Opnos
MocT, Pyckn mamernuk, TEIl Ustok u TEL] Codus, u camara nsma obmact Codus ca mnpencTaBeHd B
IICEpTaIHATA.

T'oouwno u ce3onHu oOcpeOHeHu npuzemMHU HPUHOCU HA OmMOeIHUme npouecu 800euiu 00
o0pa3zysanemo na paznuynu 3amvpcumenu 3a mepumopusama na zpao Cogus.

®urypa V.4.1. u ®urypa V.4.2. moka3Bar roJ{IllHO U CE30HHO OCPEAHEHUTE MIPUHOCH HA Pa3TUIHUTE
nporiecute (HADV, ZADV, HDIF, VDIF, EMIS, DDEP, CLDS, CHEM, AERO), Boaenu 10 o0pa3yBaHETO Ha
sambpcutenute NO; u Og, a 3a SO,, GNOY, CPRM, FPRM mie 6b1aT HaKpaTKO ONMMCaHH, OCPETHEHHU 3a IsuiaTa
obrnact - rpan Codusa. CymapHoto m3menenue Ha mpouecute (AC) e m300pa3eHo ¢ 4YepeH IBST Ha BCHUYKH
rpadyKi U ce BIXKIA, Y€ TO € KAaKTO C IIOJIOKHUTENEH, Taka W C OTpPHUIATeNieH 3HAaK M MMa Io0pe H3pa3eH
nenonomeH xon. CrortHoctHTe Ha (AC) ca pa3iIWyHH TIpe3 Pa3IMdHHUTE CE30HH W Ce ompenens oT Opos Ha
MPOIIECUTE, KOWTO CBHIIO Ca C pa3ldieH 3HaK. 3a 00pa3yBaHETO HAa PA3IHIHHATE 3aMBPCUTEIH ITOMHUHHPAT
Pa3NUYHU IPHHOCH C Pa3InYHU CTOMHOCTH U IMEHHO TOBA € IPOCIIECHO ChC CIIeABANINTE TPA(QUKH - KO MIPHHOC
Ha JIaJIeH MPOIIEC € JOMUHHPAIIL, 10 KO BpeMe Ha JIEHOHOIIIUETO U C KaKbB 3HaK.

®urypa V.4.1 noka3Ba TOAWIIHO M CE30HHO OCPEIHEHUTE MPUHOCH Ha TNPOLECUTE, BOACUIH [0
oOpa3yBaHeTo Ha a3oTeH auokcua (NOy) ocpemHeHH 3a Isata oonact - rpax Codus. CymMapHOTO U3MEHEHHE Ha
nporuecute (AC) e mpeAnMHO ¢ OTpUIATENIeH 3HaK. 3a oOpasyBaneTo Ha NO, OCHOBEH IPUHOC UMAT XUMHYHUTE
MPOLECH, KOUTO ca M3IUI0 C TOJOXKUTENEH 3HaK. XOpU3OHTajdHaTa aJBEKLHs € C TOJOXKHUTEIeH MPUHOC B
CYTpEIIHUTE U CIEeJO0CTHUTE YacoBe, a OKOJIO OO CTaBa C OTPHUIIATENICH, ¢ MPOTHBOIOIOXKHA Ha Hes (asa e
Beprukannara anseknus. Cyxoto otjarane U BepTtukainara qudysus UMaT OTPHIIATENICH TPUHOC, Makap H C TI0-
MaJku croiHocTH. [Ipe3 3uMaTa ce OTKpOsABa M MOJIOXKUTENHUS NpUHOC Ha EMucuuTe npe3 1sIoTO A€HOHOIIHE.
[IpuHOCHT Ha OCTaHANIMTE MPOLIECHU € TTOUTH HYJIEB.

®urypa V.4.2 moka3Ba TOAWIIHO M CE30HHO OCPEIHEHUTE MPHHOCH HAa TIPOIECHUTE, BOJCHIN [0
oOpaszyBaHeTo Ha 030H (O3) ocpeaHeHu 3a 1suiata oonact - rpaa Codus. CyMapHOTO M3MEHEHHE Ha TPOIECUTE
(AC) e KakKTO ¢ MOJIOKUTENEH Taka M ¢ OTPHUIATENEH 3HAaK. 3a oOpasyBaHero Ha Oz OCHOBEH NPHHOC HMMa
Beprukannata audysus, KOATO € H3IUIO TOJOXKHTEIHA MPe3 BCHYKA CE30HH, C MAaKCHUMyM OKOJIO OOsI.
CrenBanuist TOMUHHpPAIL] IPOLIEC C TONOKUTEICH 3HAK € XOPH30HTATHATA aBEKIHS B CJIET00CTHITE U HOIIHUTE
4acoBe, a 10 CHIIOTO BpeMe C MPOTHBO(A3a Ha Hesl € BepTUKAIHATA afaBekuus. [IprHoca Ha XUMUYHUTE IPOLIECH
U CyXOTO OTJIaraHe ca OTPHLATEIHH OKOJIO O0sI M ca B MpoTHBOGa3a ¢ BepTukamHara nudysus. OcraHamute
MPOIIECH UMAT MOYTH HYJIECB IPHHOC.
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®urypa V.4.1. TIpuseMHH IPHHOCH Ha MPOLECHTE BOJEIIH 10 06pasyBaHeTo Ha asoreH auokcua (NOy) B [(ug/m?)/h] 3a rpax Codus.
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®urypa V.4.2. TIpuseMHH NPHHOCH Ha NPOLECHTE BOCIIH 10 06pasyBaneTo Ha 030H (O3) B [(ng/m>)/h] 3a rpax Codus.
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OT rouIIHO M CE30HHO OCPEAHCHHTE MPUHOCH HAa MPOILECHTE, BOACHIM JO 00Opa3yBaHETO Ha CEpPeH
muokcun (SO,) ocpemHeHm 3a 1msmara oonact - rpax Co¢us,IpelCTaBeHH B AWCEPTANMATA, CE BIDKIA 4Ye
cyMapHOTO Hu3MeHeHue Ha mnpouecute (AC) e c orpumareneH 3Hak. 3a oOpasyBaHeto Ha SO; OCHOBEH
MOJIOXKUTENICH TIPUHOC UMAaT BeprukamHara qudy3us 1 alBEKIUs, Pe3 BCHUKU CE30HU, C MAKCHMYM OKOJIO 005
(mperoc Ha SO, OT OCHOBHO BUCOKUTE M3TOYHHIIH ), TI0 CHIOTO BPEME ¢ OTPHIATEICH IPUHOC ca XOPU30HTATHATA
aJIBeKIUs U cyxoTo ornaraHe. CieaBanyst JOMUHHUPAI IIPOIEC C MOJIOKUTENCH 3HaK ¢ Ha XUMUYHHUTE MPOIECcH
Mpe3 ISUIOTO JCHOHOINWE, Makap W C TO-MajKuh CcToWHOcTH. [Ipe3 3umara CTOWHOCTHTE Ha MPUHOCHTE Ha
MPOIIECUTE Ca B pa3liMdHa CKajia, Thil KaTo MO TOBAa BPEME HA TOJUHATA MPOILECHTE Ca MMO-aKTUBHHU. 3UMHUTE
CTOMHOCTH OKa3BaT TOJSIMO BIHMSHHUE U MPH TOAUIIHOTO ocpenHeHnTe. OcTaHaIuTe MPOIECH UMaT MOYTH HYJEB
MIPUHOC.

OT TOJWIIHO U CE30HHO OCPETHEHHUTE NMPUHOCH HAa MPOLIECUTE, BOJCIIM 0 00pa3yBaHETO HA a30THU
okucu (GNOY) ocpennenu 3a msmarta obmact - rpan Codwus, mpencTtaBeHH B TUCEPTAIMATA, CE BUXKIA 4Ye
cyMapHOTO u3MeHeHne Ha nporecute (AC) e KakTo ¢ MOJI0KUTEIICH, TaKa M ¢ OTPUIIATENICH 3HaK. 3a 00pa3yBaHETO
Ha GNOY 0CHOBEH MpUHOC UMaT XOpH30OHTANHATA U BepTukanHaTta agBekIus, Kakto u BepTukannata mudysus.
XOpHU30HTATHATA ABEKIMSI MMa IMOJOXKHUTEICH IPUHOC B CYTPEIIHUTE U CIEJOOCTHUTE YaCOBE M OTPHIIATEIICH
okoJio 00s171. B abconroTHa mpoTrBOo(haza e MpUHOCHT Ha Beprukannara anseknus. BeprukanHara audy3us uma
M3IUIO0 OTPUIATENIeH NMPUHOC. [Ipe3 BCHYKU Ce30HH MPUHOCHT HA EMUCHUTE € MOJIOXKHTENICH, MaKap U C MaJKH
CTOMHOCTH, OCBEH TIpe3 3UMaTta, KbAETO CTaBa CIUH OT JOMHHAHTHUTE MPHHOCU ChC CTOMHOCTH MO-TOJIEMHU JOPU
OT BepTHKaJTHATa afBekuus. OCTaHAINTE MPOLIECH UMAT IIOYTH HYJIEB IPUHOC.

OT moka3Ba TOAWIIHO M CE30HHO OCPEIHEHHUTE NMPHHOCH Ha IPOLECHTE, BOACIIH IO 0Opa3yBaHETO Ha
eapute npaxoBu dyactuin (CPRM) ocpenHenu 3a 1sutata o6nacT, MpEACTaBEHH B IUCEpTAIMATa Ce BIDKAA Ye
cyMapHOTO u3MeHeHne Ha nporuecute (AC) e KaKTo C MOJ0KUTENCH, TaKa M ¢ OTPHUIIaTeNIeH 3HaK. 3a 00pa3yBaHETO
Ha CPRM OCHOBEH MONOXKHUTENEH MPHHOC MMAaT XUMHYHHUTE IPOIECH, YHHUTO CTOWHOCTH Ca Hal-TOJEMU OT
BCHYKH JIPYTH, ¢ MAKCUMyM TIpe3 3UMHHUTe Mecenu. Beprukamnara audysus u CyXxoTo OTJIaraHe UMAaT U3IUI0
OTpHIIATENICH NPHHOC. BepThkamHaTa agBeKIus B OOCOHHUTE YacOBE MMa MAIIbK ITOJIOKHUTENEH INPHHOC, a B
cireoOeTHUTE U CYyTPEeIIHNTE, TOH e oTpumaresneH. OcTaHaJINTe MPOIECH MMaT ITOYTH HyJIEB IIPHHOC.

OT rOJWIIHO W CE30HHO OCPETHEHUTE MPUHOCH Ha MPOIIECHTE, BOJACIIN 0 00pa3yBaHETO HA (HUHHUTE
npaxosu yactuim (FPRM) ocpennenu 3a msiata o61acT, mpeAcTaBeHH B JUCEPTaLUATA, Ce BIXKIA Y€ CyMapHOTO
n3MmeHenue Ha npoiecute (AC) e ¢ orpunateneH. 3a obpasdyBaneto Ha FPRM ocHOBEH MONIOKUTENEH MPUHOC
umar BeprukamHata audysus mpe3 Henus AeH u BeprukanHata angBekius okoino o0sa. IIpuHochT Ha
BeprukannaTta agBekiys B CyTPEIIHUTE U CIIeA00CHUTE YacOBE € OTPHUIATEICH. XOPH30HTAIHATA aIBEKIHI € B
npotuBodaza Ha Beprukamnara. CyxoTo oTiaraHe € ¢ OTPUIATENICH NPUHOC C MaKCUMyM OKOJIO OOsI.
AepOo30JHUTE MPOIIECH MPe3 BCUYKK CE30HH C M3KIIOUCHHE HA 3UMara ca ¢ oTpuilaresieH mpunoc. [Ipes 3umara
MPOIIECUTE Ca IMO-aKTHBHU B CPaBHEHHE C JPYTHTE CE30HH W CHINO TaKa CE OTKPOsIBA TO3HM CE30H ChC TOJSIM
MOJIOKUTENICH TPUHOC Ha EMucuuTe W HaMasBall [0 OTPHIATENICH NpUHOC Ha Beprtukamnata mudysus.
OCTaHaJ'II/ITe Mpo1eCu UMaT NOYTU HYJIEB IPHUHOC.

V.5. U3Boan
OT nByMEpHMTE KapTH 3a NPU3EMHHUTE MPUHOCH Ha MPOLECHTE BOACIIM [0 OO0pa3yBaHETO Ha
3aMBPCUTENNTE, MOTAT J]a C€ HAIPABSAT CIEIHUTE U3BOU:

IIpunocute Ha ABolikaTa Xopu3oHTalHa-BepTukanHa aiBeKIUsl ce U3MEHAT B €QUH JUANa3oH U ca C
MIPOTHUBOIIOJIOKHH 3HAIM - MPOTHUBO(A3a , KOETO € OTpaKEHHE Ha YpaBHEHHETO Ha HEempeKkbcHaTtocTTa. U nBete
aJBeKIIMM J0Ope OIMCBAT IUTAaHWHCKWTE YacTH M peneda Ha rpama. [IpmHOochT Ha XOpH3OHTANHATA aJBEKIU
(HADV) e orpuuaTeneH 3a BCUUKU 3aMbpPCUTENN, HAJ] INIAHUHUTE U B LIEHTbPA HA IPaja U MOJO0XKUTENIEH MPUHOC
B MOJJHOXKHUSATA, KaTo MpH KapTute 3a azoTHuTe okucu (GNOY) e oTkposBar u paiionnte Ha nBata TELl-a "Codus"
u "U3tok" ¢ orpunatencH mpuHoc. Beprukannara agsekius (VADV) e B mpotuBogasza Ha XOpHU30HTaTHATA U TS
MMa MOJI0XKUTENIEH MIPUHOC N0 IUIAHUHUTE U OTPULIATENICH B IOAHOXKUATA.

[punocet Ha Xopusontanuara qudysus (HDIF) e orpunarenen Hag camute uztrounuim - TELL "Codwus",
TELL "U3Tok", paiiona Ha KocTHHOpPO/, @ OKOJIO T€3U U3TOYHHIIA IIPUHOCA € TIOJI0KHUTEIICH.

Beprukannara nudysus (VDIF) uma nonoxurenen npunoc Hax Bucokute mzrtognuiu (TELl-te) m man
Buroina rutanuHa npu kaptute 3a 030Ha O3, KbIETO ca M MaKCUMaIHUTe cToiHOCTH. [IpuHOoChT Ha BepTukannara
mudysus e oTpunaresieH 3a nmpaxopute yactuii (FPRM / CPRM) B ienThpa Ha rpaga u paiioHa Ha KoctuHOpon -
HUCKH U3TOYHUIU.

[IpunocsT Ha cyxoTo ominaraHe (DDEP), ectecTBeHO, € OoTpULIaTeNIeH 32 BCUUKH 3aMbPCUTEINIH, KaTO Haii-
ronsim € Haa TEL] "U3Ttok" u Buroma niannHa, a B IEHTPaTHUTE YaCTH € TIOYTH HYJIEB.
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[IpunocktT Ha ob6bnaunute npouecu (CLDS) cbmo e orpuuarenen u Hai-ronsm Haa TEL "M3Tok" u
Buroma ninaHuMHa 3a BCUYKHM 3aMBbPCUTENIM C M3KIIIOYEHHE Ha moiietarta 3a npaxoBute yactu (FPRM), xbaero
MIPUHOCA € TIOJIOKUTEJICH I MaKCHMAaJIeH B LIEHTPAJIHNUTE YacTH U paifoHa Ha KoctuHOpo.

[IpurockT Ha xumuyaHTe Tiporiec (CHEM) e orpuiiareneH 3a mo4ty BCHYKH 3aMbPCUTEIH C MAKCHMATHH
croitnocty Hax TELl-te m Butoma mnanwHa, ¢ u3KIoYeHUe Ha mosierata 3a azotHus auokcun (NO;), KbaeTo
npuHoca € nonoxuteneH n makcumaneH Hajg TEL[-te. ToBa BepositTHO ce nbKKM Ha okucisiBaHeTo Ha NO u
npeBpbinaneTo My B NO,. Ha xaptute 3a cepuust auokcun (SO,), ce 0TKposiBa OTpUIIATEICH MPUHOC U B paiioHa
Ha [laHuapeBo, HO TOM € MHOT'O MaJIbK U ITOYTH HYJIEB.

[IpurockT Ha emmcuute (EMIS) e mosokureneH 3a BCHYKU 3aMBPCHUTENH, KaTO TOW € Hal-roisMa B
LenTbpa Ha Tpana, paiiona Ha KoctuaOpoa w Havanmoro Ha AM Tpakws.

[IprHOCHT Ha a€PO30JIHUTE MPOLIECH € MOJOKHUTEICH U Hal-TOJIAM 32 BCUYKH 3aMbPCHUTENH B IIEHTPATHUTE
yacTH U pailona Ha KoctunOpon.

I'paduxure moka3Bam NPUHOCHTE HA TIPOIECHTE, BOJENIM JO NPOMSHA KOHIEHTpalMuTe Ha
3amppeurenute 3a Codus n oTaenHN H30paHU TOYKH OT Ipajia B riaaBa V.4., BOIAT 10 CICAHUTE U3BOJIH:

3a 1sutata obact Cogus rpaj, KakTo W 3a BCsKa elHa OT M30paHUTe TOYKH, CyMapHOTO M3MCHEHHE Ha
npouecute (AC), Bogeno 10 U3MEHEeHHe Ha JlaJieHa KOHIIEHTpaIis UMa J100pe M3pa3eH JECHOHOLIEH XOJ U 3HaK
KakKTO TIOJIOXKHTEJIeH, Taka W oTpuuaresieH. CyMapHOTO M3MEHEHHWE Ha IPOLECHTE € pasiMyHO M 32 BCEKH
3aMBpCUTEN M IIpe3 pasiMyHuTe Cce30HH. l3MeHeHnero Ha AC ce IB/DKM Ha MaibK Opoil mporecu c
MIPOTUBOIIOJIOKHH (Da3yl M 3HAIM, 3aTOBA U HETOBHUS KPaeH 3HaK € KaKTO MOJIOKHUTEJICH, TaKa M OTPUIIaTelIeH.

JloMHHHpaIIMTe IPHHOCH 332 BCUYKU 3aMBPCHUTENH IIpe3 ITOBEYETO CE30HH ca Te3W Ha XOpU30HTalHaTa U
Beprukannara ansekuus (HADV/ZADV) cnenpanm oT Te3wm Ha Beprukannata mudysus (VDIF) u cyxoro
otrnarane (DDEP). [Ipunocure na HADV u ZADV ca BuHaru B npoTuBo(daza U CyMapHOTO UM H3MEHEHHE €
Hy’a. B moBeuero ciayuan u npuHocutre Ha VDIF u DDEP cbiiio ca B abcomntoTHa IpoTHBOdasa.

3a msmata oosact Codust 1 Toukute OpiioB MocT U Pycku mameTHuK npuHOCHT Ha emucunte (EMIS) mpes
3UMaTa CTaBa COUH OT JTOMUHHPAIIUTE PHHOCU IpH 00pazyBaHeTo a azoreH Auokcun (NO,) i a30THHTE OKUCH
(GNQOY), T.e. Te3u pailloHM Ha Trpaja caMd C€ 3aMbpCsABAaT C a30THU OKHCH. OcTaHaTUTEe MPOILECH HMaT
HE3HAUUTEIEH W MHUHHMAlleH IPHHOC KBbM MPOMsSHA Ha KOHICHTPAIMHTE HA 3aMBPCUTEIHTE, CIPSIMO
JOMHHHPAIINTE U30POEHH IT0-TOpPE MPUHOCH.

Beprukannata nudysus (VDIF) uMa rosiM monoXUTENEH IPUHOC KbM IIPU3EMHHS 030H, KOETO BEPOSITHO
MOKa3Ba IPEHOC Ha 030H OT I0-BUCOKHUTE CIIOEBE W BEPOSITHO € CIEJCTBHE Ha NMPEHOC OT BHHIIHM 3a 00iacTra
HU3TOYHUITH.

Karo 10 MOXKE a C€ TBbPJAU, Y€ NPUHOCUTEC HA PA3JIMYHUTE NPOLCCHU UMAaT Haﬁ-paSHH‘IHO IIOBCACHHUE U
CH B3aPIMO,Z[eI71CTBaT II0 MHOT'O CJIOKCH Ha4YUH.
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3akJI04YeHue

Hacroamusr aucepraimoneH TpyJ Oellle OChIIECTBEH ¢ MOMOLITa HAa YUCIEHOTO MOJENUpaHe, kato Oere
Ch3l1a/IeH aHCaMOBJI OT KOMIIOTBPHHU CUMYJIALIUH JOCTATHYHO W3UEPIIATENTHO, HATEKIHO U ICTAMITHO MPEICTABSIII
ChCTaBa Ha aTMoc(epHaTa U MpoIlecuTe Ha MPEeHOC U TpaHC(hOpPMAIK B rpaicka cpeaa. [lomydeHusT ancaMOBII
MOJKE JIa C€ M3II0JI3BA 32 OLIEHKa Ha 3aMbPCSIBAHETO HA Bb3/yXa B JIOKAJTHHU MaIlaOHu.

Karo cpenctBo 3a Moaenupane e unon3BaHa cuctemara ot monenu US EPA Models-3, kouTo ca cBETOBHO
MPU3HATH U C JOKA3aHW CHMYJAIMOHHU KadecTBa. V3Moi3BaHM ca HaJEKIHH 0a3y NaHHW: WHBEHTApH3alus Ha
E€MHCHUUTE ¥ EeMUCHOHHUTE BpeMeBH npodmm (pazpadorenu ot TNO), kpyrmHOMAIAOHH METEOPOIOTUYHH MTOJIETa
(US NCEP “Global Analysis Data”). Cumynamuonausat nepuon ¢ 7 rogumieH (2008-2014r.) u e mocTarbuHO
roIsiM 3a Ja OTpa3H M OOXBaHE WENMAT HAa0Op THIMYHU W EKCTPEMHH CHTYyalllH C TSAXHATa XapaKTepHa
MOBTOPSIEMOCT M TPOCTPaHCTBEHO-BpeMeBH ocobOeHocTH. JBa oT mopmenute B cuctemara (WRF u CMAQ)
npurexasat onius "Hectunr" wim Teneckonuzanus, KOSTO € MPUIIOKEHA B HACTOALIOTO u3cieasane. [1o To3u
HAYWH, BCHYKH KOMITIOTBPHH CHMYJIAIlUH, Ca IIPOBEACHH 3a LEJHs IEePHO OT BpeMe, KaTo 3aJadaTa € pellaBaHa
MTOCIIEIOBATEITHO B HAKOJIKO BMECTEHH €AHa B apyra obnactu. [logOpanute obmactu ca 5: D1 (Erpona) - 81x81
kM, D2 (bankancku 1-oB) - 27x27 kM, D3 (bearapust) - 9x9 kM, D4 (Codus obnact) - 3x3 km u D5 (Codus rpan)
- 1x1 kM, kKaTo KpaliHaTa IIe]l 32 BHCOKAa pa3peliaBaiia CrocoOHOCT OT 1kM 3a rpaiackus paoH Codwus rpag e
MOCTUTHATA.

OT KOMIIOTHPHUTE CHUMYJALMKW ca TOJYYEHH OCpEeIHEHH IO aHcamMOBJ TPU3EMHHUTE TojieTa Ha
KOHIICHTPAIINUTE Ha HIKOU 3aMBPCHUTENHN, U3YHCICH ¢ MHAeKCHhT 3a KauecTBOTO Ha atMocdepHus Br3ayXx (AQI),
pa3rieNaHd W CHIIOCTABEHH Ca 5 €MHUCHOHHU CLEHApHs, KaTo € M3CIeIBaH NMPUHOCA Ha €MHCHHTE OT OTIEIHHU
kareropuu u3toununu (SNAP xaTeropuu) 1 Ha pa3IMYHHUTE MPOLIECH KbM (POPMHPAHETO Ha 0OILIaTa KapTHHA Ha
3ambpcsiBaHe B rpaa Codust.

AHaMM3bT Ha TIONYYCHUAT aHCAMOBJI pa3Kpu HSAKOM OCHOBHM (PakTH 3a KIMMaTa Ha 3aMbpcsBaHe B
Cromunara:

1.) Ce30HHA W [IEHOHOIIHA MOBTapsSEMOCT Ha OCPENHEHHWTE MO aHCaMOBI MPU3EMHH KOHIICHTPAINH H
CTaTUCTUYECKUTE XapaKTCPUCTUKH Ha 3aMBPCHUTENHTE, KaKTO 3a Tpaja, Taka M 3a OTACIHH TOYKHA OT Hero,
MOKa3BaT ye:

e Paifonnte mo TeputopusaTa Ha rpan Codus, OTKpOSBAIIM CE C BHCOKH KOHIICHTPAIlMHM HAa BCHYKH
3ambpcutenu ca FOxxkaute yactu Ha rpana, Llearpanaute wactu, TELL "M3Tok" u paiiona nHa KoctuaOpo.

e CpenHo roauiHa HopMma Ha azoTeH auokcua (NO;) ce npeumana B paionute Ha TEL] "NU3tox" u TEL]
"Co¢us". Tonemu croiiHocTn Ha KoHueHTpanuure Ha NO, u npaxosure uactuuu (PM) ce HaOnrogaBaT u B
Hentpanaute gacti u FOxHute kxBaptanu. Paifona ma KocTHHOpOJ ce OTKposiBa C BUCOKHM KOHICHTPALMH Ha
cepen auokcun (SO,) u mpaxosute uactuim (FM). O30HOBUTE KOHIICHTpPAIMK HE MPEBUINABAT ONMPEICTECHHUTE
MK, xaTo mo-roieMuTe KOHICHTPAINH ce HaOM0JaBatT HaJl INTAHMHATE.

o CTaTUCTUYECKH XapaKTePUCTUKN Ha 3aMBPCUTEIIUTE MTOKAa3BaT, Y€ CPEAHHUTE M0 aHCaMObJI KOHIICHTPAIUU
Ha NOy, SO, u FPRM/CPRM. ca acuMeTpHuHO pa3oiI0KeH! B Pa3INUHUTE OTPA3BIM OT OpOsi CIIydau KakTo Mpe3
JEHOHOIIMETO, TaKa U Mpe3 pa3iuuHuTe ce30HU. CpeHuTe KOHLIEHTPALlUU Ha Te3U 3aMbpcutenu nonazat B 80%
HWHTEpBAI OT CIIy4Yau, HO B MHOTO Cy4au JIMHUSITA Ha CPEHUTE KOHIIEHTpAIMH Monana nopu Haja guHusta 90%,
KOETO MoKa3Ba, ue B ocTaHanutTe 10% OT ciaydanTe KOHIIEHTpAIMUTE Ca W3KIIOUMTENHO BHUCOKU. CpenHute
KoHUeHTpauuu Ha Oz ce pa3npenensaT B MHTepBaia chabpkail 50% ciaydyad U ca CHMETPUYHO Pa3IoJIOKEHH T10
OTHOIIICHUE Ha Pa3IMYHUTE OTPAZBIM OT OpOs CITydau Mpe3 ISHOHOIIUETO U MPe3 Pa3IUIHUTE CE30HH.

e [IpaBu BreuaTIiCHHE MHOTO BHCOKHTE MAaKCHUMAllHU CTOWHOCTH Ha KOHIIEHTPAIMHTE 32 MOBEYETO
3aMBPCUTENH € U3KIIOYEHHE Ha 030Ha. TpA0Ba Ja ce uMa MpenBul, Y€ Te3U CTOMHOCTH ce MOJy4aBaT 3a BCsSKa
OTJICJTHA TOYKA M YacT OT JICHOHOIIMETO B Pa3jMyHHU JHU M KaKTO ce BkAa oT rpadukure 90% oT ciydaute,
KOHIEHTPAIIMUTE Ca MHOTO TO-MaJIKH. AHAIN3bT Ha KOHKPETHUTE METCOPOJIOTMYHH YCIOBUSI MPU KOWUTO TE3U
EKCTPEMHH KOHIICHTPAIIMHY CE TIOJTydJaBar, Ie 0b/1e 00EKT Ha 110 HATATHIITHH U3CIICIBAHMSL.

e CpenHuTe 1O aHCamMOBJI KOHICHTpAIMM, Ca TOJYYCHH M C OTYUTAaHE Ha CEKCTPEMHO BHCOKHTE
KoHIeHTpanuu. EnHa apyra B3MOKHA XapaKTepUCTHKA Ha aHCaMObJia ca Hall-BepOATHUTE KOHIICHTPAIIMH, KOUTO
KaKTO C€ BWKIAa W OT TrpaduKHTe [e OBIAaT MO-HUCKH OT cpenuute. ONpeAensHeTo Ha HaH-BEPOSTHHTE
KOHIIEHTPAIIMH CHIIO 1Ie ObJIe 0OCKT Ha 10 HaTaThITHA 0OpaboTKa Ha aHCAMOBJIa.
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2.) Ananmsa Ha pesynratute 3a Munekca Ha 3ambpesBane (AQI) B rpag Codwusi, oTpa3sBail BAUSHACTO Ha
Ka4eCcTBOTO Ha aTMOC(EPHHUS BB3IyX BPXY KAUYECTBOTO HA KUBOT M 3APABHUS PUCK B PETHOHA IOKA3BAT, Ye:

e MecTara 1o TepUTOPHATA HA Tpaja ChC 3aHIDKEH CTaTyC Ha KadeCTBOTO Ha BB3IyXa, ca CHIINUTE, KAKTO
npu mnojerata Ha koHueHtpamuure (Llentsp, TEL[ "H3rtok", paiiona Ha KoctuuOGpon). Toa e HambiHO
ecTecTBeHO nMaiiku npeasun, ye AQI ce nzuncinsaBa Ha 6a3a KOHUEHTpAIMs Ha 1aJleH 3aMbPCUTEIL.

o JIeHOHOIIIHUS XOA W CE30HHOTO pa3lpefesicHHe Ha CPEAHUTE IOBTAPSIEMOCTH Ha PA3IMIHHUTE MHICKCH
nmokasza, ue e otkposiBaT AQIl, AQI2, AQI3, AQI4 (xareropun "Hucko" m "CpenHo"), karo TakuBa ¢ Haii-
rojisiMa MOBTapsIeMOCT 32 BCHUKM TOYKH M BCUYKH CE30HHU, HO € MIPUTECHUTEHO TOBA, Y€ B IIEHTPATHUTE YACTH
Ha rpaza, mosrapsemoctra Ha AQI10 (xaTeropus "Muoro Bucoko") e Bucoka - okomo 40%.

3.) ChIOCTABSIHETO HA PE3YJITATUTE OT NETTe EMUCUOHHHU CIICHAPUSL:

Cuenapuii 1: Emucuute ot SNAP_01 (EHepreruka)

Cuenapuit 2: EMucunte or SNAP 02 (Heunnyctpuaiuu usrapsiHus)

Cuenapuit 3: EMucunte or SNAP 03 (MuaycTpuanHu usrapsHust)

Cuenapuii 4: Emucuute ot SNAP_07 (IIpTeH Tpancnopr)

Cuenapuii 5: EMucuunte ot Bcnuku kareropuun SNAP ALL
roKasa, ue:

o [IpuHOCHT Ha emucuute oT n3dbpanuTe SNAP kareropun KbM 00paszyBaHeTo Ha 3aMmbpcutenute NO3, SO,
u PM e nonoxxuTeseH, KaTo MaKCUMaJIeH, TOH ce OTKPOsBa BbB BeUe rOpeCcIiOMEHaTHTe PalioHH.

¢ B moserara nmokaszpaimy oOpa3yBaHeTO Ha 0O30H M NMPUHOCUTE Ha Pa3IMYHUTE KaTErOPUH HE Ce OTKPHBA
Ka4eCcTBEHA M KOJNIMYECTBEHA Pa3iiiKa MU IPUHOCA Ha eMUCHHTE, TOH € CTPOro oTpumatencH. ToBa mokasBa, 4ye
o3oHa Haj rpax Codus ce Gpopmupa Ha Ipyro MsICTO U3BBH Ipasia M TOH ce IBKH Ha IIPEHOC OTBBH HaBBTPE KbM
TEpUTOpHATA Ha Tpaja.

o Kakro 3a msara obnact (rpax Codus), Taka ¥ 3a OTIEIHUATE pas3riieJaHd TOYKH MOXKe J1a ce 00001y, ge
3a oOpasyBaHeTo Ha a30oTeH auokcun (NO,) u [IpaxoBu wactuuu (PM) momuHHpa mpuHOCAa HA ABTOMOOWITHHS
tpancopt (SNAP _07), a 3a cepuust quokcun (SO,) - Eneprerukara u Muayctpuanuure usrapsaust (SNAP 01,
SNAP_03). [IpuHOCHT Ha emucunTe OT BCHUKH KaTeropuu (SNAP_ALL) B oTaemHUTE TOYKH, KAaKTO H 32 IisjiaTa
obnact Codus rpan, e mo-mambk or 100%, koeTo 03Ha4aBa, Y€ YacT OT KOHIIEHTpAIMuTe ce (GopMHpar U OT
M3TOYHHIIM, KOUTO Ca BHHIIIHY 32 00J1aCTTa B Pe3yJITaT Ha IPEHOC Mpe3 TPAHULIUTE H.

4.) N3nonsBanara onumsa Ha Mojaena CMAQ - “Integrated Process Rate Analysis”, najie Bb3MOXXHOCT Ja C€
OLICHU U POJISITA HAa BCEKM OT OT/IENHUTE IPOLIecH, TpH hopMHpaHe Ha aTMOC(hEpHOTO 3aMbPCSIBAHE B Tpajia.

e [[puHOCHTE HA pa3NUYHHUTE MPOIECH MMAaT HA-Pa3iIW4HO MOBEAEHWE M CH B3aHMMOJEHCTBAT 0 MHOTO
CJIO’KEH HauuH.

e JlIoMUHMpAIIUTE NPUHOCU 3a BCUYKU 3aMbpPCUTENM ca Te3W Ha XOpU3OHTanHaTa U BeprukanHara
ansexuus (HADV/ZADV) cnenBanu ot Te3u Ha Beprukamnara mudysus (VDIF) u cyxoro otnarane (DDEP). 3a
mstata obnact Codus u toukure B LlenTspa mpuHochT Ha emucuute (EMIS) mpes 3umarta ctaBa eawH OT
JOMHHHPAIINTE NPUHOCH TpH oOpasyBaHeTo a a3oTeH Auokcun (NO,) u azotHute okucu (GNOY), T.e. Te3u
paliOHHM Ha rpajia cCaMH Ce 3aMbpCcsABaT ¢ a30THH OkucH. OcTaHAINTe NMPOIeCH UMaT He3HAYNTENIeH i MUHUMAJIEH
MPUHOC KbM IMPOMAHA Ha KOHIICHTPAIIUUTC HAa 3aMbPCUTCIIUTC, CIPSIMO JOMUHUPAIIUTE IPUHOCH.

o Beprukannara qudysus (VDIF) nma rosasiM nonoxuTeIeH IPUHOC KbM IIPU3EMHHESI 030H, KOETO BEPOSITHO
MOKa3Ba MPEHOC HA 030H OT MO-BUCOKHUTE CIOEBE M BEPOSATHO € CIEJICTBHE Ha MPEHOC OT BBHIIHU 3a 00JacTTa
HU3TOYHHILIHU.

e 3a mamara obmact Codus rpan, m 3a Beska egHa OT M30pPaHMTE TOYKH, CyMAapHOTO HM3MEHCHHE Ha
npornecute (AC), BopeIIo 10 M3MEHEHHE Ha /1ajicHa KOHIEHTpalMs MMa 100pe M3pa3eH ACHOHOIICH X0/ U 3HaK,
KaKTO TIOJIOXKHTENEH, Taka W oTpuuarteiaeH. CyMapHOTO HW3MCHEHHE Ha IPOLECHTE € PasIMdHO W 32 BCEKH
3aMBpPCUTEN M Tpe3 pasNu4HuTe Cce30HH. M3meHenmero Ha AC ce OBDKM Ha MaimbKk Opod mpolecu ¢
MIPOTHBOIIONIOKHH (Da3M M 3HAIM, 3aTOBA W HETOBUS KPaeH 3HAaK € KaKTO MOJIOKHUTENIEH, TaKa M OTPUIIaTelIeH.

42



Jluteparypa

Atanassov E., T. Gurov, A. Karaivanova, (2006): Computational Grid: structure and Applications, Journal Avtomatica i Informatica
(in Bulgarian), ISSN 0861-7562, 3/2006, year XL, September 2006, 40-43.

Atkinson, R W, Yu D, Armstrong B, Pattenden S, Wilkinson P, Doherty R, Hea MR, Anderson HR., Concentration—Response
Function for Ozone and Daily Mortality: Results from Five Urban and Five Rural U.K. Populations, Environ Health Perspect,
2012; 120:1411-1417

Barlow J.F., “Progress in observing and modelling the urban boundary layer”,Urban Clim, 10, 216-240, 2014

Binkowski, F.S., and Shankar, U., 1995: The Regional Particulate Model: Part I. Models description and preliminary results. J.
Geophys. Res., 100(D12):26,191-26,209.

Bornstein, R. D., “Mean diurnal circulation and thermodynamic evolution of urban boundary layer”, Modeling the Urban Boundary
Layer, M. L. Kramer (Ed.), Amer Meteor Soc, 53-93, 1987

Bott, A., 1989: A positive definite advection scheme obtained by nonlinear renormalization of the advective fluxes, Mon. Wea. Rev.
117: 1006-1015.

Brunekreef B, Holgate S: Air pollution and health., Lancet 2002, 360:1233-1242

Builtjes, P.J.H., van Loon, M., Schaap, M., Teeuwisse, S., Visschedijk, A.J.H. and Bloos, J.P. (2003) _Project on the modelling and
verification of ozone reduction strategies: contribution of TNO-MEP‘, TNO-report, MEP-R2003/166, Apeldoorn, The
Netherlands.

Byun, D., 1998: Dynamically Consistent Formulation in Meteorological and Air Quality Models for Multi-scale Atmospheric
Studies, J. Atm.Sci., in review.

Byun, D., and J.K.S. Ching, 1999: Science Algorithms of the EPA Models-3 Community Multiscale Air Quality (CMAQ) Modeling
System, United States Environmental Protection Agency, Office of Research and Development, Washington, DC 20460, EPA-
600/ R-99/030.

Byun, D., J. Young, G. Gipson, J. Godowitch, F.S. Binkowski, S. Roselle, B. Benjey, J. Pleim, J. Ching, J. Novak, C. Coats, T.
Odman, A. Hanna, K. Alapaty, R. Mathur, J. McHenry, U. Shankar, S. Fine, A. Xiu, and C. Jang, Description of the Models-3
Community Multiscale Air Quality (CMAQ) Modeling System, 10th Joint Conference on the Applications of Air Pollution
Meteorology with the A&WMA, 11-16 January 1998, Phoenix, Arizona, 264-268.
http://www.epa.gov/asmdnerl/models3/doc/science/science.html.

Carter W. P. L. (1988) Appendix C Documentation of the SAPRC Atmospheric Photochemical Mechanism Preparation and
Emissions Processing Programs for Implementation in Airshed Models. Final Report for California Air Resources Board
Contract No. A5-122-32.

Carter W. P. L. (1990) A detailed mechanism for the gas-phase atmospheric reactions of organic compounds. Atmos. Environ. 24A,
481-515.

Carter W. P. L. (1996) Condensed atmospheric photooxidation mechanisms for isoprene. Atmos. Environ. 24, 4,275-4,290.

Carter W. P. L. and Atkinson R. (1996) Development and evaluation of a detailed mechanism for the atmospheric reactions of
isoprene and NOx. Int. J. Chem. Kinet. 28, 497-530.

Carter W. P. L., Luo D. and Malkina I. L. (1997) Environmental Chamber Studies for Development of an Updated Photochemical
Mechanism for Reactivity Assessment. Final Report for California Air Resources Board Contract No. 92-345, Coordinating
Research Council, Inc., Project M-9 and National Renewable Energy Laboratory, Contract ZF-2-12252-0

CEP (2003) Sparse Matrix Operator Kernel Emission (SMOKE) Modeling System, University of Carolina, Carolina Environmental
Programs, Research Triangle Park, North Carolina.

Changnon S.A. Jr., “Inadvertent weather modifi cation in urban areas, lessons for global climate change”, Bull Am MeteorolSoc, 73,
619-627, 1992

CMAQ Modeling System, 10th Joint Conference on the Applications of Air Pollution Meteorology with the A&QWMA, 11-16
January 1998, Phoenix, Arizona, 264-268.

Chang J. S., Brost R. A., Isaksen I. S. A., Madronich S., Middleton P., Stockwell W.R. and Waleck C.J. (1987) A three-dimensional
Eulerian acid deposition model: physical concepts and formulation, J. geophys. Res., 92, 14,681 - 14,700.

Ching, J., D. Byun, J. Young, F.S. Binkowski, J. Pleim, S. Roselle, J. Godowitch, W. Benjey, and G. Gipson, Science Features in
Models-3 Community Multiscale Air Quality System, 10th Joint Conference on the Applications of Air Pollution Meteorology
with the A&WMA, 11-16 January 1998, Phoenix, Arizona, 269-273.

Da Silva, V. D. P. R, De Azevedo, P. V., Brito, R. S., Da Cunha Campos, J. H. B. (2010). Evaluating the urban climate of a typically
tropical city of northeastern Brazil. Environmental Monitoring and Assessment, 161, 45-59.

De Leeuw, F., Mol, W., (2005), Air Quality and Air Quality Indices: a world apart. ETC/ACC Technical Paper 2005/5
http://acm.eionet.europa.eu/docs/ETCACC_TechnPaper_2005_5 AQ_Indices.pdf

Dudhia, J. (1993) A non-hydrostatic version of the Penn State/NCAR Mesoscale Model: validation tests and simulation of an
Atlantic cyclone and cold front. Mon. Wea. Rev. 121, 1493-1513.

Emmanuel R., Fernando H.J.S., “Effects of urban form and thermal properties in urban heat island mitigation in hot humid and hot
arid climates: the cases of Colombo, Sri Lanka and Phoenix, USA”, Clim Res 34, 241-251; doi:10.3354/cr00694, 2007

EMEP/CORINAIR Emission Inventory Guidebook, (2006)

EPA (2009). Technical assistance document for the reporting of daily air quality - the Air Quality Index (AQI). EPA- 454/B-09-001,
US Environmental Protection Agency, Research Triangle Park, North Carolina, Office of Air Quality Planning and Standards,
Research Triangle Park, North Carolina 27711.EU (2007a). http://ec.europa.eu/environment/air/legis.htm (Accessed
2012/06/22).

Elterman, L. 1968: Visible and IR Attenuation for Altitudes to 50 km; Air Force Cambridge Res. Lab, Bedford, MA, AFCRL-68-
0153, 285.

43


http://acm.eionet.europa.eu/docs/ETCACC_TechnPaper_2005_5_AQ_Indices.pdf

Etropolska 1., Dimiter Syrakov, Kostadin Ganev, Maria Prodanova, Nikolai Miloshev,Kiril Slavov, Georgi Jordanov, (2010), A
system for information and forecasting of air quality over Bulgaria, Proceedings of the 13th International Conference on
Harmonisation within Atmospheric Dispersion Modelling for Regulatory Purposes — 1-4 June 2010, Paris, France. ISBN: 2-
8681-5062-4, 530-534

European Parliament (2002) Directive 2002/3/EC of 12 February 2002 relating to ozone in ambient air, Official Journal of the
European Communities (9.3.2002) L 67: 14-30.

European Parliament (2008): Directive 2008/50/EC of the European Parliament and of the Council of 21 May 2008 on ambient air
quality and cleaner air for Europe, Official Journal of the European Union (11.6.2008), L 152: 1-44.

Fernando H.J.S., “Polimetrics: the quantitative study of urban systems (and its applications to atmospheric and hydro environments)”,
Environmental Fluid Mechanics, 8 (5), 397-409, 2008

Fernando H.J.S., “Fluid dynamic of urban atmospheres in complex terrain”, Annu Rev Fluid Mech 42:365-389, 2010

Fernando H.J.S., Zajic D., Di Sabatino S., Dimitrova R., Hedquist B., Dallman A., “Flow, turbulence, and pollutant dispersion in
urban atmospheres”, Phys Fluids, 22, 051301(2010); doi:10.1063/1.3407662, 2010

Foster J., C. Kesselmann, (1998), The Grid: Blueprint for a New Computing Infrastructure, Morgan Kaufmann.

Gadzhev G., G. Jordanov, K. Ganev, M. Prodanova, D. Syrakov, N. Miloshev (2011a) Atmospheric Composition Studies for the
Balkan Region, Lecture Notes in Computer Sciences, Dimov, I. S. Dimova, and N. Kolkovska (Eds.): LNCS 6046, c. Springer-
Verlag Berlin Heidelberg, 150-157

Gadzhev, G., Syrakov, D., Ganev, K., Brandiyska, A., Miloshev, N., Georgiev, G., Prodanova, M., (2011b), Atmospheric
composition of the Balkan region and Bulgaria. Study of the contribution of biogenic emissions, AIP Conference Proceedings,
1404, pp. 200-209.

Gadzhev, G., Ganev, K., Syrakov, D., Miloshev, N., Prodanova, M., (2012) Contribution of Biogenic Emissions to the Atmospheric
Composition of the Balkan Region and Bulgaria, Int. J. Environment and Pollution, Vol. 50, Nos. 1/2/3/4, 2012, p. 130-139.
Gadzhev, G., Ganev, K., Miloshev, N., Syrakov, D., Prodanova, M., (2013a) Numerical Study of the Atmospheric Composition in

Bulgaria, Computers and Mathematics with Applications 65, p. 402-422.

Gadzhev G., K. Ganev, D. Syrakov, M. Prodanova and N. Miloshev (2013b) Some Statistical Evaluations of Numerically Obtained
Atmospheric Composition Fields in Bulgaria, in the Proceedings of 15th International Conference on Harmonisation within
Atmospheric. Dispersion Modelling for Regulatory Purposes. 6-9 May 2013, Madrid, Spain, 373-377.

Gadzhev, G., Ganev, K., Prodanova, M., Syrakov, D., Atanasov, E., Miloshev, N., (2013c), Multi-scale Atmospheric Composition
Modelling for Bulgaria, NATO Science for Peace and Security Series C: Environmental Security, 137, pp. 381-385.

Gadzhev, G., Ganev, K., Miloshev, N., Syrakov, D., Prodanova, M., (2014a), Calculation Of Some Ozone Pollution Indeces For
Bulgaria, Ecology and Safety, Volume 8, ISSN 1314-7234, pp: 384- 392

Gadzhev, G., Ganev, K., Miloshev, N., Syrakov, D., Prodanova, M., (2014b), Analysis of the processes which form the air pollution
pattern over Bulgaria, Lecture Notes in Computer Science (including subseries Lecture Notes in Artificial Intelligence and
Lecture Notes in Bioinformatics), 8353 LNCS, pp. 390-396.

Gadzhev, G., Ganev, K., Miloshev, N., Syrakov, D., Prodanova, M., (2014c), Some basic facts about the atmospheric composition in
Bulgaria - Grid computing simulations, Lecture Notes in Computer Science (including subseries Lecture Notes in Artificial
Intelligence and Lecture Notes in Bioinformatics), 8353 LNCS, pp. 484-490

Gadzhev, G., Ganev, K., Miloshev, N., (2015a), Numerical study of the atmospheric composition climate of Bulgaria - Validation of
the computer simulation results, International Journal of Environment and Pollution, 57 (3-4), pp. 189-201.

Gadzhev, G., Ganev, K., Miloshev, N., Syrakov, D., Prodanova, M., (2015b), HPC simulations of the fine particulate matter climate
of Bulgaria, Lecture Notes in Computer Science (including subseries Lecture Notes in Artificial Intelligence and Lecture Notes
in Bioinformatics), 8962, pp. 178-186.

Gadzhev, G., Ganev, K., Syrakov, D., Prodanova, M., Georgieva, |., Georgiev, G., (2015c) Computer simulations of the atmospheric
composition climate of Bulgaria, Fisica de la Tierra, Vol. 27 171-189

Ganev K., 1981: Some results of the numerical modeling of mesometeorological processes in the Sofia field. (in Bulgarian),
Bulgarian Geoph. J. v.VII, 3, 3-15.

Ganev K.,D. Yordanov, 1981: Some examples of admixture transport in the Sofia field. (in Bulgarian), Bulgarian Geoph. J. v.VII, 3,
16-28.

Ganev K., D. Yordanov, 1983: On the formulation of the influence function problem in air pollution models with parameterized
diffusion in the surface layer. (in Russian), Bulgarian Geoph. J. v. IX, 3, 25-35.

Ganev K., D. Yordanov, 1984: On the parameterization of pollution transport in the surface layer in the numerical air pollution
models. (in Russian), Bulgarian Geoph. J. v.X, 4, 10-18.

Ganev K., R.Dimitrova, N.Miloshev 2004: Air flows and pollution transport in the Sofia valley under some typical background
conditions, Proceedings of the XXVI International Technical Meeting on Air Pollution Modelling and its Applications, 26.-30
May, 2003, Istanbul - Turkey, Kluwer Academic/Plenum Publ. Corp., 593-594

Ganev K., D. Syrakov, M. Prodanova, E. Atanasov, T. Gurov, A. Karaivanova, N. Miloshev, H. Chervenkov, (2009), Grid

Computing for Air Quality and Environmental Studies in Bulgaria, 23rd Envirolnfo 2009 Conference - Environmental
Informatics and Industrial Environmental Protection: Concepts, Methods and Tools, Berlin, September 9th - 11th 2009, v.1,
141-149

Giles, B. D., Balafoutis, C. H., & Maheras, P. (1990). Too hot for comfort: the heatwaves in Greece in 1987 and 1988. International
Journal of Biometeorology, 34, 98-104.

Georgieva, E., Syrakov, D., Prodanova, M., Etropolska, I., Slavov, K. (2014): Evaluating the performance of WRF-CMAQ models in
Bulgaria by means of the delta tool HARMO 2014 - 16th International Conference on Harmonisation within Atmospheric
Dispersion Modelling for Regulatory Purposes, Proceedings pp. 304-308

Georgieva, |., (2014) Study of the air quality index climate for Bulgaria, Proc. of the international conference on numerical methods
for scientific computations and advanced applications, may 19-22, 2014, Bansko, ISBN978-954-91700-7-8, p. 39-42.

44


https://www.scopus.com/authid/detail.uri?origin=AuthorProfile&authorId=22134391700&zone=
https://www.scopus.com/authid/detail.uri?origin=AuthorProfile&authorId=6603669051&zone=
https://www.scopus.com/authid/detail.uri?origin=AuthorProfile&authorId=6602706006&zone=
https://www.scopus.com/authid/detail.uri?origin=AuthorProfile&authorId=36994346600&zone=
https://www.scopus.com/authid/detail.uri?origin=AuthorProfile&authorId=6603362847&zone=
https://www.scopus.com/record/display.uri?eid=2-s2.0-84983119756&origin=resultslist&sort=plf-f&src=s&sid=C9B1BAF75166347396C45D4413C9E22A.wsnAw8kcdt7IPYLO0V48gA%3a260&sot=autdocs&sdt=autdocs&sl=18&s=AU-ID%2822134391700%29&relpos=3&citeCnt=0&searchTerm=
https://www.scopus.com/record/display.uri?eid=2-s2.0-84983119756&origin=resultslist&sort=plf-f&src=s&sid=C9B1BAF75166347396C45D4413C9E22A.wsnAw8kcdt7IPYLO0V48gA%3a260&sot=autdocs&sdt=autdocs&sl=18&s=AU-ID%2822134391700%29&relpos=3&citeCnt=0&searchTerm=
http://www.bansko.bg/en

Georgieva l., G.Gadzhev, K. Ganev, M. Prodanova, D. Syrakov, N. Miloshev (2015) Numerical study of the air quality in the city of
Sofia — some preliminary results, International Journal of Environment and pollution, Vol. 57, Nos. 3/4, 162-174

Gery M. W., Morris R. E., Greenfield S. M., Liu M. K., Whitten G. Z., and Fieber J. L. (1987) Development of a Comprehensive
Chemistry Acid Deposition Model (CCADM). Final Report for Interagency Agreement DW 14931498, U. S. Environmental
Protection Agency and U. S. Department of Interior.

Gery M. W., Whitten G. Z., Killus J. P. and Dodge M. C. (1989) A photochemical kinetics mechanism for urban and regional scale
computer modeling. J. geophys. Res. 94, 12,925-12,956.

Grell, G.A., Dudhia J., and Stauffer D.R. (1994) A description of the Fifth Generation Penn State/NCAR Mesoscale Model (MM5).
NCAR Technical Note, NCAR TN-398-STR, 138 pp.

Health Aspects of Air Pollution. Results from the WHO Project Systematic Review of Health Aspects of Air Pollution in Europe,
World Health Organization (WHO), 2004.

Jacobson, M. and R.P. Turco, 1994: SMVGEAR: A Sparse-Matrix, vectorized Gear code for atmospheric models, Atmos. Env., 28,
2991-3003.

.Lurmann F. W., Carter W. P. L. and Coyner L. A. (1987) A Surrogate Species Chemical Reaction Mechanism for Urban Scale Air
Quality Simulation Models Volume 1. EPA-600/3-87- 014a

Miloshev N., (1996). National CORINAIR Inventory for 1995, Executive Environment Agency - MoEW, 1997. 256/260/

Miloshev N., (1997). National CORINAIR Inventory for 1995, Executive Environment Agency - MoEW, 1997.

Pierce, T., Geron, C., Bender, L., Dennis, R., Tennyson, G., and Guenther, A., (1998): The Influence of Increased Isoprene Emissions
on Regional Ozone Modeling, Journal of Geophysical Research, 103, pp. 25611-25629.

Pleim, J.E., and Chang, J.S., 1992: A Non-Local Closure Model in the Convective Boundary Layer. Atmos. Env. 26A: 965-981.

Roth M., “Review of atmospheric turbulence over cities”, Q J R MeteorolSoc, 126, 941-990,2000

Shamarock et al., (2007) “A description of  the Advanced Research WRF Version 2”7

http://www.mmm.ucar.edu/wrf/users/docs/arw_v2.pdf

Schaap, M., Timmermans, R.M.A., Roemer, M., Boersen, G.A.C., Builtjes, P.J.H. Sauter, F.J., Velders, G.J.M. and Beck, J.P. (2008)
_The LOTOS-EUROS model: description, validation and latest 257/260 developments‘, International Journal of Environment
and Pollution, 32, No. 2, pp.270-290.

Schwede, D., G. Pouliot, and T. Pierce (2005): Changes to the Biogenic Emissions Invenory System Version 3 (BEIS3), Proc. of 4th
Annual CMAS Models-3 Users's Conference, September 26-28, 2005, Chapel Hill, NC.

Smolarkiewicz, P.K., 1983: A simple positive definite advection scheme with small implicit diffusion. Mon. Wea. Rev. 111: 479-486.

Stockwell W.R. (1986) A homogeneous gas phase mechanism for use in a regional acid deposition model, Atmos. Environ., 20,
1,615-1,632.

Stockwell W. R., Middleton P. and Chang J. S. (1990) The second generation regional acid deposition model chemical mechanism
for regional air quality modeling. J. geophys. Res. 95 (d10), 16,343-16,367.

Syrakov D., K. Ganev, M. Prodanova, N. Miloshev, G. Jordanov, E. Katragkou, D. Melas, A. Poupkou and K. Markakis, (2009),
Background Pollution Forecast over Bulgaria, Large-Scale Scientific Computing, LSSC 2009, Springer LNCS 5910, 531-537

Syrakov D., V. Spiridonov, M. Prodanova, A. Bogatchev, N. Miloshev, K. Ganev, E. Katragkou, D. Melas, A. Poupkou, Kostas
Markakis, R. San Jose and J. L. Pérez, (2011a), A system for assessment of climatic air pollution levels in Bulgaria: description
and first steps towards validation, Int. J. Environment & Pollution Vol. 46, Nos. 1/2, 8-42, ISSN (Online): 1741-5101 - ISSN
(Print): 0957-4352, IF 0.706

Syrakov D., M. Prodanova, I. Etropolska, K. Ganev, N. Miloshev, K. Slavov, G. Jordanov, (2011b) Automated system for chemical
weather forecast in Bulgaria, Bulgarian Journal of Meteorology and Hydrology, v. 16, No. 1, pp.30-40.

Syrakov D., K. Ganev, M. Prodanova, N. Miloshev, K. Slavov, (2012), Fine resolution modeling of climate change impact on future
air quality over Bulgaria, 32st NATO/SPS International Technical Meeting on Air Pollution Modelling and its Application 7-11
May, 2012, Utrecht, The Netherlands. (on a CD)

Syrakov, D., Etropolska, I., Prodanova, M., Slavov, K., Ganev, K., Miloshev, N., Ljubenov T., (2013) Downscaling of Bulgarian
Chemical Weather Forecast from Bulgaria region to Sofia city, American Institute of Physics, Conf. Proc. 1561, p. 120-132,
http://dx.doi.org/10.1063/1.4827221

Syrakov D., M. Prodanova, I. Etropolska, K. Slavov, K.Ganev, N. Miloshev, and T. Ljubenov (2014): A Multy-Domain Operational
Chemical Weather Forecast System, in I. Lirkov et al. (Eds.): LSSC 2013, LNCS 8353, pp. 413-420, DOI: 10.1007/978-3-662-
43880-0 55, © Springer-Verlag Berlin Heidelberg 2014

Syrakov, D., Prodanova, M., Georgieva, E., Etropolska, 1., Slavov, K. (2014): Impact of nox emissions on air quality simulations with
the Bulgarian WRF-CMAQ modeling system Proceedings of the HARMO 2014 - 16th International Conference on
Harmonisation within Atmospheric Dispersion Modelling for Regulatory Purposes, Varna, Bulgaria, pp 187-190.

Syrakov, D., , M. Prodanova, , E. Georgieva, , |. Etropolska, , K. Slavov (2015): Simulation of European air quality by WRF-CMAQ
models using AQMEII-2 infrastructure Journal of Computational and Applied Mathematics, 293, pp 232—245.

Todorova A., Syrakov D., Gadjhev G., Georgiev G., Ganev K., Prodanova M., Miloshev N., Spiridonov V., Bogatchev A., Slavov K.
(2010) Grid computing for atmospheric composition studies in Bulgaria, Earth Sci Inform 3: 259-282, DOI 10.1007/s12145-
010-0072-1., IF=0.657

U.S. Standard Atmosphere, 1976: National Oceanic and Atmospheric Administration, U.S. Government Printing Office: Washington,
DC, NOAA-S/T76-1562.

Vestreng V., (2001), Emission data reported to UNECE/EMEP: Evaluation of the spatial distribution of emissions. Meteorological
Synthesizing Centre - West, The Norwegian Meteorological Institute, Oslo, Norway, Research Note 56, EMEP/MSC-W Note
1/2001.

Vestreng V., K. Breivik, M. Adams, A. Wagner, J. Goodwin, O. Rozovskaya, J.M. Pacyna, (2005), Inventory Review 2005
(Emission Data reported to LRTAP Convention and NEC Directive), Technical Report MSC-W 1/2005, EMEP

s

45


http://www.mmm.ucar.edu/wrf/users/docs/arw_v2.pdf
http://dx.doi.org/10.1063/1.4827221
https://www.scopus.com/authid/detail.uri?origin=AuthorProfile&authorId=6603669051&zone=
https://www.scopus.com/authid/detail.uri?origin=AuthorProfile&authorId=6602706006&zone=
https://www.scopus.com/authid/detail.uri?origin=AuthorProfile&authorId=22134391700&zone=
https://www.scopus.com/authid/detail.uri?origin=AuthorProfile&authorId=36994346600&zone=
https://www.scopus.com/authid/detail.uri?origin=AuthorProfile&authorId=6603362847&zone=
https://www.scopus.com/record/display.uri?eid=2-s2.0-84983208924&origin=resultslist&sort=plf-f&src=s&sid=C9B1BAF75166347396C45D4413C9E22A.wsnAw8kcdt7IPYLO0V48gA%3a370&sot=autdocs&sdt=autdocs&sl=17&s=AU-ID%286603669051%29&relpos=16&citeCnt=0&searchTerm=
https://www.scopus.com/record/display.uri?eid=2-s2.0-84983208924&origin=resultslist&sort=plf-f&src=s&sid=C9B1BAF75166347396C45D4413C9E22A.wsnAw8kcdt7IPYLO0V48gA%3a370&sot=autdocs&sdt=autdocs&sl=17&s=AU-ID%286603669051%29&relpos=16&citeCnt=0&searchTerm=
https://www.scopus.com/authid/detail.uri?origin=AuthorProfile&authorId=6603669051&zone=
https://www.scopus.com/authid/detail.uri?origin=AuthorProfile&authorId=6602706006&zone=
https://www.scopus.com/authid/detail.uri?origin=AuthorProfile&authorId=22134391700&zone=
https://www.scopus.com/authid/detail.uri?origin=AuthorProfile&authorId=36994346600&zone=
https://www.scopus.com/authid/detail.uri?origin=AuthorProfile&authorId=6603362847&zone=

Visschedijk A. J. H., P.Y.J. Zandveld and H.A.C. Denier van der Gon, (2007), A High Resolution Gridded European Emission
Database for the EU Integrate Project GEMS, TNO-report 2007-A-R0233/B, Apeldoorn, The Netherlands.

Walceck, C.J., and Taylor, G.R., 1986: A Theoretical Method for Computing Vertical Distributions of Acidity and Sulfate Production
within Cumulus Clouds. J. Atmos. Sci., 43(4): 339-355.

Wesely, M.L., 1989: Parameterization of surface resistance to gaseous dry deposition in regional-scale numerical models, Atm. Env.,
23, 1293-1304.

WHO - Fact Sheet Number 187, World Health Organization , 2000

WHO - Air quality guidelines for particulate matter, ozone, nitrogen dioxide and sulphur dioxide. Global Update 2005. Summary of
risk assessment, WHO Regional Office for Europe, Copenhagen;

Hanunonanna MeToanKa 3a WHBEHTapu3alus Ha eMHUCHUTE B aTMocdepara, yrBbpiaeHa cbc 3amoBex Ne P/I- 299/16.06.2000 Ha
Munuctbpa Ha OKOJIHATa Cpeaa U BOAUTE.

lamxes I'., 2013, MyntumamabHO MOAeIMpaHe Ha NMPEHOC Ha 3aMbpcUTENH B aTMocdepara, [ucepramus 3a mpunoOuBaHe Ha
obpasoBaTenHata M Hay4Ha CTeleH ‘‘MOKTOp” mo cheuuanHocT ,Du3nka Ha OKeaHa, aTMocdepara ¥ OKOJIO3EMHOTO
npoctpancTBo” mudsp 01.04.08

Etpononckn E., 2015 Benrapcka cucrema 3a IporHo3a Ha XUMHYECKOTO BpeMe — BEPCHH, IU3alH, BU3yaJH3alys, BepHQHKaIHs
(Baympmarwmst) [ucepranus 3a mpupoOuBaHe Ha oOpa3oBaTeNHATa M HaydHa CTEHEH “JOKTOp” B NMpodecHOHAIHO HalpaBIeHHE
4.1. ®usnuecku Hayku (MeTeopororus).

http://www.wrf-model.org/

http://www.mmm.ucar.edu/wrf/users/docs/user _guide V3/contents.html

http://www.dtcenter.org/wrf-nmm/users/docs/user_guide/V3/index.htm

https://www.cmascenter.org/smoke/documentation/2.6/SMOKE v26_manual.pdf

http://www.airquality.co.uk/archive/standards.php#band

http://www.citeair.eu/

http://www.airgualitynow.eu/about_indices_definition.php

http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=0J:1.:2002:067:0014:0030:EN:PDF

http://eur-lex.europa.eu/legal-content/BG/TXT/PDF/?uri=CELEX:32008L.0050&from=BG

http://www.moew.government.bg/wp-content/uploads/filebase/Air/Direktivi/Dir 2001 81 EC bg.pdf

https://unfccc.int/resource/docs/convkp/conveng.pdf

https://bg.wikipedia.org/wiki/%D0%A1%D0%BE%D1%84%D0%B8%D1%8F#.D0.9A.D0.BB.D0.B8.D0.BC.D0.B0.D1.82

http://www.cmascenter.org/

http://www.smoke-model.org/

WWW.USQS.gov

http://eea.government.bg/bg/output/daily/pollutants/n20.html

http://en.wikipedia.org/wiki/Ozone

http://eea.government.bg/bg/output/daily/pollutants/s20.html

http://eea.government.bg/bg/output/daily/pollutants/pm.html

http://www.euro.who.int/en/health-topics/environment-and-health/air-quality/publications/pre2009/health-aspects-of-air-pollution-
results-from-the-who-project-systematic-review-of-health-aspects-of-air-pollution-in-europe

http://sofia.bg/smet/Programa_OS_1.pdf

46


http://www.wrf-model.org/
http://www.mmm.ucar.edu/wrf/users/docs/user_guide_V3/contents.html
http://www.dtcenter.org/wrf-nmm/users/docs/user_guide/V3/index.htm
http://www.cmascenter.org/
http://www.smoke-model.org/
http://www.usgs.gov/
http://eea.government.bg/bg/output/daily/pollutants/n2o.html
http://en.wikipedia.org/wiki/Ozone
http://eea.government.bg/bg/output/daily/pollutants/s2o.html
http://eea.government.bg/bg/output/daily/pollutants/pm.html

CHnuchbK HA CHLKPAINCHUSATA

AI'C Atmocdeper 'paunuen Croi

AM ABTOMarucTpaia

AUC ABTOMAaTHYHA U3MEPBATEIHA CTAHIIUS

BAH Briarapcka Axkagemusa Ha Haykure
BC Bw3aymina cpena

ITC I'pagcku rpannyeH cioi

roT I'pagckus ocTpOB Ha TOILIMHA

Dedicated outdoor air system - Cucrema 3a W3MEpPBAaHE CHCTOSHUETO HA

LAOAC
BB3JlyXa
EAOC EBpomnelicka areHims 3a OKOJHA cpeaa
EC Esponeticku Cpro3
HMAOC Msneaaurenna Arennms no Okonna Cpena
HUKB WMunekc 3a Kayectso Ha Be3ayxa
KAB KauectBo Ha ATMOC(hepHHIT Bh3ayx
KB KauectBo Ha Bp3nyxa
KoHBeHIMATA 33 TpaHCTPAaHUYHO 3aMbPCSBAHE HA BB3AyXa Ha JAJICYHU
KT3BJP
pa3CTOsIHUS
MOCB MunucrepcTBoro Ha OkosiHata Cpena u Boaure
HUI'TT Hamumonanen Muacturyr no 'eodusuka, 'eonesusa u I'eorpadust
HUMX Harmonanen Uuctutyt no Meteoposiorust 1 XUapoJIOTus
HCU Hammonanen Cratuctnuecku MHCTUTYT
OOH Opranmsanug Ha O6ennaennre Hanmn
IIK IIpenenno Jlonyctumu KoHIieHTpauu
PKOHHK PamkoBa Konsenmusa na OOH no M3menenne Ha Kinnmara
CA CsocTaB Ha aTMoc(epara
C30 CaeToBHa 31paBHa Opra"Hu3amnus
CUH Cpenno Yacora Hopma
CI'”H Cpenno I'ogumuaa Hopma
CIH Cpenno Jlnesna Hopma
TEITL Tomno Enekrpo IleHTpana
AERO Aerosol processes - Aepo30HH PoLEecH
AFWA Air_Force Weather Agency - AreHuus Ha BOCHHOBB3IYIIHHUTE CHIU U
BpPEMETO
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CLDS
CMA

CORINAIR

NCAR

NCEP

NOAA

NWP

Air Quality - KayecTBo Ha Bb31yXa

Air Quality Index - Munekc 3a KauecTBo Ha Bb3yxa

Center for Analysis and Prediction of Storms - IleHTsp 3a aHanu3 u
HN3CJICABAHC HA 6VDI/IT€

Clouds - O61adHuTE IIPOLIECH Y BOIHATA XUMUS

Community Multiscale Air Quality System - XuMu4deH TpaHCIIOPTEH MOJIEI

The Core Inventory of Air Emissions in Europe - MuBedTapusauus Ha
CMUCHUHUTC BbB Bb3/1yXa B Epor[a

Coarse Particulate Matter - Expu IlpaxoBu yacTumnu

Chemical processes - XyuMuuHu npouecu

Dry Deposition - Cyxo ornarane

European Monitoring and Evaluation Program - Espomneiicka nporpama 3a
MOHUTOPHHT M OLICHKA HA EMHUCHHTE

Environmental Modeling Center - Ilenrbpa 3a MonmenupaHe Ha OKOJIHATA
cpeaa

Emissioms - Emucuu

European Pollutant Emission Register - EBporelckus perucrsp Ha
E€MHUCHHTE

Earth System Research Laboratory - JlaGopaTopus 3a u3ciacaBaHe Ha
3CMiATa
Federal  Aviation  Administration - ®epepanHara  aBHallMOHHA

AAMUHUCTpAUA

Fine Particulate Matter - ®unnu [IpaxoBu yacThUIU

Greenwich Mean Time - Bpeme 1o I'punyunu

AB3OTHHU CHEINHEHNS

Horisontal Advection - Xopu3soHTansa ajiBeKuus

Horisontal Diffusion - Xopusontanaara mudysus

Intergovernmental Panelon Climate Change - Mertoaukara € cTaHaapT 3a
JOKJIAJIBAHC HA EMUCHUTEC OT IMMAPHUKOBHU I'a30BE

Land Surface Model - Mopen 3a 3eMHaTa HOBEPXHOCT

Maximum - Makcumanau

National Center for Atmospheric Research - HanmoHaneH LEeHTBD 3a
arMochepHHU U3CIIEABAHNS

National Centers for Environmental Prediction - Hanumonanes 1ieHTsp 3a
IIPOrHO3a HAa OKOJIHATA Cpcaa

National Oceanic and Atmospheric Administration - HanpoHanHa okeaHcka

u aTMocglgeQHa AAMUHUCTPAIUA

Numerical Weather Prediction - YucneHa nporaosa Ha BpeMeTo
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VADV
VDIF
VOC
WHO

WRF

Planetary Boundary Layer - ITiianeTapeHu I'paHU4deH cJIoi

Particulate Matter - IIpaxoBu yacTuLm

Particulate Matter Coarse - Enpu npaxoBy 4acTULA

Selected Nomenclature of Air Pollutants

SNAP - Selected Nomenclature of Air Pollutants

United States Environmental Protection Agency - AMepukaHcKa areHius 3a
OITa3BAHC HA OKOJIHATA cpeaa

Sparse Matrix Operator Kernel Emissions Modelling System - Emucuones
MOACI

Nederland's  Organization _voor Toegepast Natuurwetenschappelijk
Onderzoek - Netherlands Organisation for Applied Scientific Research -
Hunepnagacka opranuzanyd 3a OpWIOKHN HAVIHN U3CIIEABAHNUS

UN Framework Conventionon Climate Change - Kousenuusara Ha OOH 3a
IIpOMAHA HA KJIUMaTa

US Geological Survey -  AwmepukaHcka 0a3a jmaHHM 3a peneda U
[IO/IJI0HATA IOBBPXHOCT

Vertical Advection - Beprukainara ajiBeKuus

Vertical Diffusion - Beprukanaara mudy3us

Volatile organic compound - Jletiusu Opraunuau Che1uHEeHNs

World Health Organization - CeetoBHa 31pasaa Opranusanus

Weather Research and Forecast model - Mopen 3a 4duciieHa IIpOrHO3a Ha
BPEMETO
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ITPUHOCH

B aucepTtannoHHUs Tpyn Ha MiBenmna XpucroBa ['eopruesa Ha Tema ,,JIokaiHu mpoliecu Ha MPEHOC U
XMMHYHHU TpaHcopmMarmu B atmocdepara”

I'eHepupaH e aHCaMOBJI OT KOMIIOTHPHH CUMYJIALUK, KOUTO € OCTAThYHO AeTailjleH, MpeACTaBUTelIeH,
HajJeXKIeH U u3vepraTesieH, IPEICTaBIl ChCTaBa Ha aTMocdepara U JIOKATHUTE MPOLIECH Ha MPEHOC 3a
u3bpana rpaicka cpega — Codus rpan. ['eHepupanuar aHcamOBI MOXKE Ja ce pasriexia KaTo
XapaKTepUCTHKa Ha KIMMaTa Ha 3aMbpCsABaHE, a CUMYJALUUTE MOTaT Jia Ce M3IOJ3BAT 33 OLCHKU Ha
3aMbPCSBAHETO Ha JIOKATHO HUBO;

AHaATM3BT HA pE3yNTaTUTE OT KOMIIOTHPHUTE CHMYJIALUM Ha OCPEIHEHHUTE 10 AaHCAaMOBJI NPH3EMHHU
KOHIEHTpallMd Ha 3aMbpCHUTENH 3a TepuTopusaTa Ha rpan Codus U 3a OTAENHM TOUYKHM OT OONacTTa,
TAXHATa MPOCTPAHCTBEHA, IEHOHOIHA U CE30HHA M3MEHUYUBOCT, TPAHUIUTE B KOUTO T€ CE M3MEHSAT C
pa3nuvHA BEPOSTHOCT M IIp. TIO3BOIH Ja OBJAT Pa3KpUTH HSIKOM OT OCHOBHHTE (PaKTH OTHOCHO KIIMMAaTa
Ha atMocgepHO 3aMbpcsiBaHe B CTonumara.

[Ipecmernar Oeme HMHaexkchbT 3a KadecTBO Ha aTmochepHuss BB3AYyX (AQI), KoiiTo oOTpasssa
BIUSTHUETO Ha KAa4eCTBOTO Ha aTMOC(EpHHUS BB3IyX BbPXY KaueCTBOTO HA KUBOT M 3JIPaBHUSA PUCK B
peruoHa.

ChIIOCTaBAHETO HA PE3YNTATUTE OT IETTe EMHUCHOHHHU CIICHApHUs TO03BOJMM Ja OBbJaT OLCHCHU, B
KJIMMATHYEH AaCleKT OCPENHEHHTE [0 IENUs aHCaMOBJ MPUHOCH HAa H3TOYHHIUTE OT ChOTBETHHTE
KaTeropuu KbM oOIIaTa KapTHHa Ha 3aMbpcsBane B obnacta (Codus rpam) ¢ TsIXHATa MPOCTPAHCTBEHA,
JICHOHOIIIHA M CEe30HHA HM3MEHYMBOCT. PesyiraTnTe OT TOBa W3Cie[BaHe Morar jaa ObaaT MpsKo
M3M0JI3BaHK 1PpU (HOPMYJIUPAHETO HA KPATKOCPOYHHU (TEKYIIM) PEIICHUS] M JBITOCPOYHU CTPATErdH 3a
HAMAaJsBaHE Ha 3aMbPCABAHETO HA Bh3IyXa.

OneHeHa € poisATa HAa BCEKH €OWH OT OTHCITHHUTE NpOLECH NpH ¢GopMupaHe Ha aTMOc(epHOTO
3ambpcsBane B Ctonumnara. Upes ocpeaHsIBaHETO Ha T€3W MPUHOCH IO aHCAMOBJI Oelie H3sCHeHa TsIXHATa
MPOCTPAHCTBEHA, JACHOHOIIHA M CE30HHA M3MEHUYMBOCT. AHAIM3a HA TE3M IPOLECH, Ha TAXHOTO
B3aMMOJICHCTBHE U TIPHHOC € U3KIFOUYUTEITHO BaYKHO 32 OOSICHEHHE Ha 00IIaTa KapTHHA Ha 3aMbPCSIBaHE B
rpaja 1 OTJAEeJIHU HETOBU TOYKH.
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Air Quality Index Evaluations for Bulgaria

Ivelina Georgieva

1 Introduction

In communication with the general public providing information on the actual air
quality is not meaningful to present concentration values unless the concentrations are
related to the effect levels. Frequently this is done by converting the concentration into
a dimensionless scale which is also associated with an intuitive color code (from green
to red) and a linguistic description (e.g. from very good to very poor). Commonly the
reference levels used in the conversion are based on health-protection related limit,
target or guideline values set by the EU, at national or local level or by the WHO.
For describing the ambient pollutant mix, an overall air quality index (AQI) is con-
structed. In calculating such an overall AQI. firstly for each individual pollutant a
sub-index is calculated. The overall index is set to the highest value of each of the
pollutant considered.

The AQI has become part of the information routinely provided to the public. The
AQI makes it possible to describe the air quality in a simple, understandable way.

2 Computer simulated atmospheric composition

Recently extensive studies for long enough simulation periods and good resolution of
the atmospheric composition status in Bulgaria have been carried out using up-to-date
modeling tools and detailed and reliable input data [1, 2, 3, 4, 5, 6, 7, 8, 9].

The simulations aimed at constructing of ensemble, comprehensive enough as to pro-
vide statistically reliable assessment of the atmospheric composition climate of Bul-
garia - typical and extreme features of the special /temporal behavior, annual means
and seasonal variations, etc.

3 Some AQI examples

Utilization of the ensemble for studying the AQI climate in Bulgaria is the goal of the
present work.

The AQI, calculated in the frame of Bulgarian Chemical Weather Forecast System
10, 11], ver.3, which follows the UK Air Quality Index |12] is used in the present
work as well. Due to the limited volume of the present abstract only few examples,
illustrating the AQI climate in Bulgaria will be demonstrated.

Figure 1, for example, demonstrates the seasonal and diurnal variation of the recur-
rence of different AQI categories, averaged for the territory of Bulgaria. As it can
be seen AQI2 and 3 are with highest recurrence, while all other AQI are much less
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Figure 1: Diurnal and seasonal variations of the averaged over Bulgaria recurrence
(%] of the different AQL.
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Figure 2: Diurnal variations of the annually averaged recurrence |7%]| of the different
AQI for different points
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probable. Exceptions can be seen at noon for spring and summer, when probability
of AQI4 becomes higher than the one for AQI2.

The AQI probabilities have not only seasonal and diurnal, but also spatial variability.
Figure 2 demonstrates the annual AQI recurrence for different points. As can be seen
AQI2 and 3 have highest impact, while all others AQI are with negligible impact.
AQI4 probability has local maximum at midday for Sofia, Rojen and Stara Zagora.
The general conclusion that can be made is that the air quality status of Bulgaria is
rather good (evaluated with a spatial resolution of 3km) - the recurrence of high AQI
values is close to zero. It should be also noted that the dominant pollutant - the one
that determines the AQI value is mostly the surface ozone.
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Abstract

Some extensive numerical simulations of the atmospheric composition fields in Bulgaria have been
recently performed. The US EPA Model-3 system was chosen as a modelling tool. As the NCEP Global
Analysis Data with 1 degree resolution was used as meteorological background, the MMS5 and CMAQ
nesting capabilities were applied for downscaling the simulations to a 3 km resolution over Bulgaria.

The TNO emission inventory was used as emission input. Special pre-processing procedures are created
for introducing temporal profiles and speciation of the emissions. The biogenic emissions of VOC are
estimated by the model SMOKE. The simulations were carried out for years 2000-2007.

The numerical experiments have been carried out for different emission scenarios, which makes it
possible the contribution of emissions from different source categories to be evaluated. The Models-3
“Integrated Process Rate Analysis” option is applied to discriminate the role of different dynamic and
chemical processes for the air pollution formation.

The obtained ensemble of numerical simulation results is extensive enough to allow statistical treatment
— calculating not only the mean concentrations and different source categories contribution mean fields,
but also standard deviations, skewness, etc. with their dominant temporal modes (seasonal and/or diurnal
variations). Thus some basic facts about the atmospheric composition climate of Bulgaria can be
retrieved from the simulation ensemble.

Key words: air pollution modelling, US EPA models-3 system, multi-scale modelling, emission
scenarios, process analysis

Simulaciones computacionales del clima de Bulgaria y su composicion

atmosférica
Resumen
Se han realizado simulaciones numéricas con el sistema US EPA Model-3 sobre todo el territorio de
Bulgaria con una resolucion horizontal de hasta 3 km en el periodo 2000-2007.
Los input necesarios para activar el sistema US EPA Model-3 son, basicamente dos, datos
meteorologicos del NCEP (NCEP Global Analysis Data) con 1° de resolucion, y el inventario de
emisiones del TNO. Aunque las emisiones biogénicas de los compuestos organicos volatiles (COV’s) se
estimaron mediante modelo SMOKE. Para poder introducir las emisiones al modelo US EPA Model-3 se
realizo un procesado previo que permitia determinar sus perfiles temporales y las especificaciones para
cada una de las emisiones. En las simulaciones realizadas se consideraron diferentes escenarios de
emisiones de diferentes tipos de fuente.
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Para ver la contribucion de cada los procesos dindmicos y quimicos en los niveles de contaminacion se
considero la opcion “Integrated Process Rate Analysis” del sistema US EPA Model-3.

Los resultados obtenidos de las simulaciones se analizaron estadisticamente y se determinaron las
concentraciones medias, la contribucion de las diferentes fuentes a los campos medios, la desviacion
estandar, el sesgo, ..., asi como los modos temporales dominantes (variaciones estacionales y/o diurnas).
Palabras clave: modelizacion de contaminacion atmosférica, sistema US EPA models-3, modelizacion
multiescala, escenarios de emisiones, analisis de los procesos.

Contents: 1. Introduction. 2. Brief description of the computer simulations. 3. Validation of the computer
simulation results. 4. Some examples, comments and discussion. 5. Conclusions. Acknowledgements.
References.
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1. Introduction

Recently extensive studies for long enough simulation periods and good resolution of
the atmospheric composition status in Bulgaria have been carried out using up-to-date
modeling tools and detailed and reliable input data (Gadzhev et al. 2011; 2012;
2013 a,b; 2014 a,b,¢).

The simulations aimed at constructing of ensemble, comprehensive enough as to
provide statistically reliable assessment of the atmospheric composition climate of
Bulgaria — typical and extreme features of the special/temporal behavior, annual
means and seasonal variations, etc.

The present paper, in which a brief review of the studies, will focus on some
important characteristics of the atmospheric composition climate of Bulgaria — the
concentrations of different compounds and the evaluation of the contribution of
different emission categories to the overall air pollution in the country.

The air pollution pattern is formed as a result of interaction of different processes,
so knowing the contribution of each for different meteorological conditions and given
emission spatial configuration and temporal behavior is by all means important That
is why the one of the important issues in the present paper is to present some
evaluations of the contribution of different processes to the regional pollution over
Bulgaria.

2. Brief description of the computer simulations
The simulations are based on the US EPA Model-3 system. The system consists of
three components: MM5 (Dudhia 1993, 1996; Dudhia et al. 2005; Grell et al. 1994),
used as meteorological pre-processor, CMAQ (Byun et al. 1998; Byun and Ching
1999), the Chemical Transport Model of the system and SMOKE (CEP 2003) — the
emission pre-processor of Models-3 system.

The CMAQ “Integrated Process Rate Analysis” option was applied to discriminate
the role of different dynamic and chemical processes for the air pollution pattern
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formation. The procedure allows the concentration change for each compound for an
hour Ac to be presented as a sum of the contribution of the processes, which
determine the concentration.

The large scale (background) meteorological data used by the study is the NCEP
Global Analysis Data with 1°x1° resolution. The MMS5 and CMAQ nesting
capabilities are used to downscale the problem to a 3 km horizontal resolution for the
innermost domain (Bulgaria). The simulations are carried out for fifteen sigma levels,
the upper one being at approximately 16070m.

The TNO high resolution emission inventory (Visschedijk et al., 2007) is
exploited. A detailed description of the emission modeling is given in Gadzhev et al.
(2013a).

The study is based on a large number of numerical simulations carried out day by
day for years 2000-2007 and five emission scenarios — with all the emissions and with
biogenic emissions (categorie BB in Fig. 5 and 6), emissions from energetics
(categorie SN_1), road transport (categorie SN_7), and none industrial combustion
reduced (categorie SN _2). This makes it possible to evaluate the contribution of
different emission categories to the formation of the overall atmospheric composition
pattern. Performing extensive simulations of this kind with up to date highly
sophisticated numerical models obviously requires large computer resource. That is
why grid computing (Foster and Kesselmann, 1998; Atanasov. et al., 2006) was
applied for the present simulations. Details about the performance of this grid
application can be seen in Gadzhev et al. (2013a).

3. Validation of the computer simulation results

The computer simulations were validated by comparison with data of the pollution
levels, measured by the Bulgarian National Network for Air Quality Control
(Gadjhev 2014c).

Scatter diagrams of simulated and measured ozone levels for some arbitrarily
taken stations are demonstrated in Gadjhev (2014c). They show that almost all the
points are within the FA2 margins, which means that the condition for no more than
50% uncertainty of the hourly ozone values, defined in the respective European
directive (European Parliament 2002) is fulfilled. The simulated results tend to
underestimate the high ozone values and to overestimate the low ones.

The running 8-hour average values for simulated and measured ozone
concentrations have been also calculated. The respective scatter diagrams (Gadjhev
2014c) show that the agreement between the simulated and measured running 8-hour
average ozone values is much better in comparison to the hourly values with less
dispersion around the ideal correspondence line and the better correlation is obvious.
The above quoted requirement for less than 50% uncertainty is strictly fulfilled.

Some statistical evaluations of the O; and NO, simulations performance are shown
in Tables 1, 2 for 14 monitoring stations, shown in Figure 1. The total number of
stations, placed in 34 settlements all over the country - urban, living, high
traffic, and industrial areas is 53. The stations, shown in Fig. 1 are chosen,
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because they only have ozone measurements and the data records for the
simulated period are comprehensive enough.
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Figure 1. Map with the names, codes and emplacement of the used Bulgarian
stations (U-urban, S-suburban, R-rural) 12U - Varna, 13S - Devnia, 41U -
Dimitrovgrad, 43U - Vratza, 44S - Burgas, 45S - Ruse, 49S - Pernik, 50S - Krasno
Selo -Sofia, 51U - Plovdiv, 52S - Drujba -Sofia, 53R - Rojen peak, 54U - Orlov
most-Sofia, 55U - Stara Zagora, 56S - Burgas.
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Table 1. Some statistical evaluations of the simulated ensemble with measured data for O;:
MP, MO - mean simulated and observed concentrations, NMB — normalised mean bios,
NRMSE — normalised root mean square error, FA2 - % of cases within FA2 margins, PCC —
correlation coefficient, NMSD — normalised mean square deviation

Station MP MO NMB NRMSE | FA2 PCC NMSD
pg/m® pg/m® | % % % %

12U 71.45 72.41 1.35 11.27 87.30 0.45 -41.04
13S 72.49 70.25 -2.56 12.71 91.45 0.49 -45.36
41U 72.92 71.67 -1.72 11.71 90.76 0.67 -32.95
43U 69.68 76.69 10.05 15.19 82.77 0.52 -44.87
44S 73.72 72.47 -1.70 12.46 88.26 0.72 -44.54
458 70.48 71.99 2.14 12.34 88.97 0.67 -36.67
498 67.43 73.00 8.27 6.92 85.27 0.53 -32.70
508 60.08 75.18 25.13 12.77 75.90 0.69 -12.63
51U 67.19 72.37 7.71 10.35 86.06 0.68 -31.19
528 61.34 66.92 9.09 9.85 86.14 0.68 -9.23

53R 88.96 82.64 -7.11 6.42 98.76 0.58 -33.87
54U 66.70 67.72 1.53 8.84 88.15 0.72 -19.60
55U 61.61 72.11 17.05 16.59 80.81 0.55 -27.91
56S 80.34 74.19 -7.65 14.02 94.91 0.62 -46.14

Table 2. Some statistical evaluations of the simulated ensemble with measured data for NO,:
MP, MO — mean simulated and observed concentrations, NMB — normalised mean bios,
NRMSE — normalised root mean square error, FA2 - % of cases within FA2 margins, PCC —
correlation coefficient, NMSD — normalised mean square deviation

Station MP MO NMB NRMSE | FA2 PCC NMSD
pg/m® pg/m® | % % % %
12U 15.47 7.11 -54.04 | 7.52 50.84 0.52 -57.49
13S 16.87 8.23 -51.22 | 5.07 53.82 0.38 -64.49
41U 25.32 11.10 -56.15 | 9.47 43.67 0.35 -68.54
43U 12.83 5.85 -54.45 | 9.63 49.29 0.51 -60.45
448 9.98 5.99 -39.96 | 8.73 62.17 0.63 -38.77
45S 13.85 6.04 -56.35 | 9.25 49.21 0.46 -71.51
49S 22.66 9.51 -58.02 | 15.03 43.58 0.42 -56.48
50S 23.45 10.14 -56.76 | 9.56 43.20 0.47 -54.84
51U 18.55 7.48 -59.68 | 9.09 46.62 0.47 -74.09
52S 27.28 16.91 -38.01 | 7.57 64.52 0.67 -42.91
53R 3.83 2.71 -29.22 | 10.69 75.52 0.71 -39.38
54U 42.07 21.44 -49.04 | 10.07 52.10 0.65 -44 .92
55U 14.01 5.12 -63.42 | 7.15 42.76 0.46 -78.92
56S 7.59 4.10 -4591 | 7.84 56.96 0.61 -50.69
Fisica de la Tierra 175
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Criteria of acceptance of the simulated/measured concentrations agreement are
defined in Thunis et al. (2013a, b). The comparison of the results in Tables 1, 2 with
these criteria, shows that for most of the stations the criteria are fulfilled. The NO,
simulations, in particular evaluated by the FA2 criterion, perform worse. This can be
explained partially by the great uncertainty in the NO, emission inventory — the NO,
emissions from road transport are given as total for the country and their spatial
distribution is determined by surrogates — the road categories and network density.

The other probable reason is that the stations of the Bulgarian National Network
for Air Quality Control are mostly located in the cities and near big industrial sources
in order to reflect the highest pollution levels. The simulation horizontal spatial
resolution (3 km) is probably not good enough to “catch” these NO, maxima. The
ozone fields, from the other hand, are smoother, with smaller horizontal gradients and
maxima not so closely related to the sources.

The comparison of the simulated fields with data of the pollution levels shows an
agreement, which is not brilliant. The acceptance criteria, defined in Thunis et al.
(2013a, b) are, however, fulfilled to a great extend. This means that the agreement is
reasonable enough, so that the simulated ensemble can be treated as representative
reliable for the atmospheric composition climate of Bulgaria.

4. Some examples, comments and discussion

The most simple atmospheric composition evaluations are, of course, the surface
concentrations. By averaging over the 8-year simulated fields ensemble the mean
annual and seasonal surface concentrations can be obtained and treated as respective
“typical” daily concentration patterns.

Plots of some of these “typical” annual surface concentrations are shown in Fig. 2
for some of the most popular compounds — NO,, SO,, ozone. What can be seen from
the plots is not surprising: the big cities and the road network are clearly outlined in
the NO, surface concentrations, the big power plants in the SO, surface
concentrations.

The ozone fields are much more complex. What should be mentioned is the
expected effect of ozone minimums over big cities. The road network can also be
followed in the plots as lines with lower ozone concentrations. This is in a good
agreement with the ozone chemistry scheme.

The seasonal and diurnal variations of the averaged for the country surface Oz and
NO, are shown in Fig. 3, together with the mean, maximal and minimal values there
are also the curves denoted by 0.25, 0.75, 0.1 and 0.9. These curves show the
imaginary concentrations for which the probability of the simulated ones to be
smaller is respectively 0.25, 0.75, 0.1 and 0.9. Thus the band 0.25-0.75 contains 50%
and the band 0.1-0.9 - 80% of the possible cases. The plots are self explanatory
enough and demonstrate the seasonal and diurnal O; and NO, variations.
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Figure 2. Surface concentrations of NO,, SO, and O; [pg/m’] averaged
annually at 05.00 and 17.00 GMT
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Figure 3 Seasonal variations of the O; and NO, surface concentrations [pg/m’], averaged for
the territory of Bulgaria: curves of mean, maximal and minimal values as well as curves show

the imaginary concentrations for which the probability of the simulated ones to be smaller is
respectively 0.25, 0.75, 0.1 and 0.9.
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The local effects on the ensemble behaviour are demonstrated in Fig. 4, where the
same characteristics are calculated for Bulgaria, Rojen (mountain site) and the cities
of Sofia and Stara Zagora (smaller city). As it can be seen, the local effects are also
very well displayed, in particular in the NO, fields, which for the different places
simply can not be plotted with the same scale. The geographical variations in the O;
behaviour are much smaller.

An important characteristic of the atmospheric composition climate of the country
is the contribution of the emission of different categories to the overall atmospheric
composition pattern. The relative contributions were calculated day by day and then,
by averaging over the 8-year ensemble the “typical” contributions for the four seasons
and annually were obtained. Some illustrations of the emission impact evaluations
will be given in the present paper.

In order to demonstrate the emission contribution behaviour in a more simple and
easy to comprehend way, the relative contribution fields can be averaged over some
domain (in this case the territory of Bulgaria), which makes it possible to jointly
follow and compare the diurnal behaviour of the respective contributions for different
species. Such plots for some of the compounds are given in Fig. 5.

There is no need to describe the plots in details, but some comments on them
could be made. First of all it could be seen that the different emissions relative
contribution to the concentration of different species could be rather different. The
contributions of different emission categories to different species surface
concentrations have different diurnal course and different importance. The energy
production is the major contributor to SO, and PM2.5 concentrations, while the
biogenic emissions have near zero or even negative contributions. The major
contributors to the NO, concentrations are the road transport and biogenic emissions.
Their diurnal courses are in counter-phase, which can be easily explained by the
ozone photochemistry cycle.

One can not help but notice the small contribution of biogenic emissions to surface
ozone. This fact was extensively discussed in Gadzhev (2012, 2013a) and was
explained by the fact that for Bulgaria the local O; production rate is limited by the
availability of NO,, a regime which is called NOy - limited. The contribution of the
emission from categories 1 and 7, which are the major sources of the other ozone
precursor — nitrogen oxides, is also small. This is an indirect indicator, that the surface
ozone in Bulgaria is to a small extend due to domestic sources, but is mostly
imported.
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Figure 5 Plots of the “typical” annual diurnal course of the averaged for the territory of
Bulgaria relative contributions [%] of emissions from categories 1 (SN_1), 2 (SN_2) and 7
(SN_7) and of the biogenic emissions (BB) to the concentrations of NO,, SO,, O; and PM2.5.

The picture is completely different for the city of Sofia (Fig.6). The NO,
concentrations are totally dominated by road transport emissions. The none-industrial
combustion has big contribution in SO, formation (probably mostly from the city
heating plants and domestic heating). The NO, also has dominating (negative)
contribution to the surface ozone. It is particularly large in morning and late
afternoon, when the city traffic is most intensive. In the afternoon the contribution of
road transport to the PM2.5 levels becomes even bigger than the contribution of the
energy production emissions.

The different emission categories contributions for a typically mountain location
(Rojen) are also given in Fig. 6. It can be seen that the behavior of the different
emission categories id different compared to the urban location of Sofia. For example,
the large contribution of biogenic emissions and the positive contribution of
emissions from road transport around noon can be mentioned.

Another very important atmospheric composition characteristic is the contribution
of different processes to the regional pollution over Bulgaria.
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Figure 6. Plots of the “typical” annual diurnal course of relative contributions [%] of
emissions from categories 1 (SN_1), 2 (SN_2) and 7 (SN_7) and of the biogenic emissions
(BB) to the concentrations of NO,, SO,, O; and PM2.5 for Sofia and Rojen.
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An example of the annually averaged special distribution of the processes
contribution to the surface ozone is given in Fig. 7. It can be seen that the chemical
processes have mostly negative impact. In particular the big cities and the road
network (powerful nitrogen oxide sources) can be clearly followed as ozone sinks.

The vertical diffusion impact is mostly positive (turbulent transport of ozone from
the upper layers). The effect is very prominent in the big cities, where the very large
nitrogen oxide surface sources cause big ozone deficiency (big negative vertical
gradients) and so the turbulent transport is more intensive. Some small spots of
vertical diffusion negative impact can be seen at the location of big power plants. This
is probably due to the fact that these are high sources of nitrogen oxide, which cause
ozone deficiency aloft, so the ozone vertical gradients near surface are positive.

The horizontal and vertical advection contributions pattern is very complex and
clearly reflects landscape induced local circulation systems. The horizontal and
vertical advection contributions have mostly opposite signs, which is a direct and
apparent consequence of the atmosphere continuity equation.

The horizontal diffusion, as it should, acts for compensating the ozone deficiency
and so is generally in counter-phase with the chemical processes.

The averaged over the territory of Bulgaria contributions of some of the processes
to the surface ozone concentrations will be also demonstrated (Fig. 8).

Very briefly the main characteristics, which can be seen from the plots, are the
following:

(1) There are well manifested seasonal differences and diurnal variations;

(2) The ozone concentration change is formed as a rather small sum of
processes with larger values and different signs;

(3) Averaged for the territory of Bulgaria the impacts of horizontal diffusion
and cloud processes/aqueous chemistry are negligible;

(4) For all the seasons, except winter, and annually the vertical diffusion has a
large positive impact, especially during the day (more intensive turbulence) —
ozone transport from higher atmosphere to ground level;

(5) The dry deposition has negative impact, but it is almost negligible during
winter and significant for spring, summer (in particular) and autumn during
daytime. This is easy to explain — the dry deposition is proportional to surface
concentration, and so is large when the surface concentrations are large;

(6) For all the seasons, except summer and especially in winter, and annually
the horizontal advection has large positive impact. In summer around noon there is
a period of horizontal advection negative impact. All this means that for most of
the time there is ozone inflow trough the country boundary;

(7) The impact of chemical processes is always negative, except during
daytime in the summer
The last three characteristic features of the processes behavior are sound evidence

that the ozone/ozone precursors in Bulgaria are mostly of foreign origin.
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Figure 7 Horizontal distribution of the contributions [pg/hour] of different processes to
the hourly surface ozone changes at 06.00GMT (08.00 local time).
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Figure 8 Plots of the “typical” annual and seasonal diurnal course of the averaged for the
territory of Bulgaria contributions of vertical advection (ZADV), vertical diffusion (VDIF),
horizontal diffusion (HDIF), dry deposition (DDEP), chemistry (CHEM), horizontal advection
(HADYV), cloud processes/aqueous chemistry (CLDS) to the hourly changes (Ac) of surface
0.

In order the local heterogeneities of the different processes behavior to be
demonstrated the annually averaged process contributions to SO, surface
concentration changes for 4 different points in Bulgaria, together with the averaged
for the country are shown in Fig. 9. It can be seen that the processes temporal
behavior and interaction is different for the different points. It is remarkable how fast
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and chaotic the changes of the horizontal and vertical advection are for Sofia and
Burgas. The horizontal and vertical advection contributions have mostly opposite
signs, which effect had already been mentioned above. The diurnal course of
horizontal and vertical advection contributions for Rojen is a very typical and good
example of the role of mountain circulation.
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Figure 9. Plots of the “typical” annual diurnal course of the in some points and averaged for
the territory of Bulgaria contributions of vertical advection (ZADV), vertical diffusion
(VDIF), emissions (EMIS), dry deposition (DDEP), chemistry (CHEM), horizontal advection
(HADYV), horizontal diffusion (HDIF), cloud processes/aqueous chemistry (CLDS) to the
hourly changes (Ac) of surface SO,.
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5. Conclusions

The numerical experiments performed produced a huge volume of information, which
have to be carefully analyzed and generalized so that some final conclusions could be
made. Nevertheless, some of the major findings so far will be listed below:

- the behavior of the surface concentrations, averaged over the ensemble annually,
or for the four seasons and over the territory of the country is reasonable and
demonstrates effects which for most of the compounds can be explained from a point
of view of the generally accepted schemes of dynamic influences (in particular the
role of turbulent transport and its dependence on atmospheric stability) and/or
chemical transformations;

- the SN _1 contribution to the surface SO, concentrations is smaller than one
should expect, having in mind that the “Maritza” power plants are among the biggest
sulfur sources in Europe. Probably, a significant amount of SO, from these sources
becomes a subject of larger scale transport and so is moved outside the country;

- the contribution of biogenic emissions to surface ozone in the country is
relatively small. This indicates that local O; production rate is limited by the
availability of NOy concentration, a regime which is called NOy-limited. Obviously
from a point of view of atmospheric composition climate the Balkan Peninsula and
Bulgaria are predominantly “rural” environment which explains the ozone
photochemistry specifics in the region.;

- the contribution of the emission from categories 1 and 7, which are the major
sources of the other ozone precursor — nitrogen oxides, is also small. This, once again
is an indirect indicator, that the surface ozone in Bulgaria is to a small extend due to
domestic sources, but is mostly imported;

- the results produced by the CMAQ “Integrated Process Rate Analysis”
demonstrate the very complex behavior and interaction of the different processes. The
analysis of the behavior of different processes does not give simple answer of the
question how the air pollution in a given point or region is formed.

Acknowledgements

The present work is supported by the EC-FP7 grants 261323 (project EGI-InSPIRE)
and PIRSES-GA-2013-612671 (project REQUA).

Deep gratitude is due to US EPA, US NCEP and EMEP for providing free-of-charge
data and software. Special thanks to the Netherlands Organization for Applied
Scientific research (TNO) for providing us with the high-resolution European
anthropogenic emission inventory.

Fisica de la Tierra 187
Vol. 27 (2015) 171-189



Gadzhev et al. Computer simulations of the atmospheric composition climate of Bulgaria

References

ATANASSOV E., T. GUROV & A. KARAIVANOVA (2006): Computational Grid:
structure and Applications, Journal Avtomatica i Informatica (in Bulgarian), year
XL, September 2006, 40-43.

BYUN, D., J. YOUNG., G. GIPSON, J. GODOWITCH, F.S. BINKOWSKI, S.
ROSELLE, B. BENJEY, J. PLEIM, J. CHING, J. NOVAK, C. COATS, T.
ODMAN, A. HANNA, K. ALAPATY, R. MATHUR, J. MCHENRY, U.
SHANKAR, S. FINE, A. XIU & C. JANG (1998) Description of the Models-3
Community Multiscale Air Quality (CMAQ) Modeling System, 10th Joint
Conference on the Applications of Air Pollution Meteorology with the A&WMA,
11-16 January 1998, Phoenix, Arizona, 264-268.

BYUN D. & J. CHING (1999) Science Algorithms of the EPA Models-3 Community
Multiscale Air Quality (CMAQ) Modeling System. EPA Report 600/R-99/030,
Washington DC. http://www.epa.gov/asmdnerl/models3/doc/science/science.html.

CEP (2003) Sparse Matrix Operator Kernel Emission (SMOKE) Modeling System,
University of Carolina, Carolina Environmental Programs, Research Triangle
Park, North Carolina.

DUDHIA J. (1993) A non-hydrostatic version of the Penn State/NCAR Mesoscale
Model: validation tests and simulation of an Atlantic cyclone and cold front. Mon.
Wea. Rev. 121, 1493-1513.

DUDHIA J. (1996) A multi-layer soil temperature model for MMS5, Preprint from the
Sixth PSU/NCAR Mesoscale Model Users' Workshop

DUDHIA J., D. GILL, K. MANNING, WEI WANG, & G. BRUYERE (2005)

PSU/NCAR mesoscale Modeling System, Tutorial Class Notes and User's Guide:
MMS5 Modeling System Version 3,
http://www.mmm.ucar.edu/mmS5/documents/MM5 _tut Web notes/tutorial TOC.htm

European Parliament (2002) DIRECTIVE 2002/3/EC of 12 February 2002 relating to
ozone in ambient air, Official Journal of the European Communities (9.3.2002),
L67, 14-30.

FOSTER J. & C. KESSELMANN (1998) The Grid: Blueprint for a New Computing
Infrastructure, Morgan Kaufmann.

GADZHEV G., G. JORDANOV, K. GANEV, M. PRODANOVA, D. SYRAKOV &
N. MILOSHEV (2011) Atmospheric Composition Studies for the Balkan Region,
Lecture Notes in Computer Sciences, Dimov, 1. S. Dimova, and N. Kolkovska
(Eds.): LNCS 6046, Springer-Verlag Berlin Heidelberg, 150-157.

GADZHEV G., K. GANEV, D., SYRAKOV, N., MILOSHEV & M., PRODANOVA
(2012) Contribution of Biogenic Emissions to the Atmospheric Composition of the
Balkan Region and Bulgaria, Int. J. Environment and Pollution, 50, 1/2/3/4, 130-
139.

GADZHEV G., K. GANEV, N., MILOSHEV, D., SYRAKOV & M., PRODANOVA
(2013a) Numerical Study of the Atmospheric Composition in Bulgaria, Computers
and Mathematics with Applications 65, 402-422.

188 Fisica de la Tierra
Vol. 27 (2015) 171-189



Gadzhev et al. Computer simulations of the atmospheric composition climate of Bulgaria

GADZHEV G., K. GANEV, D., SYRAKOV, M. PRODANOVA & N., MILOSHEV
(2013b) Some Statistical Evaluations of Numerically Obtained Atmospheric
Composition Fields in Bulgaria, Proceedings of 15th International Conference on
Harmonisation within Atmospheric. Dispersion Modelling for Regulatory
Purposes. 6-9 May 2013, Madrid, Spain, 373-377.

GADZHEV G., K. GANEV, N. MILOSHEV, D. SYRAKOV, & M. PRODANOVA
(2014a) Some Basic Facts About the Atmospheric Composition in Bulgaria — Grid
Computing Simulations, in 1. Lirkov et al. (Eds.): LSSC 2013, LNCS 8353, 484—
490

GADZHEV G., K. GANEV, N. MILOSHEV, D. SYRAKOV, & M. PRODANOVA
(2014b) Analysis of the Processes Which Form the Air Pollution Pattern over
Bulgaria, in . Lirkov et al. (Eds.): LSSC 2013, LNCS 8353, 390-396

GADZHEV G., K. GANEV & N. MILOSHEV (2014c) Numerical study of the
atmospheric composition climate of Bulgaria — validation of the computer
simulation results, Proc. of the 16th International Conference on Harmonisation
within Atmospheric Dispersion Modelling for Regulatory Purposes 8-11
September 2014, Varna, Bulgaria, 41-45,

GRELL, G.A., J. DUDHIA & D.R. STAUFFER (1994) A description of the Fifth
Generation Penn State/NCAR Mesoscale Model (MMS5). NCAR Technical Note,
NCAR TN-398-STR, pp. 138

THUNIS P., D. PERNIGOTTI & M. GERBOLES (2013a) Model quality objectives
based on measurement uncertainty. Part I: Ozone. Atmospheric Environment 79,
861-868

THUNIS P., D. PERNIGOTTI & M. GERBOLES (2013b) Model quality objectives
based on measurement uncertainty. Part II: NO2 and PMI10. Atmospheric
Environment 79, 869-878

VISSCHEDIJK A. J. H,, P.Y.J. ZANDVELD & H.A.C. DENIER VAN DER GON
(2007) A High Resolution Gridded European Emission Database for the EU
Integrate Project GEMS, TNO-report 2007-A-R0233/B, Apeldoorn, The
Netherlands.

Fisica de la Tierra 189
Vol. 27 (2015) 171-189



162 Int. J. Environment and Pollution, Vol. 57, Nos. 3/4, 2015

Numerical study of the air quality in the city
of Sofia — some preliminary results

lvelina Georgieva*, Georgi Gadzhev and
Kostadin Ganev

National Institute of Geophysics, Geodesy and Geography,
Bulgarian Academy of Sciences,

Acad. G. Boncev str. bl. 3, Sofia 1113, Bulgaria

Email: iivanova@geophys.bas.bg

Email: ggadjev@geophys.bas.bg

Email: kganev(@geophys.bas.bg

*Corresponding author

Maria Prodanova and Dimiter Syrakov

National Institute of Meteorology and Hydrology,
Bulgarian Academy of Sciences,

66 Tzarigradsko Chausee, Sofia 1784, Bulgaria
Email: maria.prodanova@meteo.bg

Email: Dimiter.Syrakov@meteo.bg

Nikolay Miloshev

National Institute of Geophysics, Geodesy and Geography,
Bulgarian Academy of Sciences,

Acad. G. Boncev str. bl. 3, Sofia 1113, Bulgaria

Email: miloshev@geophys.bas.bg

Abstract: Some extensive numerical simulations of the atmospheric
composition fields in the city of Sofia have been recently performed. The
simulations were carried out using the following set of models: the model
WRF used as meteorological pre-processor; CMAQ — the community
multiscale air quality system — the chemical transport model; SMOKE — the
sparse matrix operator kernel emissions modelling system — the emission
model. As the NCEP global analysis data with one degree resolution was used
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SUMMARY

Some extensive numerical simulations of the atmospheric composition fields in the city of Sofia have been
recently performed. The simulations were carried out using the following set of models: the model WRF
used as meteorological pre-processor; CMAQ - the Community Multiscale Air Quality System — the
chemical transport model; SMOKE - the Sparse Matrix Operator Kernel Emissions Modelling System —
the emission model. As the NCEP Global Analysis Data with 1 degree resolution was used as
meteorological background, the WRF and CMAQ nesting capabilities were applied for downscaling the
simulations to a 1 km resolution over Sofia. The national emission inventory was used as an emission
input for Bulgaria, while outside the country the emissions were taken from the TNO inventory. Special
pre-processing procedures are created for introducing temporal profiles and speciation of the emissions.
The biogenic emissions of VOC are estimated by the model SMOKE. Different characteristics of the
numerically obtained concentration fields will be demonstrated in the present paper.
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Introduction

Recently extensive studies for long enough simulation periods and good resolution of the
atmospheric composition status in Bulgaria have been carried out using up-to-date modelling tools
and detailed and reliable input data (Gadzhev et al. 2011 a,b, 2012, 2013 a,b,c,d).

The next step in studying the atmospheric composition climate is performing simulations in urban
scale. The simulations aim at constructing of ensemble, comprehensive enough as to provide
statistically reliable assessment of the atmospheric composition climate of the city of Sofia — typical
and extreme features of the special/temporal behaviour, annual means and seasonal variations, etc.

Some preliminary results from the computer simulations will be presented in the present paper.

Modelling Tools and Input Data

The simulations are carried out with the following set of models:
e WRF (Shamarock et al. 2007) used as meteorological pre-processor;
e CMAQ - the Community Multiscale Air Quality System (Byun et al., 1998, Byun and Ching,
1999), being the Chemical Transport Model (CTM) of the system, and
e SMOKE - the Sparse Matrix Operator Kernel Emissions Modelling System (CEP, 2003) — the
emission pre-processor of Models-3 system.

The large scale (background) meteorological data used in the present study is the NCEP Global
Analysis Data with 1°x1° resolution. WRF and CMAQ nesting capabilities are applied for downscaling
the simulations to a 1 km step for the innermost domain (Sofia).

The national emission inventory was used as an emission input for Bulgaria, while outside the
country the emissions were taken from the TNO inventory (A. Visschedijk et all., 2007).
Special pre-processing procedures are created for introducing temporal profiles and speciation of
the emissions. The biogenic emissions of VOC are estimated by the model SMOKE. A detailed
description of the emission modelling is given in Gadzhev et al. (2013a).

Results, Comments and Discussion

The most simple and natural atmospheric composition evaluations are, of course, the
surface concentrations. By averaging over the whole simulated fields ensemble the mean annual and
seasonal surface concentrations can be obtained and treated as respective “typical” daily
concentration patterns. Plots of some of these “typical” annual, summer and winter NO2 and O3
surface concentrations are shown in Figures 1, 2. The spatial, seasonal and diurnal variations
in NO2 and O3 surface concentration fields are very well manifested.
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Figure 1 Surface NO, “typical” annual, summer and winter concentrations [ug/m3] at 07:00 and
14:00 GMT.

As it should be expected, because the major NO, source in the city is the road transport (surface
sources) the surface NO, concentrations are higher early in the morning and much smaller at noon,
when the atmosphere is usually unstable, and so the turbulence transports the NO, aloft more
intensively. For the same reasons the concentrations during the winter period are bigger than those in
summer, or the annually averaged. The spatial distribution is significantly heterogeneous — the
maximal concentrations are formed in the city centre and along the boulevard with most busy traffic.

The behaviour of the surface ozone is more complex. As shown in Gadzhev et al. (2012, 2013
a,b,c,d) the ozone in Bulgaria is to a great extend due to transport from abroad. This is
one of the circumstances, because of which the ozone concentrations early in the morning are
smaller than at noon (less intensive transport from higher levels). The other is, of course, the ozone
photochemistry, which explains both the higher O; concentrations at daytime and during the
summer and the O; gaps in the regions, where the NO, concentrations are large.

As already stated, the simulated fields ensemble is large enough to allow statistical treatment. In
particular the probability density functions for each of the atmospheric compounds can be calculated,
with the respective seasonal and diurnal variations, for each of the points of the simulation grid or
averaged over the territory of the city. Knowing the probability density functions means to know
everything about the ensemble.
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Figure 2 Surface O; “typical” annual, summer and winter concentrations [ug/m3] at 07:00 and
14:00 GMT.

Conclusions

The demonstrations, presented in the present paper are just a first glance on the atmospheric
composition status of the city of Sofia. What can be seen so far is that the results does not defy the
common sense and does not oppose the schematic concepts about how the air pollution near earth
surface is formed. The numerical experiments are still going on, but when accomplished they will
produce a huge volume of information, which have to be carefully analyzed and generalized so that
some final conclusions can be made. It is planned computer simulations to be made for different
emission scenarios, so that the contribution of different source categories to the atmospheric
composition climate of Sofia can be evaluated.

The air pollution pattern is formed as a result of interaction of different processes, so knowing the
contribution of each for different meteorological conditions and given emission spatial configuration
and temporal behaviour could be interesting. Therefore the CMAQ “Integrated Process Rate
Analysis” option was applied to discriminate the role of different dynamic and chemical processes for
the air pollution formation in the city of Sofia. These results have still to be generalised and carefully
analysed.
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Abstract: Some extensive numerical simulations of the atmospheric composition fields in the city of Sofia have been
recently performed. The simulations were carried out using the following set of models: the model WRF used as
meteorological pre-processor; CMAQ - the Community Multiscale Air Quality System — the chemical transport
model; SMOKE - the Sparse Matrix Operator Kernel Emissions Modelling System — the emission model. As the
NCEP Global Analysis Data with 1 degree resolution was used as meteorological background, the WRF and CMAQ
nesting capabilities were applied for downscaling the simulations to a 1 km resolution over Sofia. The national
emission inventory was used as an emission input for Bulgaria, while outside the country the emissions were taken
from the TNO inventory. Special pre-processing procedures are created for introducing temporal profiles and
speciation of the emissions. The biogenic emissions of VOC are estimated by the model SMOKE. Different
characteristics of the numerically obtained concentration fields will be demonstrated in the present paper.

Key words: urban scale atmospheric composition numerical modelling, ensemble of numerical simulation results

INTRODUCTION

Recently extensive studies for long enough simulation periods and good resolution of the atmospheric
composition status in Bulgaria have been carried out using up-to-date modelling tools and detailed and
reliable input data (Gadzhev et al. 2011 a,b, 2012, 2013 a,b,c,d).

The next step in studying the atmospheric composition climate is performing simulations in urban scale.
The simulations aim at constructing of ensemble, comprehensive enough as to provide statistically
reliable assessment of the atmospheric composition climate of the city of Sofia — typical and extreme
features of the special/temporal behaviour, annual means and seasonal variations, etc.

Some preliminary results from the computer simulations will be presented in the present paper.

MODELING TOOLS AND INPUT DATA
The simulations are carried out with the following set of models:

- WRF (Shamarock et al. 2007) used as meteorological pre-processor;

- CMAQ - the Community Multiscale Air Quality System (Byun et al., 1998, Byun and Ching, 1999),
being the Chemical Transport Model (CTM) of the system, and

- SMOKE - the Sparse Matrix Operator Kernel Emissions Modelling System (CEP, 2003) — the
emission pre-processor of Models-3 system.

The large scale (background) meteorological data used in the present study is the NCEP Global Analysis
Data with 1°x1° resolution. WRF and CMAQ nesting capabilities are applied for downscaling the

simulations to a 1 km step for the innermost domain (Sofia).

The national emission inventory was used as an emission input for Bulgaria, while outside the country the
emissions were taken from the TNO inventory (A. Visschedijk et all., 2007). Special pre-processing
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procedures are created for introducing temporal profiles and speciation of the emissions. The biogenic
emissions of VOC are estimated by the model SMOKE. A detailed description of the emission modelling
is given in Gadzhev et al. (2013a).

RESULTS, COMMENTS AND DISCUSSION

The most simple and natural atmospheric composition evaluations are, of course, the surface
concentrations. By averaging over the whole simulated fields ensemble the mean annual and seasonal
surface concentrations can be obtained and treated as respective “typical” daily concentration patterns.
Plots of some of these “typical” annual, summer and winter NO, and Oj; surface concentrations are shown
in Figures 1, 2. The spatial, seasonal and diurnal variations in NO, and O; surface concentration fields are
very well manifested.

07:00 14:00
0 annual annual

%

summer summer

winter

Figure 6. Surface NO, "typical” annual, summer and winter concentrations [pg/m’] in 07:00 and 14:00 GMT

As it should be expected, because the major NO, source in the city is the road transport (surface sources)
the surface NO, concentrations are higher early in the morning and much smaller at noon, when the
atmosphere is usually unstable, and so the turbulence transports the NO, aloft more intensively. For the
same reasons the concentrations during the winter period are bigger than those in summer, or the annually
averaged. The spatial distribution is significantly heterogeneous — the maximal concentrations are formed
in the city centre and along the boulevard with most busy traffic.
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Figure 2. Surface O "typical” annual, summer and winter concentrations [pg/m’] in 07:00 and 14:00 GMT

The behaviour of the surface ozone is more complex. As shown in Gadzhev et al. (2012, 2013 a,b,c,d) the
ozone in Bulgaria is to a great extend due to transport from abroad. This is one of the circumstances,
because of which the ozone concentrations early in the morning are smaller than at noon (less intensive
transport from higher levels). The other is, of course, the ozone photochemistry, which explains both the
higher O; concentrations at daytime and during the summer and the O; gaps in the regions, where the NO,
concentrations are large.

As already stated, the simulated fields ensemble is large enough to allow statistical treatment. In
particular the probability density functions for each of the atmospheric compounds can be calculated, with
the respective seasonal and diurnal variations, for each of the points of the simulation grid or averaged
over the territory of the city. Knowing the probability density functions means to know everything about
the ensemble.

An example of spatial and diurnal variations of the annual ensembles of surface O;, NO,, PM10 and
PM2.5 behaviour in two points — the typically urban site “Orlov most” and the mountain site “Kopitoto”
are shown in Figure 3. Together with the mean, maximal and minimal values there are also the curves
denoted by 25, 75, 10 and 90%. These curves show the imaginary concentrations for which the
probability of the simulated ones to be smaller is respectively 25, 75, 10 and 90%. Thus the band 25-75
contains 50% and the band 10-90 - 80% of the possible cases. The plots are self explanatory enough and
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demonstrate the spatial and diurnal variations of the above mentioned species. As it should be expected
the NO,, PM10 and PM2.5 concentrations at “Kopitoto” are much smaller as those at “Orlov most”, while
the O3 concentrations at both sites are of similar values. For the “Orlov most” site the O; concentrations
reach maximum around noon, when NO, and PM concentrations tend towards local minimum. This is
quite natural having in mind the traffic and atmospheric stability diurnal course. On the contrary for the
“Kopitoto” site the NO, concentrations reach maximum around noon, probably due to the more intensive
turbulent mixture and the slope wind effect. The PM10 and PM2.5 concentrations at “Kopitoto” do not
have such a significant diurnal variations.

It could be also noticed that the NO,, PM10 and PM2.5 ensemble behaviour is significantly asymmetric
for both sites.
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Figure 3. Diurnal variations of the annual NO,, O;, PM10 and PM2.3 surface concentrations [ug/m?], for the
typically urban site “Orlov most” and the mountain site “Kopitoto”: curves of mean, maximal and minimal values as
well as curves show the imaginary concentrations for which the probability of the simulated ones to be smaller is
respectively 25, 75, 10 and 90%.

CONCLUSIONS

The demonstrations, presented in the present paper are just a first glance on the atmospheric composition
status of the city of Sofia. What can be seen so far is that the results does not defy the common sense and
does not oppose the schematic concepts about how the air pollution near earth surface is formed. The
numerical experiments are still going on, but when accomplished they will produce a huge volume of
information, which have to be carefully analyzed and generalized so that some final conclusions can be
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made. It is planned computer simulations to be made for different emission scenarios, so that the
contribution of different source categories to the atmospheric composition climate of Sofia can be
evaluated.

The air pollution pattern is formed as a result of interaction of different processes, so knowing the
contribution of each for different meteorological conditions and given emission spatial configuration and
temporal behaviour could be interesting. Therefore the CMAQ “Integrated Process Rate Analysis” option
was applied to discriminate the role of different dynamic and chemical processes for the air pollution
formation in the city of Sofia. These results have still to be generalised and carefully analysed.
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Welcome to IEEE EUROCON 2017

Dear conference participants,

It is with great pleasure to welcome you at the 17-th IEEE International Conference on Smart
Technologies EUROCON 2017. This conference is organized by one of the 10 geographical units of
IEEE, and is at the same rank as major conferences organized by the IEEE Societies as IEEE technical
organizational units. EUROCON is a flagship event of the IEEE Region 8 (Europe, Middle East and
Africa) held every two years in a different country with participants from all over the world. It is a
major international forum for the exchange of ideas, theory basics, design methodologies, techniques
and experimental results between academia, research institutions and practitioners from industry. It
has achieved a considerable success during the past 16 editions in all fields of electrical and electronic
engineering, ICT and computer science covered by IEEE Societies.

The technical program includes plenary sessions with 7 invited keynote lectures, 15 regular technical track sessions,
4 special sessions (SS) on highly specialized topics reporting technical trends and breakthroughs within the scope of the
conference, 7 special thematic areas (STA) with several special sessions, poster session, 4 panel discussions (PD), 2
workshops and a tutorial. The 48 techincal sessions are grouped in four tracks:

- Information and Communication Technologies,
- Circuits, Systems and Signal Processing,

- Power Engineering and Energy,

- Industrial and Consumer Applications.

The conference received 233 research papers submissions and after the rigorous peer review, only 172 papers have
been accepted for presentation at the conference sessions. It is our special privilege and honor that this year the conference
will be opened by our Honorary Chairs, the 2017 IEEE President Karen Bartleson and 2017-2018 IEEE R8 Director Margaretha
Eriksson. The conference also includes a student competition with the EUROCON 2017 Best Student Paper Award, IEEE
Region 8 Best Student Paper Contest 2017 presentations and awards, as well as presentations from IEEE Young Professionals
(YP) and IEEE Professional Activities (PA) affinity groups.

The Conference this year will be held at the Metropol Lake Resort, located about 7 km south from the magnificent
city of Ohrid. It is referred to as the "Jerusalem of the Balkans" due to its richness in churches, picturesque sites and
monuments, while the Ohrid Lake, as the oldest in Europe, has unique flora and fauna with more than 200 endemic species.
Both, the city and the lake, are protected as UNESCO Cultural and Natural World Heritage and are regarded as one of the
best summer destinations.

In the name of the organizing committee and myself, | would like to thank to all sponsors for the support to the
conference and particularly to the Saints Cyril and Methodius University, Skopje, Macedonia and all the colleagues form the
Faculty of Electrical Engineering and IT, and Faculty of Computer Science and Engineering, as well as all the members of the
Ex Com of the IEEE Republic of Macedonia Section which celebrates it 20-th anniversary this year. Also, special thanks to our
major sponsors, the Neotel and Netcetera companies.

A conference is not just a collection of paper presentations and attending technical sessions. It is an occasion on
which people with common interest come together and confer, establish further cooperation, make new contacts and life
long friendships. On behalf of the organizing committee, | wish your days at the IEEE EUROCON 2017 to be very productive
and enjoyable.

il T
S ot
Prof. Dr. Lju Karadzjrpv,
IEEE EUROCON.2017 General Chair,
IEEE Republic of Macedonia Section Chair.
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Abstract— Some extensive numerical simulations of the
atmospheric composition fields in the city of Sofia have been
recently performed and an ensemble, comprehensive enough as
to provide statistically reliable assessment of the atmospheric
composition climate of Sofia — typical and extreme features of the
special/temporal behavior, annual means and seasonal variations,
etc. has been constructed.

The simulations were carried out using the US EPA Models-3
system. The meteorological data needed for the models that was
used is from the NCEP Global Analysis Data with 1°x1°
resolution. The WRF and CMAQ nesting capabilities are applied
for downscaling the simulations to a 1 km step for the innermost
domain.

For Bulgaria and smaller domains the emissions input is from
the national emission inventory, prepared by the Ministry of
Environment and Water of Bulgaria (MOEW), while outside the
country the emissions were taken from the TNO inventory.
Special pre-processing procedures are created for introducing
temporal profiles and speciation of the emissions. The biogenic
emissions of VOC are estimated by the model SMOKE.

For describing the ambient pollutant mix, an overall air
quality index (AQI) is constructed, which makes it possible to
describe the air quality in a simple, understandable for the
general public way.

The general conclusion that can be made for the Sofia city is
that the air quality status of Sofia is not so good (evaluated with a
spatial resolution of 1km). AQI status falls mostly in "Low" and
"Moderate'" bands, but the recurrence of cases with Very High
pollution is close to 20% mostly at the city centre.

Keywords— air quality, numerical modelling, HPC and grid
computing, ensemble of numerical simulation results, Air Quality
Indices

L

The objective of the present work is calculation of the Air
Quality (AQ) impact on human health and quality of life in
urban area - Sofia city. The AQ impact on human health and
quality of life is an issue of great social significance.
Evaluating this impact will give scientifically robust basis for
elaborating efficient short term measures and long term
strategies for mitigation of the harmful effects of air pollution
on human health and quality of life.

INTRODUCTION

The AQ impact on human health and quality of life is
evaluated in the terms of Air Quality Indices (AQI), which
give an integrated assessment of the impact of the whole range
of pollutants. In the current study the AQI evaluations are
based on extensive computer simulations of the AQ in Sofia
city carried out with good resolution using up-to-date
modeling tools and detailed and reliable input data.

978-1-5090-3843-5/17/$31.00 ©2017 European Union
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The Air Quality (AQ) is a key element for the well-being
and quality of life of European citizens. An association
between the increased incidence of respiratory, cardiovascular,
neoplastic diseases, the reduced life expectancy and air
pollution has been robustly established [1], [2]. According to
the World Health Organization (WHO), air pollution severely
affects the health of European citizens [3], [4], between 2.5
and 11% of the total number of annual deaths are due to air
pollution). There is considerable concern about impaired and
detrimental air quality conditions over many areas in Europe,
especially in urbanized areas, in spite of about 30 years of
legislation and emission reduction. Current legislation [5], [6]
requires informing the public on AQ, assessing air pollutant
concentrations throughout the whole territory of Member
States and indicating exceedances of limit and target values,
forecasting potential exceedances and assessing possible
emergency measures to abate exceedances using modeling
tools.

II.  METHODOLOGY

A.  Air Quality Indices:

Calculation of the AQ impact on human health and quality
of life in Sofia city is the objective of the present study. The
impact is calculated in the terms of the so called Air Quality
Indices (AQI) — an integral characteristic directly measuring
the effects of AQ on human health. The calculations are made
on the basis of long term AQ simulations, which makes it
possible to reveal the climate of AQI spatial/temporal
distribution and behavior.

The AQI is defined as a measure of air pollution seen in
the context of its impact on quality of life. The index
calculated in base on air pollutions concentrations obtained
from a observations or from numerical modeling. The index
gives an integrated assessment of the impact of pollution on
human health in a simple understandable for people way. The
index is a linear function of the concentration of pollutants and
it is defined in several segments [7]:

I =( (] high — 1 low) / (C high — € Iuw)) (C =-C low) (1)

where:
I- the AQL
¢ - the pollutant concentration,
¢ 1ow - the concentration breakpoint that is < c,
C pnigh - the concentration breakpoint that is > c,
I jow - the index breakpoint corresponding to ¢ 1y ,

I jign - the index breakpoint corresponding to ¢ pigh.
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The Air quality index falls in one of the ranges of the
dimensionless scale. Converting the concentrations into a
dimensionless scale associated with an intuitive color code, a
linguistic description and health preposition.

Pretty often in order to evaluate the air quality situation in
European cities, all detailed measurements are transformed
into a single relative figure: the Common Air Quality Index
(CAQI) and this index have 5 levels using a scale from 0 (very
low) to > 100 (very high). The index is based on 3 pollutants
of major concern in Europe: PM;y, NO,, O; and will be able to
take into account to 3 additional pollutants (CO, PM, s and
SO,).

One of the most commonly used air quality index is the
UK Daily Air Quality Index [8], also used in Bulgaria [9-12].

Some preliminary results from the computer simulations
the atmospheric composition climate in urban scale are
demonstrated in [12]. The period of the simulations were
performed for 3 years (2010 to 2012) and the focus of the
paper is mainly on the surface concentrations fields of some
pollutants and their behavior in the city. Based on the results
for the concentrations the AQI is calculated, but its behavior is
not extensively illustrated and discussed. The present paper is
dedicated exclusively to description of the AQI behavior and
so it is discussed in much more details.

The breakpoints between index values are defined for each
pollutant separately and the overall index is defined as the
maximum value of the index. Different averaging periods are
used for different pollutants. Each of the bands comes with
advice for at-risk groups and the general population (TAB. I).

The reference levels and Health Descriptor used in the
tables are based on health-protection related limit, target or
guideline values set by the EU, at national or local level or by
the WHO.

TABLE L AIR QUALITY INDICES AND THEIR HEALTH IMPACT

Banding Health Descriptor

Effects are unlikely to be noticed even by
individuals who know they are sensitive to
air pollutants

Low

Mild effects, unlikely to require action, may

Moderate . I
be noticed amongst sensitive individuals.

Significant effects may be noticed by
sensitive individuals and action to avoid or
reduce these effects may be needed.
Asthmatics will find that their 'reliever'
inhaler is likely to reverse the effects on the
lung.

High

The effects on sensitive individuals
described for 'High' levels of pollution may
worsen.

Very High 10

B.  Air quality computer simulations

The AQI evaluations are based on extensive computer
simulations of the AQ in Sofia city carried out with good
resolution using up-to-date modeling tools and detailed and
reliable input data [13-19]. All the simulations are based on
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the US EPA Model-3 system. The system consists of three
components:

WRF - is Meteorological model (The Weather Research
and Forecasting) [20] model used as meteorological pre-
processor. WRF model is a numerical weather prediction
(NWP) and atmospheric simulation system designed for both
research and operational applications.

CMAQ - the Community Multiscale Air Quality System
[21-23], being the Chemical Transport Model (CTM) of the
system.

SMOKE - the Sparse Matrix Operator Kernel Emissions
Modeling System [24] — is the emission pre-processor of
Models-3 system. SMOKE currently supports BEIS (Biogenic
Emissions Inventory System) mechanism, versions 3.13 [25].
The model is fed with gridded land use data. It computes the
normalized emissions for each grid cell and land use category.
For preparing the girded land use file GIS technology is
applied to USGS (US Geological Survey) data base with
resolution 1 km.

C. Grid computing:

The calculations were implemented on the Supercomputer
System Avitohol at IICT-BAS. Which consists of 150 HP
Cluster Platform SL250S GENS servers, each one equipped
with 2 Intel Xeon E5-2650 v2 8C 2600 GHz CPUs and 64GB
Ram per server. The storage system is HP MSA 2040 SAN
with a total of 96 TB of raw disk storage capacity. All the
servers are interconnected with fully non-blocking FDR
Infiniband, using a fat-tree topology.

The computer resource requirements for WRF, SMOKE
and CMAQ simulations are rather big, [26] which can be seen
in Table II. That is why the planned numerical experiments
were organized in effective HPC environment. The ACIQLife
simulations were organized in two separate jobs: one for WRF
simulations and one for SMOKE, CMAQ and post-processing
procedures. The output storage from the model is too large.
Not all the information from the output is so valuable for the
further considerations about this study, so a post-processing
procedure and respective software were developed, to
“filtered”’ the output information and only the necessary of it
was kept.

An hourly basis of the surface concentrations of the
following important pollutants:

* NO2, NO, 03, NO3, OH, HO2, N205, HNO3, HONO,
PNA (Peroxynitric acid), H202, CO, FORM, ALD2, C203,
PAN (Peroxyacetylnitrat), PACD (Peroxyacetic acid), PAR,
OLE, FACD (Formic acid), AACD (Acetic Acid), ETH, TOL,
CRES (Cresol), TO2, XYL, MGLY (Methylglyoxal), ISOP,
ISPD (Products of isoprene rxns), SO2, SULF (H2SO4
Sulfuric acid), UMHP (Methanediol), TERP, NH3 (gases34)

* PSO4, PNH4, PNO3, POA, PEC (aerosol—5)

* SOAA, SOAB (Anthropogenic and Biogenic secondary
organic aerosol—?2)

* FPRM, CPRM (fine and coarse PM—2).
from the CMAQ output were kept:
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TABLE II. COMPUTER RESOURCE REQUIREMENTS FOR ACIQLIFE
1 Day simulation at 16CPU
WRF CMAQ and SMOKE Total
Time 3h 2h Sh
HDD 530MB 970MB 1,5GB

The WRF/CMAQ simulations were performed day by day
for 7 years—from 2008 to 2014 for the simulations for city of
Sofia. Thus a quite extensive data base was created, which
could be used for different studies and considerations of the
main features and origins of the atmospheric composition in
Sofia, including the AQI climate.

III. INPUT DATA

Carrying out reliable, comprehensive and detailed studies
of the influence of the parameters and characteristics of lower
atmosphere on quality of life and health risks for the
population of our country requires various types of data such
as: meteorological and chemical fields and measurements —
data for the health status, AQ data, emission inventories,
physiographic and demographic data. The data is necessary as
an input to the respective studies, as well as for evaluation and
validation of the modeling approaches and tools. The complete
coherence of models and data is of crucial importance for the
success of the present work:

A.  Meteorological data:

The needed meteorological input for the models that was
used is from the NCEP Global Analysis Data with 1°x1°
resolution. The WRF and CMAQ nesting capabilities are
applied for downscaling the simulations to a 1 km step for the
innermost domain (Sofia) Fig.1.

Fig. 1. Model domains - DI 81x81 km (Europe), D2 27x27 km (Balkan
Peninsula), D3 9x9 km (Bulgaria), D4 3x3 km (Sofia municipality) and D5
Ix1 km (Sofia city).

B. Emission data:

The TNO high resolution inventory - 0.25°x0.125°
longitude-latitude, is exploited, produced by proper
disaggregation of the EMEP 50-km inventory data base [27],
[28]. GIS technology is applied as to produce area and large
point source input from this data base. The TNO emissions are
distributed over 10 SNAPs (Selected Nomenclature for Air
Pollution) classifying pollution sources according the
processes leading to harmful material release to the
atmosphere [29].

For Bulgaria and smaller domains the emissions input is
from the national emission inventory, prepared by the Ministry
of Environment and Water of Bulgaria (MOEW). Special pre-
processing procedures are created for introducing temporal
profiles and speciation of the emissions. The biogenic
emissions are calculated by the SMOKE model.

IV. MAINRESULTS

The simulations aimed at constructing of ensemble of daily
simulations for a large period (7 years—from 2008 to 2014).
This ensemble should be comprehensive enough as to provide
statistically ~reliable assessment of the atmospheric
composition climate of the city of Sofia. The computer
simulated ensemble is utilized for studying calculation of AQI,
constructing the AQI climate in Sofia and analysis of its
spatial - temporal behavior.

The results from the computer simulations are presented
here, for the domain with the desired horizontal resolution
1km for the region of Sofia city.

A.  Annual plots of the recurrence of the AQI in the " Low","
Moderate" and "High" bands over Sofia city.

Fig. 2 shows annual recurrence of cases with different AQI
for Sofia in two chosen hours - 07:00 GMT and 15:00 GMT.

07:00 Low 15:00

Fig. 2. Annual plots of the recurrence [%] of the AQI - Low, Moderate,
High and Very High bands in Sofia.
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It can be seen that most areas with high recurrence of cases
with lower AQI status are in the city center and the North part
of the ring road of Sofia early in the morning due to the
weather conditions and higher NO, concentrations from the
road transport. This could be seen at Low and Moderate range
maps in the morning hours. The major NO, sources in the city
are the surface sources (road transport) and the surface NO,
concentrations are higher in the morning and smaller at noon
(the atmosphere is mostly unstable, and intensively turbulence
transports of NO, aloft). The maximal concentrations which
are directly linked to the worse AQI status are in the city
centre and along the boulevard with most busy traffic.

In Moderate band at 15:00 GMT it can be also noticed
about 20% recurrence with not so good AQI status over
Vitosha mountain. Higher values over the Vitosha mountain in
the afternoon are due to the higher concentration of O; in
mountain areas and intensive ozone transport from higher
levels (intensive turbulence during midday). The behavior of
the surface ozone is complex. The O; in Bulgaria is to a great
extent due to transport from abroad [13-19]. The O;
concentrations early in the morning are smaller, because less
intensive transport from higher levels, and higher at noon and
afternoon (turbulence atmosphere and O; photochemistry).

High recurrence of cases with “High” and "Very High"
values appear again in the city centre and an area in the West
part of the city, where a Coca Cola factory and oil storage
depot Gaztrade are situated. About 20% "Very High"
pollution in the city centre and 10% near Coca Cola factory
and oil storage depot Gaztrade can be observed. Bad AQI
status from the “Very High” band never disappears.

B.  Diurnal variations of the annually and seasonal averaged
recurrence of the different AQI values for Sofia and for
different point in Sofia.

The graphics on Fig. 3 show the annual and seasonal
recurrence of the different AQI values (from 1 to 10) averaged
for the whole domain Sofia city.

The most probable indices are AQIl, AQI2 and AQI3
(they fall in "Low" band) with recurrence about 40%. In
spring and summer the recurrence of AQI4 (Moderate band)
in the afternoon becomes about 20% . AQI10 "Very High"
band - is noticed in all seasons with recurrence of about 10%.
The most probable indices have well displayed seasonal and
diurnal course.

Fig. 4 shows the recurrence of the AQI for 6 points in Sofia,
some of which are the hot spots of the city. The points are
chosen because of their locations - two in the city centre:
Orlov most and Ruski Pametnik, one at the North part of the
Ring road: Botevgradsko chaussée, one in the South part of
the city: Zoo and two mountain/suburban points - Kopitoto
and Pancharevo
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Fig. 3. Diurnal variations of the annual and seasonal recurrence [%] of the
different AQI values for Sofia.
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Fig. 4. Diurnal variations of the annual recurrence [%] of the different AQI
values for 6 different points : Orlov most, Ruski Pametnik, Botevgradsko
chaussée, Zoo, Kopitoto and Pancharevo.

The Orlov most and Ruski pametnik are two locations in
the city centre with most busy automobile traffic. The results
are pretty much the same, but for the Ruski pametnik it could
be seen that the AQI10 (Very High band) is about 20 % during
the day and reaches 40 % in the morning hours. This point is
one of the busiest traffic routes and the highest values here are
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probably due to the road transport (surface sources) and the
atmospheric stability at the morning,.

For Botevgradsko chaussée and the Zoo points the most
probable indices are AQIl, AQI2 and AQI3. For
Botevgradsko chaussée point AQI4 has two maximums - in
the morning and in the afternoon. The AQI10 recurrence for
the Zoo point is about 10% in the morning, and becomes
lower in the rest of the day. Probable reason for higher value
of AQI10 recurrence in the morning are the high NO2
concentrations due to atmospheric stability and hampered
turbulent transport, as well as intensive road traffic.

In the two mountain points - Kopitoto and Pancharevo the
most probable indices are AQI1, AQI2 and AQI3, which fall
in Low band and the other indices values are with negligible
probability of occurrence.

V.

The simulations for Sofia city show that the air quality
status in the city of Sofia is not so good (evaluated with a
spatial resolution of 1km).

CONCLUSIONS

AQI status falls mostly in "Low" and "Moderate" bands,
but the recurrence of cases with Very High pollution is close
to 20% mostly at the city centre.

The pollution in the city is probably due to the surface
sources like road transport and also the TPPs in the city.

Apart from these general features the climatic behavior of
the AQI probabilities is rather complex with significant
spatial, seasonal and diurnal variability. The areas with
slightly worse AQ status are not necessarily linked to the big
pollution sources. Wide rural and even mountain regions can
also have significant probability for AQI from the Moderate
range.

The hot spots in Sofia city, where index with higher impact
is AQII0 are in the city centre - Orlov most and Ruski
pametnik. The AQI10 (Very High band) is high - about 20 %
during the day and reaches 40 % in the morning hours
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Abstract: Some extensive numerical simulations of the atmospheric composition
fields in Bulgaria and Sofia have been recently performed. The US EPA Model-3
system was chosen as a modeling tool. A very extensive database was created from
simulations which was used for different studies of the atmospheric composition,
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1. Introduction

The atmospheric composition studies were based on extensive computer simulations
carried out with good resolution using up-to-date modelling tools and detailed and
reliable input data. All the simulations were based on the US EPA (Environmental
Protection Agency) Model-3 system, which consists of three models: WRF (Weather
Research and Forecasting) used as meteorological pre-processor; CMAQ — the
Community Multiscale Air Quality System, being the Chemical Transport Model
(CTM); SMOKE (Sparse Matrix Operator Kernel Emissions) Modelling System— the
emission pre-processor. The simulations were performed for 7-year period (2008-
2014) with Two-Way Nesting mod on. Carrying out reliable, comprehensive and
detailed studies of the influence of the parameters and characteristics of lower
atmosphere requires various types of data such as meteorological and chemical fields
and measurements — Air Quality (AQ) data, emission inventories and physiographic
data. The data is necessary as an input to the respective studies, as well as for
evaluation and validation of the modelling approaches and tools [1-5].
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A very extensive database was created from the numerical simulations and this
data was used for different studies of the atmospheric composition, including the AQ
climate. The air pollution pattern is formed as a result of interaction of different
processes, so knowing the contribution of each one of these processes for different
meteorological conditions and given emission spatial configuration and temporal
behaviour could be helpful for understanding the atmospheric composition and air
pollutants behaviour. Therefore the CMAQ “Integrated Process Rate Analysis”
option was applied to discriminate the role of different dynamic and chemical
processes for the air pollution formation. Different characteristics of the numerically
obtained concentration fields, as well as evaluating the impact of air pollutants on
quality of life in the term of AQI and of the contribution of different processes will
be demonstrated in the present paper.

2. Methodology

The simulations were performed using the US EPA models three system.

Meteorological model WRF [6]. The Weather Research and Forecasting
(WRF) model is a Numerical Weather Prediction (NWP) and atmospheric simulation
system designed for both research and operational applications. It supplies various
dispersion models, including presented below model CMAQ with input
meteorological fields. WREF is suitable for a broad span of applications across scales
ranging from large-eddy to global simulations.

Meteorological data. The large-scale (background) meteorological fields, used
by the application were taken from the NCEP Global Analysis Data with 1°x1°
resolution. The WRF and CMAQ nesting capabilities were used to downscale the
simulations to a 9 km for domain D3 — Bulgaria, and to a 1 km horizontal resolution
for the innermost domain — Sofia. The simulations were carried out for five nested
domains (Fig. 1).

Fig. 1. Model domains: D1 81x81 km (Europe); D2 27x27 km (Balkan Peninsula);
D3 9x9 km (Bulgaria); D4 3x3 km (Sofia municipality); D5 1x1 km (Sofia city)

Emission model SMOKE [7]. The Sparse Matrix Operator Kernel Emissions
(SMOKE) was designed to integrate the emission data using sparse-matrix
algorithms. SMOKE was created to allow emissions data for the AQ model’s needs.
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SMOKE provides a mechanism for preparing specialized inputs for AQ modelling
research, and it makes AQ forecasting possible. SMOKE can process criteria gaseous
pollutants and has no limitation regarding the number or types of pollutants it can
process. The purpose of SMOKE is to convert the resolution of the emission
inventory data to the resolution needed by an AQ model.

Emission data. The Bulgarian emission inventory was used as an emission
input for Bulgaria. Special pre-processing procedures were created for introducing
temporal profiles and speciation of the emissions. GIS (Geographic Information
System) technology is applied as to produce area and large point source input from
this data base. Outside the country the TNO (Netherlands Organisation for Applied
Scientific Research) high resolution inventory was exploited 0.25°%0.125° (about
20x15 km) and the emissions were distributed over 10 SNAPs category [8]. The
inventory is produced by proper disaggregation of the EMEP 50-km inventory data
base [9, 10]. Currently, SMOKE supports Area, Mobile and Point Sources emissions
processing and also includes biogenic emissions modelling through both a rewrite of
the Biogenic Emission Inventory System (BEIS3) [11].

The Atmosphere Composition Model CMAQ [12-14]. The Community
Multiscale Air Quality (CMAQ) modelling system is a tool for transport and chemical
transformations of pollutants in the atmosphere and it is a part of US EPA Models-3
System. CMAQ as part of the system used meteorological data prepared by the model
WREF and emission data, prepared by the model SMOKE. CMAQ is Eulerian model,
“one atmosphere”, which takes into account interactions between pollutants (about
100 species) in various dynamic scales. The model handles complex compositions of
pollutants and configuration of sources, modelled transport and diffusion in a
dynamic environment in wide time range — from minutes to days and weeks, and in
the corresponding spatial scales — from local to global.

3. Grid computing

As it was stated above the WRF/CMAQ simulations were performed day by day for
7-year period. Thus a very extensive database was created, which could be used for
different studies and considerations of the main features and origins of the
atmospheric composition in different scales, including the AQ climate. The computer
resource requirements for the model (WRF, SMOKE and CMAQ) simulations are
rather big [15] (Tables 1 and 2) and that is why the numerical experiments were
organized in effective HPC environment. The simulations were organized in two
separate jobs: one job for WRF simulations and one for SMOKE, CMAQ and post-
processing procedures. This makes the jobs run time for 6 days real time fairly
reasonable. The calculations were implemented on the Supercomputer System
Avitohol at IICT-BAS (Institute of Information and Communication Technologies-
Bulgarian Academy of Sciences). This supercomputer consists of 150 HP Cluster
Platform SL250S GENS servers, each one equipped with two Intel Xeon E5-2650 V2
8C 2600 GHz CPUs and 64GB RAM per server. The storage system is HP MSA
2040 SAN with a total of 96 TB of raw disk storage capacity. All the servers are
interconnected with fully non-blocking FDR Infiniband, using a fat-tree topology.
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Table 1. Computer resource requirements for models

. 1 Day simulation at 16 CPU
Time/HDD
WRF CMAQ and SMOKE Total
Time 3h 2h 5h
HDD 530 MB 970 MB 1.5GB
Table 2. Computer resource requirements for CMAQ model
Time | cpu/HDD D227km |D3/9km |D4/3km |D5/1 km | Total
2 CPU (min) 2h40min |1 h10min |1h36 min |32 min 5 h 58 min
4 CPU (min) 1 h20 min |35 min 30 min 10 min 2 h 35 min
8 CPU (min) 20 min 20 min 17 min 6 min 63 min
16 CPU (min) |30 min 20 min 12 min 5 min 67 min
1 day HDD (MB) 255 MB 420 MB 70 MB 145 MB | 890 MB
7 years HDD (GB) 636 MB 1048 MB 175 MB 362 MB | 2221 MB

The model output storage, however, is too large. Not all the information from
the model output is so valuable for further air quality and environmental
considerations, so an additional post-processing procedure and respective software
(the program XTRACT) were developed, to reduce the information (only the
necessary information to be kept) and the needed storage space. This procedure
allows not only the number of output compounds to be reduced but also the number
of the vertical levels. Another post-processing procedure was applied for statistical
treatment of the results to present different statistical characteristics as the mean,
minimum and maximum concentrations, probability density, bias, errors and etc., not
only for the whole domain but also for selected points of interest. What are recently
kept from the CMAQ output on an hourly basis are the surface concentrations of the
following most important pollutants:

e 34 gases — NO;, NO, O3, NO3, OH, HO,, N,Os, HNO3;, HONO, PNA, H,O,,
CO, FORM, ALD,, C;03, PAN, PACD, PAR, OLE, FACD, AACD, ETH, TOL,
CRES, TO2, XYL, MGLY, ISOP, ISPD, SO,, SULF (H.SO4), UMHP, TERP, NH3;

e 5 aerosols — PSO4, PNH4, PNO;, POA, PEC;

e 2 Anthropogenic and Biogenic secondary organic aerosols — SOAA, SOAB;

e 2 fine and coarse PM — FPRM, CPRM.

A key factor in the present work is the appropriate choice of metrics, which
evaluate the impact of air environment on quality of life and human health,
respectively elaboration of software, which to calculate the introduced metrics on the
basis of the atmospheric composition. An integral characteristic, which reflects the
impact of the atmospheric composition on general population health and quality of
life will be presented in this paper - the Air Quality Index (AQI).
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4. Results

As mentioned above, a very extensive database was created from the numerical
simulations and this data was used for different studies of the atmospheric
composition, including the AQ climate.

The most simple and natural atmospheric composition evaluations are the
surface concentrations, so by averaging over the whole simulated fields’ ensemble
the mean annual and seasonal surface concentrations can be obtained and treated like
“typical” daily concentration patterns. The simulated ensemble is large enough to
allow different statistical treatment. The probability density functions for each of the
atmospheric compounds can be calculated for each grid point, or averaged over a
chosen territory, with the respective seasonal and diurnal variations. Knowing the
probability density functions means to know everything about the ensemble.

Fig. 2. Seasonal and diurnal variations of the “typical” surface concentrations for NO2 and O3,
averaged for the territory of the city of Sofia

In Fig. 2 the seasonal and diurnal variations of the “typical” surface
concentrations for NO, and Os, averaged for the territory of the city of Sofia are
presented. The curves in the graphics present the diurnal course of mean and maximal
concentrations. The curves denoted by 25, 75, 10 and 90% show the imaginary
concentrations for which the probability of the simulated ones to be smaller
respectively than 25th, 75th, 10th and 90th percentiles of all. Thus the band 25-75
contains 50% and the band 10-90 contains 80% of the possible cases.

The diurnal variations of surface concentration fields are very well manifested.

Calculation of the Air Quality (AQ) impact on human health and quality of
life. The AQ impact on human health and quality of life is an issue of great social
significance. Evaluating this impact will give scientifically robust basis for
elaborating efficient short term measures and long term strategies for mitigation of
the harmful effects of air pollution on human health and quality of life. The AQ
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impact on human health and quality of life is evaluated in the terms of AQ Indices
(AQI), which give an integrated assessment of the impact of pollutants and directly
measuring the effects of AQ on human health. In the current study the AQI
evaluations are based on extensive computer simulations of the AQ for Bulgaria and
Sofia city carried out with good resolution using up-to-date modelling tools and
detailed and reliable input data [16-19], which makes it possible to revile the climate
of AQI spatial/temporal distribution and behaviour on the basis of air pollutant
concentrations obtained from the numerical modelling. The index is defined in
several segments, each of which is a linear function of the concentration of each
pollutant considered: [20]. In that calculation the index falls in the ranges of a
dimensionless scale. In each range index values are associated with an intuitive
colour code, a linguistic description and a health description.

In different countries the indices are different and have their different scales. In
Bulgaria the index, calculated in the frame of Bulgarian Chemical Weather Forecast
System [21-23] and follows the UK Daily Air Quality Index [24]. This index has ten
grades, which are further grouped into four bands: low, moderate, high and very high
(Fig. 3). The index is based on the concentrations of five pollutants — Ozone, Nitrogen
Dioxide, Sulphur Dioxide, Carbon Oxide and PM10. The breakpoints between index
values are defined for each pollutant separately and the overall index is defined as the
maximum value of the index.

Fig. 3. Air pollution bandings and Index impact on human health

Different averaging periods are used for different pollutants. The reference
levels and Health Descriptor used in the tables are based on the health-protection
related limit, target or guideline values set by the European regulations, at national or
local level or by the World Health Organisation [25, 26].

Annually and seasonally averaged hourly values of the AQI for both domains
with different horizontal grid resolution are presented in Fig. 4. The graphs represent
the daily and seasonal percent recurrence of the AQI (1-10) over territory of Bulgaria
and Sofia. These results, allow to follow which one of the indices has the highest
recurrence through the day and during the seasons, and to analyze what are the
possible reasons for high values of the index in High and Very High bands -
meteorological conditions, dominant pollutants, and etc. Such a representation of the
index makes it possible to evaluate the atmospheric composition in the context of
impacts on human health and quality of life.
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Fig. 4. Diurnal and seasonal variations (%) of the different AQI (1-10) integrated
over territory of Bulgaria and Sofia
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The graphics that demonstrate the annual recurrence of the dominant pollutant
(the pollutant with highest AQI, which determines the overall AQI) are presented in
Fig. 5 for the four bands. The considered pollutants — NO», O3, SO, and PM are
presented in different colours. Of course the seasonal cases differ from the annually
averaged graphics and the dominant pollutants are different for different band with
well displayed seasonal and diurnal course.

Determining the contribution of different types of pollution sources to the
AQ of the city of Sofia. The used emission inventory is made for a 10 emission
categories (SNAP — Selected Nomenclature for sources of Air Pollution) and allows
the evaluation of the contribution of various anthropogenic activities to the overall
picture of air pollution:

1. SNAP 1 (Combustion in energy).
. SNAP 2 (Non-industrial combustion plants).
SNAP 3 (Combustion in manufacturing industry).
. Production processes.
. Extraction and distribution of fossil fuels.
. Solvent and other product use.
. SNAP 7 (Road transport).
. Other mobile sources and machinery.
. Waste treatment and disposal.

10. Agriculture.

Six emission scenarios will be considered in the present paper: Simulations with
all the emissions, with the emissions of SNAP categories 1 (energetic), 2 (non-
industrial combustions), 3(industrial combustions) and 7 (road transport), and all the
emissions for Sofia reduced by a factor of 0.8. This makes it possible to evaluate the
contribution of road transport, energetic, industrial and non-industrial combustions to
the atmospheric composition in the city. The concentrations for each scenario of
reduced SNAP’s were also calculated for each day of this 7-year period. The relative
contribution of the emissions for each of the scenarios are calculated in the following
way:

Let an arbitrary (concentration, deposition, columnar value, process
contribution, etc.) pollution characteristic, for a given grid point, or averaged over
chosen domain, obtained with all the emissions accounted for is denoted by ¢. Let ¢,
is the respective characteristic obtained when the emissions form source category m
are reduced by a factor of a. In such a case the quantity

(1 46— L% 100,
l-a ¢

can be interpreted as the relative (in %) contributions of emission category m to the
formation of the characteristic ¢. It is obvious that more than one Selected
Nomenclature for sources of Air Pollution (SNAP) category emissions can be
reduced by a factor of a and so the joint contribution of several or all SNAP categories
to the formation of the pollution characteristic ¢ can be evaluated.

Thus obtained relative source contributions can also be averaged for the whole
ensemble, thus providing the “climate” of the emission contributions, in particular
the “typical” annual and seasonal contributions.
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For all the emission categories the pattern of the contribution fields is rather
complex, which reflects the emission source configuration, the heterogeneity of
topography, land use and meteorological conditions. Plots of this kind can give a
good qualitative impression of the spatial complexity of the emission contribution. In
order to demonstrate the emission contribution behavior in a more simple and easy
to comprehend way, the respective fields can be averaged over some domain, which
makes it possible to follow and compare the diurnal behavior of the respective
contributions of different species.

Graphics of the diurnal evolution of the “typical” annual and seasonal relative
contributions of the emissions from the already mentioned SNAP categories to the
surface concentrations of NO,, FPRM (Fine PaRticulate Matter) and CPRM (Coarse
PaRticulate Matter) for the territory of Sofia city are shown in Fig. 6. The relative
contributions for the territory of Sofia have well displayed diurnal and seasonal
course.

Fig. 6. Annually and seasonal averaged contribution of different SNAP categories (%) to the formation
of NO2, FPRM and CPRM for the territory of Sofia city

Determining the contribution of different processes to the surface
concentration of pollutants. The Models-3 “Integrated Process Rate Analysis”
option was applied to discriminate the role of different dynamic and chemical
processes for the air pollution pattern formation. The procedure allows the
concentration change for each compound for an hour AC to be presented as a sum of
the contribution of the processes, which determine the concentration:

N
@ AC=>"Ac,.
i=1

The outputs from the Integrated Process Rate Analysis were averaged over the
7-year ensemble and so the “typical” seasonal and annual evaluations were obtained.
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An example of the diurnal/seasonal behavior of some of the processes contributing
to the surface concentrations of the pollutant NO,, FPRM and CPRM, averaged for
the city of Sofia, is given in Fig. 7. The processes that were considered are: advection,
diffusion, mass adjustment, emissions, dry deposition, chemistry, aerosol processes
and cloud processes/aqueous chemistry.

Fig. 7. Annually and seasonal averaged contribution of the different processes to the formation of
NO2, FPRM and CPRM (ug/m? per 1 h) for Sofia city

For the whole domain Sofia city, and for each of the selected items, the total
concentration change (AC), leading to a change in a concentration is determined
mainly by a small number of dominating processes which have large values, and
could be with opposite sign and phases. The total concentration change (AC) is
different for each pollutant and during the seasons. The sign of the contributions of
some of the processes is obvious, but some of them may have different sign
depending on the type of emissions, as well as weather conditions and topography.

5. Conclusion

A very small part of the obtained results is presented in the present paper, just to
demonstrate the opportunity HPC platforms give for detailed and extensive study of
the atmospheric composition — its behaviour, origin and health impact. Due to volume
limitations the spatial variability of the air pollution characteristics is not
demonstrated at all.

The generated ensembles of atmospheric composition characteristics have still
to be carefully and extensively treated and analysed, which will be objective of the
future work of the authors.

Deep gratitude is due to US EPA and US NCEP, EMEP and to the Netherlands
Organization for Applied Scientific research (TNO) for providing free-of-charge data
and software and the high-resolution European anthropogenic emission inventory.
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Abstract. Some extensive numerical simulations of the atmospheric
composition fields in the city of Sofia have been recently performed.
An ensemble, comprehensive enough as to provide statistically reliable
assessment of the atmospheric composition climate of Sofia—typical and
extreme features of the special/temporal behavior, annual means and sea-
sonal variations, etc. has been constructed. The simulations were car-
ried out using the American Environment Protection Agency (US EPA)
Models-3 system. As the National Centers for Environmental Prediction
(NCEP) Global Analysis Data with 1 degree resolution was used as meteo-
rological background, the system nesting capabilities were applied for
downscaling the simulations to a 1 km resolution over Sofia. The national
emission inventory was used as an emission input for Bulgaria, while out-
side the country the emissions were taken from the Netherlands Orga-
nization for Applied Scientific research (TNO) inventory. Special pre-
processing procedures are created for introducing temporal profiles and
speciation of the emissions. The biogenic emissions of Volatile Organic
Compound (VOC) are estimated by the model Sparse Matrix Operator
Kernel Emissions (SMOKE). The air pollution pattern is formed as a
result of interaction of different processes, so knowing the contribution
of each for different meteorological conditions and given emission spatial
configuration and temporal behavior could be interesting. Different cha-
racteristics of the numerically obtained concentration fields of pollutants
as well as of determining the contribution of different types of pollutants
and pollution sources will be demonstrated in the present paper.

Keywords: Atmospheric composition + Numerical modeling
Integrated process rate analysis
Ensemble of numerical simulation results

1 Introduction

The atmospheric composition in urban areas is one of the primary tasks in air
pollution studies. The urban air pollution climate in Sofia have not been sys-
tematically studied yet, though, of course, some air pollution modeling for the
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IMPACT OF THE AIR POLLUTION ON THE QUALITY OF LIFE AND HEALTH RISKS IN
BULGARIA

Ivelina Georgieva ' and Viadimir Ivanov '

! National Institute of Geophysics, Geodesy and Geography — Bulgarian Academy of Sciences, Sofia,
Bulgaria

Abstract: The air is the living environment of human beings and obviously the atmospheric composition has a great
importance for the quality of life and human health. Air Quality (AQ) is a key element for the well-being and quality
of'life of European citizens.

The objectives of the present work is performing reliable, comprehensive and detailed studies of the impact of lower
atmosphere composition on the quality of life and health risks for the population in Bulgaria.

The study of AQ is based on atmospheric composition numerical simulations. This is a fruitful approach, which will
helps better understanding of the part which different processes and transport scales play in Air Environment
formation.

The Air Quality Index (AQI) provides an integrated assessment of the impact of air pollutants on human health and is
calculated on the basis of the concentration of various pollutants obtained from measurements or numerical
modelling.

The following set of models was applied as basic tool for 3D simulations - US EPA Models 3 System: WRF -
PSU/NCAR 6-th generation meso-meteorological model; CMAQ — model of transport and chemical transformations.
SMOKE — emission pre-processor. The models “nesting” abilities were utilized for downscaling the simulations to a
9 km resolution for Bulgaria.

The simulations were carried out for a 7 year period (2008 - 2014) thus providing quite a comprehensive ensemble of
surface atmospheric composition fields, respectively AQI. The diurnal variations of the recurrence spatial distribution
of different classes of the AQI are demonstrated and discussed in the present work.

Key words: air quality, ensemble of numerical simulation, air quality indices, quality of life, health risks

INTRODUCTION

The AQ is a key element for the well-being and quality of life of European citizens. An association
between the increased incidence of respiratory, cardiovascular, neoplastic diseases, the reduced life
expectancy and air pollution has been robustly established (Brunekreef B and Holgate S., 2002),
(Atkinson et al., 2012). According to the World Health Organization (WHO, 2000, 2005), between 2.5
and 11% of the total number of annual deaths are due to air pollution. Current legislation (Directive
2002/3/2008 EC) requires informing the public on AQ, assessing air pollutant concentrations throughout
the whole territory of Member States and indicating exceedances of limit and target values, forecasting
potential exceedances and assessing possible emergency measures to abate exceedances using modelling
tools.

The objective of the present study is calculation of the Air Quality (AQ) impact on human health and
quality of life in Bulgaria. The AQ impact is evaluated in the terms of the Air Quality Indices (AQI),
which give an integrated assessment of the impact of several pollutants and an integral characteristic
directly measuring the effects on human health. In the current study the AQI evaluations are based on
extensive computer simulations of the AQ in Bulgaria, which makes it possible to reveal the climate of
AQI spatial/ temporal distribution and behaviour, using up-to-date modelling tools and detailed and
reliable input data.

METHODOLOGY

Air Quality Indices: The AQI provides an integrated assessment of the impact of the air pollution on
human health and is based on the concentration of various pollutants obtained from measurements or
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numerical modelling. One of the most commonly used indices is the UK Daily Air Quality Index (de
Leeuw and Mol, 2005), also used in Bulgaria (Syrakov et al., 2012, 2013), (Georgieva, 2014), (Georgieva
etal., 2015, 2017). This index has 10 points, grouped into 4 bands: Low, Moderate, High and Very High.
Each band contains 3 indices (Table 1) except AQI 10 which defines the Very High band. The AQI is
based on the concentrations of O3, NO,, SO,, CO and PM,. The breakpoints between index values are
defined for each pollutant separately and the overall index is defined as the maximum value of all. Health
descriptor for at-risk groups and the population are attached to each of the bands. The reference levels and
Health Descriptor are based on health-protection related limit, target values set by the EU or by WHO.

Table 1: Air quality indices and their health impact (de Leeuw and Mol, 2005).

Banding Value Health Descriptor

Low 1-3 Effects are unlikely to be noticed even by individuals who know they are sensitive to air pollutants
Moderate 46 Mild effects, unlikely to require action, may be noticed amongst sensitive individuals.
High 7-9 Significant effects may be noticed by sensitive individuals and action to avoid or reduce these

effects may be needed (e.g. reducing exposure by spending less time in polluted areas outdoors).
Asthmatics will find that their 'reliever’ inhaler is likely to reverse the effects on the lung.

Very High 10 The effects on sensitive individuals described for 'High' levels of pollution may worsen.

Air quality computer simulations: The AQI evaluations are based on extensive computer simulations of
the AQ in Bulgaria carried out with good resolution using up-to-date modelling tools and detailed and
reliable input data (Gadzhev et al., 2011 a, b, 2012, 2013 a, b, 2014 a, b). All the simulations are based on
the US EPA Model-3 system: WRF (Shamarock et al., 2007) used as meteorological pre-processor;
CMAQ (Byun at al., 1998), (Byun and Ching, 1999), being the Chemical Transport Model (CTM) and
SMOKE (CEP, 2003) — the emission pre-processor of the system.

Io o

! . A
Figure 1. Model domains - D1-81x81 km (Europe), D2- 27x27 km (Balkan Peninsula), D3- 9x9 km (Bulgaria),
D4-3x3 km (Sofia municipality) and D5- 1x1 km (Sofia city).

Meteorological data: The large scale (background) meteorological used is the NCEP Global Analysis
Data with 1°x1° resolution. The WRF/CMAQ nesting capabilities are applied for downscale the
simulations to a 9 km horizontal resolution for Bulgaria. The simulations are carried out for 5 nested
domains (Figure 1), where the innermost domain is D5 - Sofia city (1km horizontal grid resolution) and
some of the results for this domain are present in (Georgieva et al., 2015, 2017). The current paper
presents results for the domain D3 - Bulgaria with 9 km horizontal grid resolution.

Emission data: The TNO high resolution inventory is exploited with resolution 0.25°x0.125° (about
20x15 km). The inventory is produced by proper disaggregation of the EMEP 50-km inventory data base
(Vestreng, 2001), (Vestreng et al., 2005). The national emission inventory was used as an emission input
for Bulgaria. The simulations are performed for 7 years (2008 to 2014). The biogenic emissions of VOC
are estimated by the model SMOKE. (Schwede et al., 2005), (Syrakov et al., 2013).

RESULTS

The simulations aimed at constructing of ensemble of daily simulations for a large period (2008 - 2014).
The results from the computer simulations are presented for the domain Bulgaria (9x9 km).

In the first place should be noted some areas from the territory of Bulgaria (Figure 2) for which the
simulation results are discussed in the paper.
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1 - Sofia 7 - Rila mountain

2 - Rozhen 8 - Pirin mountain

3 - Stara Zagora 9 - Rodopy mountain
4 - Varna 10 - Balkan Mountain
5 - TPP Bobov dol 11 - Vitosha mountain

6 - TPP Maritza Iztok

Figure 2: Location of some remarkable points: 1-Sofia the capital of Bulgaria, 2 - Rozhen presents the
mountain area in the Rila-Rhodopy mountain array, 3 - Stara Zagora is the 5th largest city in Bulgaria, placed near to
Thermal Power Plant (TPP) Maritza Iztok, 4 - Varna is situated on the coast line of the Black Sea, 5 - TPP Bobov dol

and 6 - TPP Maritza Iztok., 7-10 - Bulgarian mountains (Rila, Pirin, Rodophy, Balkan and Vitosha).

Percent recurrence of the AQI in the “Low”, “Moderate”, “High” and “Very High” bands over
territory of Bulgaria: Figures 3 demonstrate the spatial and diurnal variation of the annual recurrence of
different AQI categories for chosen hour at noon - 13:00 GMT. The picture shows the sum of recurrences
of the AQI in each range - Low, Moderate and High range. In the Low range the air is most clean, so high
recurrence values mean more cases with clean air and lower recurrence values mean less cases with clean
air (worse AQ status). In the other 3 plots (Moderate, High and Very High ranges) - high recurrence
values means less favourable and respectively bad AQ status.

In that map of the Low range (upper left) recurrence it can be seen that Sofia and the Power plants
(Maritza Iztok and Bobov dol) are the places with most polluted air with about 70% recurrence. Also it
can be seen that in the regions over the highest part of the mountains mostly near Rozhen the Moderate
range AQI (upper right) recurrence is pretty high. This is due to the high ozone concentrations and the
ozone pollution there. The ozone in Bulgaria is to a great extend due to transport from abroad (Gadzhev et
al., 2012, 2013 a, b). This is one of the reasons, together with the ozone photochemistry reactions, why
the ozone concentrations early in the morning are smaller than at noon (less intensive transport from
higher levels). In this range the lowest AQI status is near Sofia and Stara Zogora, TPP Maritza Iztok. For
the High band (bottom left) the recurrences are not so high, about 3-5% mostly in the biggest cities. In
Very High range (bottom right) recurrences during the whole day also biggest cities and power plants are
well displayed. The maximum values are at night and this is probably due to the weather conditions
(atmospheric stability) and Power Plants/domestic heating working regime. Off course this picture
presents only the annual cases and the results are different for different seasons.

Annually averaged diurnal variations [%] of the dominant pollutant: The graphics that demonstrate
the annual recurrence of the dominant pollutant are present in Figure 4 for the 4 bands. The considered
pollutants - NO,, O;, SO, and PM are present in different colours. The pollutants that dominate
(determine the AQI) in the Low range are O; and NO,. In Moderate range dominates SO, followed by the
0;. In the High range dominates primarily SO, followed by PM concentrations, but for Very High range
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except SO, the second dominant pollutants are NO, and PM. Of course here again the seasonal cases
differ from the annually averaged graphics and the dominant pollutants are different for different band
with well displayed seasonal and diurnal course.

Annual
Low Mioderate

1 3 5 7 9 i1 13 15 17 19 21 23 1 i s 7 8 11 13 15 17 18 21 23

High Very High
20 =0
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Figure 4. Annual Diurnal variations [%] of the dominant pollutant.

CONCLUSIONS

The general conclusion that can be made is that the AQ status of Bulgaria is rather good (evaluated with a
spatial resolution of 9 km). AQI falls mostly in Low and Moderate bands. The recurrence of cases with
Very High pollution is almost 15% mostly at TPPs and biggest city in the country. Apart from general
features the climatic behaviour of the AQI probabilities is rather complex with significant spatial,
seasonal and diurnal variability. The areas with slightly worse AQ status are not necessarily linked with
the big pollution sources. Wide rural and even mountain regions can also have significant probability for
AQI from the Moderate range. The recurrence of the AQI from the High range is almost negligible,
except for some small areas linked mostly to the TPPs in the cold periods of the year. The dominant
pollutants that determined the AQI and AQ status in Bulgaria are different for different bands with well
displayed seasonal and diurnal course. In general we can say that: In Low range dominate O3 and NO»; In
Moderate range dominate O3 and SO,; for the High and Very High range dominates SO,, except in cold
months, where dominates NO,.
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Abstract:

Some extensive numerical simulations of the atmospheric composition fields in the city of Sofia have been recently
performed and an ensemble, comprehensive enough as to provide statistically reliable assessment of the atmospheric
composition climate of Sofia — typical and extreme features of the special/temporal behaviour, annual means and
seasonal variations, etc. has been constructed.

The US EPA Models-3 system (WRF, CMAQ, SMOKE) is chosen as a modeling tool. As the NCEP Global Analysis
Data with 1 degree resolution is used as meteorological background, the system nesting capabilities were applied for
downscaling the simulations to a 1 km resolution over Sofia. The national emission inventory was used as an
emission input for Bulgaria, while outside the country the emissions were taken from the TNO inventory. Special pre-
processing procedures are created for introducing temporal profiles and speciation of the emissions. The biogenic
emissions of VOC are estimated by the model SMOKE.

The present work aims at studying the contribution of different emission sources to the atmospheric composition
formation in the region.

The study is based on a large number of numerical simulations carried out day by day for years 2008-2014 and 5
emission scenarios — with all the emissions (SNAP_ALL), with the emissions from energetics (SNAP_01), emissions
from non-industrial (SNAP _02) and industrial combustions (SNAP_03) and road transport (SNAP_07) excluded.
Results from the numerical simulations concerning the contribution of the different emission categories are
demonstrated in the paper.

Key words: urban air pollution, computer simulations, SNAP categories, contribution of different emission sources

INTRODUCTION

The atmospheric composition in urban areas is one of the primary tasks in air pollution studies. The
seasonal air pollution climate in urban areas have not been systematically studied yet, but some air
pollution modeling for the city of Sofia had been performed and even air pollution forecast for the city is
operationally going on (Syrakov et al., 2012), (Georgieva, 2014) and (Georgieva et al., 2015). Recently
extensive studies for long enough simulation periods and good resolution of the atmospheric composition
status in Bulgaria have been carried out using up-to-date modeling tools and detailed and reliable input
data (Gadzhev et al.,, 2011a, b), but next step in studying the atmospheric composition climate is
performing simulations in urban scale. The simulations aim at constructing of ensemble, comprehensive
enough as to provide statistically reliable assessment of the atmospheric composition climate of the city
of Sofia — typical and extreme features of the special/temporal behaviour, annual means, seasonal
variations, etc. Some evaluations of the the contribution of different pollution sources to the atmospheric
composition of the city of Sofia will be presented in the present paper.

METHODOLOGY

The simulations were carried out using the US EPA Models-3 system: WRF (Shamarock et al., 2007)
used as meteorological pre-processor, CMAQ - the Community Multiscale Air Quality System (Byun,
1998), (Byun and Ching, 1999), being the Chemical Transport Model (CTM) of the system, and SMOKE
- the Sparse Matrix Operator Kernel Emissions Modelling System (CEP, 2003) — the emission pre-
processor of Models-3 system.
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The large scale (background) meteorological data used is the NCEP Global Analysis Data with
1°x1°resolution. WRF and CMAQ nesting capabilities are applied for downscaling the simulations to a 1
km step for the innermost domain (Sofia). The national emission inventory is used as an emission input
for Bulgaria, while outside the country the emissions are taken from the TNO inventory (Vestreng, 2001),
(Vestreng et al., 2005) and (Visschedijk et al., 2007). The simulations are performed for 7 years (2008 to
2014) with Two-Way Nesting mod on. Special pre-processing procedures are created for introducing
temporal profiles and speciation of the emissions. The biogenic emissions of VOC are estimated by the
model SMOKE (Schwede et al., 2015), (Gadzhev et al., 2012), (Syrakov et al., 2013) and (Georgieva and
Ivanov, 2017).

RESULTS

Six emission scenarios will be considered in the present paper: Simulations with all the emissions and
with the emissions from all the SNAP categories (SNALL), SNAP categories 1 (energetic — SN1), 2 (non-
industrial combustions 2— SN2), 3 (industrial combustions — SN3) and 7 (road transport — SN7) for Sofia
reduced by a factor of 0.8. This makes it possible to evaluate the contribution of all the emissions, as well
as the emissions from road transport, energetic, industrial and non-industrial combustions to the
atmospheric composition in the city. The relative contribution of the emissions for each scenario was
calculated for each day of this 7 year period and then by averaging over the ensemble, the typical fields of
relative contributions of these emissions for each of the compound surface concentrations were calculated
for the 4 seasons and annually. Some illustrations of the emission impact evaluations will be given in the
present paper.

Plots of some of these typical seasonal (summer and winter) surface relative contribution of SN7 to the
formation of pollutants NO,, O3 and FPRM (12:00 GMT) are presented in Figure 1. The spatial and
seasonal variability in NO,, O; and FPRM emission contribution fields is very well manifested.

Summer Winter

o
-

Figureol. Seasonal (summer and winter) surface relative contribution of the emissions from SN7 to the formation of
surface NO,, O3 and FPRM [%)] at 12:00 GMT

The average summer and winter contribution of the emissions from SN7 to the formation of NO, is
positive. The places with high relative contribution are mainly in the city centre and road network.
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On the plots for the average summer and winter contribution of the emissions from SN7 to the formation
of Ozone it can be seen that the contribution is strictly negative, and the places with high negative values
are the same as NO, maximums. That is not so strange having in mind the role of NO, in the
O;photochemistry and also that the ozone in Bulgaria is to a great extent due to transport from abroad
(Gadzhev et al., 2013a, b, ¢ and 2014)

The surface FPRM relative contributions are positive and bigger during the winter months than in
summer and are larger in the city centre and over the most busy roads (places with most intensive road
transport). For both NO, and FPRM the SN 7 emission contributions are larger for the winter. The main
reason is probably the atmosphere stability and hampered transport of pollutants aloft.

For all the emission categories the pattern of the contribution fields is rather complex, which reflects the
emission source configuration, the heterogeneity of topography, land use and meteorological conditions.

Plots of this kind can give a good qualitative impression of the spatial complexity of the emission
contribution. In order to demonstrate the emission contribution behaviour in a more simple and easy to
comprehend way, the respective fields can be averaged over some domain, which makes it possible to
follow and compare the diurnal behaviour of the respective contributions for different species. Graphics
of the diurnal evolution of the “typical” relative contribution of summer and winter emissions of SNAP
categories 1, 2, 3, 7 and all the emissions to the surface concentrations of NO,, FPRM and CPRM,
averaged for the territory of Sofia city, are shown in Figure 2.

NO, FPRM CPRM
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Figure 2. Seasonal (summer and winter) averaged relative contribution of all the emissions and the emissions from
different SNAP categories [%] to the formation of NO,, FPRM and CPRM for Sofia

In first place it should be noted that the contributions of the emissions from all the SNAP's to the
formation of surface concentrations of NO,, FPRM and CPRM are positive. Quite natural the relative
contribution of all the emissions is the biggest. Generally all the contributions for all the compounds have
well displayed seasonal and diurnal course. It should be noted that for a given season the contributions
from different SNAP categories are different, but have qualitatively quite similar diurnal course in spite
that the emissions from the different SNAP categories have different diurnal courses. This means that the
main factor, which determines the emission contributions are the meteorological conditions. Yet some
pics in the contribution of the emissions from SN7 during the hours with most busy road traffic can be
observed.

From the plots for the summer and winter contributions of the different sources that lead to the formation
of surface NO, in Sofia it could be seen that the dominant emissions are mostly from SN7. Exception
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could be seeing in the winter for NO, plots during the night time when the contribution of SN2 is bigger
than SN7.

From the plots for the summer and winter contributions of the different sources that lead to the formation
of surface FPRM, it can be seen that the emissions from SN7 are strictly dominant (up to about 30%). The
diurnal distribution shows that for all the SNAPs there local maximums of the contribution in the morning
and afternoon, and minimum around noon and during the night.

In the case of surface CPRM it can be seen that there is not a clearly dominant SNAP category, except for
the afternoon hours in summer, when the contribution of SN7 emissions rises to 30% and becomes
significantly larger than the contribution of the other SNAP categories, but generally the emissions from
SN3 have the biggest contribution. The smallest contributions have the emissions from energetic and non-
industrial combustion - about 20% each.

The contribution of emissions from all categories (SNALL) is less than 100%, which means that part of
the concentrations are formed from sources external to the domain and are result of transport from outside
the Sofia city.

CONCLUSION

The results, presented in the paper are just a first glance on the atmospheric composition status in urban
areas, so very few decisive conclusions can be made at this stage of the study. Nevertheless, some of the
major findings so far will be listed below:

- Different emissions relative contribution to the concentration of different species could be rather
different, varying from almost 80% to several %. The contributions of different emission categories to
different species surface concentrations have different diurnal course.

- For all of the pollutants the contribution of SNALL is dominant, but this contribution of emissions is
less than 100%, which means that part of the concentrations are formed from sources outside the Sofia
city, due to transport into the domain.

- The contribution of emissions of all SNAPs to ozone levels in Sofia is rather small and strictly negative.
This is probably due to the fact that the NO, concentrations are relatively small and they are the
limitation factor for ozone formation. That means that the surface O; in Sofia mostly originates from
outside the city.

- The contribution of all SN7 (road transport) to NO, surface concentrations is positive and reaches 50%
around the most busy traffic roads. The SN7 emissions have dominant contributions to the NO, and
FPRM surface concentrations.

- Dominant contribution to the surface CPRM concentrations have emissions of SNAP7 (road transport)
and SNAP3 (industrial combustions).
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Abstract: The air is the living environment of human beings and atmospheric
composition has a great importance for the quality of life and human health. Air
quality (AQ) is a key element for the well-being and quality of life of European
citizens. The objective of the present work is performing reliable,
comprehensive and detailed studies of the impact of lower atmosphere
composition on quality of life for the population in Bulgaria. The AQ study is
based on atmospheric composition numerical simulations. United States
Environmental Protection Agency (US EPA) Models-3 system was applied as
the tool for 3D simulations. The AQ index (AQI) provides an integrated
assessment of the impact of air pollutants on human health and is calculated on
the basis of the air pollutant concentration obtained from numerical modelling.
A comprehensive ensemble of atmospheric composition fields was created and
diurnal variations of the recurrence spatial distribution of different classes of
the AQI are demonstrated in the present work.
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Abstract: Some extensive numerical simulations of the atmospheric
composition fields in Sofia city have been recently performed and an ensemble,
comprehensive enough to provide statistically reliable assessment of the
atmospheric composition climate has been constructed. The US EPA Models-3
system was chosen as a modelling tool. As the NCEP Global Analysis Data
with one degree resolution is used as meteorological background, the system
nesting capabilities were applied for downscaling the simulations to a 1 km
resolution. The national emission inventory and the TNO inventory were used
as an emission input. The study is based on a large number of numerical
simulations carried out day by day for years 2008-2014 for six emission
scenarios — with all the emissions included and with reduced: all the emissions,
emissions from energetics, from non-industrial, industrial combustions and
road transport. Results concerning the contribution of the different emission
categories are demonstrated in the paper.

Keywords: urban air pollution; computer simulations; SNAP categories;
contribution of different emission sources.

Reference to this paper should be made as follows: Gadzhev, G., Georgieva, 1.,
Ganeyv, K. and Miloshev, N. (2018) ‘Contribution of different emission sources
to the atmospheric composition formation in the city of Sofia’, Int. J.
Environment and Pollution, Vol. 64, Nos. 1/3, pp.47-57.

Biographical notes: Georgi Gadzhev is a PhD and Associate Professor at the
National Institute of Geophysics, Geodesy and Geography, Bulgarian Academy
of Sciences in 2013. His research activities are mainly in the fields of air
pollution transport modelling, planetary boundary layer and mesoscale flow
systems.

Ivelina Georgieva graduated with a PhD at the National Institute of
Geophysics, Geodesy and Geography, Bulgarian Academy of Sciences in 2017.
Currently, she is a Chief Assistant at the Department of ‘Geophysics’ at the
National Institute of Geophysics, Geodesy and Geography, Bulgarian Academy

Copyright © 2018 Inderscience Enterprises Ltd.



. DOI 10.12694 /scpe.v19i2.1347
H SCALABLE COMPUTING: PRACTICE AND EXPERIENCE ISSN 1895-1767
.. Volume 19, Number 2, pp. 107-118. http://www.scpe.org (© 2018 SCPE

CLIMATE APPLICATIONS IN A VIRTUAL RESEARCH ENVIRONMENT PLATFORM
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Abstract. Previous atmospheric composition studies were based on extensive computer simulations carried out with good
resolution using up-to-date modelling tools and detailed and reliable input data.

The oncoming climate changes will exert influence on the ecosystems, on the all branches of the international economy, and
on the quality of life. Regional climate models (RCMs) are important instruments used for downscaling climate simulations from
Global circulation models (GCMs).

The air quality (AQ) impact on human health and quality of life is an issue of great social significance. Evaluating this impact
will give scientifically robust basis for elaborating efficient short term measures and long term strategies for mitigation of the
harmful effects of air pollution. The AQ impact is evaluated in the terms of Air Quality Indices (AQI). Some extensive numerical
simulations of the atmospheric composition fields in Bulgaria and Sofia have been recently performed. A quite extensive data base
was created from simulations which were used for different studies of the atmospheric composition, including the AQ climate.

Main aims of the numerical experiment presented in this paper are: (1) Adaptation and tuning of the RegCM model for the
Balkan Peninsula and Bulgaria and thus development of a methodology able to predict possible changes of the regional climate
for different global climate change scenarios and their impact on spatial/temporal distribution of precipitation, hence the global
water budgets, to changes of the characteristics and spatial/temporal distribution of extreme, unfavorable and catastrophic events
(drought, storms, hail, floods, fires, sea waves, soil erosion, etc.). (2) Development of a methodology and performing reliable,
comprehensive and detailed studies of the impact of lower atmosphere parameters and characteristics on the quality of life (QL)
and health risks (HR) for the population.

Key words: Virtual Research Environment, Regional climate models, RegCM, Air Quality Indices

AMS subject classifications. 86A10, 65Y05

1. Introduction. The climate modelling community has very strong computational needs. In particular,
the integration of various computational resources such as High-performance computing (HPC) and Grid jointly
with data infrastructure. VI-SEEM is a project that aims at creating a unique Virtual Research Environment
(VRE) in Southeast Europe and the Eastern Mediterranean (SEEM), in order to facilitate regional interdisci-
plinary collaboration, with special focus on the scientific communities of Life Sciences, Climatology and Digital
Cultural Heritage. In the frame of the VI-SEEM project, the existing e-Infrastructures are being unify into
an integrated platform to better utilize synergies, for an improved service provision within a unified Virtual
Research Environment to be provided to scientific communities of high impact in the combined South East Eu-
rope and Eastern Mediterranean region. Perhaps the largest focus is on regional climate modelling and weather
forecasting, where local weather and regional climate phenomena are investigated. This is complemented by
global climate modelling where the impact of global phenomena on the regional climate is the focus. These
results are crucial to predict extreme weather in the region and understand the future trends of the regional
climate. Another strong field of related research is the study of air pollution that includes the influence on
the climate and human health. These activities jointly enable the assessment of the impact on regional climate
due to climate change. Climate impact studies provide the analysis of the upcoming change on humans, the
environment and society that is so crucial for policy makers.

In this paper we will be present the results from two applications — ACIQLife (Atmospheric Composition
Impact on Quality of Life and Human Health) and TVRegCM (Tuning and Validation of the RegCM) in the
frame of VI-SEEM project, climate section.

The ACIQLife application is focused on development of a methodology and performing reliable, compre-
hensive and detailed studies of the impact of lower atmosphere parameters and characteristics on the quality
of life (QL) and health risks (HR) for the population in our country. The TVRegCM reached to adaptation

*National Institute of Geophysics, Geodesy and Geography-Bulgarian Academy of Sciences, Acad. G. Bonchev str., bl. 3 1113
Sofia, Bulgaria (ggadjev@geophys.bas.bg),

TNational Institute in Meteorology and Hydrology-Bulgarian Academy of Sciences, 66, Tsarigradsko Shose blvd 1784 Sofia,
Bulgaria
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TABLE 2.1
Computer resource requirements on 16 CPU-s for 1 Day simulation for ACIQLife

WRF | CMAQ and SMOKE | Total
Time (h) 3 2 5
HDD (GB) | 0.5 1 1.5
TABLE 2.2

Computer resource requirements on 16 CPU-s for TVRegCM

1 Month Simulation | x120 Months | x20 Cases
Time (h) 6 720 14400
HDD (GB) 6 720 14400

and tuning of the RegCM model for the Balkan Peninsula and Bulgaria and thus development of a method-
ology able to predict possible changes of the regional climate for different global climate change scenarios and
their impact on spatial/temporal distribution of precipitation, hence the global water budgets, to changes of
the characteristics and spatial/temporal distribution of extreme, unfavorable and catastrophic events (drought,
storms, hail, floods, fires, sea waves, soil erosion, etc.). All these changes will have influence on the ecosystems
and on practically all sectors of the economy and human activity and consequently on the quality of life.

2. HPC computing. The model simulations were performed day by day for two periods.

The computer resource requirements for the (WRF) Weather Research and Forecasting Model, (SMOKE)
Sparse Matrix Operator Kernel Emissions Modeling System, (CMAQ) The Community Multiscale Air Quality
Modeling System and RegCM, simulations are rather big [16] (Tables 2.1 and 2.2) and that is why the numerical
experiments were organized in effective High-performance computing (HPC) environment. The simulations
were organized in two separate jobs: one job for WRF simulations and one job for SMOKE, CMAQ and
post-processing procedures. This makes the jobs run time for 6 days real time fairly reasonable for ACIQLife
application and 3 months for TVRegCM application.

The calculations were implemented on the Supercomputer System Avitohol at IICT-BAS (Institute of
Information and Communication Technologies—Bulgarian Academy of Sciences). The supercomputer consists of
150 HP Cluster Platform SL250S GENS servers, each one equipped with 2 Intel Xeon E5-2650 v2 8C 2600 GHz
CPUs and 64GB RAM per server. The storage system is HP MSA 2040 SAN with a total of 96 TB of raw disk
storage capacity. All the servers are interconnected with fully non-blocking FDR Infiniband, using a fat-tree
topology [1] and [2]. The needed libraries and programs were installed on supercomputer for proper functioning
and working of models used in this study. The Avitohol system is a part of the Virtual Research Environment
platform (VRE platform) built in the framework of the VI-SEEM project [3]. The both applications - ACIQLife
and TVRegCM use not only HPC resources provided by the VRE platform, but they use also other services
like VI-SEEM Simple Storage (VSS) and VI-SEEM Archival Service (VAS) to save the obtained data. The
training materials about both applications are available in the VI-SEEM Training portal [4] and [5]. According
the VI-SEEM accounting system [6], 730 ACIQLife jobs and 810 TVRegCM jobs were run to receive some of
the current scientific results. The needed CPU time and storage per job is shown in the Tables 2.1 and 2.2.

The models output from ACIQLife and TVRegCM applications are uploaded on VRE repository website.
The results are free and can be use by the scientific communities in the region. The workflows wre also created
and uploaded for both applications.

The ACIQLife ouput is a NetCDF file with surface concentrations on an hourly basis of the most important
pollutants (which are used for calculation of AQI) and annually /seasonally averaged hourly values of the different
AQI value for the selected area.

The TVRegCM ouput is also NetCDF file, but for each month of the period and consist of daily and hourly
averaged values of the meteorological parameters for the area of interest.

3. ACIQLife application. Some extensive numerical simulations of the atmospheric composition fields
in Bulgaria and Sofia have been recently performed. Quite extensive data base has been created from the
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D1 ke —_ |

F1G. 3.1. Model domains - D1 81x81 km (Europe), D2 27x27 km (Balkan Peninsula), D3 9x9 km (Bulgaria), D4 3x3 km
(Sofia region) and D5 1x1 km (Sofia city).

simulations which is used for different studies of the atmospheric composition, including the AQ climate.

The atmospheric composition studies were based on extensive computer simulations carried out with good
resolution using up-to-date modelling tools and detailed and reliable input data. All the simulations were based
on the United States Environmental Protection Agency (US EPA) Model-3 system, which consists of 3 models:
WRF [7] used as meteorological pre-processor; CMAQ [8, 9] and [10] — the Community Multiscale Air Quality
System, being the Chemical Transport Model (CTM) and SMOKE [11, 12] — the Sparse Matrix Operator Kernel
Emissions Modelling System — the emission pre-processor. The simulations were performed for 7 years period
(2008 to 2014) with Two-Way Nesting mod on.

The large scale (background) meteorological fields, used by the application were taken from the National
Centers for Environmental Prediction (NCEP) Global Analysis Data with 1°x1° resolution. The WRF and
CMAAQ nesting capabilities were used to downscale the simulations to a 9 km for domain D3 — Bulgaria and to
a 1 km horizontal resolution for the innermost domain — Sofia. The simulations were carried out for 5 nested
domains Figure 3.1. The used WRF model parametrizations and schemes are as follows: micro physics - WRF
single moment 6-class , cumulus physics — Kain-Fritsch, boundary layer scheme — ACM2Pleim, surface physics
— Pleim-Xiu Land Surface Model and the model vertical levels are 27.

The Bulgarian emission inventory was used as an emission input for Bulgaria, while outside the country
the high resolution inventory of the the Netherlands Organization for Applied Scientific Research (TNO, see
https://www.tno.nl/en/) with resolution 20x15 km (0.25°x0.125°) was exploited. The latest one is produced
by proper disaggregation of the European Monitoring and Evaluation Program (EMEP) 50-km data base [13, 14].
In both inventories the emissions are distributed over 10 Selected Nomenclature for Sources of Air Pollution
(SNAP) categories [15].

The Air Quality is a key element for the well-being and quality of life of the European citizens and that
is why the AQ impact on human health and quality of life is an issue of great social significance. The AQ
impact on human health and quality of life is evaluated in the terms of Air Quality Indices (AQI), which give an
integrated assessment of the impact of pollutants and directly measuring the effects of AQ on the human health.
The evaluations are based on extensive computer simulations of the AQ for Bulgaria and Sofia city carried out
with good resolution using up-to-date modelling tools and detailed and reliable input data [16, 17, 18]. All the
AQI evaluations are on the basis of air pollutant concentrations obtained from the numerical modelling and
make it possible to reveal the climate of AQI spatial/temporal distribution and behavior.The AQI is defined as a
measure of air pollution and provides an integrated assessment of the impact of the pollutants on human health.
The index is defined in several segments, each of which is a linear function of the concentration of each pollutant
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TABLE 3.1
Air Pollution Bandings and Index Impact on Human Health

Banding | Value | Health Descriptor

Low 1-3 | Effects are unlikely to be noticed even by individuals who
know they are sensitive to air pollutants
Moderate 4-6 Mild effects, unlikely to require action, may be noticed
among sensitive individuals.
High 7-9 | Significant effects may be noticed by sensitive individuals
and action to avoid or reduce these effects may be needed.
Asthmatics will find that their 'reliever’ inhaler is likely to
reverse the effects on the lung.
Very High 10 The effects on sensitive individuals described for "High’ le-
vels of pollution may

Sofia (1km) Bulgaria (9km)

80 - 80 -

60 60 -

40 40

20 20
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F1a. 3.2. Annual Diurnal variations [%] of the different AQI (1 to 10) integrated over territory of Bulgaria and Sofia

considered [19]. The index falls in different ranges of the dimensionless scale. In each range the index values
are associated with an intuitive color code ((from green to red), a linguistic description (e.g. from very good to
very poor) and a health description. In order to evaluate the air quality situation in Europe, all measurements
are transformed into a single relative figure: the Common Air Quality Index (CAQI) which has 5 levels using
a scale from 0 (very low) to > 100 (very high). The index is based on 3 pollutants of major concern in Europe:
Particulate matter, with diameter <10pm (PM10), Nitrogen Dioxide NOy, Ozone O3 and will be able to take
into account to 3 additional pollutants Carbon Oxide (CO), Particulate matter with diameter <2.5pm (PM2.5)
and Sulphur Dioxide SOs. In different countries use different AQI on basis of different monitor pollutants.

The index, calculated in Bulgaria in the frame of Bulgarian Chemical Weather Forecast System [20, 21, 22],
follows the United Kingdom (UK) Daily Air Quality Index [23]. This index has ten grades, which are further
grouped into 4 bands: low, moderate, high and very high and is based on the concentrations of 5 pollutants -
NOy, Oz, SOz, CO and PM10 (Table 3.1). Different averaging periods are used for different pollutants. The
reference levels and Health Descriptor used in the tables are based on health-protection related limit, target or
guideline values set by the European regulations, at national or local level or by the World Health Organization
[24, 25].

Annually averaged hourly values of the AQI for Sofia and Bulgaria with different horizontal grid resolution
are presented in Figure 3.2. The graphs represent the daily percent recurrence of the AQI (1 to 10). This
results, allow to follow highest recurrence of the indices during the day (during the seasons), and to analyze
the possible reason for high values in the High and Very High bands. The meteorological conditions from one
hand and the pollutant emissions from other one could be the cause for different possible AQI statuses. That
representation of the index makes it possible to evaluate the atmospheric composition in the context of impacts
on human health and quality of life.
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F1G. 3.3. Diurnal variations of the annually averaged recurrence [%] of the dominant pollutant.

The graphics on Figure 3.3 demonstrate the annual recurrence of the pollutant with highest AQI, which
determines the overall AQI for the 4 bands (the dominant pollutant). The pollutants involved in the calculation
of AQI — NOs, O3, SOy and PM are presented in different colours. The seasonal cases are not present here,
but they differ from the annually averaged graphics. The dominant pollutants are different for each band with
well displayed diurnal course.

The air pollution pattern is formed as a result of interaction of different processes, so knowing the contribu-
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FiG. 3.4. Annually averaged contribution of the different processes to the formation of NOz [ug/m3] and FPRM, CPRM
[pPMuv/h] for Sofia city.

tion of each one of these processes for different meteorological conditions and given emission spatial configuration
and temporal behavior could be helpful for understanding the atmospheric composition formation and air pol-
lutants behavior. Therefore the CMAQ ”Integrated Process Rate Analysis” option was applied to discriminate
the role of different dynamic and chemical processes for the air pollution formation. The procedure allows the
concentration change for each compound for an hour AC to be presented as a sum of the contribution of the
processes, which determine the concentration. The results were averaged over the whole ensemble and so the
”typical” seasonal and annual evaluations were obtained.

The diurnal/annual behavior of the processes contribution to the surface concentrations change of pollutant
NOg, fine- and coarse particulate matter (FPRM and CPRM), averaged for the territory of Sofia, is given
in Figure 3.4.The considered processes are advection (horizontal — HADV — and vertical — VADV), diffusion
(horizontal — HDIF — and vertical — VDIF), mass adjustment, emissions (EMIS), dry deposition (DDEP),
chemistry (CHEM), aerosol processes (AERO) and cloud processes/aqueous chemistry (CLDS) and they are
present in different colors.

The total concentration change (AC), leading to a change in a concentration is determined mainly by a
small number of dominating processes which have large values, and could be with opposite sign and phases. The
AC is different for each pollutant with well displayed seasonal and diurnal course. The sign of the contributions
of some of the processes is obvious, but some of them may have different sign and it depends on the type of
emissions, weather conditions and local atmospheric dynamics.

4. Conclusion related to ACIQLife. A very small part of the obtained results is presented in the
present paper, just to demonstrate the opportunity HPC platforms give for detailed and extensive study of
the atmospheric composition its behavior, origin and health impact. Due to volume limitations the spatial
variability of the air pollution characteristics is not demonstrated at all.

The generated ensembles of atmospheric composition characteristics have still to be carefully and extensively
treated and analyzed, which will be objective of the future work of the authors.

5. TVRegCM application. The simulations with the RCM RegCM version 4.4 [26] were made for
the SE Europe covering ten years period from 01.12.1999 to 30.11.2009 and are driven by the ERA-Interim
reanalysis [27], providing the required atmospheric Initial and Boundary Conditions (ICBC) as well as sea
surface temperatures. The ERA-Interim boundary conditions can be considered to be of very high quality
[27], particularly in the Northern Hemisphere extratropical areas where reanalysis uncertainty is negligible [28].
The simulation domain covers entirely the Balkan Peninsula, a minor part of Italy and a part of Asia Minor
Peninsula. The model grid is in Lambert Conformal Conic projection with spatial resolution of 10 km. Hence
the previous experiments reveals that time step equal to 25 seconds, and 27 vertical levels are optimal, they
are selected for the model integration. The default land surface parameterization method in RegCM4 is the
BATS scheme [29]. In the current study, we have used it without the subgridding option. The considered
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planetary boundary layer (PBL) schemes are the one proposed by Holstlag [30, 31] and the University of
Washington (UW) [32, 33]. One of the most significant novelties in RegCM4.4 is the incorporation of the new
cloud microphysics scheme (for brevity: M-scheme), proposed by Nogherotto and Tompkins (NT) [34]. EURO-
CORDEX (http://www.euro-cordex.net/) is the European branch of the international CORDEX initiative,
which is a program sponsored by the World Climate Research Program (WRCP) to organize an internationally
coordinated framework to produce improved regional climate change projections for all land regions world-
wide. Med-CORDEX (https://www.medcordex.eu/) project has been proposed by the Mediterranean climate
research community within EURO-CORDEX as a follow-up of previous and existing initiatives. The NT-scheme
was released after MedCORDEX experiments started. The cumulus convection (CC) parameterizations include
Grell scheme [35] with Arakawa-Schubert (AS) [36] and Fritsch-Chappell (FC) closure assumption [37], Emanuel
scheme [38, 39], Tiedtke scheme [40] and Kain-Fritsch scheme [41, 42]. The simulations with Kuo [43] convective
parameterization scheme have shown instability and interruptions of the model simulations at some periods, so
was not used in the present research.

Thus, the number of the possible combinations, which means RegCM4.4 model set-ups, between 2 PBL
schemes, 2 M-schemes and 5 CC ones, is 20 and the performance of all of them have been investigated.

The well-known and freely available for the research community data-base E-OBS version 12.0 of the Euro-
pean Climate Assessment & data-set (ECA&D) project [44] is used as reference in the model validation. E-OBS
is based only on observations, covers entire Europe and the surroundings, and the version with 0.25°x0.25° reg-
ular grid spacing is implemented. It is worthy to emphasize that E-OBS is the standard validation data-base
for the EURO-CORDEX.

Hence the multi-annual seasonal mean temperature (referred further for brevity only temperature) and the
multi-annual seasonal mean precipitation sum (precipitation) are probably the most important quantities from
climatological point of view, the validation study thus far is focussed on them. The E-OBS is on daily basis
and RegCM is set to produce output on every 6 hours. Thus, the climatological quantities are calculated after
every successive model run with the CDO operators [45]. The detailed results from the validation are presented
in [46]. Only the most relevant conclusion will be listed briefly here.

According to the simulated temperature behavior, the models can be divided in two groups those with
prevailing warm bias and those with prevailing cold bias. Generally, the biases are more remarkable in the
summer than in the winter and are in the interval from about -3.5°C to 3.5°C, but over the bigger part of the
domain typically from about -2°C to 2°C.

The simulation outcome from all 20 model set-ups produces almost identical picture for the precipitation
distribution in winter: The biases are nearly equally distributed and are positive (i.e. the model overestimates
the precipitation), with some minor exceptions. The summer biases however, show significant distinction in
their distribution and magnitude. They are positive, with some minor exception in Greece. Generally, the
precipitation biases however, are very big. Their values vary from below -100% to above 160%.

The main conclusions are, first, that the relative weight of the CC-schemes is the biggest and, second, the
simulations with the smallest biases are with Grell one with the both closures. The sensitivity of RegCM4.4 to
the PBL- and M-scheme seems is significantly weaker. Thus, there are not clear evidences for clear distinction
between the model skill with Holstlag or UW PBL parameterization from one side or for over performance of
the NT M-scheme in comparison with the default SUBEX. As overall, 7 from 20 model setups show recognizable
better performance. They are listed in Table 5.1.

Main aim of the current, second stage of TVRegCM is to "narrow” the selection, i.e. to perform further
examination of these 7 model configurations.

Our previous results [46, 47] indicate that the biases are bigger in summer. Thus, we will use another
approach to assess the model performance in that season, called Taylor diagram [48]. The observation data
base is E-OBS version 13.1, but the differences with the version 12.0 are insignificant for our purpose. We
will consider the temporal and spatial Taylor diagrams of the normalized (in such a way that the observations
standard deviation is equal to the model results with respect to the temporal and spatial variability respectively,
for the mean summer daily 2m temperature and the mean summer daily rainfall from 2001 to 2008 years. The
spatial diagram is constructed from the season average for each location, and the temporal diagram from the
spatial average by whole domain on daily basis. The correlation is shown by radial dashed lines, and the
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TABLE 5.1
List of the model set-ups with better (in comparison with the others) performance. The original index and notation is preserved
from the first stage of TVRegCM experiment

Index | Notation | ICBC | PBL-scheme M-scheme CC-scheme
1 r11111 | EIN15 Holtslag SUBEX Grell/FC
2 rl1112 | EIN15 Holtslag SUBEX Grell/AS
) r11155 EIN15 Holtslag SUBEX Kain-Fritsch
11 r12121 EIN15 UW SUBEX Grell/AS
12 r12122 EIN15 UW SUBEX Grell/FC
15 r12155 EIN15 UwW SUBEX Kain-Fritsch
16 r12221 | EIN15 UW Nogherotto/ Tompkins Grell/AS
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Fic. 5.1. Taylor diagrams for the mean summer daily temperature concerning the temporal (on left) and spatial (on right)
variability

normalized standard deviation on the horizontal and vertical axes. The normalization is made in a way that
the reference standard deviation is 1. The lines of centered root mean square difference (RMSD) values are also
given.

The Taylor diagram of the mean summer daily temperature for temporal variability is given on the left
pane of Figure 5.1. The simulations are depicted by solid color points, and the reference E-OBS data by an
empty circle. The normalized standard deviations are below 1.0, except for the cases r11111 and r11112. All
simulations except r12222 have RMSD below 0.5. Although relatively small differences, the simulation cases
with the slightly better than other cases performances are r11133, r11233, r12133. The Taylor diagram of the
mean summer daily temperature concerning the spatial variability is shown on the right pane of Figure 5.1. The
correlation coeflicient is between about 0.85 and 0.95. The normalized standard deviation is between 1.0 and
1.5, and the RMSD in most cases is above 0.5. The simulations with the best performance are r11233, r11133
and r11155.

The Taylor diagram with respect of the temporal variability of the mean summer daily precipitation is
shown on the left pane of Figure 5.2. The normalized standard deviations are between 0.75 and 1.5. The RMSD
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are between 0.5 and 1.1, and the correlation is between 0.65 and 0.85. The simulations results are much more
scattered than the ones for the mean daily temperature. The performance of the cases is more distinguishable,
and the best ones are r12121, r12122, r11111, r12155 and r11155.

The Taylor diagram of the the mean summer daily precipitation with respect to the spatial variability is
shown on the right pane of Figure 5.2. The scattering of the simulation points are bigger than for the mean daily
temperature ones, as in the Taylor diagram with respect to the temporal variability. The correlation coefficient
is between 0.6 and 0.8. The normalized standard deviation is from about 1.2 to 4.0, and the RMSD is between
1.5 and 2.5. The cases with the best performance are r12121 and r11111, although r12122, r11112, r12155 and
r11155 form a cloud of points with slightly worse performance but with normalized standard deviation below 2.

6. Conclusion related to TVRegCM. The main conclusion of the presented part of the RegCM nu-
merical experiment is that our new test does not reveal single one model set-up that definitely over performs
the other considered ones. Nevertheless this exercise was a necessary step forward in the authors’ evaluation
strategy.

The results of the model temperature field lead us to the following conclusions. The spatial variability is
bigger than the temporal one. It is worth to note that the choice of the boundary layer scheme also has some
meaning in a spatial variation meaning. The cases with Holstag boundary layer scheme show more resemblance
with the observations, than the simulations with UW boundary layer scheme. We can note that the best
convective scheme concerning the temperature field is of the Tiedtke.

The spatial variability of the precipitation field is bigger than the temporal one, and from the spatial one for
the temperature. The results for the model mean daily precipitation variability on the other hand is as much as
about 2 times the reference one and the correlation is weaker than the one for the temperature. Therefore, the
model performance is worse for the precipitation than for the temperature. The results suggest that the Grell
scheme with FC or AS closures is the best scheme for the precipitation simulation. Although, the Kain-Fritsch
cumulus convective scheme with SUBEX moisture scheme and Holstag boundary layer parameterization scheme
is also a good case. These results confirm our previous ones [46, 47] that the results for temperature are more
spatially homogeneous and the correlation for the temperature field is higher than the one for precipitation. The
bigger, in comparison with the temperature, spread of the results on the Taylor diagram for the precipitation
demonstrates the bigger sensitivity of this output variable from the parameterization selection and combination
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from different schemes. The results, together with these from the previous stage, are in general agreement
with the outcomes in [49] and [50]. In particular, we confirm the outlined in [50] primary importance of the
convection scheme. Obviously, many other factors have to be investigated, including:

e It is relevant to investigate the model option to switch the CC-scheme by transition from land to sea
and vice versa. It is worth to emphasize that the default setting (and it is explicitly recommended from
the RegCM authors’), which is confirmed in [50], is Grell over land and Emanuel over sea.

e It is necessary to perform sensitivity tests over shorter periods, including case studies for warm/cold/
wet/dry years.

e Other output quantities, which are more or less also relevant for many practical applications, such as
cloud cover, soil moisture, radiation fluxes, etc should be also considered. Although the availability
of independent data-sets, which can be used as reference, seems limited, this further step seems is
reasonable.

e The computational efficiency of the selected model set-ups should be estimated.

7. Conclusion. The virtual research environment platform allows to different scientific communities to
make research which require big computational and storage resources. A small part of the obtained results from
both applications are presented in the present paper, just to demonstrate the opportunity of HPC platforms.
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ABSTRACT

The atmospheric composition research was based on extensive computer simulations
carried out with good resolution using up-to-date modelling tools and detailed and
reliable input data. Extensive numerical simulations of the atmospheric composition
fields in Bulgaria have been performed using the US EPA Model-3 system used as a
modelling tool for 3D simulations. The extensive data base that was created from the
simulations was used for different studies of the atmospheric composition. The air
pollution pattern is formed as a result of interaction of different processes, so knowing
the contribution of each one of these processes for different meteorological conditions
and given emission spatial configuration and temporal profiles could be helpful for
understanding the atmospheric composition and air pollutants behaviour. Analysis of
the contribution of these different processes (chemical and dynamical) which form the
atmospheric composition in chosen region will be demonstrated in the present paper.

Keywords: air pollution modelling, dynamical and chemical processes, ensemble of
numerical simulation, atmospheric composition

INTRODUCTION

A statistically robust ensemble of the atmospheric composition over Bulgaria, taking to
account the two-way interactions of different processes and track the main pathways
and processes, which lead to different scale atmospheric composition formation should
be constructed in order to understand the atmospheric composition climate and air
pollutants behaviour. The atmospheric composition climate modelling over the Balkan
region and particular over Bulgaria results are published in a number of papers [1], [2],
[31, [4], [5], [6], 171, [8], [9], [10], but a detailed examination of the processes
determining the atmospheric composition have not yet been made and will be presented
in the current paper.

On the basis of 3D modelling tools the extensive data base was created and this data
was used for different studies of the atmospheric composition, carried out with good
resolution using up-to-date modelling tools and detailed and reliable input data. All the
simulations were based on the US EPA (Environmental Protection Agency) Model-3
system for the period of 7 years period (2008 to 2014) The modelling system consists of
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PREFACE

This book contains papers presented during the International Conference on “Numeri-
cal Methods for Scientific Computations and Advanced Applications” (NMSCAA’18),
May 28-May 31, 2018, Hissar, Bulgaria. The conference is organized by the Institute
of Information and Communication Technologies, Bulgarian Academy of Sciences in
cooperation with Society for Industrial and Applied Mathematics (STAM) and tech-
nically co-sponsored by IEEE PS Computer Society Chapter (IEEE) .

The Conference Specific topics of interest are as follows: (a) Multiscale and multi-
physics problems; (b)Robust preconditioning; (c) Monte Carlo methods; (d) Opti-
mization and control systems; (e) Scalable parallel algorithms; (f) Advanced comput-
ing for innovations; (g) In silico investigations of biological molecules and complexes.
The list of the plenary invited speakers includes:

e Owe Axelsson (Institute of Geonics, CAS, Ostrava, Czech Republic);
e Raytcho Lazarov (TA&MU, College Station, Texas, USA);

e Zahari Zlatev (Aarhus University, Roskilde, Denmark);

e Istvan Farago (Eotvos Lorand University, Budapest, Hungary);

e Radim Blaheta (Institute of Geonics, CAS, Ostrava, Czech Republic);
e Svetozar Margenov (IICT-BAS, Sofia, Bulgaria); and

e Ivan Dimov (IICT-BAS, Sofia, Bulgaria).

The Scientific Computing is one of the most prominent examples of a interdisci-
plinary area involving mathematics, computer science, engineering, physics, chem-
istry, medicine etc. The tools of Scientific Computing are usually based on mathe-
matical models and corresponding computer codes that are used to perform virtual
experiments to obtain new data or to better understand existing experimental results.
Numerical Analysis is one of the crucial elements of Scientific Computing. It de-
velops and analyzes numerical methods for discretization of continuous models and
their subsequent solution, as well as for approximation of discrete data, such as: data
interpolation and extrapolation, methods for solving linear and non-linear systems
of algebraic equations (direct and iterative solution methods, preconditioning, mul-
tilevel and multigrid methods, etc.), methods for solving systems of ordinary and
partial differential equations, methods for solving integral equations, and optimiza-
tion problems.

Next to Numerical methods and the scientific computations are the Advanced Ap-
plications — the implementation of the developed numerical methods into computer
codes and their customization for the numerous computing systems and for solving a
number of real life problems.

Krassimir Georgiev
May 2018
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Computer Simulations of PM Concentrations
Climate for Bulgaria

I. Georgieva, N. Miloshev

Abstract

The numerical simulations of the Particulate matters (PM) fields in Bulgaria
have been performed using the US EPA Model-3 system as a modelling tool for
3D simulations and the system nesting capabilities were applied for downsca-
ling the simulations to a 9 km resolution over Bulgaria. The national emission
inventory was used as an emission input for Bulgaria, while outside the country
the emissions are from the TNO high resolution inventory. The air pollution
pattern is formed as a result of interaction of different processes, so if know the
contribution of each, for different meteorological conditions and given emission
spatial configuration and temporal behavior is very helpful for understanding
the atmospheric composition and pollutants behavior. The “Integrated Process
Rate Analysis” model option was applied to discriminate the role of different dy-
namic/chemical processes for the air pollution formation. Numerically obtained
PM concentration fields of as well as of determining the contribution of different
processes to the formation of surface PM concentrations will be demonstrated
in the paper.

Introduction

The air is the living environment of human beings and atmospheric parameters have a
great importance for the quality of life. According to the World Health Organization
(WHO), between 2.5 and 11% of the total number of annual deaths are due to air
pollution [10, 11]). Special attention is paid to primary emitted or secondary formed
Particulate Matter (PM), which size varies from 0.01pm to 50pm. The particulates
are separate in several fractions: PM10 (diameter <10pm), PM2.5 (diameter <2.5um)
and ultra-fine PM with diameter <0.1pm (PMO1). The topic is especially relevant for
Bulgaria, where the situation is especially severe regarding of PM concentrations, and
several times exceeded the limit values. The objective of the work is to demonstrate
the numerically obtained PM concentration fields of as well as of determining the
contribution of different processes to the formation of surface PM concentrations
using modeling tools.

1 Methodology

Extensive numerical simulations of the atmospheric composition fields in Bulgaria
have been performed using up to date modelling tools and detailed and reliable input
data [3, 4, 5]. An ensemble, comprehensive enough as to provide statistically relia-
ble assessment of the atmospheric composition climate, has been constructed. The
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used modeling tools is US EPA (Environmental Protection Agency) Model-3 sys-
tem consists of: Meteorological model WRF (Weather Research and Forecasting )[7],
Atmosphere Composition Model CMAQ (Community Multiscale Air Quality)[1] and
Emission model SMOKE2](Sparse Matrix Operator Kernel Emissions). The simula-
tions were performed day by day for 7 years (2008—2014). The NCEP Global Analysis
Data meteorological background with 1 °x1 °resolution was used. The models nesting
capabilities were aplied to downscale the simulations to 9 km for Bulgaria. The TNO
high resolution inventory [9] was exploited, and National emission inventory as input
for Bulgaria. By averaging the surface concentrations over the whole simulated fields
of ensemble were obtained the mean annual and seasonal surface concentrations and
used as “typical” daily concentration patterns. In this work the PM are separated
in 2 fractions: Fine PM (FPRM) with diameter < 2.5pm and Coarse PM (CPRM)
with diameter from 2.5um to 10pm. The Integrated Process Rate Analysis option
was applied to evaluate the concentration change (AC) for each compound for an
hour, so is presented as a sum of the contribution of the processes. The processes
are advection (horizontal HADV and vertival VADV), diffusion (horizontal HDIF
and vertival VDIF), emissions (EMIS), dry deposition (DDEP), chemistry (CHEM),
aerosol processes (AERO) and cloud processes/aqueous chemistry (CLDS). The mo-
dels computer resource requirements are rather big [8] and the numerical experiments
were organized in effective HPC environment. The calculations were implemented on
the Supercomputer System Avitohol at Institute of Information and Communication
Technologies Bulgarian Academy of Sciences.

2 Results

The PM climate and behauvior over Bulgaria is evaluated by averaging the surface
concentrations over the whole ensemble and the mean annual and seasonal surface
concentrations were obtained. Due to volume limits here are present only the annua-
lly average surface concentrations for both fractions FPRM and CPRM. According
to current Regulation [6] the defined limit values for PM concentrations are: FPRM
— 40pg/m® 24 hour average and 20pg/m?® annual average; CPRM — 50ng/m? 24 hour
average and 40pg/m?® annual average. The results show that there is exceedance the
limit values for both PM fractions. For CPRM plots the exceedance is several times
mostly at biggest cities in the country Figure 1. The outputs from the Integrated
Process Rate Analysis were averaged over the 7 year ensemble and so the “typical”
seasonal and annual evaluations were obtained. An example of the diurnal annual
behavior of the contribution of different processes to the surface concentration of
FPRM and CPRM, averaged for Bulgaria, is given in Figure 2. The processes that
were considered are HADV and VADV, HDIF and VDIF, EMIS, DDEP, AERO and
CLDS. The graphics show dominant contributions with their sign and phases of each
process that leading to concentration change. For the FPRM can be seen that the
leading processes are EMIS with positive contribution and VDIF with negative contri-
bution. The EMIS is dominant process for CPRM too, but VDIF has highest positive
contribution, and also can be see that DDEP has maximal negative contribution.
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Figure 1: Annual surface concentrations for FPRM and CPRM [pg/m?®], averaged for the
territory of Bulgaria at 07:00 GMT.

The AC has different sign during the day and depending on weather conditions and
topography.

Figure 2: Annually averaged contribution of the different processes to the formation of
FPRM and CPRM [pg/m?®/h] for Bulgaria.
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3 Conclusion

Due to volume limitations the spatial and seasonal variability of the PM character-
istics is not demonstrated at all, only the annual. The numerically obtained PM
concentration fields show the several times exceeded the limit values for concentra-
tions mainly at biggest city in the country. For the whole domain, the AC| leading to
a change in a concentration is determined by a small number of dominating processes
with big values, and the sign and phases of these processes could be opposite. The
contributions sign of some processes is obvious, but for some the sign may be changing
and can be different, depending on weather conditions, topography and etc.
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ANALYSIS OF THE CONTRIBUTION OF DIFFERENT PROCESSES (CHEMICAL AND
DYNAMICAL) WHICH FORM THE ATMOSPHERIC COMPOSITION IN SOFIA
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Bulgaria

Abstract: The air pollution pattern is formed as a result of interaction of different processes, so knowing the
contribution of each one of the processes for different meteorological conditions and given emission spatial
configuration and temporal profiles could be helpful for understanding the atmospheric composition and air
pollutants behaviour. Analysis of the contribution of these different processes (chemical and dynamical) which form
the atmospheric composition in chosen region will be demonstrated in the present paper. To analyse the contribution
of different dynamic and chemical processes for the air pollution formation over Sofia the CMAQ “Integrated
Process Rate Analysis” option was applied. The procedure allows the concentration change for each compound to be
presented as a sum of the contribution of each one of the processes, which determine the air pollution concentration.
A statistically robust ensemble of the atmospheric composition over Sofia, taking into account the two-way
interactions of local to urban scale and tracking the main pathways and processes, which lead to different scale
atmospheric composition formation should be constructed in order to understand the atmospheric composition
climate and air pollutants behaviour. On the basis of 3D modelling tools the extensive data base was created and this
data was used for different studies of the atmospheric composition, carried out with good resolution using up-to-date
modelling tools and detailed and reliable input data. All the simulations were based on the US EPA (Environmental
Protection Agency) Model-3 system for the period of 7 years period (2008 to 2014). The modelling system consists
of 3 models, meteorological pre-processor WRF, the emission pre-processor SMOKE and Chemical Transport Model
(CTM) CMAQ.

Key words: chemical and dynamical processes, ensemble of numerical simulation, contribution of different
processes, atmospheric composition

INTRODUCTION

An ensemble of the atmospheric composition over Sofia, taking to account the two-way interactions of
different processes and track the main pathways and processes, which lead to different scale atmospheric
composition formation is constructed. This ensemble is statistically robust enough in order to understand
the atmospheric composition climate and air pollutants behaviour. The atmospheric composition climate
modelling in Bulgaria results are published in many papers (Georgieva 2014), (Georgieva et al., 2015,
2017, 2018), (Georgieva and lvanov, 2017), (Syrakov et al., 2013), (Gadzhev et al., 2013 a, b, 2014,
2015), but a detailed examination of the processes determining the atmospheric composition in urban
areas have not yet been made and will be presented in the current paper for the capital of Bulgaria — Sofia.



The air pollution pattern is formed as a result of interaction of different processes, so knowing the
contribution of each process for different meteorological conditions and given emission spatial
configuration and temporal profiles is very useful for understanding the atmospheric composition, air
pollutants origin and behaviour.

To analyse the contribution of different dynamic and chemical processes for the air pollution formation
over Sofia city special option of the model CMAQ “Integrated Process Rate Analysis” was applied. The
procedure allows the concentration change for each compound to be presented as a sum of the
contribution of each one of the processes, which determine the air pollution concentration.

METHODOLOGY

On the basis of 3D modelling tools the extensive data base was created and was used for different studies
of the atmospheric composition. All the simulations were based on the USEPA Model-3 system consists
of 3 models, meteorological model WRF (Weather Research and Forecasting model) (Shamarock et al.
2007), the emission pre-processor SMOKE (Sparse Matrix Operator Kernel Emissions Modelling
System) (CEP, 2003) and Chemical Transport Model (CTM) CMAQ (Community Multiscale Air Quality
System) (Byun et al., 1998), (Byun and Ching, 1999).

The meteorological background used in the study is the large scale data from the NCEP Global Analysis
Data with 1° x 1° horizontal grid resolution. The models nesting capabilities are used to downscale the
simulations to a 1 km horizontal resolution for the city of Sofia. For emission input outside the Bulgaria,
the TNO high resolution inventory is exploited with resolution 0.25° x 0.125° longitude-latitude. The
inventory is produced by proper disaggregation of the EMEP 50km inventory data base (Vestreng, 2001),
(Vestreng et al., 2005). For Bulgaria the national emission inventory was also used. Special pre-
processing procedures are created for introducing temporal profiles and speciation of the emissions
(Gadzhev et. all 2013a). The simulations are performed for 7 years period from 2008 to 2014. The
Models-3 “Integrated Process Rate Analysis” option was applied to discriminate the role of different
dynamic and chemical processes for the air pollution pattern formation: The procedure allows the
concentration change for each compound for an hour (AC) to be presented as a sum of the contribution of
the processes, which determine the concentration.

The processes accounted for in the model are horizontal diffusion (HDIF); horizontal advection (VADV);
vertical diffusion (VDIF); vertical advection (VADV); dry deposition (DDEP); emissions (EMISS);
chemical transformations (CHEM); aerosol processes (AERO); cloud processes (CLOUD). By integrating
the transport and transformation equations the mean concentration change of i-th admixture in the first

model layer for the time from t to t+At AC' can be presented as a sum of the contribution of the
different processes:

ACi1 :(Acil)hdif + (Acil)vdif + (Acil)hadv + (Acil)vadv + (Acil)drydep + (Acil)emiss +(Aci1)chem +(Aci1)cloud + (Acil)aero 1
hy
where Act =hi j (c, (t + At) —c, (1) )dz )
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All the processes have different contribution, with different sign and have different meaning. The positive
contribution means that this process increase the concentrations, the negative contributions means -
decreasing of the concentration of selected item.

RESULTS

To analyse the contribution of different dynamic and chemical processes for the air pollution formation
over Sofia the CMAQ Integrated Process Rate Analysis option was applied. As already was stated above,
the concentration change for each compound is presented as sum of the contribution of each process and
in that way determine the concentration. The outputs were averaged over the whole 7-year, so the
“typical” seasonal and annual evaluations were obtained, but, due to volume limitations only the annually
averaged contributions of the processes to the concentration changes of Nitrogen and Sulphur dioxides
(NO,and SO,) at 06:00 GMT for Sofia are presented in the present paper.



The processes that lead to concentration change of Nitrogen and Sulphur dioxides are HADV, VADV,
HDIF, VDIF, DDEP, CLDS, CHEM and EMISS (Figure 1 and 2). Always the contribution of the both
HADV and VADV reflect very clearly the topography of the region. They are affected by local
circulation systems. The mountain regions in the maps are very well displayed. The HADV and VADV

contributions have always opposite signs, which is a manifestation of the atmosphere continuity equation.

NO,
HADV VAD\{&

- T
HDIF VDIF o
- - g
4 4 .?';'
AR/
- -y-‘%s] ¥ 4
DDEP CLDS

Figure 1: Annually averaged surface contributions of the different processes to the formation of NO, [(ug/m®)/h]
over territory of Sofia at 06:00 GMT.

For the NO, formation the HADV has maximal and positive contribution in the mountain foot, while over
the mountains the contribution is negative. In that region (over Vitosha) the VADV has a contribution
opposite to HADV- maximal and positive. Maximal positive HDIF contribution is over the mountains
foot and close to the sources, while the maximal negative impact is under the large point sources — TPP
Sofia in the city centre and TPP Iztok in the east part of the capital. The contribution of VDIF is positive
in the morning hours, only under the TPP Iztok (transfer from the source to the ground level). The DDEP
and CLDS contributions are negative with maximal values over the sources and mountains. The CHEM
and EMIS have positive impact to the formation of NO, and the maximal values are over/under the
sources. It is easy to follow where the big sources (TPPs Iztok and Sofia) and also the busiest road
networks and autobahns are.

For the SO, formation the HADV has negative contribution over the mountains and under the sources of
SO,. As the HADV is proportional to the wind and concentrations, the main sources of SO, are high
sources and the concentrations below them are relatively low, so can be explained the small contribution
of horizontal advection directly below the sources. The VADV contribution is opposite of the one of
HADV — maximal and positive values are over the Vitosha and over the sources. The HDIF has negative
impact in the city centre (palaces with high SO, concentrations). The VDIF is also with negative impact



in the city centre and positive in the mountain foot. The contributions of DDEP and CLDS are negative
and have maximal values over the big sources of SO, in the city — TPP Sofia and TPP lztok. The
contribution of CHEM to the formation of SO, is really small and negative, mostly at the city centre. The
impact of EMIS is strictly positive and maximum can be seen in the city centre.

HADV

Figure 2: Annually averaged surface contributions of the different processes to the formation of SO, [(ug/m®)/h]
over territory of Sofia at 06:00 GMT.

CONCLUSIONS

The results produced by the CMAQ “Integrated Process Rate Analysis” demonstrate the very complex
behaviour and interaction of the different processes. Further analysis of these processes, their spatial,
diurnal and seasonal variability and interaction could be helpful for explanation of the overall picture and
origin of the pollution in the considered region. For the whole domain of Sofia, and for each of the
selected items, the total concentration change (AC) is determined mainly by a small number of
dominating processes which have large values, and could be with opposite sign and phases. The total
concentration change (AC) is a result of all the processes which may have large values with opposite sign
and phases and that is why the (AC) could be positive, as well as negative and is different for each
pollutant, the sign of the (AC) depending on the type of emissions, emission sources, as well as weather
conditions and topography.

In general, it can be concluded that, the contributions of different processes have a different behaviour
and interact in a very complex way.
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Process Analysis of Atmospheric
Composition Fields in Urban Area

(Sofia City)

Ivelina Georgieva™) | Georgi Gadzhev, Kostadin Ganev, and Nikolay Miloshev

National Institute of Geophysics, Geodesy and Geography,
Bulgarian Academy of Sciences, Acad. G. Bonchev Street, bl. 3, 1113 Sofia, Bulgaria
iivanova@geophys.bas.bg

Abstract. The air pollution pattern is formed as a result of interaction
of different processes, so knowing the contribution of each one of the pro-
cesses for different metcorological conditions and given cmission spatial
configuration and temporal profiles could be helpful for understanding
the atmospheric composition and air pollutants behavior. Analysis of the
contribution of these different processes (chemical and dynamical) which
form the atmospheric composition in chosen region will be demonstrated
in the present paper. To analyze the contribution of different dynamic
and chemical processes for the air pollution formation over Sofia the
CMAQ Integrated Process Rate Analysis option was applied. The proce-
dure allows the concentration change for each compound to be presented
as a sum of the contribution of each one of the processes, which deter-
mine the air pollution concentration. A statistically robust ensemble of
the atmospheric composition over Sofia, taking into account the two-
way interactions of local to urban scale and tracking the main pathways
and processes, which lead to different scale atmospheric composition for-
mation should be constructed in order to understand the atmospheric
composition climate and air pollutants behavior.

On the basis of 3D modeling tools an extensive data base was created
and this data was used for different studies of the atmospheric compo-
sition, carried out with good resolution using up-to-date modeling tools
and detailed and reliable input data. All the simulations were based on
the US EPA (Environmental Protection Agency) Model-3 system for the
7 years period (2008 to 2014). The modeling system consists of 3 mod-
els, meteorological pre—processor, the emission pre—processor SMOKE
and Chemical Transport Model (CTM) CMAQ.

Keywords: Air pollution modeling + Dynamical and chemical
processes + Ensemble of numerical simulation + Atmospheric
composition - Process analysis

1 Introduction

An ensemble of the atmospheric composition over Sofia, taking to account the
two-way interactions of different processes and track the main pathways and
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Summary

On the basis of 3D modelling tools, the extensive database was created and used for studies of the atmospheric
composition, carried out with good resolution using up-to-date modelling tools and detailed and reliable input
data. The simulations are carried out in the frame of The Bulgarian Chemical Weather Forecast and Information
System (BgCWFIS), based on the US EPA Model-3 system. On this basis a statistically significant ensemble of
Air Quality indexes (AQI) was calculated, and their typical recurrence, space and temporal variability was
constructed.

The numerical experiments with a horizontal resolution of 1 km. for Sofia city are going on. The AQ impact on
human health is evaluated in the terms of AQI, which give an integrated assessment of the impact of pollutants
and directly measuring the effects of air quality. All the evaluations are on the basis of air pollutants concentrations
obtained from the numerical modelling and make it possible to reveal the AQI status spatial/temporal distribution
and behaviour.

The results presented in this paper, allow to estimate the highest recurrence of the indices for the whole ensemble
annually, and to analyse the possible reason for high values in different bands and different AQI statuses.

11th Congress of the Balkan Geophysical Society
10-14 October 2021, Bucharest
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Introduction

Systems for Chemical Weather Forecast operate in many European countries, including Bulgaria -
The Bulgarian Chemical Weather Forecast and Information System (BgCWFIS). BgCWFIS runs on
five nested domains, reaching space resolution of 1 km for the territory of interest - Sofia City. The
BgCWEFIS calculates the Air Quality Index (AQI) which directly measures the effects of air quality
(AQ) on human health. The outputs of BCWFIS create ensemble big, exhaustive and representative
enough, to allow making reliable conclusions for the atmospheric composition, including the AQI,
status and behavior. The analysis of the results from BgCWFIS about AQI is the main objective of the
present work.

Method

The AQI evaluations are based on extensive computer simulations of the AQ in Sofia, made in the
frame of the BgCWFIS delivers AQ forecasts on an hourly basis. Detailed description of the
operational performance of BJCWFIS, computation of AQI, domains and input data is given in many
papers and previous work in Bulgaria (Gadzhev et al., 2011, 2012, 2013a, 2014a, 2014b, 2015, 2018,
2020, 2021).

The AQI calculated in the system is on the basis of UK Daily Air Quality Index (de Leeuw, and Mol,
2005) and according to it 5 main pollutants: Os, NO,, SO,, CO and PMy, are used. (lvanov and
Georgieva, 2017, Georgieva and lvanov, 2018, Georgieva et al., 2015, 2017, 2018). The further
considerations in the paper are made on the basis of long term AQ simulations, which make it possible
to reveal the climate of AQI spatial/temporal distribution and behavior. The AQI is defined in several
segments, different for each considered pollutant, with different averaging periods for different
pollutants. The breakpoints between index values are defined for each pollutant separately. For each
particular case the concentration of each pollutant falls into one of the bands, (de Leeuw, and Mol,
2005). Thus the AQI for each pollutant is determined. The overall index describes air pollution on the
basis of the pollutant, which AQI falls into the highest. The pollutant, which determines the overall
AQI for the given particular case is referred to as "dominant pollutant™.

Results

Some results, illustrating the spatial and diurnal variability of the different AQI and respective
“dominant pollutant annual recurrences are presented in the figure (Fig.1 — Fig.3). They are calculated
on the basis of the ensemble for the entire selected period 2008-2020.

Figure 1 represents the spatial and diurnal variation of the annual recurrence (%) of AQI bands for
selected hours. In the Low band the air is cleanest, so high recurrence values mean more cases with
clean air and lower recurrence values mean less cases with clean air or worse AQ status. The
reccurence of Low band is about 90% over the whole city during the whole day. That means that most
of the cases fall in this band, and the rest from 90% to 100% are distributed to other bands —
Moderate, High and Very High. For Moderate band high recurrence can be seen over the Vitosha
mountain about 5% in morning and afternoon hours, and 6% at the centre of the city. The behavior of
the surface ozone is complex. The Oz in Bulgaria is to a great extent due to transport from abroad
(Gadzhev et al, 2013b). This is the reason why the O3 concentrations early in the morning are smaller
(less intensive transport from higher levels), and higher at noon and afternoon. At noon the cases with
bad AQ reach 5% over the whole territory of the city. For High and Very High bands, the plot shows a
small recurrence of about 4-6% in the morning and afternoon in 3 spots of the city - the city center, the
area of the airport and Kostinbrod.

The next plots present the recurrence of cases in which Oz or PMy is the dominant pollutant that
determines the respective AQI band. The recurrence of cases for which O determines the formation of
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each band can be seen in Figure 2. The Os recurrence as a dominant pollutant for the Low band is near
20% over the whole city. For the Moderate band the Os recurrence is 100% for the whole domain,
except in the morning and afternoon. In morning hours the 100% recurrence can be seen only over the
Vitosha Mountain, while in the city center the recurrence of cases is due to other pollutants. In the
afternoon the Os recurrence covers already the rural area of the city. From this behavior of O
recurrence it can be concluded that it determines the formation of indices for Low and Moderate
range. For the other bands the Os contribution has a zero recurrence and so the AQI value is due to
other pollutants.

Figure 1 Annual recurrence of AQI bands (%) over Sofia city for the period 2008-2020 for selected
hours 06:00, 12:00 and 18:00 UTC.
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Figure 2 Annual recurrence (%) of the cases in which the Oz dominates in the formation of AQI bands
over Sofia city for the period 2013-2020 for selected hours 06:00, 12:00 and 18:00 UTC.
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Figure 3 Annual recurrence (%) of the cases in which the PMi, dominates in the formation of AQI
bands over Sofia city for the period 2013-2020 for selected hours 06:00, 12:00 and 18:00 UTC.

Figure 3 presents the recurrence of cases for which PMyo determines the formation of the indices. In
the plots for Low band the recurrence of PMi, dominance is about 20%. For Moderate band the
recurrence in the city center is about 90% and 40% in the surroundingng area, in morning and
afternoon hours. The recurrence of PMjo dominance in formation of High and Very High bands is
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about 100% during the whole day and covers the centre of the city, the Kostinbrod area and the Sofia
airport area.

Conclusions

AQI status of the city of Sofia falls mostly into Low and Moderate bands. The recurrence of cases
with High pollution is close to 10% mostly in the city center. The recurrence of Low band does not
have significant spatial/temporal variability and most of the cases fall in this band. The recurrence is
about 80-90% over the whole city. The Moderate band in the morning and afternoon hours has high
recurrence over the Vitosha Mountain. At noon the cases with Moderate AQ reach 5% over the whole
territory of the city. The Very High band, shows recurrence of about 5-7% in morning and afternoon
in 3 spots of the city — the city center, the area of the airport and Kostinbrod.

The results for recurrence of different pollutants dominance to the formation of each index shows that
both O3 and PM3o dominance recurrence for Low band is near 20% over the whole city Os is generally
responsible (dominant) for the formation of Moderate band AQI, while the formation of AQI in High
and Very High bands is exclusively due to PMiy. The dominance of PMyo for formation of others
bands High and Very High is about 100% during the whole day and covers the center of the city, the
Kostinbrod area and the Sofia airport. This is normal having in mind that in these areas are situated the
main PMyo sources like TPPs, manufactures and the busiest traffic network.

Apart from these general features the climatic behavior of the AQI probabilities is rather complex with
significant spatial, seasonal and diurnal variability. The areas with slightly worse AQ status are not
necessarily linked to the big pollution sources. Wide rural and even mountain regions can also have a
significant probability for AQI from the Moderate range.

Acknowledgements

This work has been carried out in the framework of the National Science Program "Environmental
Protection and Reduction of Risks of Adverse Events and Natural Disasters", approved by the
Resolution of the Council of Ministers Ne 577/17.08.2018 and supported by the Ministry of Education
and Science (MES) of Bulgaria (Agreement Ne J101-363/17.12.2020) and of the National Science
Program "Young scientists and postdoctoral students”, approved by the Resolution of the Council of
Ministers Ne 577/17.08.2018 and supported by the Ministry of Education and Science (MES) of
Bulgaria.

References

Gadzhev, G., Jordanov, G., Ganev, K., Prodanova, M., Syrakov, D., Miloshev, N., [2011].
Atmospheric composition studies for the Balkan Region. Lecture Notes in Computer Science
(including subseries Lecture Notes in Artificial Intelligence and Lecture Notes in Bioinformatics),
6046 LNCS, 150-157. DOI: 10.1007/978-3-642-18466-6_17

Gadzhev, G., Ganev, K., Syrakov, D., Miloshev, N., Prodanova, M., [2012] Contribution of biogenic
emissions to the atmospheric composition of the Balkan Region and Bulgaria. International Journal of
Environment and Pollution, 50 (1-4), 130-139. DOI: 10.1504/1JEP.2012.051187

Gadzhev, G., Ganev, K., Prodanova, M., Syrakov, D., Atanasov, E., Miloshev, N. [2013a]. Multi-scale
Atmospheric Composition Modelling for Bulgaria. NATO Science for Peace and Security Series C:
Environmental Security, 137, 381-385. DOI: 10.1007/978-94-007-5577-2_64

Gadzhev, G., Ganev, K., Miloshev, N., Syrakov, D., Prodanova, M.: Numerical, [2013b]. Study of the
Atmospheric Composition in Bulgaria, Computers and Mathematics with Applications 65, 402-422.

11" Congress of the BALKAN GEOPHYSICAL SOCIETY - Bucharest 2021



BALKAN
EAGE
e SGAR ..

ASSOCIATION OF
GEOSCIENTISTS &
Societatea de Geofizica Aplicata din Romania ENGINEERS

Gadzhev, G., Ganev, K., Miloshev, N., Syrakov, D., Prodanova, M., [2014a]. Analysis of the
processes which form the air pollution pattern over Bulgaria, Lecture Notes in Computer Science
(including subseries Lecture Notes in Artificial Intelligence and Lecture Notes in Bioinformatics),
8353 LNCS, 390-396.

Gadzhev, G., Ganev, K., Miloshev, N., Syrakov, D., Prodanova, M., [2014b]. Some basic facts about
the atmospheric composition in Bulgaria - Grid computing simulations, Lecture Notes in Computer
Science (including subseries Lecture Notes in Artificial Intelligence and Lecture Notes in
Bioinformatics), 8353 LNCS, 484-490.

Gadzhev, G., Ganev, K., Miloshev, N., [2015]. Numerical study of the atmospheric composition
climate of Bulgaria - Validation of the computer simulation results, International Journal of
Environment and Pollution, 57 (3-4), 189-201.

Gadzhev, G., [2018]. Recurrence of Air Quality for the city of Sofia for 2013 and 2014, Bulgarian
Geophysical Journal, 41, 46-58.

Gadzhev, G., [2020]. Preliminary results for the recurrence of air quality index for the city of Sofia
from 2008 to 2019, Proceeding of 1st International conference on ENVIROnmental protection and
disaster RISKs, 29-30 September 2020, Sofia, Bulgaria, ISBN 978-619-7065-38-1, 53 - 64,
https://doi.org/10.48365/envr-2020.1.5

Gadzhev, G., [2021]. The Seasonal Recurrence of Air Quality Index for the Period 2008-2019 Over
the Territory of Sofia City, Dobrinkova and G. Gadzhev (eds.), Environmental Protection and
Disaster Risks, Studies in Systems, Decision and Control 361, 161-170, https://doi.org/10.1007/978-3-
030-70190-1_11

Georgieva, |.; Gadzhev, G.; Ganev, K.; Prodanova, M.; Syrakov, D.; Miloshev, N., [2014]. Numerical
study of the air quality in the city of Sofia - Some preliminary results, HARMO 2014 - 16th
International Conference on Harmonisation within Atmospheric Dispersion Modelling for Regulatory
Purposes, Proceedings, 356-360.

Georgieva |.; Gadzhev G.; Ganev K.; Prodanova M.; Syrakov D.; Miloshev N., [2015]. Numerical
study of the air quality in the city of Sofia — some preliminary results, International Journal of
Environment and pollution, 57, 162-174.

Georgieva, |.; Gadzhev, G.; Ganev, K.; Miloshev, N., [2018]. Computer simulations of atmospheric
composition in urban areas some results for the city of Sofia., Proceedings of the Tenth International
Conference on "Large Scale Scientific Computations", LSSC2018, Sozopol, Bulgaria, June 5-9 2017,
LNCS10665, 474-482.

Georgieva, |.; Ivanov, V., [2018]. Computer simulations of the impact of air pollution on the quality
of life and health risks in Bulgaria. International Journal of Environment and Pollution, 64, 35-46.

Ivanov, V.; Georgieva, ., [2017]. Air quality index evaluations for sofia city. In 17th IEEE
International Conference on Smart Technologies, Proceedings of EUROCON 2017, Ohrid, North
Macedonia, 2017

Leeuw, F. de, Mol, W., [2005]. Air Quality and Air Quality Indices: a world apart. ETC/ACC
Technical Paper 2005/5 http://acm.eionet.europa.eu/docs/ETCACCTechnPaper 2005 5 AQ

Indices.pdf

11" Congress of the BALKAN GEOPHYSICAL SOCIETY - Bucharest 2021


https://doi.org/10.48365/envr-2020.1.5
https://doi.org/10.1007/978-3-030-70190-1_11
https://doi.org/10.1007/978-3-030-70190-1_11
http://acm.eionet.europa.eu/docs/ETCACC

A

atmosphere mﬁ

Article

Basic Facts about Numerical Simulations of Atmospheric
Composition in the City of Sofia

Vladimir Ivanov *© and Ivelina Georgieva

check for

updates
Citation: Ivanov, V.; Georgieva, L.
Basic Facts about Numerical
Simulations of Atmospheric
Composition in the City of Sofia.
Atmosphere 2021, 12, 1450.
https:/ /doi.org/10.3390/
atmos12111450

Academic Editors: Elena Hristova,
Manousos Ioannis Manousakas,

Aniké Angyal and Maria Gini

Received: 30 September 2021
Accepted: 28 October 2021
Published: 2 November 2021

Publisher’s Note: MDPI stays neutral
with regard to jurisdictional claims in
published maps and institutional affil-

iations.

Copyright: © 2021 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses /by /
4.0/).

National Institute of Geophysics, Geodesy and Geography, Bulgarian Academy of Sciences,
Acad. G. Bonchev Str., BL. 3, 1113 Sofia, Bulgaria; iivanova@geophys.bas.bg
* Correspondence: vivanov@geophys.bas.bg; Tel.: +359-29793328

Abstract: The atmospheric composition in urban areas is one of the primary tasks in air pollution
studies. The research aims to provide a statistically reliable assessment of the atmospheric compo-
sition climate of the city of Sofia—typical and extreme features of the special /temporal behavior,
annual means, seasonal and diurnal variations. For that purpose, extensive numerical simulations of
the atmospheric composition fields in Sofia city have been performed. Three models were chosen
as modeling tools. We used WRF as a meteorological pre-processor, CMAQ as a chemical transport
model, and SMOKE as the emission pre-processor of Models-3 system. We developed the following
conclusions. The daily concentration changes of the two essential air pollution species—nitrogen
dioxide (NO,) and fine particle matters (FPRM, particulate matter (PMj5), which has a diameter
between 0 and 2.5 micrometers)—have different magnitudes. Second, the emissions relative contribu-
tions to the concentration of different species could be different, varying from 0% to above 100%. The
contributions of different emission categories to other species surface concentrations have various
diurnal courses. Last, the total concentration change (AC) is different for each pollutant. The sign of
the contributions of some processes is evident. Still, some may have different signs depending on the
type of emissions, weather conditions, or topography.

Keywords: atmospheric composition; dynamic and chemical processes; ensemble of numerical

simulation; process analysis; contribution of different emission sources

1. Introduction

The atmospheric composition in urban areas is one of the primary tasks in air pollution
studies. The air pollution climate in urban areas has not been systematically studied yet in
Bulgaria, but some air pollution modeling for the city of Sofia had been performed, and air
pollution forecast for the city is operationally occurring [1-5]. Recently, extensive studies for
long enough simulation periods and reasonable resolution of the atmospheric composition
status in Bulgaria have been carried out using up-to-date modeling tools and detailed and
reliable input data [6-25]. The next step in studying the atmospheric composition climate is
performing simulations on an urban scale. Research works dealing with this topic include
domains with different sizes and scales from meters to kilometers [26-34]. The models’
simulations in the smallest scales usually deal with sub-urban-sized areas as streets and
neighborhoods. The simulations aim to construct an ensemble comprehensive enough to
provide a statistically reliable assessment of the atmospheric composition climate of the
city of Sofia—typical and extreme features of the special/temporal behavior, annual means,
seasonal and diurnal variations, etc. Some evaluations of the contribution of different
pollution sources and dynamic and chemical processes to the atmospheric composition of
the city of Sofia will be presented in the paper.

Methodology: Extensive numerical simulations of the atmospheric composition fields
in Sofia city have been recently performed, and an ensemble, comprehensive enough as
to provide a statistically reliable assessment of the atmospheric composition climate, was
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constructed. The US EPA Models-3 system was chosen as a modeling tool. WREF [35]
used as meteorological pre-processor, CMAQ—the Community Multiscale Air Quality
System [36,37], being the Chemical Transport Model (CTM) of the system, and SMOKE—
the Sparse Matrix Operator Kernel Emissions Modeling System [38]—the emission pre-
processor of Models-3 system.

As the NCEP Global Analysis Data with one-degree resolution is used as meteoro-
logical background, the system nesting capabilities were applied for downscaling the
simulations to a 1 km resolution (Figure 1). Results for the Sofia city domain (D5) and two
locations—Orlov most and Bistritsa—are presented in this paper. Orlov most is located in
the center of the city and represents a typical urban-polluted site. Bistritsa is located on the
semi-mountain outskirts and represents a rural site of the domain.
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Figure 1. Five computational domains (CMAQ domains are nested in WRF ones)—D1 81 x 81 km
(Europe), D2 27 x 27 km (Balkan Peninsula), D39 x 9 km (Bulgaria), D4 3 x 3 km (Sofia municipality)
and D51 x 1 km (Sofia city).

The TNO inventory with resolution 0.25° x 0.125° in 10 SNAP categories for 2010 [39-41]
is exploited for the territories outside Bulgaria in the mother CMAQs domain. For the
Bulgarian domains, the National inventory for 2010 as provided by Bulgarian Executive
Environmental Agency is used. All simulations were performed for a 7-year period from
2008 to 2014 with two-way nesting mod on. Special pre-processing procedures were created
for introducing temporal profiles and speciation of the emissions [42].

The study is based on a large number of numerical simulations carried out daily
for all periods. Different characteristics of the numerically obtained concentration fields
and for five emission scenarios, with all the emissions included and reduced of factor 0.8,
including emissions from energetics, non-industrial and industrial combustions, and road
transport, will be demonstrated in the present paper. Results concerning the contribution
of the different emission categories are demonstrated. The air pollution pattern is also
formed as a result of the interaction of different processes; thus, knowing the contribution
of each one of these processes for different meteorological conditions and given emission
spatial configuration and temporal profiles is useful for understanding the atmospheric
composition and air pollutants origin and behavior. To analyze the contribution of different
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dynamic and chemical processes, the CMAQ “integrated process rate analysis” option
was applied. The procedure allows the concentration change for each compound to be
presented as a sum of the contribution of each one of the processes, which determines the
air pollution concentration.

2. Materials and Methods

The sample size of the 7-year simulation is large and comprehensive enough to allow
processing a variety of statistical quantities. We can calculate different statistics for the
entire Sofia city domain, as well as for chosen locations—dispersion, the absolute minimum
and maximum concentrations, a percent of the averages in the given interval of values, the
probability density function, skewness, kurtosis, etc.

We present plots for the main statistical characteristics of the ensemble characteristics
of the air pollution, namely seasonal and annual ones for some pollutants NO;, (nitrogen
dioxide) and FPRM (fine particulate matter), averaged for the Sofia city region and in two
locations in the city—Orlov most (point situated at the city center) and Bistrica (situated
at semi-mountain outskirts). The plots give graphics of mean concentrations, maximum
ones for entire simulation (period/ensemble), and curves noted as 10%, 25%, 75%, and
90%, for the 10th, 25th, 75th, and 90th percentile, respectively. The resulting curves suggest
that 50% of the cases fall into the 25-75% interval, and 80% of the cases fall into the 10-90%
interval. The plotted curves give a good enough idea for the statistical characteristics of the
ensemble—dispersion, asymmetry, excess kurtosis, without being shown explicitly. The
axes are given in logarithmic scale due to the high absolute minimal concentrations and
the impossibility to distinguish the intervals of cases with different concentrations from
the absolute ones on one plot. The absolute minimum concentrations are close to zero in
most of the cases; thus, they are not shown on the logarithmic plots.

As already stated, the simulated fields ensemble is large enough to allow statistical
treatment. In particular, the probability density functions for each of the atmospheric
compounds can be calculated, with the respective seasonal and diurnal variations, for each
of the points of the simulation grid or averaged over the territory of the city. Knowing
the probability density functions means knowing everything about the ensemble. An
example of spatial and diurnal variations of the annual ensembles of surface NO, and
FPRM behaviors ate two locations, the typically urban site “Orlov most” and “Bistritsa”,
are shown in the paper.

The emission inventory, used in the simulations, includes 10 emission categories
(SNAP categories) and allows the evaluation of the contribution of various anthropogenic
activities to the overall picture of air pollution in the city of Sofia:

SNAP 1 (Combustion in energetics) reduced with factor 0.8;

SNAP 2 (Non-industrial combustion plants) reduced with factor 0.8;
SNAP 3 (Combustion in manufacturing industry) reduced with factor 0.8;
Production processes;

Extraction and distribution of fossil fuels;

Solvent and other product use;

SNAP 7 (Road transport) reduced with factor 0.8;

Other mobile sources and machinery;

Waste treatment and disposal;

Agriculture.

O RN A LN

—_
e

The used SNAP categorization of emissions, reduced by some factor, allows evaluation
of the contribution of road transport, energetic, industrial, and non-industrial combustions
to the atmospheric composition in the city. The concentrations for each scenario of reduced
SNAP’s were calculated for each day of the period, and the relative contribution of the
emissions for each of the scenarios was calculated in the following way.

If an arbitrary pollution characteristic (concentration, deposition, process contribution,
etc.) for a given grid point, or averaged over chosen domain, obtained with all the emissions
accounted for, is denoted by ¢, then ¢, is the respective characteristic obtained when the
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emissions form source category m is reduced by a factor of «. In such a case, the quantity
@m can be interpreted as the relative (in %) contributions of emission category m to the
formation of the characteristic ¢:

P = L‘WJOO (1)

More than one selected nomenclature for sources of air pollution (SNAP) category
emissions can be reduced by a factor of «, and thus the joint contribution of several or
all SNAP categories to the formation of the pollution characteristic ¢ can be evaluated.
Obtained relative source contributions can also be averaged for the entire ensemble, thus
providing the “climate” of the emission contributions, in particular the “typical” annual
and seasonal contributions.

The reason why the emissions from a given category are reduced by a chosen factor
and not simply at zero is that by completely removing the emissions from a given category,
we can obtain much smaller concentrations, which may change the rate of some nonlinear
chemical reactions. Moreover, the significant reduction of the concentrations may change
the compound diffusion through the domain boundaries, which is why it is a general
practice for the simulations to evaluate the contribution of emissions from a given category
to be performed as applied and not removed, but reduced emissions from this category,
which is normally performed in such studies. The reduction of 20% is preferred by many
authors in atmospheric pollution studies.

Five emission scenarios will be considered here: Simulations with all the emissions
included and with the emissions from all the SNAP categories (SNALL), SNAP categories
1 (energetics—SN1), SNAP categories 2 (non-industrial combustions—SN2), SNAP cat-
egories 3 (industrial combustions—SN3) and SNAP categories 7 (road transport—SN7)
for Sofia reduced by a factor of 0.8. This makes it possible to evaluate the contribution
of all the emissions, as well as the emissions from road transport, energetics, industrial
and non-industrial combustions to the atmospheric composition in the city. The relative
contribution of the emissions for each scenario was calculated for each day of this 7-year
period, and then, by averaging over the ensemble, the typical fields of relative contri-
butions of these emissions to the surface concentrations of each of the compounds were
calculated for the four seasons and annually. For all the emission categories, the pattern
of the contribution fields is complex, which reflects the emission source configuration,
the heterogeneity of topography, land use, and meteorological conditions. In order to
demonstrate the emission contribution behavior in a simpler and easy to comprehend
way, the respective fields can be averaged over some domain, which makes it possible
to follow and compare the diurnal behavior of the respective contributions for different
species. Graphics of the diurnal evolution of the “typical” relative contribution annually
and seasonal emissions of SNAP categories 1, 2, 3, 7 and all the emissions to the surface
concentrations of NO;, FPRM, averaged for the territory of Sofia city and for Orlov most
and Bistritsa, are shown in figures.

Atmospheric pollution is a result of the interaction of different dynamic and chemical
processes. The consideration of the interaction and contribution of these processes provides
a possibility for an explanation of the entire picture of the air pollution in Sofia city. The pro-
cesses that influence the formation of the air pollution patterns are HADV—horizontal ad-
vection, ZADV—vertical advection, HDIF—horizontal diffusion, VDIF—vertical diffusion,
EMIS—emissions, DDEP—dry deposition, CLDS—cloud processes, CHEM—chemical
processes, and AERO—aerosol processes. In the current section, we present mainly results
from the high-performance computing simulations, which evaluate the contribution of
different dynamic transportation and transformation processes of air pollutants, which
form the air pollution climate in Sofia city. The function of the CMAQ model—"integrated
process rate analysis” was used for this task—a specific option that gives an opportunity to
estimate the role of each one of the former processes in air pollution formation. In that way;,
the concentration change AC; of the i-th pollutant for a given time interval from t to [t+ At],
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can be present as a sum of the contributions of the different processes that determine the
concentration change, i.e., the equation for transport and transformation of pollutants can
be written in the form:

Act = (Ac})hdif + (Ac})vdif + (Ach), g0 + (AchH) + (Ach) + (Ac}

1 1 1
v adv drydep )emiss + (Acf)chem + (Aci)cloud + (Aci)afro (2)

The figures show the annual and seasonal averaged contributions of the HADV, ZADYV,
HDIF, VDIE, EMIS, DDEP, CLDS, CHEM, AERO leading to the different air pollutants (NO,,
FPRM) formations, averaged for some locations of the domain, as well as for the entire
one—Sofia city. All the plots demonstrated are for the first model layer. The total change of
the concentration (AC) is also plotted, and we can see its sign—positive or negative and
that it has a well pronounced diurnal course. Different contributions with different values
dominate the formation of the air pollutants, which is traced on the graphics and which
contribution of given processes dominate, in a given time and sign.

3. Results

The Section 3 is separated into three parts and presents characteristics of the numer-
ically obtained concentration fields, the contribution of different emission sources, and
process analysis of the atmospheric composition for the entire domain Sofia city and two
locations—Orlov most and Bistritsa.

Graphics of the diurnal evolution of the “typical” relative contribution—annual and
seasonal emissions—of SNAP categories 1, 2, 3, 7 and the emissions of the surface concen-
trations of NO, and FPRM, averaged for the territory of Sofia city and for Orlov most and
Bistritsa, are shown.

The annual and seasonal averaged contributions of the processes leading to the
formation of pollutants (NO,, FPRM), averaged for some locations of the domain as well
as for the entire Sofia city, are presented. The total change of the concentration (AC)
is also plotted, and we can see its sign—positive or negative—has a well pronounced
diurnal course. Different contributions with different values dominate the formation of
the air pollutants, which is traced on the graphics—where a given process dominates, at
a given time and sign. The values of AC differ in different seasons and are defined from
the superposition of the contributions of the different processes, which are also with a
different signs.

3.1. Characteristics of the Numerically Obtained Concentration Fields, Contribution of Different
Emission Sources and Different Dynamic and Chemical Processes to the Atmospheric Composition
in Sofia

The graphics in Figure 2 show that the average NO; concentrations have a well-
expressed diurnal course with a maximum in the early hours and a minimum in the
afternoon. The average concentrations are mostly in the 80% interval of cases (between
the two green curves 10-90%). The average concentrations are asymmetrically located in
the different pieces of a number of case intervals during the day as well as in the different
seasons. The seasonal course shows that the absolute maximum of NO, concentrations are
highest in the autumn and the winter, which is probably due to the bigger frequency of
the stable atmospheric stratification cases and the impeded vertical turbulent transport of
NO,. The averaged ensemble annual and seasonal contributions of the different sources
(Figure 3), leading to the formation of surface NO, in Sofia, sheds light from another
perspective. The results suggest that the contribution of the different sources varies in each
season but with a similar diurnal course. Everywhere during the night, the biggest natural
contribution is from emissions of all SNAP categories, followed by one of the road transport
(SNALL and SN7), about 30% around midnight during all seasons. The contribution of the
other sources in the morning hours has a small peak of around 10%.

Figure 4 shows the annually and seasonally averaged contributions of the processes
of NO; formation averaged for the entire domain. The main contribution for the NO,
formation has chemical processes with a positive sign. The horizontal advection is positive
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in the morning and afternoon and becomes negative at noon. The vertical advection is
opposite to the horizontal one. The dry deposition and vertical diffusion have a negative
contribution, although with smaller magnitudes. We can outline the positive contribution of
the emissions at all hours of the day. The contribution of the other processes is almost zero.
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Figure 2. Spatial and diurnal variations of the annual and seasonal ensembles of surface NO, (ug/ md)

concentration behavior in logarithmic scale for Sofia for the period 2008-2014.
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Figure 3. Annual and seasonal averaged relative contribution (%) of all emissions and emissions from
different SNAP categories to the formation of NO, concentration in Sofia for the period 2008-2014.
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The plots in Figure 5 suggest that the average FPRM concentrations have a well-
expressed diurnal and seasonal course and asymmetrical distribution during the day and
seasons for different intervals. The average concentrations fall into the interval containing
80% of cases during the warm months and above that for the cold ones, as during the
winter, coinciding with the 90% curve. The absolute maximum and average concentrations
are highest in the autumn and winter (stable stratification). There is a well-expressed
maximum during the early hours for NO; and a minimum around noon. The possible
reasons for that maximum are the stable atmosphere and intensive road traffic in the early
morning. The results for the averaged by ensemble annual and seasonal contributions of
any source leading to the formation of surface FPRM for Sofia city are different (Figure 6),
suggesting that the contribution of the different sources varies seasonally but has an equal
diurnal course. The dominating natural contribution is one of the sources of all SNAP
categories (SNALL), about 40%, followed by one of the road transport (SN7), at about 30%.
The contribution of the other sources is about 10% in all seasons. The diurnal distribution
shows that the different SNAP categories have maximum contribution in the morning
hours and afternoon, and minimum around noon and during the night, which correspond
to the concentrations graphics.

The annually and seasonally averaged contributions of processes for FPRM formation
averaged for the entire Sofia city domain are shown in Figure 7. The main positive
contribution has vertical diffusion for the entire day and vertical advection around noon.
The contribution of the vertical advection in the morning and afternoon is negative. The
horizontal advection is opposite to the vertical one. The dry deposition has a negative
contribution with a maximum around noon. The aerosol processes have a negative sign in
all seasons except for winter. The processes are more active during the winter in comparison
with other seasons. The winter is outlined with a large positive contribution of emissions
and decreases to a negative contribution of vertical diffusion. The other processes have
almost zero contributions.
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Figure 5. Spatial and diurnal variations of the annual and seasonal ensembles of surface FPRM
(1g/m3) concentrations behavior in logarithmic scale for Sofia for the period 2008-2014.
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Figure 7. Annual, seasonal and diurnal course of the contribution of the different dynamic and
chemical processes for the formation of FPRM concentrations (ug/m3/h) averaged for the territory
of Sofia for the period 2008-2014.

3.2. Characteristics of the Numerically Obtained Concentration Fields, Contribution of Different
Emission Sources and Different Dynamic and Chemical Processes to the Atmospheric Composition
in Orlov Most

Figure 8 shows the annually and seasonally averaged NO, concentrations for the Orlov
most station. The results on the plots show that the average concentrations have a well-
expressed diurnal course with a maximum in the early morning hours and a minimum in
the afternoon. The average concentrations are mostly in the 80% interval of cases (between
the two green curves, at 10-90%). The average concentrations are asymmetrically located
in the different intervals of a number of cases during the day as well as the seasons. The
seasonal course suggests that the absolute maximum NO; concentrations are highest in
autumn and winter. The last is probably due to the more cases with stable atmospheric
stratification and the impeded turbulent exchange of NO; in the vertical direction. The
averaged contributions from the different sources for NO, formation in each season are
different but with an equal diurnal course (Figure 9). The main contribution during the
night is from the emissions of all SNAP sources (SNALL)—about 80%, followed by traffic
(SN7)—about 50%, in spring, summer, and autumn. The second largest contribution in
winter is from the industry (SN3). The contribution of all other sources in the morning

hours has a peak of about 20%. The contribution of the sources from non-industrial burning
(SN2) is the least.
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The average annual and seasonal contributions of the processes of NO, for Orlov
most are shown in Figure 10. The main contribution for NO, formation is chemical
processes, which have a positive sign, as well as a high positive contribution of emissions
in winter. Horizontal advection is positive during the entire day, and vertical advection
is opposite. Vertical diffusion also has a negative contribution, although with smaller
values and a maximum around noon. The contribution of the other processes is at almost

zero magnitude.

Figure 8. Spatial and diurnal variations of the annual and seasonal ensembles of surface NO, (ug/ m3)

NO;
1000 _1000
E
% 100 §100
b= €
& ]
§ 10 g 10
] )
24681012618202224 2 4 6 8 10 12 14 16 18 20 22 24
0.1 -
0.1 Time (h) Time (h)
Autumn Winter
1000 |e oo f‘o-.o.. EOOO W"“
5 -]
2 ©
- =
8§ 100 £ 100
[ Q
g g
£ 10 S 10
S 2
| 1
01 £ 468 10123418 18 20 22 24 0 2 4 6 8 10 12 14 16 18 20 22 24
' Time (h) Time (h)
Annual Legend
W“%o _._ —e— Max
1000 Mean
[
(-]
© 100
;é; —— 2 5% —— 7 5%
o
c 10
o
<L
21
—— —-
2 4 6 8 10 12 14 16 18 20 22 24 R S
Bd Time (h)

concentrations behavior in logarithmic scale for Orlov most for the period 2008-2014.

contribution (%)

100 WW

NO;
Spring

13 5 7 9 11131517 19212325
Time (h)

Summer
100
gso_,\‘AwA&g
c
K=l
=
>
2
=
c
[=]
o
0 +—+—r—r—rrrrrrrrrrrrrrTT T
13 5 7 9 11131517 19 21 23 25
Time (h)

Figure 9.

Cont.




Atmosphere 2021, 12, 1450

12 of 24

Autumn Winter
100
100 o
80 | _ /W
& g 20
c c
§60 '§60
o o
S S
20 20
0 +—+—r—r—rrrrrrrrrrr T 0 +r—r—rrrrrrrrrrrrrrr T
1 3 5 7 9 11131517 19 21 23 25 1 3 5 7 9 11 131517 19 21 23 25
Time (h) Time (h)
Annual Legend
100
— 80 -
8 —&—SNALL
S 60
5
2,0 —&—SN1 —<—SN3
€
o
© 20
—de— SN2 ——SN7
g
13 5 7 9 1113 1517 19 21 23 25
Time (h)

Figure 9. Annual and Seasonal averaged relative contribution (%) of all emissions and the emissions
from different SNAP categories of the formation of NO, concentrations for Orlov most for the period

2008-2014.
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the period 2008-2014.
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The annually and seasonally averaged concentrations of the FPRM for the Orlov most
station are shown in Figure 11. The curves show that the average concentrations have
well-expressed diurnal and seasonal courses and asymmetric location in different intervals
of numbers of cases during the day and seasons. The average concentrations fall into the
80% cases interval during the warm months and the above interval for the cold months.
The winter average concentrations coincide with the 90% curve. The absolute maximum
and average concentrations are highest for autumn and winter (stable stratification). The
early morning hours are characterized by well-expressed maximum and minimum around
noon. Probable reasons for this maximum are the stable atmosphere and intensive traffic
early morning, which probably play a role in the results for the ensemble annual and
seasonal average contributions of different sources for the formation of FPRM (Figure 12).
The contribution of the different types of sources varies among the seasons but with the
same diurnal course. The main contribution is from sources of all SNAPs (SNALL)—about
70%—followed by the one of the road transport (SN7)—about 60%. The contribution from
the other sources is about 20% in all seasons. The distribution during the course of the day
has maximum contributions in the morning and afternoon and a minimum around noon
and during the night.

Figure 13 shows the same characteristics as in Figure 10, but for the FPRM formation.
The main positive contribution to the FPRM formation is vertical in the afternoon with
vertical advection for all hours of the day. The phase of horizontal advection is opposite
the vertical, which shows a negative contribution. The dry deposition is negative with a
maximum around noon. The aerosol processes during all seasons except for winter have a
negative contribution. The processes are more intense during the winter in comparison
with the other seasons, which is outlined with a large positive contribution of emissions and
which decreases to negative for vertical diffusion. The contribution of the other processes
is almost zero.
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Figure 11. Cont.
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Figure 11. Spatial and diurnal variations of the annual and seasonal ensembles of surface FPRM
(ng/ m?) concentrations behavior in logarithmic scale for Orlov most for the period 2008-2014.
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Figure 12. Annual and seasonal averaged relative contribution (%) of all emissions and the emissions
from different SNAP categories of the formation of FPRM concentrations for Orlov most for the
period 2008-2014.
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Figure 13. Annual, seasonal and diurnal course of the contribution of the different dynamic and
chemical processes to the formation of FPRM concentrations (ig/m3/h) averaged for Orlov most for
the period 2008-2014.

3.3. Characteristics of the Numerically Obtained Concentration Fields, Contribution of Different
Emission Sources and Different Dynamic and Chemical Processes to the Atmospheric Composition
in Bistritsa

Figure 14 shows the annually and seasonally averaged NO, concentrations for the
Bistritsa station. The graphics show that the average concentrations have well-expressed
diurnal course with a maximum in the early morning hours and a minimum in the after-
noon. The average concentration curves follow the 75% and fall into the 80% interval of
cases. The locations of the average concentrations are asymmetric for different pieces of the
number of cases interval during the day and for the seasons. The seasonal course suggests
that the maximum nitrogen dioxide concentrations are highest in autumn and winter. The
ensemble-averaged contributions for surface NO, formation at Bistritsa point (Figure 15)
differ for each type of source and in each season, but their diurnal course is almost equal,
although not for Orlov most. The contributions are positive, and the largest one in the
afternoon and during the night is SNALL, followed by road transport (SN7). The contri-
bution of the other sources in the morning hours peaks at about 20%. The contributions
of the sources from energetics (SN1) and non-industrial burning (SN2) reach 15% in the
afternoon during the spring and the winter.

The averaged annual and seasonal contributions of the processes of NO, averaged
for Bistritsa are shown in Figure 16. The main contribution for NO; formation is chemical
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processes, which have a positive sign. Horizontal advection is positive in morning hours
and negative at noon, with a peak for all seasons, and vertical advection is opposite. Vertical
diffusion also has a negative contribution, although with smaller values and a maximum

around noon. The contribution of the other processes is of almost zero magnitude.

Figure 14. Spatial and diurnal variations of the annual and seasonal ensembles of surface NO,
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Figure 15. Annual and seasonal averaged relative contribution (%) of all the emissions and the
emissions from different SNAP categories of the formation of NO; concentrations for Bistritsa for the
period 2008-2014.
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Figure 16. Annual, seasonal and diurnal course of the contribution of the different dynamic and
chemical processes of the formation of NO, concentrations (ug/ m3/h) averaged for Bistritsa for the
period 2008-2014.



Atmosphere 2021, 12, 1450

18 of 24

The annually and seasonally averaged concentrations of the FPRM for the Bistritsa
station are shown in Figure 17. The plots show that the average concentrations have a
well-expressed diurnal and seasonal course and are asymmetrically located in different
intervals of numbers of cases during the day and seasons. The average concentrations
fall into the 80% cases interval during the warm months and above it for the cold months.
The winter average concentrations coincide with the 90% curve. The absolute maximum
and average concentrations are highest for autumn and winter. The early morning hours
are characterized by a well-expressed maximum for NO,, with a minimum around noon,
which may be due to the stable atmosphere and intensive traffic in the early morning,
which probably influence the patterns of the contributions of different sources for surface
FPRM formation around Bistritsa (Figure 18). The averaged contributions are different
for each season. The main contribution is naturally from sources of all SNAP categories
(SNALL)—about 40%—followed by road transport (SN7)—about 30%. In the afternoon,
the sources from combustion in the production and transformation of energy (SN1) have a
maximum of about 20%. The contribution from other sources is about 10% for all seasons.
The daily distribution suggests that SNAPs have a maximum in the morning and afternoon
and a minimum around noon and night.

Figure 19 shows the same characteristics as in Figure 16, but for FPRM formation. The
main positive contribution to the FPRM formation is vertical diffusion for all hours of the
day and vertical advection around noon. The phase of horizontal advection is opposite to
the vertical one, which has a negative contribution. The dry deposition is negative with a
maximum around noon. The processes are more intense during the winter in comparison
with other seasons. The contribution of the other processes is almost zero.
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Figure 17. Spatial and diurnal variations of the annual and seasonal ensembles of surface FPRM
(1g/m3) concentrations behavior in logarithmic scale for Bistritsa for the period 2008-2014.
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Figure 18. Annual and seasonal averaged relative contribution (%) of all the emissions and the
emissions from different SNAP categories of the formation of FPRM concentrations for Bistritsa for

the period 2008-2014.
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Figure 19. Annual, seasonal and diurnal course of the contribution of the different dynamic and
chemical processes of the formation of FPRM concentrations (ng/m? /h) averaged for Bistritsa for
the period 2008-2014.

4. Conclusions

Statistical processing was performed, and the probability density function was calcu-
lated for each of the atmospheric compounds with the corresponding seasonal and diurnal
fluctuations for each of the points of the grid or the territory of the city. Two points were
selected: a mountain type “Bistritsa” and a typical city “Orlov most.” Spatial and diurnal
variations of the annual ensemble of NO, and FPRM are considered. The minimum and
maximum curves and the 25%, 75%, 10%, and 90% probability curves are shown. The
curves show the imaginary concentrations for which the probability of each simulation is
less than 25%, 75%, 10%, and 90%, respectively.

The concentrations of NO,, FPRM of Bistritsa are of the same order as Orlov Most.
The NO, and FPRM concentrations around noon are at a local minimum and are larger
during morning hours due to the combination of factors, including traffic and atmospheric
stability. The NO, concentrations are at a minimum around noon, probably because of the
more intense turbulent mixing and the slope effect. The FPRM concentrations do not have
significant diurnal variations. The ensemble behavior of NO, and FPRM is significantly
asymmetric for both selected sites.

For all emission categories, the pattern of the contribution fields is complex, which
reflects the emission source configuration and the heterogeneity of topography, land use,
and meteorological conditions. Plots of this kind can give a good qualitative impression
of the spatial complexity of emission contributions. In order to demonstrate emission
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contribution behavior in a simpler and easier way, the respective fields can be averaged
over some domain, which makes it possible to follow and compare the diurnal behavior of
the respective contributions of different species. The results presented in the paper are a first
glance at the atmospheric composition status in urban areas; thus, few decisive conclusions
can be made at this stage of the study. Different emissions, relative to contribution of the
concentration of different species, can be different, varying from 80% to above 100%. The
contributions of different emission categories to different species surface concentrations
have different diurnal courses. For all of the pollutants, the contribution of SNALL is
dominant, but this contribution of emissions is less than 100%, which means that part
of the concentrations is formed from sources outside the Sofia city, due to transport into
the domain. The contribution of all SN7 (road transport) to NO, surface concentrations
is positive and reaches about 50% around the busiest traffic roads. The SN7 emissions
have dominant contributions to the NO, and FPRM surface concentrations. The relative
contribution of SNALL and SN7 to the formation of FPRM, as well as for NO, at the busiest
traffic place, have two maximums in the diurnal course.

The estimation of the contribution of emissions from different source categories is
valuable information that can be useful for the definition of measures for improving the
air quality in Sofia by reducing emissions. Moreover, knowing the diurnal course of the
contributions for a specific time period can suggest an optimal emission temporal regime
in order to mitigate air pollution for the given episode.

The results produced by the CMAQ “integrated process rate analysis” demonstrate
the complex behavior and interaction of the different processes. Further analysis of these
processes, their spatial, diurnal, and seasonal variability, and interaction can be helpful for
an explanation of the overall picture and origin of the pollution in the considered region.
For the entire domain of Sofia, and for each of the selected items, the total concentration
change (AC), leading to a change in a concentration, is determined mainly by a small
number of dominating processes that have large values and may have opposite signs and
phases. The total concentration change (AC) is different for each pollutant. The sign of
the contributions of some of the processes is obvious, but some may have different signs,
depending on the type of emissions as well as weather conditions and topography. In
general, it can be concluded that the contributions of different processes have different
behaviors and interact in a complex way.

The “integrated process rate analysis” is not often applied in urban air quality simula-
tions; thus, in the case of the present study;, it enriches the entire picture of the atmospheric
composition climate of the city of Sofia. This ensemble treatment of the contribution of
different processes, however, does not give an easy answer to how the processes interact
and how exactly they form the air composition. It will probably be more fruitful to consider
the process contribution for a given episode together with the specific meteorological
conditions for that episode.

The obtained results and the corresponding conclusions made in this paper are in good
agreement with the general idea of how urban atmospheric composition is formed; thus,
they do not add general knowledge on the subject. The research and applied contribution
of the paper are that it presents quantitative estimations specific to the city of Sofia. Such
an extensive and comprehensive study for the city of Sofia had not been made before.

The models and the entire procedure used in the present paper can, of course, be
applied to other cities. Such studies have been made for many cities. A crucial point,
however, is the emission inventory, and the activities for preparing it are specific for each
city, depending on the raw data available.
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Section Air Pollution and Climate Change

THE ASSESSMENT OF AIR QUALITY STATUS IN SOFIA CITY -
NUMERICAL SIMULATIONS OF THE DOMINANT POLLUTANTS THAT
DETERMINES THE AIR QUALITY INDEX

Assist. Prof. Dr. Ivelina Georgieva

National Institute of Geophysics, Geodesy and Geography, Bulgarian Academy of Sciences,
Bulgaria

ABSTRACT

Based on 3D modelling tools, an extensive database was created and used for different
studies of atmospheric composition. The simulations were based on the US EPA Model-
3 system. The models in the system were adapted and validated for Bulgaria. This gave
the opportunity to conduct extensive studies on a fully competitive modern level of the
climate of atmospheric composition in the country. On this basis, a statistically significant
ensemble of Air Quality indexes (AQI) was calculated, and their typical recurrence,
space, and temporal variability for the territory of the country was constructed. In
Bulgaria, the AQI is operationally calculated in the frame of the Bulgarian Chemical
Weather Forecast System. The Bulgarian Chemical Weather Forecast and Information
System (BgCWFIS) runs on five nested domains with an increasing spatial resolution to
1 km for the territory of Sofia city. The AQ impact on human health is evaluated in terms
of AQI, which gives an integrated assessment of the impact of pollutants. All the AQI
evaluations are based on air pollutants concentrations obtained from the numerical
modelling. The operational results of BgCWFIS created an ensemble sufficiently
exhaustive and representative to allow making reliable conclusions for the atmospheric
composition status and behavior. The generalization and analysis of these results, in
particular, AQI, is the objective of the present work.

The presented results allow us to estimate the highest recurrence of the indices for the
whole ensemble annually and seasonally and analyze the possible reason for high values
in different bands and AQI statuses in the city.

Keywords: Air Quality Indexes, 3D modelling, numerical modelling, domimant
pollutant

INTRODUCTION

A system for Chemical Weather Forecast operates in many European countries, together
with the numerical weather forecast. In Bulgaria the BgCWFIS runs and also calculates
the AQI - an integrated assessment of the impact of pollutants, directly measuring the
effects of AQ on human health. The operational results of BgCWFIS created an ensemble
sufficiently exhaustive and representative to allow making reliable conclusions for the
atmospheric composition status and behaviour. A generalization and analysis of these
results, in particular, AQI, is the objective of the present work. The AQI evaluations are
based on extensive computer simulations of the AQ in Sofia carried out with good
resolution using up-to-date modelling tools and detailed and reliable input data.
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Study the Recurrence of the Dominant
Pollutants in the Formation of AQI Status Over
the City of Sofia for the Period 2013-2020

Ivelina Georgieva, Georgi Gadzhev and Kostadin Ganev

National Institute of Geophysics, Geodesy and Geography — Bulgarian Academy of
Sciences, , Acad. G. Bonchev str., bl. 3 1113 Sofia, Bulgaria

iivanova@geophys.bas.bg

Abstract. Recently it became possible to acquire and adapt the most
up-to-date models of local atmospheric dynamics - WRF, transport and
transformation of air pollutants - CMAQ, and the emission model SMOKE.
This gave the opportunity to conduct extensive studies of the atmo-
spheric composition climate of the country on fully competitive modern
level. Ensemble, sufficiently exhaustive and representative to make reli-
able conclusions for atmospheric composition typical and extreme situ-
ations with their specific space and temporal variability was created by
using of computer simulations. On this basis statistically significant en-
semble of corresponding Air Quality indices (AQI) was calculated, and
their climate typical repeatability, space and temporal variability for
the territory of the country was constructed. The Air Quality (AQ) im-
pact on human health and quality of life is evaluated in the terms of
AQI, which give an integrated assessment of the impact of pollutants
and directly measuring the effects of AQ on human health. All the AQI
evaluations are on the basis of air pollutant concentrations obtained from
the numerical modelling and make it possible to revile the AQI status
spatial/temporal distribution and behavior.

The presented results, allow to follow highest recurrence of the indices
for the whole period and seasonally, and to analyze the possible reason
for high values in the Moderate, High and Very High bands.

Keywords: air pollution modeling - Air Quality indexes - AQ impact - atmo-
spheric composition - AQI Status

Introduction

According to the World Health Organization, air pollution severely affects the
health of European citizens. There is increasing evidence of adverse effects of air
pollution on the respiratory and the cardiovascular system as a result of both
acute and chronic exposure [17]. There is considerable concern about impaired
and detrimental air quality conditions over many areas in Europe, especially in
urbanized areas, despite 30 years of legislation and emission reductions.
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CE30HHA U I'OAMIIIHA MOBTOPAEMOCT HA
NHJAEKCHUTE 3A KAYECTBOTO HA ATMOC®EPHUA
Bb3/YX 3A PAHOHA HA I'PAJT CODUSA

U. I'eopeuesa
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Aobctpakt. Che cpenctpara 3a 3D moxenupane ¢ ch3fancHa oOmmpHa 06a3a JaHHH,
KOSITO C€ M3I0JI3Ba B bbirapust 3a pa3nndHy M3CiIeiBaHMs 3a ChCTaBa Ha aTMoc(epara.
Beudku Te3u M3CIIEABAaHMS Ca MPOBEICHH C JOCTAThYHO TrOJIsIMa pasperiabalia Cro-
COOHOCT ¥ ¢ MOMOIITA Ha Hali-CbBPEMCHHHUTE HHCTPYMEHTH 3a MOJICJIMPAHH, 8 UMCH-
HO MOJENH OT CBETOBHO m3non3BaHaTa cuctema US EPA Model-3. bnaronapenue Ha
TOBa, Ca TMPOBEJCHH 33bJIO0YECHH TPOYYBAHMUS HAa KIMMaTa Ha aTMOC(EpHHs ChCTaB
B CTpaHaTa CcheC crenyaieH (GoKyc BbpXy IpajJicka cpena. M34ncieH e ctaTHCTHYeCKU
3HAYUM aHCaMOBJ 3a MHJEKC Ha 3ambpcsiBaHe (M3), kato e ompenerneHa M Heromara
MPOCTPAHCTBEHA U BPEeMeBa MPOMCHIMBOCT KAaKTO U THIHMYHATA MY MOBTapsieMOCT 3a
teputopusTa Ha rpag Codus. U3 omeHsBa BB3ICHCTBUETO HA KAYECTBOTO HA aTMOC-
(bepHus BB3IYX BbPXY HOBEIIKOTO 3ApaBe M JaBa JAUPEKTHA OLEHKA Ha e()eKTHTE OT
arMocgepHuTe 3aMbpcuTenu. Benuku onenkn Ha 13 ca nony4yenu Ha 6a3a KOHIIEHTpa-
L[MY HA 3aMBPCUTEIN B aTMOc(epara, MOITydeHH Ype3 YUCICHN CUMYIIALHH.

KuarouoBu gymu: 3ambpcsiBaHe Ha aTMOC(epHHS Bb3LyX, HHAEKC Ha 3aMbPCSABaHE, 10-
MHHAHTHHU 3aMBbPCUTENN.

BnBenenue

B nacrosmara paboTa ca MpoBeIeHH JeTaiIHA U3cienBanus oTHocHO 3 u Bim-
SHUETO My BBPXY YOBEIIKOTO 37paBe. M3cienBaHuATa ca HAACKAHA U W3YCpPIATEIHH,
TOpaJiy W3IOI3BAHETO HA CTATUCTUYECCKH 3HAYMMH aHCAMOIHM OT KOMIIOTBPHO CHMYJIH-
paHM TaHHH, KOUTO OTpa3sBaT MHOTOOOPA3METO HA METEOPOJIIOTHYHHU YCIIOBHS C TAXHA-
Ta TUIMYHA TOBTapsSEMOCT, ChUETaHH C KOMITIOTHPHO CHMYJIHPAHUTE JaHHU 32 KOHIICH-
TpaIyy Ha 3aMbPCUTEINH, TIO3BOJISIBAT HAJIEHKTHU U3BOJIM OTHOCHO TEXHHUTE XapaKTepHU
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. Feopeuesa: Cezonna u 200uiHa nosmopsemocm Ha uUHOeKcume 3a Kauecmeomo...

0cO00EHOCTH W TIOBEJIEHUE M BIUSHUETO UM BHpXy M3. M3cnenBanusara ca u IeTalJIHH,
MOHEXe Ca U3BBPIICHHU C JJOCTATHYHO BHCOKA MPOCTPAHCTBEHO/BPEMEHHA pa3peliaBalia
CHOCOOHOCT Ha MOoJIeTara, KOATo JaBa Bb3MOXKHOCT Jia ObJie OTpa3eH MyaThMaliaOHus
XapaxTep Ha mporecure. M3BbpIeHn ca u3cienBanus 3a Teputopuira Ha rpag Codus,
KOWTO OTpa3siBaT HeWHaTa crienupruIHaTa KIMMAaTOJIOTHI U eKoJIoThs. AHcaMmOnuTe, 00-
XBallaly cuMyinanuu 3a nepuof ot 13 roguam (ot 2008 1o 2020 rogmna), ce cMsATar 3a
CTaTUCTHYECKH MPEICTABUTEIHN U OTPA3sIiBaT OCHOBHUTE YEPTH HA JIOKATHHS KIMMAaT, Ha
aTMoc(epHaTa JUHAMHUKA U Ha Ka9eCTBOTO HA BB3IyXa.

Nzcnenanmsta 3a U3 ca B pamkute Ha bearapckara Cucrema 3a [IporHosza Ha
Xumuunoto Bpeme (BrCITXB) (Syrakov et al. 2013a, 2013b, 2014a). brCIIXB u3unc-
nsBa u M3, KOWTO 1aBa MHTErpUpaHa OleHKa Ha Bb3JIEHCTBUETO HA 3aMbPCUTEINTE, JIH-
peKTHO u3MepBall e(heKTUTEe BbPXY YOBEIIKOTO 3/paBe. Pesyararure oT JeHOCTTa Ha
BbrCITXB no3BosBar fa ce HampaBsAT HAICKTHH 3aKIIOYSHHS 32 ChCTOSHUETO U ITOBEJIe-
HHUeTo Ha arMochepHus cbeTa. O000IABAHETO U AHAIU3BT HA TE3U PE3YIITATH, T0-CIie-
uaitHo 3a M3, HeroBOTO MPOCTPAHCTBEHO BPEMEBO pa3lpeeIeHNe, KAKTO U ONPEAeIITHE
Ha JJOMMHAHTHH 3aMbPCUTENIH € LIeJITa Ha HacTosIara padora.

MeTtonosorust

B Bbbiarapus 3aeHo0 ¢ uuciieHaTa IporHo3a Ha BpeMeTo, padoTH crcTeMara 3a 1po-
ruo3a Ha xuMu4HoTO Bpeme — brCIIXB. Cucremara e aBromarnyuHa u ce 6a3upa Ha cBe-
TOBHO M3BecTHHUTE yncieHn Mojesin WRF (Me3oMeTeoposiornyeH mporHocTHYeH MOJIEN )
http://www.wrf-model.org/, Skamarock et al. (2007), Dudhia, J. (1993), CMAQ (muc-
MIEpCHOHEH MOJIell C OTYMTaHe Ha arMoc(epHara xumus) Byun and Ching (1999), Byun
et al. (1998) u SMOKE http://www.smoke-model.org/, CEP (2003). Monenute Ha KOUTO
e OaszupaHa cucremara pasrojiarar ¢ pa3jiniHa (u3MYecka OCHOBA, M ca IpHcIocode-
HU KbM MHOTI000pa3sHeTo Ha MaladuTe Ha IMPEHOC - OT TIo0alieH JI0 JIOKaleH Mamad B
MHOTI'0 pa3JIM4HU pa3padoTeHH 3a cheTaBa Ha armocdepara B breirapus (Gadzhev et al.
2013a, 2014a, 2014b, 2015a,2015b, 2020, 2021a, 2021b), (Gadzhev G. and K. Ganev.,
2018a, 2018b, 2019), (Gadzhev G. and V. Ivanov 2020, 2021). M3non3Ban ¢ TeIeCKOI-
HUSIT TIOJIXO/1 (HECTHHT) C YBEJIMUEHHE Ha pa3/ie/InTeIHaTa CIIOCOOHOCT Ha CUMYJIAlnUTE
or 81 km 3a EBpona, 10 1 kM 3a Tepuropusita Ha rpag Codust, Purypa 1. EMucunonnure
JIAaHHU 32 ToJIeMHTe 00JIaCTH ca IMOJrOTBEHU 0T XOJIaH/ICKaTa OpraHU3aLusl 3a IIPHIIOKHH
nayynu uscaeasanust (TNO) 3a 2010 . (Denier van der Gon et al., 2010), a 3a brsrapus
U M0-MaJIKuTe obnactyu ce u3noi3sa HanmoHanHara MHBEHTapU3aLus HA EMUCUHTE, TIpe-
JloctaBeHa oT beirapckara M3IbJIHMTENIHA areHUUs 10 OKOJHA Cpeia, MOATOTBEHa OT
MOCB.

Ha 0a3a mosiydeHuTe KOHIEHTpaUWMU OT KOMIIIOTBpHOTO Mojenupane brCIIXB
n3uncisiBa M3, no nopoOue Ha BpUTaHCKUAT JHEBEH MHJEKC 32 Ka4eCTBO Ha Bb3IyXa
(Leeuw, F. de, Mol, W., 2005), usnon3san u B bweirapus (Syrakov et al. 2012, 2013a,
2014a, 2014b, 2015), (Gadzhev, G., 2018, 2020, 2021), (Georgieva et al. 2014, 2015),
(Georgieva, L. and Ivanov, V., 2017, 2018).
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@ur. 1. Teneckonmzanus Ha Mereoponorndaa (WRF) u xummana (CMAQ) mpo-
rHo3a ot obmact Espoma (81 km) no Codus rpan (1 km).

OcHoBHHUTE 3aMBPCHUTENH, BEPXY YMATO 0a3a ce u3umcisiBa nuaekca ca 5: Ozon (0,),
Asoren mmokcun (NO,), Cepen nmokcun (SO,), Bereponen okeun (CO), u Ilpaxosn
gactuiy (PM, | — IlpaxoBn vacTuim, KOUTO ca GUHHM ¢ quameThp mexay 2.5 and 10
MUKpomeTpa). [ panmaauTe cTOifHOCTH Mexkay W3 ca ompeneneHn 3a BCEKH 3aMbPCHTEI
MOOT/IEITHO, KaTo 32 BCEKN KOHKPETEH CIIydail KOHLCHTPALUTA Ha JaJICHUS 3aMBbPCHUTEI
moraza B eqHa ot kareropunte (, Hucko®, ,,Cpeano®, ,,Bucoko* u ,,MHoro Bucoko*)
u ce ompenens M3 3a Bcekn 3ambpcuten Ourypa 2. O6o6menusT 13 e 3a Bcekn 3a-
MBPCHUTEN, NIPU KOWTO B JAJEHUs Cllydail MHJIEKca Molaja B Hail BUCOKAaTa KaTeropusl.
3aMBpCUTENAT, KOWTO omnpenens oomwst M3 3a mageHns KOHKpETeH cirydail, ce nepuHupa
Karo ,,JIOMHHAHTEH 3aMbpPCHUTEN".

Kateropus 03 NO, SO, co PM,,
MHAEKC ug/m3 ug/m3 pug/m3 ug/m3 ug/m3
1 0-32 0-95 0-88 0-3.8 0-21
Huco | 2| 33-66 96-190 89-176 3.9-7.6 22-42
3 67-99 191-286 177-265 7.7-11.5 43-64
7 180-239 573-635 532-708 17.4-19.2 97-107
Buoo | 8 | 240-299 636-700 709-886 19.3-21.2 108-118
9 300-359 701-763 887-1063 21.3-23.1 119-129
oo | 10 >360 >764 > 1064 >23.2 >130

®ur. 2. [(paHIYHATE CTORHOCTH MEKAY MHACKCA 38 BCEKH 3aMBPCHUTEI.
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[TpexncraBeHuTe pe3yaTaTd B HACTOAIIATA CTATHs ca 3a u3umciieHus: 13, HeroBara
TOJIMIIHA U CE30HHA MOBTAPSIEMOCT KAaKTO U OINPE/eIsIHE HA JOMUHAHTHUTE 3aMbPCUTENN
OTIPE/ICISIIIM ChOTBETHATA KATETOPHUS M TAXHOTO Pa3Ipe/ielieHHe 1 MOBTapsIeMOCT, 3a 1ie-
nust mepuon Ha cumynanuu ot 2008-2020 roguHa.

Pesyararu

[IpencraBeHuTe pe3yaTaTd B CTaTUsITAa Ca OTHOCHO MoBeaeHueTo Ha U3 ocpennenu
3a teputopusta Ha rpan Codus. [IpencraBenu ca monera Ha U3 rpynupanu mo kare-
TOpUH, Karo ca W30paHu YacoBe OT JCHOHOIIHME, KOUTO CE CMSITaT 3a MPEACTABUTCIHH
Y OTpa3sBally JIEHOHOUIHUS XoA. Purypa 3 mpeseHTupa IoJjieTa Ha TOAUIIHU U CE30H-
HU BapHallMy Ha MMOBTapsieMOCTTa Ha Kareropuute (,,Hueko*, ,,Cpexno®, ,,Bucoko® u
»-VHoro Bucoko*) na 13, ocpennenn Bbpxy nenus gomeiin. [lorapsiemocrTa Ha Kare-
ropus ,,Hucko* e oxono 90-99% Bbpxy 1s1aTa TEpUTOPHUS, IPE3 LETHUs JEH U NPe3 BCUY-
ku ce3oHu. Octananure 10% ot cimyyauTte ca pa3npeesieHn MeXy IPYTUTe KaTeropuu.
Moske n1a ce 3a0eiexu HIKaKbB THEBCH XOJ] B KaTeropus ,,CpeqHo™ ¢ MOBTapsieMOCT HaJI
10% npe3 as1T0TO U 0KOJIO 3-5% Npe3 3MMHUTE MECel U TOUIIHNUTE Nonera. Bucokara
MOBTApPSIEMOCT PE3 JIETHUTE MECELU B Ta3U KATEropus C€ IBbJDKU MPEJUMHO Ha pas3ipe-
nenenuero Ha O,. [Noenennero Ha npusemuuaT O, € CJI0KHO U HaJl bbiarapus, 10 roisama
CTEIIeH TO ce JABJDKM Ha npeHoc ot uyxOuna (Gadzhev et al. 2013b). [Topanu To3u daxr,
kakTo ¥ nopaau O, GOTOXMMHUYHH PEAKIIMH, KOHLIEHTpauuuTe Ha O, B CyTPENIHUTE Yaco-
BE Ca MO-HUCKH (3apaau ciiad TypOyJICHTEH TPAHCIIOPT OT MO-BUCOKHUTE HUBA) U BUCOKH
110 00sI1T U ciie00eTHITE YacoBe. 3a Kareropuure ,,Bucoko® u ,,MHuoro Bucoko*, monera-
Ta MOKa3BaT HUCKA MOBTAPSIEMOCT, HO BBIIPEKU TOBA Pa3NpPEACIEHUETO B CYTPEIIHUTE U
cie00eTHITE YacoBe, 0COOCHO Ipe3 3uMara € TaKOBa, Y€ ChCTOSIHUETO Ha aTMOC(epHHS
BB3AYX € BiouieHo. Kareropusra ,,MHoro Bucoko* nma moBrapsieMoCT KOSITO JOCTUTa
110 10% B HSIKOM TOUKH OT I'pajia, B CyTpEUIHUTE yacoBe. Bucokara nmoBTapseMocT Ha Ka-
Teropuute ,,Bucoko” u ,,MHoro Bucoko* npe3 3uMara ca IiaBHO MOpPa CTAOMIHOCTTA
Ha aTMocdepara mpe3 Te3U MECEIH, KOETO OT CBOsI CTpaHa BOIU JI0 Bh3IPEIISATCTBAHE HA
TypOyJICHTHOCTTA U TaKa 3aMBbPCHTEIIATE Ca 3aTPYJHCHHU Jla CE M3KaYBaT BB BHCOUMHA
U TI0 YeCTO Ce 3aJbpKar Ha npu3emMHO HHBO. Ha ®urypa 4, ca npencraBeHu rpaduku
OTpa3siBallld OTHOBO paslpe/ie]IeHUEeTO Ha MOBTapsieMocTTa Ha kareropuute Ha U3, HO
TO3H IIBT MHOTO JI0OpE CE OMKCBA JACHOHOIIHUAT UM X0J. OTHOBO C€ BMXKJa MOBTapsi-
eMmocTTa Ha kareropus ,,Hucko™ ot 90-99% 3a nenus 1OMEWH U Mpe3 BCUUKU CE30HU,
KaTo TYK BEYe MOJKE SICHO JIa C€ OYepTac M JIOKAJICH MUHUMYM B 0OCTHUTE YacoBe, KaTo
Hail ToJIsIM TOM € Mpe3 JISATOTO, a Hall MalIbK Mpe3 3umara. HambiHO MPOTUBOMONIOKHO €
pasmpeseseHueTo Ha MOBTApseMOCTTa B clielBalara Kareropus ,,CpeaHo®, KbAeTo ce
BHKJIA SICEH MAKCUMYM OKOJIO 0011, mouTh 8% mpe3 nsaToTo U 3-5% npe3 3uMara u Ha ro-
JIUIIHO OCpeqHEeHUTE pesynraT. Kakro Beue Oellie CIIOMEHATO U 110 Harope, MPUYHHUTE
3a ToBa ca O, koHueHTpauuu u pasnpesenenue. [lpu kareropuure ,,Bucoko® u ,,MHoro
Bucoko®, moBrapsieMocTTa € CpaBHUTEIHO HUCKA, KATO CE OTKPOsBAT JIBa MaKCUMyMa
B CYTPCIIHHUTE U CIICIO0CIHUTE YyacoBe (MHTCH3UBCH MBTCH TpaduK), 1 0COOCHO mpe3
3MMara, opa iy CTAa0MIHOCTTa Ha aTtMocdepara.
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®ur. 3. ToguniHa/ce30HHa OBTapsieMOCT Ha KaTeropunte Ha 13 (%) 3a Teputopusta
Ha p. Codus, 3a mepuon 2008-2020r B uzdpanure gacose (06:00, 12:00, 18:00 GMT).
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®ur. 4. [opumIHN/Ce30HHN ,,THTNYHA THEBHN BapHanuu (B %) Ha TOBTapsie-
mocTtra Ha 13 3a Besika kareropust, ocpeanenu 3a Codwust rpazn 3a nepuoga 2008-
2020 .

®urypa 5 npeactass rpadukn OTpa3sBaIld MOBTapsSEMOCTTa HA CIyYanTe, B KOH-
TO JaJCH 3aMBbPCHUTEN IOMHHHpA MPH BCsKa eaHa OT kareropuute. Kakro Bede Oere
criomeHaro B Metomosorusra, M3 ce u3uucisiBa U onpeaess Ha 0asa 5 3aMbpCUTEIIs
HMEHHOTO TE3H 5 3aMBPCHUTENIS Ca pa3liicAaHd B CleaBaIInTe rpadMKH, KaTo ¢ Onpee-
JICHO KOW OT € JOMHHHpAI] 32 BBIPOCHaTa Kareropus. [loBedeTo OT ciydanTe, KakTo
CTaHa SICHO OT MpEJHHTE IBe (UTYpH, ca pa3mpencieHn B Kareropus ,,Hucko®, a camo
10% ca pasnpenenenu B kareropuunte ,,CpeaHo™, ,,Bucoko* u ,,Mnoro Bucoxo®. ITopaau
Ta3u MpUYHMHA TYK Kareropwus ,,Hucko™ He e mpejicTaBeHa W GOKYCHT Maja BbPXY Taka
HapedeHuTe ,,JIOIMH * KaTeropuu. 3a kareropus ,,CpeaHo™ sICHO ce BHXK/Ia, € BOACIIUAT
sambpeuten € O,, ¢ Hak-BUCOKM CTOMHOCTH Npe3 JATOTO. O, € IOMUHUPAI 3aMbPCHTEN
Ipe3 Mo-ToJIsIMaTa 9acT OT ACHs, OCBEH paHO CyTpuH. B cyTpenraute gacose ¢ oxoio 50%
BepostHOCT omuanpa CO u ¢ 10% BepoATHOCT ce BKAa U pasnpenencnne Ha PM, .
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®@ur. 5. TopuirHa/ce30HHa MoBTapsieMocT (%) Ha cilydanTe B KOMTO BCEKH 3aMbPCHUTEI JIOMHUHHPA
npu o0pa3yBaHeTo Ha Besika Kareropus 3a reputopusita Ha Codust 3a neproga 2008-2020 1.
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3a kareropunre ,,Bucoko® n ,,Muoro Bucoko®, O, HsIMa HUKaKBa IIOBTAPAEMOCT, KOETO
MOKa3Ba 4e 32 Te3H JIBE KaTeropru OTTOBOPHU ca JPYruTe 3aMmbpcuTesn. Bukna ce, ue 3a
Kareropus ,,Bucoko* nomununpa npexumuo PM, ¢ mouru 100% mosrapsemMocT, cyTpun
u crenoben u okono 50% 1o o0s1. BTopusT TOMHHAHTEH 3aMBPCUTEN 32 Ta3U KaTeTOPUS
e CO, ¢ moBrapsiemoct okoi0 50% mo 0651 u 10-20% cytpun u ciaenoben. 3a KaTeropus
,»Muoro Bucoko“ ocHoBen nommnmpan 3ambpeuten € PM, ¢ mosrapsemoct ot 100%
npe3 1eJHst IeH U BCUYKH CE30HH.

3aKJaoueHune

Pesynratute oT yncieHUTe cUMyJAlMK [0Ka3Bart, ye M3 nomnana npearMHO B J1BE
kareropuu — ,,Hucko* u ,,Cpeano®. Berpeku ToBa, HOBTapsIeMOCTTa Ha CIIy4YauTe C BU-
COKO 3amMbpcsiBane jjocturar 10 10% 3a Hsikol TOYKH 1o Tepuropusita Ha rpax Codust.

IToBrapsiemoctTa Ha Kareropus ,,Hucko“ e nax 90% nHan uenus rpaj, mpes Le-
JIUAT JCH U Ipe3 BCUYKU ce30HH. Bucokara moBTapsieMocT Ha kareropus ,,CpeaHo® e
IPEMMHO 110 0OEIHUTE YaCOBE M IIPE3 JATOTO, KaTO Ce ABJDKU [1aBHO Ha O, KOHIIEH-
TpaIuu.

3a kareropuure ,,Brucoko u ,,MHoro Bucoko®, Bcoka moBTapseMocCT ce HabIroaa-
Ba MPe3 3UMHUTE MECEIU B CYTPELIHHUTE U CIICAOOCIHUTE YacOBE, KOraTo ¢ U Hall-HHTCH-
3MBCH aBTOMOOWIHUSAT Tpah)UK B HATOBAPCHHUTE YacOBE U 3apajiv MMO-4eCTO CTaOWITHATA
arMocdepa 1npe3 3uMara (Bb3IPENITCTBAH TYPOYJICHTCH TPAHCIOPT Ha 3aMbPCUTCIIUTE
BbB BHCOUYUHA).

Pesynrarure 3a MoOBTapsieMOCTTa Ha PA3IUYHUTE 3aMbPCUTEIH BOJCIIU 10 (Pop-
MHUPAHETO Ha BCsiKa Kareropus mnokassar, ye O, u CO ca noMuHUpaIy 3aMbPCUTENH 38
kareropus ,,Cpenno®, PM10 e equncTBenus noMuHupai 3ambpeuteln ¢be 100% mnosra-
psiemMocT 3a kareropus ,,MHoro Bucoko®.

OcBeH Te3u O0IIM XapaKTePUCTUKHU, KIMMAaTHYHOTO [TOBEJICHHE HA BEPOSTHOCTHTE
Ha U3 e mocTa CII0KHO, ChC 3HAYUTEINIHA IPOCTPAHCTBCHA, CE30HHA U ICHOHOIIHA Bapua-
OwmmHOCT. PalfoHHTE € TI0 3aHIKCHO Ka4eCTBO Ha aTMOC(HEPHUS BB3IyX, HE Ca HEIIPEMEH-
HO CBBP3aHH C TOJIEMUTE U3TOUHUIIM HA 3aMbpcsBane. [lupokute kpaiirpaicku u 1opu
TUTAHUHCKY PaflOHM CHIIIO MOTAT Jla MMaT 3HAYUTEIIHA IMTOBTapsieMocT Ha U3 B kaTeropus
,,Cpeano™.

Baarogapuoctu

Hacrosimoro n3cnenBane € MpoBeeHO BbB Bpb3Ka C M3ITbIHEHNETO Ha Hanmonanna
HayyHa nporpama (HHII) ,,OnasBane Ha okoiHara cpeia W HaMalsiBaHE HA pHCKa
OT HEeOJAroNnpusATHU SBJICHUS M NPUPOAHU OexcTBHs “, onoOpena c¢ Pemenne na MC
Ne 577/17.08.2018 1. u punancupana or MOH (Crniopazymenne Ne J101-363/17.12.2020).
Crrermmamau 6marogaproctd Ha US EPA and US NCEP 3a mpenocraBsHeTo Ha ¢BOOOI-
HU JIJaHHU ¥ codTyep 1 Ha XOJaH/ICKa OPTAaHU3ALMS 3a IPUIOKHH HayYHH W3CJICABAHUS
(TNO) 3a npenocrassine Ha EBponeiicka nHBeHTapH3anys Ha EMHUCHUTE C BUCOKA paspe-
I1aBala CocoOHOCT.
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Annual and seasonal reccurance of the air quality index for the teritory of
sofia city

I. Georgieva

Abstract. Based on 3D modelling tools, an extensive database was created and used for
different studies of atmospheric composition. All the simulations were conducted with a
sufficiently high resolution and with the help of the most modern modeling tools, models
from the globally used US EPA Model-3 system. This gave the opportunity to conduct
extensive studies on a fully competitive modern level of the climate of atmospheric com-
position in the country with special focus on urban area. A statistically significant ensem-
ble of Air Quality indexes (AQI) was calculated, and their typical recurrence, space, and
temporal variability for the territory of the Sofia city was constructed. The AQ impact on
human health is evaluated in terms of AQI, which gives an integrated assessment of the
impact of pollutants. All the AQI evaluations are based on air pollutants concentrations
obtained from the numerical modelling.
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A0cTpakT. B nocnegno BpeMe, npu n3ydaBaHe Ha aTMOC(HEPHOTO 3aMbpPCSIBAHE, 0CO-
OeH uHTepec, MOpaau JokazaHata Bpeaa 3a Yoaemxoro 3npase (U3), mpean3BuKBaT
npaxoBute aepo3onu (PITY). Temara e ocobeno akryanHa 3a buarapus u rpax Codus,
KBJIETO CHUCTEMHO CE PEerMCTpUpAT HEKOJIKOKPATHU MPEBHUIICHHS Ha HOPMUTE 33 KOH-
nenrpanuu Ha OITY. Ilenta Ha HacTosmara padoTa € MPOBEKTAHETO Ha HaJCIKIHH,
W3YepIaTeTHd U AETalIHU M3CIEABAHMS Ha ITI0JIeTaTa Ha MPH3EMHH KOHIIEHTPAINH
Ha OIIY, ponsita M npu popmupane Ha MHnekca Ha 3aMbpcsBaHe U Bpb3KaTa UM C
MIPOLIECUTE, KOUTO I'M 00ycnaBAT. B cratusaTa ca mpeacTaBeHH CIEAHUTE PE3yIATaTu:
U3sicHsiBaHe Ha TPOCTPAHCTBEHATa M BpeMeBa N3MEHUYMBOCT Ha TI0JieTaTa Ha KOHIICH-
tpanuu Ha OITY u ycTaHOBsIBaHE Ha BPB3KUTE UM C METEOPOJIOTMYHHUTE YCIOBUS U
HM3TOYHMIUTE Ha 3aMbpcsiBane; OOoraTsBaHe Ha 3HAHUATA 32 B3aMMOJACHCTBHATA Ha
nponecure, Gopmupaniu 3ambpesBaneto ¢ GIIY; OTkposiBaHe Ha cirydan ¢ Hali-HeOma-
ronpusaTHO 3ambpesBane ¢ OIIY - ,,ropemu TOUKH ™ 1 Hall-HEOIarONPUATHI CHHOTITHY-
HU €MU3011 1 U3SACHSABAHE POJIATA HA CHHONTUYHHUTE YCIOBUS U JOKAJTHUTE METEOPO-
JIOTUYHHU IIPOLECH.

KirouoBu aymu: 3ambpcsiBaHe Ha arMoc(epHHs Bb3IyX, (QUHH NMPaxoBH YaCTULU
(PITY), nHeKe HAa 3aMbpCSIBaHe, KIMMAT Ha 3aMbPCSBaHE.

BLBenenue

B nacrosmara paboTa ca IpOBEeICH! HaJICXK/THH, U34EPIaTeIHN 1 ICTAMTHN H3CIIe/-
BaHUS HA TI0OJIeTara Ha Npu3eMHH KoHueHTpaimu Ha OITY, n3sicHeHa e posnsita UM npu
¢opmupane Ha 13 u Bpb3kara UM C mpouecure (arMoc(epHa AUHAMHKA ¥ XMMHUYECKH
TpaHchopmanum), KOUTO T 00ycnaBaT. HanesxiHu 1 u34eprare;IHu M3CJIeIBaHUs O3HA-
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YaBa M3IOI3BAHETO HA CTATHCTHYECKH 3HAYMMH aHCAaMOIN OT KOMIIOTBPHO CHUMYITUPAHH
JTAaHHU, OTPa3siBallld MHOT0OOpa3ueTo Ha METEOPOIOTHYHH YCIOBUS C TIXHATA TUITHYHA
MTOBTApPSEMOCT, KOUTO CHhYETAaHH C KOMITIOTHPHO CHMYJIHPAHNUTE JAHHH 32 KOHIICHTPAIIIH
Ha OITY, na mo3BoJABAT /A C€ MPABIT HAJESKIHA U3BOAM OTHOCHO TEXHUTE XapaKTepHU
0COOEHOCTH M TIOBE/ICHHE, BIMSAHUETO UM BHPXY M3 M BIMSHUETO HA XapaKTEPUCTUKUTE
Ha aTMoc(epHara TMHaMHUKa BbpXy TaX. OTKpOeHH ca Hali-HeOIaronpHATHUTE CIydand Ha
3ambpesBane ¢ OITY - ,,ropemy TOUKH™ ¥ € aHATM3UpaHa POJIATA Ha CHHONITHYHUTE yCITO-
BUSI U JIOKAJIHUTE METEOPOJIOTMYHH Hpolecu 3a GopmupaHeto um. Jlerailinu uscienBa-
HUSI 03HAYaBa J0CTAThuHO BUCOKA MPOCTPAHCTBEHO/BPEMEHHA pa3peliaBaiia criocoOHOCT
Ha TIOJIeTaTa, KOSTO J1a 3¢ BB3MOXKHOCT J1a OB/Ie OTpa3eH MyITUMAIIA0HHS XapaKkTep Ha
MIPOIIECUTE, J1a CE YIAOBAT B3aMMOJCHCTBIATA HA SBICHUATA C PA3IMYHN MaIlabu 1 Ja ce
MPOCJIEAT OCHOBHUTE M3TOUHMIIH, MEXaHH3MH U IIBTHUINA 32 (JOPMHpaHE Ha 3aMbpCsIBaHE-
T0 ¢ OITY. 13BbpILIEHN Cca U3CIIeIBaHUS 32 TEPUTOPUATA HA 1[sJ1aTa CTpaHa, HO ChC Clielna-
JICH aKIIEHT BbPXy rpajcka cpena (rpax Codust), KOUTO OTpa3sBaT HelHATa Creu(puIHaTa
KIIMIMATOJIOTHS U €KoJIoTHsA. AHcaMOnuTe, 00XBamamy CUMYIaliy 3a EPUO OT 7 TOIH-
Hu (o1 2008 10 2014 romuHa) ce cMATaT 32 CTAaTHCTUYECKH MPEICTABUTEITHU M OTPa3siBaT
OCHOBHHTE YepPTH Ha JIOKAJIHUS/PErHOHANICH KIIMMAT, KaKTo Ha arMocdepHaTa JuHaAMHUKa,
Taka 1 Ha Ka4eCTBOTO Ha BB3yxa. OCHOBHHAT U3CIIEAOBATEIICKH TIOIXOM € CbBMECTEH aHa-
JIN3 W CTATUCTUYECKO TPETHpPaAHE Ha rojierara Ha 3ambpcsiBane ¢ PITY u perrnoHaaHuTe/
JIOKAJTHA METEOPOJIOTHYHH ToJIeTa. B cratnsTa ca mpeacTaBeHu pe3ynTaTti pa3aeieHu 1Mo
cienuust HauwH: KimmMat Ha 3ambpesBaneto ¢ OITY; OcobeHo HeOIaronpusITHO MPU3EM-
HO 3ambpcsiBaHe ¢ OIIY u Bpb3kaTa My ¢ METEOpOJIOrMUHUTE yciioBus; M3cienBane Ha
npousxozna Ha 3ambpcsiBane ¢ PITY B rpan Codus u M3cnensane npuHOCA HA OTACTHHUTE
JMUHAMUYHH, XAMHUYHHA U a€PO30JIHH MPOIIECH 3a (hopMupaHe Ha 3ambpcsiBane ¢ OITY.

MeTtonosorust

AHanu3 Ha TPUMEPHHTE ToJieTa Ha KoHIUeHTpauun Ha OITY, moaydeHu cbe cpen-
CTBaTa Ha KOMITIOTBPHO CHMYyNHpaHe. M3moi3BaHa € CBETOBHO MpPU3HATA CHCTEMa OT
mozenn US EPA Models 3 System, cberosima ce ot 3 monena — WRF http://www.wrf-
model.org/, Skamarock et al. (2007), Dudhia, J. (1993), CMAQ Byun and Ching (1999),
Byun et al. (1998) u SMOKE http://www.smoke-model.org/, CEP (2003). EBporneiickara
n HanmonasaHa HopmaTHBHA 0a3a HSIMa CTPUKTHH M OIIPE/IC/ICHH H3UCKBaHUS U ne(uHu-
LMY 32 MOJICITUTE, C KOUTO J1a Ce TPaBsAT CUMYIIAllMK 3a ChCTaBa Ha aTMocdepara, ToBa ¢
Y IIPUYMHATA J]a ©Ma U J]a CE M3MOJI3BAT U3KIFOUYUTEIHO rOJIsiM Habop OT TaKMBa MOJICIIH.
Te3u Mozeny ca pasIdyHM 10 CIOKHOCT U pas3rojarar ¢ pa3inyHa Gpu3nuecka OCHOBA, U
ca MpUcrnocoOeH: KbM MHOT000pasueTo Ha MalabuTe Ha MPEHOC - OT 1o0aeH 10 Jo-
KaJIeH Manad B MHOTO pa3inyHK pa3paboTeHH 3a chcTaBa Ha atMocgepara B brirapust
(Gadzhev et al. 2013, 2014a, 2014b, 2015a,2015b, 2020, 2021a, 2021b), (Gadzhev G.
and K. Ganev., 2018, 2019a, 2019b), (Gadzhev G. and V. Ivanov 2020, 2021).

OO0eKT Ha U3CIEeIBAHETO € TEPUTOPUATA HA [IaTa CTPaHa, HO C aKIEHT BbPXY H3-
creBaHuATa B rpajacka cpena (rpaa Codust), KOUTO Ja OTpassiBar HeifHara crnenuduyuHa
KJIMMATOJNOTHsI U ekonorusi. OOpaboTkara u aHaIM3a Ha TCHEPUPAHUTE aHCAMOITH OT Me-
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TEOPOJIOTMYHHU T0JIeTa ¥ TaKWBa Ha KOHIeHTparuu Ha OITY ¢ pa3pemasaiia criocoOHOCT
ot | kM. 3a paiiona Ha rpax Codus ca H3BBPIICHH.

Ha 6a3a moiy4eHnTe KOHIGHTPAMH OT KOMITIOTBPHOTO MOJICIHpPAHE € M3YHCIe-
HU uHAEKC Ha 3ambpcsiBane (M3). Enun ot Hali-uecto usnonsBaaute N3 e bpuranckust
JTHCBEH MHJICKC 32 KauyecTBO Ha Bb3ayxa (Leeuw, F. de, Mol, W., 2005), n3nona3sad u B
bwarapus (Syrakov et al. 2012, 2013, 2014a, 2014b, 2015), (Gadzhev, G., 2018, 2020,
2021), (Georgieva, 1., 2014), (Georgieva et al. 2015), (Georgieva, 1. and Ivanov, V., 2017,
2018) and (Ivanov, V. and Georgieva, 1., 2017).

WuBenTapu3anuaTa Ha X0JTaHICKAaTa OPTaHU3ALNS 32 IPUIOKHU HAy9IHHU U3CIIeIBA-
uust (TNO) 3a 2010 1. (Denier van der Gon et al., 2010) ce u3mo3Ba 4aCTUYHO 3a TEPH-
Topusita Ha bearapus, karo 3a Codus rpajn ce n3nonssa HaronanHaTa HHBEHTapH3aIis
3a 2010 1., mpegocraBeHa oT brirapckara M3MBJIHATENHA areHIUs TI0 OKOJIHA cpena. B
nHBeHTapm3anusaTa Ha TNO, aHTPOIIOreHHUTE U3TOYHUITM ca pasnpezeneHy B 10 SNAP
kareropun (V30paHa HOMEHKJATypa 3a 3aMbpCSABAaHE Ha BB3AyXa), KIACH(PHIIMPANKH
TH CIIOpe]] MPOIIeCUTe, BOJCIUIM JI0 M3IyCKaHe HAa BPEJHU Marepuain B arMmocdepara
(EMEP/CORINAIR, 2002). MuBenrapuszanusta Ha TNO or 2010 r. uma pasgenurenHa
cnocodnoct 0,125°%0,0625° (okoo 7x8 km). Ha 6a3a Ha pa3meieHneTo Ha EMUCHUTE I10
KaTeTOPUH U3TOYHHUITN € OTPE/ICIICH MIPUHOCA HA BCSAKA OT KaTeTOPUUTE KbM KOHIICHTpa-
munte Ha OITY.

Monenstr CMAQ, uma onuust “Integrated Process Rate Analysis”, kosiTo 1aBa Bb3-
MOYKHOCT JIa C€ OIIEHH POJIATa U Ha BCEKU OT IWHAMHYHHUTE ¥ XUMHUYHH IIporiecute Gop-
MUpAIM aTMoc(PepHOTO 3aMbpcsaBaHe. 110 To3u HAYMH H3MEHEHHETO Ha KOHIIEHTPAIUATa
3a IaZieH MHTEPBaJI OT BPeMe MOXeE J1a Ce MPEACTaBs KaTo CyMa OT IIPHHOCA Ha pa3iInd-
HUTE TpOoIecH. BKIIOYBaHETO Ha OMIIUATA 32 U3CICABAHETO HA IPUHOCUTE HA OTJCITHUTE
MIPOIIECH, JaBa BB3MOXKHOCT Ja Ce OIMPEEIAT He CaMO MPUHOCHUTE Ha OTACTHHUTE MPOIECH
3a OTpeJIeNIeH 3aMbPCUTEN, HO CHIIIO TaKa U 3a FPyIa OT 3aMbPCUTENN KAKBATO € TpyraTa
Ha [IpaxoBute wactumm. Upes oOpaboTKara Ha KOMOIOTEPHO CHUMYJIMPAHUTE MOJETa Ha
MIPUHOCHUTE HA PA3IHMYHHUTE MPOLECH KbM I09aCOBOTO M3MEHEHHE HA MPU3EMHHUTE KOH-
nenTpannu Ha OITY morar ga ce 06orarsIT 3HaHHUSTA 33 CIIOKHOTO B3aMMOJCHCTBHE Ha
JUHAMAYHATE, XHMHYHH M aepO30JIHU Tporecy, ¢popmupaiiy 3ambpcsisanero ¢ OITY.
PasmexxnaneTo Ha B3aMMOJEHCTBHETO M MPUHOCA HA TE3W MPOIECH JaBa BB3MOKHOCT
3a o0sicHeHWe Ha olmara kapTuHa Ha 3ambpcsBaHe ¢ PITY kakTo 3a TepuTOopHUsATa Ha
bwirapus, Taka u 3a Codusi.

Pesyararu

[Ipaxta € eaMH OT OCHOBHUTE 3aMbPCUTENIN Ha Bb3/lyXa, KATO OCHOBHUTE M U3TOY-
HUIM ca IMPOMUILICHOCTTa, TPaHCIOpTa U eHepreTukara. EcTecTBeHO T MMa BpeIHO
BJIMSIHUE BbPXY HYOBEIIKOTO 3/]paBe, KOETO 3aBUCH ITIABHO OT pa3Mepa U XUMUYHUS ChCTaB
Ha npaxoBuTe yactuim. [lo-eqpure mpaxosu yactuiy (ot 2.5 um mo 10 pum - PM10) npu
MOMAJaHe B OpraHu3Ma upe3 AuXaTeslHaTa CUCTEMA, CEe 3abpiKaT B TOPHUTE TUXATEIHU
BT, a To-puHKTe (1ox 2.5 um - PM2.5) nocrurar 10 1mo-HUCKUTE OTAEIH Ha J1Xa-
TeJIHAaTa CUCTEMa M BOJST JI0 yBPEKAaHe Ha ThbKaHHUTe B Oenus 1po0. B Hacrosiara cra-
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THSI IPAXOBUTE YACTHIM € pazmep nox 2.5 um ca Hapedenu puuu (FPRM), a Te3u ¢ pas-
Mep oT 2.5 um 10 10 pm - expu npaxosu yactuiy (CPRM). C Hapenoda Ne 12 ot 15 ronu
2010 r. 32 HOpPMH 3a CepeH AMOKCHI, a30TCH TUOKCH, (MHU MPaxOBU YaCTHUIH, OJIOBO,
OeH3eH, BbIVIEPOICH OKCHUJI M 030H B arMocdepHus Bb3ayx B cuiia ot 30.07.2010 r., (OGH.
JIB. 6p. 58 ot 30 FOnu 2010 r., m3m. u gon. JIB. 6p. 48 ot 16 FOuu 2017 1., u3M. 1 J01I.
JIB. 6p. 79 ot 8 Okromepu 2019 1) ca mpueTH HOPMH 3a MPEACITHO JOIMYCTHMU KOH-
nentpanuu (ITIK) 3a ®ITY. Beeeaennrte [1JIK nemsit npeamnasBaHe OT TEXHUS BpeleH
e(eKT BbpXy 3/paBeTo Ha XopaTa u okosiHara cpena. FPRM - 20 pg/m3 CpenHo roaumnisa
Hopwma (CT'H); CPRM - 50 pg/m3 Cpenno /Inesna Hopma (CAH) u 40 pg/m3 CpenHo
rogumtHa Hopma (CT'H).

Kaumam na samvpcsasanemo ¢ @I14: OcHOBHATA 1EJ € J1a C€ U3SICHU MPOCTPaH-
CTBEHATa M BPeMEBa (JICHOHOIIIHA, CE30HHA) M3MEHYNBOCT Ha OCHOBHHUTE XapaKTEePHUC-
THKM HA I0JeTara Ha NMpu3eMHU KoHueHTpauuu Ha PIIY u aHanu3 Ha BPB3KUTE UM C
METEOPOJIOTHYHHUTE YCIOBHA. 3a TOBA € M3BBPIICH CTATUCTHYECKH aHAIHW3 Ha IOIY-
YeHUTE aHCaMOJHM OT ABYMEpPHHU IOJETa Ha W3YMCICHHWTE KOHIeHTpanuute Ha OITY
Qurypa 1. V3uncriena e mIbTHOCTTA Ha BEPOATHOCTTA 3a KOHIEHTparuute Ha OIIY,
MIPECMETHATH Ca CTATUCTUYECKUTE MOMEHTH (CPEHU U JUCTIEPCHH IO aHCAaMOBJT), MaK-
CUMYMH, TIEPCEHTHIIN C TAXHATa MPOCTPAHCTBEHA M BPEeMeBa (CE30HHA, ACHOHOIIHA)
n3MeH4unBocT durypa 2.

a) Cotun B) Barapin

0

ToHmHi

L;‘. Lf'- ’

®ur. 1. [[ByMepHH I10J€Ta HA U3YUCICHUTE KOHLIEHTPALUUTE (TOIUIIHO U CE30HHO OCPEAHEHH) Ha
OITY durypa 1A) FPRM/CPRM Codust u @urypa 15) FPRM /CPRM Bwnrapus 3a envs u3bpan
yac 07:00 UTC.

Ot durypute n00pe ce OTKposiBaT pailoHUTE C BHCOKHM KOHIeHTparmu Ha DITY,
KakTo 3a paiiona Ha Codust Taka u 3a bbarapus. Bikna ce, 4e u mpu aBara ciiydas ce
npesumasat [1JIK, kaTo mpuyMHNATE 3a TE€3U BUCOKH KOHIIEHTPAIUU ca PA3IUYHU U 3aBU-
CAT OT (PaKTOPH KaTo MOAJIOKHA TTOBEPXHOCT, METEOPOJIOTUYHH YCIIOBHSI, aBTOMOOHJICH
Tpaduk U ce30HHA 00ycioBeHocT. Ot noserara 3a bbiarapus ce BuxkIa, 4e KaTo OTAEI-
HO OTKPOSIBAIL[0 C€ MACTO C BUCOKHM KOHLIEHTpAlMU € NIaBHO paiiona Ha rpan Codus.
Jpyr paiion e TEL] Mapuna V310K, KakTo U 10-ToJIeMHUTE TPaJoBe B CTpaHaTa, 0COOCHO
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npe3 3uMHUTE Mecenu. 3a Codus noerara Ha KOHIEHTPALMKUTE Ha MPAXOBUTE YaCTUIIN
(FPRM/CPRM), kakTo Ha ()MHMATE TaKa U Ha CAPUTE Ca BUCOKU B LICHTpaIHUTE YaCTH U
FOxuuTe KBapTamu. Kato oTaenHo MsICTO ¢ BUCOKA KOHIICHTPALIKS CE€ OTKPOsIBA U paiioHa
Ha KoctrHOpO B 3amagauTe mokpaiHnHu. Ha Mecra B crioMeHaTnTe pailOHH Ha BUCOKH
KoHIIeHTparuu ce gocturar onpenenenute [1JIK 3a FPRM, nokaro CPRM mnpeBumasat
T11IK B IlenTbpa Ha rpama u paiiona Ha KoctuaOpos.

KommiorspHO cumynupanus ancamOba e 7 rogumier (ot 2008 mo 2014) u e moc-
TaThYHO TOJSIM W M3YEpIIaTelieH 3a Ja IMO3BOJISIBA Pa3HOOOPa3HHU CTAaTUCTHYECKU 00pa-
6otku. [IpencraBeHnTe OCPEIHEHN KOHIIGHTPAIIMU HE W34epIiBaT HH(OpMaIHsTa, KOSITO
MOXe Ja Ob/ie M3BJIE€UeHa OT aHCAaMObJIa, 3aTOBA Ca M3UUCIICHH PA3INYHN CTAaTHCTUIECKH
XapaKTepUCTUKH, 3a 1su1ara odnact Codwust. [To To3n HaYKH ca onpe/iesieHn KopeaaluoH-
HHU BPB3KH U € HAIIPABEH KaY€CTBEH aHAJIN3 HA 3aBHCHMOCTTA HA XapaKTEPHCTUKUTE Ha
3ambpesaBaneTo ¢ OITY ot mereoponormynuTe mojiera U nmapamerpu. Ha @urypa 2 ca
npescTaBeH: rpaduKy MoKas3Balid OCHOBHU aHCAaMOJIOBH XapaKTEPUCTUKHU Ha 3aMbpCsi-
BAaHETO, & MMEHHO CE30HHU M IOAUIIHK XapakrepucTuku 32 FPRM/CPRM, ocpentenu
3a oomact Codus rpan. Ha Bcuuku rpaduku ca M300pa3eHu CPSIHUTE KOHIICHTPALIUH,
MaKCHMAaJIHH 110 aHCaMObJI KOHLIEHTPAIMK U KpUBHUTE 0003HaueHu ¢ 10%, 25%, 75% u
90%. Te3u KpWBHU MPECTABIABAT UMarWHEPHU KOHIICHTPAIWHU, 32 KOUTO CHOTBETHO B
10%, 25%, 75%, 90% ot cirydauTe ca OWIIM CUMYIHPAaHU TO-HUCKH KOHIeHTpauuu. [Ipu
TaKa IPeCTaBeHUTE KPUBH B MHTEpBaJIa MEKIY 25% - 75% monanat 50% ot ciydaunTe, a
B uHTepBaia 10% - 90% nmonanat 80% ot ciydaunte. M1300pa3zeHuTe 10 TO3M HAYUH KPUBH
JIaBaT JI0CTAaTh4HO JJ00pa MpecTaBa 3a CTATUCTHYECKUTE XapaKTePUCTHKH Ha aHcaMOblia
— JMCTIepCHsi, aCUMETPHsI, eKciiec, 0e3 1a Obaar Mmoka3aHu sSIBHO.

FPRM CPRM
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1000 1000 1000 1000

Ecennn Sumtn Ecennu

Tomuuam Jlerensia Tonumnsn Jlerennia

1000 —e—Mean —e— Max 1000 WW —e— Mean —e— Max
Laaane s NUNIPIPY L)
w— 100
W ——25% —a—75% —a—25% —a—75%
10
| Rt iy
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001 01

®ur. 2. CTaTUCTHYECKH XapaKTEPUCTHKHA Ha OCPEIHEHH INpU3eMHH KOHIEeHTparuu Ha FPRM/
CPRM [pg/m?] 3a Codusi.
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U. Teopeuesa u dp.: 3amvpcasarne Ha ammocpephus 6v30yx ¢ punu npaxosu yacmuyu (PI1Y)...

I'padmkuTe ca mpencTaBeHH B JJOTapUTMHUYHA CKana. Biknaa ce, 4e cpeqHuTe KOH-
LEHTPAIHTE ca C J0Ope N3pa3eH! ICHOHOIICH U CE30HEH X0 U Ca ACUMETPUYHO PA3IIo-
JIOKEHU B PA3TUIHUTE OTPSI3BIH OT OPOs CIydan Mpe3 IEHOHOIUETO U MTPe3 Pa3InIHNUTE
cezonn. CpeqHuTe KOHIIGHTPALMH MOMaaaT B HHTEpBaja chabpxkam 80% ciaydan mpes
TOITUTE MECEIH W HaJ HEro Ipe3 €CeHTa U Ipe3 3MMaTa ChBIAJAT WM Ca MO-TOJIEMHU
oT 90% xpuBara. AGCONIOTHUTE MAKCUMAIIHU M CPEAHN KOHIICHTPALUU Ca Hail-BUCOKH
Ipe3 eceHTa U 3uMara (ycroiiunBara crparudukanms). B cyTpemnuTe vacope uma 100pe
n3pa3eH MaKCUMyM M MHHHMYM OKoJIO 00si1. BeposTHa mpudnHa 3a TO3H MaKCHMyM Ca
crabuiHaTa arMocdepa U MHTEH3MBHUSI aBTOMOOWIIEH TPAHCIIOPT CyTpHH. M3TOuHUIIM
Ha eJIpy NMPaxOBU YACTHUIIM Ca EHEPreTUKaTa 1 JIOKAITHOTO OTOIUICHHE, KOUTO ca Hail-uH-
TEH3UBHU IIPEe3 MO-CTyACHNTE Mecenr. PakThT, Y€ B MHOTO CITy4au JHHUATA HA CPEIHNUTE
KOHIICHTpAIINH TToTa 1a 1opu Haj muHusATa 90% nokasa, ge B octananure 10% ot ciryya-
UTE KOHIICHTPAINUTE Ca U3KIIOUUTETHO BUCOKH. CpeaHNUTE U aOCOMOTHITE MAaKCUMAITHH
kxoHnenTpanuu Ha FPRM u CPRM ca Hali-BUCOKM TIpe3 €CeHTa U 3uMaTa Imopajiu yCTon-
gyuBara armocdepa u cinabo u3paseHus TypOyJIeHTEH TPAHCIIOPT BbB BUCOYHHA.

Hszuucnseane na U3. Hzsacuaeane na ponsma na zamvpcesearemo ¢ @I 3a op-
mupane na M3. Ouepmasane na pecuonu/enuzoou npu xoumo PIIY ca onpedensuu
3a U3: KauecTBOTO Ha BB3/AyXa ce Oompenens, Karo ce KoHcTpyupa MHaeke 3a kadecT-
BoTo Ha Bb3ayxa (MKB), wnu ome HapeueH wHAEKC Ha 3ambpcsBane (M3), mokasma
JI0 KaKBa CTETICH € YMCTa WM 3aMbpPCEHa cpenaTa, KOsATO IUIIaMe M KaKBH Onxa OWiu
MTOCJIEUITNTE 3a 3/IpaBeTo Ha XopaTa. M3 e chCcTaBeH U ce M3MEPBa, 3a J1a C€ OIPEIeH
CBCTOSHHUETO M Ka4eCTBOTO HA BB3AYXa, CIPSIMO IIUPOKUSA KPBI OT 3aMBPCUTENH, OT
KOWTO € cheTaBeH. OcHOBHA (yHKIMs Ha M3 e OMOBECTSIBAHETO HA PEATHOTO ChCTOSI-
HHUE Ha Bb3ayXa U 0000IIaBaHeTO My B eaHa nudpa (Hanpumep, u3pa3eHa KaTo IBETHA
MUKTOTpaMa MJIM KaTo KOA), KaTo Ce JaBa BH3MOXKHOCT J1a CE OIHUIIE IO eIUH MPOCT U
pasbupaem 3a xopara HaunH. M3 Ha armocdepHHs Bb3AyX JlaBa MHTErpajiHa OLEHKA
Ha BIUSHUETO HA IIS1aTa CHBKYIMHOCT OT 3aMBPCHUTEIH BbPXY YOBEUIKOTO 3/paBe U ce
M34YUCIIABa Ha 0a3ara Ha KOHIICHTPAIMATA HA PA3IMYHUTE 3aMBPCUTENIN MOJIy4YeHa OT
M3MepBaHe WIN YUCIeHO Mozenupane. [IperoctaBsHero Ha nH(pOpPMAIUS 32 PeaTHOTO
Ka4eCTBO Ha BB3AyXa C€ OCBINECTBABA, Upe3 Mpeodpa3yBaHE HAa KOHIIEHTPAIHMITA HA
3aMBPCUTEIUTE B UHACKC, KOWTO C€ ONpeneis 3a BCEKH 3aMBbPCUTEI TOOTACIHO H IO
paznuyen HaunH. Crell npeoOpa3yBaHETO Ha KOHIEHTpALMATA B MHJEKC, ce 00pasyBa
Ge3pa3mepHa cKaja, B KOATO ITOTa/1a MHACKCHT U € CBbP3aHa C HHTYUTHBEH LIBETEH KOJ
(Hamp. OT 3€JIeHO /10 YePBEHO) U JIMHTBUCTHYHO OMKCaHue (HampuMep OT MHOTO 100po
JIo MHOTO J01110). M3 ce ompenens B HAKOJIKO MHTEpBaIa 3a BCEKH, OT KOWTO € TuHEelHa
(GyHKIMS Ha KOHIEHTpanusaTa Ha cborBeTHHUTE pumecH (EPA, 2009). U3 B bearapus
ce 6asupa Ha KoHueHTpanuute Ha 5 3ambpeutens: O3om (O,), Asoren nuokcun (NO,),
Cepen guokcnn (SO,) u Ilpaxon wactunn (PM10). Ilo To3n Ha4umH € ompenesieH u
M3YHUCIICH W WHACKCA HAa 3aMbBPCSABaHE, KATO PE3YyNTATUTE ca MpeACTaBeHH Ha Durypu
3 u 4. IIpocTpaHCTBEHOTO M BpEMEBO MoBeAeHNe Ha M3 e omnpeiesieH KaTo BCHUKH CH-
MYyJaIfH ca MPEeICTaBeH! KaTo CyMa Ha BCEKH MHAEKC BBB BCAKA €HA OT KAaTETOPUHUTE
- Hucko, Cpenno, Bucoko u Muoro Bucoko. B kareropusita Hucko Bb3ayxa € Haif 9uCT,
KOETO O3Ha4yaBa, Y€ BUCOKH CTOMHOCTH MpPH IOJIETaTa C MOBTApSIEMOCTTa Ha THUTE C
nanen M3, moka3BaT moBede Cilydau C YHCT BB3AYX, & HICKUTE CTOWHOCTH O3HadaBaT
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110-MAaJIKO CIIy4aH C YUCT Bb3AYX, PECIIEKTUBHO — IOBEYE CIIyua ChC 3aMbPCEH BB3/YX.
IIpu octananute kareropun Cpeano, Bucoko m Muoro Brcoko, BHUCOKHTE CTOWHOCTH
MI0Ka3BaT MOBEYE CIIydau ChC 3aMBPCEH BB3AYX, & HUCKUTE — [IOBEYE CIydau C YUCT
BB3IyX.

Brarapis Hueko Cpemo

®@ur. 3. [ToprapsiemocT Ha 13 B 4-Te kareropuu — roUIIHO ocpenHeHH 3a brirapus u Codust.

Hitcko Buarapis Cpemmo Hitexo Codust Cpemo
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®ur. 4. [omunIHo ocpeHEHN THEBHN Bapuanuy [%] Ha JOMHHAHTHHUTE 3aMbPCHTEITH.
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U. Teopeuesa u dp.: 3amvpcasarne Ha ammocpephus 6v30yx ¢ punu npaxosu yacmuyu (PI1Y)...

®durypa 3 monerara Ha moBTopsieMoctTa Ha M3 3a aBeTe obmacth, MHOTO J00pe
OMHCBA TEPUTOPUUTE U PAWOHHUTE CHC 3aHIKCHO KaueCTBO HA BB3AyXa. 3a bwarapus Te
ca IMpeINMHO TOJIEMHTE TPAJ0BE U AIMHHUCTPATHBHU IIEHTPOBE B CTpaHaTa, KaKTo U pa-
tionnte Ha TELl-Te (boboB mon u Mapuma M3tok); 3a Codust ce OTKpOosSBaT MPEAUMMHO
LEHTPAJIHUTE YacTH Ha rpaja, paifona Ha KocTuHOpO/, 1o-ronemMure MbTHA apTepun Ha
Cronunara u TEIl-te M3tok u Codust. Ha durypa 4 ca npencraBenn rpaduku noka3pa-
IIM THEBHUTE BapUAIlH HAa BCEKU €AMH OT 3aMBPCUTEIUTE YIACTBAIIN B U3TPAXKIAHETO
Ha M3 BBB Besika e/iHa OT Kareropuute. Binkna ce sicHo, ue u mpu aBete odnacti Codus
u Bbarapusi, oTKposiBala JOMUHAHTHA PoJisi UMar (UHUTE NMPAXOBU yacTUIM. B kare-
ropunte Brucoko m MHOTO BHCOKO, C€ OTKpPOSIBAT KaTo BTOPU JOMHUHAHTEH 3aMBPCHUTE,
CJIeJ] CepHHUS TUOKCHJ, KaTo € PEeIHO Jla ce OTOENeXH, Ue Mpe3 Pa3IuIHuTe CE30HH U B
3aBHCHUMOCT OT MeTeopoyornunute ycaosus, @IIY ca qomMuHaHTEH 3aMBbpCUTeEN, 0cobe-
HO CYTPHH U cJie1o0erl, U OTPeaesIsAT KadeCTBOTO Ha Bb3yXa.

Ocobeno nebnazonpusimuo npuszemno 3amvpcesasare ¢ PITY9 u epvsxama my ¢ me-
meoponocuynume ycnogus: VI3scHsBaHe Ha pojisTa Ha KpyINHOMAI[AOHHUTE W JIOKAJIHU
METEOPOJIOTHYHH YCIIOBHS M IPOLIECH 3a popMHUpaHe Ha 0COOCHO HEOIAronpHsITHO (EKC-
TpeMHO) Tpu3eMHO 3aMmbpcsiBane ¢ @ITY. Hampasen e aHanu3 Ha mojieTara Ha IPU3EMHO
3ambpcesiBane ¢ @ITY u ca pasmieaanu ciaydyau Ha Hai-HEOIaronpusaTHO (EKCTPEMHO) 3a-
MBpCSABaHE — OTKPOSIBAHE HA ,,LOPEIIH TOUKHU ‘. AHATTU3UPAHH ca MoJIeTaTa Ha 3aMbpCsABa-
He ¢ ®ITY nax aBete obnactu bearapust u Codust rpan, u ca OonpeneIeHr OTKPOSBAIINUTE
ce ,,FOPelIN TOYKHA ™ ¥ 33 Te3HM TOYKH Ca MPEJCTABEHH I0JIeTa Ha KOHIEHTPAIUX U Tpa-
(HKH ChC CTATHCTHUECKH XapaKTEPUCTHKU. 32 TEPUTOPUSTA HAa CTPAaHATa Ca ONPEICICHU
,;ropermute Toukn'* @urypa 5, HO mpeacTaBeHUTe rpaduky ca ot paifona Ha rpag Codus,
MOHEeXXe TOBa € obsactra ¢ Haii-uHa XOPU30HTAJIHA pa3pellaBalia CIoCOOHOCT, a Mo
TeputopusaTa Ha bearapus Te me 6paat camo n3dpoern: ExHa OT Te3n ,,roperin TOYKu B
crpanara ¢ umeHHo rpag Codusi! Kakto ce BikIa 1 OT rmojieTara Ha KOHIIGHTPALMUTE Ha
nBete (hpakuy Ha npaxoBute yacTuiu, [1JIK ce npeBuIaBat, OTKPOsSBAIIUTE CE PAailOHU
ca TpeJIMMHO TojieMuTe Tpajose (Haii-mHoro Hag Codwus), oTkposiBat ce cbio TEIl-Te
Mapura Ustok u Bobos moi.

FPRM_ _ - PR

@ur. 5. ,,Jopery TOYKU* 110 TepUTOpUSITA Ha bbiirapus ¥ roAUIIHO OCPEIHEH!
xoHneHTpaun Ha FPRM/CPRM 3a teputopusiTa ¢ pa3pemasaiia CriocOOHOCT
oT 9 KM.
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U. Teopeuesa u dp.: 3amvpcasarne Ha ammocpephus 6v30yx ¢ punu npaxosu yacmuyu (OI1Y)...

IIpencraBenuTe mojera Ha KoHueHTparute Ha FPRM/CPRM ocpennenu 3a paiioHa
Ha Codust (Durypa 6) nmokaspart, ue ,,;OPELIUTE TOUKU OT 00JIACTTA C BUCOKU CTOHHOCTH
Ha KOHIeHTpanuuTe ca LleHTpamnure yactu Ha rpaga (tam ce Hamupa TEL] Codwus),
TEII U3tok B kB. Jlpy:k0a u ro)kHaTa Ibra Ha OKOJNOBPHCTHUSA MBT. [IpencraBurennure
Touku 3a noabpanute paiionu ca TELL ,,Codus“ u TEL] ,,U3rok™ (xB. [pyxba — roro-
M3TOYHA 4acT). Te3n paifoHu ce OTKpOSBAT U HAa CUMYyJAIHTE Mpu onpexaessae 13 cbe
3aHI)KEHO Ka4eCTBOTO Ha Bb3lyxa. Beuuku rpaduku ca MpecTaBeHy B JIOTapUTMUYHA
ckana. I'padukure mokassar, 4e CpPeAHUTE KOHIEHTPALMUTE ca C J00pe M3paseHu Je-
HOHOIIIEH W CE30HEH XOJ M Ca aCHMETPHYHO PA3IMOJIOKEHU B PA3TMYHHUTE OTPA3BIN OT
Opos ciaydau rmpe3 AEHOHOIINETO U Ipe3 pa3IuyHuTe ce30HU. CpeTHNTe KOHIEHTPAIHH
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®ur. 6. CTaTUCTUYECKH XapaKTePUCTUKH HA TOAMIIHO U CE30HHO OCPEIHEHH MPU3EMHH KOHIICH-
tpaunn Ha FPRM/CPRM [pg/m?] 3a us6panu ropeumm touku: TEL] Codust u TELL M3ToK.
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U. Teopeuesa u dp.: 3amvpcasarne Ha ammocpephus 6v30yx ¢ punu npaxosu yacmuyu (PI1Y)...

MoTazaT B WHTepBana chappkan 80% ciydan mpe3 TOIUIMTE MECENH M HaJ Hero mpes
CTyICHHUTE, KaTo mpe3 3uMara c¢bBragar ¢ 90% kpusara. AGCOTIOTHUTE MAaKCUMAJIHH U
CpeIHH KOHLEHTPALMHU ca Hali-BUCOKHM IIPe3 €CeHTa U 3UMara, KaTo BEepOsTHA NPHYHMHA
3a TOBa € 4eCTO ycToiuuBaTa cTparuduKanus Ha atMocdepara. B cyrpemnure gacose
numa 100pe u3pazeH MakCUMyM M MUHHUMYM OKoJIo 00si1 (cTtabuiHara armocdepa U uH-
TEH3UBHHUS aBTOMOOWJICH TPAHCIOPT CyTpHH). MiMa no0pe u3paseH MUHUMYM IIpe3 AEH
U MakCHMyM Beuep. VI3TOYHMIN HaA eIpu NPAaxOBU YaCTHLH Ca NPEJUMHO CHepPreTHKATa
1 JIOKaJIHOTO OTOILUICHUE, KOUTO Ca Hali-MHTEH3UBHH IIPe3 M10-CTYACHUTE MECELH, KOraTo
HOpaJu CTPATU(HKALMATA € BB3NIPEISTCTBAH TypOYIEHTHHS TPAHCIOPT Ha 3aMbPCUTEIIH
BbB BHCOYHHA U T€ C€ 3aIbPiKaT B IPU3EMHHS CIIOM.

Uscnedsane na npouszxooa na samwvpcseane ¢ PIIY ¢ epao Cogus: Upes obdpa-
00TKaTa Ha KOMIIOTHPHO CUMYJHMPAHUTE MOJIeTa HA MPU3EMHHU KOHIeHTpalmu Ha OITY
3a Pa3IMYHM eMUCHOHHHU CLCHAPUM CE OLCHU NPUHOCA HAa PA3IMYHHUTE KaTerOpUH U3-
TOYHMIM Ha aTMOC(EpHO 3aMbpCABaHE KbM IJIOCTHATA KapTHHA Ha 3aMBPCABAHETO Ha
rpax Codust ¢ ®ITY. Emucunte B n3non3Banara naBeHtapusamnus ot 2010 roguHa ca 3a

a)

FPRM

80 [N
70
6o f

FPRM CPRM

o
13 5 7 9 1113 15 17 19 21 23 25 13 5 7 9 11 13 15 17 19 21 23 25

Tonumun

——SNALL
1

o
13 5 7 9 11 13 15 17 19 21 23 25 13 5 7 9 1113 15 17 19 21 23 25

®@ur. 7. a) CpeqHO TOAWIIHU TpU3eMHU TpuHOCH Ha Kareropmute SNAP1, SNAP2, SNAP3,
SNAP7, SNAPALL [%] xbM m3MeHeHHETO Ha TMpu3eMHHTE KoHneHTpanuun Ha FPRM/CPRM n
6) OcpenHenu 1o aHcaMObJI TOANIIHU U CE30HHHU MIPUHOCH HA OTJEIHUTE U3TOYHUIIN, BOJCIIHN JI0
n3menenuero Ha FPRM u CPRM 3a Codwust.
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U. Teopeuesa u Op.: 3amvpcasane na ammocpephus 6630yx ¢ unu npaxosu yacmuyu (OI1Y)...

10 xareropun n3rounuiy (SNAP) 1 ToBa 103BOJIsIBa /1a C€ OIEHH MPUHOCA Ha Pa3iInd-
HUTE aHTPOIOTEHHU JIEHHOCTH KBbM oOIara kapTtuHa Ha 3ambpcsBane ¢ OIIY. B mo-
MEHTa ca HaJIMIHU aHCAMOJIOBH CUMYJIAIMH 32 CIIETHUTE eMUCHOHHHM crieHapun: SNAP1
- Enepreruka; SNAP2 - Heunnyctpuanau m3rapsausi; SNAP3 - Manycrpuanau usra-
psiaust; SNAP7 - ApromoomiieH TpancriopT 1 SNAPALL - BKIIFOYEHH €eMHUCHUN OT BCUYIKH
KaTeropuy u3TouHWIM. HampaBen e aHayim3 3a obmactra Codus rpaj ¢ paspermiaBaiia
crocoOHOCT oT 1 kM U nHBeHTapu3aius Ha emucunte oT 2010 roguna. M3uucien e ot-
HOCHUTEJIHUS IIPUHOC HA BCUYKU KaTErOpHU U3TOYHUIM KbM (pOpMHUpaHe Ha IPU3EMHOTO
3ambpcsiBane ¢ OITY. TIpeacraBenn ca ancamOIM OT ABYMEPHH, 3aBUCEIIN OT BPEMETO
M0JIeTa Ha OTHOCHUTETHNATE IPUHOCUTE Ha pasmiexkaannte SNAP kareropun KbM Mpu3eM-
uute KoHueHrpanuu Ha FPRM/CPRM, 3a Codus ®urypa 7.

Ot monerara 3a cpeaHusl TonuIIHUS npuHoc Ha emucuute oT SNAP1, SNAP2 u
SNAP3 3a o6pasyBane Ha FPRM ce Bmwk/1a, 4e IPUHOCHT NPe3 LSIOTO JICHOHOIUE Ha-
BCAKBJAEC € MonoxuTeneH. CpemqHusIT npuHoc 3a rpaga € okoio 30%. Camo Ha BHCOKH-
Te yacTu Ha mianuauTe Butoma u Crapa [lnannHa TOi € MUHUMAJICH U TTOYTH HYJIEB.
[IprHOCHT € Hall-BUCOK HaJl LIGHTPAJIHUTE YaCTU HA TPajia, FO)KHUTE KBApTalIu U palioHa
Ha KoctuaOpon oxomo 40%. Ilonerara 3a cpemHus TOOUIIEH MPHUHOC HA €MHUCHUTE OT
AromoOuHUS TpancopT SNAP7 Bozen 10 n3MeHeHne Ha KoHIleHTpanusaTta Ha FPRM
MIOKA3BaT, 4 MPUHOCHT MPe3 IIATI0TO ICHOHOIINE HABCAKBAEC € TONIOKUTeIeH. Kato B cyT-
PEIIHUTE U CIeA00ETHUTE YaCOBE CPETHIIT IPUHOC € MaKCHMaJIeH 3a Tpaja - okoio 50%,
KOTaTo M TPAHCIOpTa € Hal-MHTEH3UBEH U IIPTHUTE TpaceTa ca Hai-HaToBapeHU. OKOIIo
00511 1 TIpe3 BeuepTa, MPHUHOCA € TI0 HUCHK B CPAaBHEHHE C APYTHTE YaCOBE, HO BBIIPEKH
TOBa ocTaBa 0koJ0 30% B IEHTpaJTHUTE YacTH U HadasmoTo Ha AM Tpaxwust KakTo ¥ OCHOB-
HUTE IbTHHU TpaceTa B Croimuara. OT monerara 3a CpeIHIs TOIUIIEH TPHHOC HA eMUCH-
WTe OT BCUUKH KaTeropuu n3tounuim SNAPALL Bozent 10 n3MeHeHNEe Ha MPU3EMHUTE
koHUeHTpanuu Ha FPRM, ce Bux/a, ye puHOCHT Mpe3 LSIOTO IEHOHOIIME HABCAKD/IC €
MTOJIOKUTEIICH U MakcuMalieH. Jloctura ctoitHoCTH Halx 60% 3a 1siata 001acT OCBEH HaJL
IJIAHWHATE, KBJIETO TOH € HyleB. [[pHHOCHT € MaKCUMAaJIeH CYyTPHH U ¢e100e] ChC CTOM-
HocTH OKOJI0 70%, B IIEHTPATHUTE YaCTH U IOKHUTE KBapTaJld, KaTo C TOJISIM IIPUHOC CE€
OTKpOsiBa U paiioHa Ha paiioHa Ha KoctunOpoa. OT monerara 3a cpeHus TOAUIIEH TIPU-
HOC Ha EMUCHHUTE OT OT/ICTHUTE KaTerOPUH BOACIIH 10 N3MEHEHHE Ha KOHIICHTPaLUATa Ha
CPRM ce Bmxa, 4e MPUHOCHT HA BCHUKHU € MTOJIOKUTENICH, U HAH-TOJIEMH C€ OTKPOsBaT
ot SNAP3 u SNAP7. Han ninanuaute Buroma u Crapa [nannnaa npruHoca € MUHUMAIEH
u mouTH HyieB. OTKposiBaT ce LleHTpanHuTe 9acTH Ha Tpajia, FOKHUTE KBAPTAIU U paio-
Ha Ha KoctuaOpOox ¢ mpuroc okoio 60-70%, a cpenHus mpUHOC 3a OCTaHAIaTa 4acT Ha
rpaga e oxono 40%. Bcuuky KaTeropuy MMaT MOJIOKUATENCH IPUHOC KM U3MEHEHUETO
Ha KoHIeHTpanuuTe Ha FPRM/CPRM, HO Haii-rojieMu ca MPUHOCUTE OT aBTOMOOMIHHS
tpancnopT 3a FPRM u Unaycrpuannute nzrapsaus 3a CPRM. CewImio Taka npuHOCHTE
“MaT MHOTO 0Ope n3pa3eH ACHOHOIIEH U CE30HEH X0/, KOWTO MOXeE J1a Ce MIPOCIIEIH 1 Ha
rpadukute 32 CTaTUCTHUECKHs aHAJIM3 HA TIOJyYeHUTE aHCaMOJIM OT JBYMEPHH MoJeTa
®durypa 76. Ot ¢purypute 3a OCpeHECHUTE TIO0 aHCAaMObJIa TOIUIITHA U CE30HHU TPUHOCH
Ha OTAEITHUTE M3TOYHHIIM, BOICIIN 10 N3MEHEHNETO HA MPU3EMHUTE KOHILEHTPAINH Ha
FPRM u CPRM ce BWx/1a, 4e mpe3 OTASITHATE CE30HU MPUHOCHT HA PA3IMYHUTE THITOBE
M3TOYHHUIN € PA3INUeH, HO C MMOYTH €THAKHB JCHOHOIICH XOA. JJoMUHMpamusaT IpuHoC
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3a FPRM e 1031 Ha m3tounmnute oT Bcuuku cHamoBe (SNALL) oxomo 40%, ciensan
0T To3u Ha aBTOMOOWIHHS TparcrmopT (SN7) - oxomo 30%. IIpuHOCHT Ha OcTaHATUTE
n3TOYHUIM € okoio 10% mpe3 BcHYKHM ce30HU. J[€HOHOIHOTO pasmpeiesieHHe MoKa3-
Ba, Ye MaKCHMAaJeH IPUHOC UMAT CHAIIOBETE B CYTPEIIHUTE U CIeT00SIHUTE 9acoBe, a
MUHUMAaJEeH OKoJo 0051 u mpe3 Homra. 3a CPRM HaBCsKbAe TOMUHUPAIIUAT PUHOC
€ Ha M3TOYHMIIUTE OT BCHUKH CHAToBe 0Koyio 50%. BTopuar mo rojemMuHa mpuHOC € Ha
ABTOMOOMITHHSI TPAHCIIOPT, KaTO B CYTPELIHUTE YacoBe, TOH ce M3paBHsBA C [IPUHOCA HA
eMHCHHUTE OT IMpOoMHUIIIEHOCTTa. Hali-rojieMn CTOMHOCTHM HAa MPUHOCHUTE Ca B CyTpelll-
HUTE YacOBE IIPe3 BCUUKHU CE30HMU, KAKTO U B ciiefiobeHuTe yacoBe. Haii-manbk npuHoc
nMmar u3TouHumTe Ha Hemanycrpuanaure m3rapstaus oxkoio 10%. 3a teputopusara Ha
rpax Codusi OTHOCHTEIHUTE NPUHOCH MMaT J00pe M3pa3eH JICHOHOIIEH M CE30H XO/I.
Ce30HHUAT X0 MOXKe Ja ObJe pa3nuyeH 3a Pa3INuHUTE 3aMBPCUTEIH U /1a CE€ MEHH B
3aBUCUMOCT OT M3TOYHHMKA. Mo)ke Ja ce HarpaBu 000O0IIEeH U3BOI, Y€ 3a 00pa3yBaHETO
Ha ®ITY momuuupar Asromobmaaus Tpancnopt (SNAP7) u UaaycrpuanHuTe usrapsi-
aus (SNAP3). [IpurochT Ha emucunTe oT Bcuuku kKateropuu (SNAPALL) 3a msutata
obnact Cocust rpan, e no-mManrbk or 100%, koeTo 03Ha4aBa, ue 4yacT OT KOHIIGHTPAIUUTe
ce (opMupaT ¥ OT U3TOUYHHUIIN, KOUTO Ca BHHIITHH 32 001aCTTa B pE3yiITaT Ha MPEHOC Ipe3
TPaHUIINTE .

Hscneosane npunoca na omoenuume OUHAMUYHU, XUMUYHU U AEPO30THU NPOYecu
KuM hopmupane na 3amvpcsisanemo ¢ PI1Y. ArmochepHoTo 3ambpesiBane ce Gopmupa
B pe3ynTaT Ha B3aUMOJEHCTBHETO HA PA3IMYHM TUHAMUYHU W XUMHWYHH Tporecu. Upes
00paboTkaTa Ha KOMIIOTBPHO CUMYJIHPAHHUTE IOJIETa HAa IPUHOCHUTE Ha PA3IMIHUTE MPO-
Iecu KbM TI0YaCOBOTO M3MEHEHHE Ha Mpu3eMHuTe KoHneHTpanuu Ha OITY ce oborarst
3HAHUATA 32 CJIIOKHOTO B3aWMOJCHCTBUE Ha TMHAMUYHHUTE, XUMUYHU U aepO30JIHHU MPO-
necu, popmupaiiu 3ambpesBanero ¢ OITY.

PasrexganeTo Ha B3aMMOJEHCTBUETO U IPUHOCA HA TE3W MPOIECH JaBa Bh3MOXK-
HOCT 3a o0sicHeHHe Ha ofmiara kapTuHa Ha 3ambpcsiBane ¢ @ITY kakto 3a TepuTopusTa
Ha bearapus, Taka u 3a Codust. Pasnuunure nporecu, KOUTO BIUSST BbpXY (hopMUpaHe
KapTHHATa Ha 3aMBPCIBAHE Ca: XOPU3OHTAIHA U BEPTUKAIHA AU(Yy3Usi, XOPU30HTAIHA U
BEPTUKAIHA aBEKINs, eMHUCHH, CyX0 OTJIaraHe, XUMHUECKH TpaHc(hOopMaIiy, aepo3oi-
HU [IPOIIECH, XETEPOreHHA XUMHSI U 00JIauHH MTPOLIECH, 3ala3BaHe/ChXpaHeHNEe Ha MaCH-
Te. B Ta3m wact ca mpencTaBeHH pe3ynTaTH OT KOMIIOThPHUTE CHMYJIAINH, OLEHIBAIIN
MPUHOCA Ha Pa3IMYHUTE TUHAMUYHH IPOLECH Ha IpeHoc U TpaHchopmarms Ha DOITY,
KOUTO (hOopMHpar KJMMara Ha 3aMbpPCSIBAHETO Ha Bb3yXa 3a JBere o0iacTu. M3BbpiieH
€ CTaTHCTUYECKY aHaJIM3 Ha aHCAaMOINTe OT IBYMEPHH IOJIeTa Ha OTHOCUTENIHHU TPUHOCH
Ha Pa3IMYHUTE MPOIECH KbM (hopmupane KoHieHTpanuute Ha OIIYU. Mogeast CMAQ,
KOWTO € M3MONI3BaH Mpu cuMmynanuute uMa omuus “Integrated Process Rate Analysis”,
KOATO JIaBa BB3MOKHOCT JIa C€ OIICHU POJIATA Ha BCEKH OT MPOIECUTE CIIOMEHATH I10-TO-
pe, ipu popmupane Ha arMocdepHOTO 3ambpcsiBane. [0 TO3u HAYMH U3MEHEHUETO Ha
KOHIICHTpAIHATA 32 a/IeH HHTEPBAJI OT BPEMe MOXKE Ja Ce MPEICTaBH KaTo CyMa OT IpH-
HOCAa Ha pa3lIUYHHTE MPOLEeCH. BKIIIOUBaHETO Ha OMITHSTA 32 H3CIEIBAHETO HA IIPHHOCH-
T€ Ha OTACIHHUTE MTPOIIECH, JaBa BB3MOKHOCT J]a CE OTIPEEIIAT HE CaMO ITPUHOCHUTE Ha OT-
JICITHUTE TPOIIECH 32 OTPEIEICH 3aMbPCHUTEI, HO CHINO TaKa U 3a IPyIa OT 3aMBbPCUTEIIH:
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EMISS

®@ur. 8. OcpefHEHN TOIUIITHU IByMEPHH T10JI€Ta Ha IPHU3EMHUTE IPUHOCH HA OTJEIHUTE Mpolie-
CHUTe KbM H3MeHeHHeTo Ha KoHneHrparunte Ha FPRM/CPRM 3a tepuropuure Ha A) Codust u
B) Benrapus.
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Enna TakaBa cnenn¢udHa Tpyna OT 3aMBbPCUTENH Ca IIPAXOBUTE YaCTUIN, KOUTO MOZETa
MOXe J1a pasfend u pasmiena karo oraenanu (pakiun: CPRM = ACORS + ASEAS +
ASOIL - Enpu IIpaxosu Yactum (CPRM) n A2 5 =S04 + NH4 +NO3 + EC +(ORGA
+ ORGB) + PM2.5- ®unu I1paxosu Yacturm (FPRM). TlpencraBenu ca pe3ynraru 3a
nBete rpynu npaxosute 3ambpceutesii CPRM u FPRM (eapu u puHU IPaxOBH YaCTHIIN).
OT IByMEpHHUTE KapTH 3a MPU3EMHNUTE IPHHOCH Ha MPOIIECUTE BOACIIN 10 00pa3yBaHETO
na ®@ITY, kakro 3a beirapust, Taka u 3a Coust, MOTaT fa Ce HAIPABAT CIACTHUTES U3BOIM:
[TpuHocuTe Ha aBoiikata Xopu3oHTanHa-Beprukanna aasexius (HADV, VADV) ca Bu-
Hard B MpoTuBo(asa, KOETo € OTpAKEHHE Ha YPaBHEHUETO Ha HenpeKbcHarocTTa. U nBe-
Te aJIBeKIIMH JJOOpe ONUCBAT IUTAHMHCKUTE YacTu u perneda Ha 001acTTa, KaTo ecTecTBe-
Ho B mojierara 3a Codus (¢ mo-geraiiiHaTa pe3osronus) ehexra € mo-BuauM. [IpuHOCHT
Ha HADV xsM FPRM e oTpuniatenes Haj IIIaHWHATE U B IEHThPa HA Tpajia | TOJI0KHUTE-
JIEH MPUHOC B IOJHOXUITA (JI0Ope ce omucBa U Ha KapTute 3a beirapus). Beprukannara
anseknus (VADV) e B ipotuBoda3za Ha XOpU30HTAIHATA U TS UMa TOJIOKHUTEICH IPUHOC
10 TUTAHWHUTE ¥ OTPULATEICH B MORHOXKUATA. [IpruHOCHT Ha XOpH30oHTAMHATA AUDY3HS
(HDIF) e orpunatenen Haja camute m3toununu - TELL ,,Codus®, TEIL ,,M3tok", TEI]
,Mapuia M3tok 1 boboB 107, a okoo TIX € mosokutenen. Haii-no0pe te3u edextu
ce orkpuBar Ha kaprtute 32 CPRM 3a Bbearapus. Beprukannara audysus (VDIF) uma
MTOJIOKUTEJICH TIPUHOC camo Hax Bucokute u3tounuim (TEL[-te) mpu kapture 3a Codust
u FPRM, nokaro 3a CPRM Ha kaptute 3a bearapus npunoca va VDIF e oTpumarernen.
[IpunocsT Ha VDIF e orpumarenen 3a FPRM /CPRM B nienTspa Ha Codust u paiiona Ha
KoctuaOpoa — kbaieTo ca mo-Hucku n3touHuiy. [IpuHocsT Ha cyxoTo otnarane (DDEP),
€CTECTBEHO, € OTPHIIATENICH 32 U 3a JBeTe (ppakunu, karo Hai-roism e Hax TEILL ,,M3Tok*
u Buroma mianuna 3a FPRM, a B nenTpainure yactu e noutu Hynes. [Ipu kaprture Ha
CPRM, npunocsT Ha DDEP e Haii-ronsiM ¥ oTpuiaTesieH B MEHThPa Ha rpajaa u paio-
Ha Ha KoctunOpoxn. [IpunockT Ha obmaunuTte nporiecu (CLDS) chio e oTpunareneH u
Haii-ToNsIM Haj neHTpanHuTe yactd U KoctuaOpon 3a CPRM, nokaro Ha monerara 3a
FPRM, npuHOCa € MOoNOKHUTEIeH U MakCUMaJIeH B Te3u paiionn 3a Codwus, a Ha Kap-
TuTe 3a bearapus orpunarteneH e npuHoca e orpunareneH Hax Codus u TELL ,,bo6os
JION, TOKATo Ha PyrHTe MecTa € moutu HyneB. [IpuHockT Ha emucuute (EMIS) e mo-
noxutenen! 3a Codus Toit e Hali-rossiM B LleHThpa Ha Tpaaa, paiiona Ha KoctnHOpon u
Hadanoro Ha AM Tpakus u 3a nBete ppakiuuu, a Ipu KapTuTe 3a brarapus Toi e Mak-
CHMaJIeH U MTOJIOKHUTENICH HaJl TOIEMHUTE TPaIoBe M N3TOYHHUIIUTE HA eMHICHU. [I[puHOCHT
Ha aepozonnute nporecu (AERO) e monoxurenen, kato 32 FPRM toit e Haii-romsm B
LEHTPAJIHUTE YacTu U paiioHa Ha KocturOpoa, a 32 CPRM nmpuHOCHT Ha aepo30JIHUTE
MIPOIIECH € M3KITIOYUTETHO MaTbK U 3a 1BeTe oOmacT. KakTo cTaHa sICHO OT ONMCAaHUETO
Ha TMoJIeTaTa Ha CPeIHUTE MPU3EMHHU MIPUHOCH, BCHYKH IPOLIECH UMAT Pa3InIHU M10-TO-
JIeMUHA TIPUHOCH, ChC PA3JIMYHU 3HAIM B PA3IU4YHU (Pa3u ca U UMaT pa3iniyHu 3HAYCHUSI.
3HAYEHUETO Ha ,,[TOJTOKUTENICH IPUHOC, € Y€ JaJEHHST MPOLeC TONPHHACS KbM ITOBH-
IICHNE Ha KOHIIEHTPALUATA, TOKATO ,,0TPHIATSITHIS * IPHHOC, HAMAJISI KOHIICHTPALUATA
Ha aaneHus 3ambpcuten (B ciaydas OITY).

Ha rpadukure ot @urypa 9, ca npejcraBeHn OCpeIHEHUTE IPUHOCH Ha Pa3IMYHHU-
te nponiecure (HADV, ZADV, HDIF, VDIF, EMIS, DDEP, CLDS, CHEM, AERO), Bo-
JICIIHM JI0 M3MEHCHHUETO Ha KoHIeHTparusta Ha PITY, ocpennenu 3a Codust u brirapust.
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A) Brarapus
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®ur. 9. TOIUIITHO ¥ CE30HHO OCPEHEHH PU3EMHHU IPHHOCH HA POIIECHTE BOJEIIH 10 U3MEHEHHETO
Ha koHueHTpanuute Ha OITY (FPRM/CPRM) B [(ng/m?)/h] 3a A) bearapus u b) Codus.

Cymaproto u3meHeHue Ha mporiecure (AC) e n300pa3eHo ¢ YepeH LBSAT HAa BCHYKHU I'pa-
(uKH 1 ce BIK/a, Y€ TO € KaKTO C MOJIOKHUTEIICH, TaKa M ¢ OTPHLIATENICH 3HAK 1 MMa 100pe
n3paseH jeHoHolneH xoj. CroiiHocTuTe Ha (AC) ca pa3iIuyHU Npe3 Pa3IuYHUTE CE30HU
U ce onpenessi OT Opost Ha MPOIECHUTE, KOUTO CBILO Ca C pa3jinyeH 3HaK U rojieMuHa. 3a
00pa3yBaHeTO Ha Pa3IMYHUTE 3aMbPCUTEIH JOMUHHUPAT Pa3IniyHU IPUHOCH C Pa3IHYHA
CTOMHOCTH M MMEHHO TOBa € IPOCIIEACHO ChC CleABAlIUTE rPadUKH - KOW MPUHOC Ha
JIaJIeH TpolLec € JOMUHMPAIIL, 110 KOe BpeMe Ha JICHOHOIIHETO U C KaKbB 3HaK.

3a bearapust: 3a u3MeHeHHeTo Ha KoHIeHTpausaTa Ha FPRM ocHoBeH nmonoxuTe-
nen npuHoc umat EMIS nipes uenus aen u VADV cyTtput u cienoden. HADV uma noutn
HyJieB npuHoc, a VDIF nMa usnsno orpunarenes npuHoc npe3 Bcuuku ce3oHu. DDEP
€ C OTpHLATEeNIeH NPHHOC ¢ MakCUMyM Okojio 00s1. AERO mpe3 Bcuuku ce30HU MMar
MOJIOKUTEJICH TIpuHOC. Bika ce ye moMuHaHTHUSA mporiec Tyk ca EMIS ocobeno mnpes
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sumHHATE Mecend. CymapHoTo n3Menenue (AC) Bogeo 10 N3MEHEHHUETO Ha KOHIIEHTpa-
nusata Ha FPRM nMma M311510 MOJIOKUTENEeH 3HAK, KaTo €IUHCTBEHO Mpe3 00eqHUTe va-
COBE TOW cTaBa MHOTO OJHM3BK J0 HyJa, 10pH oTpuiatesieH. 3a oopasyBaneto Ha CPRM
OCHOBEH MOJIOXKHUTENIeH MpUHOC uMar XxuMuaHuTe nporecu (CHEM), yunto croitHOCTH
ca Hal-ToJIEeMH OT BCUYKH JPYTH, C MAKCUMYM Tipe3 3uMHuTe Meceru u VDIF ¢ makcu-
MyM okos10 00s1. DDEP uma m31suto otpumaresne npuaoc. CymMapHOTO U3MEHEHHE Ha
nporecute (AC) e KakTo C MOJOKHUTENICH, Taka U ¢ oTpuiiaTesieH 3Hak 32 CPRM.

3a Codus: 32 m3MeHEHNETO Ha KoHIeHTpanusITa Ha FPRM ocHOBeH monokuTeneH
npuHoc umar VDIF npe3 nemus nen u VADV okomno o6sia. [Ipunocskt Ha VADV B cyT-
pemHuTe U ciaenobeaHuTe yacose ¢ orpumareineH. HADV e B nporuBodasza na VADV.
DDEP e ¢ orpumarenesn npuHoc ¢ MakcuMyM okoJio 00sis1. AERO npes Bcnuku ce30HU ¢
M3KITIOUEHUE Ha 3MMara ca ¢ OTpUIlaTesieH mpuHoc. 3a oOpa3yBanero Ha CPRM ocHoBeH
noniokutesieH mpuaoc umar CHEM, unuTo CTOWHOCTH ca Hall-ToJIeMH OT BCHUKH JPYTH,
¢ MakcumyM mipe3 3uMHuTe mecenu. VDIF u DDEP umar u3usio orpuniareneH npuHoc.
VADYV B 00enHuTe 4acoBe MMa MaJIbK MOJOXHUTENIEH MPUHOC, & B CIEA00SIHUTE U CY-
TpemHnTe, To! e oTpumareneH. Ilpe3 3umara mporecure ca Mo-akTUBHU B CPAaBHEHHUE C
JIPYTUTE CE30HH U CHIIO TaKa C€ OTKPOSBA TO3H CE30H C TOJSIM MOJIOKHUTENICH IPUHOC Ha
EMIS n namansiBam g0 orpunareies npuaoc Ha VDIF. Octananure nporiecu uMar mod-
1 HyJeB npuHoc. CymapHOTO m3MeHeHue Ha mporecute (AC) e KakTo ¢ MOJOKHUTENICH,
Taka u ¢ orpurareieH 3Hak 32 CPRM u npenumMHuo ¢ otpuniarenes 3Hak 32 FPRM.

3aKJaoueHmne

KoHcrpynpan e kimmara Ha 3ambpcsBaHero ¢ @ITY B pazauynn mamadu, karo
ce ompeseNnnxa ¥ TOYKH ¢ 0COOEHO HeOJIaronpusiTHO MpU3eMHO 3ambpcsiBane ¢ DITY.
W3cnensana e Bpb3KaTa Ha TOBA 3aMbPCSABAHE C METEOPOJIOrMYHUTE ycaoBusa. OT nony-
YEHUTE PEe3YJITaTH C KOMIIOTHPHOTO MOIEIMpPaHe Oelle 3CieABaH POU3Xo/a Ha 3aMbp-
csiane ¢ OITY B rpay Codust, KaTo ce omnpeenrxa U3TOYHUTE Ha 3aMbpCsBaHe, ChIIO
Taka U Ce U3ACHU POJISITa HA OTAEIHUTE JUHAMUYHU, XUMUYHU U a€PO30JIHU IIPOLIECH 3a
(dopmupane Ha 3ambpcesiBane ¢ OITY.

UucneHno nomyueHure mnonera 3a kKoHueHtpauus Ha OITY nokas3BaT HAKOIKOKPAT-
HO NpeBUIIaBaHe HA TPAHUYHUTE CTOMHOCTH 3a KOHLIEHTPALUH OCHOBHO B Hal-rojemMus
rpan B ctpanara Codusi.

[ToBeneHneTo Ha NPU3EMHUTE KOHLEHTPALMH, OCPEIHEHH 3a LIEIUsl aHCaMOBbJI To-
JIMIITHO WM 33 YETHPHUTE CE30HA € PasyMHO M JAEMOHCTpHpa e(eKTH, KOUTO 32 IoBeve-
TO OT ChEAMHEHUSITa MOTaT Jia ce OOSICHAT OT IVIeJHA TOYKa Ha OOIIONPHETHTE CXEMH
Ha AMHAMUYHY BIUSHUS (TypOyJIEHTEH TpaHCIOPT, arMocdepHa CTaOMIIHOCT), JIOKAJIHN
arMoc(epHHU LMPKYJaluy I XUMAYHU TpaHchopmanuy; [TpuzeMHNTEe KOHIEHTpAUN
Ha ®ITY BeposiTHO ce IbJDKAT Ha NPU3EMHHUTE U3TOYHUIM - Hali-Be4e Ha aBTOMOOMITHHS
TpaHcnopT; MuBentapuszanusata Ha emucuute Ha TNO e 3a 10 xareropuu SNAP, xouto
MO3BOJISIBAT OLIEHKA U OINpEeIsHE Ha MPUHOCA Ha Pa3IMYHKM aHTPOIOIE€HHH NEHHOCTH
KBM ISJIOCTHATa KapTHHA HA 3aMbPCSIBAHETO. 3a BCUYKU KaTerOPUH EMUCUU MOAETHT Ha
ToJieTara 3a IPUHOC € JI0CTa CIOKEH, KOETO 0Tpa3siBa KOH(UTypauusITa Ha U3TOYHUKA Ha
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eMHCHH, XeTEPOTeHHOCTTA Ha TONOTrpadusTa, H3IMOI3BAHETO HA 3eMATa U METEOPOIOTHY-
HU ycinoBus. OTHOCUTENHUAT MPHHOC HA OTACITHUTE THIIOBE H3TOUYHUIIA HA €eMHUCHH KBM
koHIeHTparusaTa Ha @ITY moxke aa Ob1e nocTta pasnudeH. [I[pHHOCHT Ha pa3IMIHUTE Ka-
TErOpUH eMUCHH KbM Ipu3eMHHUTE KoHIeHTpannu Ha PITY mMa pasnudeH THEBEH X0 U
3HaueHue. 3aMbPCIBAHETO Ha Bb3yXa ce popMHpa B pe3ylTar Ha B3aUMOJICHCTBUETO HA
Pa3IUYHM POLIECH, TaKa Y€ TI03HABAaHETO Ha MPUHOCA Ha BCEKH 32 PA3IHYHUTE IIPOLIECH,
METEOPOJIOTHYHHU YCIOBUSA 3a J1aJeHA MPOCTPAHCTBEHA KOH(MUTYpAIUs HA €MHCHUTE H
BPEMEHHO MTOBE/IEHNE, Ca MHOTO TIOJIE3HH 32 Pa30MpaHeTo Ha KIMMaTa Ha 3aMbPCSIBAHETO
Ha BB3/lyXa, B HACTHOCT KJINMara Ha 3ambpcsiBaneTo ¢ OITY.

Pesynrarure, momyuenun ot “Integrated Processes Rate Analysis” memoncTpupar
MHOT'O CJIO)KHOTO TIOBE/ICHUE U B3aUMOJCHCTBUE MEeX 1y pazinyHu npouecu 3a FPRM u
CPRM. Ilo-HaraTbllleH aHAIN3 Ha T€3W MPOIIECH, TAXHATA IPOCTPAHCTBEHA, JICHOHOIITHA
M CE30HHA MPOMEHJIMBOCT M B3aHMMOJICUCTBHE MOXKeE Jia ObJie MOJIe3eH 3a 00sSCHeHHEe Ha
IUTOCTHATA KapTHHA U MPOU3XOJ HA 3aMBPCSIBAHETO B pasmiexkaaHus pernoH. Obmara
npomsiHa Ha koHIeHTparusaTa (AC), Boxemia 10 MpoMsHa B KOHIIEHTPAIHITA, CE ONpeie-
JIS1 TIIABHO OT MaJIbK Ha OpOil JOMHHHUPAIIH MPOLECH, KOUTO UMAT TOJIEMH CTOHHOCTH U
Morar Jia ObJIaT ¢ MPOTUBOMOJIOKEH 3HAK U (ha3u. 3HAKBT HA MPUHOCA HA HSIKOHM OT MPO-
[IECUTE € OUEBHUICH, HO HAKOU OT TAX MOKE J1a IMAaT Pa3TUUeH 3HAK B 3aBUCHMOCT OT BUA
Ha €MUCHHTE, KAKTO U OT METEOPOJIOTHIHHTE YCIOBHUS U TONOrpadus.

Baarogapnoctu

Hacrosimoro n3cnenBane € mpoBeeHO BbB BPB3Ka C M3ITbIHEHNETO Ha Harmonanna
HayyHa nporpama (HHII) ,,Ona3Bane Ha okoiiHaTa cpena M HaMalsBaHE HA PHCKA OT
HEOMaronpusATHH SBICHUS W MPHpPOIHHU OencTBus “, omoOpeHa ¢ Pemenne mHa MC Ne
577/17.08.2018 1. m ¢punancupana or MOH (Cmopasymernne Ne J101-363/17.12.2020).
Crrertmaman 6marogaprocté Ha US EPA and US NCEP 3a mpenocraBsHeTo Ha ¢BOOOI-
HU JIJaHHU ¥ codTyep 1 Ha XOJMaH/ICKa OPTAaHU3AIMS 3a MPUIOKHH HayYHH W3CJICABAHNS
(TNO) 3a mpenocrassine Ha EBponeiicka HHBEHTapH3anys HA EMHUCHUTE C BUCOKA paspe-
I1aBama CuocoOHOCT.
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Fine particles (pm) air pollution - analysis of the results of computer
simulations for bulgaria and sofia city

I. Georgieva and N. Miloshev

Abstract. Recently, in the study of air pollution, special attention has been paid to partic-
ulate matter (PM) because of great importance for the quality of life and Human Health
(HH). The topic is especially relevant for Bulgaria and Sofia city, where the situation is
especially severe regarding PM concentrations, where several times exceeded the limit
values for concentrations. The research aims to provide a statistically reliable assessment
of the atmospheric composition climate, particularly PM surface concentrations, the role
in forming the Air Quality Index, and the relationship with the processes that determine.
The following results are presented in the paper: Analysis of the spatial and temporal vari-
ability of the PM concentrations fields and behavior, the establishment of the connections
with meteorological conditions and the pollution sources; Enrichment knowledge about
the interactions of the processes forming the PM pollution; Highlighting cases with the
most unfavorable PM pollution - ,,hot spots* and the most unfavorable synoptic episodes,
and clarifying the role of meteorological conditions and local processes.
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