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YBOJ

KauecTBOTO Ha BB3AYyXa € KII0UOB (pakTop KakTo 3a KOM(pOpTa M KayecTBOTO Ha JKMBOT Ha XopaTa,
Taka ¥ 32 CbCTOSHUETO Ha €KOCHUCTEMHTE, Taka 4e rojsAmara oOlIecTBeHa 3HAYMMOCT Ha MPOOJIeMHUTE Ha
aTMoc(hepHOTO 3aMBbpCBaHE eBa JIU OyIu CbMHEHHE y HAKOTO.

UucneHoTo MonenupaHe Ha aTMOC(EepHOTO 3aMbpcCsABaHE y HAC MMa Bede JOCTa ABJIra HUCTOPUSL.
Hauvanoto e moctaBeno B kpas Ha 70-Te - Hayanoto Ha 80-Te roguHu Ha MuHamus Bek (Yordanov et al.,
1979a,b, Djolov, Syrakov, 1979, Syrakov, Djolov, 1979, CupakoB JI. et al. 1982, JlxonoB et al. 1983,
Syrakov D. 1997a,b).

Ckopo cien ToBa paboTa 1Mo Ta3u TeMaTHKa 3alo4yBa U B ToraBamHus [ eopusnuen nactutyT Ha BAH
(T"anes, Jlazapos, 1979, Ganev and Yordanov, 1981, Syrakov et al., 1983a,b,c, 1987a, 1987b, 1988a, 1988b,
1989a, 1989b, Syrakov and Ganev, 1983, 1989a, 1989b)

B Hayanoto Ha To3u Bek B pamkuTe Ha mpoekta BULAIR ot 5PII na EK Gemie ycBoeHa u amantupana
US EPA Models-3 system. C momorira Ha Te3d Monenu Osxa pelleHH CIeJHHUTE 3a/Javyd B PaMKHUTE Ha
npoektute BULAIR (5PIT), ACCENT u QUANTIFY (6PII), CECILIA u SEE-Grid-sci, (7PII) u ap.

C MeroauTe Ha YHCIEHOTO MOJIENTUPaHe y HAC ca pellaBaHu Hail-pa3HOOOpasHU 3a/a4d, HAIPUMeED:

M3yyaBaHe Ha JIOKAJHUSI W PEerMOHAJEH INPeHOC HaJ BaJKaHCKUS I0JYOCTPOB, BKJIIOYHTEIHO
0o0MeH Ha 3aMBpcsABaHe MeKIy Abp:xkauTe: Dimitrova et al. (2001), Ganev et al. (2008a-d), Prodanova et al.
(2005a,b, 2006a,b, 2008b), Syrakov and Prodanova (1997), Syrakov et al. (2001, 2002), Zerefos et al. (2000)

PernoHaiHO W JIOKAJIHO MOJe/IMPAHE HA OTAEJIHH €NMH30IU C LeJ W3yYaBaHe Ha ONpeesIeHO
siBJICHUE, Pa3KpUBaHe HAa B3aHMOJEHCTBHUITA MeXKIy NPOUECHTE W B3aHMHOTO BIIMSIHHE HA Pa3IMYHU
mamaéu: Ganev et al (2003, 2009, 2011), Prodanova (2006c¢,d, 2007, 2008a), Syrakov E. et al. (1989a,b),
Todorova et al. (2009, 2011), Zrefos et al. (1998, 2000, 2004a,b,)

AHau3 Ha PUCKA IPH aBapUiiHO OT/Ae/IsiHE HA OTPOBHHU BellecTBa B aTMoc(epaTa: Brandiyska et al.
(2011a-c, 2012), Todorova et al. (2010, 2012)

M3cienBaHe BIAMSHHETO HA H3MEHEHMSITA B JIOKAJIHHUSA KJIMMAT BbPXY 3aMbpcsiBaHeTo B Bbarapus:
Syrakov et al. (2009b, 2010, 2011, 2012)

Beme cp3mageHa u ObiArapcka HAIMOHAJIHA CHCTeMa 32 MPOrHo3a Ha XHMHYECKOTO BpeMme:
Etropolska et al. (2010, 2011), Syrakov et al. (2009a)

Buxna ce, ye BbIIpekH MHOTO00Pa3HETO OT PEIIeHH 3a/1a4d ¥ MHOTOOPOMHUTE MOTyYeHH Pe3yiTaTH,
JOCTaThYHO MAallaOHU, U3YepHaTeHU U ACTAMIHN CUMYIALUHU, KOUTO Ja JajaT MpeacTaBa 3a KIuMaTa Ha
3aMBbpCsBaHE HA CTPaHATa y HAC /IO cera He §sixa MpaBeHHU.

Uz0poennte mo-rope pabOTH ca OCHOBaTa W B TONsAMa CTENEH MOTHBAIMATA Ha HACTOSIIMS
JICEPTAIlIOHEH TPYA.

He npsiko, HO ChIIECTBEHO BIMSIHUE BBPXY U3JIOKEHATa MO-HATaThK padoTa MMa 00CTOSTEICTBOTO, Ye
TS € U3BBPIICHA B €IHA MPOPECHOHAIHO Cpella C BUCOKM HAYYHU KPUTEPHH U CHUISCTBEHH IMOCTHXKEHUS B
obnacTra Ha MoJeJHpaHe Ha 3aMbpcsiBaHeTO — Hampumep Zlatev, 1995, Zlatev Z. and 1. Dimov, 2006,
Zlatev, Batchvarova, 2007, Dimov et al., 1996, 1998, 2004 a,b, 2005, Dimov, Zlatev, 2002, Georgiev, Zlatev,
1998, 1999, 2000, 2001, 2006, Georgiev, Donev, 2006, Ebel et al. 2007.

Hacrostioro uscnensane uMa CIeIHNUTE LEH:

1.) Cec cpencTBaTta Ha YMCIIGHOTO MOJETHMpaHe Ja TeHepupa Ha CTATUCTUYECKU MpeIcTABUTEIEH
aHCaMOBJ OT JAOCTAThYHO HAMEMIHH ¥ AeTAHJHM CUMYJallMM Ha ChCTaBa Ha aTMocepara B CTpaHara.
Taka gepuHHpaHaTa el ChABPKA TPH KIIIOYOBH TyMH, KOUTO ClIeABa Ja ObJaT MOSACHEeHU:

e l3uckBaHETO 3a MPeACTABHUTEIHOCT Ha aHcaMOBbJia O3HA4aBa, 4e TOM TpsOBa Ja oTpas3sBa “moyTu
M34YepraTeNHo” Bb3MOKHOTO MHOT000pa3ue Ha METEOpOJIOTHYHH YCIIOBHUS, TaKa Ye MOMyYeHUTE Pe3yaTaTH B
CHBKYITHOCT HAaUCTHHA JIa XapaKTepu3upaT “KiIuMarta Ha 3aMbpcsiBaHe Ha aTMocepaTta” B CTpaHaTa;

e l3uckBaHeTO 3a HAJEKAHOCT HAa CUMYJIAllMUTEe O3HA4aBa, Y€ pe3yaTatute TpsOBa nma Obaat
HaJJIOKHO MPOBEPEHU Ype3 CPaBHEHHE C JaHHHW OT M3MEPBaHUATA M Jla YAOBJIETBOPSABAT M3MCKBAHHITA 32
KayecTBO Ha cUMyJauuuTe, JeQUHUpPAHU OT HAIMOHAJHATa M eBpomelicka HopMmaTuBHa 0a3a (European
Parliament, 2002 u ITpunoxenue Ne4 xbm ui. 15, 1.2 or Hapenoa Ned ot 5.07.2004);

e l3uckBaHEeTO 3a JIETAMJIHOCT Ha CHMYJIAlMUTE O3HAYaBa, Y€ MOJYyYEHHTE TOJIeTa Ha Pa3lnvyHU
XapaKTePUCTUKU Ha 3aMbPCABAHETO TpsiOBa Aa OBJAT C JOCTATHYHO BUCOKA MPOCTPAHCTBEHA U BpeMeBa
paspemiaBamia CrmocoOHOCT, Taka 4Ye Ja OTpa3siBaT KOHQUTYpalud W Ja OTYUTAT JBYCTPAHHHUTE
B3aMMOJICHCTBHS OT PA3NUYHU (TPaJCKU-TOKATHU-PETHOHAITHH ) MaIadu;
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2.) UzsacHsaBane, Ha oOcHOBaTa Ha TIONYy4YeHUs aHCAaMOBI OT CHMYJAalWH, HAa OCHOBHHUTE
XapaKTEepUCTUKU Ha KJIMMaTa Ha 3aMbpCsBaHE Ha CTpaHaTa — TUIIMYHHU U €KCTPEMHU CTOMHOCTH CTOMHOCTH
C XapaKTepHUTE UM JIEHOHOIIIEH XO0/1, TOAMIIHA ¥ CE30HHA MTOBTapsSIEMOCT.

3.) U3scHsBaHe Ha MPOM3XO0Ja Ha 3aMBbPCABAHETO U MPOCIEIIBAHE U XapaKTepu3upaHe Ha OCHOBHUTE
MIPOILIECH U MEXaHU3MH, BOJIelH 0 popMUpaHe chCTaBa Ha aTMoc(epaTa B CTpaHaTa;

OT mpakTHUYecKa TJiefHa TOYKa Ha HACTOSIIUS TPY[ CleABa Ja ce Tiiefa Karo Ha pazpaboTBaHe Ha
METOJIKa 3a IMOJy4aBaHEe Ha HAYYHO OOOCHOBAHM, HAJACKIHH W MPEICTaBUTENHH OLEHKH Ha ChCTaBa Ha
aTMocepaTa M HEroBHs INIPOM3XOA — OCHOBa 3a (OpMyJHpaHe Ha CTpaTerdd 3a peayluupaHe Ha
3aMbpCSIBAHETO Ha Bb3yXa.

JlucepTallMOHHUAT TPY C€ ChCTOM OT YETHPH TJIABH.

B I'maBa | e HanpaBeH KpaThK Nperieq Ha pa3iIMuHU MOJENH, U3I0JI3BaHU NIPU MOJEIUPAaHE ChCTaBa
Ha atMocdepaTa U H METOJUKHTE 32 MHBEHTApU3alMsl Ha EMUCHHUTE, HAKpaTKO Ca ONUCAHU YHCICHUTE
eKCIIEpUMEHTH U ca MPUBEACHU CPABHEHU HA MOJIEITHUTE PE3YJITaTH C JaHHU OT U3MEpPBaHUATA.

B TI'maa II ca mpuBeneHM U KOMEHTHpAHU HSKOM OT OCHOBHMTE PE3yJNTaTH OTHOCHO KiMMaTa Ha
MIPU3EMHOTO 3aMbPCABAHE B CTpaHaTa.

I'maBa Il e mocBeTeHa Ha W3CIIEABAHE MPUHOCA HA PA3JIMYHM KATETOPHHM M3TOYHUIM KbM OOIaTa
KapTHHA Ha 3aMbpPCABAHETO B CTPaHAaTa.

I'maa IV e mocBereHa Ha u3clienBaHe Ha pa3IMYHHUTE MPOLIECH HA NMPEHOC W TpaHCPopMalus U Ha
OLIEHKa Ha MPUHOCA UM KbM (OpMHUpaHe Ha o0IIaTa KapTHHA HA 3aMbPCSIBAHETO B CTpaHaTa.

ABTOPBT IBJDKM OJIarOJAapPHOCT 32 IUIOJOTBOPHOTO CHTPYAHUYECTBO M TMOCTOSHHHS HHTEPEC KbM
pabotaTa MO HACTOSIIUAT IUCEpTaloHeH Tpyd Ha konerute cu K. ['aneB (HaydeH pbroBomuten), .
Cupaxos, H. Munomes, M. [Ipoganosa, A. TogopoBa u I'. ﬁopnaHOB.

W3kmrounTenHO MONe3HH U KpaliHO HeoOxomumu Osixa KoHcyntauuute ¢ E. AtanacoB u M. [{ypuosa
ot MUKT otrHOCHO paboTa ¢ KOMIIOTHPHH KIIbCTEPH U grid.

Konexxkara W. MBaHoBa oka3a ChIllecTBEHA TTOMOI IpY 0QOpMSIHE Ha WITIOCTPALUUTE.

Paborute, n310KeHN B HACTOSIIUS TPYA ca U3IIBIHEHH ¢ (PMHAHCOBAaTa MOJKpeIa Ha:

o Hanumonannus ®ounn “Haywunu UscnenBanus™ - mpoekra SuperCA++, morosop ALIBII-02/ 1 ot
29.12.2009 ¢ PHU-MOH,

e npoekta ot 7 PII Ha EC EGI-InSPIRE, EC-FP7 grant 261323,

o ESF project Ne BG51P0O001-3.3.04-33/28.08.2009

ITo Bpeme Ha paboTata 1o qucepranusaTa aBTopbsT € Oun u crunenauant Ha World Federation of Scientists

ABTOpPBT IBIIKHM IMPU3HATETHOCT HAa BCUYKU Te3u opraHuzauuy, kakto 1 Ha US EPA, US NCEP u
TNO, The Netherlands 3a npenocraBenuTe Oe3MIaTHU JaHHU U cOPTyep.

I'TABA 1 METOAUKA HA NU3CJIEABAHETO

B I'nmaBa I e mpencraBena MeTouKkara, ¢ KOSITO € MIPOBECHO HACTOSIIOTO U3CIIeIBaHE.

B 1.2. e HanpaBeH KpaThK Mperiiel Ha CHIIECTBYBAIIUTE YHUCICHH MOJENU M WHBEHTApU3AIlUU Ha
EMHUCUUTE 1 HAIMYHUTE B CTpaHaTa JaHHU OT M3MEPBAHUATA HA KAUYECTBOTO Ha BB3IyXa.

B [.3. nakpaTko e omucaHa METOAMKATa Ha H3CJIEBAHE — MOJAETH, BXOIHU JAHHU, EMHUCHOHHO
MoJieTIpane, 00JacTH Ha UHTETPUPAHE U TeJlecKonu3alus (nesting), opraHu3anus Ha YUCICHUTE EKCIIEPUMEHTH.

B 1.4. e pasrnenaHa BepuduKalus Ha KOMIIOTBPHUTE CHUMYIALUU — CPaBHEHHE Ha MOJEITHUTE
KOHIIEHTPAIINH C JaHHU OT U3MEpPBAHUsATA.

B aBTopedepara e 6baaT HaKpaTKO NpenaaeHo caMo Chabpikanuero Ha [.3. u [.4.

Memoouxama na u3cnedeane — mooenu, 6X00HU OAHHU, EMUCUOHHO MOOenupane, oonacmu Ha
unmezpupane u meneckonusayus (nesting), opzanu3ayus Ha YUcjieHume eKCnepumMeHmu.

WscnensanusTa ca mpoBelAcHM Ha 0a3ara Ha TpENOpbUBaHATA M pPa3BUBaHA OT AMepHKaHCKaTa
areHuus mo okonHa cperna (AAOC) mozmenna cucrema Models-3, ko410 ce cbCTOM OT 3 TMOACHUCTEMH OT
MOACIH, a UMECHHO:

= CMAQ (Denis et al., 1996, Byun and Ching, 1999, Byun and Schere, 2006) - Community Multi-
scale Air Quality model (http://www.cmag-model.org/), KOWTO € CBBKYMHOCT OT MOAXOJIALIO CBBP3aHH
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MOJYNIM 3a MpecMsTaHe Ha JHCIepcHsTa Ha 3aMbpPCUTENUTE (TpPaHCHOPT, IUQy3usi, CyXxa W MOKpa
JICTIO3ULINS) U TEXHUTE XUMUYHH TPaHCHOpMaLIUU.

* MMS (Dudhia, 1993, Grell et al., 1994) - the Sth generation PSU/NCAR Meso-meteorological
Model (http://box.mmm.ucar.edu/mm5/) ce U3Moi3Ba KaTo METEOPOJIOTMYEH MPE-MPOIIeCOop.

= SMOKE (Coats and Houyoux, 1996, Houyoux and Vukovich, 1999, CEP, 2003) - Sparse Matrix
Operator Kernel Emissions Modelling System (http://www.smoke-model.org/) - € eMHCHOHHHAT Mpe-
npouecop Ha cuctemata Models-3. Toit monrorss emucuonnus Bxon 3a CMAQ u, KakTo BCEKH APYT
€NIeMEeHT Ha CHCTeMaTa € MHOIOKOMIIOHEHTEH — CbCTOM Ce MHOKECTBO MOIYJIH, KOUTO B PA3TUYHUTE CIydan
ce KOMOMHHPAT IO MOJAXOSI] HAYMH.

KpynHomamabuute (QpOHOBH) METEOPOIOTMYHM NAaHHU, W3IMOI3BAHU B M3CIEIBAHETO Ca B3ETH OT
‘NCEP Global Analysis Data’ ¢ xopusoHTanHa paspemaBama crnocoOHocT 1°x1°. Tlpu usmon3BaHe
BB3MOXKHOCTHTE 32 ‘nesting’ Ha moxaenutre MMS5 u CMAQ Oeriie mocTUrHaTa pasperniaBaiia crocoOHOCT OT 3
km 3a TeputopusTa Ha bparapus, upes mocieaoBaTeHO pelIaBaHe Ha 3aJadaTa B HAKOJIKO MOCIIeIOBAaTEHH,
BMECTEHH eIHa B Apyra obmactu. Haii-ppHIHaTa 06mact (D1) e ¢ Xopu3oHTamHa pasperiaBaiia criocOOHOCT
81 km, obmacrra D2, xosto oOxBama Ha mpakTHka Lsga EBpoma e ¢ XOpH30OHTaJHa paspelraBaiia
cnocobHoct 27 km, obmactra D3, karo oOxBama Ha bankaHCKHsS TMOTYyOCTPOB € C XOPHU3OHTaJIHA
paspemaBamia cnocobHoct 9 km, a Haii-pTpemrHata obnact, o0xBamamia bbirapus € ¢ XOpHU30HTaJIHA
pasperaBamia cnocodoHoct 9 km.

Beme u3nonspana fgerailinaTa MHBEHTapU3alysl Ha emucuuTe, HanpaBeHa oT TNO, Hunepnannus (A.
Visschedijk et all., 2007). UaBeHTapu3anusaTa Ha EMUCHUTE € HaIlpaBeHa Ha TOAMIIHA 0a3a. 3aMBPCUTEIUTE
ca mzuncneHn B rpynu kato CH4, CO, NH3, NMVOC (No Methan VOC, VOC - Volatile Organic
Compounds), NOx, SOx, PM10 u PM2.5. Ta3u uHBeHTapu3auus € HampaBeHa 4Ype3 JAe-arperanus Ha
eMucunTe OT nHBeHTapu3anusTa Ha EMEP (Vestreng, 2001, Vestreng et al, 2005).

3a uHTEpIONALNs Ha eMUCHHUTE B PA3IMUHUTE MpeXHU Oeme uznoi3BaHa GIS TexHomorus, upes KosaTo
0sIxa MONy4YeHUW CHOTBETHHUTE IUIOUIHM M TOYKOBH HM3TOYHHIM 32 Pa3IMYHUTE O0JACTH HA MHTETpHpaHe.
WNuBentapuzanusata Ha emucuute Ha TNO ca gamenu 3a 10 SNAP kareropum, koero, KakTo Imie Obie
nemoHcTpupano B ['masa III, mo3BonsiBa olleHKaTa Ha NPUHOCA HA PA3JIMYHM YOBEHIKM NEMHOCTH KbM
olmaTa KapTHHA Ha 3aMbpCSIBaHE Ha CTpaHaTa.

CMAQ, KaKkToO U IpyruTe XUMUYECKH TPAHCIIOPTHU MOJEIH, M3UCKBA BXOJa My C eMHCHUTE J1a Oble
B ompeneieH (opMmaT OTpas3sBall €BONIOLUUATA BHB BPEMETO Ha BCHYKM 3aMbBPCHTENH, BKJIIOYEHH B
W3MON3BAaHUS XMMUYeH MexaHu3bM. [Ipu moaroroBkata Ha (aiina ¢ emucun 3a CMAQ, TpsOsa ma ce
HampaBsT U3BECTEH OpOi AOMBIHUTEIHH MPOLEAYPH:

o [IppBo, HsaTa mbpBUYHA UHQPOpMaNuUs TpsAOBa qa ObJe MHTEPIONMPaHa B ChOTBETHATa m30paHa
Mpexa/ Mpexu (Tpuaupane ot grid — mpexa);

e Bropo, TpsaOBa na ObAaT HaJOKEHH BpEeMEBU NPOGWIM KOUTO Aa MOTUGHUIMPAT TOMUIIHUTE
CTOHHOCTH, TaKa 4Ye Jia Ce OTUYETAT CE30HHUTE, CEAMUYHUTE U THEBHUTE BapUallMy Ha paboTaTa Ha M3TOYHUIIHTE.

e Haxkpas, emucuute oT “damMuinuuTe”’ OpraHUYHU ra3ose u B mo-manka creneH SOy, NOx u PM2.5
TpsiOBa Ja ObaAT pasLeneHd Wik ,,ipeodpa3yBaHu’” B O-TOJISAM Opoil KOMIIOHEHTH, ChIIIaCHO U3MCKBAHUATA
3a emucuoHeH Bxoa Ha CMAQ, KOUTO IbK 3aBUCAT OT W30paHUs XMMHUYECKH MEXaHH3bM — MPOLEnypa,
HapeueHa “‘speciation”.

[Ipu ToBa BCEKM OT pPa3IMYHUTE THUIOBE HM3TOUHHUIM: MIOmHU (AS), romemu ToukoBu (LPS) u
6uorennu (BgS) crnenBa na ce Tperupa no crenuduueH HaulH. (EMUCHHUTE OT TPAHCIIOPTa CHILO ca OTACIHA
KaTeropusi, HO INOpaJd HAaYyMHA Ha WHBEHTapU3UPAaHETO UM y Hac Te ce OOEIMHSABAT C IJIOMIHUTE
n3ToYHHLM ). OUeBUTHO, EMUCHOHHUTE MOJIETH ca HEOOXOUMH MPEe-IPOLECOPH 38 MOJAESITUTE HA XUMUYHUTE
TpaHcopMallMd U MpeHoC Ha 3aMbpcutend. TakbB koMmmoHeHT B Models-3 cucremata ¢ SMOKE. 3a
ChXKaleHHe, KakTo Beue Oemie OTOENsA3aHO, TOH € MHOrO0 CHJIHO ajanTupaH KbM ycioBusta B CAILLl —
WHBEHTApHU3alH1 HAa eMUCHHTE, aAIMUHUCTPATUBHO JelIeHNE, KaTeropru3alui, TOPUBHH MIPOLIECH U T.H..

3a menuTe Ha HACTOSIIOTO M3CIeBaHE BPEMEBUTE BapuUalldil Ha EMHCHHUTE ca W3YHCICHU Ha Oa3ata
Ha JJHEBHU, CEIMUYHU U MeceuHH npodunu npenocrasenu B (Builtjes et al., 2003, Schaap et al., 2008). Te3un
BpeMeBH MPOQUIIK ca cnenuuvHu 3a IbpikaBa, 3ambpcuten 1 oTHOCHO SNAP (Selected Nomenclature for
Air Pollution).

[ponenypara mo “speciation” e 3aBucHMMa OT U3MON3BaHUsA XUMU4eH MexaHu3bM. CMAQ moanbpixa
pa3NUYHN XUMUYHE MEXaHU3MH. 3a LeNUTe Ha 030HOBOTO MOJeIpaHe Hail-uecTo ce u3nonsea Carbon Bond
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v.4 - CB4 (Gery et al., 1989). OcHoBara Ha CB4 MexaHuW3Ma € TOBa Y€ PEAKTUBHOCTTA HA OPTaHUYHHTE
KOMIIOHEHTH B aTMocdepaTa Moxe Aa ObAe cUMyJiHpaHa A0Ope OT PasinyHU MEXaHU3MH MpecTaBAIIN
pa3NUYHK TUIIOBE BBIVIEPOJHM BpB3KH. OT Bpemero Ha myOnukyBaneto CB4, ca HampaBeHH HSKOJKO
npomeHu. [lo-cnennanno, nobaBena e xumust Ha PM. BwB Bepcus 4.6 Ha CMAQ CB4 e 00HOBeH ¢ Bepcus
1.7 na ISORROPIA aerosol model (Nenes ¢j al., 1998). Criopen To3u komOuHupan mexanuzbm (CB4-aero3)
10 oprannunu u 5 PM2.5 cecTraBku ca 100aBeHH KbM BXOJa C IPYTUTE HEOPraHUYHU Ta30Be.

Pa3paboren Oemie crnenuduueH TNOAXOJ 3a OCHINECTBIBAHE HAa TOBa paslienBaHe (speciation).
[Ipeanara ce 3a menuTe Ha MPOTHO3a HHMBAaTa Ha O30HA B HAllaTa CTpaHa Ja c€ CleaBa TEXHOJIOTHITa
paspabotrena or US EPA Emission Factor and Inventory Group (Ryan, R., 2002). Bcuukata HeoOxoauma
uHpopManus Moxe Ja ObJe CBajeHa OT ChOTBETHHA yeO calT (B IUTHpaHaTa pabora B JluTeparypara
KbM TO3U oT4eT). Ha chioro MsacTo Moxke qa ce HaMmepsT npodunnte Ha cnecuanusa kakto Ha VOC, Taka u
Ha PM2.5, NOx u SOX u ChOTBETHUTE CIpaBOYHU TaOmuiu. MHOro ymno0HO e ToBa ue mpoduiute ca
cneuu(UYHN 32 XUMHUYHHUS MEXaHU3bM JIaBaKU JUPEKTHO pa3feisiHe Ha KOSPUIIUEHTHTE OT KOJMYECTBOTO
Ha VOC B [g/s] KkbM OJIOKOBHUTE 3aMbpCUTENH B [moles/s], KoeTo e n3UCKBaHUs BX0A Ha emucuute 3a CMAQ.

JupeKTHOTO M3MOI3BaHEe Ha TE3W JOCTa JCTAWIHU JaHHU HE € BH3MOXKHO M3BBH CeBepHa AMepuka
3amoro US EPA SCC (Source Category Code) chabpixa okono 10000 tTuma usrounuka, jokato CORINAIR
chabpika mo-manko oT 300 tuma u3rounuka u camo 11 SNAP karteropuu. 3a mpeojmosisiBaHe Ha Ta3u
TPYAHOCT, Ha OCHOBaTa Ha EKCIIEPTHO MpOy4YBaHE OsiXxa OTKPUTHU peIHlla CHhBHAJCHHUS MEKIY TJaBHH
bearapcku u3rounuim 3a Bceku SNAP u momoOnu Ha Tsax SCC wu3toununm. TernoBuute (Teriarta ca
MIPUHOCA B MPOLEHTH Ha Bceku Tl M3TouHUK cbriacHo US EPA SCC kbM croTBeTHaTa obma bearapcka
emucus 3a crorBeTHUSI SNAP) cpennu 3a choTBeTHUTE Mpoduiid Ha pasuenBaHe (speciation) ot US EPA
SCC ca npuern xato pazaensimu $hakropu, cnenudpuiHu 3a cboTBeTHUS SNAP.

Bxonnata nndopManus, HeoOXoAMMA 3a U3YHCIIBAHE HA EMUCHHUTE Ca MPEXOBU JaHHU 32 TLIOLUIHUTE
n3toununu (Area Sources — AS), 3a MomHUTe TOukoBU n3tounuiy (Large Point Sources — LPS) u nanuu 3a
xapakTepa Ha 3emMHaTta moBbpxHocT (LandUse), HeoOxoaumu 3a MonenupaHe Ha ecTECTBEHHUTE (WK
ouorennun) u3roununu (BgS). [Mocnennure emutupar opranuka, CO u NO U CTOWHOCTUTE UM 3aBUCST
CHIIHO OT METEOPOIIOTHYHHUTE YCIOBHSL, BKIFOUUTEITHO CTBHYEBOTO TPECHE.

SMOKE ce usnmon3Ba u 3a HampaBaTa Ha (aill ¢ TpeTHs BUJ E€MHCHU - OMOTCHHUTE EMHUCHH.
SMOKE B moMmeHTa noaabpxka Mexanu3ma BEIS (Biogenic Emissions Inventory System), Bepcuu 2 u 3 (Pierce
et al., 1998, Guenther et al., 2000). BEIS2 u BEIS3 ce 3axpaHBaT ¢ MpOCTPaHCTBEHOTO pa3mpeesieHue Ha
BHJA MOJUIOKHA MOBBPXHOCT 3a IMMbPBATa CTHIIKA OT Mpolleca — MPECMATAHE Ha HOPMAJIH3UPaHUTE EMUCHU
3a BCSKa KIIETKa OT MpeXaTa M 3a BCAKAa KaTeropus IOJIOKHA MOBBPXHOCT (TOBAa Ca €MHCHUUTE MpHU
(UKCHpaHU CTaHAAPTHU METEOpONOTHYHM mapamerpu). (DuHaTHATa CTHIOKA € MNPUBEKIAHETO Ha
HOPMaJTU3UPAaHUTE €MUCUH KbM aKTyallHH eMHUCHHM Ha 0a3aTa Ha TpUAMpAHa, M0Y4acoBa METEOPOIOTHYHA
uHpopmanus. B ceramnara Bepcus Ha SMOKE e Brpanen mexannzma BEIS3.13 (Schwede et al., 2005).

Mereoposnornynus mpe-npouecop MMS OGeme ¢opcupan ¢ rio0amHUTE METEOPOJOrMYHH JaHHH
‘NCEP Global Analysis Data’ ¢ xopu3oHTaiiHa pa3pemanaiia cnocodHoct 1°x1°. B obnactra D1 MogensT e
KOH(UTYpHUpaH Taka, 4e ce 3axXxpaHBa ¢ KpyNHOMAIIaOHUTE JaHHU 3a TEMIIepaTypa, BIAKHOCT U BATHP
MOCPEACTBOM Tpoueaypa Ha dyernpuMepHa acumunanus (FDDA - Stauffer and Seaman, 1990). 3a Bcuuku
obnactu (D1, D2, D3, D4) MMS5 pa0oTu eqHOBPEMEHHO B PeXKHUM Ha “two-way nesting” — pelieHusTa B mo-
BBTPEIIHUTE 00JACTH BIUSAT HA PELICHUETO B MO-BBHINHUTE. BepTrkanHarta pe3onronns 3a BCHUKUA 00J1acTh
e 23 o-nuBa 110 BucounHa 100 hPa. MMS5 cumynanuuTe ca HalpaBeHH Ha MEpHOAX OT 1o 3 aHU.. Beeku ot
MEpUOANTE MMa HayalieH 12-4acoB MepHoA Ha “‘spin-up”’, KOMTO ce mpernokpuBa ¢ mociegHute 12 yaca Ha
MPEAXOAHUS IEPHOI.

Mereoponornunus Bxoj 32 CMAQ ce renepupa ot uzxoga Ha MMS5 ¢ momMorira Ha METeopoIOrHUHO-
xumuyHus uaTepderic MCIP, v2.3. Cumynanuute cbc CMAQ ca mpoBenenu camo B oonactu D2, D3 u D4.
3a HayaJHU YCJIOBHUS B HAYAJIHUS MOMEHT Ha CUMYJALMUTE ca U3MO0N3BaHu cTaHnaapTHU 32 CMAQ (default)
npoduid Ha KOHLEHTPALMUTE, KOUTO ca MOMY4YeHH OT TJI00ajHH MOIenu. | paHUYHUTE YCIOBHS 3a IO-
BBTPEIIHUTE O0JIACTH C€ TeHepHpaT OT PEIIeHNETO B ChOTBETHATA BHHIIHA. XUMHUYECKUAT Mexann3bm CB-4
¢ xereporeHHa (Aqueous-Phase) xumust 1 MEBI (Modified Eulerian Backward Iterative) meron 3a pemiaBane
ypaBHEHUATA Ha XWMHUYHHU TpaHcPopManuu Osxa H3MOJN3BaHM BHB BCHUKH O0JAacCTH Ha HMHTErpHpaHe.
Cumynanunte cb¢ CMAQ 0sixa HampaBeHH C BepTUKajHa pe3omouus ot 15 o-nua. [IpoBenenu Osixa
napajieTHd MIPECMIATaHUs ¢ IET eMUCHOHHU CIIEHAPHSL:
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Cuenapuii 1: emucronHu ganuu 3a EBpona u bearapus, cbriacHO MHBEHTapU3alUATa HAaIlpaBeHa OT
TNO, Hunepnanaus (A. Visschedijk et all., 2007).

Cuenapuii 2: buorennute emucun B boarapus penyuupanu ¢ pakropa 0.8

Cuenapuii 3: Emucunte or SNAP kateropus 1 (enepreruka) B boirapus penynupanu ¢ pakropa 0.8

Cuenapuii 4: Emucuutre or SNAP «karteropus 7 (bTeH TpaHCHOpT) B bbarapus pemyuupanu c
¢axropa 0.8

Cuenapuii 5: Emucunte or SNAP kareropust 2 (He MHAYCTpHAlHM H3rapsiHus) B bbirapus
penyuupanu ¢ ¢pakropa 0.8

[pecmsranusta c MMS/CMAQ 6sixa HanpaBeHu 3a 8 roaunu - ot 2000 1o 2007.

Bepugukayua na xomniomvprHume cumynayuu — cpasHenue Ha MOOEIHUME KOHUEHMPAUUU C
OaHHU OM UIMEPBAHUAMA.

CumynanmoHHUTE KadecTBa Ha Mozenute or Models-3 system ca MHOrOKpaTHO IpOBEpPSBaHU U HE
MoJUIeKaT Ha chbMHeHHe. ToBa, obade, HE TapaHTUPa aBTOMAaTHYHO U JOOPO KayecTBO HA KOMIIOTHPHUTE
cumynanuu. Te 3aBHCAT HE caMO OT M3MOJI3BAHUTE MOJIEIIH, HO CBILO Taka U OT BXOAHUTE JaHHU (KadecTBO,
MIPOCTPAHCTBEHHO-BPEMEBA paspellaBama CIOCOOHOCT) OT EMHCHOHHOTO MOJEIUpPaHe, OT NPaBHIIHO
noaOpaHu ¥ KOMOMHUPAHU OMIIMK HA MOJAEIHUTE.

ETo 3amo Oemie HampaBeHa MPOBEpKa Ha MOMyYEHUTE MOJETHU PE3YNITaTH IOCPEICTBOM CPaBHEHUE C
M3MEpPEeHH KOHIIEHTPAllMH B CTAHIIMUTE OT HAIIMOHAJIHATA CUCTEMa 32 KOHTPOJ Ka4eCTBOTO Ha aTMOC(EpPHUS
BB3ayX (HACEM) ca MOCB.

JlaHHUTE OT M3MEpBaHUATA UMAT 3aJ0BOJIUTENHO KavecTBO. [10 Ipyr HAYMH CTOM BBIPOCHT C €IHA
Jpyra MHOTO Ba)KHa XapaKTepHCTHKA Ha JaHHUTE - TSIXHATa mpedcmasumennocm. KAB ce HaOmronaBa B
MO-TOJIEMHU TPajJioBe M B MeCTa, B KOMTO ChUIECTBYBA BEPOATHOCT OT BJIOMIABAHE 3/IPABETO HA HACEICHUETO B
CIeACTBHE 3aMbpcsBaHe Ha atMocdepara. C npyru nymu mpexxata Ha HACEM e xoHurypupana taka, 4e
Jla KOHTPOJIHMpa MOTEHINATHO Haii-OMaCHUTE HIUBA Ha 3aMBbPCSABAHE U 32 TOBA M3MEPBAHUATA B CTAHLIUUTE U
ca TPEeNCTaBUTENTHM Haii-Bedye caMO 3a TOYKUTE B KOUTO c€ MpaBsAT HU3MepBaHusATa. Hampumep,
aBTOMAaTHYHATa CTaHLUs pa3mnoyiokeHa Ha OpIIoB MOCT € IpeACTaBUTEeNIHA caMO 32 OPJIOB MOCT U €Ba JIU 3a
paiioH ¢ pazmepu 3%3 KM, KaKBaTO € U3UMCIUTEIHATA MPEXKa.

B HACEM wuma camo exHa ¢poHOBa CTaHLUS — Ta3u Ha B. PoxkeH.

bsxa nampaBenu rpadukn Ha pasmpbckBaHeTo (Scatter diagrams) Ha JaHHUTE OT M3MEPBAHETO H
Mogenupanero 3a SO, NO, u O30H. EauH KpaThbKk ChbBMECTEH INperiiea Ha BCHYKU rpadukd BOAU IO
ClIeTHUTE 0000IEHN U3BOIH:

1.) Kaptunara e qocra pa3nudHa 3a pa3lTu4HUTE CTAHIIUHU U 33 PA3INYHUTE 3aMbPCUTEIH.

2.) Karo npaBuno cumynanuute nonueHssat HuBata Ha SO, u NO,. ToBa e necHo 005CHUMO, KaTo ce
¥Ma TpeJ] BUJ, Y€ CTAHIUUTE Ca PasloiOKeHH Taka, 4e Aa KOHTPOIHPAT MOTEHIIMAIHO Hali-OacHUTE HHUBa
Ha 3aMbpCSBAaHE U 32 TOBAa U3MEpBAHUATA B CTAHIIMHUTE U Ca MPECTaBUTEIHHU Hail-Bede caMo 3a TOYKHUTE B
KOHUTO C€ MpaBsAT U3MEPBAHUATA, JOKATO CUMYJAIlMUTE AaBaT KOHIIEHTPAlMH MIPOCTPAHCTBEHO OCPEIHEHH B
KJIETKH C pa3Mepu 3X3 KM.

3.) CpBHaieHUETO MPU 030HA €, KaTo 4e JH M0-100po. ToBa BEposATHO ce IbKU Ha (akTa, e 030HBT
€ BTOpPUYEH 3aMbpPCHUTEN, YHHUTO KOHLEHTPAllMM HE Ca TOJKOBAa TAICHO CBBP3aHU C JeTaliHaTa
KOH(UTYpaLus U BpEMEBU X0 Ha eMHUCHUUTE (BXOJHH JaHHH, U3YHCICHU ChC ChIIECTBEHA HEONPEeIeNeHOCT).
Crnenpa, cpIIo Taka, Ja ce OTOENEKH, Y€ MPAKTHUYECKH 32 BCHYKM CTaHLUUHU ce HaOmromaBa H3BECTHO
HaJLEHsIBaHe OT MOZENa Ha MO-HUCKUTE 030HOBH KOHIIEHTPAIMH, a TOBA O3HAYaBa, Y€ MOJACTHUTE OLIEHKHU 32
€BEHTYaJIHH ONAaCHH O30HOBU KOHLIEHTPALIMK MOraTt Aa ObJaT MO-CHJIHM OT Te3H, HallpaBeHU Ha 0a3aTa Ha
H3MEpBaHUsl.

4.) 3a mocta OT CTaHIMHUTE TONsAMaTa 4acT OT OTKJIOHEHHATa Ha M3MEpPBaHHATA OT JAHHHUTE Ca B
rpanunure + 50%, a ToBa 03HayaBa, 4e B JOCTa TOJIsIMa CTEMEH € YIOBJIETBOPEHO N3MCKBAHETO 3a HE MOBeYEe
ot 50% HeompeaeneHoCT 3a €JHOYACOBUTE JHEBHH CPEJHH CTOWHOCTH, ACPUHHPAHO B CHOTBETHUTE
eporeiicku qupektuBu (European Parliament, 2002) u Ilpunoxkenne Ned4 xkpMm wi. 15, 1.2 or Hapenba Ned ot
5.07.2004.

HampaBeHo ¢ cpaBHEHHE W Ha MBJI3SIIUTE 8-4acOBH CpemHU (Ba)KHA XapaKTEPUCTHKA NP OIpeeisaHe Ha
o3oHOBHs HHAekc NOD60, n3mepBaii OTpaxeHHETO Ha 030HOBHTE KOHICHTPAIMU BbPXY YOBELIKOTO 37paBe) Ha
CHMYJHpaHUTEe U U3MEPEHH HUBA Ha 030HA. Pe3yaraTuTte 3a HAKOM OT CTAHI[MUTE ca moka3anu Ha Pwur. I.1.
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Bennara ce 3a0ensi3Ba, ye ChBMAJCHUETO MEXKIY CUMYJIMPAHU U U3MEPEHH CTOMHOCTH MPU 8-4aCOBUTE
II'BJIBSIIM CPEJHH € MHOTO IMO-I00pO, OTKOJKOTO MpPH YacOBUTE CTOMHOCTH. OYEBMAHO € IMO-MalKOTO
pasceliBaHe Ha TOYKHTE OKOJIO JIMHUATA HA HJEATHO CHBMAJICHUE, KAKTO U MO-I00paTa KOpemanus Mexmy
CUMYJHUPAaHU U U3MEPEHHU CTOHHOCTH.

KateropuyHo e yJ0BIE€TBOPEHO IUTHPAHOTO MO-TOpe U3HCKBaHe 3a He noBeue oT 50% HeomnpeeneHocT.

[lokazanute Scatter diagrams maBaT MHOrO HarjieHa OIEHKAa 3a CTEleHTa Ha ChBIAJCHHE Ha
MOJICIHUTE pe3yITaTH ¢ JaHHUTE OT U3MepBaHuATa. Hapen ¢ TsAX ca M3YMCIIEHU M HIKOU XapaKTEePUCTUKU
(craTHCTHYECKH OLIEHKH), OOEKTHMBHO OLIEHSBAIIM CBCTOSATEIHOCTTa Ha TEeHEepUpaHus aHcaMOBI OT
KOMITIOTBPHHU CUMYJIallHH.

CroifHOCTUTE Ha CBOTBETHUTE CTATUCTHYECKH XapaKTEPUCTUKU 3a pa3IU4YHU 3aMBPCUTENN B
craniuute Ha HACEM ca noka3aHu B AucepTanusaTa. 3ae€HO C TSIX € MOKa3aH U MPOLEHTHT ClIydau, KOTaTo
OTKJIOHEHUSITa Ha CUMYJIalIMUTE OT U3MEPBaHUsATA ca B rpaHuIuTe + 50%.

UzBomute, xouTo Morat Ja ObJaT HampaBeHHW OT TaOmUIaTa MO CHUIECTBO CHBHAAAT C TE3H,
HampaBeHH MpH aHaju3a Ha Scatter diagrams.
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@ur. 1.1. CpaBHeHHE Ha OCPETHEHUTE C §-4aCOBO MBJI3SIIO CPEAHO IPU3EMHU KOHIIEHTPAIIUU Ha 030H
MIPECMETHATHUTE MIPH eMHCHOHEH clleHapuii 1 ChC ChOTBETHO OCPENHEHUTE JaHHU OT U3MEPBAHUSATA B
cpoTBeTHHTE cTanind Ha HACEM

KaTto ce mma mpen BuI ChIeCTBEHaTa HEOMPEICNIEHOCT HA €MHCHOHHUTE BXOAHH JTAHHH U CaMO
yacTUYHaTa NpeacTaBuTenHocT Ha craHiuure of HACEM, Moxe na ce HampaBW 3aKJIIOYEHHETO, 4e
CBHBMAJICHUETO HA CUMYJIUPAHUTE PE3yITaTH C JAHHUTE OT U3MEPBAHUS € JOCTATHYHO J00PO (OTKIOHCHHSTA
ca B pa3yMHHM rpaHuiin). ToBa moka3Ba, ue aHCAMOBIIBT KOMITIOThPHU CHMYJIAIUN KATO ISUIO € JIOCTAThYHO
HaJIe)K/THA OCHOBA, Ha KOSITO JIa Ce MPaBsAT U3BOAU OTHOCHO KJIMMAaTa Ha 3aMbpCsIBaHE Ha CTpaHaTa, Taka 4ye
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pasTICKIaHUATAa U U3BOAUTE B CJICABAIIMTE I'NIaBH UMaT CMUCHII.

I'JTIABA 11 HAKOU OCHOBHU ®AKTH OTHOCHO KIIMMATA HA ATMOC®EPHOTO
3AMDBPCSIBAHE B BbJII'APUSA

B pesynrtat Ha mpoBeneHNUTE YUCIEHN CUMYTalnu Oelle reHepupaH aHcaMOBJl, JOCTAThYHO 00EMeEH U
M3uepraTelieH, 3a Ja MOKe Ha HEroBa OCHOBA Ja Ce HANpaBH HaJeKIHA OLIEHKAa Ha KJIMMaTa Ha aTMoc(epHO
3aMbpCsiBaHE Ha CTpaHaTa — Jla Ce O4epTasT TUINWYHM M €KCTPEMHH XapaKTEPUCTHKHU Ha 3aMbPCSIBAHETO C
TSAXHATa IIOBTOPSEMOCT, IPOCTPAHCTBEHA U BpeMeBa (IEHOHOIIHA, Ce30HHA) U3MEHYNBOCT.

B nacrosimata I'JTABA 11 ca moka3aHu HSKOM OT OCHOBHUTE (PAKTH OTHOCHO KJIMMaTa Ha aTMOC(EpHO
3aMbpcsiBaHE B bbirapus, U3BEAEHU OT pe3yiATaTHTE OT KOMIIOTBPHUTE CHUMYyJNaluHu. B To3u cmucea B
naparpad 11.2. ca mpeacTaBeHU HAKOU OCPEIHEHU MO aHCaMObJIa MPU3EMHH KOHIIEHTPAlUN Ha 3aMbPCUTENN
3a TEpUTOpHUATA Ha Bbarapus W 3a OTAENHU TOYKH, a CHIIO Taka M aOCONIOTHUTE MAKCHMAJHHU, MOTyYeHU
TP aHAJM3 Ha LeNus aHCaMObJI, KOHIIEHTpAIluK 3a ChbOTBETHUA 3ambpcuTten. B 11.3. ca mpeacraBenu Hsakou
CTAaTUCTUYECKH XapaKTEPUCTUKM Ha OCPEAHEHUTE IPHU3EMHM KOHIIEHTpallMM Ha pa3iIMYHUd EMHUCHU 3a
TepUTOpUATa Ha bbiarapus W 3a OTAENHUM TOYKH. B chumsaT maparpad ca mokaszaHH W TpUMEpPH 3a
ITBTHOCTTA Ha BEPOSITHOCTHO paslperielieHHe 3a HAKOM OT OCHOBHHUTE 3aMbPCUTENH C TSXHATa CE30HHA U
reorpacka m3meHunBocT. W Hali-Hakpas B I1.5. ca mpencraBeHM HSKOM OT Hal-M3MON3BAHHUTE U BaKHU
WMHJIEKCH Ha 030HOBO 3aMbPCSIBaHE, KOMTO ca BAKHU HE CaMO 3a YOBEILIKOTO 3/IpaBe, HO ChIIO TaKa, TOPCKOTO
U CEJICKOTO CTOIMAaHCTBO.

B aBtopedepara mo-moapoOHO me ObAAT KOMEHTHpPAHH CaMO TOIMIIHO OCPEIHEHUTE IBYMEPHH
MojieTa Ha KOHLEHTpALMUTE, HSIKOW CTATHUCTUYECKH XapaKTEPUCTHKH Ha NPU3EMHHUTE KOHIEHTpAaIMU Ha
Pa3IUYHM 3aMbPCUTENH 32 TEPUTOPUATA HA bbarapus v 3a OTIENTHU TOYKU U MHAECKCUTE HA 3aMbpCSIBaHE

Jleymepnu ocpedonenu nonema Ha npu3emMHume KOHYEeHmMpPAyuu

Upes ocpenHsiBaHe MO § TOAUIIHUAT aHCAMOBJ Ha IONMYyYEHUTE Ype3 YHCICHH eKCIIEPUMEHTH IojeTa
32 paszIMYHUTE 3aMBPCUTENM MOTraT JAa ObJaT MOMY4YEeHH CpEeJHHTE TOAWIIHM M CE30HHH NPU3EMHHU
KOHLIEHTpaluu. Te Morar nga ObJaT pasmIeXJaHH KaTo “TUIMUYHW® TOAMIIHM WIA CHOTBETHO CE30HHU
JICHOHOIIHU KOHIeHTpauuu. OT aHcaMObJia MOraT Ja ce M3BeJaT M aOCONIOTHUTE MaKCUMAaJHH TOIUIIHHU U
CE30HHHU KOHIIEHTPALNH, ChILO CHC CBOS JEHOHOILEH XO/I.

Kapru 3a Te3u “TunuyHu” cpenHu M MaKCUMAaJIHM, TOAMIIHU U MO CE30HU NPU3EMHHU KOHIIEHTpaIuu
3a OTAENHUTE 3aMbPCUTENH ca IpeAcTaBeHu 1 onucanu B npuioxenue I1.1.. Hali-uzBectHure 3aMbpcuteny,
32 KOMTO T€3W XapaKTEePUCTHKH ca KOMEHTHPAaHU B camaTa Juceprainus ca — a3oreH auokcun (NO;), 030H
(03), m3ompen (ISOP), cepen auokcun (SO,), amonus/ amoHsk (NHs), amonuit/ amonunym (PNH,), mbpBruHN
opranu4Hd aepozond (POA), BTOpHYHM OpraHMYHU aHTpormoreHHu aepozonud (SOAA), BTOpUYHHU
opraHu4Hu OuoreHHu aeposonu (SOAB), enpu mpaxoBu wactuuu (CPRM) u ¢uHHM mpaxoBH dYacTHIU
(FPRM), 3a 05:00, 11:00, 17:00 u 23:00 GMT.

[Ipumep 3a HAKOM JBYMEPHU OCPETHEHH I0JIeTa Ha MPU3EMHHUTE KOHIIEHTpaluuH € aajeH Ha ®@wur. I1.1.

OT KapTUTE Ha CPelHO TOAMIIHUTE MPU3EeMHH KOHIIeHTpanuu Ha NO, ce BIDKAA, KOHIIEHTpallUTe He
ca MHOTO BHCOKM W MMaT 1o0pe u3pa3eH AeHOoHomieH xox. B 05:00 waca nobpe ce OTKposBaT TroJeMHUTE
rpajoBe C Haii-BHCOKH CTOMHOCTH, KAaTO HA ONpENENeHH MecTa B TAX Te€ JOCTHraT OKomo 25ug/m’.
OCHOBHATA ITTHA MPEXKA CE XapaKTEpPU3MPa ChC CTOMHOCTH OKOJIO 10pg/m’, KaTo 3a HAKOU IPOMHIILICHH
IIPEANPHUATHS U TOILIO ENEeKTPUUYECKH LEHTPaIu Te ca okono 20ug/m’, a THIHYHUTE CTOMHOCTH 3a 00671aCTTa
ca okono Sug/m’. B 11:00 yaca cpefHMTE CTOMHOCTH B LANaTa 00JACT HAMAJABAT M KIOHAT KbM HyIaTa,
BJIMSIHUETO HA TMOYTH BCHYKM W3TOYHUIM ChINO HamaisiBa, kato camo Codus u uHsxou ot TEI[-oere
OCTaBST JIEKH CJIeM OT MMO-BUCOKU CTOMHOCTH BBbPXY KapTaTa, TOBa HE € HUKaK CTPAHHO UMAaiKH B IPEIBU,
4ye MO0 TOBa BpeMe Ha JAEHS € Hail-akTUBHOTO (opMmupaHe Ha 030H. [lo-ronmsiMaTta HEYCTOWYMBOCT Ha
aTMocepata B o0eqHHTE YacoBe, KOSATO OOyCIaBsl MO-MHTEH3MBEH BEPTHUKAJeH MPEHOC, CHIIO0 BOAU [0
HaMaJIsiBaHE Ha TPU3EMHHUTE KOHLEHTPAallMM OT MIPEAMMHO HazeMHHUTe M3TouHMuM Ha NO,. B 17:00
MpU3eMHHUTE KOHLeHTpauu Ha NO, ca Hail-BUCOKHM, KaTO HaJl TOJIEMHUTE TPAJIOBE T TOCTUIaT MaKCHMAIHU
croitnocTH oT 30pg/m’, KaTo TOBA HAi-BEPOATHO € CBBP3aHO C (haKTa, ue HMEHHO TOraBa & Hali-HHTEeH3HUBEH
aBToMOOWIHUAT TpaHcmopT (Bwk ImaBa IIl.). CroiiHOCTUTE HAJ OCHOBHATa IbTHA MpeXa ca OKOJIO
12ug/m’, a max npennpustusta u TEL[-oBere 10 okono 20pg/m’. THIMYHMTE CTOMHOCTH 3a 0GIACTTA ca
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0KOIO 7ug/m’, a TIAHMHHTE CE OTKPOSABAT KATO MECTAa C HyNeBH cToifHocTH. B 23:00 yaca TUNMYHHTE
CPEIHU CTOMHOCTH 3a 00IacTTa ce 3ama3BaT, KaTo HaJl JIAHWHUTE Te OTHOBO T€ Ca Hail-HUCKHU. BnusHuero
Ha npennpustusta, TEL[-oBeTe u ronemute rpajoBe CUJIHO Hamallsi U KOHLIEHTPALMUTE UM CTaBaT MOYTH
KOIIKOTO Te3M HA OCHOBHATA ITbTHA MpEXka KOUTO ca okono 10-15ug/m’. OTHOBO ce mposiBaBa edeKThT Ha
atMocdepHara cTpaTudUKalus — NPEAMMHO YCTOHYMBA Mpe3 Ta3W YacT Ha JCHOHOIIMETO, KOeTo 00ycnaBs
MO-MaJIKO MHTEH3MBEH BEPTUKAIEH OOMEH U CHOTBETHO IMO-TOMSMO BIMSHUE Ha MPU3EMHHUTE U MO-MaJIKO Ha

BHCOKHUTE U3TOUYHUIN BbPXY NPU3EMHUTE KOHLICHTPpAIUU.
05.00 GMT __15.00 GMT

=

NO,

S0,

[e 1}

®ur. I1.1. [IpuseMHH TOAUIIHO ocpenHenn KoHnenTpamuy Ha NO,, SO, and Os [pg/m’] B 05.00 1 17.00
GMT

Tormuno enekTpuYecKuTe LEHTPAIN U TOJIEMHUTE TPAJIOBE Ca BOACIIUAT (PaKTOp 32 BUCOKUTE aOCOMIOTHH
MaKCHMaJlHU OCPEIHEHU 3a 1enusT ancamObs1 koHmeHTpanuu Ha NO,. Karo B 05:00 waca ce oTkposBar
camo TEIl-oBere Mapuna UM3tok, Codus u gocta oOmMpHU 00IACTH OKONO TAX ChC CTOMHOCTH 10 OKOJIO
70ug/m’, KaTo cpemHO 3a cTpaHaTta Te ca okono 10ug/m’, a Haj MIAHMHATE KIOHAT KbM Hymata. B 11:00
yaca MaKCHMallHUTE KOHLEHTpalWW Haja objacTTa JIeKO HapacTBaT, KaTo HaJ IUIAHMHUTE CH OCTaBaT
HyneBu, oOmactutre okono TEILl-oBere Mapuna M3tok um Codus HamansBaT, a CbhIIO Taka M CaMHUTE
MAaKCHUMAaJIHA KOHLIEHTPAllMd HaMajsAT 0 OKOJIO 60ug/m3. HNmMeHnHO ToraBa 3amoyBaT Ja c€ OTKPOSBAT U
TElLl-oBete Bapua u Byprac cbe croitnocts ot okono 30pug/m’. B 17:00 u 23:00 uaca BIMSHHETO HA BCHUKHU
TELl-oBe e 1o0pe n3pa3eHo, KaTo TO c€ pa3npocTUpa Ha OOLIMPHH TEPUTOPUH OKOJIO TAX U Haii-Bede ToBa Ha
Mapuua U3rok n Codusi, Y4MUTO CTOMHOCTH ca okono 90ug/m’.

Or noneraTa 3a cpeJHUTE TOIUIIHN NpU3eMHH KoHLeHTpauuu Ha NO, u Hopmute 3a [1/IK, moxe na
ce 3aximoun, ye CI'H ce npesumasa B 17:00 waca camo B Codust, a CHH He ce npeBuIasa.
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OT KapTuTe Ha CPEAHO TOAMIIHHUTE MPU3EMHH KOHIIEHTpanuu Ha 030H (O;) ce BHXKAA, Y€ MO BCSAKO
BpeMe Ha JICHOHOIIMETO HEerOBHTE MUHHMAJIHHI CTOMHOCTH ca 30 - 50pg/m’. EQHO HHTEpEeCHO Hello, KOeTo ce
3a0essI3Ba Ha KapTHUTeE, € Ye MecTara, KOUTO Ce sIBSIBAT KaTO KOHCYMaTOpW Ha O30H ca UMEHHO MecTara, Ha
KOHMTO ca BHCOKHM cpefHuTe cToifHocTH Ha NO,, KaTo roieMure rpajoBe, OCHOBHATA I'bTHA MpPEXa, HIKOU
MIPOMUIIIEHU NPEIIPUITHS U TOILIO EEKTPUUYECKH LIEHTPAJIH.

OcBeH TOBA HAJ MOPETO CPEIHMTE CTOMHOCTH Ca JOCTAa BHCOKH OKOJNO 75ug/m’, IhDKAllo ce Haii-
BEPOSITHO Ha JIMIICaTa Ha €CTECTBEHW KOHCYMAaTOpPH Ha 030H KakbBTO € NO,, KaKTO ¥ Ha 00CTOATENICTBOTO, e
030HBT HE C€ MOTbIla OT BOAHU NOBBpPXHOCTH. [l0o MuIaHWHNTE U Hali-Bede 10 BUCOKUTE UM YacCTH, TOU € C
MaKCHMAJTHH WM OIM3KM 10 MAaKCUMAIHHUTE CPEIHM CTOMHOCTH OKoio 85ug/m’. ToBa Haii-BEepOATHO ce
IBJDKU Ha (hakTa 4e TOBa ca MecTa, KOUTO ca Jajed oT u3TouHUIH Ha NO,, KOUTO ca OCHOBHH KOHCYMAaTOpH
Ha 030H.

Ha Te3um xaptu chmo Taka ce Bmwxkaa, ye B 05:00 gaca cToliHOCTMTE My ca HaW-HHMCKHUTE, KaTo
THIMYHUTE KOHLEHTPAIMK 3a paiioHa ca okono 75ug/m’. JIobpe ce OTKpOSBAT TOJEMUTE IPajioBe, HAKOM
npennpuatus u TEL[-oBe ¢ koHueHTpamuu okono 40pg/m’, chIo Taka I'bTHATA MPEXA ChC CTOMHOCTH
okono 60pg/m’, a BHCOKMTEe uyacTM Ha IUIaHMHMTe Puna, ITupun, Popgommte m Crapa INIAHMHA Ca ChC
CTOHHOCTH 10 OoKoo 85ug/m’. B 17:00 waca e mourn kakto B 05:00 yaca, KaKTO KOHIEHTPAIMHTE HAL
OCHOBHATa ITbTHA MpEKa HapacTBAT U CE U3PABHSIBAT C TUIIMYHUTE 32 CTPAHATa U MOYTH HABCSIKBJAE CTAaBAT
okono 70ug/m’, a romeMuTe TpajoBe, HAKOM mnpeanpuaTHs u TEIl-oBe ce OTKpOSBAT ChC ChIIUTE
KOHIIEHTpAIMK oT okono 40ug/m’. CTOMHOCTUTE HaJ BHCOKMTE YACTH HA ILIAHMHHMTE CE 3ala3BaT OKOJIO
85ug/m’, KaTo B OCTAHATMTE TEXHH YACTH M HAJ MOPETO Te HAPacTBAT H cTaBaT okono 80ug/m’. B 23:00
yaca € mouyTu cbhiioTo kakro B 05:00 um 17:00 gaca, KaTO MOYTH HABCSIKBAEC CPEAHUTE CTOMHOCTH Ce
M3paBHABAT U CTaBaT OKolo 70pg/m’, Kato camo paitona Ha Codus ce OTKpOSBA, KATO MSCTO C HO-HHCKH
CTOHHOCTH OT OKOIIO 50pg/m’.

3a BUCOKMTE YacTH Ha IIaHMHHUTE U HaJ MOPETO KOHIEHTpAaIMUTE CH OCTaBaT ChIIUTE Okoso 80-
85ug/m3. B 11:00 gaca npusemauTe koHueHTpaiuu Ha O; ca Hail-BUCOKH, KaTO MOYTH HABCAKBAE T€ ca
oxono 80pg/m’, KaTo Haj MIAHMHMTE Te ca 10 okono 90ug/m’, a camo max TEI[-osere Codus, Bapha,
Byprac u Mapumna U3tok Te ca okono 70ug/m’. J0Ka3aTelCTBO 3a H3KA3aHOTO IO-FOPE TBBPICHHE, Ue B
11:00 yaca HHUCKHTE MPU3EMHU TOIUIIHO OCpPeJHEHU KoHLEHTpaluu Ha NO, Hall-BEpOATHO ce ABIKAT Ha
aKTUBHOTO (hopMHpaHe Ha O30H ce MOTBBbpXKIaBa TOYHO Ha Te3n kKaptu B 11:00 waca 3a cpemHuTe
KOHLIEHTPAIIMH Ha 030HA. 3alI0TO MMEHHO TOraBa ce HaOI0AaBaT BUCOKUTE CpeIHH cTOMHOCTH Ha Os.

AOCONIOTHHUTE MaKCUMAaJIHH OCPEAHEHH 3a LENUAT aHCaMObJ TOJUIIHY MPU3EMHH KOHLIEHTPAIlUHU Ha
030H (O3) ca MaKkCUMaJIHM CaMO TI0 TUTAHWHHUTE U Ca OKOJIO 115ug/m3, kato B 05:00 gaca Haj ocraHanaTta
gacT ot ofnmacTTa Te ca okono 100pg/m’. B 11:00 yaca MakCHMaJHMTE KOHIEGHTPALMM B OGIACTTA ca Haii-
BUCOKH U ca 0koyo 110pg/m’, kaTo Te ca m0-BHCOKH B ceBepo3ananHa Buirapus oxono 115ug/m’, kato Hax
Codus n TEL[ Mapuua U3rok Te ca okono 120ug/m’. Chio Taka mokpait MOPCKHs OPAT MAKCHMAIHUTE
KOHIIGHTPALIMK €A J0CTAa BHCOKM M ca okono 120ug/m’. B 17:00 waca CTOMHOCTHTE HAa MAKCHMAIHHTE
KOHLIHTPAIIMH HaBCAKBAE HaMamsiBaT. Cous 1 HAKOM MPENNpUATHS c€ OTKPOABAT KaTO MECTa C Hali-HUCKU
croitHocT oxono 100pg/m’, a paiioHMTE OKOTO HAKOM OT TAX KaTO MECTa C MO-BHCOKH OT CPEJHMTE 3a
CTpaHaTa, TOBa HaH-BEpPOSTHO C€ IBJDKM Ha BpEMETO 3a peakius Ha (OTOXMMUYHUTE TMPOLECH U
METEOpONIOTHYHHUTEe yciioBus. OTHOBO TOraBa MOKpaih MOPCKUS OpsAr MaKCUMaJHUTE KOHIEHTPALUU ca Io-
BHCOKM OT THITMYHHTE 3a CTpaHATa, KaTo 3a paiioHa Ha Bapma Te ca Haii-BucokH U ca okomo 130pg/m’. B
23:00 gaca CTOWHOCTHTE OIlle HAMAJSIBAT HABCAKBJE, U JOKATO MO KpalOpeXUeTo W Haj TUIaHWHUTE Te ca
oxos10 115pg/m’, To Hax ocTaHaNaTa YacT OT CTpaHATa Te ca 0kojIo 100pg/m’

Ot pasrienaHuTe mojiera 3a cpeqHuTe KoHieHTpauuu Ha O3 u Hopmute 3a [1JIK Moxe na ce 3axiroun,
Yye CPEeTHOCTATHUCTUYECKH HsIMA MECTa Ha KOUTO T4 J]a c€ IIPEBUIIIaBa

Ha xaptute 3a m3onpen (ISOP) ce BmwkIa, 4e mpe3 ISJIOTO BpeMe Hall-HUCKUTE CTOHHOCTH ca Haj
NIJIaHUHHUTE, ceBepo3arnaHaTa yacT Ha JlyHaBckaTa paBHMHA M Hail-Bede npe3 Homira. B ocrananara vact ot
CTpaHaTa CTOMHOCTHTE ca MO-BHCOKH okomo 0,4ug/m’, Haii-Beue B JlyHaBckaTa paBHMHA, Kato B 05:00 yaca
HAil-BHCOKMTE KOHIEHTPALIMH MMEHHO TaM M ca okono 0,6pg/m’. B 11:00 uaca CTOHHOCTHTE HapacTBaT
HaBCSIKbJIE C U3KIIIOYEHUE TI0 MJIaHMHKUTE, KaTO Ha MECTa B I0’KHATa 4yacT Ha J[yHaBckaTa paBHMHA T€ CTaBaT
oxono 0,9ug/m’. B 17:00 yaca KOHIIGHTPAIMUTE HA M30MPEH Ol HApacTBAT M ce 060COOABAT 3ariajieHu
30HH B CeBepHA bbarapus ¢ Bucoku croitnoctn okono 0,8ug/m’. B 23:00 uaca KOHLEHTPAIIMUTE HA H30IPEH
B Isiata o0JAcT ca MHOTO MajlKd ITIOYTH HYJIEBH, KOETO Hai-BEepOATHO € CBBP3aHO C JIUIIcaTa Ha
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MIPOM3BOICTBO MY OT PACTEHHATA U MIPOU3BOJICTBOTO HA O30H.

AOCOTIOTHHUTE MaKCUMAaJIHU OCPEAHEHH 33 LENUAT aHCaMObJ TOJUIIHY MPU3EMHH KOHLIEHTPAIlMHU Ha
M30IpeHa ca Hal-HUCKUTE CTOMHOCTHM 3a 1O BHCOKHTE YacTH Ha IUIAaHWMHHUTE, CeBepo3alajHaTa 4acT Ha
JlynaBckata paBHMHA M Haif-Bede mpe3 HomTa. B 05:00 u 11:00 vaca cToifHOCTHTE ca Hall-BUCOKU U ca
0k0710 8-91g/m’ Ha OTJENHM HO ¥ OOIIMPHU 30HM B JlyHaBCKaTa PABHMHA, 3 B OCTAHANATA YACT OT CTPAHATA
Te ca okomo 3ug/m’. B 17:00 gaca e BpeMero, KOraTo MakCHMalHHTE KOHIEHTPALHH ca Hal-BHCOKH, KaTO
HaJI OYTH IsJIa CEBEPHA M HA MeCTa B 3amajHa bhiarapus cTOMHOCTHTE ca Hal-BHCOKM U ca 0kojo 10pg/m™
a HaJ IIaHWHHATE T€ ca Hall-HUCKU U JOCTUTraT J0 lug/m3 . B 23:00 gaca xoHI[eHTpallUUTE ca Hal-HUCKHU U
HaJ TOYTH LsjiaTa obJacT Te KIOHAT KbM Hylara, KaTo caMO Ha OTAEIHU MecTa ce 3a0ens3BaT JIeKO Io-
BUCOKH CTOMHOCTH OT OKONO 1jg/m’, KOHTO Haii-BEPOSTHO CE JbIKAT HA BUCOKHTE My CTOMHOCTH OT IIO-
MIpETHUTE YAaCOBE, METEOPOJIOTHYHUTE YCIOBHS, a ChIIO Taka U Ha HUCKUTE cTOMHOCTH Ha NO,, KOITO criupa
00pa3yBaHETO Ha 030H U CHOTBETHO KOHCYMaIIHsATa Ha U30IMPEH.

Ha xaptute 3a cpemHUTe NPHU3EMHU KOHIIEHTpAllMM Ha CEPeH NIHUOKCHUA J00pe ce OTKpOosBatT
MECTONOJIOKEHHsITa U obnacTuTe Ha BnusHueTo Ha TELl-oBeTe, kaTo LsI0 HAZl TUIAHUHUTE, & ChHIIO Taka U B
ceBepHa BhIrapus KOHIIGHTpALMHUTE ca HAil-HUCKM M ca okono Spg/m’. M36paH e TOUHO TO3M 0OXBAT Ha
CKajaTa, a HE CTOMHOCTHTE Ha I.JA.K., 32 Jla MOXKE Ja CE WIIIOCTPHUpAT MECTOIOJIOKEHHETO U Ha KaKBO
pascTosiHUE MOXKe Ja C€ YCeTH BIHAHMUETO Ha u3TogHuIuTe Ha SO,. B 05:00 n 17:00 yaca MectononoxeHue
Ha Bcnuku TEIl-oBe ce BmkIa 100pe, KaTo HAJ Te3H 30HH CPEIHHUTE KOHIEHTPAI[MHUTE ca okoo 70pug/m’, ¢
HU3KITIOYeHNEe Ha KoMIuiekca Mapunia M3TOK KBAETO CTOMHOCTUTE ca MaKCHMAJIHM U ca Haj 125ug/m3. B
11:00 uaca ce BixgaT camo asa ot TELI-osere, mbpaust ¢ TEL] BoGOB 1011 ¢he CTOMHOCTH 0KOJIO 50pg/m’,
ymiiTo emucud Ha SO, ce pa3nmpocTHpaT Mo MOYTH LsIIOoTO Aeduie Ha peka Ctpyma. BTopusT e KOMIUIeKChT
Mapumua W3Tok cbe croitnocTr Hazx 100pg/m’, KaTo KOHIEHTPALMUTE HAJ OCTAHAJIATA YACT OT CTpaHATa ca
moutu okojyo Hynara. B 23:00 gaca e moutu kakto B 11:00 yaca otHOBO ce Bmwxkaar camo asata TEIl-a, HO
xontentparuute ot TEL] Mapuna M3tok ca mouts komkoto tesu ot TEL] Bo6oB mom okoro 50ug/m’, kato
toraBa emucuute Ha SO, or Te3u nBa TEIl-a ce pasmpoctupar Haj MOYTH Lisijia rokHa bearapus, c
W3KJIIOUEHHE HaJl TNTAHUHUTE B Hesl.

Tomno enekrpuueckute IeHTpanu Hait-Beue TEL] BoGoBaonm u womrekca Mapuna M3TOK, 4MuTO
€MHCHH C€ PA3MpOCTpaHSABAT HAJl MOYTH LisUTa M3TOuHA bhirapus u ca BoAemusaT (aKkTOp 3a BHUCOKHUTE
a0COJIFOTHYM MAaKCUMAJIHU OCPEIHEHH 3a IENUAT aHCAaMOBbJI KOHIICHTpAIMK Ha cepHUST Aunokcua (SO;).

Ot pasrienanute mojera 3a cpeAHuTe KoHIeHTpauuu Ha SO, um HopMmute 3a IIJIK Moxe na ce
3aKioun, ye Mecta Ha kouto CJIH moxe na ce mpeBuim ca camo nnox komuuure Ha TEL] Mapuna M3rok.

Ot pasrienaHuTe nojieTa 3a MakCHUMaJHUTE KoHIeHTpauuu Ha SO, u Hopmute 3a ITJIK moxe na ce
3aKioun, ye Mectata Ha kouto CUH moxe na ce npeutium ca Haja u okoio TEI] bobosmon n

Ha kapTuTe 32 cpemHuTe MpHU3eMHH KOHIEHTpauuu Ha amoHsk/ amoHua (NH3) moOpe ce oTkposiBat
MECTONOJIOKEHHSITa U O0JaCTUTe Ha BIMSHUETO HA MECTaTa CBBP3aHH C HETOBOTO IMPOHM3BOACTBO, KAaTO
MecTa C MaKCUMaJIHU WM 3aBHUILEHU CPEIHU CTOMHOCTH, a IuiaHuHuTEe U TELl-oBere kaTo MecTa ¢ modtu
Hy/IeBH KOHIeHTpamuu. B 05:00 u 17:00 yaca B bearapus Haii-BUCOKHTe KOHLEHTpaluu Haj 2,5ug/m’ ca
OKOJIO MecTaTa CBBP3aHHM C HEroBOTO IIPOM3BOACTBO, a HMeHHO Bpama, [leBns, Crapa 3aropa u
Jumutposrpan. Haii-uuckute xoHueHTpanuu ca Haja rmianunute u Haa TEI[-oBere B Codus, [lepauk n
Mapuna U3Tok, KOeTo e cBbp3aHo C mpoleca Ha aecyadypus3anus, KaTo CpEIHO 3a CTpaHaTa Te ca OKOJO
lug/m’. B 11:00 uaca KoHIEHTpamuuTe ca Haif-HuCKM U camo JIumutposrpan, Crapa 3aropa u Bpama ce
OTKpOSIBAT, KATO MECTA C JIEKO T0-BHCOKM KOHIL[EHTPAIIMK OKONO 1,511g/m’, 0KaTo Haj ocTaHANATa 4acT OT
obmacrra Te ca okono 0,5ug/m’. B 23:00 waca e mourn kakto B 11:00 waca, HO mouTH Hax wsIa Bearapus
KOHIIEHTPALIMKTE Ca T0-BUCOKM U ca okono 1pg/m’, camo Codus ce OTKPOsiBA C JIEKO MO-BUCOKH CTOMHOCTH
ot okouio 1,5 ug/m3, a KOHIIEHTPAIIMUTE ca Hall-HUCKU CaMO IO IUTAHUHUTE.

Bopemusar ¢aktop 3a BHCOKMTE aOCONIIOTHM MAaKCUMAalTHHM OCPEIHEHH 3a ICIUSIT aHCaMObJ
KOHIIGHTpALMM HAa aMOHsK/ aMoHHs (0T Hajg 20ug/m’) ca HPENNpHATHATA CBBP3AHH C HErOBOTO
npousBozcTBO. 3a bbiarapus ToBa ca camo Bpama, Crapa 3aropa m [Qumurposrpan, a 3a PymbHus
Cno6o3us, Typrny Mubrypene u KpaiioBa. TUIIMYHUTE MaKCUMAaJIHA KOHI[EHTpPAI[MU 3a 00JIacTTa Ca OKOJIO
4pg/m’, a Haj MIAHMHETE KIOHAT KbM HyJIa.

Or pasrienaHuTe MoJjieTa 3a CPpeIHUTE U MaKCUMaJHUTE KoHLIeHTpaunu Ha NH; u Hopmute 3a ITJAK
MOXe Ja Ce 3aKII0YH, Y€ HIMa MeCTa Ha KOUTO TS Jia ce MIPEBUIIIaBa B CMUCHI HA CPETHO 110 aHCaMObJIa.

[loneraTa Ha cpeAHUTE MPU3EMHU KOHIIEHTPAllMK HA aMOHWI/ aMOHHMYM, OCTa HANOA00sIBAT TE3U 3a
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aMOHSKBT, kaTo npu Hero TEI[-oBeTe Beue He ce sBABAT KaTO MeCTa, KbAETO TOW € C MUHUMAJIHU CPEIHU
CTOIHOCTH, a KaTO MecTa B KOUTO TOW ce 00pa3yBa U € C MaKCUMAJIHU CPEIHU CTOWHOCTH.

Bopemusar ¢aktop 3a BHCOKMTE aOCONIIOTHM MAaKCUMAalTHHM OCPEJIHEHH 3a IICIUAT aHCaMObJ
KOHLIEHTpaluu Ha amoHuii/ amonnyM (PNH,4) ca mpennpustisTa CBbp3aHH C HETOBOTO MPOU3BOACTBO, KaTO
3a beirapus toBa ca Codus, Bpama, Jesns, Ctapa 3aropa u JAuMutpoBrpan. Bucokute CTOMHOCTH Haj
PymbHust u ceBepHa bwarapus Hail-BeposiTHO ce AbDKAaT Ha u3rouHunute B JleBHsA, bykypem, Typry
Mwrrypene, Kpaiioa u Cno6o3usi. MakcMMaaHUTE TOAUIIHU NMPU3eMHHU KoHIeHTparmu Ha PNH4 ocraBar
Hal-HUCKHU €IMHCTBEHO HaJl IUITAHUHUTE, KaTO MECTa C Hall-BUCOKM MaKCHUMAaJIHU KOHIIEHTPALIUH.

[IpaxbT € ocHOBeH aTMoc(epeH 3aMbpCUTEN Ha Bb3Ayxa. BpemHuaT My 3apaBeH eekT 3aBUCH INIaBHO
OT pa3Mepa W XUMHYHHS CHCTaB Ha CYCIEHIUPaHWUTE MNPaxOBH YAacTHLH, OT aJCOpOMpaHUTE Ha
MOBBPXHOCTTA UM JIPYTH XUMUYHM CheIMHEHMs, B ToBa uncio myrarenu, JIHK - moxynatopu u ap., kakro u
OT ydacThKa Ha pPecHupaTopHaTa CHCTeMa, B KOSATO Te ce oryarar. OCHOBHM M3TOYHMIIM Ha Ipax ca
MIPOMUIICHOCTTA, TPAHCIIOPTa U EHEpreTUKaTa.

BnusHuero MM BBpPXYy YOBEIIKOTO 3/paBE C€ M3pa3sBa, KOraTo IpaxbT IOCThIIBA B OpraHU3Ma
MIpeIUMHO 4pe3 AuXaTelHaTa CUCTeMa, IPU KOEeTO IMO- €APUTE YACTULIM CE 3abp)KaT B TOPHUTE JUXATEIHU
mpTHIIA, a To- puHUTe yactuuu (mox 10 um - [TY10) mocTuraT A0 MO-HUCKUTE OTAEIM Ha JUXaTenHaTa
CHCTEMa, KaTo BOIAT N0 yBpeXJaHe Ha ThbKaHWUTe B Oemust npoO. [lema, Bb3pacTHU M XOpa C XPOHUYHHU
OenonpoOHM 3a00JsIBaHUs, TPHUII UIIK aCTMa ca 0COOEGHO YyBCTBUTEIIHU KbM BHCOKHU CTOWHOCTH Ha [TU10.

Hapen ¢ ToBa ce paznuuaBat u [T42.5 ( GuHM mpaxoBU YacTHUILM), KOUTO ca ¢ pa3Mepu mo 2.5 pum.
YacTUIHTE ¢ pasMepu Mexay 10 u 2.5 um B HacTosAIIMs TPYJ ca HapedeHu enpu npaxoBu yactuiy (CPRM).

Bpennusar edexr Ha 3aMBPCSIBAHETO C MPax € IMO-CHIIHO MU3pa3eH MPH €JHOBPEMEHHO NMPUCHCTBHE Ha
CepeH IMOKCHI B aTMOC(epHUs BB3AYX. Y CTAHOBEHO € TAXHOTO CHHEPIHMYHO ACHCTBHE MO OTHOLICHUE Ha
JUXaTeIHUTEe OpraHd M OTKPUTHUTE JMraBulU. To ce mposiBiBa C JApa3HEelmo AEHCTBHE W 3aBUCH OT
MPOIBIDKUTETHOCTTa Ha eKcrho3uiusaTa. KpaTkoBpeMeHHaTa eKCIIO3WIUS Ha 500ug/m3 pax M CepeH
JMOKCH]T yBeJn4yaBa o0IIaTa CMbPTHOCT NPH HACEJIEHUETO, a IPU KOHICHTPALIMU HAIIOJIOBHHA ITO-HUCKH CE
Ha0II0aBa MOBUIIaBaHe Ha 3a00JIIeMOCTTa M HapyllaBaHe Ha OenoapoOHaTa ¢yHkuus. [IpoabmmkuTenHata
eKCIIO3ULIMSA Ha CepeH JWOKCHUA M Mpax ce NposABsiBa C IMOBHIIABAHE Ha HeCeUU(pUIHUTE OeToApoOHU
3a00MIsIBaHUs, IPEIUMHO PECIIHPATOPHU MH(EKIUN Ha TOPHUTE NUXATeTHH MBbTHUIIA U OPOHXUTHH - NPHU
3HAYMTENHO MO-HHCKH KOHIeHTparmu o ( 30 - 150pg/m’), KoeTo € 0co0eHO CHIHO MPOSBEHO MPH Jela.
Haii-ys3BuMH Ha KOMOWHHUpPAHOTO BB3JCHCTBHE Ha Ipaxa M CEPHUS IJHOKCHU] Ca XPOHHYHO OONHHUTE OT
OpOHXHaHA aCTMa U OT ChbPJEYHOCHI0BU 3a00NISBaHUS.

C Hapenba Ne 9 (B, Op. 46/1999 r.), (u3m. u gomn. JIB, Op. 86/2005 r.) ca mpuerd HOpMHU 3a
npexenHo pomyctumu KoHueHTpauuu (IIJIK) 3a ¢uum mpaxoBu wactumm. Boeenenute I[IAK memsr
MIpeAna3BaHe OT TEXHUS BpeaeH edeKT BbpXY 3IpaBeTo Ha XopaTa W OKOJMHATa cpena. PermameHTHpaHu ca
cnennute [1JIK 3a ¢puHM npaxoBu YacTUIIH:

OT monerata Ha CpeIHUTE MPU3EMHU KOHLIEHTpalluK Ha eapute npaxosu yactuiy (CPRM) ce Bk aa,
ue THIIMYHKUTE 33 CTPAHATA KOHIEHTPALIMH Ca OKOJIO 1p1g/m’, KaTo mpes LNoTOo IEHOHOIIIE Te Ca Hali-HICKHI
Hag muasuEuTe. B 05:00 1 17:00 yaca MecTaTa ¢ MaKCHMATHH CPEIHH KOHIEHTPAIMM OT Sug/m’, ca Haj
HSKOM OT TEXHUTE OCHOBHM M3TOYHUIM Hail-Bede Haxa TEL[-oBere Mapuna N3tok, Codus, [lepauk nu bobos
non. Jpyruar ocHoBeH u3TogHuK Ha CPRM ca npeanpusatusi, KOUTO CHILO C€ OTKPOSIBAT HA KapTUTE 3a Te3U
JIBa Yaca ChC CTOHMHOCTH OT OKomo 2,5ug/m’. Cpennute KonueHTpanuu B 11:00 yaca ca Haii-HHCKH OKOIO
0,5 ug/m3, KaTO MaKCHMAaJITHU KOHIIGHTpaluu ce HabmronaBaT camo Haj u okoio TEIl-oBere Mapwuiia U3tok u
Codus. B 23:00 THnuUHUTE 3a CTpaHATa KOHIIEHTPAI[MH Ca MO-BUCOKU M C€ Pas3lpenersT Mo-paBHOMEPHO
HaJ IsUIaTa cTpaHa, kKaTo emucuute or TELl Mapuma M3rok HamamsBat 10 okono 3ug/m’, a Tesu ot TEL]
Codus pactaT v TOKPUBAT MO-O0LIMPHA TEPUTOPHUS. OKOJIO H3TOUHUKBT THX.

Ot pasrienanuTe nojiera 3a cpeaHure koHueHTpauuu Ha CPRM u nHopmute 3a IIJIK moxe nma ce
3aKITIOYH, Ye MeCTa Ha KOUTO T Moxke fa ce npeBun ca Haj TEL] Codwus, TEL ITepuuk, TEL] bo6os non u
TEL] Mapuna U3tok.

Bopemusar ¢aktop 3a BHCOKHTE aOCONIIOTHM MAaKCUMalTHHM OCPEIHEHH 3a IICIUSIT aHCaMObJ
KOHIIGHTpaInu Ha expute npaxoBu yactuin (CPRM) ca camo 0k00 HAKOM OT TEXHUTE U3TOYHUIIU, & TOBA
ca TELl-oere - Codus, [Tepuuk, Bapna, bobos mon u Mapuia MU3rtok. [Tnanunute Puna, [Mupun u Pomonu
ce OTKpOsIBAT Mpe3 ISII0TO IEHOHOIINE, KATO MECTa C Hall-HUCKH MaKCUMaJIHU CTOMHOCTH.

OT mojerata Ha CpemHUTE MPHU3EMHH KOHIEHTpauuu Ha ¢uHuTe mpaxoBu vactuim (FPRM, wm
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[T42.5) ce BXKa, Ye THIMYHHTE 33 CTPAHATA KOHIEHTPAMH ca okomo 0,5ug/m’, KaTo mpe3 LAIoTO
JIEHOHOIIe Te ca Hal-Hucku Haj muanuHuTe. B 05:00 u 17:00 yaca mecrata ¢ MakCHUMalHH CpPEIHU
KOHIIEHTPALIMK OT SUg/m’, ca HaJl HSIKOM OT TeXHUTE OCHOBHU M3TOUHMIM Haii-Beue Hajx TEL[-oBeTe Mapuia
Uztok u Codus. dpyrure TELl-oBe u mpeanpusTs ChIIO c€ OTKPOSBAT HA KapTHUTE 3a TE3H JBa 4Yaca ChbC
CTOIHOCTH OT 0K0JI0 2,5ug/m’. Cpenuure KonuenTpamuy B 11:00 yaca ca Hait-Hucku mox 0,5ug/m’, Kato ce
otkposiBat camo TEI[-oBere Mapumua M3tok, Bo6oB mom n Codust che CTORHOCTH 0T 0KoI0 2pg/m’. B 23:00
THIIMYHHUTE 33 CTPAHATA KOHIIGHTPALIMH Ca MO-BHCOKH OKOIO 1|g/m’ i ce pasIpenenaT mo-paBHOMEPHO HaJl
siaTa crpana, karo emucuute ot TEI] Mapuna Ustok u TEI] Codus mokpuBaT 1mo-o0nrpHa TEPUTOPHSL.
OKOJIO U3TOYHHUKBT TX.

Bonemmsar ¢aktop 3a BHUCOKMTE aOCONIOTHHM MaKCUMaTHH OCPEOHEHH 3a UENUAT aHCcaMOBbI
KOHLeHTpalluu Ha QuuutTe npaxoBu yactuiy (FPRM ca camo okonmo TEL| Mapuna Mstok. TELl-oBete
Codus u Bob0B 101 CHIO ce OTKPOSIBAT HA KAPTUTE 32 MAKCUMATHUTE TOMUIIHU KOHIeHTpauuu Ha FPRM,
HO C HO-HHCKH CTOMHOCTH OT 0Kkono 15pg/m’. Ilnanunure Puna, Iupun u Pomomu ce oTKposBaT mpe3
LSTIOTO ACHOHOIIME, KaTO MECTa C Hall-HUCKU MaKCUMaJIHU CTOMHOCTH.

Ot pasrienaHuTe nosieta 3a cpeaHure KoHueHTpauuu Ha FPRM um nHopmute 3a IIJK moxe ma ce
3aKJIFOYH, Y€ MECTa Ha KOUTO T Moxke aa ce npesutiu ca Haa TEL] Codus, TEL] [epuuk, TEL bo6os non u
TEL] Mapuna U3tok.

Cmamucmuuecku XapaKmepucmuKku Ha RpU3emMHume KOHYEHMpayuu Ha pasiuidnu 3amMspcumenu
3a mepumopuama na bvacapus u 3a omoennu mouku.

[TokazaHuTe mMO-rope CPEJHOTOAMIIHM W MAaKCHUMaJlHW KOHIIEHTpAllMM Ha HSIKOW ChEAWHEHUS He
W34YeprnBaT HHPOPMALUATA, KOSITO MOXKE Ja ObJe U3BJICYeHA OT KOMIIOTHPHO CUMYJIHPAHUs OCEM TOIHILIECH
aHcamOba. Toif € MOCTaThbUHO TONIIM M M3YepraTelieH 3a Ja IMO3BONsABAa Pa3HOOOPAa3HH CTaTUCTHYECKH
00paboTkH.

B maparpadwu I1.3.1- I11.3.4 or agucepranmsara ca mpeicTaBeHH rpaduKd, KOUTO HATJIEAHO U JIECHO
pa3bupaeMo MoKa3BaT OCHOBHHM aHCaMOJIOBH XapaKTEPUCTHKH Ha 3aMbpcsiBaHeTo. Ha Bcuuku rpaduxu ca
1300pa3eHy CIEAHUTE CE30HHU M TONUINHM XapaKTePUCTHKH 3a pPa3iIHUYHU 3aMBbPCUTENH, OCPEIHEHHU 32
CTpaHaTa WM B OTIETHU HEWHU TOUYKHU: CPEAHU, MUHIUMAIHI U MAaKCUMAJIHU 10 aHCAaMOBbJ KOHLIEHTPAIIUH,
KakTo u kpuBHTe, o003HaueHu ¢ 10%, 25%, 75%, 90%. [locnemHuTe KpuBM HM300pa3siBaT TE3U MUCICHU
KOHLIGHTpAIlMH, 32 KOUTO B ¢hoTBEeTHO 10%, 25%, 75%, 90% oT ciyuauTe ca OWIM CUMyIHpaHU MO-HUCKU
KOHIIEHTpaIiu.

[To To3u HauuH B uBHnata 25%-75% nonanat 50% ot cioyyaure, a B usunata 10%-90% - 80% ot
CIIyJaure.

Taka, Moka3aHUTE B AMCEPTALMATA KPUBH JIaBaT JOCTATHYHO JOOpa MperncTaBa 3a CTATHCTHYECKUTE
XapaKTepUCTUKH Ha aHcaMOblla — CpemHH, AMCIEPCHSA, acUMETpHs, eKclec, 0e3 IOCIemHUTe TpU
XapaKTePUCTUKU Ja ObJaT IMOKa3aHW sBHO. Te3n KpuBHU e ObJaT HAKPaTKO KOMEHTHPAHU TYK, KaTo IIe
Obae neMOoHCTpUpaH eauH npumep - @ur. I11.2.

Ot rpaduKuTe 32 TOAWIIHO U MO CE30HHO OCPeTHEHUTe KOHIeHTpauuu Ha 030H (O;) 3a bbirapus ce
BIDKZIA, Y€ CPEITHUTE KOHLIEHTPAIIMUTE ca ¢ JoOpe U3pa3eHu JCHOHOIIEH U Ce30HEH XOJ, KaTo ChIIO Taka Te
UMaT ¥ Jo0pe u3pa3eH MaKCUMyM IIpe3 JeHs, KOWTO € CBbp3aH ¢ HUCKUTE CTOHHOCTH Ha NO, U yCKOpEHUTE
(OTOXMMUYHN pEaKUUu Tpe3 TO3M MHTEpBall Ha AeHOoHomuero. OCBeH TOBa CPEIHUTE KOHLEHTPAIUU Ce
pasmpenenaT B oTps3bka chabpxkaiml 50% ciayuan. CpegHMTe KOHIIGHTpAIlMM ca JOCTa CHUMETPUYHO
Pa3noJOKEHH HE caMO B PA3IMYHUTE OTPA3BIM OT Oposl CIy4ad, HO CHIIO Taka M CIPSIMO aOCOMIOTHUTE
MUHUMAJIHI ¥ MaKCHUMAJHU KOHLIEHTPAIMH MIpe3 pa3inuyHuTe ce30HU. ChIO Taka CpeqHUTE U aOCOMIOTHUTE
MaKCHMaJIHM KOHLIEHTPAllMKd Ha O30H Ca Hall-BUCOKM IIpe3 MPOoJeTTa U JIATOTO, KOETO CE IBJIKU YCHIIEHOTO
BIHsHUE (DOTOXMMHYHHUTE TpaHCPOPMAIMM U Ha METEOPOJIOTMYHUTE (HeycTOMYMBaTa CTpaTH(QUKAUUi U
CBHOTBETHO CITyCKaHETO OT BUCOYMHA Ha 030H KbM MPHU3EMHHUS CIIOH ).

Ot rpadukuTe 3a TOAMIIHO U 10 CE30HHO OCpeAHeHuTe KoHneHTpauuu Ha NO,, NH;, SO,, CPRM, u
FPRM 3a Bwarapus ce BikIa, ye BCHUKH KOHIIGHTPAIlUK UMAaT Jo0Ope U3pa3eHu AEHOHOIIEH U Ce30HEH XOJ,
KaTo JCHOHOIIHUAT MM XOJ UMa JiBa A00pe HM3pa3eHH MaKCUMyMa €IWH PaHO CYyTpUH M €IWH KBCHO
cienoben. OCBEH TOBa CPeJHUTE KOHIIEHTPAIMH Ce Pa3lpenesT B OTpsa3bka chabpkant 50% ciaydau, Kato
Te Hal-Bede cienBaT 75% kpuBa. ChIIO Taka CpPEIHUTE KOHIEHTPAIMU Ca aCHUMETPUYHO Pa3MOIOKEHHU
COpSMO HWBULUTE, CHIBPXKALIM pa3inyeH Opod ciydyaw, U TO HE caMO Ipe3 pPa3MYHUTE YacTH Ha
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JIEHOHOIIMETO, HO CHIIO TaKa U Mpe3 Pa3IMYHUTE Ce30HU. AOCOMOTHUTE MakcuMyMu 32 NO, ca Hali-BUCOKH
npe3 eceHTa, Aokato 3a NH; ce Bmk/aa, 4e KOMOMHAIUATA OT MPOJICTHUAT U €CEHHUSAT MAKCUMYM OINPEEIIST
roguinausAT. 3a SO,, CPRM, u FPRM (®wur. I1.2.) aOCOMOTHUTE UM MaKCUMyMH Ca Hali-BHCOKH TIpe3
3UMaTa, KOeTO He € CTPaHHO UMalKu MPeaBU/I, Ye UIMEHHO TOTaBa ca Hall-TOJIEMUTE EMHUCHH OT CHepreTuKaTa
U OTOILICHHUETO, a ChIIO TaKa H OT METCOPOJIOTHIHUTE YCIOBHS (YCTOMYMBATA CTPATU(DUKAIIHS).

IIponeTnu Ecennn

4 4 e =
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®@ur. I1.2. Hskon cTaTHCTUYECKH XapaKTEPUCTUKN Ha OCPETHEHNUTE MPU3EMHHU KOHILIEHTPAllUK Ha
®unn [paxosu Yactumu (FPRM) pg/m’ 3a Beirapus

UzcnenBaneTo Ha 3aMbpCABaHETO HA Bb3ayxa 3a rpal Codus e oT rojasMo 3HaueHue, He caMo TOpau
¢akTa, ye TyK € CTONMIATa Ha CTPaHATa M € ChbCPEJOTOYEHA ToJiiMa 4YacT OT HAcelleHHeTO Ha CTpaHaTa
(1291591 mymm cnpsimo npedposiane 2011, koeto mpeacrasisiBa 16,4% ot HaceneHuero Ha bearapus), HO
CBILIO TaKa TS CE SBSBA B IOJIsIMA CTENEH TYPUCTUUECKH U IIPOM3BOJICTBEH IIEHTHP, a CHIIO TaKa U MICTOTO C
Hal-MHTEH3UBEH aBTOMOOUJIEeH TpaHcnopT. JJHec Codus e Hail-roneMusT NpOMUILJIEH HEHThbp Ha bbarapus,
kaTto uMma okono 800 romemu npennpusatus. VIMeHHO Tyk ca chepenoToueHu 75% OT depHaTa MeTamyprus,
50% ot monmurpaduueckara, 15% OT eneKTpoTeXHHWYECKaTa W EJIEeKTpOHHATa mnpomunuieHoct, 14% or
KOXKyXapckaTa ¥ oOyBHAaTa NPOMHIIUIEHOCT Ha cTpaHaTta. lIpomsBexga ce XHMMHUYECKa, TEKCTUIHA U
XpaHUTENHO-BKycoBa mpoxykuus. [Inomra Ha Codust e 492 KM’ B ce pasnonara ot dactu B Coduiickara
KOTJIOBMHA 1 BuToma, KaTo KTUMaThT U € YMEPEHO KOHTHHEeHTajleH. Ha 1or T4 € 3a001KoIeHa OT MIaHUHUTE
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Buroma, na 3anaz Jlronun u Ha ceBep Crapa miiaHuHa.

[Ipobnem 3a 3ambpcsBaHeTo Ha Bb3Oyxa Ha Codus e HeliHOTO pasmonoxeHue B Codwuiickara
KOTJIOBHHA, KOATO € 3a00MKOJieHa C TUIAHMHM M KOMTO HaMmalsiBaT BB3MOKHOCTTA 3a CAMOIOYHMCTBaHE Ha
atMoc(epata. Bp3ayxbT B cToiMIaTa ce 3aMbpcsBa MPEIUMHO OT (MHM MPaxOBU YAaCTHIHM U A30THUTE
okcugu. Crnen crnupanero Ha pabora Ha "KpemukoBIH', Te ce TreHepupaT OCHOBHO OT aBTOMOOWIHHUSA
TPaAHCIOPT, OTOILIEHUETO C TBBPAU U TEUHU FOPUBA, 3aMbpPCEHUTE IbTHN HacTWIKK U Hsikou TEIl-ose. Taka
cronnuHuTe kBaptamu JpyxOa, Hagexna u IlaBnoBo ca ¢ Haif-3aMBbpCeH BB3AYX, KaTo 3a I'BPBUTE JBa
OCBEH aBTOMOOMIIHUS TPAHCIIOPT, BaxkeH GakTop 3a MpBhCHUS BB3AyX ca ronemure TELl-oBe Tam.

Ot rpadukuTe 3a TOAUIIHO U MO CE30HHO OCPEAHEHUTE KOHIeHTpauuu Ha 030H (O;) 3a Codus ce
BIDKJIA, Y€ CPEIHUTE KOHLIEHTPAIIMUTE ca ¢ JoOpe U3pa3eHu JCHOHOIIEH U Ce30HEH XOJ, KaTo ChIIO Taka Te
UMaT ¥ Jo0pe u3pa3eH MaKCUMyM IIpe3 JeHs, KOWTO € CBbp3aH ¢ HUCKUTE CTOMHOCTH Ha NO, U yCKOpEHUTE
(OTOXMMUYHH peaKUud TMpe3 TO3W HHTepBal Ha JeHoHommero. OCBEH TOBAa CE BHIKAA, Y€ CPEIHUTE
KOHIIEHTpAIlMK Ce pas3NpeneNiT B oTpsi3bka chabpkail 50% ciaydan. Te ca cUMETpUYHO pa3MoONIOKEHU HE
caMO B pas3lMYHUTE OTPA3BLM OT OpOs CiIydad, HO CBINO Taka U CHOPAMO aOCONIOTHHTE MHHHUMAIHU U
MaKCUMallH KOHLIGHTPAIlMM IIpe3 pa3Nu4YHUTE Ce30HH. Kakrto ce Bmkaa cpeqHuTe W aOCOIIOTHUTE
MaKCHMaJHH KOHLIEHTPALlUM Ha O30H Ca Hali-BUCOKM IIpE3 JIATOTO, KOETO CE€ ABJKM YCUJICHOTO BIMSHHE
(OTOXMMUYHUTE TpaHCPOpPMAIIUK W HA METEOPOJOTHYHHTE YCIIOBHS (HEycToWuMBaTa CTpaTU(UKALMS U
CBOTBETHO CITyCKaHETO OT BHCOYMHA Ha CTpaTtochepeH 030H).

Ot rpadukuTe 3a TOAMIIHO U 10 CE30HHO OCpeAHeHUTe KoHleHTpauuu Ha NO,, NH;, SO,, CPRM, n
FPRM 3a Codus ce Buxaa, ye 32 BCHUKH CPEJHUTE UM KOHIIEHTPAIMH UMaT 100pe U3pa3eH: JASHOHOIEH U
CE30HEH XOJl, KaTO AEHOHOIIHUAT UM XOJl UMa JBa JoOpe M3pa3eHH MaKCUMyMa €IHH PaHO CYTPHH U €IHH
KbCHO ciieo0en. OcBeH TOBa ce BUKIIA, Y€ CPEJHUTE KOHIICHTPAIIMH CE PAa3MpeaeNsT B OTPSA3bKa ChIbpIKall
50% cnyuau, KaTo Te Hai-Bede cienBat 75% kpuBa. ChIO Taka aCHMETPUYHOCTTA Ha pasNpeesieHUeTo U
TO HE CaMO IIpe3 pa3JWYHUTE YacTH Ha JIEHOHOIIMETO, HO CBIUIO Taka M Mpe3 pa3luyHure ce3oHu. Ha
rpadUKuTe CHIIO Taka ce BIDKAA, ye aOcomoTHUTEe MakcuMmymu 3a NO, ca Hal-BHCOKHM Tpe3 €ceHTa U
3uMarta, okato 3a NH; ce BiKaa, eCeHHUAT MakCUMyM onpenens roauimHudar. 3a SO,, CPRM, u FPRM ce
BIKJIA, Y€ TEXHUTE aOCONMIOTHM MaKCUMyMH Ca Hail-BHCOKU Ipe3 3MMaTa, KOETO He € CTPaHHO MMailku B
MIpeBU/, Y€ UMEHHO TOraBa € Hal-rojisiMO IIPOM3BOJCTBOTO Ha EMHCHMTE OT €HEpreTuKara U OTOIICHUETO,
a ChIIIO TaKa U METEOPOJIOTMYHUTE YCIIOBUS (YCTOHUMBaTa CTpAaTH()UKALINSA).

W3cnenBaneTo Ha 3aMbpcsBaHETO Ha Bb3Ayxa 3a rpaa Crapa 3aropa € OT roisiMO 3Ha4eHUE Mopagu
(akTa, 4e TYK € eIlMH OT HKOHOMUYECKUTe LeHTpoBe Ha buarapus. C ot Hacenenue (138 272 nymu cnpsmo
npebposiBane 2011, koero ro mpaBu 6-aT mo HaceneHue rpax B Bbwarapus). B obmact Crapa 3aropa ce
HaMupa Hail-roneMusT npomunuieHo eHeprueH komruiekc TELl "Mapuna M3tox" B bbirapus, koiTo
npoussexaa okono 30% ot enekrpoeHeprusita B bbiarapus, a muHM Mapuna M3rTok ca Hall-rogeMusr
MIPOM3BOJMTEN M MpepadoTBaTeNn Ha BBIVIMINA 3a cTpaHarta okojio 83%. B momenta ,,Mapuna M3Tok™ ce
MOJIEpHU3HpA, KaTO CE MOAMEHAT OCTapeNuTe MHCTAJAIMH, YBENMYaBa CE€ KallallUTeThT Ha MPOU3BEJCHATa
eJIEKTPOEHEPT s U CE U3rPaXKAAT MPEYNCTBATEIHN MOILTHOCTH, KOUTO Ja pelylupaT JO MUHUMYM BPEIHUTE
eMUCUM, H3XBBPIIIHU B aTMmocdepara. Penom ¢ eHepreTmkara Jekata ¥ XpaHUTEIHO-BKycOBaTa
MPOMUIIUIEHOCT €a CBIIO J0Ope 3acThIieHW B peruoHa. ['paabT € pasmojokeH B HM3TOYHATa 4YacT Ha
l'opHoTpakuiickata HU3MHA ChC CpelHAa HaJAMOpCKa BHUCOYMHA OoT 196 MeTpa, KaTo KIMMAaThT € MPEXOIHO
KOHTHHEHTaJleH ¢ moibXx oT CpenmusemHO Mope. IIpoOneMbT Che 3amMbpcsBaHeTO Ha Bb3ayxa Ha Crapa
3aropa € HEHHOTO ONMW3KO pa3MoNOKEHHE 10 KOMIUIEKChT Mapuna M3Tok, KOWTO ce sBSBa OCHOBEH
3aMBbPCUTEN C (GUHM MPAXOBH YACTUIM M CEPEH AMOKCHJ, U TO HE caMO 3a paiioHa Ha rpaja HO ChIIO Taka U
3a nenus bankaHcku MoyocTpos.

lopumiHO 1 MO Ce30HHO OCpenHEeHUTe KOHIeHTpanuu Ha 030H (O;) 3a Crapa 3aropa 1ocTa Ipuingar
Ha Te3u 3a Codus u bearapus, kaTto cpesHUTe U aOCOMIOTHUTE MAKCHMAIHN KOHLIEHTPAIMU €A Hail-BUCOKU
IIpe3 MpoJIeTTa, KOETO Ce AbJHKU Hall-BEPOSITHO Ha IIPEHOCHT My OT JIPYTH MecTa.

lNogumrHo 1 Mo ce30HHO ocpenHenuTe KoHueHTpauuu Ha NO, 3a Crapa 3aropa ce BuXkjaa, 4e J10cTa
npunugaT Ha Te3u 3a Codus u bbarapus, kato abcomroTHUTE MakcuMyMu 3a NO, ca Hal-BHCOKH Ipe3
3UMaTa, KOeTO Hal-BEpOATHO CE JIbJKM Ha BHCOKOTO IPOM3BOJCTBOTO HA €MUCHUHUTE OT E€HEpreTukara u
OTOIJIGHUETO, & CHILO TaKa MU METEOPOJOrHYHHUTE yCIoBHs (ycToiumBaTa cTpatudukanus). Jokato 3a NH;
ce BMKJA, Y€ JACHOHOIIHUAT XOJ Ha CPEIHUTE U MAKCUMaJHUTE KOHIIEHTpallMM € CHIIHO M3MEHYMB, KaTo
TOBa Hali-100pe MpOsBsIBa MPe3 eCeHTa U 3UMaTa, 1 Hal-BepPOsTHO Ce IBJKK Ha MPOLeCUTe AecylpypHr3aus
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B TELl Mapuua Mztok. [Tpu SO, aGconoTHI MaKCHMaJIHU KOHLIEHTPAIMHU ca C J1Ba MOPsIbKa MO-TOJIEMH OT
CpemHUTE W Tpe3 BCUYKH CE30HHW a0COMIOTHUTE MaKCHMalHW KOHIeHTpauuu npesumasaT IIJIK 3a SO..
Enpure u ¢puHHUTE MPaxoBU YaCTHUILIM JOCTa HAmoxo0sBat Te3u 3a SO,, KaTO CPeTHUTE KOHIICHTPALIUH ca OT 5
710 10 mpTH mo-Manku oT MakcuManmHuTe. OT pasriieaHuTe 3aMbpPCUTENN MOXe Ja ce 3akmouu, ye TEI]
Mapuna M3ToK € OCHOBHUSAT 3aMbpcuTel 3a paiiona Ha Ctapa 3aropa.

W3cnenBaneTo Ha 3aMbpCSABAHETO Ha BbB3AyXa 3a PokeH e MHTEpecHO, Thil KaTO TOBa € TUIIMYHO
MJIaHMHCKA TOYKa, KOATO ce HaMupa B IieHTpasHu Pomonu ¢ HaaMmopcka BucounHa 1745 merpa, nanede ot
BCSIKAKbB BUJ] MHIYCTPUAIIHU 3aMbPCUTENH.

Ot rpadukuTe 3a TOTUIIHO M MO CE30HHO OCPeNHEHUTe KOHIeHTpauuu Ha o30H (Os) 3a PoxeH ce
BIKJIA, Y€ Te JocTa mpuindaT Ha Te3u 3a Codus u bparapus, kaTo cpeqHUTE KOHIICHTPAI[UH ca Hail-BUCOKU
Ipe3 MpOoJeTTa, JOKaTO abCOMIOTHUTE MAKCHMAIHN KOHIIEHTPAIMH Ca Hali-BUCOKHM Mpe3 3MMaTa, KOeTO Haii-
BEPOSTHO C€ ABIDKM Ha MPEHOC, €BeHTYaJHO Ha CIIyCKaHeTO Ha cTpaTocdepeH 030H M clabute My
(hOTOXMMUYHHU TpaHCHOPMAIUH MIPE3 TO3H CE30H, KOETO BOAM 10 HErOBOTO HATPYIIBAHE.

I'padukuTe 3a TOMUIIHO M TO CE30HHO OcpenHeHuTe koHueHTpanuu Ha NO,, NH;, SO,, CPRM, un
FPRM 3a Poxen mocra HamonobsBat Te3u 3a Crapa 3aropa, KaTo ce pa3iudaBaT C IMO-HUCKH CPEIHU U
MaKCHUMalIHH KOHIeHTpauuu. AOcomoTHITe MakcuMyMu 3a NO, ca Hail-BUCOKM Ipe3 3uMaTa, KOeTo Haii-
BEPOSITHO CE€ JIBJKM Ha MPEHOCHT Ha €MHUCHUHUTE OT MPOM3BOJACTBOTO HA EIIEKTPOEHEPTHS M OTOIUIEHHE, a
CBIIO Taka M METEOPOJIOTMYHUTE YCIOBHS (ycToiumBaTa cTpaTU(HUKAIMs), KOETO BOIU 10 HETOBOTO
HaTpynBaHe. KaTo ToBa Hail-moOpe ce BmKAa IMpe3 eceHTa M 3uMarTa, M Hai-BEepOsATHO ce IBJDKH Ha
nporecute necyindypusanus B TEI] Mapuna M3rok. AOGCOMIOTHU MaKCHMallHU KoOHIeHTpanuu Ha NH; u
SO,, ca Ha eqUH MOPAIBK MO-TOJIEMU OT CPEIHUTE, C U3KIII0YeHUe Mpe3 mponerta U jasitoto npu NH;. Ipu
enpute U pUHUTE MPaXxOBH YACTUIM UMAT AOOpE M3pa3eHH JACHOHOIIEH M CE30HEeH XOI, KaTO JEeHOHOUTHHAT
UM XOIl UMa JBa J00pe M3pa3eHH MaKCMMyMa €IWH PaHO CYTpUH M eIuH KbCHO cienoden. OcBeH ToBa
abcomroTHuTe Makcumymu 3a CPRM, nu FPRM ca Hali-BUCOKM Ipe3 eceHTa U 3uMara, KOeTo Hai-BeposATHO
ce IbJKM Ha MPEHOChT HA EMHUCHUUTE OT MPOU3BOJICTBOTO Ha EIEKTPOSHEPTHsS M OTOIUIEHHE, a ChIIO Taka U
METEOPOJIOTHYHUTE YCIOBUS (yCTOHYMBaTa CTpaTU(UKAIUS ), KOSTO BOAU 10 HErOBOTO HATPYIIBaHE.

Hnoexcu na 3amvpcagane

BucokuTe KOHIEHTpallMd Ha O30H MOraT Ja HaHecaT IOpa)XCHUS Ha PAacTeHUsATA, )KUBOTHUTE U Ha
YOBEIIKOTO 3/jpaBe. BChIIHOCT KoraTo ce u3cneaBaT eeKTUTe OT BUCOKUTE KOHIIEHTPAlMU Ha 030H, TpsiOBa
Jla ce B3UMaT IIpe] BUJ HE CaMHUTE KOHIIEHTpaIlMM Ha O30HA, a HSIKOM CBbp3aHU BenuduuHU. CrlemHuTe
YeTHPH BETMYMHU ca BaxxHH: (BIDK Amann et al., 1999, European Parliament, 2002):

AOT40C croitnoctu (Accumulated Over Threshold) — akymynupano koiamuecTBo Haj rpanuna ot 40
ppb B uacoBere Ha JeHs mpe3 nepuoia or 1 mait ;o 31 ronm), KOETO € BPEIHO 3a TMOCEBUTE KOTaTo
croiiHocTuTe HaaXxBbpIsT 3000 ppb. .

AOQOTA40F croitnoctu (AOT40 npecmerHaTto 3a nepuon ot 1 anpui 10 30 centeMBpH), KOETO Bpeau Ha
ropute, KoraTto croitnoctute ca Haja 10000 ppb.u.

NODG60 (Number Of Days — Opoii 1HH, B KOUTO 8§ — 4aCOBUTE IBJI3SIIU CPEIAHU HA 030HA 3a BCEKHU
yac Ha JeHs HAJXBBPIAT KPUTHYHA cToitHOCT oT 60 ppb (120 ugm™). AKo IOHe BEIHBXK NPEN JACHS Ce
HaAXBbpIHM TpaHunara or 60 ppb, AeHAT ce oTuuTa Karo “momr’. Xopa C acTMaTH4HU OOJECTH UMaT
npoOJieMu B “JOMUTE” JIHU, 3aTOBA € JKEJIATEHO JIa HAMa TakuBa JHU. [[peMaxBaHETO HA BCUYKU TaKUBa
JTHYU € TpeKaJieHo aMOMIIMO3Ha 3a7a4a. M3uckBaHeTo OOMKHOBEHO CE CBEXK/A 0 MaKCUMyM 25 “nomu’ THU
Ipe3 nepuoaa anpuii- centemBpu. Okas3Ba ce ye Ha MHOTO MECTa € TPYAHO Jia ce M3IbJIHU JIOpH U TOBa
W3HUCKBaHe.

ToBa, koeTo e o0WO 32 BCHYKH OT CHMYJIMPAHUTE TOJeTa Ha TOPHHUTE TPU XapPaKTEPUCTHKH 3a
roguaute 2000-2007 e romsaMaTa pasiuka B KOHQUTypalusaTa Ha mojieraTa npe3 pa3IuuyHUTe TONUHH, KOETO
€ OYEBUIHO OTPAKEHME Ha BIMSHUETO Ha METEOPOJIOTMUHUTE YCIOBHUSL.

B noneratra na AOT40C 3a BCUYKHM TOAMHU Hal-BHCOKUTE CTOMHOCTH Ca TJIABHO B IUTAHMHCKUTE
paitionun. ObnacTuTe, KbAETO Ca HaJBHILIEHU IparoBuTe croiHocTH oT 3000 ppb.u ca CpaBHUTETHO MaJKH,
ocseH B roguau 2000 u nousikpae 2003.

B nonerata na AOT40 F obnactute, KbeTo ca HaJBuUIlIeHU paropute ctoiiHocty oT 10000 ppb.u ca
MAJIKH Mpe3 BCUYKH TOANHU.
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Ot noneratra Ha NOD60 3a moBedeTo rouHU B MO-TOJIsIMAaTa 4yacT HAa cTpaHaTa CTOMHOCTUTE Ha
NODG60 ue HanxBwspiar 10 gau. CelecTBeHH mpeBuilieHus Ha croiHoctute HAa NODO0 Han 20-25 nuu B
roauHaTa ce HabmronasaT npe3 2000, 2003 u ocobeHo npe3 2007 ronuHa, KOraTo U pailoHUTE ¢ MPEBUILICHUS
Haj 20 1HU ca 1ocTa OOIIMPHH.

I''TABA 111 OHEHKA HA NIPUHOCA HA EMHUCHUHUTE OT OTAEJIHU KATEIOPUM
MN3TOYHULU (SNAP KATEIOPUHN) KbM OBIIATA KAPTHHA HA 3AMDBPCSIBAHE B
CTPAHATA

3aMBpCsABAHETO Ha BB3AyXa CHIIHO 3aBUCH OT EMHUCHUHUTE Ha mpumecu. ETo 3amio uscieapaHeTro Ha
MPUHOCAa Ha €MUCUHUTE OT OTHeNHHM Kateropuu n3touHunu (SNAP kareropun) kpM oOmaTa KapTHHA Ha
3aMbpCsiBaHE B CTpaHaTa € OYEBMJIHO 3ajJada C rojsiMo NMPAaKTUYECKO 3HAUYEHHE, YUUTO PE3yJITaTH MOrar Ja
ObAaT MPSKO HW3NON3BAHM NPH (OPMYITUPAHETO HAa KPATKOCPOUHHU (TEKyIIM) PEIIeHUs U IBITOCPOYHHU
CTpaTeruy 3a HaMaJlsIBaHe Ha 3aMBPCIBAHETO Ha Bh3AyXa.

Pesynratute B HacrodmiaTa riaBa ca MOTyYeHH Ha OCHOBAaTa Ha METT€ EMUCHOHHHU CLieHapus (BCEKH
enuH 3a roguaute 2000-2007):

N300pbT Ha Te3u cueHapuu He € ciaydaeH. M3rounnuute or SNAP kateropus 1 (eHepreruka) umar
Hal-TONSIM JISUT B CyMapHUTe 3a cTpaHaTa eMucun Ha SOX, a Te3n oT SNAP kateropus 7 (IbTeH TPAHCIIOPT)
B CcyMapHuTe 3a cTpaHata emucud Ha NOX. M3rounmnure or SNAP kateropus 2 (He MHAYCTpUATHU
W3TapsHUS) UMAT OTHOCHTEIIHO MAIIBK AT B CyMapHHUTE 3a CTpaHaTa eMUCHH Ha TIOBEUETO 3aMBPCHTENH C
nskmouenre Ha CO, HO KakTo LIe e BUIM MO-A0JTy JIOKATHO (B TOJIEMHTE TPaIoBE) TEXHUs IPHHOC MOXKE A2
ObI€e 3HAYNUTEIEH.

buorennute u3roununu ca 3HaunTeneH emurep Ha JIOC, KOUTO ca Ba)KeH 030HOB MPEKYPCOP.

Bcunuku oneHky, KOUTO 11e ObJaT MpeCTaBeHH MO-A0Iy Ce OTHACAT 10 MPU3EMHHUTE KOHLIEHTPAIIHH.

B maparpa¢ 111.2. Ha mucepranusTa ca MPEACTaBEHU HSAKOM OCPENHEHU IO aHCaMObJ MPHHOCH Ha
M3TOYHULIM OT CIIOMEHATHUTE MO-TOPe KATErOpUr KbM 3aMbpCSIBaHETO Ha TepuTopusaTa Ha benrapus. B I11.3.
ca IpeICTaBeHU ChOTBETHUTE OLIEHKU, OCPEIHEHWTE 3a TEpUTOpHsiTa Ha bbirapus W 3a OTAETHM HEWHU
TouKkH. TyK Te3u pe3ynTar e ObIaT HaKpaTKO OMUCaHH.

Ilonema na ancamodn060 ocpedonenume NPUHOCU HA OMOETHUME KAMEZOPUU USHMOYHUUU KbM
npusemnume KOHYeHmMpayuu

l'ogumHm moserata Ha cpeJHNTEe OTHOCHTEJIHM NMpuHOCcH Ha emucuute oT SNAP_01, SNAP 02,
SNAP_07 u OnoreHHNTEe eMHCHM BOJeIIH 10 oOpa3yBaHeTo Ha a3oTeH Jquokcua (NO,): IlpuHochkT Ha
BCUYKU BBJIrapcky M3TOYHUIM € U3LSII0 TMOJNOKUTENEH, KaTo IPUHOCHT OT eHepreTukara € okoso 50%, Ho
camo nokpaii camute TEL[-oBe mokaTo Hajx ocTaHanata 4acT oT cTpaHarta ce MeHu Mexay 0 u 10%.

[IprHOCHT Ha U3TOYHUIIUTE OT HE UHAYCTPHAIHOTO M3rapsHe € Hall-MalbK B CPaBHEHHE C OCTAaHAJINTE
W3TOYHHULIM, pa3NpelesieH € OYTH paBHOMEPHO HaJ IisylaTa CTpaHa M CPenHOo Toi e okono 2%, KaTo caMo
Codusi ce 0TKposiBa € JICKO MO-BUCOK ITPUHOC OT OKOJIO 5%.

[IpuHOCHT HAa HW3TOYHUIIUTE OT ABTOMOOMIIHUST TPAHCIOPT € HAl-roisiM, CpaBHEH C OCTAaHAJIUTE
W3TOYHULM M € Pa3npeeieH PaBHOMEPHO HaJ LismaTa cTpaHa. IIpu Hero mpes3 LSJIOTO JIEHOHOLIWE Ce
OTKpOSIBAT HSAKOW OT IBTHUTE apTepuu B cTpaHata W rpax Codus, KaTo MecTa ¢ MO-BUCOKH MPUHOCH OT
TUMTUYHUTE 32 CTpaHaTa B ChOTBETHUAT Yac. CpenHusT npuHoc e okoso 30%, kato B 17:00 yaca Toi e Hall-
romsM, a Haj Codus v MbTHaTa Mpexa Toit ctaBa Hafx 70%.

[TpuHOCHT Ha OMOTEHHUTE EMUCHU CPEIHO 3a cTpaHaTa € okono 20%, KaTo mpe3 ISI0TO ASHOHOIINE
TOI € Hali-HUCHK HaJ MOPCKUAT Opsr, a Hax miaHuHuTe 1 Codus mpe3 JeHs ToW cTaBa Aopu HyJeB. OcBeH
TOBA Mpe3 HOILITA MPHHOCHT Ha OMOTEHHUTE EMUCHH € TIO-TOJISIM OT KOJIKOTO Ipe3 JIeHs, KOeTO Haii-BeposTHO
€ B CIIe[ICTBHE Ha JinncaTta Ha Goroxumuyau Tpancdopmaruu Ha NO; 1 ipeBpbIianero My B O; IIpe3 HowiTa.

l'ogumHm moserata Ha cpeJHNTEe OTHOCHTEJIHM NMpuHOCcH Ha emucuute oT SNAP_01, SNAP 02,
SNAP_07 n OMoreHHuTe eMHCHH BOJeIIHM 10 o0pasyBaHeTO Ha 030H (Os):IIpuHOCHT OT eHepreTukaTa
HaJ IpUlaTa CTpaHa € MaJIbK U € MPEAMMHO OTpHIaTeneH okono -5%, u To He camo Haa TELl-oBe HO U Ha
JIOCTa TOSIMO pa3cTosHME oKojo TsX. Hanx octananarta gact ot cTpaHarta Toi € mexay 0 u -1%, xato camo
npe3 JAeHs HaJ INIAHUHUTE TOH € MOJ0KUTENIeH HO MHOTO MalbK A0 okoio 0,5%.

[IpyHOCHT HAa U3TOYHHUIIUTE OT HE MHIYCTPUAIHOTO MU3TapsiHE ChIIO € MAJIBK U € pasNpeiesieH MOouTH
paBHOMEPHO HaJ Isnata cTpaHa. [Ipe3 Homta cpeaHo Toit e okono -05%, kato camo Codust ce oTKposiBa ¢
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JIEKO TO-BHCOK OTpHIaTelieH mnpuHoc okomo -1%. B 11:00 waca Hajg mouyTH nsyiaTa CTpaHa TOU €
nonoxkutenieH u e okono 0,5% c uskimtouenue Ha Codusi KbJIETO € JISKO OTpUllaTelieH qopu HyseB. B 17:00
yaca NpUHOCHT Ha u3TouHMLUTe OT SNAP 02 3a oOpasyBanero Ha 030H B bbarapus e Hail-cuiHO
orpunateneH Hag Codus okorno -3%, I0KaTo HaJ OCTaHAIaTa YacT OT CTpaHAaTa TOU € pa3iuveH U ce MEHU B
unrepBana ot -0,5% mo 0,5%

[IpuHOCHT HAa M3TOYHUIIUTE OT AaBTOMOOWIIHMSAT TPAHCHOPT € MO-TOJSIM, CPAaBHEH C M3TOYHHIIUTE OT
SNAP 01 u SNAP 02. Ilpe3 usiaoro AECHOHOIIME IMOYTH HABCSKBAE TOM € oTpuuarteneH okoio -2% c
M3KIIIOUEHNE Ha IJIaHUHUTE, KBJETO € IMOJIOKUTENeH U € oKoso 1%. OcBeH TOBa ce OTKpOSBAT I'bTHUTE
aprepun B cTpaHata u rpax Codus, KaTo MecTa ¢ Hal-rojJeMHu OTPULATENHU IPUHOCH OT okojio -10%. B
11:00 gaca npuHOCHT Haja IJIAHUHHUTE AocThra 1o 2%, KaTo CpelHO 3a cTpaHaTa TOM cTaBa JIeKO
OTpULIATENeH U TIOYTH HyJieB, a camo Cogusi ce OTKpOosiBa KaTo MSCTO € Hai-TOJIsIM OTPHUIIATENIeH IPUHOC OT -
5%%. B 17:00 yaca oTpuLATETHUAT IPUHOCHT OT ABTOMOOWIIHUAT TPAHCIIOPT B CTpaHaTa € Hal-roJIsIM, KaTo
Codus u nsaTa mpTHaTAa MpEKa CHITHO CEe OTKPOABAT C MPUHOCH OT Hax -10%.

[IpuHOCHT Ha OMOTEHHHUTE €MHCHHU € HA-TOJIIM M MOYTH M3ISUIO0 TOJOKUTEIECH C M3KIIOUeHHEe Ha
II'BPBUTE YAaCOBE OT JICHOHOIIMETO Koraro Tod e jieko orpuuateneH. B 05:00 waca mpuHOCHT Haj Isiata
cTpaHa € oTpulaTeneH okono -2%, ¢ u3kiatoueHue Haa Buromma, [Mupun, Puna, Pononute u Crapa ninaHusa,
KbJeTo Tou € okoyio 1%. B 11:00 nmpuHOCHT B msiaTa 00JIACT € MOJIOKUTENEH OKoMo 3%, KaTo HaJ rope
MTOCOYEHUTE TIJIAHWHU € TI0-MaJbK 1 € 0koJo 1%. B 17:00 waca e obpaTtHOTO HaJ MIIaHMHUTE TOi cTaBa 3%,
a HaJ ocTaHanaTta 4acT oT obnactra okono 1%. B 23:00 mpuHOCHT Haa cTpaHaTa € MONOXKUTENEH U Haii-
BHUCOK HaJl IJIAHMHUTE, KaTo IO MOpeYHeTo Ha peka Mapuila M B ceBepHaTa 4yacT Ha o0JacTTa TOW e
OTpHUILATENEH U € OKOJIO -2%.

l'ogumHM moseTaTa Ha cpeJHAUTEe OTHOCHTEJIHM MpUHOCcH Ha emucuute oT SNAP_01, SNAP 02,
SNAP_07 u OmoreHHHTEe eMHCHH BOJeLIH 10 o0pa3yBaHeTo Ha cepeH auokcup (SO,): [IpunockT Ha
BCUYKU BBJIrapcky M3TOUHUIM € U3LSII0 MOJIOKUTENEH, KaTO MPUHOCHT OT eHeprerukara goctura 100% Ho
camo mokpaii camute TEIL[-oBe, kaTo Haj roKHaTa yacT OT cTpaHara € okoino 40%, ¢ W3KIIOYEHHE Ha
MJIaHUHUTE, KbAETO € 0KoJio 20%, a Haj ceBepHaTa 4acT OT CTpaHaTa CPelHUAT IpUHocC € okoso 20%.

[IprHOCHT HA U3TOUYHUIIUTE OT HE MHIYCTPUAIHOTO U3TapsiHe € M0-MaJI'bK B CPaBHEHHE C H3TOUHULINTE
OT EHEpreTHKaTa, KaTo MOYTH Ipe3 ISUIOTO JEHOHOIINE € Pa3lpeaeiieH paBHOMEPHO Haj LigjaTa CTpaHa U
cpento e okono 10%, kato B 17:00 yaca Hax nsnata crpaHa u Haj Codus mpe3 LAI0TO JSHOHOIINE TOH €
JIEKO M0-BUCOK 0K0110 20%.

[TpuHOCHT HAa M3TOYHHUIIUTE OT aBTOMOOMJIHMAT TPAHCHOPT € PAaBHOMEPHO pasmpenelieH Haj LsijaTa
cTpaHa U € okono 2%, KaTo OTHOBO mpe3 AeHs camo Cogus ce JIeKo ce OTKpOsSBa C MO-BHCOK MPUHOC OT
okono 4%. B 17:00 yaca npuHocsT Ha SNAP_(07 HapacTBa, KaTo 3a 0oro3amnajHara 4yacT OT cTpaHaTa ToH €
okoio 4%, a HaJ ocTaHajaTta € okoio 6%

[IpuHOCHT Ha OMOTEHHUTE EMHUCHU € Hali-MaJIbK, KaTO CPEAHO 3a CTpaHaTa Mpe3 ISUI0TO JCHOHOLINE €
noxt 1%, xaro B 11:00 yaca Toit HapacTBa U € Hail-roisM B ceBepHa brarapus okomno 2%.

l'ogumHM moseTraTa Ha cpeJHNTEe OTHOCHTEJIHM NMpUHOCcH Ha emucuute oT SNAP_01, SNAP 02,
SNAP 07 u OuoreHHMTEe eMHCHMH BoJellM N0 oOpasyBaHero Ha m3ompeH (ISOP): IlpunHockT Ha
W3TOYHULIUTE OT EHEepreTuKata IMpe3 IUIOTO JIEHOHOLIME € IOYTH HYJIEB HaJ IUIaHMHUTE U CEBEpHa
bbarapus, nokaTo HajJ ocTaHanaTa yacT OT CTpaHaTa € okoslo 5%. ExnHcTBEHNTE MecTa KOMTO Ce OTKPOSIBAT
ChC 3HAUYUTEINHO MO-TOSIM NpUHOC 0T okoso 15% ca Byprac B 05:00 uaca u Crapa 3aropa B 11:00 yaca.

[IpuHOCHT Ha U3TOYHULIUTE OT HE UHAYCTPHAIHOTO M3rapsHe € Hall-MaJlbK B CPaBHEHHE C OCTAaHAJINTE
M3TOYHULM. Pa3npeneneHnero My € IOYTH paBHOMEPHO HaJ LisylaTa CTPaHa, KAaTo Mpe3 HOITa IPUHOCHT Ha
M3TOYHULIUTE OT HE UHIYCTPUAIHOTO U3TapsHE € MO-TOJISIM OTKOJIKOTO Ipe3 AeHs. ChIIo Taka Ha KapTUTE ce
BIDKIA, Y€ Mpe3 ISUI0TO JICHOHOIIME Hall INIAHUHUTE TOU ce 3ama3Ba u € okoio 1%.

[Ipu mpUHOCHT HAa W3TOUYHUIUTE OT ABTOMOOMIIHUAT TPAHCIOPT Mpe3 IUIOTO JEHOHOIIME 00pe
u3mbkBaT Codust 1 MOPCKHSA OpAT € MO-BUCOKU IIPUHOCH OT TUIMMMYHMTE 32 CTpaHaTa B JajaeHus 4ac. B 05:00
yaca Toil e Hail-romsaMm okoio 50% u e paBHOMEpPHO pasmpeneneH Haja Isnara crpana. B 11:00 vaca
MPUHOCHT € NPEAUMHO OTPHILATENeH, KaTo TOH OMBa TONOXKUTEIEH HaJ ceBepo3anajHara dYacT oOT
JynaBckata paBHUHA U ['opHOTpakuiickata Hu3nHa. B 17:00 yaca Toif 0THOBO € monoxkureneH okono 15% u
PaBHOMEPHO pasmpenerieH Haj Ipsuiata crpadara. B 23:00 yaca mpuHOCHT Ha MecTa HapacTBa M CPETHO 3a
ctpanara e oxoino 30%, kaTo B u3rouna bwarapus ctasa oxono 70%, a B ieHTpaHa HaMaJs U cTaBa okojo -10%.
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[TpuHOCHT Ha OMOTEHHUTE EMUCHH € Hali-TOJIsIM M paBHOMEPHO pasmnpenelner, kato Hax Puna, [Tupun
u Codus e mo-Marbk B CpaBHEHHE C IPUHOCA HAJl OCTaHajaTa 4yacT oT obnactra. Ilpe3 HomiTa TOH € mo-
Maibk okono 50%, B cpaBHEHHE Ipe3 JieHs Korato Toi e okoso 90-100%.

l'ogumHm moseTrata Ha cpeJHNTEe OTHOCHTEIHM NMpuHOCcH Ha emucuute oT SNAP_01, SNAP 02,
SNAP_07 n OnoreHHHTEe eMHCHH BOJelIH A0 o0padyBaHeTo Ha aMoHsIK/ aMoHms (NH;): [IpunocsT Ha
AQHTPOIIOTEHHUTE M3TOYHHIM B Bhirapus e M3LsIo oTpuLaTeNieH, KaTo caMO NMPHHOCHT Ha OHUOTEHHUTE
eMHCHH € MOJIOXKHUTeNeH. [IpMHOCHT HAa eMHUCHUTE OT eHepreTukara € okono -50% Ho camo Mokpail camuTe
TEILl-oBe, ¥ mMOCTENEHHO OTCHadBalll C OTAAJEYaBaHETO MM OT TsX. 3a IUIAHUHUTE M CeBepo3amajHa
Bboarapus Toit e mexay -10% u 0%. IIppHOCHT Ha M3TOYHUIMTE OT HE MHAYCTPHAIHOTO M3rapsHE € Hail-
MajJbK B CPAaBHEHHE C OCTaHAJINTE M3TOYHMIIM, pa3lpeieieH € MOYTH PaBHOMEPHO HaJl LisylaTa CTpaHa U
okoio -10%, kaTo caMo HajJ BHCOKHTE YaCTH HA TUTAHWHUTE M B OTJEITHM 4acOBE CeBEpHA W/ WM M3TOYHA
Benrapus ce oTKposBaT ¢ MO-MabK MPUHOC OT OKOJO -3%. M3TOYHUIINTE OT aBTOMOOMIHUSAT TPAHCIOPT
MOYTH TPe3 ISJI0TO JICHOHOIME € OTPUIIATENIeH MPUHOC OT -5 110 -10%. MecraTta ¢ OJOXKUTENECH HO OIMU3bK
10 0% mpuHOC ca HaJ MOPETO M Ha MeCTa B TOJHMUSAT JISIB KBaJApaHT Ha oOnactta. [IpyHOCHT Ha OHOreHHUTEe
eMUCUH € ¢ J00pe M3pa3eH JEHOHOIIEH XOA M € M3ILUI0 MOJOKUTENeH Mo miaHnuHuTe. llpe3 Homta Hax
MOYTH Is1aTa obJiacT Tou € okoio -5%, aokato mpe3 aeHs B 11:00 yaca e Haii-ronsiM u € okono 5% Hax
1sutaTa obnact, a B 17:00 yaca Toif HamainsiBa, KaTo cTaBa OTHOBO OTPHUIIATENIEH CEBEpHA M N3TOUHA bbarapus.

l'ogumHm moseTrata Ha cpeJHATEe OTHOCHTEJIHM NMpUHOCcH Ha emucuute oT SNAP_01, SNAP 02,
SNAP_07 n OmoreHHHTE eMHCHH BoAelIH 10 o0pa3zyBaHeTo Ha amoHuii/ amoHuyM (NHy): IlpuHochT Ha
AQHTPOIIOTEHHUTE U3TOYHUIHU B BBITapus e u3Lsuio NONOKUTENEeH, T0KaTO MPUHOCHT Ha OMOTeHHHUTE EMHCUU
Bapupa mpe3 JeHOHOIKETO. [[puHOCHT Ha eMUCHNTE OT eHepreTukara e okosio 20% Ho camo NOKpai camMuTe
TEILl-oBe, ¥ MOCTENEHHO OTCHadBalll C OTAAJEUYaBaHETO MM OT TsX. 3a IUIAHUHUTE M CeBepo3amnajHa
Bboearapus toit e mMexay 0% u 5%. IlpuHOCHT Ha HM3TOYHMLMTE OT HE WHAYCTPUAIHOTO H3rapsHE €
PaBHOMEPHO pa3MpeleieH HaJ IOYTH LisjaTa cTpaHa U € okono 2%, KaTo caMO BHCOKHTE YacTh Ha
IJJaHUHUTE TOM e HyneB. [IpuHochT e Hail-Bucok B 17:00 u 23:00 waca okono 6%. U tyk camo Codus ce
OTKpOsIBA KaTO MSCTO C Hal-BUCOK MpUHOC OT 0Koio 10%. [IpMHOCHT HA U3TOYHUIIUTE OT ABTOMOOWIHHST
TPAHCHOPT Mpe3 IUIOTO JEHOHOIIME € TOJOXKUTENEH, Hall-HUChK Haj IulaHuHUTe 1o 1% W Hail-BHCOK B
uentpanHa bwnrapus or okomo 3% mo 4%. IlpuHOCHT Ha OMOreHHHTE €MHCHU € C A00pe H3paseH
JICHOHOIIEH XOJ U € U3LSJIO OTpULlaTesIeH Mo miaHuHuTe. [Ipes neHs Hag mouTH msiaTta o01acT TOi € OKOJo
-1%, nokato npe3 Homra B 05:00 yaca e Hali-royisM U € okono 2% B ceBepHaTa yacT Ha obnacrra. B 23:00
yaca B U3TOYHA bbarapus NpuHOCHT € MOJIOKUTENEH a B 3aMafiHa OTpULIATENICH.

l'ogumHM moseTaTa Ha cpeJHNTEe OTHOCHTEIHM MpuHOCcH Ha emucuute oT SNAP_01, SNAP 02,
SNAP 07 u OmoreHHMTe eMHMCHH BOJeIIM A0 00pa3yBaHeTO HA NMbPBHYHH OPIraHUYHH AePO30JIH
(POA): IIpuHOCHT Ha AHTPOIOTEHHUTE M3TOYHUIM OT Bwiarapus e usipsuio nomoxwureneH. IlpuHockT oT
eHeprerukara e okoino 20% Ho camo Haxg Hsikou oT TEIl-oBere (bo6os on, Bapna u Mapuna M3Tok), kaTo
TOM € NOYTH HYNEB HaJ IUIAHUHUTE U B ceBepHa bearapus. IIpuHOCHT Ha U3TOYHUIUTE OT HE
WHIYCTPUAJHOTO H3rapsiHe INpe3 LSI0TO JICHOHOIIME Haj IsjlaTa cTpaHa € €QHakbB M € okoio 10%.
[IpuHOCHT HAa M3TOYHHLIHUTE OT aBTOMOOMIHHAT € pa3lpeeneH paBHOMEPHO HaJ LisaTta CTpaHa W Bapupa
npe3 aeHoHomuero. Toii 6uBa Haii-romsim B 17:00 okono 4%, kato ToraBa ce orkposiBaT Codus U mbTHaTa
MpeXKa C MO-BUCOK MPHUHOC. [IpHHOCHT HAa OMOTEHHHUTE EMHCUU € M3LSJIO0 OTPHUILATENIeH U MHOTO MaJIbK JIO -
0,1%, KaTo XaOTUYHOTO pa3IpeesIeHNe Ha MAaKCUMAJTHUTE MPUHOCH MTOKa3aHU Ha KapTUTE C YEPBEHU TOUKHU
ce IBJIKAT Hall-Bedue OT MPECMSATAHETO HA MPOU3BEACHUSITA HA MHOI'O MaJIKH CTOMHOCTH.

l'ogumHM Mmoserata Ha cpeJHNTEe OTHOCHTEIHM NMpuHOCcH Ha emucuute oT SNAP_01, SNAP 02,
SNAP_07 n OnoreHHMTEe eMHCHH BOJCIIH A0 00pa3yBaHeTO HA BTOPHYHH OPTraHMYHH AHTPONOTeHHH
aepo3oan (SOAA): [IpuHOCHT OT eHepreTukaTa € Hal-MadbK U U3LI0 OTPHUIlATENIeH, KaTO caMO HaJ HIKOU
ot TEIl-oBere (boGor [lon, Bapua u Mapuiia U3tok) toit e okono 3% nokaro Hanx TEIl-oere B [TnoBauB n
BoboB non Toii e okono -4%. [IpuHOCHT HA W3TOYHUIIUTE OT HE MHAYCTPUATHOTO M3rapsHe U OMOTeHHUTE
emucun (dur. I11.2.8.2. u ¢ur. 111.2.8.4) e M3IAT0 MOJOXKUTENCH, TIOYTH PaBHOMEPHO paslpesesieH 0
BpeMe M TMpOCTpPaHCTBO W € Hai-romsiM or oxomo 20% mo 30%. IlpuHOCHT HA U3TOYHUIIUTE OT
ABTOMOOWJTHUSAT TPAHCIOPT Ipe3 LSJIOTO JACHOHOIIUE € HaW-TOoJIIM Haj IuiaHnuHute ot 3% a0 5% u Hai-
HUCBK B neHTpanHa bearapus. B 05:00 u 17:00 yaca mpuHOCHT B IsiaTa CTpaHa € MOJOXKHUTENIEH,
pasmpelneNieH € MOYTH PaBHOMEPHO W € Hal-royisiM OKkoJio 2% J0KaTO MPUHOCHT HAa aBTOMOOWIHHST
TpaHcnopt 3a cTpa”ata B 11:00 u 23:00 yaca e mo-MabK U € OTpULIATENEH B 3aNafiHa U LieHTpaiHa bearapus.
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l'ogumHM moseTaTa Ha cpeJHNTEe OTHOCHTEIHM NMpUHOCcH Ha emucuute oT SNAP_01, SNAP 02,
SNAP 07 u OmoreHHMTe eMHMCHH BOJeIIM A0 00pa3yBaHeTO HA BTOPHMYHM OPraHMYHHM OMOTeHHH
aepo3osu (SOAB): I[IpuHOCHT OT eHepreTukaTa € Hali-MaJbK M U3LSII0 MOJIOXKHUTENEH okoJo 1%, kaTo camo
Hag uikou ot TEIl-oBere (bo6oB Jlon, Bapua u Mapuma U3tok) Toii e okono 4%. [IpuHochT Ha
W3TOYHULUTE OT HE HHAYCTPUAIHOTO H3rapsHE € TMOJOXKHUTENIeH OKolo 5% U IMOYTH pPaBHOMEPHO
pasmpesnienieH, KaTo Haj IUIAHUHUTE U Ipe3 HOUITa € MO-MalbK OTKOJIKOTO Ipe3 JEHS M HaJ OcTaHauaTta
TEpUTOpUSL OT CTpaHata. [IpMHOCHT Ha W3TOYHUIUTE OT AaBTOMOOMJHHUAT TpaHcmopT Hax Codus e
OTpHILATENEH MPe3 LSUIOTO JeHOHouMe 10 -5% U € Hall-BUCOK HaJ| INIAHWHUTE U IeHTpaiHa bearapus. B
17:00 gaca ce HaOmoAaBa Ha-rONIM MIPUHOC Ha aBTOMOOMIJIHUAT TPAHCIIOPT 3a CTpaHaTa, KaTo Ha MecTa B
neHTpaiHa bbarapus Toit e okomo 5%. Ilpe3 modtM [sUI0TO JAEHOHONIIME TOW HMMa PaBHOMEPHO
pasmpeneneHue Hajl IsulaTa crpaHa. [[puHOCHT Ha OMOTeHHUTE eMUCHH € Hai-roism Hang 90% u mouTH
PaBHOMEPHO pa3MpeseiieH. KaTo TOM € Hal-HUCHK HaJ BUCOKUTE YacTH Ha IUIAHWHMUTE M U3TOYHA bbarapus.

l'ogumHm moseTrata Ha cpeJHATEe OTHOCHTEJIHM NMpUHOCcH Ha emucuute oT SNAP_01, SNAP 02,
SNAP 07 n OmoreHHMTe eMHCHMH BOJeIIM 10 oOpasyBaHeTo Ha eapu mpaxoBu 4yactuum (CPRM):
[IpuHochT Ha BcMUkM Bharapcku M3TOUHMLM € M3IUIO MONOXKUTENeH. KaTo MpUHOCHT OT eHepreTukara e
Hag 50% nHo camo nokpaii camute TEL[-0Be, a Hag ocTtaHanara yacT oT crpaHaTa € okono 20%. IIpuHochT
Ha MU3TOYHULIUTE OT HE MHAYCTPHAIHOTO U3rapsiHe Mpe3 LsJI0TO JICHOHOLINE € paspe/ieSieH paBHOMEPHO Hajl
LsIaTa cTpaHa M cpemHo Tod e okono 15%, xato camo Codus ce OTKposiBa C JIKO MO-HUCBHK MPUHOC OT
okono 10%. IIpuHOCHT Ha M3TOYHHUIIMTE OT ABTOMOOWJIHHSAT TPAHCIOPT € paslpenelieH paBHOMEPHO Haj
[sIaTa CTpaHa HO ce€ MEeHU Ipe3 pa3nuyHute yacoBe. [loutn mpes nsoto nernonomme Codust ce OTKposiBa ¢
M0-BUCOK NpHUHOC (10 20%) OT TUNWYHUS IPUHOC 3a CTpaHaTa, kKaTo B 17:00 yaca mprUHOCHT HA BCAKBIC €
Hal-TONSIM U JIOPY MOTaT Jia ce BUAAT YaCTH OT OCHOBHATA IIbTHA Mpexka. [[puHOCHT Ha OMOTEHHUTE eMUCHU
€ M3LAJI0 OTpUlaTeneH U MHoro ManbkK 10 -0,1%, Kato XaoTMYHOTO paslpenciieHHe Ha MaKCUMaTHHUTE
MIPUHOCHU TOKa3aHU Ha KapTUTE C YEPBEHU TOYKHU CE IbJKAT Hail-Beue OT MPECMSITaHETO Ha MHOTO MaJIKU
MIPOU3BENCHHUS.

Tl'ogumHM moseTaTa Ha cpeJHNUTEe OTHOCHTEIHM MpUHOCcH Ha emucuute oT SNAP_01, SNAP 02,
SNAP_07 u OuoreHHuTe eMHMCHH BoJelM A0 oOpasyBaHeTo Ha (puHM mpaxoBu yactuou (FPRM):
[IpuHOCHT Ha BCHYKM BBArapcku M3TOYHUIM € U3LAJIO0 MOJNOKUTENeH. [IpHHOCHT OT eHepreTukara € Haj
50% nHo camo nokpaii camute TEI[-0Be, KaTO TSIXHOTO BIMSHHUE CE yCellla HaJl TOYTH LisjaTa TEPUTOPUS Ha
cTpaHaTa ¢ IMPUHOC OT OKoNo 25%. IIpuHOCHT HA M3TOYHHUIIUTE OT HE MHAYCTPUAIHOTO H3rapsHe Ipe3
LSTIOTO JICHOHOILME € Pas3NpeneieH PaBHOMEPHO Hajl IsUlaTa CTpaHa M CpelHO TOW € okojio 8%, KaTo caMo
Codust ce 0TKposiBa C JIEKO MO-HUCHK MPUHOC OT OKOJIO 5%. [IpuHOCHT HA U3TOYHUIIUTE OT ABTOMOOWITHUST
TPAHCHOPT € PasnpeeieH paBHOMEPHO HaJ IisUlaTa CTpaHa HO ce MEHM Ipe3 pasindyHuTe yacose. [loutn
npe3 wssoto aeHoHommue Codusi ce OTKposBa ¢ Mo-BUCOK mpuHOC (10 Han 20%) OT THINWYHUSA MPUHOC 32
cTpaHara, karo B 17:00 yaca mpMHOCHT HA BCSKBJAE € HAW-TONSIM M JIOPH MoraT Jia c€ BUAST 4acTH OT
OCHOBHATa I'bTHa Mpexa. [IpuHOCHT Ha OMOTEHHHUTE EMHCHUHU € M3LSJIO0 OTPUIATENeH M MHOTO MAIIBK 0 -
0,1%, KaTo XaOTMYHOTO pa3IpeesieHNe Ha MAaKCUMAJTHUTE MPUHOCH MTOKa3aHU Ha KapTUTE C YEPBEHU TOUKHU
ce JIbJKAT Hall-Bedue OT MPECMSATAHETO HA MHOT'O MaJIKU IIPOU3BEACHUS.

OueHKu Ha 200UWIHO U CE30HHO OCPeOHeHume npuszemMHu npunocu (6 %) Ha paznuunume
usmounuyu 3a mepumopuama na bvnzapus u 3a omoennu mouxu.

Pesynratute 3a mMpU3eMHUAT OTHOCUTENEH MPUHOC HA PA3TUYHUTE M3TOYHUIM OCPEAHEHH IO OCeM
TOAMIIHUAT aHCaMOBJI TONYy4YeHH 4Ype3 KOMITIOTBPHO CHMYNHpaHe, MoraT Ja ObJaT M3MOJI3BaHU 3a Ja ce
OTpEeNsT, KakTO OTHOCHTEIHUTE MPUHOCH Ha OTACTHUTE W3TOYHHUIM 32 OMNpeNeNieH 3aMbpCUTEN 3a
CTpaHara, HO ChIIO TaKa U 3a, KOATO U Jia € Touka oT obnactra. ToBa Ou Moriio aa Objie 1ieHHa nH(OopManus
Ha OCHOBa Ha KOSTO PETYIATOPHHUTE OpraHd Aa (HOpMyNIUpaT HSAKOW IBITOCPOYHH WM KPATKOCPOYHU
CTpaTeruy 3a HaMaJsBaHe Ha eMHUCHUHUTE OT KOUTO M J1a € U3TOYHHK, 32 Ja ce MPEeAnasyu ChOoTBeTHaTa 00acT
ot npesumasane Ha [1JIK.

OueHKH HA TOJMIIHO U MO Ce30HHO OCPeJIHEHHTe NMPHU3eMHH MPUHOCH (B %) HA eMUCHUHTE OT
SNAP_01, SNAP_02, SNAP 07 u OnoreHHHMTe eMHCHH BOJCIIM 10 0Opa3yBaHeTO Ha pPa3JIHYHH
3aMBPCUTE]H OCPeHEeHU 3a TepuTopuATa Ha bbarapus: [IpuseMHHTE OTHOCHTENHH NPUHOCH Ha
OTJENHUTE M3TOYHHUIIM BOJEHIM 10 oOpa3yBaHeTo Ha a3oreH auokcun (NO,) 3a Bwarapus mokassar, ye
BCHYKHM M3TOYHHUIU Ca C MOJOXHUTENIEH NMPUHOC U C 100pe M3pa3eH! Ce30HEH M NEHOHOIICH X0, KOUTO e
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pasnuyeH 3a pasIMYHUTE M3TOUYHUIM. [I[pUHOCHT Ha OMOreHHUTE EMHCHUHU € Hail-roJsIM Mpe3 HOLITa, KaTo
MHUHHMYMBT MY € cjefo0el, OCBeH TOBa MPUHOCHT Ha OMOreHHUTE EMUCHHU € HAl-TOJISIM TIpe3 JIATOTO U Haii-
MaJbK Ipe3 3UMaTa, KOeTo Hal-BepOosTHO Ce ABDKM Ha (POTOXMMHYHHTE TpollecH Ha TpaHchopMmanus Ha
NO,. Pasraexpaiiku npuHOChT Ha uzrouHuiute or SNAP 07 ce Bmxaa, ue Toi € B mpoTrBo(a3a ¢ TO3U Ha
OMOTEHHUTE EMHCUH, KaTo JIATOTO Mpe3 ACHs ABaTa MPUHOCA ca MOYTH PaBHU M ca 1o okono 15%. ToBa He e
CTPaHHO KaTo CE€ 3Hae, Ue a30THUS AUOKCHU] U JIETJIMBUTE OPTaHUYHH ChEANHEHHS ca OCHOBHUTE NMPEKYpCOpU
Ha o30Ha. [IpMHOCHT Ha eHepreTHKara € OKOJIO YETHPH MBTH MO-MaTBbK OT TO3M Ha TOPHUTE JBa, KaTo Ipe3
3UMaTa TOoM HapacTBa J0 0kojo 5%, a mpe3 JAToTo € Hail-ManbK. [IpuHockT Ha n3TouHuImTe 0T SNAP 02 ¢
Hali-ManbK U KioHAN[ KbM 0%, kKaTo camo npe3 3uMaTa To HapacTBa A0 okojo 2%. IloBuIIeHHAT MpUHOC
Ha wn3rouHunute or SNAP 01 m SNAP 02 npe3 3umara Hali-BEpOSTHO € CBBP3aHO C IOBHUIIEHOTO
KOJINYECTBOTO HA EMUCHHTE MIPE3 TO3H CE30H, a CHILO TAKa U C METEOPOIIOTUYHUTE YCIOBUS.
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@ur. I1.1. I'paduku Ha “TUNUYHUS TOTUIITHO OCPEIHEH JICHOHOIIECH X0/ Ha OCPETHEHUTE 3a TEPUTOPUSTA
Ha bearapus npunocu [%)] Ha Onorennute emucuu 1 Te3u oT SNAP 01, SNAP 02 u SNAP_07 Bonmemu 1o
obpaszyBanero Ha NO,, SO,, O; u PM2.5.

[TpuzeMHHUTE OTHOCUTENHHN IPUHOCH HA OTACTHUTE U3TOUYHHUIIN BOACIIH 10 00pa3yBaHeTo Ha 030H (Os)
3a bbirapus mokaspar, ye BCHYKM M3TOYHMIM ca ¢ J0Ope M3pa3eHH CE30HEH M NEHOHOLICH X0, KOUTO e
MOYTH €HAKHB 32 BCHYKH WM3TOYHMIMU. [Ipe3 mpomerTta M eceHTa ce BHIKAA, Y€ MPUHOCHT Ha OMOTEHHUTE
€MHCHH € OCHOBHO TOJIOKUTENEH W € Hal-royisgM, KaTo TOW € OTpPHUIATENIeH caMO B HayaloTO Ha JEHS.
[IpyHOCHT Ha BCHYKHM OCTaHAIM W3TOYHHUIM TOraBa € OCHOBHO OTPHUIIATENEH C M3KIIOYEHHE Ha TE3U OT
SNAP 02 u na SNAP_07 npe3 mponerta o o0sz. [Ipe3 I9ToTo IpUHOCHT Ha OMOT€HHUTE EMICHH € U3LISII0
TTOJIOKUTENIEH U € OKOJIO NET IMBbTHU IO-TOJIIM OT NMPUHOCHT HA BCUUYKU OCTaHANM, KOMUTO JocTurar 1o 1%
camo o o0sa. [Ipe3 3uMaTa MPUHOCHT HA BCHMYKU M3TOYHUIM € Hal-MaJIbK, MOJIOKHUTENIEH MMPUHOC OKOJIO
0,05% umat camo uzrounuuute or SNAP_ 02 mo o0siz1, J0KaTo MPUHOCHT HA BCUYKH OCTAHAIW U3TOUYHUIIH €
n31suo oTpunartened. Hail-romsim oTpunartener npuHoc uMmat usroununute or SNAP 07 okono -1,25%, a
T031 Ha OuoreHHuTe U 0T SNAP 01 e moutu paseH u e okoio -0,6%.

[Ipu3eMHHUTE OTHOCHTENHU IPUHOCH HA OTJETHUTE M3TOYHUIM BOJACUIH 10 00pa3yBaHETO Ha M30IpPEH
(ISOP) 3a bbarapus mokasBaT, Y€ NPUHOCHT Ha OWOTEHHUTE €MHCHU € Hal-TOJsM, C J00pe U3pa3eHu
JICHOHOIIIEH M CE30HEH XOJI, KOMTO ce MeHu oT 65% mo 85% B 3aBUCHMOCT OT ce30Ha. Pasrnexmpaiiku
NpUHOCHT Ha u3TouHHIMTE OT SNAP 07 ce Bwkaa, 4e TOH € MO-MadbK W B MpoTMBO(das3a C TO3M Ha
Oouorennute emucuu. Ilpe3 natoro mpuHockT Ha SNAP 07 nmoctura ema 10%, mA0oKaTo mpe3 ocTaHAIUTE
CE30HM Tpe3 HOIITa TOH € MO-TOJSIM OT TO3M Ha OuoreHHuTe. [IpuHOCHTE Ha eMUCHHTE OT eHepreTuKaTa u
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SNAP 02 ca moyTH HyJIEBHU U JIEKO OTPULIATENHH TPE3 Pa3IMYHUTE CE30HU.

Benuky THIIOBE M3TOYHUIIM BOACIIN 10 00pa3yBaHETO Ha aMOHSK UMaT 100pe U3pa3eHu JCHOHOLIEH 1
CEe30HEH XOf, KaTo oTpuuatenHusaT npuHoc Ha SNAP 01, koifTo e Bojell Ipe3 BCUYKH CE30HU, pe3 3uMaTta
craBa nosoxuteneH. CinenBamysT Mo rojeMUHa € NpuHoChT Ha emucunre oT SNAP 02, xoiiTo BUHaru e
OTpHILATENEH U € Hall-roysM 1ipe3 3uMata okoino -10%. I[IpunocstT Ha SNAP 07 e Hali-MalrbK U IIpe3 BCUUKU
CEe30HM € oTpuIarteneH. [[puHOCHT Ha OMOreHHHUTE eMHCHU Ipe3 BCEKH CE30H Ce MEHH, KaTo M0 00s TOH e
Haii-ronsaM. [Ipe3 3umaTta € MHOTO MallbK M M3ISUIO OTPULIATENIEH , IPE3 JSATOTO € U3LIO0 MOJOKHUTENEH U
MHOT'O TOJISIM, @ TIpe3 MPOJIETTa U €CeHTa € MOJIOKUTENIEH CaMo M0 0051 HO MHOTO MaJIbK.

Bcenuky THIIOBE M3TOYHUIIM BOACIIU 10 00pa3yBaHETO Ha CepeH AMOKCHUJ Ca C MOIOKUTENeH IPUHOC |
¢ noOpe u3pa3eHH Ce30HEH W JICHOHOIEH XOJ, KOMTO € pa3iuyeH 3a pa3IuyHUTe M3TOYHMLM. Ha Bcuukn
¢burypu ce BIKAa, 4e Hal-TOJISM MPUHOC UMa €HepreTukara, JOKaTo MPUHOCUTE Ha OMOTeHHUTE eMUCHH U
SNAP 07 ca moutu HyneBu. [IpuHochT Ha uzroununure or SNAP (02 e BTopu mo rojgeMuHa, KaTo Ipe3
3UMaTa € Hal-ToJIsIM, a TIPe3 JIATOTO Hal-MaJbK U € TIOYTH KOJIKOTO MPUHOCHT Ha SNAP 07.

[Ipe3 BCHYKHM CE30HM AHTPONOTEHHHTE HM3TOYHUIM BOJEUIM A0 O0Opa3yBaHETO Ha €ApPH NPaxoBH
YaCcTUIM MMaT MOJOKUTEIEH MPUHOC, ¢ JoOpe U3pa3eH! CE30HEH W JCHOHOIIEH XOJ, KOWTO € pas3jiMyeH 3a
pa3NUYHUTE U3TOYHUIHU. [I[pUHOCHT HAa OMOTEHHHUTE EMHUCHU € MHOTO MajbK JIOPU HYJIeB U MOXe Ja Oble
oTrpuuateneH. [Ipe3 JsITOTO M eceHTa eHepreTvkara uMma Hal-roisMm npuHoc 10 10%, cienBaH OT TO3U Ha
SNAP 02, kouTo npe3 JsITOTO € KOJIKOTO MpuHOCHT Ha emucunte or SNAP 07 okono 2%, a mpe3 eceHTa €
OKOJIO JIBa MBTH HoBede oT Hero. IIpe3 mponerra u cpenHo 3a rofrHaTa B HA4aJoTO € BOJEI] MPUHOCHT Ha
eHepreTuKaTa, Ciejl KOeTo MouTH ce u3paBHsBa ¢ To3u Ha SNAP 02 u B Te cu pa3meHsaT Mmectara. [Ipe3
3umata npuHocsT oT SNAP 01 e Bozgemr camo npe3 Homira, J0KaTo mpe3 AeHs € To3u Ha SNAP 02.

[Ipe3 BcHMYKHM CE30HU AHTPONOrEHHHTE HM3TOYHHMIIM BOJEIIM 10 OOpa3yBaHeTO Ha ()MHHU MPaxoBH
YaCcTUIM MMaT MOJOKUTEIEH MPUHOC, ¢ JoOpe U3pa3eH! CE30HEH W JCHOHOIIEH XOJ, KOWTO € pas3iiyeH 3a
pa3NUYHUTE U3TOYHUIHU. [I[pUHOCHT HAa OMOTEHHHUTE EMHUCHH € MHOTO MajbK JIOPU HYJIEB U MOXe Ja Oble
orpunateneH. Kakro ce Buk/1a HaBCSIKb/I€ JOMUHHUPALIUT IPUHOC € TO3W Ha U3TOUHULIUTE OT EHepreTuKaTa
okono 12%. Ilpe3 mponerra u 3umara npuHocbT Ha SNAP 02 e BTOpUAT 1O TOJNEMUHA CJEOBaH OT
M3TOYHHUIIUTE OT aBTOMOOWIHHAT TPAHCIOPT, KAaTO IMpe3 €CeHTa M JIATOTO € OoOpaTHOTO, a CpemHo 3a
roJHaTa JIBaTa MPUHOCA ca MOYTH PaBHHU.

OueHKH HA TOAUIIHO M O Ce30HHO OCpPeHEHHTe NMPH3eMHH NMpHUHOCH (B %) Ha eMHCHHUTe OT
SNAP_01, SNAP_02, SNAP 07 u OnoreHHHMTe eMHCHH BOJCIIM [0 O0Opa3yBaHeTO Ha pPa3JIHYHH
3aMbpPCHUTEIH OcpefHeHH 3a TepuTopusita Ha Codus: IIpr3eMHUTE OTHOCUTENHH MTPUHOCH Ha OTIETHUTE
M3TOYHHUIIM BOJEIIN JIO 00pasyBaHeTo Ha a3oreH muokcun (NO,) 3a Codus ca ¢ MOJOKHUTENCH MPUHOC U C
no0pe M3pa3eHd Ce30HeH W JICHOHOLIEH XOJ, KOMTO € pas3iiMueH 3a pasziIMyHuTe M3TOYHUIM. Ha Bcuukn
¢burypu ce Buxaa, 4ye IPUHOCHT HA EMUCHHUTE OT aBTOMOOMIJIHUAT TPAHCIOPT € Hall-TOJIsIM Tpe3 JeHs, KaTo
npe3 nsatoto aoctura 10 80%, a mpe3 3umata 60%. [Ipe3 HomITa OTHOBO TOW € JOMHUHUPAI] HO C IPUHOC OT
okono 10 1o 20% B 3aBuUCUMOCT OT ce30Ha. IIpuHOCHTE Ha OCTaHANWTE U3TOYHUIIM € CPABHUTEIHO MaIbK
cipsmo To3u oT SNAP 07, xato caMo TO3M OT €HEpreTHKa JIEKO M3MbKBA HaJ OCTAHAIMTE C IMPHUHOC OT
ok011010%.

[Tpu3eMHHUTE OTHOCHUTENHHU MPUHOCH Ha OTAENTHUTE U3TOYHUIM BOJACIIN 10 0Opa3yBaHETO Ha O30H 3a
Codus mpe3 pa3nUYHUTE CE30HU 3a OTASTHUTE U3TOUHUIIM € pa3iIMyueH HO C MOYTH €IHAKBB AEHOHOIIEH XO/I.
[TpuHOCHT HAa OMOTEHHUTE EMUCHH HABCSKBJE € MOJIOKHUTENIEH, & TO3H Ha M3TOYHHUILIUTE OT ABTOMOOHIHUSIT
TPAHCIIOPT € HAl-TOJIIM U HaBCSKBJE € OTPHUIIATENIeH C W3KIIIOUEHHE Ha CIeJO0eIHUTE YacoBe Mpe3 JISATOTO.
[IpunochT Ha u3TouHUIUTE OT SNAP 01 1 SNAP 02 € MHOTO MaJTbK M Baprpa OKOJIO HyJlaTa

[Ipu3eMHHUTE OTHOCUTENHU IPUHOCH HA OTJEITHUTE M3TOYHUIM BOJACLIH 10 00pa3yBaHETO Ha M30IpPEH
(ISOP) 3a Codus mokas3mat, ue Te¢ ca ¢ JA00pe U3pa3eHU JICHOHOIICH M CE30HEH XOj, KaTO MPUHOCHT Ha
OMOTeHHUTE eMHCUHU € Hail-ronsaM u mpe3 neHsa goctura 100%, a mpe3 HomiTa B 3aBUCHMOCT OT Ce30Ha Ce
Menn Mexay 0 u 10%. [IpuHOCHT Ha aBTOMOOMIHHAT TPAHCIIOPT, € HAl-TONSIM Mpe3 JIeHs Bapupall MEeXIy
80% no 100%. IIpe3 meHs cuiIHO Hamals, KaTo B IPHUBEYEPHHUTE YacoBE Ipe3 JISTOTO JOpU CTaBa JIEKO
orpunatenet. [IpunocsT Ha n3TounuITe 0T SNAP 01 1 SNAP 02 e MHOro MabK B CpaBHEHHUE C APYTUTE
JIBa TIPUHOCA, KJIOHSII ¥ BapHpalll OKoJIO HyjaTa.

Beuuky THIIOBE M3TOYHUIM BOAEIIM 0 00pa3yBaHETO Ha aMOHSK MMaT JOOpe M3pa3eH Ce30HEeH X0/,
KaTo JAOMHMHMpa oTpuaTedHUAT npuHockT Ha SNAP 01 mo -20%, c¢ n3kimoueHue mpe3 3uMara, HO ToraBa
TOM € no-roisiM u goctura -35%. CnegBamumsr mno ronemuna e npuHockT Ha SNAP 02, KoHTO ChII0 BUHArH
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€ OTpPUIIATENEH U CTaBa JOMHUHHpAI Ipe3 3uMata gocturaiku -85%. IlpunockT Ha SNAP 07 e Hail-ManbK,
KJIOHSII] KbM HyJIaTa U IPe3 TOBEYETO BpeMe € OTPUIIATENCH, CaMO B CYTPELIHUTE JIETHH YacOBE CTaBa JIEKO
nonokuteneH. [I[puHOCHT Ha OMOTEHHUTE EMHCHUM IMPE3 BCEKH CE30H CE MEHH, KaTo MO 00sJ| TOM ¢ Haii-
romsiM. IIpe3 3umata € MHOTO MallbK M H3ISUIO OTpUILIATENIeH , Mpe3 JIATOTO € H3IIO0 MOJIOKHUTENEH U

JaocTtura 10 5%, a IMpe3 IMPOJIETTA U €CECHTA € IOJIOKHUTEIICH CaMO I10 o6en HO € MHOI'O MaJIbK.
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@ur. 1I1.2. I'paduku Ha “TUNUYHUS TOAUIIHO OCPEIHEH JEHOHOIIEH X0/ Ha mpuHocute [%] Ha
ouorennute emricun u Te3u o SNAP 01, SNAP 02 u SNAP_07 Bonemu 10 oopaszyBanero Ha NO,, SO,, O;
u PM2.5 B Poxxen u Codust.

Bcuuky THIIOBE M3TOYHUIIM BOACIIN 10 00pa3yBaHETO Ha CEpPeH AMOKCHUJ Ca C MOJOKUTENEeH IPUHOC |
¢ n00pe u3pa3eH Ce30HEeH XOJ, KOWTO € pa3iiuueH 3a pa3nuyHuTe U3TouHuIM. Ha Bcuuku purypu ce Buxkaa,
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4ye Hal-rolsiM MPUHOC MMa EHepreTMKaTa, JOKaTO NPUHOCHT Ha OHMOTeHHHTE €MHCHU € TMOYTH HYJIEB.
[IpunocstT Ha SNAP 07 cuiiHO ce MeHM Ipe3 Ce30HUTE, KaTo Mpe3 MpoJIeTTa U 3uMaTa TOM € MOUYTH HYJIEB.
[Ipe3 ecenta nocrura 10 5% HO € Tpu BT MO MaIbK oT To3u Ha SNAP (2, a npe3 nsaTO0TO ABaTa MpUHOCA
ce U3paBHABAT U ciensaT enuH Apyr. IlpuHocskT Ha u3TouHnnute oT SNAP 02 e BTOpM 10 rojeMrHa, Kato €
Ipe3 3uMaTa ToM € JOMUHUpAII, a MIPE3 JIATOTO CTaBa MOYTH KOIKOTO MpuHOCHT Ha SNAP 07.

[Ipe3 BCHYKHM CE30HM AHTPONOTEHHHTE H3TOYHUIM BOJEUIM A0 00pa3yBaHETO Ha €ApPH IMPaxOBH
YacTUIM MMaT MOJOKUTEIEH MPUHOC, ¢ JoOpe U3pa3eH! CE30HEH W JCHOHOIIEH XOJ, KOWTO € pas3jiyeH 3a
pa3NUYHUTE U3TOYHUIHU. [I[pUHOCHT HAa OMOTEHHHUTE EMHUCHU € MHOTO MajbK JIOPU HYJIEB U MOXe Ja Oble
orpuuateneH. [Ipe3 BCHUKM CE30HM €HepreTHKara MMa IMOYTH Mpe3 IUIOTO JIEHOHOIINE MOCTOSHEH IPUHOC
okono 20%. Ilpes nponerra npuHocute Ha SNAP 02 u SNAP 07 ca nmoutu paBHu u ca okono 10%, gokato
Ipe3 JISTOTO U eceHTa To3u oT SNAP 07 cTaBa 3HaUMTENHO MO-TOJSIM, KaTO MpPe3 JIEHs € KOJIKOTO MPUHOCHT
Ha SNAP 01, a B cnenobenHuTe yacoBe 10pH NO-rojisiM oT Hero. [IpuHockT Ha SNAP 02 e okono 25% u e
JOMHUHHpAILl Tpe3 3uMaTa, KaTo MO o0el JIeKO Hamalls M ce M3paBHsABA C MPUHOCA HA EHepreTukara, a
npuHochT Ha SNAP 07 e Ha MoJIOBMHA KOJIKOTO HETO.

[Ipe3 BcHMYKHM CE30HU AHTPONOreHHHWTE HM3TOYHHMIM BOJEIIM 10 OOpa3yBaHETO Ha ()MHHU MPaxoBH
YaCcTUIM MMaT MOJOKUTEIEH MPUHOC, ¢ JoOpe U3pa3eH! CE30HEH W JCHOHOIIEH XOJ, KOWTO € pas3iiiyeH 3a
pa3NUYHUTE U3TOYHUIMU. [I[pUHOCHT HAa OMOTEHHHUTE EMHUCHU € MHOTO MajbK JIOPU HYJEeB U MOXe Ja Oble
orpuuateneH. Iloutu mpes3 1sU10TO IEHOHOIIME eHepreTuKaTa UMa MOCTOSIHEH NMPUHOC, KOWTO Ce MEHU Tpe3
pa3IUYHUTE CE30HM, HO MOYTH IIOCTOSHHO € JOMHHHpall. BTopusaT mo ronemMuHa € NpPUHOCHT Ha
ABTOMOOMJTHHST TPAHCIOPT, KaTo Mpe3 MPoJIeTTa U JSATOTO Mpe3 JIeHd cTaBa Mo-roisiM ot To3u Ha SNAP 01.
[Ipunocst Ha SNAP 02 e 3HauMTENHO MO-MaJIbK, KaTO Mpe3 3uMaTa HETOBOTO BIIMSHUE CE YCUJIBA U CTaBa
KOJKoTO ToBa Ha SNAP (7.

OueHKH HA TOAUIIHO M MO Ce30HHO OCpPeHEHWUTe NMPHU3eMHU NMpHHOCH (B %) Ha eMHCHHTE OT
SNAP_01, SNAP_02, SNAP 07 u OnoreHHHMTe eMHCHH BOJCIIH [0 OO0pa3yBaHeTO Ha pPa3JIHYHH
3aMbpPCHUTEJIHN OCpeJHeHHW 3a TepuTopusta Ha Crtapa 3aropa: Ilpr3eMHUTE OTHOCUTENHM NPUHOCH Ha
OTJIENHUTE U3TOYHUIM BOJAEIIM 10 o0paszyBaHeTo Ha a3zoTeH auokcun (NO,) 3a Crapa 3aropa mokasBaT, 4e
BCHYKH M3TOYHHUIU Ca C MOJOXHTENIEH MPUHOC U C 100pe M3pa3eHH Ce30HEH M NEHOHOLICH XOM, KOUTO e
pas3nuyeH 3a pa3NIu4HuTe U3TOuHUIM. Ha urypure ce Bmxaa, ye MpUHOCHT HA OMOTEHHUTE EMUCHU € Hai-
TOJISIM TIpe3 HOIITA, ¢ M3KIIIOYEHUE Ha 3MMaTa, KaTO MUHUMYMBT MY € cliefo0e/1, OCBeH TOBa MPUHOCHT Ha
OMOTeHHUTE EMHCUU € Hali-TOJISIM Tpe3 JIATOTO U Hall-MarbK Ipe3 3uMaTa, KOeTO Hali-BEPOSATHO c€ IBJIKH Ha
¢doroxumMuuHUTEe TporecH Ha TpaHcopmanus Ha NO,. Pasrnexnmaiiki TpuHOCHT HA W3TOYHULIUTE OT
SNAP 07 ce Buxna, 4e Tol € ©UMa Hal-TOJISIM MPUHOC U € B MPOTHBO(A3a ¢ TO3M HAa OMOTEHHUTE EMHCHHU.
[IpuHOCHT Ha eHepreTUKaTa € OKOJIO YETHUPHU ITBTH MO-MaTbK OT TO3M Ha FTOPHUTE /1Ba, KaTO Ipe3 3MMaTa Tou
HapacTBa Ji0 okono 5%, a npe3 JAToTo € Hail-manbK. [IpuHochT Ha uzroununute or SNAP 02 e Haill-manbk
n xinoHsm kbM 0%, kato camo mpe3 3uMara ToW HapacTBa 10 Okojo 5%. IloBuIEHUMST mpuUHOC Ha
n3roununute or SNAP 01 m SNAP 02 mpe3 3umara Hal-BEpOATHO € CBBP3aHO C IOBHUIIEHOTO
KOJINYECTBOTO HA EMUCHHTE MIPE3 TO3M CE30H, a CHILO TAKa U C METEOPOIIOTUYHUTE YCIOBUS.

[TpuzeMHHUTE OTHOCUTENTHHN IPUHOCH HA OTACTHUTE U3TOYHHUIIN BOACIIH 10 00pa3yBaHeTo Ha 030H (Os)
3a Crapa 3aropa ce BIKAa, Y€ BCHUKH U3TOYHUIIM ca C 100pe M3pa3eHH Ce30HEH M JCHOHOIIEH X0/, KOUTO €
MOYTH €JHAKHB 32 BCHUKU M3TOYHHULH. [I[pHHOCHT Ha OMOr€HHUTE EMHCHUU € OCHOBHO MOJIOKUTENIEH U Haii-
rojsiM, KaTo caMoO B ITbPBUTE YacCOBE Ha JICHOHOIIMETO M Ipe3 3uMaTa ToW e oTpuuateneH. IlpuHockT Ha
SNAP 02, xato I5U10 € Hal-MaJKUAT U € JIEKO MOJIOKHUTENIEH caMo 1Mo 00si1, a Mpe3 OCTaHAJIOTO BpeMe ¢
orpunateneH. SNAP 07 mpe3 moBedero BpeMe MMa HAW-TOIAM OTpPHILATENIeH MPUHOC, KaTO caMo 1o 00ex
mpe3 MpoJieTTa M LENUAT JeH Ha JSATOTO TOM cTaBa IOJIOKHUTENEH, KaTo ce J0OMMmKaBa 0 MPUHOCHT Ha
OMOTeHHUTEe eMUCHH. [IpMHOCHT OT €Heprerukara € H3LI0 OTpULATeNeH ¢ M3KIIOYeHWe Mpe3 AEHS Ha
JIATOTO KOTaToO CTaBa IOJIOKUTENIEH HO B CPaBHEHHE C JPYTUTE MPUHOCH TOM € HUIIOKHO MaJbK KaKTO U
To3u Ha SNAP 02.

[Ipu3eMHHUTE OTHOCHTENHU IPUHOCH HA OTJETHUTE M3TOYHUIM BOJACUIH 10 00pa3yBaHETO Ha M30IpPEH
(ISOP) 3a Crapa 3aropa ce BWXK/a, Y€ IPUHOCHT HAa OMOTEHHUTE EMHUCHU € HA-ToNsIM, ¢ J00pe u3pa3eHu
JICHOHOIIIEH M CE30HeH Xof, KoiTo ce MeHHu oT 30% mo 110% (mpunoc Hagpumasaml 100% e HHTYHTUBHO
HEPUEMIIUB, HO TOH € Bb3MOKEH, KaTo c€ UMAT IPE/ BUJ CIOKHHUTE U HENMHEHHU B3aMMOAECHCTBUS MEKIY
MIPUMECHTE) B 3aBUCUMOCT OT ce3oHa. Pasrnexxaaiiku mpuHOCHT Ha u3TouHuuuTe oT SNAP 07 ce Bmwkaa, 4e
TOW € MO-MaJbK U B MPOTHBOdA3a ¢ TO3M Ha OMoreHHuTe eMucuu. IIpe3 maroro mpuHochT Ha SNAP 07 e
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MIpeIUMHO OTpHULIaTeNeH, KaTo jJoctura a0 -40%, DoKaTo Mpe3 OCTaHAIMTE CE30HU Ipe3 HOIITa TOH € Io-
TOJsIM OT TO3U Ha OuorenHute. [IpuHocuTe Ha emucuute ot eHeprerukara 1 SNAP (02 ca mouTu HyneBu u
MIPOMEHSIT 3HaKa CH Mpe3 Pa3InYHUTE CE30HU.

Bceuuky THIIOBE M3TOYHUIIM BOAEIIM 0 00pa3yBaHETO Ha aMOHSK MMaT J0Ope M3pa3eH Ce30HEeH X0/,
KaTo caMo MpH OMOTeHHUTE eMHCUH MOXE Ja c€ BHJAM JIEK IEHOHOIIEH XOJ M IMOJIOXKHTENIeH MPHHOC Mpe3
nend. IIpunocsT Ha SNAP 01, e Bojemy mpe3 BCHYKM CE30HHM, KAaToO C M3KIIOYEHHE Ha 3MMaTa JIEKO ce
OTKpOsIBa HETOBUSAT JIeHOHOIIEeH Xo/. CleABalusT MO rojeMruHa € IpUHOChT Ha emucuute or SNAP 02,
KOMTO Ipe3 3umara € paBeH WiH 1o roisiM oT To3n Ha SNAP 01, a nmpe3 nsaroro e Hynes. IIpuHochkT Ha
SNAP_07 e Haii-ManbK U IIpe3 BCHYKH CE30HH € OTPHUIIATENIeH U OJU3bK JI0 HylaTa.

Bcuuky THIIOBE M3TOYHUIIM BOACIIN 10 00pa3yBaHETO Ha CEpPeH AMOKCHUJ Ca C MONOKUTENeH IPUHOC |
¢ noOpe u3pa3eHH CE30HEH W JICHOHOIEH XOJ, KOMTO € pa3iuyeH 3a pazIuyHUTe M3TOYHHMLM. Ha Bcuukn
¢burypu ce BIKAa, 4e Hal-TOJISM NMPUHOC UMa €HepreTuKara, JOKaTo MPUHOCUTE Ha OMOTeHHUTE eMUCHH U
SNAP 07 ca moutu HyneBu. [IpuHochT Ha uzroununure or SNAP (02 e BTopu mo rojgeMuHa, KaTo Ipe3
3UMaTa € Hall-rojsiM, a Mpe3 JIATOTO Hall-MaJlbK U € TIOYTH KOJIKOTO MpuHOCKkT HAa SNAP 07.

Bcuuku THIIOBE M3TOYHHIIN BOJEIIM A0 00pa3yBaHETO Ha €ApH MPaXOBH YACTHIIA UMAT MOJIOKHUTENIEH
MPUHOC, ¢ 0Ope M3pa3eHH CE30HEH W JICHOHOILIEH XOJA, KOHTO € pasiuueH 3a Pa3luvyHUTe H3TOYHHIIH.
[TpuHOCHT Ha OMOTEHHUTE EMICHUU € MHOTO MaJIbK JOPU HYJEB M MOXe Aa Obae orpunateneH. [1pes nsaroro
U €CeHTa eHepreTukaTa uMa Hai-rossM npuHoc 10 30%, cneasan ot To3u Ha SNAP 02, kouto npe3 eceHra
€ KOJIKOTO MpuHOCHT Ha emucuute or SNAP 07 oxono 10%, a rmpe3 mposieTTa € OKoJIO TpU ITTH MOBEYE OT
Hero. Ilpe3 3umara npunocute Ha SNAP 01 u SNAP 02 ca nouru paBHu u ca mo okoio 30% Bceku.
[IpunocsT Ha SNAP_07 e okono 5% no 10%, xaTo € BTOpH IO TOJIEMHHA Npe3 JIATOTO U B CIeN00eIHUTE
4yacoBe TOrasa ce u3paBHsiBa ¢ npuHoca Ha SNAP 01.

Bcuuky THIIOBE M3TOYHUIIM BOJACIIH 10 00pa3yBaHETO Ha ()MHH MPaxXOBH YACTUIM UMAT MOJIOKHUTENIEH
MPUHOC, ¢ 0Ope M3pa3eHH CE30HEH W JICHOHOIIEH XOJA, KOHTO € pa3iuueH 3a PasluvyHUTE H3TOYHHIIH.
[IpuHOCHT Ha OMOTEHHHWTE EMHUCHM € MHOTO MallbK JIOpW HYJIEB M MOe na Obae orpuuareneH. Kakxto ce
BIDKJAa HABCAKBJEC JOMMHHUPAIIMAT NMPUHOC € TO3M Ha M3TOUHHUIUTE OT eHeprerukarta okono 35%. Ilpes
3UMaTa NPUHOCHT Ha SNAP 02 e BTOPUAT MO TOJEMHHA CJeIBAaH OT M3TOYHUIUTE OT ABTOMOOHMIHUST
TPaHCIOPT, KaTo Ipe3 MpoJieTTa JBaTa MPUHOCA CE M3paBHABAT, a IPE3 JIATOTO M €CEHTa MPUHOCHT Ha
SNAP 07 e BTOpH IO TOJIEMHUHA ¥ JOPY CTaBa PaBeH Ha TO3M OT eHEepreTUKaTa B JIETHUTE CIeH00eIHHU Yacose.

OueHKH HA TOAUIIHO M 1O Ce30HHO OCpPeTHEeHHTe NMPH3eMHH NMpHUHOCH (B %) Ha eMHCHHUTe OT
SNAP_01, SNAP_02, SNAP 07 u OnoreHHHMTe eMHCHH BOJCIIM [0 OOpa3yBaHeTO Ha pPa3JIHYHH
3aMbpPCHUTEIH OCPeHeHH 3a TepuTopusaTa Ha PokeH: [Ipu3eMHNTE OTHOCUTENHN IPUHOCH HA OTICTHUTE
W3TOYHHMIM BOJEImM A0 oOpa3yBaHero Ha aszoTeH guokcun (NO;) 3a PoxeH mnokas3ar, ue BCHYKU
AQHTPOIIOTEHHH HW3TOYHMIIM, IIOYTH BHUHATH Ca C IIOJOXKUTENEH MPHUHOC M C A00pe W3pa3eHdu Ce30HHH U
JICHOHOIIHM XOJO0BE, KOMTO ca pa3liiieH 3a PasMYHUTE M3TOYHUIM. Ha Bcuuku Qurypu ce BIKIa, 4e
MPUHOCHT HAa aBTOMOOWIHUAT TPAHCIOPT € Hai-roisM, KaTo mpe3 JATOTo Aoctura a0 75%. I[IpuHochT Ha
BCHUYKH OCTaHAJM M3TOYHHIIM € MPEHEOPESKUMO MAIIBK CIIPSMO HEro, KaTo JIOpH OMOTeHHUTE eMUCHH UMaT
OTpHILaTENEH MIPUHOC TPE3 JIATOTO U 3uMaTa, KakTo U Te3u oT SNAP 01.

Benuky M3TOYHHMIM BOACIIM A0 00pa3yBaHETO Ha O30H ca C J100pe M3pa3eHH Ce30HEH W JCHOHOIISH
X0f, KOWTO € paznuyeH 3a Bcuuku u3rodyHunu. [Ipunocute Ha SNAP 01 u SNAP 02 ca Haii-manku u ca
TIOJIO’KUTENTHU caMo Tpe3 JIeHs, KaTo TO3M OT €HepreTukKarta € U3ISUIO MOJIOKUTENEH Mpe3 JIATOTO U U3LISIIO0
oTpULIATENeH Mpe3 3uMaTa. Hall-roisiM monokuTeneH NpUHOC UMaT OMOTeHHUTE eMUCHH 10 5% KaTo mpes
3UMaTa TOH CTaBa OTpULATENEeH M KIOHAL] KbM HynaTa. [IpHHOCHT Ha aBTOMOOWIIHHUST TPAHCIOPT €
OTpHIATENEH MPEe3 3MMaTa, €CeHTa U Mpe3 HOILITA Ha MPOJIETTa, KaTo Mpe3 JATOTO € U3LSUIO MOI0KUTENIEH U
JIOpH Tpe3 JIeHs! CTaBa I1O-TOJISIM OT TO3W Ha OMOTEeHHHUTE EMHCHH, a IIPe3 IPOoJIeTTa 110 00/l ce U3PaBHSBA C TSX.

[TpuzeMHHUTE OTHOCHTENHU IPUHOCH HA OTJETHUTE M3TOYHUIM BOJACUIH 10 00pa3yBaHETO Ha M30IpPEH
(ISOP) 3a PoxeH moka3BaT, 4e NPUHOCHT Ha OWOrEHHUTE E€MHUCHU € Hali-rolisiM, ¢ J00pe H3pa3eHu
JICHOHOILIGH M CE30HEH XOof, KoiTo ce mMeHH OT 10% gm0 100% B 3aBHUCHMOCT OT ce30Ha. Pasriexmaiiku
NpUHOCHT Ha u3TouHHIMTE OT SNAP 07 ce Bwkaa, 4e TOH € MO-MadbK W B MpOoTMBO(das3a C TO3M Ha
ouorennute emucuu. IIpes nmaroro nmpuHockT Ha SNAP 07 B 03:00 waca moctura ensa 10%, mokato mpes
OCTaHaJIOTO BpeMe M 10 0o0el Mpe3 MpoJieTTa TOM e oTpuLaTeNeH u Moxke na crane -60%. IIpe3 ocranamute
CE30HM Tpe3 HOILITa TOW € Mo-rofsiM oT To3u Ha OuoreHHute. [IpuHocute Ha SNAP 01 m SNAP 02 ca
MTOYTH HYJIEBU U JIEKO OTPULIATENIHU MIPE3 Pa3INUHUTE CE30HM.
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Benuky aHTpONOreHHM M3TOYHULM BOJENIH 10 00pa3yBaHETO Ha aMOHSK UMAT OTPHIIATENIeH IPUHOC,
J00pe u3pa3eHu JeHOHOIIEH u ce3oHeH xol. IlpunockT Ha SNAP 01 e nHaii-romsm 1o -26% u 1oMuHUpaIl
MIpe3 MOYTH BCUYKU ce30HU. KaTo camo mpe3 3uMaTa JOMHUHHUpAILL CTaBa BTOPUSAT IO rOJeMUHA IPUHOCHT Ha
SNAP 02, HO ¢ orpoMeH oTpuiateneH IpuHoc A0 -55%, mopaau KOETo B TOAUIIHO OCPEAHEHUTE MPUHOCH
TOI € C MO-TOJISIM IPUHOC OT TO3U Ha eHepreTukata. [I[puHOCHT Ha OMOTEHHUTE EMUCHH € TIOJIOKHUTEIIEH Mpe3
BCEKH CE30H, KAaToO caMO Ha MpOJeT paHo CyTpuH To e jeko orpunarteneH. SNAP 07 uma Haill-manbk
OTpHLATENEH TPUHOC MPEe3 BCUYKU CE30HU 110 -5%.

Benuky M3TOYHHMIM BOZAEIIM 10 00pa3yBaHETO Ha CepeH MUOKCHI ca C MOJOKUTENEeH MPUHOC U C
no0pe M3pa3eHd Ce30HeH W JICHOHOLIEH XOJ, KOMTO € pas3iidyueH 3a pasziMyHUTe M3TOYHUIM. Ha Bcuukn
¢burypu ce BIKIa, 4ye Hall-TOJSIM MIPHUHOC UMa eHepreTHKaTa OKoio 25%, MOKAaTO MPUHOCUTE Ha OMOTeHHUTE
emucud U SNAP 07 ca nmoutu HyneBu. [IpuHochT Ha m3tounumte or SNAP 02 e BTOpH 10 TojleMHHa U €
okono 10%, xaTo npe3 3umara Toi € Hal-ToJIsIM, a Mpe3 JSATOTO MPUHOCHT OT HE MHIYCTPUAIHOTO U3rapsHe
CHJIHO HaMaJisl ¥ € TIOYTH KOJNKOTO npuHocuTe Ha SNAP 07 1 OMoreHHUTE eMUCHH.

[Ipe3 BCHYKM CE30HM AHTPONOr€HHUTE M3TOYHHUIM HMAT IIOJOXKHUTENEH IPHUHOC BOJEHIM 10
0o0pa3yBaHeTO Ha eJpu MPaxOBH YACTHIIHU, C JOOpEe U3PAa3eHU CE30HEH U JICHOHOIIEH X0, KOMTO € pa3innyeH
3a pa3IMYyHUTE U3TOYHULU. [IpuHOCHT Ha OMOTEHHHUTE EeMHUCUH € MHOTO MaJbK JIOPH HyJIeB U MOXe J1a Oble
orpuuateneH. [Ipe3 BCHUKM CE30HHM €HepreTMkata mMa ImpuHoc okojo 20%, kaTo TOM € JOMUHUpAIL Ipe3
JIATOTO U eceHTa. Bropu mo ronemuna e To3u Ha SNAP_02, xouTo mpe3 3uMaTta U MpojieTTa € Mo-rojiasiM oT
to3u Ha SNAP 01, a npe3 eceHra e mpe3 AeHs € MHOTo 011130 10 Hero. [IpuHockT Ha emucuute or SNAP 07
e okoso 12%, xato B 16:00 yaca Ha JISTOTO U €CCHTA € Hal-royisIM okono 18% U e mo-roisiM oT TO3HW Ha
eHeprerukara. [Ipe3 IATOTO BTOpHU MO 3HAYUMOCT € MPUHOCHT Ha aBTOMOOHITHUST TPaHCIIOPT.

[Ipe3 BCHYKHM CE30HHM AHTPONOrEHHUTE M3TOYHHUIM HMAT IIOJOXKHUTENEH IPUHOC BOJEHIM 10
oOpasyBaHeTo Ha (PUHU MPAXOBU YACTUIM, C JOOpE M3pa3eHH CE30HEH M JICHOHOIIEH X0/, KOWTO € pa3inyeH
3a pa3IMYHUTE U3TOYHULU. [IpuHOCHT Ha OMOTEHHHUTE EeMHUCUH € MHOTO MaJTbK JIOPH HyJIEB U MOXe J1a Oble
orpunateneH. Kakro ce Buk/1a HaBCSIKb/I€ JOMUHHUPALIUIT MIPUHOC € TO3W Ha U3TOUHULIUTE OT EHepreTuKaTa
okono 25%. Ilpe3 3sumata npuHockT Ha SNAP 02 e BTOpUAT IO ToieMHHA CIEABAH OT M3TOUYHHUIIUTE OT
ABTOMOOMJIHHMSAT TPAHCIOPT, KaTO Mpe3 MpoJieTTa Te3W JABa NPUHOCA Ca IOYTH paBHH. [IpMHOCHT Ha
SNAP 07 e BTOpM 110 roJIeMHHA MpE3 JSATOTO U €ceHTa, KaTo npe3 eceHra B 17:00 yaca craBa mo-roiasiM oT
TO3M Ha EHEpreTUKaTa.

3a npousxooa u mexanusmume 3a 00pasyeane Ha npuzemHus 0301 6 bvnzapua

BrieuaTnenue mpaBM ManKHUAT OTHOCHTENIEH NMPUHOC HAa OMOTEHHUTE €MHCHH KbM (OPMHpAHETO Ha
mpu3eMHHs 030H. Ha mpbB morjien ToBa U3MIIeKAAa CTPAHHO, KATO Ce UMa Mpel B, Ye OMOTeHHUTE eMUCHU
ca ronsaMm m3touHuk Ha JIOC, TakuBa kaTo u3omnpeH, TepreH, a JIOC ot cBos cTpaHa ca €IUH OT OCHOBHUTE
MIPEKypPCOpH Ha 030HA.

[Mpunocute Ha ocHOBHUTE M3TOUHKUIIM HA NOX CBhIIO € MaTbK. 3a J1a ce 00SICHU TO3H (akKT TpsiOBa Mo-
moApoOHO Ja ce pasrienar peakuuure Ha ozoHoBarta (oroxumus (Finlayson-Pitts and Pitts, 1986, Seinfeld
and Pandis, 1998, Staehelin, Prévot and Barnes, 2000) u no criennaiHo 4pe3 CUCTEMaTa BEPIDKHU PeaKkluu
Ha ROx/HOx pamukanuTe.

OH panukanuTe MoraT a pearupar:

(1) c opraHMYHM ChEJMHEHH S, BOICIIH 10 GOpPMUpPaHEe Ha MEPOKCUPATNKAI, KOETO BOIU 10 00pa3yBaHe Ha
030H upe3 okucispane Ha NO 10 NO,, uiu

(i) OH moxe na pearumpa ¢ NO,, dopmupaiiku HNO; koero e kpailHa peakuus, MOTHCKaIlla
oOpa3yBanero Ha Os.

JomuHupanero Ha MexaHu3bM (i) Hax (il) 3aBHCH OT CHOTHOIIEHHWETO Ha KOHIEHTpanuure Ha NO, u
cyMapHaTa KoHLeHTpauus Ha He meranoBu JIOC (B3eru c Teryiia MpOMOPLMOHATHH HAa CKOPOCTHTE Ha
XUMUYHH peakUWd Ha CHOTBETHUTE WHAWBUAyaTHH ChenuMHEeHus). B rpaacka cperma OOMKHOBEHO
koHueHTpanuute Ha NO, ca TonkoBa ronemu, 4e oopasyBaHero Ha HNO; momunupa peaxnuure Ha OH
panukanute (MexaHu3bM (ii)), KOeTo BOAM 1O TOBa, ye oOpasyBaHeTo Ha O; e manka. Te3u ycnoBus ca
HapeueHn JIOC-orpaHuuenue, 3amoTo oOpasyBaHero Ha Os; ce HHTEH3UpHUIMpa C yBeIUYaBaHE
koHuentpanuute Ha JIOC. [lameu ot rpaga koHmeHTpauuute Ha NO, B gageH o0eM BB3IAyX TpaiiHO
HamaisiBaT, 3amoro NO, pearupa ¢ Haquuaute OH paaukanm, xakTo, pa3dupa ce, U nopaau Audysusra.
HamansBanero Ha NO, mpoMeHs JOMUHHPAHETO Ha MEXaHU3bM (ii) Hag MexaHU3bM (1), OnaronpusTcTBalKu
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TJIaBHO MeXaHU3bM (i) M ChOTBETHO JIOKasIHATa poaykuus Ha O ce yBennuaBa. Korato KOHIIEHTpaluuTe Ha
NOy ca gocrarpyHO Hamanenu, cMecra oT opraHudHd U NOy KOHIIEHTpallMK NMpeMHHaBa Mpe3 ChCTOSHUE,
MIpH KOETO ChOTHOUIEHNETO Ha KOHIIEHTPALIMUTE HA 030HOBUTE IPEKYPCOPH € TaKOBa, ye MpoAyKiusiTa Ha Os
CcTaBa MAakKCHMalHa, KOETO € HapedeHo “‘pexuM Ha mnpexon’. [Ipm mo-HATaTBIIHO HaMalsBaHe
KoHUeHTpanuute Ha NOy (upe3 MexaHu3bM (ii)) JokaigHata npoaykuus Ha O; ce orpaHu4aBa OT
HanunuHocTTa Ha NO, pexxuM koifto ce Hapuua NOy-orpaHudeHue.

[IpocnensiBaiiku koHUeHTpauuuTe Ha NO; (ot rnasa Il.), a cbIIo Taka ¥ OT MOKAa3aHUTE MO-TOPE OLIEHKH
Ha MPUHOCA Ha OMOTEHHHUTE eMUCHH, MOXKE Jla C€ HapaBU M3BOJ, Y€ KaKTO 3a CTpaHaTa KaTo IsUT0, Taka U
3a OTIEMHUTE TOYKH T10 OTHOIICHHE Ha KIIMMAaTa Ha 030HOBO 3aMbpCsABaHe MpeolIagaBalusaT peKUM € TO3U
Ha NOx-orpaHuueHue.

I''TABA 1V OLIEHKA NMPHUHOCA HA PA3JIMYHUTE NPOUECH KbM ®OPMHUPAHE
OBLIATA KAPTUHA HA 3AMDBPCSBAHE B CTPAHATA

ATMOC]epHOTO 3aMBpCSBaHE M CHOTBETHO HETOBHAT KIMMAaT ce (opMUpaT B pe3ylTaT Ha
B3aMMOJICHCTBHETO HA Pa3IMYHA JUHAMUYHN U XUMHYHU TPOLECcH (BKIIOYUTETHO XETEPOreHHa U aepo30JIHa
XUMHUS U IuHamuKa). [lo3HaBaHeTo Ha Te3W MPOLECH, Ha TAXHOTO B3aUMOISHCTBUE W MPUHOC, OYEBUIHO €
M3KITIOYUTEITHO BaXKHO 32 00SICHEHHE Ha o0liaTa KapTHHA Ha 3aMbPCSIBaHE B CTpaHAaTa M OTJAEIHU HEHHU TOUKH.

Uznon3sanus mpu cumyiauuute mMojen CMAQ wuma onmus, HapeueHa “‘Integrated Process Rate
Analysis”, K0sTO MO3BOJISIBA Jla CE OLIEHW POJIATA HA BCEKU OT OTJEIHUTE IMpolecH mnpu (GopMupane Ha
aTMOoc(hepHOTO 3aMBbpcsBaHe, KaTO U3MEHEHHETO Ha KOHIEHTpalusATa 3a JaJleH MHTepBal OT BpeMe Ac ce
MIpeCTaBy KaTO CyMa OT IIPUHOCA Ha Pa3IMYHUTE MPOLIECH.

[Ipouecute, KOUTO BAUAAT BHPXY (popMUpaHe KapTHHATA HA 3aMbPCSBaHE Ca CICTHUTE: XOPU30HTAIHA U
BEepTUKANHA IUQY3Us, XOPU3OHTAIHA W BEPTHKAJIHA aJBEKLUS, €MUCHH, CyXO OTJaraHe, XHMHYECKU
TpaHchopMaLuy, aepo30JHH MPOLIECH, XETEPOreHHa XUMHUA U 00JIauHH MPOLECH, ChXPaHEHHE Ha MaCHUTe.

B Tasu rmaBa Ha aucepTanuATa ca NPEACTABEHU TJIaBHO HSAKOM pPE3YNTAaTH OT KOMIIOTBPHUTE
CHUMYIIalliH, OLEHSBAIM MPUHOCA Ha pa3IMYHHUTE AWMHAMHYHHM MPOLECH Ha MPEHOC U TpaHchopMmanus Ha
3aMBPCUTENNTE, KOUTO (POpMHUpAT KIMMAThT Ha 3aMbPCABAHETO Ha Bb3Ayxa B bbarapus. B IV.2. ca
MIPEACTaBeHU IBYMEPHHU KapTUHHU Ha HAKOU OCPEJHEHH IO aHCaMOBJ MPH3eMHHU (BCHIIHOCT 3a IBPBUS CIION
B o0NacTTa Ha MHTETpPUpaHe) MPUHOCH HAa OTJEIHHTE MpoLecH 3a TepuTopusarta Ha bearapus. B IV.3. ca
MIPEACTaBEHN HSAKOW OLEHKH Ha OCPEIHEHUTE IO aHCaMOBJI MPHU3EMHH MPHUHOCH Ha OTJAESITHHUTE MPOLECH Ha
TPAHCIIOPT U TpaHc(opMaIyst Ha 3aMBbPCUTENIUTE, OCPETHEHH 32 TEPUTOPUATA Ha Bbiarapus u 3a OTAEITHU TOUKH.

BxutouBaHeTo Ha onuusATa 3a U3CIEIBAHETO HA IPUHOCUTE HA OTJETHUTE MPOLIECH, 1aBa Bb3MOXKHOCT
Jla ce OIpeaeNsaT He caMO NMPUHOCUTE Ha OTJETHUTE MPOLIECH 3a OIPEEIIeH 3aMbpPCUTEN, HO CHIIO Taka U 3a
rpyna (ceMelcTBO) OT 3aMBpCHTENU. B Tasu riaBa ce pas3riexzaT caMO €IHa Tpyna OT Ta30BUTE
sambpeutenn GNOY, a cbiio Taka u 1Be rpynu oT npaxoBute 3ambpceutenn ACOARSE u A2.5 (empu u
(UHI TPaxOBH YaCTHUIIH).

Jleymepnu nonema na ocpeonenume npusemnu RPUHOCU HA OMOEIHUME nPoyecu

WzcnenBaneTo Ha OTJENHU MPOLECH HA TPAHCIOPT U TpaHCchHOpMalKs Ha 3aMbPCUTENTUTE UMa 32 I1e
Jla TIOKa)ke, KoM WJIM KOM IPOIIECH ca BOJCLIM IPU OIpeIeNsiHE 3aMbPCIBAHETO HAa BB3AyXa. TOBa CHIIHO
3aBHUCH HE CaMO OT €MHCHUTe Ha JaJeHHUIT 3aMbpcuTen, peneda, MNOAJIOKHATA IOBBPXHOCT U
METEOPOJIOTHsITa, HO ChIIO Taka W OT crenudukara Ha JaJASHUAT 3aMBPCUTEN, KaTO HApUMeEp Jajd TOH e
ra3 WiM aepo3ol, a OT TyK JaJii, JIO KOJKO M KaK IIE My BIUSAAT XMMUYHUTE U aCpO30JHUTE MPOLIECH TPU
HM3MEHEHHETO Ha HErOBUTE KOHIIEHTPALIIH.

l'ogumHoO ocpegHeHM KapTH 3a MoJeTaTa HAa NMPH3eMHHTE NMPUHHOCH HA OT/AEJHHTE MNPOLeCcH
BoJelmHu 10 oopaszyBaHero Ha a3oTreH auokcua (NO,): XopuszoHTanHaTa U BEepTHUKaHATa aJBEKIUS CE
M3MEHST B €MH M ChIIM IUAIa30H, ¥ KaTO Ce CBIIOCTABAT €AHA C Apyra, 1o0pe ce BWKIA BIMSAHUETO Ha
peneda. Xopu3oHTaIHATAa U BEpTHKAIHA aJBEKIHs UMAT KaTO MPaBUIIO 0OpaTeH 3HAK, KOETO € OTpaKeHUe
Ha ypaBHEHHETO Ha HeMPeKbCHATOCT (HECBUBAEMOCT Ha aTMoc(epaTa). B monerata u Ha XOpH30OHTaIHATA U
Ha BepTUKAJHATa aJBEKIMsI MHOTO J00pe ce OTKpPOsBAT IUIAHWHCKUTE BEPUTH — OTPAKEHHE HA eeKTUTE Ha
o0THyaHe W, MOXKe OW, CKIOHOB BATHP. M Ha nBere ¢urypu modpe ce OTKpPOsSBa TEXHHUAT OTpPHULIATENCH
MIpUHOC, Hali-Bede HaJl rosemute rpajgose U TEL[-oBeTe, KaTo mpu XOpH30HTAJIHATA aABEKIUS CE BIXKIA, 4e
MaKCHUMaJIHUAT IPUHOC € U3HECEH B CTPAaHU OT OCHOBHUTE M3TOUHUIM Ha NO, 1 10 ToBa MOXeE Jia Ce ChJIU 32
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npeo0aiaBalluTe BETPOBE B 30HUTE OKOJNO TAX. [I[pUHOCHT HA XOpPH3OHTaNHATAa AU(Y3Us € MOJOKHUTEICH
caMO 10 BUCOKUTE YacTH Ha IUIAHUHUTE U OKOJI0 M3TOUHHIMTE Ha NO, U € oTpuliaTeieH B MOAHOXKUATA HA
IUTAHWHUTE W HaJl caMuTe M3TOUHUIM. KakTo ce BWKJa HaJ OocTaHallaTa 4acT OT CTpaHaTa TOM € MOYTH
HyneB. [IpuHOCHT Ha BepTukanmHaTa audy3us e oTpulatelieH U MHOro jaoope ce orkposiBat Codus u
npeanpuaTusata (MPU3eMHM M HHUCKM W3TOYHUIIM), KBJETO TS HMMa HAW-TONSM OTPULIATENIEH MPUHOC.
Nzkmouenne npasar camo TEIl-oBere Mapumna M3tok, bo6os non, Bapua, Byprac, Pyce u IlnoBaus, kouto
ce OTKpOsIBaT, KaTO MECTa C MOJIOKUTENICH U B OTAETHU YacTU OT JCHOHOIMETO HOPU MaKCHUMAaJeH MPUHOC
Ha BepTUKanHaTa JUQy3us (BUCOKH U3TOYHUIM). [IpUHOCHT TE3UW ABETE NBOMKMU aJBEKIMU U AU(PY3UH Ce
MEHU B €IUH U CHIIM JUAMA30H, U KATO I[JI0 TEXHUAT HAW-TONSM OTPULIATEIIEH MPUHOC € ChCPEIOTOUYCH

Haii-Beue Hax paiiona Ha Codus.

chemistry dry deposition

®ur. IV.1. Xopu3oHTaNHO pasnpenelieHe Ha npuHocuTe [ig/hour] Ha pa3ITUYHU MPOIECH KbM YaCOBUTE
n3MeHeHus Ha npuszemHus 030H B 06.00GMT (08.00 mecTHO Bpeme).

[IpunochT Ha cyxoto oTinarane e Hai-romsiM Hax Codus u TEL[-oBere Bo6oB non, Mapuna U3tok u
XacKkoBO, KOETO HE € CTPaHHO MMaiKu B MpEIBUJ, Y€ UMEHHO TaM CE OTKpOsSBaT MECTaTa C €JHH OT Hail-
BHCOKHTE KOHIIEHTpallUM B cTpaHaTa. MecTara ¢ HyJeBH IIPUHOCH Ha CyXOTO OTJIaraHe ca TOYHO KBJETO Ce
oyakBa Jia ObAaT, a IMEHHO HaJl MOPETO, PEKUTE U S30BUPHTE, KATO M Te CHILO Taka A00pe ce OTKpOsBaT Ha
kaprata. [IpuHOCHT Ha OONaYHUTE MpolecH/ BOAHATA XHMHS CBIIO € H3IUIO OTpUIATENeH, HO ¢
MIPEHEOPEKUMO MaTbK, KaTO TOW € Hal-TOJIsM HaJl INIAaHMHUTE U B ONPENeNIeHH YacTH Ha JIeHs ce OTKpOsSBaT
Codus u TELl-oBete Ilepuuk 1 Bo6oB moi. [IpyHOCHT Ha XUMUYHHUTE TIPOLIECH € U3LSIIO MOJIOKUTENEH U €
Hall-TOJIIM B CpPaBHEHHWE C OCTAaHAJMTE IPOLECH, KaTO MecTaTa Ha KOMUTO TOW € MaKCHUMalleH ca Haj
TOYKOBUTE U3TOUHUIU Ha NO,.

l'ogumHo ocpegHeHM KapTH 3a MoJeTaTa HAa NMPH3eMHHUTE NMPUHOCH HA OT/EJHHTE INPOLecH
Bojael M 10 oOpazyBaHeTro Ha a30THHM okucH (GNOY): CpenHo roguiliHUTE MPUHOCH HAa MPU3EMHUTE
MPOIIECH BOJEIIM 10 00pa3yBaHETO Ha a30THU OKUCH JI0CTa HAMomo0sBaT Te3W 32 a30THUAT IHUOKCHIL
XopHu3oHTaJIHATa U BEPTUKAIHATA aJBEKIUS M TYK C€ M3MEHAT B €IUH M CHIIM AUANA30H U ca ¢ 00paTHH
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3HAllM HaJ W Mokpail miuanuHuTe. OCBEH TOBA NMPUHOCHTE HA aJBEKIMHUTE M Ha BepTHKATHATa OUQy3us ca
PaBHU U ca [[Ba MBTH MO-TOJEMHU OT T€3W Ha a30THUAT AMOKCHJ, KaTO caMO XOPHU3OHTaJIHATa IU(Y3Us MMa
paBeH Ha Hero nmpuHoc. CyXxoTo OTjaraHe MMa MO-TOJISIM OTpHLIATeNeH NpuHoc, kato B 11:00 vaca Toil e
MaKCHUMalleH HaJ aOCOIOTHO LsIaTa CTPaHa.

OT pasriexjJaHeTo Ha IMPUHOCHTE Ha OTAEITHMTE IPOLIECH 3a TOBa CEMEHCTBO OT 3aMBPCHUTENH Ce
BIDK/IA, Y€ TIPU HETO Ce MOsIBSIBA OIle eIMH MPOIIEeC, a MMEHHO TO3HM Ha 00pa3yBaHeTo Ha aepo3onu. [Ipu Hero
Ipe3 ISUI0TO JEHOHOIINE MPUHOCHT MY € M3IISUIO MOJIOKUTENEH U Hal-rosiM caMo HaJl MNIAHUHUTE, KaTo 0
o051 MOYTH HaI LsIaTa CTpaHa TOM CTaBa MOJOXKUTENEH. AEpO30JHUTE MPOIECH HMAaT HaN-TOJsIM
OoTpULIATeNIeH MPUHOC Mpe3 LsUI0To AeHoHomue Hax Codus, a chlIo Taka M HaJ NPENnpUsATHITA B OTICTHU
yacoBe oT JieHs. OcBeH ToBa ce BWXJa, 4e NpuHOCchT Ha TEIL[-oBeTe ChIO € MOJOXKHUTENEH, KaTO TO3U Ha
TEL Codus u Iepruk B 05:00 1 17:00 gaca e MakcuMaseH.

l'ogumHo ocpegHeHW KapTH 3a MoJeTaTa HAa NMPH3eMHHUTE NMPUHOCH HA OT/EJHHTE INPOLecH
BOJelH 10 o0pa3dyBaHeTo Ha 030H (O3): XopH30HTaTHATA U BEPTUKATHATA aJBEKIIUS CE U3MEHST B €IUH U
CBIM IANa30H, U KaTo Ce ChIIOCTABAT €Ha C Apyra, Ao0pe ce BUXKIa BIUSHHUETO Ha peneda. Mecrata Ha
KOMTO XOPU3OHTAIHATA aJBEKIUS MMa Hal-TOJSIM OTpHILATeNeH MPUHOC (TNIAHMHHUTE B aJ€H MOMEHT), TO
BEpPTUKAJIHATA AJBEKIUs B CHIIMAT TO3W MOMEHT TaM € MoJoXuTenHa. [IpUHOCHT Ha XOpHU3OHTAJIHATa
nudy3usi MOYTH HABCAKBAE € OTpULaTeNIeH M KIOHM KbM HyJaTa, KaTo IJIAHMHUTE CE€ OTKpPOsBaT C
MaKcHMaJjleH OTpHLATeNeH MIPUHOC, a JOJMHUTE C MakCHUMalleH monokuTeneH. [IpuHochT Ha BepTUKaiHaTa
nudy3us ce oTaMyYaBa OT TO3M Ha a30THUAT TUOKCHJ, M TOBAa HE € CTPAaHHO MMAaWKW MpenBUI, Ye JBaTa
3aMBPCUTENS ca B MPOTHBO(A3a W EJUHHUAT BOAM A0 TpaHCPOpMUpaHETO My B Apyrusr. Pasnmukarta B
3HALlUTe Ha MPUHOCA Ha BepTUKajHaTa AUdys3us ce oOsACHSIBAa M C TOBA, Y€ a30THUTE OKCHAW B ToOsMa
CTEMEeH MPOM3X0XKAAT OT NMPU3EMHHM M3TOYHMIIM, JTOKATO 3HAYMUTENIHA YacT OT MPU3EMHUAT O30H € pe3ynrar
OT MPEHOC OT MO-BUCOKUTE ciioeBe. [Ipe3 Ls1oTo IeHOHOIKE HaJl TIOUTH LdjiaTa cTpaHa TOH € MOJIOXKHUTENEH,
m3kimrouenne npaBu camo TEL] Mapuna M3tox B 05:00 m 17:00 uwaca, xaTo TOYKa C MakKCHUMaJeH
oTpuuateneH npuHoc, a Copus U MIAHHHHUTE Ce OTKPOABAT KAaTO MECTa C HA-TOMISIM MOJOKUTENEH TPHHOC
npe3 AeHoHomwmero. [IprHOCHT Ha CyXOTO OTJiiaraHe € Hal-rojisM Haj riaHuHuTe, kato B 11:00 vaca Hag
msmata obmacT Tod € MakCHMaJeH, paslpeselieH PaBHOMEPHO HaJl LisilaTa CTpaHa M He ce OTKPOsBaT Io-
ocobeHn Toukd. [IpuHOCHT Ha oOmMayHUTE MpolecH/ BOAHATA XUMHS, CHIIO € H3LSIO OTPHUILATENEH,
pasmpenenieH e MoYyTH PaBHOMEPHO U € MPEeHEOPEKUMO MaTbK, KaTO TNIAHUHCKUTE BhPXOBE CE OTKPOSABAT C
MO-BUCOK OTpHIlaTeNieH mpuHoc, a Haj Hsikoi TEL[-oBe u mpeanpusatvs Tol € MakcuMalieH. XUMHYHUTE
MIPOIIECH TIpe3 MO-ToJsIMaTa 4acT OT JEHOHOLIMETO MMAaT OTpULIATeNIeH MPUHOC, KaTO caMo Mo 00 MoYTH
HaBCAKbJAE ToW e monoxuteneH. [Ipes usmoro Bpeme Codust, [eBHs u byprac ce oTkposBaT ¢ MakCMMaleH
orpuuateneH npuHoc, karo B 05:00 u 17:00 yaca muoro mobpe ce Bwxknat TELl-oBere, npeanpuarusaTa u
KOH(UTypalusaTa Ha MbTHATA MpeXa, KaTO MecTa C MAaKCHMaJleH OTpULIATeNeH IIPUHOC.

l'ogumHo ocpegHeHM KapTH 3a MoJeTaTa HAa NMPH3eMHHUTE NMPUHOCH HA OT/EJHHTE INPOLecH
BOJ LM 10 00pasyBaHeTo Ha cepeH quokcua (SO;): Brrpeku, ue He ca B €JHU U CHIIU CKaJM MOXE Jia ce
BHJIM, Y€ MECTaTa Ha KOMTO XOPH3OHTAIHATA a/IBEKIMS UMa HAW-TOJSIM OTpHUIIaTelIeH MPHUHOC (TUTAHUHUTE B
JlaJIcH MOMEHT), TO BepTHKAIHATA aJBEKIMs B CHIIUAT TO3U MOMEHT TaM ¢ nonoxutenHa. Hag TEI[-oere
Hall-CMJIHO UM3MBKBAaT MAaKCHMAJHHUTE OTPULIATEIHM TPUHOCH Ha XOpPU3OHTAJHATA aJBEKIUs U
MOJIOKUTENTHUAT HA BEpTHKaHATa aaBeKuus. [IpuHOCHT Ha XOpU3OHTaNHATA OUQY3Us MOYTH HABCAKBAC €
OTpHIAaTENEH U KJIOHM KbM Hyjata, karo TEL[-oBeTe ce oTKposiBaT ¢ MaKCUMAaJIeH OTpHIIaTeNeH MPUHOC, a
OKOJTHOCTHTE OKOJIO TSIX C IOBHIIEH MOJIOKUTENIEH W Ha MECTa MakcHMalieH. IIpuHOChT Ha BepTUKaJIHATa
nudy3uss mpe3 IUIOTO JICHOHONME MOYTH HABCSAKBIE € OTpUIATENeH M KIOHSL] KbM HyJaTa, KaTo
m3kmouenre npaBatT TEI[-oBere ¢ MakcuMalieH IOJIOKUTENIEH MPUHOC (BUCOKK wu3TOYHHMIM Ha SO,).
[punocwt Han Codust mpe3 USAIOTO ASHOHOIIME € Hall-CHITHO OTpuliaTeeH (HUCKU ¥ MPU3eMHH M3TOYHHIIH.
[IpunockT Ha cyxoTo ornaraHe e Haii-ronssm Han TEI[-oBere, gokato Hajg ocTaHallaTa 4YacT IOYTH
HaBCSAKbBJE KIOHU KbM HynaTa. [I[pHHOCHT Ha 00JIaYHUTE MpoLieck/ BOAHATA XUMUS € IPEHEOPEKUMO MaTbK
U CBILO € U3ILUI0 oTpuuateneH. [ImaHMHCKUTE BBPXOBE CE OTKPOSBAT C MO-BUCOK OTPHUIIATEIEH IMPUHOC, OT
TO3M B o0NacTTa okoJo TiX. OTpUIATENHUAT MPUHOC Ha OOJNIAYHWTE IMpoLecH/ BOJHATA XUMHS €
MakcumaneH Haa TEL[-oBere u ce OTKposiBa Ha OTKPOsiBa HA OOLIMPHU TEPUTOPUHU OKOJO TAX. XUMUUHUTE
MpoLecH TIpe3 MOo-TojiIMaTa YacT OT JCHOHOIIMETO MMAT IOYTH HYyJEB IpuHoc, KaTto camo TEIl-oere ce
OTKpOSIBAaT C JIEKO MO-TOJSIM OTpHIaTeneH mpuHoc. [lo 00sa mpMHOCHT HABCAKBAE HApacTBa, KAaTO Haj
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MJIAHUHUTE TOM € Mo-ManbK, a BiusHHeTo Ha TEL[-oBere € MakCHMMallHO M ce pa3mpocThpa Haj MOYTH
LsIaTa cTpaHa.

l'ogumHoO ocpegHeHM KapTH 3a MoJeTaTa HAa NMPH3eMHHUTE NMPUHOCH HA OT/EJHHTE INPOLecH
BoOJelu 10 oOpa3yBaneTo Ha amoHsak/ amonus (NH;): Bropeku, ue He ca B €IHH U CBIIM CKalld MOXKE J1a
ce B[, Y€ MecTaTa Ha KOUTO XOPU30HTAIIHATA aJBEKLIMs UMa Hal-TOJIsIM OTpULIATENIeH TIPUHOC (TIJTaHUHUTE
B JaJeH MOMEHT), TO BEpTHKAaJHATa aJBEKIHs B CBHIIMAT TO3M MOMEHT TaM € TNOoNokuTenHa. Han
MPEeINpPUATHATA CBbP3aHU C IPOU3BOJICTBOTO Ha aMOHSAK Hal-CHIITHO U3ITbKBAT MAKCUMAJIHUTE OTPULIATEIHU
MIPUHOCH Ha XOpPU3OHTAJHATa AaIBEKIMs M MONOKHUTEIHMUAT Ha BepTUKaJHaTa ansekius. [IpuHOCHT Ha
XOpHU30HTaNHATa AUQY3Us TIOUYTH HABCAKBJE € OTpULATeIeH M KJIOHH KbM HyJaTa, KaTo MPeANpUATHSITa Ce
OTKpOSIBAT C MaKCHUMaJIeH OTPHUIATENICH IMPUHOC, a OKOJHOCTHUTE OKOJO TAX C IOBHUIIEH MOJOXKHUTEICH
npuHoc. [lpuHOCHT Ha BepTHKamHATa AUQY3Us HABCAKBAE Mpe3 IUIOTO ACHOHOIIME € OTPHUIATENeH U
KJIOHSII] KbM HYJIaTa, KaTO M3KIIOYEHHE MPaBAT HAKOM OT npenmpustuara B 11:00 yaca ¢ momoxuTenceH
npuHoc. [IpuHOCHTE Ha CyXOTO OTiiaraHe M OOJayHWTE IMPOIECH/ BOXHATA XMMHUS ca Hail-roleMu Haj
MpeaNpUATHATA, JOKATO HaJ OCTaHalaTa YacT MOYTH HABCAKB/E KIOHM KbM HyJaTa. Aepo30JIHHUTE MPOIecH
Mpe3 LSJI0TO JICHOHOIME MOYTH HABCAKbIE MMAT OTpULIATENIeH MPUHOC, C U3KIIOUEHHUE HaJ| IUIAaHUHCKUTE
BBPXOBE IPE3 HOIITA, KBAETO TOW € JIEKO MOJIOKUTENeH. MakcumaleH OTpHUIaTeleH MPUHOC Mpe3 LSIIOoTOo
neHoHoume ce Habmronasa Han Codust, nokaro Hax npennpustuara B 05:00 u 17:00 waca. Hax TELl-oBete
MIPUHOCHT Ha aepO30JIHUTE MPOLECH CHILO € MaKCHMAJIeH U ce HaOoAaBa MOUTH Npe3 LsUI0TO ASHOHOIIHUE,
KaTo TOBA C€ IBbJDKH Ha MPOLIECUTE Ha Aecyldypu3amsl.

l'ogumHoO ocpegHeHM KapTH 3a MoJeTaTa HAa NMPH3eMHHUTE NMPUHOCH Ha OT/EJHHTE INPOLecH
BoJel U 10 oOpadyBaHeTro Ha amonuii/ amoauym (NH,): Berpeku, ye He ca B €HU U CHIIU CKaTH MOXKE
Jla ce BMJAM, Y€ MecTaTa Ha KOMTO XOpPHM3OHTalHaTa aJBEKIMs HMMa Ha-roisiM OTpHUIATE]eH IPUHOC
(MnaHUHKUTE B aJEH MOMEHT), TO BEepTHKAJIHATA aABEKLUHUS B CHUIMAT TO3M MOMEHT TaM € TOJIOKHUTENHA.
[IpuHOCHT Ha XOpU3OHTaNHaTa AWQY3HUs MOYTH HABCAKBIAE € OTPHULATENIeH M KIOHM KBbM HyJaTa H
MakcuManHo orpunareneH Hajx TEIl-oere. IlmaHuHuTE ce OTKpoOsSBAT C MOJOXHUTENEH NPUHOC, a Ha
oThenHu Mecta nokpail Hikou oT TEL[-oBere e makcumaieH. [IpuHOCHT Ha BepTUKaidHAaTa AUQY3HUS OUYTH
HaBCSIKbJIE MPE3 LSJIOTO JEHOHOIIME € OTPUIIATENEH, KIOHSII KbM HyJlaTa U € MaKCUMaJTHO OTpULIATENIeH Haj
Codus. Han npennpustusita chiio ¢ MakcuManno orpunarene B 05:00 u 17:00 vaca, a nag TEL[-oBere B
11:00 gaca. [IpuHOCHT Ha BepTHKaIHaTa OU(y3Us CTaBa MOJOKUTENeH HaJ npeanpusatusta B 11:00 u 23:00
yaca, a HaJl TELl-oBere B 05:00 n 17:00 gaca. [IpuHOCHT Ha CyXOTO OTJIaraHe € Hail-rojisiM HaJ MJIaHUHUTE,
KaTo HaJ OCTaHajaTa 4acT MOYTH HaBCAKBJAE KJIOHM KbM HyinaTa, a B 11:00 yaca modtu Haj 1s1aTa cTpaHa
TOW CTaBa MaKCHMAaJIHO oTpuuateieH. IIpuHOCHT Ha 0OJayHUTE MpollecH/ BOIHATA XUMHS CHIIO € HaM-
rojsim Haja rutaHnHuTe M TELl-oBeTe, mokaTro Haja ocTaHallaTa 4acT MOYTH HABCAKBIAE KIOHM KbM HyJata.
Aepo30HUTE TMpoLEcH Mpe3 IIOTO JCHOHOIIME IIOYTH HABCAKBJE HMaT IOJOXKHUTEIEH IPHUHOC, C
M3KJIIOUEHHE HaJl IJIaHMHCKUTE BBPXOBE IIPE3 HOIITAa, KBJAETO TOM € JIeKo oTpuuaTeneH. MakcumaieH
TIOJIOKUTENICH MPUHOC Mpe3 ISUIOTO JieHOHomme ce HaOmogaBa Hax Codus u TEIl-oBere, mokato Han
npeanpuatuiara camo B 05:00 u 17:00 waca. Hag TEIL[-oBeTe mpuHOCHT Ha aepO30IHUTE MPOIECH CBHINO €
MaKCHMAaJTHO MOJIoKuTelNeH, Haii-Beue B 11:00 waca. OT Tyk U OT IPUHOCHT HA BepTUKAIHATA TUQDY3US U OT
MIPUHOCUTE HAa XUMUYHUTE MPOLECH Ha CEPHUST AUOKCH B TO3M MOMEHT MOXKE Ja CE HAIlpaBU XMIIOTE3aTa,
Ye TOBa Hali-BEPOSATHO Ce ABbJDKH Ha MPOLIECUTE Ha AeCyNypH3alus.

l'ogumHo ocpegHeHM KapTH 3a MoJeTaTa HAa NMPH3eMHHUTE NMPUHOCH HA OT/EJHHTE INPOLecH
BOJeNH 10 00pa3yBaHeTO Ha (pMHU MPaxoBHW YacTulu (A2.5): Brrpeku, ye He ca B €IHU U CHIIU CKaJIU
MOJKE J]a C€ BHMJHM, Y€ MECTaTa Ha KOUTO XOPU3OHTAIHATa a/JBEKIMs MMa HaW-TOJsIM OTpUIATENEeH IPUHOC
(MIaHWHUTE B AJIEH MOMEHT), TO BEpTHKAJHATa aJABEKIHUS B CHUIMAT TO3H MOMEHT TaM € IOJIOKHUTEHA,
KaTo MaKCUMaITHUAT oTpuuateneH npuHoc Hax TEIL[-oBere Ha XopH30HTaNHATa aJBEKLMs MHOTO J00pe ce
otkposiea B 11:00 waca. [IpuHOCHT Ha XOpU3OHTANIHATA AU Y3USI TIOYTH HABCSAKBJIE € OTPULIATENICH U KIOHU
KbM HylnaTta M MakcumaiHo orpuuareneH Haj TEIl-oBere. IlmaHWHUTE ce OTKpOSIBAT C MOJOXKHUTEICH
MIPUHOC, a Ha OTAenHU MecTa nokpail Hsakou or TEIl-oBere e makcumanen. [IpuHOCHT Ha BepTHKaIHATa
Iudy3us MOYTH HABCSKBJE Mpe3 LSUIOTO ASHOHOIINE € OTPULIATeNIeH, KJIOHSII KbM HyJlaTa U € MaKCUMAJHO
orpuniatencH Haa Codus. Haxg camure TEI[-oBere TOM € MakCHMaTHO IIOJIOKUTENCH, 2 B OKOJHOCTHTE
okono TELl-oBete oTpunatesneH, koero noope ce Biwxkaa B 11:00 gaca. [IpuHOCHT Ha CyXOTO OTJIaraHe e Haii-
rojisiM HaJ IUITAHWHUTE, KaTo HaJ OCTaHajaTa 4yacT MOYTH HaBCSIKBJEC KJIOHM KbM HynaTa, a B 11:00 gaca
MOYTH HaJ IsaTa cTpaHa Tod HapactBa M Haj TEL[ Mapuna M3Tok cTtaBa MakcHMajgHO OTpHIIaTENEH.

30/45/



[IpunochT Ha oOmayHWTE MpolecH/ BOAHATA XMMHA € MAKCHMaJHO OTpPHIATeNieH Hal IUIAHWHHTE, Haj
ocTaHajaTa 4acT OT CTpaHaTa € IOJIOXKHUTEIEH HO KIOHSAI KbM HynaTta, a Haj TELl Mapuna M3tok e
MaKCHMaJIHO MOJOXKUTENEH. AEpO30JIHUTE MPOLECH Ipe3 LSJIOTO JAECHOHOIIUE IMOYTH HABCSKBJIE HMAT
TIOJIOKUTENIEH MPUHOC, C HM3KIIOYEHHWE HaJl TUIAHWHCKUTE BBPXOBE, KbJETO TOW € JIEKO OTpHIIaTENEH.
MaxkcuMaseH MOJOKHUTENEeH MPUHOC Mpe3 LsUIoTo AeHoHomue ce HabmromaBa Hax Codus u TEL-osere,
nmokaTto Han mpennpustusta camo B 05:00 u 17:00 gaca. B 11:00 yaca mpuHOCHT Ha aepO30JIHUTE MPOIIECH
noka3BaT BiusHHeTo Ha TEI[-oBere, kaTo ce BmkAa, 4Ye IMOYTH HAJ Isja IOKHA bbarapus Toil e
TIOJIO’KUTENEH, @ HaJl MOYTH I1si1a CEBEPHA OTPHUIATENEH.

Ouyenku Ha 200UWIHO U CE30HHO OCPEOHEHUMme NPU3EMHU NPUHOCU HA PA3IUYHUmMeE NPouecu 3a
mepumopuama na bvnzapusa u 3a omoennu mouxu.

[TokxazaHuTe Mo-rope pe3ysTaTH 3a NPU3EMHUAT IPUHOC HA PA3INYHUTE MPOLIECH OCPETHEHU IO OCEM
TOAWIIHUAT aHCaMOBJ, MONyYeHH 4Ype3 KOMIIOTBPHO CUMYJIUpaHe, MoraT Aa ObJaT M3MOJN3BaHHM, 3a Ja Ce
OTpeNeNnsaT NPUHOCUTE Ha OTJAEIHHTE MPOIECH BOACIIM A0 0oOpa3yBaHETO Ha JajJeH 3aMBbPCUTEN KaKTo
OCpEIHEHH 3a CTpaHaTa, Taka W 3a KOATO M Ja € To4ka OT obnactra. ToBa e neHHa HH(pOpMaLHUs, KOATO
MoXxe Ja ObJe M3MOJI3BaHa NpU M3y4aBaHE MPHUPOAATa Ha 3aMbPCABAHETO B JaZieHa TOYKA 3a OMpelesieH
3aMbPCHUTEN U CEMEICTBO OT 3aMbpPCUTENH.

OuneHKH Ha TOAWIIHO U CE30HHO OCPeAHEHHMTE NMPH3eMHH NMPHHOCH HA Pa3JIHYHHTE NMPOLecH
BOJCIIM 10 O0pasyBaHeTO HAa PA3JUYHHM 3aMbPCUTE]N OCPeJHEHHM 32 TepUTOpHsATa Ha bbarapus:
[Mpu3eMHHUTE MPUHOCK Ha OTHECIHUTE TPOIECHM BOJCHIM JO oOpa3dyBaHero Ha a3oreH muokcup (NO,) 3a
Benrapus mokasBaTr, 4ye cymMapHOTO H3MeHeHHe Ha mpouecute (AC) Bomemo A0 H3MEHEHHETO Ha
KOHLIEHTpAIMHTE, OMBa KAKTO MOIOXKUTEIHO TaKa M OTPHUILIATENIHO, C J0Ope U3pa3eH JASHOHOIIEH X0/, a ChILO
Taka € U Pa3iM4HO Ipe3 pazauyHuTe ce30HH. M3menennero Ha AC ce ompeznens TJIaBHO OT Mal’bK Ha Opoii
MIPOIIECH, KOUTO Ca C TOJIEMU CTOMHOCTH HO C POTUBOIIONOXKEH 3HaK U (pa3u, kato 3a NO, ToBa ca OCHOBHO
MOJIOKUTENHUAT MPUHOC Ha XMMUYHHTE MPOLECH W OTPULIATETTHUAT Ha BepTHKanHaTa qudysus. [IpuHoChT
Ha EMHUCHUHUTE, BEpTUKAIHATA M XOPU30HTAJIHATA aJABEKIMs € JI0CTa MAJIbK, KaTO IPUHOCHT HA OCTAHAJMTE
IIPOLIECH € JIOPH U ITOYTH HYJIEB, a TOBA Ca XOPH30HTaIHATa JU(y3Hs, CYyXOTO OTIarane u o0lMayHUTE MPOLIECH.

[IpuzemMHHUTE MPUHOCK Ha OTAENHUTE MpolecH Boaemu a0 obpasyBaHero Ha GNOY B bearapus
MOKa3BaT, 4ye CyMapHOTO M3MeHeHune Ha npouecutTe (AC) Bomemo A0 M3MEHEHHETO Ha KOHLEHTPALUUTE,
OMBa KAaKTO MOJIOKHUTEIHO TaKa M OTPULIATENHO, a ChIUIO TaKa M C Pa3iMdeH XOJ Mpe3 pa3lu4HUTE CE30HU.
Uzmenennero Ha AC ce ompenens TIaBHO OT MallbK Ha Opoii mpolecH, KOUTO ca ¢ TOJIeMU CTOMHOCTHUTE HO C
MPOTUBOMOJNIOKEH 3HAaK u (a3u, karo 32 GNOY ToBa ca IJIABHO MOJIOXKHUTEITHUAT MIPUHOC HA EMUCHHTE U
OTPULIATENHUAT Ha BepTUKanmHaTa Audy3us. [I[pHHOCHT Ha BepTHKalHATa W XOPH3OHTATHATa AJBEKIUS €
JI0OCTa MaJIbK, KaTO IMPHUHOCHT HA OCTAHAJIMTE MPOLECH € AOPU U MOYTH HYJIEB, a TOBA ca XOPHU30HTAJIHATa
nudy3us, CyxoTo OTiarane, XUMAYHHTE, a€pO30JTHUTE U 00IayHHUTE MPOIIECH.

[IpuzemMHHUTE TPUHOCH Ha OTACIHHUTE NPOLECH BOACIIM 10 00pa3yBaHETO Ha 030H B bbirapus
MOKa3BaT, Y€ CyMapHOTO W3MeHeHue Ha mpouecute (AC) Bomeno 10 M3MEHEHHETO Ha KOHIEHTPALUUTE € C
no0pe M3pa3eH EHOHOMIEH X0 (KoeTo OMBa KaKTO MONOXKUTETHO TaKa M OTPHIIATENTHO), a CHILIO TaKa U C
pasiIuyeH X0 Mpe3 pa3nuyHuTe ce30HU. 3menennero Ha AC 3a pa3lTUYHUTE CE30HU CE OIpEENs TJIaBHO OT
pasnuyHu Opoil MpolecH, KOUTO ca C TOJeMH CTOMHOCTH HO C TPOTHUBOMONOXKEH 3HaK M (as3u, Karo
BepTUKaNHATa TUQY3Us € BOICUIMST IPOLEC C MOMOKHUTENIEH MPUHOC MpPe3 JIeHS MPH TOAUIIHO OCPEIHEHUS
Ciydai, a ¥ 3a BCUUKM CE30HHM C M3KIIIOUYEHHE Npe3 3uMaTta. [Ipe3 3uMarta u npes3 HolTa 3a BCUUKU Cllydai
XOPU30HTAIHATA aABEKUUs € JOMHHHUPALIUAT MPOLEC C MONOKHUTENEH MPUHOC C M3KIIOYEHHE HA JISATOTO
Mexay 12:00 u 16:00 yaca korato T craBa oTpuuarenHa. [IpyHOCHT Ha BepTUKAIHATa aIBEKIUS € B
MpoTHBO(dA3a C XOPU3OHTAIHATA aJIBEKIMs U M3ILUIO OTPULIATENIEH C M3KIIOYEHHE Tpe3 JSTOTO OT 00s1 0
kbM 18:00 xorato craBa monoxuteneH. [Ipe3 BCHMUKM CE30HM 3a TO3M YacOBH HMHTEpBAJ NPUHOCHT Ha
BEpPTUKAJIHATA aJIBEKLUs BOJENl A0 M3MeHeHneTo Ha O; Hail-cuiHo Hamansd . CyXoTo oTyiaraHe € ¢ MHOTO
no0pe u3pazeHa mpoTuBodasza ¢ BepTUKaNHATA TU(Y3Us, KaTO Mpe3 JATOTO TOU € JOMUHHUPAILUAT IPOLEC C
OTpHLaTENEeH NMPUHOC Mpe3 JeHs. [IpuHOChT HA XMMHUUYHUTE MPOLECH € Mal’bK U NPEAUMHO OTPULIATENEH C
U3KITIOYeHUe Tpe3 JsaToTo B uHTepBania Mexay 07:00 u 12:00 waca korato TOW cTaBa IMOJOXKHUTENEH.
[IpuHoCchT Ha XOpW3OHTaNHaTa AU(Y3Us W OONaYHHUTE MPOLECH B CPaBHEHHE C OCTAHAIUTE MPOLECH €
MIPaKTUYECKU HYJIEB.
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[IpuHochT Ha XOpH3OHTaNHATa AWUQY3US, OCPEJHEH IO TEPUTOpUATA HAa CTpaHaTa, BCHUIHOCT €
HOPMHpaHHsS IO IUIOLITa IIPEHOC Ha CBhOTBETHATa cyOcTaHIMs mpe3 Tpanuuute. llpeobnamaBaiio
MOJIOKUTENTHUAT MPUHOC HA XOPU3OHTAIHATA aJIBeKIHs (C M3KIIOYEHHE Ha YacOBETE OKOJIO IUIajJHE Ipe3
JISTOTO) TOBOPH 32 MPEIMMHO YyXKAECTPaHHUS MPOU3XO0J Ha MPU3eMHUs 030H B brirapus. 3a ToBa roBopu u
npeoOiafaBamio OTPULATENHUS MPUHOC Ha XHMHYHUTE TpaHchopMmauuu (OTHOBO C H3KIIOYEHHE Ha
4acoBeTe OKOJIO TIAJHE TIPe3 JISTOTO).

[Mpu3emMHUTE TPUHOCH HA OTICITHHUTE NPOLECH BOJCHIM 10 oOpasyBaHero Ha NH; B Bbearapus
MOKa3BaT, Y€ CyMapHOTO W3MeHeHue Ha mpouecute (AC) Bomenio 10 M3MEHEHHETO Ha KOHIEHTPALUUTE € C
JIEKO M3pa3eH JCHOHOUIEH Xox (KoeTo OMBa KakKTO TOJNOXKUTEIHO Taka M OTPHLATENHO), KaTo Ipe3
pa3NUYHUTE CE30HH TO € MHOIO MajJKO M MOYTH He ce HaOMoJaBa 3HAYUTENHO U3MEHEHHE B XOIbT MY.
Uzmenennero Ha AC ce ompenenst TJIaBHO OT MaJIbK Ha Opoil MpomecH, KOUTO ca C TOJIeMU CTOMHOCTH HO C
MPOTUBOMONIONKEH 3HaK W (asu, kato 3a NH; TOBa ca MONOXKHUTEIHUAT NPHUHOC HA EMUCHHTE U
OTPULIATENTHUAT Ha BepTUKanHaTa Audy3us. OCBeH ToBa Ha TpauKUTE ce BIXKIA, Y€ IPUHOCHT Ha
OCTAaHAJHUTE IIPOLIECH € JO0CTa MallbK, KaTO CaMO JIEKO CE OTKpOSBAaT XOPW3OHTAJHATa aJBEKIUS C
TIOJIO’KUTENIEH 1 a€PO30THUTE MPOIIECH C OTPULIATENEH TPUHOC.

[IpuzemMHUTE IPUHOCH HA OTAEITHUTE MPOLIECH BOJENIH 10 0Opa3yBaHeTo Ha NHy B bparapus nokassa,
4ye cyMapHOTO m3MeHeHue Ha nporecute (AC) BoIemo 10 U3MEHEHUETO Ha KOHI[EHTpaI[uuTe, OMBa KaKTO
MOJIOKUTENTHO TaKa ¥ OTPUIATEIHO U ¢ A00pe U3pa3eH ACHOHOIIEH X0/, a ChIIO TaKa M C pa3iuieH X0 Mpe3
pasnuyHuTe ce30HU. 3menenunero Ha AC ce ompezelns IJIaBHO OT MalbK Ha Opoil MpolecH, KOUTO ca C
TOJIEMH CTOMHOCTH HO € MPOTHBOIONOXEH 3HAK U (a3u, kaTo 32 NH, ToBa ca MONOKUTETHUAT IPUHOC Ha
AepO30JTHUTE MPOLECH U OTPULATENHUAT MPUHOC HA BEpTUKANHATa MUQy3us Mpe3 JeHs M BepTUKAIHATa
aZBeKIus mpe3 Homra. ChLI0 Taka NMPUHOCHT HA XOPU3OHTAJIHATA aJBEKLHUS € JOCTa TOJISIM M MPEJUMHO
MOJIOKUTENEH C M3KIIOYEHHE TIpe3 CIIeNOOCIHUTE YacoBe Ha JIATOTO M €CeHTa KOraTo TA CTaBa JIEKO
orpunatenta. [IpyHOCHT Ha OCTaHANUTE MPOLIECH € MOYTH HYJEB, KATO TOBA ca XOPU3OHTAIHATa AUPY3HUS,
CYXOTO OTjlaraHe, XUMHUYHUTE U 00JaYHUTE IIPOLIECH.

[IpuzemMHUTE IPUHOCH Ha OTACIHUTE MPOLIECH BOAEIIHN 10 oOpasyBaHeTo Ha SO, B brirapus mokassa,
4ye CyMapHOTO M3MeHeHHe Ha mporecuTe (AC) BOZemo A0 M3MEHEHHETO Ha KOHLEHTpalHUTe € C Jo0pe
M3pa3eH JeHOHOLIEH X0/ (KOeTo OMBa KaKTO MOJOKUTEIHO TaKa U OTPHUIIATENTHO), a CHILO TaKa U C pa3iiMyueH
XOJI TIpe3 pa3nuuHuTe ce30Hu. M3menennero Ha AC ce ompezens TJIaBHO OT MaJIbK Ha Opoi MpolecH, KOUTO
ca ¢ ToJeMH CTOMHOCTH HO ¢ MPOTHBOMOIOXKEH 3HaK U (a3u, kato 3a SO, TOBa ca MOJIOKUTETHUAT IPHHOC
Ha eMHCHUTE U OTPUIIATEIHUAT Ha BepTHKamHaTa Audy3us. OTpULIATENHUAT IPUHOCHT Ha CYXOTO OTJIaraHe
W BepTHKAJHATA M aJBEKLHUs, ChIIO € J0Ope MpelncTaBeH, a MPUHOCHT XOPHU3OHTAJIHATa AJABEKIHUSI € C
MIPETUMHO TOJIOKUTENEH C M3KIIOUEHHE 110 M3IPEB U 3aie3 ChbHIE. [IpHHOCHT Ha OCTaHAJIUTE MPOLECH €
MOYTH HYJIEB, a TOBA ca XOPH3OHTATHATA JU(PY3Us, XUMUYHUTE U OOJIAYHUTE MTPOLIECH.

[TpuzemMHHUTE PUHOCK Ha OTIETHMUTE MporecH Boxemu 1o oopazyBanero Ha ACOARSE B boarapus
MOKa3Ba, Y€ CyMapHOTO M3MeHeHune Ha mpouecute (AC) Boeno 10 M3MEHEHHETO Ha KOHUEHTPALUUTE € C
no0pe u3pa3eH IEHOHOIIEH X0 (KoeTo OMBa KaKTO MONOXKUTETHO TaKa M OTPULATENHO), a CHIIO TaKa U C
pasznuyeH Xoj mpe3 pasnuuHuTe ce3oHu. M3menenunero Ha AC ce ompenens TJIaBHO OT MaldbkK Ha Opoii
MIPOIIECH, KOUTO Ca C TOJIeMU CTOMHOCTH HO ¢ TIPOTHBOIONOXKEH 3HaK U (a3u, kato 38 ACOARSE ToBa ca
MOJIOKUTENTHUAT MPUHOC Ha €MHUCHUHUTE M OTPULATETHHUAT Ha CyXOTO OTJIaraHe M BepTHKalHATa AUQY3HSL.
[IpuHOCHT Ha BepTHKaTHATa U XOPU3OHTAIHATA AABEKLMS € JOCTa MaJIbK, KATO MPUHOCHT HAa OCTAHAJIMUTE
MpOIleCH € JOpW M TIOYTH HYJeB, a TOBa ca XOpU3OHTanHaTa AU(QY3Hs, XUMUYHUTE, aepO30JHUTE U
o0JIaYHHTE MTPOIIECH.

[IpuzemMHHUTE TMPUHOCH Ha OTHETHHUTE MpolecH Boaemu 10 (opmupaHero Ha A2.5 B bearapus
MOKa3Ba, Y€ CyMapHOTO M3MeHeHune Ha mpouecute (AC) Bogemo 10 U3MEHEHHETO Ha KOHIEHTPALUUTE € C
no0pe u3pa3eH IEHOHOIIEH X0 (KoeTo OMBa KaKTO MONOXKUTETHO TaKa M OTPULATENHO), a CHIIO TaKa U C
pasznuyeH Xoj mpe3 pasnuuHuTe ce3oHu. M3menenunero Ha AC ce ompenens TJIaBHO OT MajdbK Ha Opoi
MPOIIECH, KOMTO Ca C TOJNEMH CTOMHOCTH HO C TPOTHBOINONOXEH 3HaK W (a3m, xato 3a A2.5 ToBa ca
OTPULIATENTHUAT MPUHOC HAa BEPTUKATHUTE aABEKIUS U AUDY3HS U TONOKUTETHUAT IIPUHOC HA EMHCHUTE,
AepOo30JHUTE IMPOLECH M XOPU30HTaJHATa aJBEKLHUs C U3KIIOUEHHE Mpe3 JAToTo okoio 17:00 gaca xoraTto
XOPU30HTATHATA aJBEKIMS CTaBa JIeKO oTpHuuarenHa. [I[pyHOCHT Ha ocTaHaIUTE MPOLECH € OYTH HYJIEB, a
TOBAa ca XOPU30HTATHATA qU(Y3Us, CyXOTO OTJaraHe, XUMUYHUATE U 00JAYHUTE MPOLIECH.
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OuneHKH Ha TOAWIIHO W CE30HHO OCpPeHEHHTEe NMPH3eMHH MPHMHOCH HA PasIUYHHUTE TMpoIecH
BOJACIIM 10 oOpa3yBaHeTO Ha Pa3JIMYHU 3aMbPCUTEM oOcpeqHeHH 3a Tepuropusita Ha Codus:
[IpuzemMHHUTE PUHOCH Ha OTAGNHUTE Mpolecu Bojemu 10 ¢popmupanero Ha NO, Hag Codus mokassa, 4e
cyMapHOTO u3MeHeHue Ha npouecute (AC) BoAeIo 10 U3MEHEHHETO Ha KOHIIEHTPallMUTe € ¢ 100pe n3paseH
JIEHOHOIIIeH X0f (KoeTo OMBa KaKTO MOJOKUTETHO Taka W OTPULATENHO), a ChIIO TaKa U C Pa3idyeH XOJ
npe3 paznuuHuTe ce3onu. Vzmenenunero Ha AC ce ompesens r1aBHO OT MallbK Ha Opoii mporecu, KOUTO ca ¢
TOJIEMH CTOWHOCTH HO C MPOTHUBOIOJNIOXKEH 3HaK U (a3u, kato 3a NO, TOBa ca OTPUIATENHUAT MPUHOC Ha
BepTUKAJIHATA aJBEKIHs Mpe3 HOIITa U Ha BepTHUKANIHATa AUQY3Hs Mpe3 JeHs ¢ M3KII0YEeHHe Mpe3 3uMarta
KOraTo JIOMMHHMpa CaMO BEPTHKaJIHATa aJBEKIUs. XMMUYHHUTE IPOLIECH Ca C JOMHHHPAIL] HOJIOKUTEITHUSAT
MIPUHOC C M3KIIIOYEHUE Ipe3 3MMara KoraTo MPUHOCHT M € PaBeH HAa TO3M HAa XOPHU3OHTAJIHATa aJ(BEKLUS.
[IpuHOCHT Ha XOpHU3OHTAJIHATA AABEKIMS € J0CTa Pa3JIMyeH 3a Pa3InYHUTE CE30HU - TOKATO MPE3 JISTOTO €
MIPEIUMHO OTPULIATENEH TO Ipe3 3UMaTa € caMmo IMoyokuTeNeH. [IpMHOCHT Ha OcTaHaIUTE MPOIECH € A0CTa

MaJIBK, JIOPH ¥ TIOYTH HYJIEB, & TOBA CA XOPU3OHTATHATA JU(Y3Us, CYXOTO OTJIAraHe M OOIAUHUTE TPOLIECH.
Spring Autumn
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@ur. IV.1. 'paduku Ha “TUNHYEH” TOOUILIEH U CE30HEH ICHOHOIIEH X0/ Ha OCPEAHEHHUTE 32 TEPUTOPUSITA
Ha bparapus npuHocH Ha xopu3oHTanHaTa aasekuus (HADV),Beprukannata ansexius (ZADV),
cyMapHaTa (XOpU30HTalHa + BepTUKainHa) aasekuus (ADV), xopusonrtannata nudysus (HDIF),

Beptukannata audysus (VDIF), cyxoro otnarane (DDEP), xumuunute nponecu (CHEM), obnaunu
npouecu/BoaHa xumus (CLDS) kM gacoBute usmenenus (AC) Ha npuszemuus Os.
[IpuzemMHHUTE MPUHOCK Ha OTAENHUTE Tpouecu Bogemw 10 (opmupanero Ha GNOY B boearapus
MOKa3Ba, Y€ CyMapHOTO M3MeHeHune Ha mpouecute (AC) Bogemo 10 M3MEHEHHETO Ha KOHIEHTPALUUTE € C
no0pe u3paseH AEHOHOIIEH X0J (KoeTo OMBa KaKTO MOJOKUTENTHO TaKa M OTPHIIATENIHO), a CHILIO TaKa H C
pasznuyeH xoj mpe3 pasnudHuTe ce3oHu. M3menenunero Ha AC ce ompenens TJIaBHO OT MajdbK Ha Opoi
MPOIIECH, KOMTO ca C TOJeMH CTOWHOCTH, HO C MPOTHUBOIMONOXKEH 3HaK M (as3m, kato 32 GNOY TOBa ca
MOJIOKUTENTHUAT TPUHOC HAa EMUCHHUTE W OTPULATEIHUAT Ha BepTUKajHaTa Iudy3us mpe3 OeHS U
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BEpTUKaJIHATa aJIBEKIMs Mpe3 HomTa. V3kitoueHrne npaBu caMo 3MMaTta KoraTo MOJOKHUTETHUAT IPUHOC Ha
eMHUCHUTE € TIOYTH KOJIKOTO MIPUHOCHT HAa XOPU30HTAJIHATA aJIBEKIUsI, a BEPTUKAJIHATA aJIBEKIUS € C U3LSI0
JOMUHUpAILl OTpHUIaTeneH npuHoc. OCBeH ToBa MPUHOCHT HAa OCTAHAJIMTE MPOLIECH € I0CTa MATBK U € MOYTH
HYJIEB, 2 TOBA Ca XOPU3OHTAJIHATA AU(Y3Hsl, CYXOTO OTJIaraHe, XMMUYHHUTE, AePO30JIHUTE U 00IaYHUTE IPOLIECH.

[Ipu3emMHHTE MPUHOCK HA OTIETHUTE Tpolieck Bojey 10 ¢popmupanero Ha Oz B Codus mokassa, ue
cyMapHOTO u3MeHeHue Ha nporecute (AC) BoAeIo 10 U3MEHEHHETO Ha KOHIIEHTPallMUTe € ¢ JoOpe n3paseH
JICHOHOIIEH X0 (KOeTo OMBa KaKTO MOJOXKUTETHO Taka W OTPULATENHO), a ChIIO TaKa U C Pa3idyeH XOJ
Ipe3 pa3inuuHuTe ce30HU. M3menennero Ha AC 3a pa3nUyHUTE CE30HU CE OMPEAENs TJIaBHO OT pa3ivyHU
Opoil mpolecH, KOUTO ca C TOJIEMH CTOHHOCTH, HO C IPOTUBOIIOJIOKEH 3HAK U (pa3H, KaTo XOpHU30HTAIHATA
aZBEKUUs W BepTHKANHATa IUQy3us ca BOACHIUTE MPOIECH C MOJOKUTEIeH NpuHOC. Beprukamnarta
aJIBEKIIMS € C IOMUHHUpAIll OTpUIaTENEH MPUHOC MIPe3 BCUUKK CE30HM € M3KIItoUeHue mpe3 jsaroto ciaen 07:00
yaca, KOrato Ts CTaBa MOJOXKHUTENHA U CH CMEHS 3HAKbT C XOPU3OHTAJHATa aJBEKIUsl KOMTO IbK CTaBa
oTpULIaTeNeH (BEPOATHO Pe3yATaT OT IO-pa3BUTH KOHBEKTHMBHH IIpoLecH mpe3 JAToTo). IlpuHOCHT Ha
XUMHAYHHUTE MPOIECH € MalbK M € U3LSIO0 OTpULIATeNIeH, a IPUHOCHT Ha XOpU3OHTaHATa AUdy3us, CyX0To
oTjaraHe U 0OJauHUTE MPOLECH B CPaBHEHHE C OCTAHAIMTE IPOLIECH € TPAKTUIECKH HYJIEB.

[TpuzemMHUTE IPHHOCH Ha OTAETHUTE TpoliecH Bojemu 10 hopmupanero Ha NH; B Codust mokasBa, ue
cyMapHOTO u3MeHeHue Ha nporecute (AC) BoAeIo 10 U3MEHEHHETO Ha KOHIIEHTPallMUTe € ¢ JoOpe n3paseH
JICHOHOIIEH X0 (KOeTo OMBa KaKTO MOJOXKUTETHO Taka W OTPULATENHO), a ChINO TaKa U C Pa3idyeH XOJ
npe3 paznuyHuTe ce3oHu. V3menennero Ha AC ce ompesens r1aBHO OT MallbK Ha Opoii mporecH, KOUTO ca ¢
TOJIEMH CTOMHOCTH, HO C TPOTUBOIIOJIOXKEH 3HAK M (a3u, kato 3a NH; ToBa ca MONOKHUTETHUAT MPUHOC Ha
eMHCHHTE U B TI0-MaJIKa CTENEH Ha XOpU30HTaHAaTa aABeKuus 1o okono 16:00 yaca cien Koero TS craBa ¢
oTpuuateneH npuHoc. OTpUIATENHUSAT NPUHOC Ha aepOo30JHUTE IpOIecCH M B IO-TojisiMa CTENEH Ha
BepTUKaNHaTa Au(y3us Mpe3 JeHs U Ha BepTUKAJHATa aJBEKIMs Mpe3 HoulTa € Ao0pe u3pa3eH Ha BCHYKU
noToBe. V3KiroueHne npaBu caMo 3MMata, KOraTo aepo30JIHUTE MPOLECH ca JOMUHUpAIU C OTpHUIaTEIeH
MIPUHOC, a XOPHU3OHTAJIHATa aJBEKIUs € M3IUI0 MonoxkurenHa. OCBEH TOBa IMPUHOCHT HA OCTAHAJIMTE
MIPOLIECH € JIOCTa MaIbK, JOPH MOYTH € HYJIEB 3a CyXOTO OTJaraHe, XOpM3OHTAIHATa AU(DY3Hs, XUMAYHHUTE U
o0JIaYHHTE MTPOIIECH.

[TpuzemMHHUTE IPHHOCH Ha OTAETHUTE TpolecH Bojemu 10 hopmupanero Ha NHy B Codust mokassa, ue
cyMapHOTO u3MeHeHue Ha npouecute (AC) BoAelo 10 U3MEHEHHETO Ha KOHIIEHTPallMUTe € ¢ JoOpe n3paseH
JICHOHOIIEH XOf (KOeTo OMBa KaKTO MOJOXKUTETHO Taka W OTPULIATENHO), a ChINO TaKa U C Pa3idyeH XOJ
npe3 paznuyHuTe ce3oHu. Vzmenennero Ha AC ce ompesens rI1aBHO OT MallbK Ha Opoii mporecH, KOUTO ca ¢
TOJIEMH CTOMHOCTH, HO C TPOTUBOIIOJIOXKEH 3HAK U (ha3u, kato 3a NH, ToBa ca MONOKHUTETHUAT IPUHOC Ha
aepOo30JIHUTE TPOLIECH M XOPH3OHTAJIHATa aJBEKIUs, C M3KIIOYEHHE Ipe3 JIATOTO, KOraTo CJel U3rpeB T
CTaBa W3O oTpuuaTedHa. OTpULATENTHUAT NPUHOC HA BEpPTUKAIHATA aJBEKIHs ChIIO € JA00pe M3paseH
Ipe3 BCUYKM CE30HM, HO OTHOBO Mpe3 JISITOTO CIEA M3rpeB Ts cTaBa MosokuTenHa. [IpuHOCHT Ha
BEepTUKaNHATa TUQY3Us € 30 OTpUIATENeH HO J0CTa MalbK B CpaBHEHHE C MU30POSHHUTE MPOLECH.
OcTaHanuTe MpoLecH UMaT IIOYTH HYyJIEB IIPUHOC, a TOBAa ca XOpU3OHTalHATa AUQY3Hs, CyXOTO OTjaraHe,
XUMUYHHUTE U OOJIAYHUTE MIPOLIECH.

[Mpu3emMHHUTE TPUHOCH HA OTACITHHUTE TpoIieck Boaelu 1o Gpopmupanero Ha SO, B Codust mokaspa, ue
cyMapHOTO u3MeHeHue Ha npouecute (AC) BoAeIo 10 U3MEHEHHETO Ha KOHIIEHTPallMUTe € ¢ JoOpe n3paseH
JICHOHOIIEH X0 (KOeTo OMBa KaKTO MOJOXKUTETHO Taka W OTPULIATENHO), a ChINO TaKa U C Pa3inyeH XOJ
npe3 paznuyHuTe ce3oHu. Vzmenennero Ha AC ce ompesens r1aBHO OT MallbK Ha Opoii mporecH, KOUTO ca ¢
TOJIEMH CTOMHOCTH, HO C TPOTUBOIOJIOXKEH 3HAK M (a3u, kaTo 3a SO, TOBa ca MOJOKHUTEIHUAT MPUHOC Ha
eMHCHUTE U XOPU30HTAJIHATA a/IBEKLIU, C U3KIIIOUEHHE Ha JIATOTO. JJOMUHMpaIuTe OTpUIIATETHN TPUHOCH
Ha BEpTHKAIIHATA aJBEKLHUs Ipe3 HOLITa U Ha BepTUKaNHaTa AU(y3Hs Mpe3 JeHs ChINo ca A00pe h3pa3eHu
npe3 Bcuuku ce3oHU. [Ipe3 maroro no 08:00 yaca mpuHOCa Ha XOpPU3OHTAIHATA AJBEKIIHS € MOJOXKHUTEIEH,
cien KOETo cTaBa Jeko orpunareneH a0 22:00 xoraTo OTHOBO cTaBa IIOJNOXKWUTENEH, a IPUHOCAa Ha
BepTUKAJIHATa aJBEKIHUs € og00eH HO ¢ oOpaTeH 3HaK. [[pHHOCHT HA OCTaHANIKTE MPOLIECH € TIOUTH HYJIEB, a
TOBAa ca XOPU3OHTAIHATA JU(Y3Us, XUMUYHUTE U O0JIAYHUTE MTPOILIECH.

[MpuzemuuTe mpuHOCH Ha OTAENHUTE Ipouecu Boxemw 1o (opmupanero Ha ACOARSE B Codus
MOKa3Ba, Y€ CyMapHOTO M3MeHeHune Ha mpouecute (AC) Bogemo 10 M3MEHEHHETO Ha KOHIEHTPALUUTE € C
no0pe M3pa3eH EHOHOMIeH X0 (KoeTo OMBa KaKTO MONOXKUTETHO TaKa M OTPHIIATENTHO), a CHIIO TaKa U C
pasznuyeH xoj mpe3 pasnudHuTe ce3oHu. M3menenunero Ha AC ce ompenens TJIaBHO OT MajdbK Ha Opoi
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MIPOIIECH, KOUTO Ca C TOJIeMH CTOMHOCTH, HO C MIPOTHBOMONIOKEH 3HaK H ¢a3u, kato 32 ACOARSE ToBa ca
MOJIOKUTETHUAT MPUHOC HAa EMUCHUUTE M TIPe3 OTICIHUTE CE30HM Ha XOpHU3OHTaJHAaTa aJBeKIus, U
OTPULIATENTHUAT IPUHOC HA CYXOTO OTJaraHe M BepTHKalIHaTa aaBekuusd. [IpMHOCHT Ha BepTUKaJIHATa
nudy3us e mocTa MaibK, a Ha OCTaHAJHUTE MPOLECH € JIOPH U TOYTH HYJIeB, a TOBA Ca XOPH30HTaJIHATa
nudy3us, XAMHUYHHUTE, aePO30JIHUTE U 00JaYHUTE TPOLIECH.

[IpuzemMHHUTE IPUHOCK Ha OTIEITHHUTE MpoIecH Boaemu 1o ¢popmupanero Ha A2.5 B Codus mokassa,
4ye CyMapHOTO M3MeHeHHe Ha mporecute (AC) BOZelmo A0 M3MEHEHHWETO Ha KOHIEHTpalHUuTe € ¢ J00pe
M3pa3eH JEHOHOLIEH X0/ (KOeTo OMBa KaKTO MOJOKUTETHO Taka U OTPHULIATENTHO), a CHIO TaKa U C pa3IHyeH
XOJI TIpe3 pa3audHuTe ce30Hu. M3menennero Ha AC ce ompezens rJIaBHO OT MaJIbK Ha Opoi MpoLecH, KOUTO
ca ¢ TOJIeMH CTOWHOCTH, HO C IIPOTUBOIIOJIOKEH 3HAK M (ha3u, KaTo 3a A2.5 TOBa ca OTPULATETHUAT IPHHOC
Ha BEPTUKAIHHUTE aJBeKUUA M JUQY3US U TMOJOKHUTEIHUAT MPUHOC HA EMHCHUUTE U XOpPH30HTaJIHATa
aJBeKIUs ¢ u3KiIoveHue mnpes asaToro. Torasa ot 07:00 mo 23:00 vaca Xxopu30HTaIHATa aIBEKIUS CTaBa
OTpHUIAaTENHA, @ BEPTUKATHUTE aBEKIUS MOJOXKHUTENHA. AEPO30JIHUTE MPOLIECH CE OTKPOSABAT, HO TEXHMST
MIPUHOC € JI0CTa MO-MaJI'bK B CPaBHEHHUE C TO3U Ha W30poeHuTe no-rope. [[puHOCHT Ha OCTaHAIHUTE MPOLIECH €
MOYTH HYJIEB, a TOBA ca XOPU3OHTAHATA JU(PY3Us, CyXOTO OTIaraHe, XUMUYHHUTE U O0JAUHUTE IIPOLIECH.

OuneHKH Ha TOAWIIHO U CE30HHO OCPeAHECHHMTE NMPH3eMHH NMPHHOCH HA Pa3JIHYHHTE NMPOLecH
BOJCIIM 10 00pasyBaHeTO HA Pa3JIMYHM 3aMbPCHTE]H OCpPelHeHH 3a TepuTopusTta Ha Crapa 3aropa:
[Mpu3emMHUTE NPUHOCKM HA OTICITHHUTE Mpoieck Bomeimu 10 (opmupanero Ha NO, nax Crapa 3aropa
MOKa3Ba, Y€ CyMapHOTO M3MeHeHune Ha mpouecute (AC) Bogemo 10 M3MEHEHHETO Ha KOHIEHTPALUUTE € C
no0pe u3pa3eH EHOHOMIEH X0 (KoeTo OMBa KaKTO MONOXKUTETHO TaKa M OTPHIIATENTHO), a CHIIO TaKa U C
pasznuyeH xoj mpe3 pasnudHuTe ce3oHu. M3menenuwero Ha AC ce ompenens TJIaBHO OT MaldbkK Ha Opoi
MPOIIECH, KOMTO Ca C TOJEMH CTOMHOCTH, HO C NPOTHBOIOJNOXKEH 3HaK H (asu, kato 3a NO, ToBa ca
TTOJIOKUTETHUAT MPUHOC HAa XMMHUYHHUTE IMPOLECH M XOPU3OHTAIIHATA aJBEKLHUSA, U OTPULIATENHUAT Ha
BepTUKanHaTa Audy3us Mpe3 JAeHS W BepTUKaJHAaTa aaBeKUus mpe3 Homra. OCBEH TOBa NMPUHOCHT Ha
OCTaHAUTE TPOLECH € JOPH W IMOYTH HYJIEB, a TOBA Ca XOpU3OHTANHATa AU(QY3HUs, EMUCHHTE, CYXOTO
OTJIaraHe ¥ O0JIAYHUTE TPOIIECH.

[Mpu3emHUTE IPUHOCH HA OTJAECIHUTE mpolecu Bozaenu a0 popmupanero Ha GNOY B Crapa 3aropa
MOKa3Ba, Y€ CyMapHOTO M3MeHeHune Ha mpouecute (AC) Bogemo 10 M3MEHEHHETO Ha KOHIEHTPALUUTE € C
no0pe M3pa3eH EHOHOMIEH X0 (KoeTo OMBa KaKTO MONOXKUTETHO TaKa M OTPHIIATENTHO), a CHIIO TaKa U C
pasznuyeH xoj mpe3 pasnudHuTe ce3oHu. M3menenunero Ha AC ce ompenens TJIaBHO OT MaldbK Ha Opoi
MPOIIECH, KOMTO ca C TOJeMH CTOWHOCTH, HO C MPOTHUBOMONOXKEH 3HaK M (as3m, kato 32 GNOY TOBa ca
MOJIOKUTENTHUAT TPUHOC HAa EMHCHUMTE Tpe3 JEeHA W XOpU3OHTAJHAaTa aJBEKIUs Ipe3 Houra, Hu
OTPULIATENTHUAT Ha BepTHKaNHaTa Iu(y3us mpe3 AeHs M BepTHKAIHATA aIBeKUus mpe3 HomTa. [Ipes
MIPOJIeTTa U €CeHTa XOPU30OHTAIHATA M BepTUKAJIHATA aIBEKIMS CU CMEAT 3HaKa 10 0051, a mpe3 JIATOTO Mpe3
uenust jgeH. OcBeH TOBa NPHUHOCHT Ha OCTaHAIMTE IIPOLECH € JOpPM M TOYTH HYJEB, a ToBa ca
XOpHU30HTaNHATa AU(Y3Us, CyXOTO OTJIaraHe, aepo30JIHUTE, XHMUYHUTE U 00JauHUTE POLIECH.

[Ipu3emMHHUTE MPUHOCK HA OTACIHUTE Mpollecu Bomemu o ¢opmupanero Ha O; B Crapa 3aropa
MOKa3Ba, Y€ CyMapHOTO M3MeHeHune Ha mpouecute (AC) Bogemo 10 M3MEHEHHETO Ha KOHIEHTPALUUTE € C
no0pe M3pa3eH EHOHOMIeH X0 (KoeTo OMBa KaKTO MONOXKUTEHO TaKa M OTPHIIATENTHO), a CHILIO TaKa U C
pasiIuyeH X0 Mpe3 pa3nuyHuTe ce30HU. M3menennero Ha AC 3a pa3lTUYHHUTE CE30HU CE OIpEeNs TJIaBHO OT
pasnuyHu Opoil MpoLecH, KOUTO ca C TONEeMH CTOMHOCTH, HO C IPOTHUBOIMOJOXKEH 3HAaK W (a3, Karo
BepTUKaNHaTa AU(Qy3uss € BOACIIUAT MPOLEC C MOJOKUTENeH MPUHOC TMpe3 JOeHs M XOpH30HTajJHaTa
aZIBEKIMsl IIpe3 HOLITa C H3KIIOUEHHE MNpe3 3uMara. [Ipe3 3uMara M mpe3 HOLITa 32 BCHUUKM Clydai
XOPU30HTAIHATA AJBEKIHS € JOMUHUPAIIUAT MPOLIEC C TMOJIOKUTENEH MpUHOC. [I[pyHOCHT Ha BepTUKaIHATa
aZBEKLHUsl € B MpOTHBOda3a C XOpu3oHTaJHaTa aaBekius. CyxoTo oTjaraHe € B MHOro JoOpe u3paseHa
npoTuBodaza ¢ BepTHKaiIHaTa AWdy3Huss U TO Hail-Bedye mpe3 JATOTO. [IpMHOCHT Ha XOpH3OHTAIHATA
Tudy3us, XAMUYHUTE U O0JIAYHHUTE MPOIIECH B CPABHEHUE C OCTaHAINTE MTPOLIECH € TIPAKTHYECKH HYJIEB.

[Mpu3emMHUTEe PUHOCH HA OTJACIHUTE MpollecH Bojemu a0 Gopmupanero Ha NH; B Crapa 3aropa
MOKa3Ba, Y€ CyMapHOTO M3MeHeHune Ha mpouecute (AC) Bogemo 10 M3MEHEHHETO Ha KOHIEHTPALUUTE € C
MOCTOSIHHO W3MEHSII Ce JEHOHOIIEH XOJ, KOWTO OMBa KAKTO MOJOKUTEIHO TaKa U OTPHUIATENHO, a ChILIO
Taka M C pa3jiMyeH XOj Mpe3 pa3iuuHuTe ce30HU. M3meHnenunero Ha AC ce ompezens TJIaBHO OT MalbK Ha
Opoil mpolecH, KOUTO ca C TOIeMH CTOWHOCTH, HO ¢ MPOTUBOIOJIOXKEH 3HaK U ¢as3u, kato 3a NH; ToBa ca
MOJIOKUTENTHUSAT MPUHOC HA eMUCHHTE U OTPULIATEIIHUAT HA BepTUKanHaTa qudysus. OcBeH TOBa MPUHOCHT
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Ha OCTaHAJINUTE IPOLECH € JOCTa MajbK, KaTo JIEKO Ce OTKPOSBAaT CaMO XOpPH3OHTaJHaTa M BEpPTUKaJIHATa
aZBeKIMsI M aepo30JIHUTE TIpouecH. [IOoCTOSHHOTO W3MEHEHHE Ha JEHOHOIIHMSIT XOJA B IPUHOCHT Ha
emucunte Haj Crapa 3aropa ce 3abensi3Ba, 4e Mpe3 BCHUYKH CE30HU MEPUOJMTE HA MUHUMYMHTE U
MaKCUMyMHTE My ChBIajaT.

[Mpu3emMHUTE TPUHOCH HA OTJACIHUTE MpoIecH Bojemu a0 gopmupanero Ha NH, B Crapa 3aropa
MOKa3Ba, Y€ CyMapHOTO M3MeHeHune Ha mpouecute (AC) Bogeno 10 M3MEHEHHETO Ha KOHIEHTPALUUTE € C
MTOCTOSIHHO W3MEHSII Ce JEHOHOIIEH XOJ, KOWTO OMBa KAaKTO MOJOKUTEIHO TaKa U OTPHUIATENHO, a ChILIO
Taka ¥ C pa3jiMyeH XOf Mpe3 pa3IuuHuTe ce30HU. M3menenunero Ha AC ce ompezens TJIaBHO OT MalbK Ha
Opoil mpolecH, KOUTO ca C TOIeMH CTOWHOCTH, HO ¢ MPOTUBOIOJOXKEH 3HaK U ¢as3u, kato 3a NHy ToBa ca
TTOJIOKUTENTHUAT IIPUHOC HA a€pO30JIHUTE MPOLIECH, XOPU30HTAIHATA aIBEKIUs [IPe3 HOIITa U BEPTUKAIHATA
aZBeKIMsl Tpe3 JIeHs, a ChII0 Taka W Ha OTPUIATEIHUAT INPUHOC HA XOPHU3OHTAJIHATa aJBEKIUs U
BepTUKaNHaTa Au(y3us Mpe3 AEHS W BepTUKAIHATA aABEKIMs mpe3 Homra. V3KiroueHne mpaBU caMo
3UMaTa KOraTO XOPHU3OHTAJHAaTa aJBEKLHUs € H3IUIO TOJOKHUTEIHA a BEpTHKATHATA aJBEKUUS H3LSIIO0
orpunatenta. [IpyHOCHT Ha OCTaHANUTE MPOLECH € MOYTH HYJEB, a TOBA Ca XOPHU3OHTAJIHATa AUQPY3US,
CYXOTO OTJIaraHe, XMMHYHHUTE M oOnmayHuTe mporecd. IIoCTOSHHOTO M3MEHEHHE Ha JIEHOHOLIHHST XOJ B
MIPUHOCHT Ha aepo3oiHuTe npouecu Haj Crapa 3aropa ce 3a0ensi3Ba, ue mpe3 BCUYKH CE30HU MEpUOANTE Ha
MHUHUMYMHTE U MaKCUMYMHUTE My CHBIIaJaT, KaTO TOBA Haii-100pe ce BIDKAA Mpe3 AeHS.

[Mpu3emMHUTE PUHOCH HA OTJACIHUTE Mpoleck Bojemu 1o ¢opmupanero Ha SO, B Crapa 3aropa
MOKa3Ba, Y€ CyMapHOTO M3MeHeHune Ha mpouecute (AC) Bogemo 10 M3MEHEHHETO Ha KOHIEHTPALUUTE € C
no0pe u3pa3eH EHOHOMIeH X0f (KoeTo OMBa KaKTO MONOXKUTETHO TaKa M OTPHIIATENTHO), a CHILIO TaKa U C
pasznuyeH xoj mpe3 pasnudHuTe ce3oHu. M3menenunero Ha AC ce ompenens TJIaBHO OT MajdbK Ha Opoi
MPOIIECH, KOMTO Ca C TOJEMH CTOMHOCTH, HO C MPOTHBOMOJNOXKEH 3HaK M (asm, kato 3a SO, ToBa ca
TTOJIOKUTENTHUAT MIPUHOC HA EMUCUHUTE M XOPU30HTAJIHATA aIBEKIUS MPE3 HOILTA U BEPTHKAIHATA aBEKLIUS
npe3 JneHs. OTpUIATEeNHUAT IPUHOC Ha CyXOTO OTJIarane € o0pe n3paseH, KaTto ChIIo Taka JoOpe ce BIKAa
Y TIPUHOCHT Ha XOPHU30HTAJIHATA aJIBEKIUS IIPE3 JCHS U BEPTUKAJIHATA aBeKIus npe3 Homra. [IpuHOoChT Ha
OCTaHAJIUTE MPOLIECH € TIOYTH HYJIEB, @ TOBA Ca XOPH30HTAIHATA AU(Y3Hs, XHMUYHUTE 1 00JaYHUTE MPOLIECH.

[MpuzemHuTEe pUHOCH Ha OTAENHHUTE Ipouecu Bomemd ao ¢opmupanero Ha ACOARSE B Crapa
3aropa TmoOKa3Ba, 4Ye CyMapHOTO u3MeHeHHe Ha mporecute (AC) Boaemo g0 HW3MEHEHHETO Ha
KOHLIGHTpAllUUTE € C J00pe H3pa3eH [ACHOHOIIeH XoI (Koero OuBa KaKTO TMOJOKHUTEIHO Taka u
OTPULIATENTHO), & CHIO TaKa M C Pa3inyeH XOf Ipe3 pa3iudHuTe ce30Hu. M3menennero Ha AC ce ompenens
TJIaBHO OT MajJbK Ha Opoi MpPOIeCH, KOMTO ca C TOJeMU CTOMHOCTH, HO C MPOTHBOIOJIOKEH 3HaK U (hasu,
kato 32 ACOARSE ToBa ca MONOXHUTENHUAT NMPUHOC HA EMHCHMTE M XOpHU30HTAJIHATa aJBEKLHs Ipe3
HOLITa ¥ BEpTHKAHATa aABEKUUs W mudy3us npes3 aeHs. OTpULATENHUAT MPUHOC HAa CYXOTO OTJIaraHe €
no0pe u3paseH, KaTo ChILIO Taka J0Ope ce BIKAA W MPUHOCHT HAa XOPU3OHTAHATA aJBEKIHS Tpe3 JIeHd U
BEpTUKaJIHATa aJBEeKIMs Mpe3 Homra. OCBEH TOBa MPUHOCHT HA OCTAHAJIUTE NMPOLIECH € U MOYTH HYJEB, a
TOBA ca XOPU30HTATHATA JU(Y3Us, XUMHUUHHUTE, aePO30JIHUTE U 00TauHUTE POLECH.

[Mpu3emMHNUTE PUHOCKM HA OTACITHHUTE Tpoiecu Bomenw a0 Gopmupanero Ha A2.5 B Crapa 3aropa
MOKa3Ba, Y€ CyMapHOTO M3MeHeHune Ha mpouecute (AC) Bogemo 10 M3MEHEHHETO Ha KOHIEHTPALUUTE € C
no0pe n3pa3eH EHOHOMIEH X0 (KoeTo OMBa KaKTO MONOXKUTETHO TaKa M OTPHIIATENTHO), a CHIIO TaKa U C
pasznuyeH xoj mpe3 pasnudHuTe ce3oHu. M3menenunero Ha AC ce ompenens TJIaBHO OT MaidbK Ha Opoi
MPOIIECH, KOUTO ca C TOJEMH CTOMHOCTH, HO C TPOTHBOIONOKEH 3HAaK W (a3u, kato 3a A2.5 ToBa ca
MOJIOKUTENTHUAT TPUHOC HAa Aacepo30JIHUTE IPOLIECH W XOPHU3OHTANIHAaTa aJBEKLUs IIpe3 HomTa u
BEpTUKaJIHATa aJBEKUUs Mpe3 AeHs. OTpULIATENHUST NMPUHOC XOPHU3OHTAJHATAa aJBEKLUMs Ipe3 JeHA U
BepTUKAJNHATa aJBEKLHUs Ipe3 HOIITa ChUI0 € Jo0pe mpencrtaBeH. [IpMHOCHT Ha OCTaHANUTE MPOLIECH €
MOYTH HYJEB, a TOBA Ca XOpWU3OHTAJNHATa M BepTHKAIHATa MUQY3Us, XUMUYHUTE U OOJAYHUTE MPOLECH.
M3KJIIOUEHHE MPaBU CaMO 3MMaTa KOraTo XOPU30OHTaJIHATa aJABEKIUs € U3ISUIO MOI0KUTEIHA, BEpTUKAIHATA
aJBEKIUs M3IUI0 OTPULIATENHA, a CHIO Taka MPUHOCHT Ha BepTHKaHATa Ju(y3us e mo-qodpe u3paseH B
CpaBHEHME C OCTAHAIUTE CIy4au.

OuneHKH Ha TOAWINHO U CE30HHO OCPeAHEHHMTEe NMPH3eMHH NMPHHOCH HA Pa3JIHYHHTE NMPOLecH
BOJCIIM [0 O00pasyBaHeTO Ha PA3JIMYHH 3aMbPCHUTE]M OCpPeHEHH 3a TepuTOopHATa Ha Poxen:
[TpuzemMHHUTE PUHOCH Ha OTAGNHUTE MpolecH Bojemu 10 ¢hopmupaHero Ha NO, Hag PoxeH mokassa, ye
cyMapHOTO u3MeHeHue Ha npouecute (AC) BoAeIo 10 U3MEHEHHETO Ha KOHIIEHTPallMUTe € ¢ JoOpe n3paseH
JICHOHOIIEH X0 (KOeTo OMBa KaKTO MOJOXKUTETHO Taka W OTPULATENHO), a ChIIO TaKa U C Pa3idyeH XOJ
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npe3 paznuuHuTe ce3oHu. Vzmenennero Ha AC ce ompesens r1aBHO OT MallbK Ha Opoii mporecH, KOUTO ca ¢
TOJIEMH CTOMHOCTH, HO C IPOTUBOIOJIOXKEH 3HAK | (ha3u, kato 3a NO, ToBa ca MOJOKHUTEITHUAT MPUHOC Ha
BEpPTUKAJIHATA aJIBEKLIMs Mpe3 HOIITAa U XUMUYHUTE NpoLecy. [[puHOCHT € oTpuIaTeNieH 3a XOpU30HTaIHaTa
aJBEKLUsl Tpe3 HOIITa, BEepPTUKAIHATA aJBeKUMsA INpe3 JIeHd W BepTukaiHata nudysusd. [IpuHOCHT 3a
OCTaHAIUTE MPOLIECH € J0CTa Mal’bK JOPH M € TOYTH HYJEB, a TOBA Ca XOPU3OHTaIHATa AU(DY3HS, CyXOTO
oTjaraHe U o0JayHHUTE Mpolecu. ENMHCTBEHO eceHTa ce pa3iudaBa B ACHOHOIIHUAT XOI HAa IPUHOCUTE Ha
OTJIETHUTE MPOLECH, KAaTO XOPHU3OHTaJHATa AABEKIMS € MOYTH M3IUI0 OTpULIATENHA C W3KIIYEHHE Ha
unrepBanute Mexay 15:00-17:00 u 20:00-21:00 gaca, BepTUKaNHATa aABEKIUA € MOJIOKUTETHA CaMO OT
07:00-13:00 gaca, a BepTukaigHaTa Au(y3us Mpe3 HOLITA CU MEHH Ha OKOJIO BCEKH JIBa Yaca 3HaKa.

[IpuzemHUTE IPUHOCH HA OTAETHUTE MpolecH Boaenwm 10 popmupanero Ha GNOY B Poxken mokasBa,
4ye CyMapHOTO M3MeHeHHe Ha mporecuTe (AC) BOZelmo A0 M3MEHEHHUETO Ha KOHIEHTpalHUuTe € ¢ Jo0pe
M3pa3eH JeHOHOLIEH X0/ (KOeTo OMBa KaKTO MOJOKUTETHO Taka U OTPULIATENTHO), a CHIO TaKa U C pa3IHyeH
XOJI TIpe3 pa3audHuTe ce30Hu. M3menennero Ha AC ce ompezens rJIaBHO OT MaJIbK Ha Opoi IpoLecH, KOUTO
ca C ToleMH CTOWHOCTH, HO C MPOTHBOMONOXKEH 3HaK W (as3m, kato 32 GNOY ToBa ca MOJOKUTETHUST
MIPUHOC HAa EMHUCHUTE W XOpPU3OHTAJHATa aJBEKIUs Mpe3 JCHsS M BepTUKajJHaTa aIBEKIMs Ipe3 HOIITa.
OTpunaTenHUAT IPUHOC HAa BEpTUKAJIHATA aJIBEKIUs MIpe3 JeHS U XOPU30HTAJIHATA aJIBEKIUs [Ipe3 HOIITa, a
CBIO TaKa M Ha BepTUKaJHaTa TU(y3us M CyXOTO OTjaraHe ca ao0pe otkponmu. OCBEH TOBa MIPUHOCHT Ha
OCTaHaJUTEe MPOLIECH € JOPH U IIOYTH HYJEB, a TOBA ca XOPU3OHTaIHATa U] y3us, aepO30IHUTE, XHMUUHUTE
Y 00JIAYHUTE MPOIIECH.

[TpuzemMHHUTE IPUHOCK HA OTASMHUTE MpolecH Bozenw 1o Gopmupanero Ha Os; B PoxkeH mokasBa, ue
cyMapHOTO u3MeHeHue Ha npouecute (AC) BoAelo 10 U3MEHEHHETO Ha KOHIIEHTPallMUTe € ¢ JoOpe n3paseH
JICHOHOIIEH XOA (KOeTo OMBa KaKTO MOJOXKUTETHO Taka W OTPULATENHO), a ChIIO TaKa U C Pa3idyeH XOJ
Ipe3 pa3inuuHuTe ce30HU. M3menennero Ha AC 3a pa3nUyHUTE CE30HU CE OMPEAENs TJIaBHO OT pa3ivyHU
Opoil mpoliecd, KOUTO ca C ToJeMH CTOMHOCTH HO C MPOTHBOMONOKEH 3HakK W (asu. Ilpe3s neHs e
XOPU30HTAIHATA aJIBEKIMs, & MPE3 HOUITa BEPTHKAJIHATA aBEKIUsS Ca C MOJOXKHUTEIECH NMPUHOC, KaTo Mpe3
€CEeHTa XOPH30HTAJIHATA AJBEKIHS € C U3ISUIO TMOJOKUTENEH MPUHOC, a BEpTHUKAIHATA aJBEKLHUs C U3LI0
OTpHILATENEH, KATO MAKCHMYMUTE UM Ca TIO-MaJIKM M U3MECTEHH C HSAKOJKO Yaca Mo-KbCHO. OTpUIIATEIHUST
MIPUHOC Ha CYXOTO OTJIaraHe € B MPOTHBO(Aa3a ¢ MONOKUTETHUAT Ha BepTUKaidHata qudysus. [IpuHochT Ha
XOpU30HTaNHATa JU(Y3Usi, XUMUYHUTE U OOJaYHHTE MPOLECH B CPABHEHHE C OCTaHAIUTE MPOLECH €
MIPaKTUYECKU HYJIEB.

[TpuzemMHHUTE IPUHOCH HA OTAEIHUTE MpoLecH BoAenn 10 popmupanero Ha NH; B Poxxen mokassa, ue
cyMapHOTO u3MeHeHue Ha npouecute (AC) BoAeIo 10 U3MEHEHHETO Ha KOHIIEHTPaIllMUTe € ¢ JoOpe n3paseH
JICHOHOIIEH X0 (KOeTo OMBa KaKTO MOJOXKUTETHO Taka W OTPULATENHO), a ChINO TaKa U C Pa3inyeH XOJ
npe3 paznuyHuTe ce3oHu. V3menennero Ha AC ce ompesens r1aBHO OT MallbK Ha Opoii mporecH, KOUTO ca ¢
TOJIEMH CTOMHOCTH, HO C TPOTUBOIIOJIOXKEH 3HAK M (ha3u, karto 3a NH; ToBa ca MONOKHUTETHUAT MPUHOC Ha
eMUCUHUTE U OTPULATETHUAT Ha BEpPTUKAJIHATA TU(Y3Us, aepO30JIHUTE MPOLECH U MPE3 eCeHTa U JIATOTO Ha
cyxoro omiaraHe. OCBeH TOBa MPUHOCHT HA OCTAHAIUTE IPOLIECH € JOCTa MAIbK U € MOYTH HYJEB, KaTo
€aMo JIEKO Ce OTKpPOSIBAT XOPU30HTAJIHATA aJBEKIIMSI C MOJI0KUTENIEH IPUHOC TIpe3 JIeHS U OTpULIaTeleH Ipe3
HOUITa U 00pPaTHOTO 3a BEpTHKAJIHATA aJBEKIIUS.

[TpuzemMHUTE IPUHOCH HA OTAEIHUTE MpoLecH BoAenn 10 Gpopmupanero Ha NHy B Poxxen mokassa, ue
cyMapHOTO u3MeHeHue Ha npouecute (AC) BoAeIo 10 U3MEHEHHETO Ha KOHIIEHTPallMUTe € ¢ JoOpe n3paseH
JICHOHOIIEH X0 (KOeTo OMBa KaKTO MOJOXKUTETHO Taka W OTPULIATENHO), a ChIIO TaKa U C Pa3idyeH XOJ
npe3 paznuyHuTe ce3oHu. V3menenunero Ha AC ce ompesens r1aBHO OT MallbK Ha Opoii mporecH, KOUTO ca ¢
TOJIEMH CTOMHOCTH, HO C TPOTUBOIIOJIOXKEH 3HAK M (ha3u, kato 3a NH, ToBa ca MONOKHUTETHUAT MPUHOC Ha
AepO30JTHUTE MPOLIECH U OTPULATETHUAT Ha BepTHKaTHATa MUQy3us Npe3 AeHS M BepTUKaIHATa aIBEeKLUs
npe3 Houlra. ChINo Taka NPUHOCHT HAa XOPU3OHTAJIHATA a/IBEKLIUS € JJOCTA TOJSIM U MOJIOKUTEINCH Tpe3 JeHs
W OTpULATENeH Ipe3 HOIITa, KaTo MPUHOCHT HA BEpTUKAIHATA aJBeKUUi € B MpoTuBo(dasza C TO3M Ha
XOpHU30HTANHATA aaBeKIusA. [[pHHOCHT Ha OCTAHAJIUTE MPOLIECH € MIOYTH HYJIEB, a TOBA Ca XOPU30HTAJIHATA
nudy3us, CyxoTo oTiarane, XUMUYHHUTE U 00JaUHUTE MIPOLIECH.

[TpuzemMHHUTE IPUHOCH HA OTAEIHUTE MPOLecH BoAenr 10 ¢popmupanero Ha SO, B PoxkeH mokasBa, ue
cyMapHOTO u3MeHeHue Ha npouecute (AC) BoAeIo 10 U3MEHEHHETO Ha KOHIIEHTPallMUTe € ¢ JoOpe n3paseH
JICHOHOIIEH X0 (KOeTo OMBa KaKTO MOJOXKUTETHO Taka W OTPULATENHO), a ChIIO TaKa U C Pa3idyeH XOJ
npe3 paznuyHuTe ce3oHu. V3menennero Ha AC ce ompesens T1aBHO OT MallbK Ha Opoii mporecH, KOUTO ca ¢
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TOJIEMH CTOMHOCTH, HO C TPOTUBOIIOJIOXKEH 3HAK U (a3u, kaTo 3a SO, TOBa ca MOJOKHUTEIHUAT MPUHOC Ha
eMHCHUNTE, XOPU30HTaJHAaTa aJBEKUMs Mpe3 JCHS W BEepTUKaJHATa aaBEKIUs IpPe3 HOILITa C W3KIIIOYCHHE
npe3 eceHTa. OTpULIATENHUAT MPUHOC HA CYXOTO OTJIaraHe Cce BUIKAA IPEe3 BCHUUKU CE30HM C H3KIIIOUEHHE
npe3 JAToTo. [IpMHOCHT HAa XOpU3OHTAIHATA aJIBEKLUs IPEe3 HOIITAa M BEpTUKAIHATA aJABEKIMS MIpe3 JEHS €
OTpULIATENIeH ¢ M3KIIIOYeHHe Mpe3 eceHTa. [Ipe3 eceHTa DOMHHUpAIIM ca BepTUKanHata andys3us c
TIOJIOKUTENIEH MPUHOC M XOPHU30HTAJIHATA aJBEKILUsl C OTPUIATENEeH, KaTO MMEHHO TOraBa IPHUHOCHT Ha
CyXOoTO oTiaraHe € Haif-romsM. IIpuHOCHT Ha OCTaHanUTE TNPOLIECH € IIOYTHM HyJeB, a ToBa ca
XOpHU30HTaNHATA AU(DY3Hs, XUMUYHUATE U 00JAYHUTE TPOLIECH.

[IpuzemHuTEe TPUHOCH Ha OTHETHHUTE mpouecu Boaemu a0 Gopmupanero Ha ACOARSE B Poxen
MOKa3Ba, Y€ CyMapHOTO M3MeHeHune Ha mpouecute (AC) Bogemo 10 M3MEHEHHETO Ha KOHIEHTPALUUTE € C
no0pe n3pa3eH EHOHOMIEH X0 (KoeTo OMBa KaKTO MONOXKUTETHO TaKa M OTPHIIATENHO), a CHIIO TaKa U C
pasznuyeH xoj mpe3 pasnudHuTe ce3oHu. M3menenunero Ha AC ce ompenens TJaBHO OT MaldbK Ha Opoi
MIPOIIECH, KOUTO Ca C TOJIeMH CTOMHOCTH, HO C NMIPOTHBOMOJIONKEH 3HaK H ¢a3u, kato 32 ACOARSE ToBa ca
TTOJIOKUTENTHUAT MPUHOC HA EMUCUUTE U OTPULIATENHUAT HAa CyX0To oTiaraHe. [IpuHOCHT Ha BepTUKalHaTa
aJBEKLUS Mpe3 HOIITa € MONTOXKUTENIeH a Mpe3 JAeHs OTPULATENEH, a 32 XOPU30HTaJIHaTa aJBeKIns 00paTHO.
[IpuHOCHT Ha OCTaHAJIWTE MPOLECH € IOYTH HYJIEeB, a TOBa Ca XOpU3OHTaNHaTa AU(Y3Usi, XUMUYHUTE,
aepo30JIHUTE M OONayHHUTE MPOLECH U BepTUKaidHaTa Au(y3us ¢ M3KIIOYEeHHe Tpe3 eceHTa. [Ipe3 eceHnra
MPUHOCHT Ha BEPTUKAIHATA JU(PY3HUs € MOIOKUTENCH U I0CTa TONSM.

[IpuzemMHHUTE IPUHOCH HA OTAETHHUTE MpolecH Boaemu a0 Gopmupanero Ha A2.5 B Poxken mokasBa,
4ye CyMapHOTO M3MeHeHHe Ha mporecutTe (AC) BOZeIo A0 M3MEHEHHUETO Ha KOHIEHTpalHUTe € ¢ J00pe
M3pa3eH JeHOHOLIEH X0/ (KOeTo OMBa KaKTO MOJOKUTETHO Taka U OTPHULIATENHO), a CHIO TaKa U C pa3InyeH
XOJI TIpe3 pa3auuHuTe ce30Hu. M3menennero Ha AC ce ompezens rJIaBHO OT MaJIbK Ha Opoi MpoLiecH, KOUTO
ca C TOJIeMH CTOMHOCTH, HO C MPOTHBOIMOIOXKEH 3HAK U (a3u, KaTo 3a A2.5 TOBa ca MOJOKHUTEIHUAT IPHHOC
Ha EMHCHUUTE U aepO30JIHUTE MPOLECH, U OTPULIATETTHUAT Ha BepTUKaidHaTa Mudy3us. ChIIo Taka ce BIKAA,
Yye MPUHOCHT Ha XOPU3OHTATHATA afBEKIIUs € I0CTa TOJSIM M IOJIOKUTENICH MPe3 JIeHs U OTPULIATENCH TIpe3
HOILITa, KaTO MPUHOCHT Ha BEpTUKANHATA aJBEKIHS € B MPOTHBOdAa3a ¢ TO3U Ha XOPU3OHTATHATA aBEKIINA.
[IpuHOCHT Ha OCTaHAUTE MPOLIECH € MOYTH HYJEB, a TOBA Ca XOPHU3OHTaJIHATa AU(Y3Hs, CyXOTO OTJaraHe,
XUMUYHHUTE U OOJIAYHUTE MIPOLIECH.

3AKIIOYEHUE

Hacrosimoro u3cnenBane Oelle M3BBPIIEHO C METOAMTE HAa KOMIIOTHbpHaTa cumynanus. [Ipu ToBa
Oerie U3MOI3BaH HA0Op CBETOBHO MPU3HATH U IIMPOKO U3MOJI3BAaHH MOJENH C IOKA3aAHU CHMYJIAIMOHHH
KkavectBa, a uMeHHO US EPA Models-3 system.

[Ipu uscnexaBaHero Osxa W3MON3BAHU HAAEKAHU 0a3W NaHHM, a MMEHHO HHBEHTAapU3alus Ha
eMUCUHUTE M €MHCHOHHUTE BpeMeBH mpodunu, paspaborenn or TNO, Hupepmanaus u kpynHomamaOHU
MeTeoponoruynu nomuera, B3etd or US NCEP “Global Analysis Data”.

KommroTbpHuTE cuMynanuu Osxa H3BBPIIEHH 4Ype3 IOCIEIOBATEIHO pellaBaHe Ha 3ajadaTa B
HSKOJIKO TOCJIENIOBATETHU, BMECTEHH €IHa B Jpyra o0JacTH, MPH U3MOJI3BaHE BH3MOXKHOCTUTE 3a ‘nesting’
Ha mozenute MMS u CMAQ. Ilpu ToBa OT emHa cTpaHa Oelie TMOCTUTHATa BHCOKAa pa3pelaBalia
cnocobHocT OT 3 km 3a Teputopusita Ha bbarapus, a or apyra Oeme 0T4ETEHO M BIUSHUETO Ha BHHIIHUTE 32
CTpaHaTa eBPOIEICKH eMHCUU BbPXY HUBATa Ha 3aMbpcsiBaHe B brarapus.

PesynTaTtute OT KOMIIOTHPHUTE CUMYJAllMK OsiXa HAaAJEKHO MPOBEPEHH Upe3 CpaBHEHUE C JaHHUTE
ot usMmepBanus B craHiuute oT HACEM. CpaBHeHusATa nokasaxa, ye B rojisiMa CTEHEH € yJOBJIETBOPEHO
M3HCKBAHETO 3a He moBede oT 50% HeompeneneHoCT 32 eJHOYaCOBUTE HUBA HA 3aMbpcsBaHe, JepUHUPAHO B
choTBeTHHUTE eBporeiicku aupektuBu (European Parliament, 2002) u IIpunoxenue Ned4 xpM un. 15, 1.2 ot
Hapen6a Ne4 ot 5.07.2004. ToBa u3uCKBaHe € KATETOPHUYHO YAOBIETBOPEHO 32 §-4YaCOBHUTE ITBJIBSIH CPEIHN
CTOIHOCTH Ha 030HOBUTE KOHIIEHTPALIHH.

Karo usio ot mpoBepkata Ha KOMOIOTHPHO CUMYJIHMPaHUTE NPU3EMHH KOHILIEHTPAIMK CJIEABA, Ye KaTo
aHcaMOBJ Te ca JOCTaThYHO [IOCTOBEPHH W HAASKIHM W MOraTr Ja ce M3MO0J3BAT 32 OUEHKH Ha
3aMBPCABAHETO HA CTPAaHATA.

KommrorbpHUTE cumymanuu 0sixa M3BBPIICHH 32 IBIABr mepuon ot Bpeme - 2000-2007 r. Ilo to3m
HauMH Oellle reHepupaH aHcaMObJl OT CUMYJIMPaHH IPU3EMHU KOHIIEHTPAIK 3a MeT eMUCHOHHHU CIIEHApHs,
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KOWTO € M3ueprnaresieH — OTpa3siBa BB3MOKHOTO MHOrooOpa3ne Ha METEOPOJIOTHYHH YCIOBHS, a HUMEHHO
HENMUIT HA0Op TUIUYHM U EKCTPEMHH CUTYyallMM C TSIXHATa XapaKTepHa IMOBTOPSAEMOCT BHB Bpemero. Ilo
TO3U HAYMH CHUMYJIUPAHUTE MPU3EMHH KOHILICHTPALMU U JIPYTH XapaKTEPUCTUKH HA 3aMbPCABAHETO U TIPH
MeTTe eMHCHOHHHU CLIEHapHus cliefBa Ja ce MpHUeMaT 3a MPeACTABMTEJIHM, T.€. TAKUBA KOUTO ChABPXKAT,
KaKTO TUMTUYHHUTE, TaKa U EKCTPEMHHM KOH(UTrypalu Ha MojieTaTa ¢ TUIUYHATA UM MOBTOpsieMocT. Taka,
TCHEPUPAHUAT aHCAMOBJI MOXKE Jla Ce pa3riIekaa KaTo XapaKTepUCTUKAa Ha KJIMMATAa HA 3aMbpPCSABAHE Ha
crpanara. CbOTBETHO C TOBa MOJYYCHUTE aHCAMOJIOBU OIICHKM HAa HUBAaTa Ha 3aMbPCSIBAHE NPU BCUYKU
€MHCHOHHU CI[EHAPUU Ca YHUBEPCAJIHHM — HAIIPABEHUTE HA TSIXHA OCHOBA M3BOJM MOraT, IPU PaBHU APYrH
yCIIOBUS, Ja ObJAT OTHECEHH KbM BCEKH APYT MEPUOA OT BpeMe.

AHanu3bT Ha aHcamMOBbJia OT CUMYJIALIMU TIO3BOJM Ja OBJIAT Pa3KPUTH HSIKOU OT OCHOBHUTE (haKTh
OTHOCHO KJIMMaTa Ha aTMoc(epHO 3aMbpcsiBaHe B Bbirapus, U3BeAEHH OT Pe3yiTaTUTE OT KOMIIOThPHUTE
CHUMYIIAaLMU: OCPEJHEHH MO aHcaMOBbJia MPU3EMHHM KOHIEHTPALUHM Ha 3aMBbPCUTENH 3a TEPUTOpUATA Ha
Benrapus u 3a OTAETHM TOYKHM, TAXHATa JEHOHOIIHA M CE30HHA M3MEHYHMBOCT, TPAHUIIUTE B KOUTO TE CE
W3MEHSAT C pa3iidHa BEpOATHOCT W mIp. bsxa ompeneneHn u aOCOMIOTHUTE MAaKCHMAJHHU, TONYYEHU MpPHU
aHaIlM3 Ha LeIus aHCaMObJ, KOHLEHTPALUHU 32 CHOTBETHHS 3aMBPCHUTEN ¢ TEXHHs JACHOHOIIEH Xxof. bsxa
MIPECMETHATH U TIOKa3aHU HSIKOM OT HAal-M3MOI3BAaHUTE U BAXKHU MHICKCH Ha 030HOBO 3aMbBPCSIBAHE, KOUTO
ca BaKHU HE Camo 3a YOBEIIKOTO 37JpaBe, HO CHIO TaKa U 32 TOPCKOTO M CEJICKOTO CTOMAHCTBO.

CBIOCTaBSIHETO Ha Pe3yATaTUTE OT IEeTTe EMUCHOHHU CIIEHApHUs MO3BOJH J1a ObAAT OLIEHEeHH, OTHOBO B
KIIMMAaTH4YeH CMHUCHI (OCPEAHEHH MO LeNus aHcamObi), MPUHOCUTE Ha HM3TOYHUIUTE OT CHOTBETHUTE
KaTeropuu KbM 00I[aTa KapTHHA HAa 3aMBbPCSBAHE B CTPAHATA C TAXHATA JCHOHOIIHA U CE30HHA N3MEHUUBOCT.

3aMBpCsABaHETO Ha BB3AyXa CHIIHO 3aBUCH OT €MHUCHHMTE Ha mpuMecd. ETo 3amo m3cinensaHeTo Ha
MPUHOCA HA EMHUCHHUTE OT OTIACHHH Kateropuu u3rouHuIM (SNAP karteropuu) kbM oOliaTa KapThHA Ha
3aMBbpCsABaHE B CTpaHaTa € OYEBHHO 3aJlada C TOJSAMO MPAKTHYECKO 3HAUYEHHE, YUUTO PE3yITaTH MOratr jaa
ObAaT MPSIKO HW3NON3BAHM NPH (OPMYITUPAHETO HAa KPATKOCPOUHHU (TEKYIIM) PEIIeHUs U IBITOCPOYHHU
CTpaTeruy 3a HaMaJisIBaHEe Ha 3aMbPCSBAHETO HA Bh3/IyXa.

Wsnom3Banus npu cumynanuute moxen CMAQ wmma ommus, HapedeHa “Integrated Process Rate
Analysis”, K0sTO MO3BOJSIBA Jla CE OLIEHW POJIATA HA BCEKU OT OTJEIHUTE IMpolecH mnpu (GopMupaHe Ha
aTMoc(hepHOTO 3aMbpcsiBaHe. Upes ocpenHsABaHETO HA Te3W MPUHOCH MO aHcaMOBbJI Oellle N3sACHeHa TAXHATa
JICHOHOIIHA U C€30HHAa M3MEHYMBOCT U Oellle aHaJu3MpaHa pojsaTa Ha OTACTHUTE MPOLecH 3a popMUpaHe Ha
3aMBPCIBAHETO, KAKTO 3a CTPAHATa KATO IISUI0, TAKa U 33 OTJCITHU HEWHU TOYKHU.

ATMOC]epHOTO 3aMBpCsBaHE M CHOTBETHO HErOBHAT KIMMaT ce (opMuUpaT B pe3ylTaT Ha
B3aUMOJICHCTBUETO HA PA3JIMYHUA TUHAMUYHUA U XUMHUYHU MPOIecH (BKIIOYUTEITHO XETEPOreHHa U aepo30JIHa
XUMHUS U IuHamuKa). [lo3HaBaHeTo Ha Te3W MPOLECH, Ha TAXHOTO B3aUMOISHCTBUE W MPUHOC, OYEBUIHO €
M3KITIOYUTEITHO BXKHO 32 00sICHEHHE Ha o0I[aTa KapTHHA Ha 3aMbPCSIBAHE B CTPAaHATA U OTACIHU HEHHH TOYKH.

EnuH MHOrO BaskeH M HOB Pe3yNTarT, MOMy4YeH MMPH HACTOALIOTO MU3CJENBaHe € U3BOIBT 3a MPOU3X0/a
Ha TpU3eMHUs 030H B bwirapus. AHanu3bT KaKTO Ha MPUHOCA HA EMHCHUUTE OT Pa3IUYHUTE KaTeropuu
W3TOYHMIIM, Taka ¥ Ha PONIATa Ha OTIEITHMUTE IpolecH Npu (GopMupaHe Ha MPU3EMHHS O30H IOKa3Ba, 4e
XapaKTepeH 3a cTpaHaTa € pexuMbT Ha NO, JIUMUTAIUS, KOMTO OrpaHrYaBa 00pa3yBaHETO Ha MPU3EMEH
030H, Taka 4e 030HBT B brirapus mpousxoxia B rojsiMa CTENeH OT BHHILIHM 3a CTpaHaTa U3TOYHHIIH.

AHanu3bT Ha aHCAMOBJIBT OT KOMIIOTHPHU CUMYJIALMU, MPEICTABEH B HACTOSIIUS IUCEPTALIMOHECH
TPYZ, Aajied He € U3uepraTereH.

Hanpumep, He ca moOKa3aHU pe3yiTaTHTE 32 CyXOTO W BIAXHO OTJIaraHe, KOHTO Ca BayKHH
XapaKTePUCTUKU Ha BB3JIEHCTBHETO Ha KaUeCTBOTO HAa BB3[yXa BBPXY €KOCHCTEMHTE, KAKTO U IPUHOCA Ha
OTJENHUTE KaTETOPUU U3TOYHULU KbM (DOPMHUPAHETO HM.

He ca moka3aHu M mpecMETHATUTE CTATUCTUYECKH MOMEHTHU OT MO-BUCOK MOPSABK, KATO aCUMETPHS,
yIUTbTHSABaHE U 1p. 13001110, aHCAaMOBIBT KATO LSUI0 THPIH MTO-AETaiIeH U 3a1b1009€H CTATUCTHYECKU aHAIH3.

Morar, chII0 Taka Ja ce MPEeCMETHAT U OIlle MHOTO MHJIEKCH Ha 3aMbpCcsBaHe U KOM(POPT.

Bewnuku Te3u 3aiauu e cTosT npu Objemiara padbora Ha aBTopa.
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Abstract Three Grid applications from the SEE-GRID-SCI
Environmental VO are developed by the Bulgarian project
team: Climate Change Impact on Air Quality (CCIAQ);
Multi-scale atmospheric composition modeling (MSACM);
Modeling System for Emergency Response to the Release
of Harmful Substances in the Atmosphere (MSERRHSA).
The three applications concern problems of significant
socio-economic significance. They are all dedicated to air
pollution studies, but address different goals and so face
different problems and requirements. The applications are
briefly presented in the paper. Examples of the different
applications validations are given. Some application results
are shown and commented.
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Introduction

Three Grid applications from the SEE-GRID-SCI Environ-
mental VO (http://www.see-grid-sci.eu/), developed by the
Bulgarian project team will be presented in the paper. The
Environmental VO applications are the following:

— Climate Change Impact on Air Quality (CCIAQ)

—  Multi-scale atmospheric composition modeling (MSACM)

— Modeling System for Emergency Response to the
Release of Harmful Substances in the Atmosphere
(MSERRHSA)

The applications concern different aspects of atmospher-
ic composition studies, so they are closely related in many
ways, which is the reason to be presented in one paper.
They are based on almost the same modeling tools and use
to great extend common databases. All the three tasks
require substantial computer resources and this is the reason
why the Grid is chosen as a computational platform.

The applications face different problems, however, so
below they will be considered separately, respectively in
chapters 2, 3 and 4.

Climate change impact assessment of air quality

over Bulgaria

Study objectives

Extremely many scientific projects and related publications
are aimed to assessment of the impact of climate changes

on various areas of human activity and environment. The
impact of climate changes on pollution levels uses to be object
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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
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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

© Springer Nature Switzerland AG 2020
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ARTICLE INFO ABSTRACT

Keywords: . The present work aims at studying the local to regional atmospheric pollution transport

AFmOSPhénc composition and transformation processes over Bulgaria and at tracking and characterizing the main

Air pollution modeling . . A X
pathways and processes that lead to atmospheric composition formation in the region.

US EPA models-3 system . . .

Multi-scale modeling The US EPA Models-3 system is chosen as a modeling tool. As the NCEP Global Analysis

Emission scenarios Data with 1 degree resolution is used as meteorological background, the MM5 and CMAQ
nesting capabilities are applied for downscaling the simulations to a 9 km resolution
over Balkans and 3 km over Bulgaria. The TNO emission inventory is used as emission
input. Special pre-processing procedures are created for introducing temporal profiles and
speciation of the emissions.

The study is based on a large number of numerical simulations carried out day by day
for the years 2000-2007 and four emission scenarios—with all the emissions and with
biogenic emissions, emissions from energetics and road transport excluded. Results from
the numerical simulations concerning the main features of the atmospheric composition
in Bulgaria and the contribution of the different emission categories are demonstrated in
the paper. Some results from the CMAQ “Integrated Process Rate Analysis” are also given.

© 2012 Elsevier Ltd. All rights reserved.

1. Introduction

Air Quality (AQ) is a key element for the well-being and quality of life of European citizens. Bulgaria also faces AQ
problems. It should be noted that, while in Western Europe the photo-oxidant and PM air pollution is at present the
major environmental problem, in Bulgaria the classic acidifying pollutants (SO,, NO,), the heavy metals (Hg, Cd, Pb) and
the persistent organic pollutants are still a serious problem and so the study of their environmental impact is absolutely
necessary. The reduction of the emissions of these compounds is a major task in the environmental policy of the country.

Regional studies of the air pollution over the Balkans, including country-to-country pollution exchange, had been carried
out for quite a long time—see for example [1-8]. These studies were focused on both studying some specific air pollution
episodes and long-term simulations and produced valuable knowledge and experience about the regional to local processes
that form the air pollution pattern over Southeast Europe. It seems, however, that the atmospheric composition status in
Bulgaria is still not enough comprehensively studied. The word “comprehensive” in the context of the present study should
mean:

- simulations performed for a long enough period, which would grant that all the most typical for the country
meteorological situations will appear with their typical recurrence;

* Corresponding author. Tel.: +359 2 9793708; fax: +359 2 9713005.
E-mail addresses: ggadjev@geophys.bas.bg (G.K. Gadzhev), kganev@geophys.bas.bg (K.G. Ganev), miloshev@geophys.bas.bg (N.G. Miloshev),
dimiter.sirakov@meteo.bg (D.E. Syrakov), maria.prodanova@meteo.bg (M. Prodanova).

0898-1221/$ - see front matter © 2012 Elsevier Ltd. All rights reserved.
doi:10.1016/j.camwa.2012.07.002
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- simulations performed for different emission scenarios, which will make the evaluation of the contribution of different
source types to the air pollution pattern of the country possible;
- attempt for generalization and joint consideration of all the obtained simulation results.

Carrying out such a comprehensive study with up-to-date modeling tools detailed and reliable input data and good
resolution is the aim of the present work.

The air pollution transport is subject to different scale phenomena, each characterized by specific atmospheric dynamics
mechanisms, chemical transformations, typical time scales, etc. The specifics of each transport scale define a set of
requirements for appropriate treatment of the pollutants transport and transformation processes, respectively for suitable
modeling tools, data bases, scenarios and time scales for air pollution evaluation. 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 overall
study goals is to make some evaluations of the contribution of different processes to the local to regional pollution over the
Balkans and/or Bulgaria.

The main scientific challenge of local to regional atmospheric composition pattern modeling probably is the accounting
for the strong dependence of concentrations on fluctuations of local and regional meteorological conditions, the complex
interaction of transport scales (different life times of the pollutants make it even more complex), uncertainties and
responses to emission forcing and boundary conditions, both introducing information noise. This is even more valid for the
Balkan Peninsula—a region with complex topography, which causes significant disturbances of air flows. These mesoscale
disturbances may have a great influence not only on the local pollution transport and hence on the detailed pollution pattern,
but also on the trans-boundary transport of substances (see for example [3,9,10]). That is why the multi-scale modeling is
an important issue in the study strategy.

Atmospheric composition modeling methods include statistical, deterministic and hybrid systems. The approach
presented in the present paper is deterministic—a combination of meteorological input, weather diagnosis/forecasting,
additional meteorological pre-processing and chemical composition simulations. This is a fruitful approach for indicating
exceedances of limit and target values, evaluating different emission sources impact on air pollution and formulating
possible long and short term measures to abate air pollution. The deterministic approach could also help the better
understanding the role of different transport scales and phenomena in the formation of the air pollution model, thus
contributing to the model validation.

Multi-scale numerical experiments have to be carried out, which to some extent account for different scale process
interactions. Model interfaces from synoptic through meso- to local scale have to be tailored (two-way nesting effects have
to be checked). In shortly, extensive sensitivity studies have to be carried out, tailoring the model set-up and parameters.

Performing extensive simulations of this kind with up to date highly sophisticated numerical models obviously requires
computer resources of the order of magnitude of those provided by the so-called supercomputers. Using supercomputers,
however, is rather expensive and far beyond what most of the research groups can afford. Luckily an alternative technology—
grid computing [11-13], is recently very intensively developing, which makes formulating and solving problems already
quite relevant.

2. Methodology and input data

2.1. Modeling tools

All the simulations were based on the US EPA Models-3 system, which was chosen as a modeling tool because it appears
to be one of the most widely used models with proved simulation abilities. At the same time, this is a modeling tool of large
flexibility with a range of options and possibilities to be used for different applications/purposes. Many research groups in
Europe already use the Models-3 system or some of its elements and this number is going to increase rapidly.

The system consists of three components:

- MM5—the 5th generation PSU/NCAR Meso-meteorological Model MM5 [14,15] used as meteorological pre-processor;

- CMAQ-—the Community Multiscale Air Quality System [16,17]—the Chemical Transport Model (CTM) of the system, and

- SMOKE—the Sparse Matrix Operator Kernel Emissions Modeling System [18]—the emission pre-processor of Models-3
system.

The next-generation mesoscale numerical weather prediction system WREF is already available and even used in Bulgaria
for some other studies [ 19]. Nevertheless it was decided that the MM5 model be applied for the present study. The reasons
for this choice are the following: the teams experience is mostly in using MM5; some model validation experiments for the
above described US EPA Models-3 system have already been carried out; the Bulgarian operational air pollution forecast
system is also based on the US EPA Models-3 system, so some consistency of the present “pollution climate” simulations
with the air pollution forecast will make it possible for conclusions from the current study to be compared in the future with
air pollution forecast results.

Each of these models consists of a number of programs that can be run in different schedules depending of the task to be
solved. The output of one module is input to others. Taking into account that they had to be run for multiple days it occurred

Please cite this article in press as: G.K. Gadzhev, et al., Numerical study of the atmospheric composition in Bulgaria, Computers and Mathematics with
Applications (2012), doi:10.1016/j.camwa.2012.07.002
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that very complicated LINUX scripts were necessary to be created. The obtained results have been visualized by several
graphical packages - GRAPH, GRADS, PAVE, SURFER, IDV - supplemented by meta-languages for automation of drawing. All
this presumes high experience in Linux and different programming languages.

2.2. Integrated Process Rate Analysis

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 = ZAQ. (1)
i=1

The processes that were considered are: advection, diffusion, mass adjustment, emissions, dry deposition, chemistry,
aerosol processes and cloud processes/aqueous chemistry.

2.3. Emission scenarios

Studying the air pollution fields response to emission changes (model sensitivity to emission input) is obviously a task of
great practical importance, obviously connected with formulating short-term (current) pollution mitigating decisions and
long-term pollution abatement strategies.

In the chosen domain let there be N countries and the total number of source categories is M (generally M = 12 if
maritime and biogenic emissions are accounted for). Let an arbitrary (concentration, deposition, columnar value, process
contribution, etc.) pollution characteristic, obtained with all the emissions accounted for is denoted by ¢. Let ¢, is the
respective characteristic obtained when the emissions form source category m in country n are reduced by a factor of «. In
such a case the quantity ¢um:

1 ¢ - ¢nm
1—« [0)
can be interpreted as the relative (in %) contributions of emission category m in country n to the formation of the
characteristic ¢.

It is obvious that more than one Selected Nomenclature for sources of Air Pollution (SNAP) category emissions in
more than one country can be reduced by a factor of @ and so the quantities ¢n1m1.n2m2,...iome (N1, N2,...,nL <
N,m1, m2,...,mL < M) can be simulated and the respective estimations @;im1,n2m2,.... ntmz Of the joint influence of the L
pairs of chosen SNAP categories in chosen countries in the formation of the pollution characteristic ¢ can be evaluated. It
is possible, in particular, to evaluate the contribution of all the emissions from a chosen country, or of the emissions from a
chosen SNAP category in the whole domain.

As some of the chemical reactions are none-linear, there is mutual influence between the pollution from different sources.
In such a case the question “What is the influence of the emissions from SNAP category m1 located in country n1 to the air
pollution from sources from SNAP category m2 located in country n2?” is not meaningless. If the quantities ¢, ¢n1m1, @Pn2m2
and ¢n1m1.n2m2 are simulated some more “sophisticated” properties, like the above mentioned impact of the emissions from
SNAP category m1in country n1 on the air pollution from sources from SNAP category m2 in country n2 (the ratio ¢ nom2lp1m1
or vice versa — @ nim1|nm2) can also be defined:

$nm = - 100 (2)

¢n1nﬂ - ¢n1ml,n2m2 . 100’ ¢n1m1|n2m2 — ¢n2m2 - ¢n1ml,n2m2 . 100. (3)

¢ _¢n2m2 ¢ _¢n1m1
Obtaining such complex characteristics like (3), however, requires much more numerical experiments and the results
are not easy for interpretation. That is why numerical experiments of this kind were not carried out in the framework of the
present study.

¢n2m2|n1ml =

2.4. Input data

The large scale (background) meteorological data used in the study is the NCEP Global Analysis Data with 1° x 1°
resolution. At the moment the created database contains all the necessary information since the year 2000.

The TNO high resolution emission inventory [20] was exploited. The inventory is produced by proper disaggregation of
the EMEP 50 km inventory data base [21,22]. GIS technology was applied as to produce area and large point source input
from this data base. It must be mentioned that the TNO emissions are distributed over 10 SNAPs classifying pollution sources
according the processes leading to harmful material release to the atmosphere. The inventory contains 8 pollutants: CHy,
CO, NH3, NMVOC (Non-Methane Volatile Organic Compounds), NOy, SO, PM10 (Particle Matter withd < 10 wm) and PM2.5
(Particle Matter with d < 2.5 pm).

The TNO emission inventory was also used in the innermost domain D4 with no further disaggregation, so the emission
resolution in this domain is again the one of the TNO inventory. GIS software was used only to interpolate the emissions in

Please cite this article in press as: G.K. Gadzhev, et al., Numerical study of the atmospheric composition in Bulgaria, Computers and Mathematics with
Applications (2012), doi:10.1016/j.camwa.2012.07.002
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the respective computational grid. The possibility of using more detailed national emission inventory was not considered,
simply because the national emission inventory was not available when the simulations started.

The biogenic emissions, which depend on the vegetation type and the meteorological conditions, were calculated by the
SMOKE model.

2.5. Emission modeling

CMAQ demands its emission input in specific format reflecting the time evolution of all polluters accounted for in the used
chemical mechanism. The emission inventory usually is made on an annual basis for, as a rule, big territories (municipalities,
counties, countries, etc.) and many pollutants are estimated as groups like NO,, SO,, VOC (Volatile Organic Compounds),
PM2.5. In preparing CMAQ emission file a number of specific estimates must be done. First, all this information must
be gridded. Secondly, time variation profiles must be over-posed on these annual values to account for seasonal, weekly
and daily variations. Finally, organic gas emission estimates, and to a lesser extent SOy, NO, and PM2.5, must be split, or
“speciated”, into more defined compounds in order to be properly modeled for chemical transformations and deposition.

The different types of sources: Area Sources (AS), Large Point Sources (LPS) and Biogenic Sources (BS) were treated in a
specific way. Obviously, emission models are needed as reliable emission pre-processors to the chemical transport models.
Such a component in EPA Models-3 system is SMOKE. Unfortunately, it is highly adapted to the US conditions—emission
inventory, administrative division, motor fleet, etc.

For the needs of the present study anthropogenic emission files (AS and LPS) were prepared by interface programs AEmis
and PEmis, which use as an input the above cited emission inventory, gridded according to each computational domain.

The temporal allocation was made on the basis of daily, weekly and monthly profiles, provided in [23,24]. The temporal
profiles are country-, pollutant- and SNAP-specific. The speciation procedure is dependent on the Chemical Mechanism
(CM) used [25]. CMAQ supports different CMs. Here, the Carbon Bond, v.4 (CB4) was exploited [26]. In the used Version 4.6
of CMAQ the CB4 is upgraded with the Version 1.7 of the ISORROPIA aerosol model [26]. It requires splitting of VOC into
10 lump pollutants (Isoprene - ISOP, Olefin — OLE, Paraffin — PAR, Acetaldehyde — ALD2, Terpenes — TERPB, XYLENE - XYL,
Ethanol - ETH, Reactive Nitrogen - NR, Formaldehyde - FORM, Toluene - TOL) and PM2.5 into 5 groups of aerosol (PSOy,
PNO3, Primary Organic Aerosol - POA, Elemental Carbon - PEC, PMFINE).

The speciation profilers were created following the technology elaborated by US EPA Emission Factor and Inventory
Group and described in [27]. All necessary information can be downloaded from the respective EPA web site. In the same
location VOC, PM2.5, NO, and SOy speciation profiles for all types of sources described in US EPA SCC (Source Category Code)
can be found. It is quite convenient that the profiles are chemical mechanism specific giving direct splitting coefficients from
VOC, PM2.5, NO, and SO, quantities in (g/s) to lump pollutants in (moles/s), which is the CMAQ emission input requirement.

Taking into account that the TNO emission inventory classifies the pollution sources to only 10 categories (SNAPs), the
following approach was used for creating the respective speciation profiles: First of all a correspondence between American
and European sources was detected. For each SNAP a number of American typical sources were chosen from SCC and their
relative share of the total emission from the respective SNAP was approximately evaluated. Each of these sources possesses
its own speciation profile. Those profiles were averaged for each SNAP. The averaging is weighted, weights being the share
of the total emission from the respective SNAP that each one of the respective sources has. The weights were redetermined
based on [28]. The produced in such a way speciation profiles are specific for Bulgaria and differ for the various SNAPs and
pollutants.

SMOKE was used to produce biogenic emission file. For biogenic emissions, the temporal processing is a true simulation
model driven by ambient meteorology and other data. SMOKE currently supports BEIS (Biogenic Emissions Inventory
System) mechanism, versions 2 and 3 [29,30]. BEIS2 and BEIS3 are fed with spatial allocation of land use data as the first
processing step. They next compute normalized emissions for each grid cell and land use category. The final step is adjusting
the normalized emissions based on gridded, hourly meteorology data and assigning the chemical species to output a model-
ready biogenic emissions file. In the current version of SMOKE BEIS3.13 is built [31].

The SMOKE’s MrgGrid Processor was used to merge AS, LPS and BS files as a common 3D NetCDF file—the CMAQ-ready
emission input.

3. Brief description of the numerical experiments

As far as the background meteorological data is the NCEP Global Analysis Data with 1° x 1° resolution, it is necessary to
use MM5 and CMAQ nesting capabilities to downscale the simulations to a 3 km step for the innermost domain. The MM5
pre-processing program TERRAIN was used to define four domains with 81 (D1), 27 (D2), 9 (D3) and 3 (D4) km horizontal
resolution. These four nested domains were chosen in such a way that the finest resolution domain contains the whole
territory of Bulgaria and the domain with a horizontal resolution of 9 km contains the whole Balkan Peninsula. The three
inner nested domains are demonstrated in Fig. 1(a). A map of Bulgaria, with the major cities, roads and power plants is
shown in Fig. 1(b).

The meteorological pre-processor MM5 was forced by the NCEP global scale data. In the D1 domain the model was set
to relax toward observed temperature, wind and humidity through four dimensional data assimilation (FDDA) [32]. FDDA
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Fig. 1. The three inner computational domains (a) and Map of Bulgaria, with the major cities, roads and power plants ( 1 Bobov dol, 2 Burgas, 3 Devnia,
4 Galabovo, 5 Haskovo, 6 Kazanlak, 7 Montana, 8 Pernik, 9 Pleven, 10 Plovdiv, 11 Ruse, 12 Sofia, 13 Varna and 14 Vratsa) (b). (For interpretation of the
references to colour in this figure legend, the reader is referred to the web version of this article.)

amounts to adding an additional term to the prognostic equations that serves to “nudge” the model solution toward the
individual observations. This significantly reduces the drift in the solution for simulations of several days or more. The NCEP
data set does not include observations, but analyzed data every 6 h in all its grid points. MM5 is configured with FDDA
option on as to nudge the model toward analyzed data in D1 only. For all the domains (D1, D2, D3, D4) MM5 was run
simultaneously with “two-way” nesting mode on. All simulations were made with 23 o -levels going up to 100 hPa height.
The MMS5 simulations were made on portions of 3 days. Every portion has additional 12 h that are an initial spin-up period
that overlaps the last 12 h of the preceding run.

CMAQ meteorological input was created from the MM5 output exploiting the CMAQ meteorology-chemistry interface—
MCIP, v2.3. CMAQ simulations were performed in D2, D3 and D4 domains. The CMAQ pre-defined (default) concentration
profiles were used as boundary conditions for D2. The boundary conditions for the inner domains were determined through
the nesting capabilities of CMAQ. The CB-4 chemical mechanism with Aqueous-Phase Chemistry and MEBI solver has been
exploited for all the domains. The CMAQ simulations were made with 15 o -levels vertical resolution.

Four emission scenarios will be considered in the present paper: Simulations with all the emissions, simulations with
biogenic emissions and the emissions of SNAP categories 1 (energetics) and 7 (road transport) for Bulgaria reduced by a
factor of 0.8.

As it can be seen from Table 1 the computer resource requirements are quite big. On the other hand the very nature of
the numerical experiments planned make it possible to organize the computations in a grid effective manner. The MM5
simulations were carried out in 3-day packages for all the 4 domains, using the two-way nesting mode of the model. This
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Table 1
Computer requirements for 3-day real time simulations.
Domain: D1 D2 D3 D4 Total

MMS5 on 8 processors—23 sigma vertical level

HDD (input/output) 396 MB 919 MB 1.27 GB 1.42 GB 4GB
Computational time - - - - 19 h 20 min

CMAQ on 4 processors—15 sigma vertical level

HDD (input/output) - 7.59 GB 10.68 GB 10.57 GB 28.84GB
Computational time - 1h 10 min 2 h 10 min 4 h 40 min 8 h 00 min

CMAQ on 8 processors—15 sigma vertical level

Computational time - 50 min 1h 30 min 3 h 40 min 6 h 00 min

CMAQ on 16 processors—15 sigma vertical level

Computational time - 30 min 1h 10 min 2 h 20 min 4h 00 min

CMAQ on 32 processors—15 sigma vertical level

Computational time - 30 min 45 min 1h 45 min 3 h 00 min

XTRACT—1 sigma vertical level

HDD (input/output) - 1.43GB 2.02GB 1.99 GB 5.44 GB
Computational time - 30 min 30 min 30 min +1h 30 min

will make a total run time of less than 20 h, which means that the successful execution of the jobs on the Grid is quite
probable.

The CMAQ simulations for domains D2 and D3 and those for D4 were organized in separate jobs, which again makes the
jobs run time for 3 days real time fairly reasonable.

The model output storage, however, is too large. As not all the output information is so valuable for further air quality
and environmental considerations a post-processing procedure and respective software were developed, in order for the
output to be “filtered” and only the necessary information to be kept. What is recently kept from the CMAQ output on an
hourly basis are the surface concentrations of the following most important pollutants:

e NO,, NO, 03, NO3, OH, HO,, N,0s, HNO3;, HONO, PNA (Peroxynitric acid), H,0,, CO, FORM, ALD2, C,03;, PAN
(Peroxyacetylnitrat), PACD (Peroxyacetic acid), PAR, OLE, FACD (Formic acid), AACD (Acetic Acid), ETH, TOL, CRES
(Cresol), TO,, XYL, MGLY (Methylglyoxal), ISOP, ISPD (Products of isoprene rxns), SO,, SULF (H,SO4 Sulfuric acid), UMHP
(Methanediol), TERP, NH3 (gases—34)

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

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

e FPRM, CPRM (fine and coarse PM—2).

The MM5/CMAQ simulations were performed day by day for 8 years—from 2000 to 2007. 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 Bulgaria.

4. Results, comments and discussion

All the modeling system (models, input data, emission treatment) was well validated by previous works [13,33,34] and
showed fairly good simulation abilities. The validation showed that the discrepancies between simulations and measured
datais mostly within the 4= 50% margins, which means that the quality of simulations complies with the European legislation.
That is why the results, which will be demonstrated below could be considered reliable enough and so be trusted, in
particular when qualitative conclusions are made. A massive validation, with using all the available measured data and
applying objective validation techniques is a job, which still has to be done.

The data base, obtained by the numerical experiments allows statistical treatment for retrieving various and most
sophisticated atmospheric composition evaluations. The illustrations and comments in the present paper consider some
very simple generalizations—mostly mean annual and seasonal characteristics.

4.1. Some basic facts about the atmospheric composition status in Bulgaria

The surface concentrations are the most interesting, because of their direct impact on human health and vegetation. 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. Maps of some of these “typical” for the year, summer and
winter periods surface concentrations are shown in Figs. 2-6 for some of the most popular compounds—NO,, SO,, Ozone,
Fine and Coarse Particulate Matter (PM) for 05.00 and 17.00 GMT (7 am and 7 pm local time). What can be seen from the

Please cite this article in press as: G.K. Gadzhev, et al., Numerical study of the atmospheric composition in Bulgaria, Computers and Mathematics with
Applications (2012), doi:10.1016/j.camwa.2012.07.002




G.K. Gadzhev et al. / Computers and Mathematics with Applications I (1NIE) INE-1ER 7

30 05.00 GMT 17.00 GMT

rx/\\_/

Fig. 2. Surface concentrations of NO, (jLg/m?) averaged annually (a), for the summer (b) and winter (c) periods at 05.00 and 17.00 GMT.

maps 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 Fine and Coarse Particulate Matter plots reflect both influences.

The ozone fields are much more complex. What should be mentioned is the expected effect of 0ozone 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 means of the multi-year 2-D concentration fields were averaged over the territory of Bulgaria to obtain typical diurnal
cycles on a yearly base and the four seasons. This enables the interpretation and comparison of the variability of different
compounds on these time scales (Fig. 7). What can be seen in the plots does not defy common sense and does not oppose the
schematic concepts about how the air pollution near the earth surface is formed: NO,, SO, Primary Organic Aerosol, Coarse
Particulate Matter and Fine Particulate Matter have their minimums during daytime and their concentrations for the cold
period (autumn, winter) are higher than those for the warm period (spring, summer). The ozone concentrations, as they
should, have their maximum during daytime and are higher for the warmer part of the year.

It should be kept in mind that the diurnal evolutions, shown in Fig. 7 are obtained once by averaging over the whole
ensemble and second by averaging over the territory of the country. Thus, they do not explicitly reflect heterogeneity
in meteorological and emission fields, but only the emissions diurnal evolution and as it seems, mostly the atmospheric
stability course and for some of the compounds the role of photochemical reactions.

The behavior of SOAB - Secondary Organic Aerosol Biogenic is a little bit surprising — again have their minimums during
daytime and their concentrations for the cold period (autumn, winter) are higher than those for the warm period (spring,
summer), while one expects it to be just the other way round. It should be kept in mind, however, that the SOAB are products
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Fig. 3. Surface concentrations of SO, (jLg/m?) averaged annually (a), for the summer (b) and winter (c) periods at 05.00 and 17.00 GMT.

of some chemical reactions of biogenic with some other species, so even if the biogenic emissions are higher during daytime
and in the warm periods of the year, the SOAB behavior may follow the one of the non-biogenic compounds.

The behavior of SO, is a little bit surprising as well. One could expect that, because a significant SO, amount comes from
elevated sources (power plants) during the day its surface concentrations may have a maximum. The effect of stratification
on the surface SO, from high sources can be followed locally (Fig. 3) and in the diurnal course of SNAP 1 summer emission
contribution to SO, surface concentrations (see Fig. 12). Nevertheless the competition of both the effects of better mixing
during the day—diffusion transport of SO, from elevated sources to the ground and diffusion transport of SO, from low
sources aloft is won by the second effect and so the SO, surface concentrations have their minimum during the day.

The SOAA concentrations diurnal course is different from these of the most of the compounds. The concentration starts
increasing in the morning until it reaches a maximum or a plateau in the evening. This is probably due to the fact that there
is an effect of steady SOAA accumulation, which dominates the effect of turbulent mixing.

The conventional behavior of the species is, perhaps, good news—unexpected effects could be a novel and interesting
result, but more often they indicate some shortcomings in the numerical simulations.

Shortcomings in the current simulations, however, do exist and should be noted. For example, the levels of coarse PM
are grossly underestimated (probably by half or even one order of magnitude). This is a well known problem for almost all
models (see for example [35] and was also manifested in some experiments for validation of the system used in the current
study [34,36]).

Plots of the diurnal course of the averaged for the territory of Bulgaria maximal concentrations for the year and the four
seasons are given in Fig. 8 for the same compounds as in Fig. 7. As it can be seen the behavior of the maximal concentrations
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Fig. 4. Surface concentrations of O3 (g/m?>) averaged annually (a), for the summer (b) and winter (c) periods at 05.00 and 17.00 GMT.

is qualitatively similar to the behavior of the “typical” ones. The annual maximum is, naturally, the biggest one—it is the
maximum of all maximums and at each moment closely follows the maximal of the seasonal maximums. It does not coincide
with any of the seasonal maximums, however, because, as already stated, what is presented in Fig. 8 are the maximal seasonal
and annual concentrations averaged for the territory of Bulgaria, not the maximums of averaged for the territory of Bulgaria
seasonal and annual concentrations.

4.2. Impact of different emission categories to the atmospheric composition status in Bulgaria

Four emission scenarios will be considered in the present paper: Simulations with all the emissions, simulations with
biogenic emissions and the emissions of SNAP categories 1 (energetics) and 7 (road transport) for Bulgaria reduced by a
factor of 0.8. This makes it possible, according to (2), to evaluate the contribution of road transport, energetics and biogenic
emissions to the atmospheric composition in Bulgaria. These 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 only.

Maps of the diurnal evolution of the “typical” summer relative contribution of biogenic emissions and the emissions of
SNAP categories 1 and 7 to the surface ozone concentrations in Bulgaria are shown in Figs. 9-11. It can be seen, that at the
very location of the big power plants, where the nitrogen oxide concentration is very high all the time, the impact on the
surface ozone is negative all day. The SNAP 1 emissions contribution for the rest of the territory of the country, however, is
mostly positive, in particular after sunrise. The contribution of the SNAP 7 emissions is negative almost everywhere in the
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Fig. 5. Surface concentrations of FPRM (jLg/m?) averaged annually (a), for the summer (b) and winter (c) periods at 05.00 and 17.00 GMT.

country before sunrise. The city of Sofia negative contribution is particularly prominent and remains so during the whole
day. Even the road network can be followed as the ozone sink in the 5.00 GMT plot. Gradually during the day, the contribution
of SNAP 7 emissions becomes positive almost everywhere and then, late in the afternoon, again tends toward the negative,
except for the mountain regions.

The contribution of biogenic emissions is negative before sunrise in quite a big part of the country, except for mostly the
mountain regions. Then during the day the contribution becomes positive everywhere.

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 are rather interesting to look at and 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 (in this case the territory of Bulgaria), which
makes it possible to jointly follow and compare the diurnal behavior of the respective contributions for different species.
Such plots for some of the compounds are given in Figs. 12-13.

The following comments on Figs. 12-13 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, varying from almost 100 to several %. The
contributions of different emission categories to different species surface concentrations have different diurnal courses and
different importance. The biogenic emissions have near zero or even negative contributions for some species SO,, CPRM and
FPRM.
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Fig. 6. Surface concentrations of CPRM (jLg/m?>) averaged annually (a), for the summer (b) and winter (c) periods at 05.00 and 17.00 GMT.

Another general comment, which can be made, is that the winter contributions of biogenic emissions are, for almost all
the species, much smaller than the one for summer. This is quite natural, of course, having in mind that in the warm period
of the year the biogenic emissions are higher.

It should be noted that the SNAP 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.

There are significant differences between the summer and winter contributions. The most important thing that should be
noted is that the contribution of all the three emission categories to the surface ozone in Bulgaria is negative, though small
by absolute values. This is an important result, which means, in particular, that the ozone in Bulgaria during the winter is
mostly due to transport from other countries.

One cannot help but notice the small contribution of biogenic emissions to surface ozone. At first glance this may seem
strange; moreover that the biogenic emissions contribution to major VOC like ISOP, TERP is large and the VOCs are one of
the major ozone precursors. This can be explained, however, by the ozone photochemistry [37-39], more precisely by the
RO, /HO, radical chain reaction system: OH radicals can react (i) with organic compounds leading to peroxyradical formation
which produces O3 by oxidizing NO to NO, or (ii) OH can react with NO, forming HNO5; which is a termination reaction
suppressing O3 formation. The dominance of pathway (i) over (ii) depends on the NO, concentration versus the sum of NM-
VOC concentrations in the air parcel (weighted over the reaction rates of the individual species). In urban environments
NO, concentrations are usually that large that HNO5; formation dominates the reactions of OH radicals (pathway (ii)),
which implies that local O3 production is small. These conditions are also called VOC-limitation because O3 production
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Fig. 7. Plots of the “typical” diurnal course of the averaged for the territory of Bulgaria concentrations of NO,, SO, O3 (jg/m?), POA (Primary Organic
Aerosol), SOAA, SOAB (Anthropogenic and Biogenic Secondary Organic Aerosol), CPRM, FPRM (Coarse and Fine Particulates) (jLg/m?) averaged annually,
for the spring, summer, autumn and winter.

increases with increasing VOC concentration. When the air parcel moves along the trajectory from an urban to a suburban
environment, NO, concentration in the air parcel steadily decreases because NO, reacts with the available OH radicals. The
decrease in NO, changes the dominance of pathways (ii) over (i) favoring pathway (i) more and therefore local O3 production
increases. When NO, concentration is decreasing steadily the mixture of organic vs. NO, concentration passes through a
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Fig. 8. Plots of the diurnal course of the averaged for the territory of Bulgaria maximal concentrations of NO,, SO,, O3 (jug/m?), POA (Primary Organic
Aerosol), SOAA, SOAB (Anthropogenic and Biogenic Secondary Organic Aerosol), CPRM, FPRM (Coarse and Fine Particulates) (jug/m?) averaged annually,
for the spring, summer, autumn and winter.

state in which the ratio of ozone precursor concentration is such that local O; production maximizes, which is called the
transition regime. When NO,, concentration is decreasing further (by pathway (ii)) local O3 production rate becomes limited
by the availability of NO, concentration, a regime which is called NO,-limitation. Such conditions usually occur in rural
environments. Obviously from the point of view of atmospheric composition climate the Balkan Peninsula and Bulgaria are
predominantly “rural” environments which explains the ozone photochemistry specifics in the region.
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Fig. 9. Diurnal evolution of the “typical” summer relative contribution (%) of the emissions from SNAP category 1 to the surface ozone concentrations in
Bulgaria.

The contribution of the emission from SNAP categories 1and 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.

4.3. Some results from the Integrated Process Rate Analysis

Similarly to the evaluations, described in paragraphs 4.1 and 4.2, the outputs from the Integrated Process Rate Analysis
were averaged over the 8-year ensemble and so the “typical” seasonal and annual evaluations were obtained. An example
of the special distribution of some of the processes contribution to the surface ozone is given in Fig. 14. It can be seen that
the chemical processes have mostly negative impact, especially later in the day and 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.
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Fig. 10. Diurnal evolution of the “typical” summer relative contribution (%) of the emissions from SNAP category 7 to the surface ozone concentrations in
Bulgaria.

The vertical advection contributions pattern is very complex and clearly reflects topography induced vertical motions.

The averaged over the territory of Bulgaria contributions of some of the processes will be also demonstrated (Fig. 15). A
detailed description even of these much simpler images will take a lot of space and probably is not necessary. Some more
general features could be mentioned, however:

- The temporal behavior of the processes is also complex.

- For some processes the contribution sign is obvious (like emissions or dry deposition), but some can have different signs
for different species.
- For most of the compounds some of the advection/diffusion process have significant role.

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. Simulations for emission scenarios concerning the contribution
of the other SNAP categories have to be performed.
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Fig. 11. Diurnal evolution of the “typical” summer relative contribution (%) of the biogenic emissions to the surface ozone concentrations in Bulgaria.

The demonstrations, presented in the present paper are just a first glance on the atmospheric composition status in
Bulgaria, 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:

- 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
the 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 surface concentrations of coarse PM are probably underestimated by the simulations, which is a well known problem
for practically all models;

- some of the compounds (mostly secondary aerosols) manifest a diurnal course, which is not so easy to explain, which is
probably a result of a complex interaction of dynamic, chemical and aerosol processes;

- the SNAP 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;
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SOAB (Anthropogenic and Biogenic Secondary Organic Aerosol), CPRM, FPRM (Coarse and Fine Particulates).

- the contribution of biogenic emissions to surface ozone in the country is relatively small. This indicates that local O3
production rate is limited by the availability of NO, concentration, a regime which is called NO,-limitation. 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;
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Fig. 13. Plots of the “typical” winter diurnal course of the averaged for the territory of Bulgaria relative contributions (%) of emissions from SNAP categories
1 (SN1) and 7 (SN7) and of the biogenic emissions (BIO) to the concentrations of NO,, SO,, O3 (jLg/m?), POA (Primary Organic Aerosol), SOAA, SOAB
(Anthropogenic and Biogenic Secondary Organic Aerosol), CPRM, FPRM (Coarse and Fine Particulates).

- the contribution of the emission from SNAP categories 1and 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 a simple answer
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Fig. 14. Diurnal evolution of the “typical” summer contributions (j.g/h) of chemical processes (a), vertical diffusion (b) and vertical advection (c) to the
hourly surface ozone changes.

of the question of how the air pollution in a given point or region is formed.

The obtained ensemble of numerical simulation results is extensive enough to allow statistical treatment—calculating
not only the mean concentrations and different SNAP categories contribution mean fields, but also standard
deviations, skewness, etc., with their dominant temporal modes (seasonal and/or diurnal variations) Some advanced
and sophisticated methods for statistical treatment of the results should also be appropriately applied in order
to:

- clarify the role of the atmospheric pollution transport and transformation processes (accounting also for heterogeneous
chemistry and the importance of aerosols for air quality and climate) from urban to local to regional (Balkan and country)
scales,

- track and characterize the main pathways and processes that lead to atmospheric composition formation in different
scales,

- provide high quality scientifically robust assessments of the atmospheric composition and its origin—the air pollution
fields response to emission changes (model sensitivity to emission input) is obviously a task of great practical importance,
obviously connected with formulating short-term (current) pollution mitigating decisions and long-term pollution
abatement strategies.
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Fig. 15. Plots of the “typical” annual diurnal course of the averaged for the territory of Bulgaria contributions of vertical advection (ZADV), vertical diffusion
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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,
including the Air Quality (AQ) climate.
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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 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.
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Abstract: The ongoing climate change over Central and Southeast Europe has a
great potential to affect significantly the public energy demands and in particular the
energy consumption in the residential heating and cooling sector. The linkage of the
ambient daily extreme and mean temperatures and the energy needs for condition or
heat buildings can be quantified as numerical indicators as the heating and cooling
degree-days. In the present study, these indicators are calculated according the UK
Met Office methodology from the daily mean and extreme temperatures, which, in
turn, are computed from the output of the MESCAN-SURFEX system in the frame the
FP7 UERRA project. The study, which is performed in a very high resolution, is
dedicated on the analysis of the spatial patterns as well as assessment of the
magnitude and statistical significance of the temporal evolution of the heating and
cooling degree-days. It reveals general tendencies which are coherent with the
regional climate warming, but with high spatial heterogeneities. The study confirms
the essential impact of the ongoing climate change on the heating, ventilating and
air-conditioning industry over Central and Southeast Europe.

Keywords: Degree-days, MESCAN-SURFEX, UERRA Project, trend analysis.

1. Introduction

According to the high-level synthesis report of the United Nations, titled “United In
Science” (https://public.wmo.int/en/resources/unitedinscience), the climate change is
the defining challenge of our time which exert influence on the ecosystems, on all
branches of the international economy, and on the quality of life. The globally
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averaged surface temperature of the Earth increased 0.85 °C over the 1880 to 2012
period [19]. The global warming effects and the associated regional climatic changes
over Central and Southeast Europe (CSE) have been widely documented in the last
decades based on in situ measurements [1, 3, 16], assimilated surface observations
[6, 9, 14, 22-24], reanalysis [11] global [10, 26] and regional climate models
[5, 19, 20]. Most of these studies are focused on the second half of the twentieth and
the first decade of the 21st century, clearly evidencing that, similarly to the global
and continental trends, the regional temperature got warmer during the period. The
study of near past climate provides an essential baseline from which to understand
and contextualize changes in the contemporary and future climate.

As evidenced in many recent publications (e.g., [7, 21, 28]), the changes in
climate have direct and indirect impact on managed systems like heating, ventilating
and air-conditioning industry. Space heating and cooling is responsible for a large
fraction of European energy use [18]. The linkage of the ambient daily extreme and
mean temperatures and the energy needs for air-conditioning or heat buildings can be
quantified as numerical indicators as the Heating Degree-Days (HDD) and Cooling
Degree-Days (CDD). Thus, HDD and CDD are rough surrogates for how climate
change is likely to affect energy use for heating and cooling. In the present study,
these indicators are calculated according the UK Met Office (UKMO) methodology
from the daily minimum, mean and maximum temperatures, denoted tn, tg and tx
respectively, which, in turn, are computed from the output of the MESCAN-SURFEX
system in the frame the FP7 UERRA project. The study, which is performed in a very
high resolution, is dedicated on the analysis of the spatial patterns as well as on the
assessment of the magnitude and statistical significance of the temporal evolution of
the HDD and CDD over CSE Europe.

The article is structured as follows. The used input data are described in
Section 2 titled “Short Description of UERRA and MESCAN-SURFEX”. A brief
explanation of the UKMO definition of the HDD and CDD is placed in Section 3.
The core of the article is Section 4, containing 2 subsections and titled “Performed
Calculations and Obtained Results”. The concluding remarks are in Section 5.

2. Short description of UERRA and MESCAN-SURFEX

Accurate and reliable sources of information are crucial for building energy
simulations and analyses [7] and thus we have exploited modern and reliable weather
data in a very high spatial resolution.

The objective of the project-driven collaborative initiative FP7 UERRA
(Uncertainties in Ensembles of Regional ReAnalyses (RRA); www.uerra.eu) is to
produce ensembles of European RRA of essential climate variables for several
decades and estimate the associated uncertainties in the data sets [25, 30]. It also
includes recovery of historical (last century) data and creation of user friendly data
services. Within UERRA three different Numerical Weather Prediction (NWP)
models have been employed to generate European RRA and subsequent surface
reanalysis products.
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The MESCAN-SURFEX system analysis uses the 2D-analysis system
MESCAN [27] and the land surface platform SURFEX [4] to generate a coherent
surface and soil analysis. The UERRA-NWP HARMONIE-ALADIN at 11 km grid
spacing is used as a starting point to further downscaling. Beside the other
parameters, MESCAN-SURFEX produces air temperature at 2 m above the surface
in 6-hour temporal resolution, i.e., at 00, 06, 12 and 18 UTC for the period
1961-2018. Based on the availability of this data, the tn, tg and tx are derived in
regular 0.05°x0.05° grid and validated against independent data sets as documented
in [12].

The applicability of the derived in such fashion temperature data for assessment
of agro-meteorological indices over CSE Europe in the context of climate change is
demonstrated in [13].

3. HDD and CDD

HDD and CDD are, similarly to the climate and agro-meteorological indices [1], an
attempt to objectively extract information from daily weather data (observations or
model as in current study) that answers questions concerning energy demand and/or
consumption in the residential and domestic heating and cooling sector. Thus, they
are likely to display the same types of variability as the temperature data on which
they are based. The heating and cooling requirements for a given structure at a
specific location are considered, beside the impact of the other factors, proportional
to the number of HDDs and CDDs at that location [7]. Recently, many studies have
focused on the use of HDD and CDD to estimate annual and seasonal trends in the
energy demand for heating and cooling residential, commercial, and industrial
buildings, especially in the context of climate change (see [21, 28, 29] and references
therein). Hence, the theoretical formulation of both indicators is not standardised,
their computation can be performed in different ways, depending on the nature and
scope of the study as well as availability of input data. Computation methods range
from simple models based on monthly or annual temperature to more sophisticated
approaches [28, 29]. In the present study we use the developed by the UKMO [15]
and successfully applied in [29] method. According it, daily HDD and CDD are
calculated based on a comparison of tn, tg and tx with the selected base temperature
(tb), taking account of fluctuations of daily air temperature around the base
temperature, as well as the asymmetry between daily mean temperature and diurnal
temperature variations, as shown on Table 1.

Table 1. UKMO methodology for computing daily HDD and CDD

Condition HDD CDD
tx < tb (uniformly cold day) HDD=th-tg CDD=0(No cooling is required)
tg < tb <tx (mostly cold day) HDD=(th—tn)/2—(tx-tb)/4 CDD=(tx-th)/4
tn < th < tg (mostly warm day) HDD=(tb-tn)/4 CDD=(tx-th)/2— (tb-tn)/4
tn > tb (uniformly warm day) |[HDD=0 (No heating is required) CDD-=tg-tbh

Hence, as the study is on annual basis, we summed up the daily values. The base
temperature is the outdoor temperature below or above which heating or cooling is

168



needed [7]. As in the original proposal [15], tb is set on 15.5 °C for the HDD-
computation and on 22.0 °C for the CDD-computation. Previous versions of these
indicators, based solely on tg, have a jump discontinuity when daily mean
temperature falls below the base temperature. UK Met Office methodology does not
exhibit such a discontinuity [18]. It is worth to emphasize also, that in present work
the daily mean temperature is independent input parameter, rather than estimated as
arithmetic average between tn and tx as in [28, 29].

The units of measurement of the HDD and CDD are degree-days, noted further
°D as properly proposed in [21].

4. Performed calculations and obtained results

4.1. Spatial patterns and temporal evolution

First, in order to reveal long term inter-annual changes for the considered indices, the
spatial patterns of the Multiyear Means (MM) for the first 30-year, i.e., 1961-1990,
are superimposed to the multiyear means for the second 30-year period, i.e., 1989-
2018 as shown on Fig. 1. Such comparison is acceptable, hence the both periods
overlaps in only two years. The long-term changes are estimated by means of the
relative bias, i.e., the difference between the MMs for the second and first period in
respect to the first period.

Fig. 1. Multiyear means of HDD (first row) and CDD (second row) in the first and second column
correspondingly for 1961-1990 and for 1989-2018. The units are 100 °D. The relative biases (in %)
are shown in the third column

The spatial patterns of the variables considered are generally consistent in both
time spans. The vertical gradients are reproduced in detail that is direct consequence
from the high grid spacing. The landscape of CSE Europe contains large plains, high
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mountains, mountain chains and fragmented coastlines and is quite non-uniform. The
exploitation of datasets with coarser grid spacing could lead to overlooking of local
spatial details, essential for some end-user applications. As stated in the regional
study [6], based on the 0.1°x0.1° dataset CARPATCLIM [22], the regional
differences in the HDD and CDD trends within the considered domain are related
more to altitude, rather than latitude.

The most obvious result from the analysis of Fig. 1 is the substantial decrease
of the HDD and, vice versa, increase of CDD over the entire domain. Both biases are
quite uniform and the relative increase of the CDD is significantly higher than the
decrease of the HDD. Some recent papers (e.g., [6, 9-11, 16, 17]) have noted the
asymmetrical evolution patterns of the regional warming in the near past but
depending of the considered input data, time span and methodology the different
studies have yielded mixed results.

The temporal evolution of the Area-weighted over land Averages (AA) of the
HDD and CDD are shown on Fig. 2.
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Fig. 2. Temporal evolution of the HDD (red line, left ordinate) and CDD (blue line, right ordinate).
The units are 100 °D. The fat lines are the running 5-year means
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In agreement with the results from the analysis of Fig. 1, the evolution of HDD
and CDD shows fairly clear tendencies: Despite some colder episodes as, for
example, the noted in [13] 1965, there is general decrease of the HDD and increase
of the CDD. It is worth to emphasize also that the inter-annual course of the HDD is
somewhat anti-correlated with the inter-annual course of the CDD. This is reflection
of the fact that generally warm years are characterized most frequently with low
values of HDD and high CDD and vice versa.

4.2. Trend analysis

The magnitude of the trend is estimated by the Theil-Sen Estimator (TSE), which is
preferably used in many geophysical and engineering branches as a superior
alternative of the ordinary least squares [8]. The statistical significance is analysed
with the Mann-Kendall (MK) test. As, like the TSE, the MK test is non-parametric,
rank-based procedure has been applied, especially suitable for non-normally
distributed data, data containing outliers and nonlinear trends [6]. Both methods are
practically standard tools for trend analysis in the climatology. In the present study
they are applied for every grid point time series individually. In the present work, as
in many similar studies (e.g., [6, 9-12, 26]) the significance level is fixed at 5% (two-
tail test).
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Fig. 3. Trend magnitude of the HDD and CDD in the first and second column respectively. The units
are °D per 1 year. Stippling indicates grid points with changes that are not significant at the 5%
significance level

The most apparent result from the analysis of Fig. 3 is the markedly expressed
negative trend for the HDD and positive trend for the CDD. The trends magnitude of
the HDD is, in absolute terms and as a whole, bigger than the trend magnitude of the
CDD. The trends of the both indices are practically everywhere statistically
significant at the 5% and their patterns are consistent over the domain, i.e., there are
no mixed trends for both indices.

5. Conclusion

Based on the availability of up to date dataset [12] based on the primary data from
the FP7 UERRA project, we provide an overview of the spatial patterns in very high
resolution and the long term temporal evolution on annual basis of the HDD and CDD
over CSE Europe in the period 1961-2018.

The study confirms the suitability of the considered dataset for index-based
analysis of the near past and present climate in computationally feasible way as has
been already shown in [13].

Although not fairly exhaustive, the study confirms the essential impact of the
ongoing climate change on the heating, ventilating and air-conditioning industry over
CSE Europe. Consistent with the long-term changes of the mean and extreme
temperatures over the domain, documented in the most recent papers, the present
study reveals strong evidences for the impact of the regional climate warming on the
considered indices. As emphasized in [18], a decrease in the demand for public and
domestic heating can significantly decrease overall energy use in Europe, but this
gain can be offset in part or completely by an increase in cooling demand.
Furthermore, heating is delivered to end users in different ways (individual boilers
fuelled by oil, gas and coal, and electricity and district heating), whereas cooling is
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supplied currently almost exclusively through electricity. As a result, a given change
in cooling needs is generally associated with larger costs, a larger change in primary
energy demand and larger impacts on the peak capacity of supply networks than the
same change in heating requirements.

The study could be extended and continued in many aspects. The logical next
step is to accomplish the work assessing the future changes and trends based on
(preferably regional) climate simulations. Hence, the temperatures in all CMIP5
scenarios are projected to rise further, it is reasonable to expect additional decrease
of the HDD and increase of CDD. Our preliminary computations with the regional
climate model RegCM confirm this assumption. The study could also be extended
backwards in time as far as possible in order to capture more general and robust
trends. A necessary prerequisite for such task, however, is, as for many other efforts
in the regional climatology, the (free) availability of reliable data with proper spatial
coverage and spatial-temporal resolution.

The data sets with the HDD and CDD, as well as the trend measures (TSE trend
magnitude estimation and p-value from the MK test) are in standard form (GrADS
binary/descriptor files) and could be supplied from the corresponding author upon
request.
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Abstract: Nowadays there is a strong degree of agreement that the climate change is
the defining challenge of our time, which will exert influence on the ecosystems, on
all branches of the international economy and on the quality of life. The analysis
based on climate indices is widely used non-parametric approach for quantification
of the mean state as well as extreme climate events. This study, which is continuation
of our previous efforts, is dedicated to the assessment of the trend magnitude and the
trend statistical significance of six temperature-based and three precipitation-based
indices in projected future climate over Southeast Europe up to the end of the 21st
century. The indices are computed from the bias-corrected output of five CMIPS5
global models, reinforced with all four RCP emission scenarios. The model output is
accessed from the section of the Inter Sectoral Impact Model Intercomparison
Project in the Copernicus Data Store. The multi model ensemble medians of the
temperature-based indices shows considerable increase which is consistent with the
warming of the mean temperatures. These changes are statistically significant in most
cases and intensify with the radiative forcing. The revealed tendencies of the
precipitation-based indices are more complex when compared with temperature
tendencies.

Keywords: Climate indices, RCP, CMIP5 Ensemble, future climate, trend analysis.

1. Introduction

Nowadays there is a strong degree of agreement that the climate change is the
defining challenge of our time, which will exert influence on the ecosystems, on all
branches of the international economy and on the quality of life. However, as stated
in [18], immediate damages to humans and ecosystems are not caused by gradual
changes in the mean state but mainly by so-called extreme climate events. The
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extreme weather phenomena are discussed in all reports of the Intergovernmental
Panel on Climate Change. There are various methods to investigate extreme events,
but the computation and analysis of Climate Indices (Cls), derived from daily data
(observations or model output) is probably the most widely used non-parametric
approach. Subsequently, the literature is very large ([1-3, 18, 19] and many others).
To detect changes in these extremes, it is important to apply sets of Cls that are
statistically robust, cover a wide range of climate conditions, and have a high signal-
to-noise ratio [1]. Such sets are used in several projects on climate change with a
focus on different spatial scales and temporal extent.

The relevance of the trend assessment of climate extremes is frequently
emphasized (see, for example, [1, 18] and references therein). The principal reason
is that it is vital to discover the presence of long-term persistent tendencies as well as
to quantify their magnitude.

Our working group has previous, partially project-driven, experience with Cls-
based analysis [4-6]. The present study is a natural continuation of our recent efforts,
documented in [7, 8]. These two studies are dedicated to the assessment of the future
climate over SouthEast (SE) Europe, and are based on an ensemble of CIs with the
main goal to compare the multiyear Cls-means for the present and the projected
future climate. The main aim of the present work is to assess the trend magnitude and
statistical significance of six temperature-based and three precipitation-based indices
in projected future climate over the same domain up to the end of the 21st century in
a consistent manner. The indices are computed from the bias-corrected output of five
CMIP5 global models, reinforced with all four RCP emission scenarios. As in [18]
and [19] and many other similar studies, the present one exploits the ensemble multi-
model median, noted henceforth MMX50, rather than the output from the individual
models.

The article is structured as follows: The used scenarios, models, and input data
are concisely described in the second section. The theoretical background of the
performed statistical analysis is placed in the third section. The core of the article is
in the fourth section where the performed computations and the obtained results are
described. The brief concluding remarks are in the last section.

2. Scenarios, models and input data

The Coupled Model Intercomparison Project (CMIP) is a standard experimental
protocol for studying the output of Coupled Atmosphere-Ocean General Circulation
Models (CAOGCMs). The main aim of the fifth phase of CMIP, CMIP3, is to study
the climate and climate change in the past, present, and future, using a set of
simulations with different climate simulators in various spatial and temporal scales
[22]. The CMIP5 experiment uses a set of emission scenarios called Representative
Concentration Pathways (RCP) [15] to assess the interactions between the human
activities on the one hand and the environment on the other hand, and their evolution.
In contrast to the previous generations of scenarios, the RCPs are mitigation scenarios
that assume active policy actions directed to achieve certain emission targets. Four
RCPs have been formulated: RCP2.6, RCP4.5, RCP6.0 and RCPS.5. They are based
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on a range of projections of future population growth, technological development,
and societal responses. The labels for the RCPs provide a rough estimate of the
radiative forcing in the year 2100 (relative to pre-industrial conditions).

The present study exploits the database whose creation is described in [7],
whereas the primary data access point was the Copernicus Data Store. It is based on
the collection of bias-corrected climate datasets provided through Inter Sectoral
Impact Model Intercomparison Project (ISIMIP 1, https://www.isimip.org/protocol/),
Fast Track simulation round. These climate datasets contain daily-resolution, bias-
corrected climate data from five CMIP5S CAOGCMs according to Table 1 covering
the period 1950-2099 (historical run — up to 2005 and CMIP5 simulations for 2011-
2099), downscaled to a 0.5°x0.5° lat-lon grid. The main goal of ISIMIP is to offer
reliable global climatological data for agro-climatic impact assessments but most of
the included variables have universal applicability.

Table 1. CAOGCMs used in ISIMIP 1 Fast Track simulation round

Model Acronym Institution, country Spat. Res. (Lon.xLat.xLev.)
GFDL-ESM2M  |Geophysical Fluid Dynamics Laboratory, USA 144x90x24
HadGEM2-ES Met Office Hadley Centre, UK 192x145%40
IPSL-CM5A-LR Institut Pierre-Simon Laplace, France 96x96%39
MIROC-ESM-CHEM AORI, NIES, JAMSTEC, Japan 128x64x80
NorESM1-M Norwegian Climate Centre, Norway 144x96%26

As emphasized in the introduction, the study is based entirely on the MMX50.

The selected Cls are the same as in [7] and [8] where the six temperature-based
are: Minimum of the Minimum Temperatures, Maximum of the Maximum
Temperatures, Frost Days, Tropical Nights, Cold and Warm Spell Duration Indices,
noted traditionally as TNn, TXx, FD, TR, CSDI and WSDI. The three precipitation
based indices are Annual Precipitation Sum, Heavy Precipitation Days and
Consecutive Dry Days, noted RR, RR10mm and CDD, respectively. In the articles
above-referenced, the reader could find the explanatory motivation of this selection
as well as links to the definitions of these Cls.

3. Methods

The magnitude of the trend is estimated by means of the Theil-Sen Estimator (TSE).
The method TSE is named after H. Theil and P. Sen, who published the pioneering
papers ([12] and [17]). Conceptually, the method is very simple: If x;,, i=1, ..., n, and
vi,i=1, ..., n, are the independent (most frequently the time) and dependent variables
correspondingly, the estimation of the model is done by calculating the slopes of all

n] _n(n—1)

possible [2 > combinations of pairs of points. The slope between every
two points is equal to
(1) [)’:u X; # X

X;—X;
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The final non-parametric slope 4, is then defined as the spatial median of these
slopes:

) f, = median B}, {1§=bl.j|b,j=yf_y", X £, 1§i<jgn},

xj—x-

1

Positive value of B, reveals an increasing trend, negative value is sign of

decreasing trend.
The TSE is essentially an estimator for the slope alone; the line has been
constructed by means of different methods. In fact there are a large variety of ways

to calculate the intercept A, . We apply the frequently used relation, proposed in [9]:

(3) ﬂO = Ymedian _ﬂleedian’
where Y and X are the medians of the dependent and independent

median median
variables correspondingly.

The main strength of the TSE is its robustness. As stated by many authors (see
[10] and references therein), the TSE, compared to the frequently used ordinary Least
Squares Estimation (LSE), is much less sensitive to outliers. This conclusion could
be explained intuitively so: A positive outlier will increase the sample mean in direct
proportion to the size of the outlier. In fact, there is no upper limit on the effect that
can be induced on the sample mean by an outlier. On the other hand, the effect of an
outlier on the sample median is bounded; once the outlier becomes the largest
observation in the sample it has no further influence on the median [20]. In fact, the
breakdown point of TSE is 1-1/ V2 ~293%, meaning that it can tolerate arbitrary
corruption of up to 29.3 % of the input data-points without degradation of its accuracy
[23]. The performance of both regression methods, LSE and TSE, for trend
estimation of meteorological data is assessed in [4]. Among other findings, it is
revealed that in certain cases the LSE could produce trend slope even with wrong
sign. The TSE produces for the same dataset reliable result.

Although O(n*) procedure, the TSE is still computationally feasible, keeping

in mind that in the most geophysical and engineering applications #z <1000.

The statistical significance of the trend is estimated by means of the Mann-
Kendall (MK) test [12, 13].

Like the TSE, the MK is non-parametric rank-based procedure. The null and the
alternative hypothesis of the two-sided test, denoted traditionally Hy and H, of the
MK test for trend in the random variable x are as follows:

4) Hy: Pr(y;>y,)=05, j>i,

Hy: Pr(y; <y)#0.5, j>i
The MK statistic S is calculated as

n-1 n
6)) S=> > san(y;—w). j>k

=1 j=k+1
where y; and yi are the values of the considered variable in the moments j and £,
respectively, n is the total number of years and the sign function is defined as
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1 if y, =y, >0,
(6) sgn(y; —y,) =10 if y; -y, =0,
-1 if y, =y, <0.

For large n (practically for n>8), the distribution of S can be well
approximated by a normal distribution with mean zero and variance computed as

@) VAR(S)=% n(n—l)(2n+5)—§tp(tp -D(2t,+5) |,
where g is the number of tied groups, and ¢, is the amount of data with the same value
in the group p =1, ..., g. The normalised test statistic Z is given by:
S-1
VAR(S)
®) Z=410 if $=0,

if §>0,

if §<0.

VAR(S)

If the normalised test statistic Z is equal to zero, the data are normally
distributed, and the positive values of Z mean a rising trend and negative a decreasing
trend [25]. The null hypothesis is rejected at significance level a if |Z]> Zu» (two-tail
test), where Z» is the value of the standard normal distribution with an exceedance
probability /2 [3].

The probability value (p-value) of the MK test is computed as
1z ¢

1 —_
©) P(Z)=0.5—0(| Z Jkde®(| Z|) = —— [ 2dL.
N27
For a specific significance level o €(0,1) the null hypothesis is rejected

whenever p(Z)< .

Like the TSE, the MK test is a procedure, especially suitable for non-normally
distributed data, data containing outliers and nonlinear trends. Consequently, it is
widely used in many engineering and geophysical branches as hydrology (see, for
example, [11, 25, 26]). They are recommended from the World Meteorological
Organisation [24] and are practically standard tools for statistical assessment of trend
in the meteorology ([1-6, 17-18] and many others).

4. Performed computations and obtained results

All calculations are performed by purposely written from the author’s programs
in FORTRANO90/95. The parameters of the TSE regression are computed
also directly, using (2) and (3). The median slope is calculated exactly by computing
all lines through pairs of points. Although quadratic in time, this approach is
still feasible due to its simplicity and, as noted above, by the relatively small length
of the time series (in case n=89, the number of years 2011-2099). The median itself
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is computed with the A. Miller’s subroutine (freely-available repository at
http://jblevins.org/mirror/amiller/), which implements the efficient truncated
quicksort algorithm.

The p-value of the MK -test is also computed directly according to the sequence
(5)-(8). The routine, based on Chebyshev fitting [21] is used for the computation of
the error function in (9). In the present work, as in many similar studies (e.g.,
[3, 5, 18-19]), the significance level is fixed at 5%.

Unlike the LSE, benchmarks for the TSE and MK test are difficult to find. In
the present study, we use for this goal the representative source [14] and the results
are identical.

The magnitudes of the trend in time as well as its statistical significance are
estimated individually for all grid cells and separately for each scenario.

Fig. 1 shows the results of the trend analysis for TNn and TXx.

Fig. 1. Trend slopes (unit: °C per 10 years) of the MMXS50 of the TNn (first row) and TXx (second
row) for the RCP2.6, RCP4.5, RCP6.0 and RCP8.5 in the first, second third and fourth column
correspondingly. Stippling indicates grid points with changes that are not significant at the 5%

significance level

Fig. 1 shows a gradual increase of the overall slopes (i.¢., the rate of the change,
in case increase) of both indices from RCP2.6 to RCP8.5, i.e., proportional to the
radiative forcing. The value of the trend magnitude of the TNn appears bigger over
the northern part of the domain for RCP6.0 and RCPS8.5 but as a whole, the spatial
distributions do not shows clear systematic pattern. The most apparent difference
between the trend magnitude fields of the TNn and TXx are the generally bigger
values for the TXx for all four scenarios. This could be related to the documented in
many articles (see, for example, [1]) warming asymmetry. It is worth emphasizing,
however, that depending of the considered domain, spatial and temporal scales as
well as the methodology applied, the reported results are different, even partially
contradicting.

The results for the other temperature based Cls are shown in Fig. 2.
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Fig. 2. Same as Fig. 1 but for the FD, TR, CSDI and WSDI on the first second third and fourth row
correspondingly. The units are days per 10 years

Consistent with the changes in the mean and extreme temperatures, the overall
picture shows progressive (i.e., from RCP2.6 to RCP8.5) decrease of the slope FD
and increase of the TR and WSDI. The trends of these Cls are statistically significant
over the bigger part of the domain in all scenarios. Somewhat surprising appears the
fields of the CSDI: In contrast to the expectations, there is practically no trend under
any scenario. The reason is rooted in the relatively small value of this index even in
the reference period, as shown in [8]. Thus, under the conditions of the generally
warmer climate, the CSDI drops close to zero (i.e., constant), causing the absence of
a trend.

The vertical gradient of the trend magnitude is most apparent in the case of the
tropical nights especially along the main Carpathian ridge. It is stated in [3] that the
occurrence of TR is substantial only in low elevation areas (below 800 m),
particularly exposed to persistent and intense warm spells in summer. Generally,
tropical nights are not characteristic of the mountain climate of the Balkan Peninsula.
It is worth to emphasize, however, that the zones with not essential trend increase
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become smaller with the rise of the radiative forcing, suggesting that even the
mountains will be exposed in the future to excessive warmth.

As in many other places of the world, in contrast to the projected changes in the
temperature indices, where there is a general agreement on the sign of change
independent of the region considered, changes in the precipitation indices over the
considered region are less consistent in this regard [8, 19].

As noted in [8], the considered precipitation-based indices are used as key
parameters in many studies of present [18] and projected future climate [19].

Fig. 3 shows the results of the trend analysis for the annual precipitation sum
RR that is probably the most important precipitation-based climate index.

Fig. 3. Same as Fig. 1 but for the RR. The units are mm per 100 years

The most relevant result of the analysis of Fig. 3 is also most noticeable: Except
relatively small areas along the Adriatic coast and Asia Minor, there is no statistically
significant trend over the domain.

Finally, we present in Fig. 4 the trend analysis outcome for the Heavy
Precipitation Days and Consecutive Dry Days.

Fig. 4. Same as Fig. 1 but for the RR10 mm and CDD. The units are days per 10 years

The relatively big difference, even in sign, between the trend magnitude for
RCP2.6 on one hand and all other three scenarios on the other, is the most notable
outcome from the analysis of the RR10mm. The trend for RCP2.6 is prevailing
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positive (i.e., increase of the heavy precipitation days) and in the others — dominating
negative. It should be kept in mind that RCP2.6 represents mitigation scenarios that
aim to limit the increase of global mean temperature to less than 2 °C [15] and thus
it is the only one RCP compatible with the goals of the Paris Agreement. It is worth
emphasizing also that the long-term tendencies of some precipitation extremes could
deviate from the course of evolution of the mean state [1].

The spatial distribution of the trend magnitude for CDD is consistent in all
scenarios. The prevailing trend is positive (i.e., increase of the consecutive dry days)
but, as a whole, is relatively weak and, subsequently, statistically significant over the
bigger part of the domain only for RCP6.0 and RCPS.5.

5. Conclusion

Based on the availability of new sources of information representing the state of the
art global climate change simulations in the frame of the CMIP5 project, which are
freely accessible from the Copernicus Data Store, we present a trend analysis of key
temperature and precipitation-based climate indices over Southeast Europe.

The study confirms the suitability of the database created from ISIMIP1
products for Cls-based analysis of the projected future climate in a computationally
feasible way as has been already shown in [7, 8]. The most important outcome from
the study is the notable expressed and spatially dominating positive trend (i.e., uprise
tendency) of the warm-related indices and, vice versa, the negative trend of the cold-
related indices. These tendencies are proportional to the radiative forcing and are, as
a whole, statistically significant for the scenarios RCP4.5-8.5. The signal of the
significant trends is spatially consistent as there are no areas of mixed trends within
the considered domain. Generally, the revealed warming is, evidently, a continuation
of already detected tendency in the historical records of the twentieth century over
the region [3, 5, 18].

Concerning the precipitation-based indices, the study confirms the complexity
of the expected precipitation-related changes and their inherent ambiguity. It is worth
emphasizing also that the inter-model spread within the ensemble is bigger compared
to the temperature-based ClIs and has in some cases systematic character. Most
essential in this regard is, however, the revealed absence of trend of the precipitation
sum.

Finally, it has to be noticed that the projected increase of the CDD could amplify
the negative impact of the expected hotter climate.
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Abstract. The forthcoming climate changes are the biggest challenge
facing mankind today. They will exert influence on the ecosystems, on
all branches of the international economy, and on the quality of life.
The climate changes and their consequences have a great number of
regional aspects, which global models cannot predict. That is why an
operation plan for adaptation to climate changes has to be based on well-
grounded scientific assessments, taking in consideration regional features
of the climate changes and their consequences. The present work aims
to give an overview of the high performance computing (HPC) facili-
ties’ implementation for studying of present and future regional climates
of the Balkan region. Simulations were performed with the regional cli-
mate model RegCM on the supercomputer Avitohol of IICT — BAS. The
global climate simulations, taken from HadGEM2 database were used as
source for the initial and lateral boundary conditions. The simulations
were performed for the following time slots: 1) 1975 — 2005 — reference
period, 2) 2020 — 2050 — near future and 3) 2070 — 2099 — far future. The
simulations for the future climate were carried out for 3 CMIP5 emis-
sion scenarios: RCP2.6 (optimistic scenario), RCP4.5 (realistic scenario)
and RCP8.5 (pessimistic scenario). The simulation results for the refe-
rence period were compared with the independent, observation-based
data set E-OBS. These preliminary simulation results reveal that the
projected climate changes are strongest in the far future and RCP8.5.
According to the temperature, the warming signal is spatially dominat-
ing with peak values the summer, when it is more than 4.5 °C. The pro-
jected precipitation change is more complex, both in time and space. It
is worth emphasizing, however, that the expected summer months reduc-
tion, which could amplify the negative impact of the expected warmer
climate.
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ABSTRACT

The present study analyzes the potential changes of residential heating and cooling
degree-days as well as three stakeholder-relevant indices of agro-meteorological change
(growing season length, sum of the active and sum of the effective temperatures) for
Southeast Europe over near past (1975-2004), near (2021-2050) and far (2070-2099)
future periods. All indicators were calculated from the output data of our simulations
with the regional climate model RegCM driven by the ERA-Interim reanalysis for the
near past and by the global circulation model HadGEM2-ES under RCP2.6 and RCP4.5
CMIPS radiative forcing scenarios for the future periods. The validation of the model-
based indices against their counterparts, computed from the observational dataset E-
OBS, shows that the model reproduces the spatial variability and magnitude of the
indices generally well. The study reveals a decrease of the heating degree days and
considerable increase of the cooling degree days as well as increase of the agro-
meteorological indices practically over the whole domain in the future. The detected
changes, which agrees with most recent studies, are direct consequence of the expected
general temperature tendencies in the region and intensify with the radiative forcing.

Keywords: Degree-days, Agro-meteorological indices, CMI5 RCPs, Regional Climate
Simulations

INTRODUCTION

According to the high-level synthesis report of the United Nations, titled *United In
Science’ (https://public.wmo.int/en/resources/unitedinscience), the climate change is the
defining challenge of our time. It will exert influence on the ecosystems, on all branches
of the international economy, and on the quality of life. That is why an operation plan
for adaptation to climate changes has to be based on scientifically well-grounded
assessments, giving an account of regional features in the climate changes and their
consequences [1]. The globally averaged surface temperature of the Earth increased
0.85°C over the 1880 to 2012 period. It is extremely likely that the observed warming of
the climate system was caused by the increased anthropogenic emission of greenhouse
gases [2]. The impacts of climate change are manifold and vary regionally, even locally,
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Sensitivity of the Simulated Heat Risk
in Southeastern Europe to the RegCM

Model Configuration—Preliminary
Results

Vladimir Ivanov!®™) Georgi Gadzhev', Kostadin Ganev',
and Hristo Chervenkov?

! National Institute of Geophysics, Geodesy and Geography — Bulgarian Academy
of Sciences, Acad. G. Bonchev Str., bl. 3, 1113 Sofia, Bulgaria
vivanov@geophys.bas.bg
? National Institute in Meteorology and Hydrology,

66, Tsarigradsko Shose blvd, 1784 Sofia, Bulgaria

Abstract. The spatial distribution of the biometeorological conditions
is a topic of many studies in different countries. One of the most impor-
tant aspects of the weather adverse effect on the human beings is the
consequences from too much exposure to the heat conditions. The human
body can adapt to temperatures, but to some extent. If the air tempera-
tures become too high, human beings at first feel uncomfortable, but the
consequences can be a serious threat to health and even life. The main
reasons for this threat are related to the lack of perspiration and car-
diovascular problems. Atmospheric numerical models for simulating the
heat stress is used in many studies. One of the most affected region in the
near past, but also most likely in the future, is the Southeastern Europe,
including Bulgaria. Global models are with too low resolution, but still
they suggest very strong heat stress especially at the end of the 21th
century. According to other studies, results from regional meteorological
models suggest similar conclusions. The current research is about the
heat stress conditions in the Balkan Peninsula, evaluated from ten—year
simulations. They are performed with regional climate model RegCM.
The model is run many times with different combinations of physics
parameterization of some processes. The aim is to compare the heat
stress simulated by different model configurations for the Balkan Penin-
sula and so to reveal the dependence of heat stress evaluation on the
model configuration. That would answer the question of the sensitivity
of the model to the parameterization schemes from a biometeorological
point of view.

Keywords: Regional climate simulation + RegCM4.4 - Heat index -
Heat stress + High performance computing
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Statistical Moments of the Vertical
Distribution of Air Pollution over
Bulgaria

Georgi Gadzhev(® , Kostadin Ganev, and Plamen Mukhtarov

National Institute of Geophysics, Geodesy and Geography,
Bulgarian Academy of Sciences, Acad. G. Bonchev Street, bl. 3, 1113 Sofia, Bulgaria
ggadzhev@geophys.bas.bg

Abstract. The air quality has a key impact on the quality of life and
human health. The atmospheric composition fields are formed as a result
of complex interaction of processes with different temporal and spatial
scales from global to regional to a chain of local scales. The earth surface
heterogeneities, including the complex terrain, have a very significant
impact on the atmospheric dynamics, hence on the formation of air pollu-
tion pattern. The incredible diversity of dynamic processes, the complex
chemical transformations of the compounds and complex emission con-
figuration together lead to the formation of a complex vertical structure
of the atmospheric composition. The detailed analysis of this vertical
structure with its temporal/spatial variability jointly with the atmo-
spheric dynamics characteristics can enrich significantly the knowledge
about the processes and mechanisms, which form air pollution, including
near earth surface. The present paper presents some results of a study,
which aims at performing reliable, comprehensive and detailed analysis
of the atmospheric composition fields 3D structure and its connection
with the processes, which lead to their formation.

The numerical simulations of the vertical structure of atmospheric
composition fields over Bulgaria have been performed using the US EPA
Model-3 system as a modelling tool for 3D simulations and the sys-
tem nesting capabilities were applied for downscaling the simulations
from 81 km to 9km grid 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.

Keywords: Vertical structure - Air pollution - Atmospheric
composition + Numerical simulation - High performance computing

1 Introduction

The parameters of the atmosphere have key impact on quality of life and human
health. Because of this, quite naturally, the surface air quality is mostly studied.
From the other hand the atmospheric composition fields are formed as a result
© Springer Nature Switzerland AG 2020

I. Lirkov and S. Margenov (Eds.): LSSC 2019, LNCS 11958, pp. 213-219, 2020.
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HPC Simulations of the Atmospheric
Composition Bulgaria’s Climate

(On the Example of Coarse Particulate
Matter Pollution)

Georgi Gadzhev(®™) | Kostadin Ganev, and Plamen Mukhtarov

National Institute of Geophysics, Geodesy and Geography,
Bulgarian Academy of Sciences,
Acad. G. Bonchev street, bl. 3, 1113 Sofia, Bulgaria
{ggadjev,kganev}@geophys.bas.bg,
engpjm@abv.bg

Abstract. The present work aims to provide an overall view of the HPC
facilities implementation for studying the regional atmospheric pollution
transport and transformation processes of Bulgaria. The study aims at
revealing the main features of the atmospheric composition of Bulgaria
climate and at tracking and characterizing the main pathways and pro-
cesses that lead to atmospheric composition formation in the country.

The US EPA Models—3 system is chosen as a modeling tool. As NCEP
Global Analysis Data with 1° resolution is used as a meteorological back-
ground, the nesting capacities of WRF and CMAQ are used to reduce
simulations over Bulgaria to 9km. The Bulgarian national inventory is
applied within the territory of the country and the TNO emission inven-
tory is used as emission input outside of Bulgaria. Special pre-processing
procedures are created for introducing temporal profiles and speciation
of the emissions.

The study is based on a large number of numerical simulations carried
out day by day between 2007-2014. The simulations were performed on
the supercomputer Avitohol of IICT-BAS. The following atmospheric
composition characteristics will be demonstrated, on the example of the
coarse particulate matter, and discussed in the Paper:

1) Seasonal and annual concentration field’s pattern, with their typical
diurnal course;

2) Evaluation of the contribution of different dynamic and transforma-
tion processes to the formation of the atmospheric composition of
the country’s climate;

3) Vertical structure of the atmospheric composition fields, considered
from a point of view of dynamic and transformation processes inter-
action.

Keywords: Vertical structure - Air pollution + Atmospheric
composition + Numerical simulation -+ High performance computing
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HPC Simulations of the Extreme
Thermal Conditions in the Balkan Region
with RegCM4

Vladimir Ivanov!®), Rilka Valcheva2, and Georgi Gadzhev!

! National Institute of Geophysics, Geodesy and Geography — Bulgarian
Academy of Sciences, Acad. G. Bonchev Street, bl. 3, 1113 Sofia, Bulgaria
{vivanov,ggadjev}Qgeophys.bas.bg
2 National Institute of Meteorology and Hydrology, 66, Tsarigradsko Shose blvd,
1784 Sofia, Bulgaria
Rilka.Valcheva@meteo.bg

Abstract. The outdoor environment influences human beings differ-
ently. If it is too cold for the organism, that could cause frostbite, freezing
and other dangerous health conditions. On the other hand, if it is too hot,
the heat stress could become too high, and consequences such as heat
stroke, fainting, etc. could emerge. In either case, the outdoor environ-
ment could become deadly for humans. The climate changes impose an
adaptation of the human individuals to the current and the future ther-
mal conditions. The current research aims to study the risk of extreme
heat and cold thermal stress on the Balkan Peninsula and some adjacent
territories. For that purpose, we performed numerical simulations with
the regional climate model RegCM4 for the period from 1975 to 2005.
The initial and boundary conditions were taken from the HadGEM2
Earth System Model. The simulations were performed on the supercom-
puter Avitohol of IICT—BAS. We studied the extreme thermal condi-
tions in the cold and the warm seasons with two different biometeorolo-
gical indexes. The first one describes how cold the human individual feels
in low temperatures and windy environment. The second one describes
how hot the human being feels in high temperatures and humid condi-
tions. The simulation results for the influence of the current climate on
human beings are demonstrated in the paper.

Keywords: RegCM - Heat stress - Wind chill - Heat wave - HPC
simulation - Climate

1 Introduction

The heat stress for human beings is one of the most important problems in mod-
ern society. There is a lot of research work addressing that problem and the need
for mitigation activities towards decreasing the harmful impacts on the people.
According to IPCC reports, the temperature is increasing at many locations in

© The Editor(s) (if applicable) and The Author(s), under exclusive license
to Springer Nature Switzerland AG 2021
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The Seasonal Recurrence of Air Quality )
Index for the Period 2008-2019 Over oy
the Territory of Sofia City

Georgi Gadzhev

Abstract The impact of Air Quality (AQ) on human health and quality of life is an
issue of great social significance. Evaluating this impact will provide a 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 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 human health. The objectives
of the present work are evaluations in different years and for the different seasons
in selected years, based on extensive computer simulations of the AQ for Sofia
city carried out with good resolution using up-to-date modelling tools and detailed
and reliable input data. Some extensive numerical simulations of the atmospheric
composition fields have been performed recently. The US EPA Model-3 system was
used as modelling tool. A fairly extensive data base was developed from simulations
which were used for studies of the atmospheric composition and including the AQ
climate. The simulations are for 12 years from 2008 to 2019 and calculated on five
domains: Europe, Balkan Peninsula, Bulgaria, Sofia Municipality and Sofia City
with increasing space resolution to 1 km for the territory of Sofia City.

Keywords Air quality indices - Air quality * Quality of life - Health risks

1 Introduction

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 is a key element for the well-being and quality of life of European citizens.
There is increasing evidence of adverse effects of air pollution on the respiratory

G. Gadzhev ()
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Modelling of the Seasonal Sulphur )
and Nitrogen Depositions over the Balkan | <&
Peninsula by CMAQ and EMEP-MSC-W

Georgi Gadzhev(® and Vladimir Ivanov

Abstract The air quality US EPA models-3 system consisting of SMOKE—
emission model and pre-processor, MM5—meteorological driver, and CMAQ—
chemical-transport model, is used in many studies of the air quality in the Balkan
Peninsula, and in particular Bulgaria. It runs in different model resolutions, depending
on the domain, from European to city scale. The EMEP-MSC-W model is another
chemical transport model, widely used in air quality modelling. Two of the processes
involved in the concentration change of some pollutant are the dry and wet deposi-
tions. The air quality modelling capability depends on many factors, for example,
meteorology and emissions. We study the differences in the simulation of the wet
and dry depositions for Nitrogen and Sulphur compounds, between the CMAQ and
the EMEP-MSC-W model for a period of 8 years.

Keywords Modelling - CMAQ + EMEP - Pollution - Composition - Air Quality

1 Introduction

The air pollution nowadays forces many countries to take actions for mitigating its
adverse effects on human health. Therefore, we need a lot of information, which is
increasing in recent years. There are already more direct and indirect data connected
to the air quality from different surface-based and satellite-based observing systems.
However, we need to understand the different processes involved in the creation,
transportation, and transformation of the air pollutant species, which help us to under-
stand their distribution at different spatial and temporal scales. The research commu-
nity performs these tasks by air quality models systems, with chemical transport
models as the main component [4—6]. We use one of these systems with the chem-
ical transport model CMAQ, for modeling the air quality in the Balkan Peninsula.
Previous results from air pollution modelling for the Balkan Peninsula and Bulgaria
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Assessment of the Joint Quantiles )
of Temperature and Precipitation et i
in CMIPS Future Climate Projections

over Europe

Hristo Chervenkov(®, Georgi Gadzhev(®, Vladimir Ivanov,
and Kostadin Ganev

Abstract The present study assesses the changes in the exceedances of the joint
extremes of temperature and precipitation quantiles as well as the trend magnitude
and statistical significance of these changes. Following the Beniston’s idea, the com-
bination of cool/dry, cool/wet, warm/dry and warm/wet modes in projected future
climate over Europe up to the end of the twenty first century is investigated in consis-
tent manner. These modes are defined as excedances of fixed quantile thresholds, the
lower and the upper quartile respectively. The use of joint quantiles allows an explo-
ration of climate statistics that in many instances would be overlooked by simply
analyzing single thresholds of temperature or precipitation. The used for the compu-
tation of the quantiles data for the mean 10-day temperature and 10-day precipitation
sum are obtained as ensemble multi-model median from the bias-corrected output of
5 CMIPS5 global models, forced with all 4 RCP emission scenarios. The model out-
put is accessed from the section of the Inter Sectoral Impact Model Intercomparison
Project in the Copernicus Data Store. Generally, the obtained results are coherent
with the consolidated outcomes of the most recent studies, considering the projected
future changes of the mean temperature and the precipitation across Europe. Key
finding is, however, the revealed steady and statistically significant increase of the
number of the extreme warm and dry events over the whole Mediterranean basin.
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Degree-Days and Agro-meteorological )
Indices in CMIPS RCP8.5 Future etkia
Climate—Results for Central

and Southeast Europe

Hristo Chervenkov(®, Georgi Gadzhev(®, Vladimir Ivanov,
and Kostadin Ganev

Abstract The present paper is continuation of our recent study and analyzes the
potential changes of residential heating and cooling degree-days as well as three
stakeholder-relevant indices of agro-meteorological change (growing season length,
sum of the active and sum of the effective temperatures) for Central and Southeast
Europe over near past (1975-2004), near (2021-2050) and far (2070-2099) future
periods. All indicators were calculated from the output data of our simulations with
the regional climate model RegCM driven by the ERA-Interim reanalysis for the
near past and by the global circulation model HaddGEM2-ES under RCP8.5 CMIP5
radiative forcing scenario for the future periods. The validation of the model-based
indices against their counterparts, computed from the observational dataset E-OBS,
shows that the model reproduces their spatial variability and magnitude generally
well. A linear bias correction of the considered indices is also demonstrated. Consis-
tent with the general trend of the mean and extreme temperatures over the region, the
study reveals a decrease of the heating degree days and considerable increase of the
cooling degree days and the agro-meteorological indices practically over the whole
domain in the future. The detected changes are fairly not symmetrical - the relative
increase of the cooling degree days is significantly bigger than the decrease of the
heating degree-days.
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20th International Conference on
Harmonisation within Atmospheric Dispersion Modelling for Regulatory Purposes
14-18 June 2021, Tartu, Estonia

MODELLING OF DRY AND WET DEPOSITION PROCESSES FOR THE SULPHUR AND
NITROGEN COMPOUNDS OVER BULGARIA

Vladimir P. Ivanov?, Georgi K. Gadzhevtand Kostadin G. Ganev!

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

Abstract: The quality of life is of big importance for human society. Atmospheric composition is one of the most
important environmental components, which have a profound influence on human health and quality of life. That is
why it is quite natural the surface air pollution concentrations to be most studied. The atmospheric pollution has
great impact not only on quality of life, but on the environment as a whole. Therefore, it is important to study the
atmospheric compounds dry and wet deposition. The present work is focused on the computer simulations of the dry
and wet deposition of the Nx and Sx pollutants. The simulations are performed with the US EPA Models-3 System:
Meteorological model WRF; Emission model SMOKE; Atmosphere Composition Model CMAQ for the period 2008 —
2014. The provided model simulations are with horizontal resolution 9 kilometers for the territory of Bulgaria. The
NCEP Global Analysis Data meteorological background with 1°x 1°esolution is used as a meteorological
background. The models nesting capabilities were applied to downscale the simulations to 9 km resolution. The TNO
emission database for year 2005 is used as an input for the Models — 3 System. The model results are compared with
the database computed from the EMEP MSC-W model, using a procedure for nudging the results of the 9 km CMAQ
simulations, into the EMEP grid with 0.1° x 0.1° resolution.

Key words: CMAQ, air quality, WRF, EMEP-MSC-W, EMEP, SMOKE, high-resolution, emission
INTRODUCTION

The understanding of the air pollution distribution helps us to involve and improve mitigation measures
for the human health. The Nitrogen and Sulphur compounds are the ones with adverse health effect on the
living beings (Georgieva, 2014). Each of them is a subject on processes of transformation, creation and
transportation, which affect their distribution in one or another territory, spatial and temporal scales.
There are many observation data acquired by different kind of surface, elevated and satellite
measurements. However, to understand their distribution in different spatial and temporal scales, we need
to model them with the chemical-transport models. The research community uses different models for
studying the air quality in Europe. Two of the most common ones are the CMAQ (Byun and Ching, 1999,
Byun and Schere, 2006) and EMEP-MSC-W (Simpson, 2012), run in different temporal and spatial
scales, as well as meteorological drivers. The air pollution modelling depends also on the specific
emission sources used in the model configurations. The study deals with the air quality features over the
territory of Bulgaria. Previous studies on that topic examine the surface concentrations (Chervenkov et
al., 2005, 2006, 2008, Chervenkov, 2007) as well as their adverse effect on the human individuals in the
country and the surrounding area. Different process determine the concentrations on different height
levels - dry deposition, wet deposition, horizontal and vertical advection, horizontal and vertical diffusion,
emission, chemical transformation, aerosol processes, and aqueous chemistry. The objective of that
research is to study the differences in the high-resolution simulations with the CMAQ and the EMEP-
MSC-W models of the Nitrogen (N) and Sulphur (S) dry and wet deposition processes for the territory of
Bulgaria over the period 2008 - 2014.

METHODS

The processes accounting to the different contribution of the concentration field changes for each
pollutant in the CMAQ model are: horizontal diffusion (HDIF); horizontal advection (HADV); vertical



diffusion (VDIF); vertical advection (VADV); dry deposition (DRYDEP); emissions (EMISS); chemical
transformations (CHEM); aerosol processes (AERO); cloud processes (CLOUD):

‘Q‘Cil = (ﬂcil)hdif + (ﬂcil)vdif + (ac;'l)nadv + (ﬂcil)vadv + (ﬂf—';'l)drydep + +(af—';'1)emiss + (ﬂf—'il)cngm +
(Acl'l)cloud + (Af—';'l)aero
1

The mean concentration change of i pollutant in for the specific model layer from time t to time z + At
The solution of the transport and transformation equations gives (2)

Acl = ,Tlljohl(ci (t +At) — ¢;(t))dz (2
The nitrogen depositions contains the contributions from NO- (Nitrogen dioxide), NO (Nitrogen oxide),
NOs (Nitrogen trioxide), N.Os (Dinitrogen pentoxide), HNOs (Nitric acid), HONO (Nitrous acid), ANH4J
(Accumulation-mode ammonium mass), ANH.l (Aitken-mode ammonium mass), ANO3J (Accumulation-
mode nitrate mass), ANOsl (Aitken-mode aerosol nitrate mass) and NHs (Ammonia). The S depositions
contains the contribution from SO, (Sulphur dioxide), SULF (Sulphate aerosols), ASO4J (Accumulation-
mode aerosol Sulphate mass), and ASO.l (Aitken-mode aerosol Sulphate mass).
The present work is focused on the computer simulations of the daily dry and wet deposition of the Nx
and Sx pollutants with two chemical-transport model systems. The first one is the US EPA Models-3
System. It uses the meteorological model WRF as a driver (Shamarock et al., 2008), the emission
preprocessor SMOKE (CEP, 2003, Houyoux and Vukovich, 2009), and MCIP3 as a Meteorology -
Chemistry Interface Processor, and the CMAQ as a chemical-transport model. The provided model
simulations have hourly time step with horizontal resolution 9 kilometers for the territory of Bulgaria for
2008 — 2014. The NCEP Global Analysis Data meteorological background with 1°x 1°resolution is used
as a meteorological background. The models nesting capabilities were applied to downscale the
simulations to 9 km resolution. The TNO emission database (Denier 2010) for year 2010 is used as an
input for the Models — 3 System for the emission preprocessor. The second model system used for
comparison with the previous one is with the Meteorological Synthesizing Centre-West (MSC-W) of the
European Monitoring and Evaluation Programme (EMEP). It is a chemical transport model (Simpson et
al., 2012), a key tool involving in the European air pollution policy assessments. The model has changed
over the years, adding different features, and currently, his horizontal resolution ranging from 5 km to 1
degree with 20 vertical levels. In our study, we use a grid size 0.1° x 0.1°. The EMEP-MSC-W model
runs with meteorological fields from the numerical weather prediction system ECMWF-IFS Cycle36r1.
The model output is with daily frequency, so we do not need to do further post-processing. For
comparison of the models, we use the Normalised Mean Bias noted in the text as NMB (5):

NMB = 100 = (Z CMAQ — Z EMEP),/(Z EMEP)
T i T (3)
RESULTS

The average winter dry nitrogen (N) depositions modelled by the CMAQ are higher and with more
heterogeneous spatial structure than by the EMEP (fig. 1). The dry depositions from CMAQ have higher
values on the mountain areas. The spatial distribution of the CMAQ total depositions has a structure with
characteristics more similar to the dry depositions. The results show that the NMB has a spatial structure
follow the topography. The lower terrain parts have lower NMB than the areas with higher elevation. We
can see also, that there are three spots of the western part of the domain with a negative NMB. The NMB
of the total depositions has similar spatial distribution as for the dry one, but the biases on the mountain
and northeastern areas are smaller.

The CMAQ simulates higher average summer N dry as well as wet depositions than the EMEP_MSC_W
(fig 2). The dry ones from the CMAQ output are relatively lower in the mountain areas. The wet
depositions distribution is opposite. The spatial structure of the EMEP depositions is more homogeneous,
as in the winter case. The NMB of the dry and total depositions have not distinctive patterns. The NMB of
the wet deposition is negative in the lower terrain forms, and positive in the areas with higher elevation.
The values are in the same range as in the winter depositions, except for the wet ones.
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Fig. 1. Average daily dry CMAQ (first column, first row) and EMEP-MSC-W (first column, second row) Nitrogen
winter depositions. Average daily wet CMAQ (second column, first row) and EMEP-MSC-W (second column,
second row) Nitrogen winter depositions. Average daily total CMAQ (third column, first row) and EMEP-MSC-W
(third column, second row) Nitrogen winter depositions. Normalized mean bias (third row) of the dry (first column),
wet (second column) and total (third column) depositions.
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Fig. 2. Average daily dry CMAQ (first column, first row) and EMEP-MSC-W (first column, second row) Nitrogen
summer depositions. Average daily wet CMAQ (second column, first row) and EMEP-MSC-W (second column,
second row) Nitrogen summer depositions. Average daily total CMAQ (third column, first row) and EMEP-MSC-W
(third column, second row) Nitrogen summer depositions. Normalized mean bias (third row) of the dry (first column),
wet (second column) and total (third column) depositions.

The spatial distribution of the winter Sulphur (S) depositions is given in the fig. 3. The CMAQ dry S
depositions are higher in the mountain and eastern areas, with four spots with values above 9 mg/m2. The
the winter S wet depositions are higher in the southeast. The CMAQ total depositions are distinctively
higher in the southeast and the most northern areas. The NMB is mostly positive, with spots of negative
values with bigger areas for the wet depositions.

The results for the summer S depositions are given in the fig. 4. The dry ones from the CMAQ are smaller
than in the winter, and the EMEP ones do not change so much for that season. The CMAQ wet
depositions are higher in the mountain areas. The spots with distinctively higher values are modelled in
the western parts of the country by the CMAQ, and in the central by the EMEP-MSC-W. The total



emissions repeat and combine these patterns. The NMB does not follow the topography. There are more
areas of NMB with negative values, than in the winter, especially for the wet S depositions.

mgim2 CMAG

mg/m2 EMEP wet depositions myimz EMEP

so 3888388

Fig. 3. Average daily dry CMAQ (first column, first row) and EMEP-MSC-W (first column, second row) Sulphur
winter depositions. Average daily wet CMAQ (second column, first row) and EMEP-MSC-W (second column,
second row) Sulphur winter depositions. Average daily total CMAQ (third column, first row) and EMEP-MSC-W
(third column, second row) Sulphur winter depositions. Normalized mean bias (third row) of the dry (first column),
wet (second column) and total (third column) depositions.

S dry deposiions mgim2 CMAQ S wet depositions myim2 CMAQ

S dry + wet deposttions mgim2
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Fig. 4. Average daily dry CMAQ (first column, first row) and EMEP MSC W (flrst column second row) Sulphur
winter depositions. Average daily wet CMAQ (second column, first row) and EMEP-MSC-W (second column,
second row) Sulphur winter depositions. Average daily total CMAQ (third column, first row) and EMEP-MSC-W
(third column, second row) Sulphur winter depositions. Normalized mean bias (third row) of the dry (first column),
wet (second column) and total (third column) depositions.

CONCLUSION

The results show that the output Nitrogen and Sulphur dry depositions of the WRF-MCIP3-CMAQ
configuration are higher than the ones from the EMEP-MSC-W model configuration. That statement is
valid also for the wet depositions, but to a lesser extent. Three factors determine the simulated



differences. The first one is the topography, as we the results shows. The second one is the emission
inventory. It implies a difference in the initial conditions for the dry and wet depositions between the two
systems. The other main factor is the different meteorology drivers used in the CMAQ and EMEP-MSC-
W, which together with the topography features increase or decrease the wet depositions on more or less
areas.

ACKNOWLEDGEMENT

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

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).

REFERENCES

Byun, D., Ching, J.: Science Algorithms of the EPA Models-3 Community Multiscale Air Quality
(CMAQ) Modeling System. EPA Report 600/R-99/030, Washington DC, (1999).

Byun, D., Schere, K. L.: Review of the governing equations, computational algorithms, and other
components of the models-3 community multiscale air quality (CMAQ) modeling system.
Applied Mechanics Reviews, 59, (2), 51-77, (2006).

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

Chervenkov H., Syrakov, D., and Prodanova, M.: Estimation of the Exchange of Sulphur Pollution over
the Balkan Region in 1995-2000, Int. J. Environment and Pollution, 32, (2), 149-161, (2008).
doi:10.1504/1JEP.2008.017100

Chervenkov H., Syrakov, D., and Prodanova, M.: On the Sulphur Pollution over the Balkan Region,
Lecture Notes in Computer Science vol. 3743/2006 Large-Scale Scientific Computing: 5th
International Conference,LSSC 2005, 481489, (2005).

Chervenkov H., Syrakov, D., and Prodanova, M.: On the Sulphur Pollution over Southeast Europe for the
period 1995-2000, The Changing Chemical Climate of the Atmosphere, 160-165, (2006).

Chervenkov, H.: Assessment of the Material Deterioration in Bulgaria due to the Air Pollution, Int. J.
Environment and Pollution, 31, (3-4), 385-393 (2007). doi:10.1504/1JEP.2007.016504

Coats, Jr, C J, and Houyoux, M R.: Fast emissions modeling with the Sparse Matrix Operator Kernel
Emissions (SMOKE) Modeling System. United States: N. p., (1996).

Denier van der Gon, H., Visschedijk, A., van de Brugh, H., Droge, R.: A high resolution European
emission data base for the year 2005, TNO-report TNO-034-UT-2010-01895 RPT-ML,
Apeldoorn, The Netherlands, (2010).

Georgieva, |.: 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, 39-42, (2014).

Houyoux, M.R., and Vukovich, J.M.: Updates to the Sparse Matrix Operator Kernel Emission (SMOKE)
Modeling System and Integration with Models-3, The Emission Inventory: Regional Strategies
for the Future, Raleigh, NC, Air and Waste Management Association, (1999).

Shamarock, W. C., Klemp J. B., Dudhia J., Gill D. O., Barker D. M., Duda M. G., Huang X.-Yu, Wang
W., Powers J. G., 2008: A Description of the Advanced Research WRF Version 3. NCAR/TN-
475+STR, NCAR TECHNICAL NOTE, https://opensky.ucar.edu/islandora/object/technotes:500

Simpson, D., Benedictow, A., Berge, H., Bergstrom, R., Emberson, L. D., Fagerli, H., Flechard, C. R.,
Hayman G. D., Gauss M., Jonson J. E., Jenkin M. E., Nyiri A., Richter C., Semeena V. S., Tsyro
S., Tuovinen J.-P., Valdebenito A and Wind P.: The EMEP MSC-W chemical transport model —
technical description. Atmos. Chem. Phys., 12, 7825-7865, , (2012).



atmosphere

A

Article

Computer Simulations of Air Quality and Bio-Climatic Indices
for the City of Sofia

Georgi Gadzhev *

check for

updates
Citation: Gadzhev, G.; Ganev, K.
Computer Simulations of Air Quality
and Bio-Climatic Indices for the City
of Sofia. Atmosphere 2021, 12, 1078.
https:/ /doi.org/10.3390/
atmos12081078

Academic Editors: Boris Igor Palella,
Anastasia Poupkou, Dimitris
K. Papanastasiou, Dimitrios Melas,

Serafim Kontos and Natalia Liora

Received: 15 June 2021
Accepted: 19 August 2021
Published: 22 August 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/).

and Kostadin Ganev

National Institute of Geophysics, Geodesy and Geography—Bulgarian Academy of Sciences,
Acad. G. Bonchev str., bl. 3 1113 Sofia, Bulgaria; kganev@geophys.bas.bg
* Correspondence: ggadjev@geophys.bas.bg; Tel.: +359-0035929793328

Abstract: Air pollution is responsible for many adverse effects on human beings. Thermal discomfort,
on the other hand, is able to overload the human body and eventually provoke health implications
due to the heat imbalance. Methods: The aim of the presented work is to study the behavior of
two bio-climatic indices and statistical characteristics of the air quality index for Sofia city—the
capital of Bulgaria for the period 2008-2014. The study is based on the WRF-CMAQ model system
simulations with a spatial resolution of 1 km. The air quality is estimated by the air quality index,
taking into account the influence of different pollutants and the thermal conditions by two indices,
respectively, for hot and cold weather. It was found that the recurrence of both the heat and cold
index categories and of the air quality categories have heterogeneous space distribution and well
manifested diurnal and seasonal variability. For all of the situations, only O3 and PMyg are the
dominant pollutants—these which determine the AQI category. It was found that AQI1, AQI2, and
AQI3, which fall in the “Low” band, have the highest recurrence during the different seasons, up
to more than 70% in some places and situations. The recurrence of AQI10 (very high) is rather
small—no more than 5% and concentrated in small areas, mostly in the city center. The Heat index
of category “Danger” never appears, and the Heat index of category “Extreme caution” appears
only in the spring and summer with the highest recurrence of less than 5% in the city center. For the
Wind-chill index category, “Very High Risk” never appears, and the category “High Risk” appears
with a frequency of about 1-2%. The above leads to the conclusion that both from a point of view of
bioclimatic and air quality indices, the human health risks in the city of Sofia are not as high.

Keywords: air quality; outdoor thermal comfort; air quality index; heat index; wind chill; Bul-
garia; Europe

1. Introduction

The air is the living environment of human beings, and obviously, a number of
atmospheric parameters, have great importance for the quality of life and human health.
Some of the most important groups of characteristics of the atmosphere directly affect
quality of life and human health.

The air quality (AQ) is a key element for the well-being and quality of life of European
citizens. According to the WHO, air pollution severely affects the health of European
citizens [1] (between 2.5 and 11% of the total number of annual deaths are due to air
pollution [2]). 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 (e.g., ozone daughter
directive 2002/3/EC and the recent directive 2008/50/EC for AQ and clean air for Eu-
rope [3,4]) requires informing the public on AQ, assessing air pollutant concentrations
throughout the whole territory of Member States and indicating an exceedance of limit
and target values, forecasting potential exceedance, and assessing possible emergency
measures to abate exceedance using modelling tools.
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Despite international—including European—agreements and protocols regarding dif-
ferent constituents of air pollutants (sulfur dioxides, nitrogen dioxides, organic compounds,
heavy metals, etc.), decreasing pollution and accumulated knowledge have only a partial
effect. The situation is especially severe regarding ozone in urban areas. The main reasons
for this are the increased emissions of ozone precursors (basically nitrogen dioxide and
organic compounds).

Special attention is paid to primary emitted or secondary formed particulate matter.
They have the property to adsorb various chemical compounds on their surface, including
some toxic substance (heavy metals, black carbon, and organic hydrocarbons), NH3, NOx
and VOCs, mutagens, DNA modulators, etc., and interacting with them or catalyzing the
processes taking place between these compounds, contribute to the formation of secondary
atmospheric pollutants—other aerosol components that are difficult for quantitative deter-
mination. The particulate matter classification is based on aerodynamic diameters. Since
1990 began, the separation of particulates in several major fractions: PMjq (Particulate
matter with a diameter < 10 um), PM, 5 (Particulate matter with a diameter < 2.5 pm), and
ultrafine particulate matter with a diameter < 0.1 um (PMy,). Particulate matters enter
the body by the respiratory system and, depending on their size, are fractionalized in its
different sections. The particles with a diameter below 2.5 pm reach pulmonary alveolus,
where, along with the adsorbed compounds on their surface, they may fall in pulmonary
macrophages, respectively, in the whole body, and generate harmful effects on human
health. The established strong association between the increased incidence of respiratory,
cardiovascular, and neoplastic diseases, the reduced life expectancy, and air pollution,
on the other hand, define the latter as a significant public health issue. [5-8]. A number
of studies conducted in Bulgaria also confirm the link between air pollution and human
health, mostly in regions having serious environmental problems [9-12].

A number of parameters of the near-surface atmosphere (temperature, humidity,
radiation, wind speed, pressure) jointly form an important bioclimatic characteristic of
the habitable human environment. The condition when there is no strain on the human
thermoregulatory system is called thermal comfort. When the air temperatures are high, the
person should take additional precautions because of the emergence of dangerous health
conditions as hyperthermia, cramps, sunburn, sunstroke, and even death [13]. Higher
humidity could decrease or stop perspiration, and it is the main additional factor impeding
the human thermoregulatory system from reaching balance. In cold weather, there is a
possibility of hypothermia. In that case, the main additional factor for worsening the health
conditions is the stronger wind, which increases the convection from the human body;,
hence its cooling. The temperature of the uncovered parts in particular, and eventually, the
body’s core temperature decrease. A number of studies [14-17] present different methods
for the calculation of the discomfort index and evaluating the role of thermal comfort on
the quality of life and human health. More extensive reviews of the existing discomfort
indices can be found in [18-23]

More sophisticated methods for the calculation of Discomfort Indices, taking into
account additional factors, such as wind speed and solar radiation, are also available.
Predicted Mean Vote—PMYV [24] and Physiologic Equivalent Temperature—PET [25] are
based on the human heat balance model [26-30]. These methods account for the total heat
effect due to all the physical factors that affect the human body’s thermal sensation using
the human heat balance equation. This equation uses, as an input, the ambient temperature,
wind speed, relative humidity, and mean radiant body temperature under different man
actions and clothes. For the purpose of our study, we choose two indexes—heat index [31-33]
and wind chill index [34,35]. They are relatively simple, and do not require using many
meteorological and physiological parameters that could be not readily available, and that
add some uncertainty. They are numerical values in several intervals, called categories,
each of which correspond to a different degree of deviation from comfort. They are used
to study the extreme heat and cold conditions in Bulgaria from observations [36-38] and
southwestern Europe from model simulations [39]. One of the aims of that research is to
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study the recurrence of the hot and cold conditions with different degrees of severity in the
Sofia city region—the capital of Bulgaria—by two indices—heat index and wind chill.

It has been found that extremely high temperatures cause a bigger morbidity risk
and higher mortality. Urban areas are especially at risk because the urban microclimate is
relatively warmer than the surrounding non-urban environment, a phenomenon called
“Urban heat island”.

The motivation of the present study is that Sofia is the largest city in Bulgaria with a
large population and intensive urban transport and a large number of industrial and other
sources of pollution; therefore, the study of the influence of atmospheric parameters on the
quality of life in the city is of particular importance. Estimates of the AQI have been made
before, but never with this resolution and they have never been combined with estimates
of bioclimatic indices.

The objectives of the present study are to perform reliable, comprehensive, and
detailed studies of the impact of lower atmosphere parameters and characteristics on
the quality of life and health risks for the population in the city of Sofia by applying an
appropriate and up to date methodology. Thus, the formulated study objectives contain
several keywords, which have to be explained.

Methodology: This is the totality of metrics for the evaluation of the atmospheric
parameters’ impact on the quality of life and health risks for the population; a set of prop-
erly chosen, well verified, and validated models of atmospheric dynamics and chemical
composition; databases; and a set of appropriately defined scenarios for extensive computer
simulation experiments.

Reliable and comprehensive studies: This means carrying out extensive and appropri-
ately enough defined numerical experiments to form statistically significant ensembles of
output data, which reflect the diversity of meteorological conditions with their typical re-
currence and that allow reliable conclusions to be made for the atmospheric characteristics’
impact on population quality of life and health risks.

Detailed studies: This means a high enough spatial /temporal resolution of the com-
puter simulations, which reflects the multi-scale nature of the processes. This makes
it possible to detect the interactions of different scale phenomena and track the basic
mechanisms and pathways through which low atmosphere characteristics are formed,
respectively, that impact on population quality of life and health risks.

2. Materials and Methods

The AQI evaluations are based on extensive computer simulations of the AQ in Sofia,
carried out with good resolution, using up-to-date modeling tools, and detailed and reliable
input data [40-49].

All the simulations are based on the US EPA Model-3 system:

WREF v.3.4.1 [50]—Weather Research and Forecasting Model, used as a meteorological
pre-processor. The large scale (background) meteorological data used in the present study
are the NCEP global analysis data with 1° x 1° resolution—in Grib2 format every six
hours [51]. The configuration set uses the WSM 6-class graupel microphysical param-
eterization scheme [52], and CAM schemes for parameterization of the longwave and
shortwave radiation [53]. The land-surface parameterization scheme is Pleim-Xiu [54].
The planetary boundary layer parameterization scheme is ACM2 (Pleim) [55]. The model
uses USGS 24-category land cover (Figure 1b), with one category describing the surface
properties of urbanized areas.

CMAQ v.4.6—Community Multi-scale Air Quality model [56,57], the Chemical Trans-
port Model (CTM).

SMOKE—the Sparse Matrix Operator Kernel Emissions Modelling System [58], the
emission pre-processor of Models-3 system.

TNO inventory [59] is exploited for the territories outside Bulgaria in the mother
CMAQs domain. For the Bulgarian domains, the National inventory, as provided by
Bulgarian Executive Environmental Agency, is used.
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Figure 1. Domain elevation in (m) (a). Land cover (b) categories: 1—Urban and Built-up Land; 2—Dryland Cropland
and Pasture; 3—Irrigated Cropland and Pasture; 5—Cropland /Grassland Mosaic; 6—Cropland /Woodland Mosaic; 11—
Deciduous Broadleaf Forest; 14—Evergreen Needleleaf; 15—Mixed Forest; 16—Water Bodies. Elevation (m) of five nested

domains (c).

The simulations are carried out for the following five nested domains: D1 (Europe)
—81 x 81 km, D2 (Balkan peninsula)—27 x 27 km, D3 (Bulgaria)—9 x 9 km, D4 (Sofia
municipality)—3 x 3 km, and D5 (Sofia city)—1 x 1 km (Figure 1c). WRF nesting capabili-
ties are applied for downscaling the simulations to a 1-kilometer step for the innermost
domain (Sofia). The simulations are performed with Two-Way Nesting mode on.

CMAQ meteorological input is created from the WRF output, exploiting the CMAQ
meteorology-chemistry interface—MCIP, v3.6. CMAQ simulations were performed in D2,
D3, D4, and D5 domains. The CMAQ pre-defined (default) concentration profiles are used
as boundary conditions for (the coarsest domain) D2. The boundary conditions for the
inner domains are determined through the nesting capabilities of CMAQ.

The validation of WRF model and the Models 3 system was previously performed.
The validation of WREF is presented in [60] and the validation of the whole system in [61].

The WRF and CMAQ output are recorded each hour; therefore, all frequencies (recur-
rences) considered below are calculated on an hourly basis.

For calculation of the bio-climatic indices, we use the air temperature and relative hu-
midity at 2- and 10-meter wind speed from numerical simulations of the bio-meteorological
conditions with the WRF-ARW model for the Sofia city for the 2008-2014 period with a
spatial resolution of 1000 m.

One of the most commonly used indices is the UK Daily Air Quality Index [62], also
used in Bulgaria [40-42,63]. According to [63], 4 main pollutants—O3, NO,, SO,, and
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PM;jp—are used to calculate the AQI. 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. Different averaging periods are used for different
pollutants. The breakpoints between index values are defined for each pollutant separately
(Table 1). For each particular case, the concentration of each pollutant falls into one of the
bands shown in Table 1. Thus, the AQI for each pollutant is determined. The overall AQI,
which describes the impact of the ambient pollutant mix, is defined as the AQI for the
pollutant with maximum value of the index.

Table 1. Boundaries Between Index Points for Each Pollutant.

0; NO, S0, PMyo
INDEX
ug/m3 ug/m3 ug/m3 pg/m’
1 0-32 0-95 0-88 0-21
2 33-66 96-190 89-176 2242
3 67-99 191-286 177-265 43-64
4 100-126 287-381 266-354 65-74
5 127-152 382-477 355-442 75-86
6 153-179 478-572 443-531 87-96
7 180-239 573-635 532-708 97-107
8 240-299 636-700 709-886 108-118
9 300-359 701-763 887-1063 119-129
10 >360 >764 >1064 >130

Each of the AQI bands comes with advice for at-risk groups and the general population
(Table 2). The reference levels and Health Descriptor used are based on health-protection-
related limits, targets, or guideline values set by the EU, at a national or local level, or by
the WHO [1].

Table 2. Air Quality Indices and health effect description.

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 amongst sensitive individuals.
Significant effects may be noticed by sensitive individuals and action to avoid or reduce these
High 7-9 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” levels of pollution may worsen

The spatial and temporal behavior of the air quality index for the city of Sofia is
defined as all simulations are presented as the sum of each index in each band—Low,
Moderate, High, and Very High. The AQI from the “Low” band indicate the cleanest air.
Therefore, high values of the recurrence of AQI from the “Low” band mean more hours
with clean air. Small values of the recurrence of AQI from the “Low” band, respectively,
mean more hours with not so clean air. In the other Moderate, High, and Very High
categories, high values indicate more cases with polluted air, and low—more cases with
clean air.

The heat index is defined as the temperature a human individual in a real environment
would feel in a reference one having certain values of the effective wind speed (2.57 m/s,
vapor pressure (1.6 kPa), and barometric pressure (101.3 kPa), as well as zero extra radiation
and no clothing [32]. There are other indices such as Universal Thermal Climate Index
and Physiological Equivalent Temperature, that allow the solar and terrestrial radiation,
and other clothing and physiological parameters to be taken into consideration, but the
dependence of the calculation on mean radiant temperature from diffuse radiation, and
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dependence on other types of parameters such as metabolic rate, bring an additional
uncertainty in their calculation. Additionally, the heat index and wind chill index are
used in forecasts in many countries including Switzerland, USA, Canada, and Bulgaria,
and people became used to them by changing their behavior for adaptation, which, in
turn, influences the potential for heat and cold stress. The heat index is composed of
a multiple regression formula, valid in air temperatures of at least 26.6 °C and relative
humidity above 40%. The results of the heat index (HI) are split for the spring, summer, and
autumn, because of the possibility of hot conditions even in the transition seasons. It is in
temperature units. It is calculated and presented in categories shown in Table 3. Due to their
low recurrence, the Danger and Extreme Danger conditions are combined in one category
—Danger. It is calculated according to [31-33] with the following regression formula:

HI=—42.379 + 2.04901523 * T + 10.14333127 * RH — 0.22475541 + T * RH

— 0.00683783 * T2 — 0.05481717 * RH?Z + 0.00122874 * T2 + RH
+0.00085282 x T * RH? — 0.00000199 * T? x RH?

where temperature and heat index are in °F, and the RH is in %. As Fahrenheit scale is not
very popular in Bulgaria, all the temperature values are converted to degree C.

If the air temperature is below 26.6 °C and the relative humidity is below 40%, we
use the air temperature as a heat index. The wind chill index [34] is studied for winter,
spring, and autumn because these are the times when it is possible for these categories to
be observed. It is reported in temperature units and is used as a wind chill temperature
(WCT) with categories given in Table 4 [35]. The categories Very High Risk, Severe Risk,
and Extreme Risk are combined in one category—"Very High Risk”, for the same reasons
as in for the Danger and Extreme Danger heat index.

Table 3. Heat index categories and health effects.

Heat Index Category Numerical Interval Health Precautions

Fatigue is possible with
prolonged exposure and
activity. Continuing activity
could result in heat cramps.

Caution 26.7-32.2 °C

Heat cramps and heat
exhaustion are possible.
Continuing activity could
result in heat stroke.

Extreme Caution 32.2-40.5°C

Heat cramps and heat
exhaustion are likely; heat
stroke is probable with
continued activity

Danger 40.5-54.4 °C

Extreme Danger >544°C Heat stroke is imminent

The wind chill index is defined in temperatures lower than or equal to 4.4 °C and
wind speeds of at least 1.34 m/s. The wind chill index is calculated with the following
formula [34]:

WCT = 13.12 + 0.6215 % Tox — 11.37 % V 916 4 0.3965 x T  V 016

where Ta is the air temperatures in °C, and V is the wind speed in km/h. It is valid for
temperatures below 4.4 °C (40 °F) and a wind speed equal to or above 1.34 m/s (3 mph). If
the values of the air temperature and wind speed are outside the valid intervals, we accept
that the WCT is equal to the air temperature.



Atmosphere 2021, 12, 1078 7 of 20

Table 4. Wind chill index categories and health effects.

Wind Chill Category Numerical Interval Health Precautions

Light Risk 0-—9°C Slight increase in discomfort.

Uncomfortable. Risk of hypothermia and
Moderate Risk —10--27°C frostbite if outside for long periods without
adequate protection.

High risk of frostnip or frostbite. Exposed
skin can freeze in 10 to 30 min; Check face
and extremities for numbness or whiteness;
High risk of hypothermia if outside for long
periods without adequate clothing or shelter
from wind and cold.

High Risk —28--39°C

Very high risk of frostbite; Exposed skin can
freeze in 5 to 10 min; Check face and
extremities for numbness or whiteness; Very
high risk of hypothermia if outside for long
periods without adequate clothing or shelter
from wind and cold.

Very High Risk —40-—47 °C

Severe risk of frostbite; Exposed skin can
freeze in 2 to 5 min; Check face and
extremities frequently for numbness or
whiteness; Severe risk of hypothermia if
outside for long periods without adequate
clothing or shelter from wind and cold.

DANGER! Exposed skin can freeze in less
Extreme Risk <-55°C than 2 min; Outdoor conditions are
hazardous.

Severe Risk —48-—54°C

3. Results
3.1. Air Quality Indices

The annually averaged fields of recurrence of days with a certain air quality index are
presented in Figure 2. In the “Low” category, the areas with a low air quality status are
mainly the city’s ring road and busier transport routes, as well as the central parts, and they
occur most in the morning hours. It is also observed in the “Moderate” band, early in the
morning, with about a 20-30% recurrence of days with polluted air. In the afternoon in this
category, there is pollution over Vitosha Mountain, which is probably due to the turbulent
transport of ozone from higher levels in a turbulent atmosphere. The ozone in Bulgaria
is largely due to transport from abroad [64]. 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) [40-42].

The graphs present the diurnal course and seasonal distribution of the average re-
currences (in %) for the different pollution indices (from 1 to 10) for the territory of Sofia
(Figure 3), as well as for different selected points of the city—Orlov Most (the city center)
and Bistrica (a village in the surroundings of Sofia) (Figures 4 and 5).

Figure 3 shows that the indices AQI1, AQI2, and AQI3, which fall in the “Low” band,
have the highest recurrence during the different seasons. The diurnal course of these
indices is well defined. In the morning, AQI1 and AQI2 have a recurrence of about 40-50%,
and, at that time, AQI3 has a minimum recurrence. In the spring and summer, in the
afternoon, AQI4 has a peak with a recurrence of about 10%. In all the seasons, the other
indices have an insignificant recurrence with about 5% repeatability.
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Figure 2. Annual recurrences (in %) of the AQI for the band Low, Moderate, High, and Very High for the territory of
Sofia city.
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Figure 3. Average recurrence (in %) of the different indices (from 1 to 10) for the territory of the city of Sofia.

Figure 4 for the Orlov Most point shows that the indices AQI1, AQI2, and AQI3, which
fall in the “Low” interval, have the greatest recurrence during the different seasons. The
diurnal course of these indices is well defined. In the morning, AQI1 and AQI2 have a
recurrence of about 40%, and in the afternoon, it drops to about 20%. At this time, AQI3
has a minimum recurrence in the morning and a maximum in the afternoon of about 50%.
AQI4 has an afternoon maximum of about 10% in the spring and summer. In all the seasons,
AQI10 stands out, which corresponds to the “Very High” category and, for this point, has a
high repeatability of about 10%.
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Figure 4. Average recurrence (in %) of the different indices (from 1 to 10) for the Orlov Most (Sofia).

Figure 5, for the Bistritsa point, shows that the indices AQI1, AQI2, and AQI3, which
fall in the “Low” interval, have the greatest recurrence during the different seasons. The
diurnal course of these indices is well defined. In the morning, AQI1 and AQI2 have a
recurrence of about 40%, and in the afternoon, it drops to about 20% during the warm
months and back distribution during the cold months. At this time, AQI3 has a minimum
recurrence in the morning and a maximum in the afternoon of about 50%. AQI4 has an
afternoon high of about 10% in the spring. In all the seasons, AQI10 stands out, which
corresponds to the “Very High” category and, for this point, has a recurrence of about 5%
in the morning in all the seasons.

The diurnal and seasonal variability of the AQI is obviously due to both diurnal and
seasonal changes of traffic and heating, as well as of the boundary layer dynamics (see for

example [65]).
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Figure 5. Average recurrence (in %) of the different indices (from 1 to 10) for the Bistrica.

3.2. Bio-Climatic Indices

The simulation results show that the distribution of the frequency of different HI
categories is more diverse only in summer (Figure 6). The Caution cases were mostly
between 0 and 1% and 1 to 2% in part of the more populated city area. There was no
Extreme Caution in the autumn. That season, however, is characterized by more areas
with Caution cases between 1 and 2%. During the summer, the probability of the health
index “Caution” conditions is higher and has a more complex horizontal distribution.
The central city parts had 10 to 15%. The percentages are between 5 and 10 in the other
territories of the city limits and Sofia Valley as a whole and decrease with an increasing
altitude. The spatial distribution of the Extreme Caution conditions in that season is more
homogeneous, similar to the spring and autumn ones. There are no cases of Danger and
Extreme Danger conditions over the three seasons, and the Extreme Caution conditions
absent in the autumn. Therefore, the weather was not as extreme in the autumn as in
the spring.
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Figure 6. Frequency (in %) for (a) spring, (b) summer, and (c) autumn of the Heat index categories in the Sofia region during
the spring (first row), summer (second row), and autumn (third row).

The simulated wind chill categories over the winter and spring are Light Risk, Moder-
ate Risk, and High Risk, and only Light Risk and Moderate Risk in the autumn (Figure 7).
In most of the domain, 5 to 10% of cases were categorized as Light Risk, and this increased
up to 40% in higher altitudes. The winter Moderate Risk cases were mostly between 1 and
2%, up to 10% at Vitosha Mountain. The winter Light Risk percentages were from 50 to
60, with some spots below 50%. The Moderate Risk cases follow the terrain height with
10 to 15% in the Sofia Valley, increasing up to 30% in the mountainous areas and 50% at
Vitosha Mountain. The spatial distribution of the percentages with Light Risk during the
spring has almost the same pattern. The Moderate Risk cases in the spring also follow the
terrain height. The percentages are between 1 and 2% in the Sofia Valley, increasing to 5%
in higher altitudes and 20% at Vitosha Mountain. The autumn Moderate Risk is up to 1%,
except at Vitosha Mountain. There are High Risk cases only in the winter and spring.
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Figure 7. Frequency (in %) for (a) autumn, (b) winter, and (c) spring of the Wind chill categories in the Sofia region during
the spring (first row), summer (second row), and autumn (third row).

Usually, the air temperatures in the warm and cool seasons are highest at or after noon,
which draws our interest to study the frequency of the HI categories at 12 UTC (14 EET or
15 EEST). Their spatial distribution, shown in Figure 8, implies the following inferences.
The summer, as the hottest season, has the highest number of Caution cases and is the only
one with Extreme Caution cases. The frequency of Caution conditions is up to 20% in the
mountainous areas, between 20 and 30% in the Sofia Valley, and between 40 and 50% in
most of the Sofia city limits. The Extreme Caution category is presented only during that
season, with below 1% in most of the domain and 5 to 10% in the more populated area of
the city. The autumn percentages are between 5 and 10% in the central city parts, from 2
to 5% in the outer ones, and below 2% in the mountainous areas. The spatial distribution
during the spring is kind of similar, but the percentages are smaller with 1 to 5%.
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Figure 8. Frequency (in %) for (a) spring, (b) summer, and (c) autumn of the Heat index categories “Caution” (first column),

“Extreme caution” (second column), and “Danger” (third column) in the Sofia region at 12 UTC during the spring (first

row), summer (second row), and autumn (third row).

The human’s daily life regime implies that it is interesting to study the wind chill
index during the early morning and evening hours. The simulated WCT categories at 06
UTC are presented in Figure 9. Only the first two categories are presented in the autumn.
The percentages of Light Risk are between 10 and 15% in the central city and mountainous
areas. The Sofia Valley ones are smaller, with 5 to 10%. The Moderate Risk conditions are
bigger than 1% only at Vitosha Mountain. The winter Light Risk percentages are from 50
to 70%, higher in the Sofia Valley. The Moderate Risk conditions in that season are between
20 and 30% in part of the city limits and mountainous areas, and lower in the other parts of
Sofia Valley. Vitosha Mountain, as the highest terrain, is above 50%. The spring Light Risk
frequency distribution is similar to the winter Moderate Risk, but the percentages are about
5% smaller, and there are only three little city spots with higher ones. The spring Moderate
Risk percentages are 2 to 5% in most of the domains, except Vitosha Mountain and some
places around the city. The winter and spring Moderate Risk conditions are below 1%.
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Figure 9. Frequency (in %) for (a) autumn, (b) winter, and (c) spring of the Wind-chill index categories “Low risk” (first
column), “Moderate risk” (second column), and “High risk” (third column) in the Sofia region at 06 UTC during the autumn
(first row), winter (second row), and spring (third row).

The spatial distribution of the frequencies of the wind chill categories at 15 UTC is
shown in Figure 10. The Light Risk conditions in the three seasons are smaller than the
ones in the 06 UTC. The autumn Light Risk frequencies are between 1 and 2% in most
areas of the city limits, increase to between 2 and 5% in the Sofia Valley, and are higher
in the mountainous areas. The winter percentages are mostly between 40 and 50, and the
spring ones between 5 and 10%, except at Vitosha Mountain. The Moderate Risk during
the transition seasons is mostly below 1% and up to 15% at Vitosha Mountain. The winter
ones are 2 to 10% in the Sofia Valley and higher in the higher altitudes around, especially,
the Vitosha mountain, where they reach up to 50%. The High-Risk cases are simulated only
in the winter and spring.
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Figure 10. Frequency (in %) for (a) autumn, (b) winter, and (c) spring of the Wind-chill index categories “Low risk” (first

column), “Moderate risk” (second column), and “High risk” (third column) in the Sofia region at 15 UTC during the autumn

(first row), winter (second row), and spring (third row).

4. Discussion

The Sofia city simulations show that Sofia’s air quality status (evaluated with a spatial
resolution of 1 km) falls mostly in the Low and Moderate bands, but the recurrence of
cases with High pollution is close to 10%, mostly at the city center. The recurrence of
indices AQI2 and AQ3 (Low range) is different during the day, and it reaches 40% over the
whole city territory. The recurrence of AQI2 is about 40% in the morning hours and cold
months and about 50% at noon and in the afternoon. A high AQI3 recurrence can be seen
in afternoon hours, at about 60% in hot months, and 20% in cold months. The AQI4 has a
high recurrence at noon. The cases with bad AQ reach 10% over the selected points. The
AQI10, which presents the Very High band, shows a recurrence of about 5-10% during the
whole day, all the seasons, and for all points.

The pollution in the city is probably due to the surface sources such as road transport
and the TPPs in the city [66]. 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 a slightly worse AQ status are not necessarily linked to the big
pollution sources. Wide rural and even mountainous regions can also have a significant
probability for AQI from the Moderate range.

The hot spot in Sofia city, where the high-value indices have a higher recurrence, is
in the city center. That is quite natural, because the dense population and street network
and most intensive road transport in the city center generate very high pollution emissions.
The Very High band recurrence is relatively high—about 10%, especially in cold months,
where the atmosphere is usually stable and the turbulence transport of aloft pollution
is hampered.
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Generally, the adverse heat conditions in the Sofia city region reach up to 15% of cases.
The summer frequency of conditions for fatigue decreases gradually with the increasing
altitude from the city center to the Sofia Valley and mountainous areas. On the other hand,
the transition seasons simulations show a more homogeneous distribution of the possibility
for that health effect, with more cases in the most urbanized parts (Figure 1). The possibility
for heat cramps and heat exhaustion is higher, mainly in the city during the summer. The
spatial distributions for 12 UTC are more complex, and the differences between the lower
and higher altitudes are more emphasized, possibly due to the higher temperatures at that
time. The higher frequencies for fatigue, heat cramps, and heat exhaustion in the urban
territories (Figure 1), in comparison to the other ones, are also more pronounced. Generally,
the results from the simulation show higher frequencies in the most urbanized territories
(Figure 1) and lower ones in higher altitudes. It should be kept in mind that the USGS land
use categorization does not account for the urban trees; therefore, the strong cooling effect
of urban trees [67] is not simulated in the present study.

The winter slight discomfort is almost the same in the whole domain. It changes with
the elevation (Figure 1) in the transition seasons, with a higher frequency in the higher
altitude areas. The risk of hypothermia in winter and spring also shows the increasing
frequency with altitude. The risk of hypothermia during the autumn, as well as the risk
of freezing in the winter and spring, are almost in the same frequency interval. The slight
discomfort conditions in the 06 UTC show a little more complex picture, expressing a
higher similarity with the changing of the elevation (Figure 1). The spatial distribution
of the frequency of the risk of hypothermia, however, shows an opposite behavior—the
distribution in 06 UTC is not as complex and similar to the elevation changes (Figure 1) as
the whole one. The wind chill severity is highest in the 06 UTC than in the 15 UTC.

5. Conclusions

The areas with a low and partly those with a moderate air quality index are mainly the
city’s ring road and busier transport routes, as well as the central parts, and they occur most
in the morning hours. The Moderate pollution in the afternoon over Vitosha Mountain is
due to ozone, the origin of which can be the photochemical reactions of nitrogen oxides
from sources in the city and also the turbulent transport of ozone from higher levels in a
turbulent atmosphere. The air quality index bands for locations in Sofia city and Bistritsa
with the greatest contribution recurrence are AQI1, AQI2, and AQI3. The AQI3 index
recurrence has a maximum in the afternoon hours in the spring and summer, and morning
ones for other seasons and annually. The AQI1 and AQI2 recurrences are higher in the
morning hours.

We suggest that at least two factors could play a role in these features of the bio-
climatic indices. The first one is the normal changing of the temperatures with the changes
in altitude. The second one is the urban heat island effect, manifested as higher tempera-
tures in the urban area (Figure 1) than in the rural and suburban ones, due to the higher
absorption and re-emitting radiation because of smaller green and water body areas. The
conditions of slight windchill discomfort and risk of hypothermia during 2008-2014 for
transition seasons and winter increase their frequencies in mountainous areas. Still, it is
not always valid for the city limits and the Sofia Valley.
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Abstract

The present paper demonstrates some preliminary results of the set up and testing of a system for
modelling of toxic air pollution due to possible accidents in industrial sites. The study is carried out in
the frame of the NATO SfP N 981393 project, which aims at providing means for efficient control and
protection of population exposure in case of accidental release of hazardous chemicals due to a
terrorist attack or an industrial accident.

Risk assessment for the region of , Vereja Him" factory, Jambol, Bulgaria is performed. The
modelling tool used for this study is US EPA Models-3 System: WRF, CMAQ and SMOKE (partly).
The CBOS toxic chemical mechanism, including chlorine reactions, is used. The “regular’” emission
input exploits the high-resolution TNO emission inventory with tendency to make use of local data.

The meteorological pre-processor WRF is driven by NCAR Final Reanalysis data. Applying the
nesting abilities of the Models-3 System the problem is downascaled to a resolution of 1km for the
area surrounding the,, Vereja Him" site, where 25 tons of chlorine are released two times daily (03
and 15 UTC), and separate calculations are performed for every release.

. The shown numerical results very well demonstrate the good performance of the models and the
practical value of the preparedness mode of the planned emergency response system.

Key words: air pollution modelling, US EPA models-3 system, toxic gases, emergency response, grid
computing

1. INTRODUCTION

Governmental agencies and institutions that are responsible for emergency management have always
been concerned about accidental releases from industrial facilities and nuclear power plants. During
the past few years there is also a growing concern that future terrorist activities may involve the
release of chemical, biological and/or nuclear (C/B/N) material.

The Balkan region is economically the least developed part of Europe, which, for a significant part of
the population, results in poverty. Some of the countries in the region are also fields of serious ethnic
and/or religious confrontation. Additionally, there are a lot of industrial enterprises in the region
(chemical or power plants), which may turn into powerful sources of toxic pollutants after an
industrial accident or a terrorist attack. They may cause significant damages to human health and
environment in the region.

N
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For emergency management, the adage “It’s better to do something than nothing” is not true since the
wrong response can be very costly and potentially as dangerous as the threat itself. Scientific and
technical information is critical for helping emergency managers to make sound decisions with regards
to response to critical threats (National Research Council, 2005). The Balkan Peninsula is a region
with complex topography, which causes significant disturbances of the air flows. These mesoscale
disturbances may have a great influence not only on the local pollution transport and hence on the
detailed pollution pattern, but also on the trans-boundary transport of harmful substances. Using
simplified approaches and tools for the calculation of the atmospheric dispersion would inevitably lead
to inappropriate response to the threat.

The present work expected results of course could not prevent such events, but will supply the
authorities, the relevant international organisations and the public with information, which will make
possible proper measures for diminishing the damages, caused by accidental harmful releases in the
atmosphere, to be planned.

As stated above the planned modelling system will have the potential to assist emergency managers in
three stages:

e In preparedness mode, “risk analysis” will be performed. It will result in a set of risk
assessments for different emergency scenarios for selected “hot spots”. These assessments can
be of a direct use for the relevant national bodies in the Partner countries for developing
strategies for immediate emergency response (for example evacuation of people from the
pollution exposed regions, proper assignment of medical teams) in order to minimize the
pollution impact on human health. They will give valuable information for optimisation of the
air quality monitoring network.

e In the operational mode the system will produce an approximate evaluation of the location and
amount of the harmful releases in the atmosphere and make a fast short-term forecast of the
pollutant propagation in local and regional scale. This information will help the authority
decisions about the immediate measures and activities (for example evacuation of people from
the pollution exposed regions, proper assignment of medical teams) to be carried out in order
to minimize the pollution impact on human health. This information will also warn the
international community of possible trans-boundary harmful pollutant transport.

e In the off-line mode the modelling system will produce a more detailed and comprehensive
analysis of the possible longer-term impact of the harmful releases on the environment and
human health in local to regional scales, including the whole Balkan region. This information,
made available to the authorities and the public will help the formulation of long-term
strategic measures and activities for abatement of the caused damages and gradual restoration
of the environment.

The development of an emergency response modelling system certainly is not a novelty. Such systems
exist in many countries, including some of the partner countries participating in the present
consortium. However, the modelling systems currently employed are simplified and/or the model
realization is based on a very coarse resolution. Thus, the novel aspects in the proposed project are
mainly in the intension to elaborate a system based on the most up-to date and complex meteorological
and pollution transport models with proved high-quality simulation performance, high-spatial
resolution and options for two way nesting. These requirements come from the very complex terrain of
the Balkan Peninsula and will give the possibility to follow the accidentally released harmful gases
from local to regional and to European scale, accounting for the mesoscale dynamic phenomena, to
‘zoom-in’ and obtain a very detailed air pollution evaluation in the particularly damaged regions. The
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application of the functions of influence methodology for specifying the accidental release location
and power is another novelty in the proposed project.

Although the modelling effort will mainly focus on the calculation of dispersion in local and regional
scale of C/B/N agents, it should be noted that the modelling system to be developed will also be
applicable to tracking other hazardous materials, such as air pollutants and smoke from forest fires.

The system is not fully developed yet, so only some examples, demonstrating the preparedness (risk
assessment) mode of the system will be given in the current paper.

2. ABOUT THE NATO ESP.EAP.SFPP 981393 “MODELLING SYSTEM FOR EMERGENCY
RESPONSE TO THE RELEASE OF HARMFUL SUBSTANCES IN THE ATMOSPHERE”
PROJECT

The project aims at developing of a unified Balkan region oriented modelling system for operational
response to accidental releases of harmful gases in the atmosphere (as a result of terrorist attack or
industrial accident), which would be able to:

e Perform highly accurate and reliable risk analysis and assessment for selected “hot spots”;

e At a warning signal from the measuring network, by using the functions of influence
technique, to detect (if not known) the harmful release location and evaluate the nature and the
amount of the released harmful gases;

e Provide the national authorities and the international community with short-term regional
scale forecast of the propagation of harmful gases;

e Perform, in an off-line mode, a more detailed and comprehensive analysis of the possible
longer-term impacts on the environment and human health in the Balkan region and make the
results available to the authorities and the public.

The project coordinates the joint efforts of several institutions in four Balkan countries — Albania,
Bulgaria, Greece and Romania.

In addition to the main project outcome — the planned modelling system for operational response to
accidental releases of harmful gases in the atmosphere, the project enabled a significant enrichment of
the computer facilities of the participating countries. For example a 64-node cluster, purchased in the
framework of the project, was installed in the Geophysical Institute, BAS. A significant part of the
efforts in the project is devoted to training of young scientists in atmospheric dispersion modelling for
supporting emergency response.
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04.00

Fig. 1. Averaged concentration fields [ppb] for Cl,, January 2008, release time 3 UTC.
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04.00 - 05.30

Fig. 2. Averaged concentration fields [ppd] for atomic Cl, January 2008, release time 3 UTC.
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Fig. 3. Averaged concentration fields [ppb] for HCl, January 2008, release time 3 UTC.,
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Fig. 4. Averaged concentration fields [ppb] for HOCI, January 2008, release time 3 UTC.

3. MODELING TOOLS

It was decided the system to be based on the US EPA Model-3 system, which was chosen as a
modelling tool because it appears to be one of the most widely used models with proved simulation
abilities. In the same time, this is a modelling tool of large flexibility with a range of options and
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possibilities to be used for different applications/purposes. Many research groups in Europe already
use the Model-3 system or some of its elements and this number is going to increase rapidly.

The system consists of three components:

e MMS5 - the 5th generation PSU/NCAR Meso-meteorological Model MM5 (Dudhia, 1993,
Grell et al., 1994) used as meteorological pre-processor. This model is pretty often replaced by
the next generation model WRF (Shamarock et al., 2007);

*  CMAQ - the Community Multiscale Air Quality System (Byun et al., 1998, Byun and Ching,
1999), being the Chemical Transport Model (CTM) of the system. A chlorine chemical
mechanism has been added to CMAQ based on Tanaka et al. (2003). 20 gas phase reactions
were combined with the CB05V mechanism and incorporated into the model. CBO5CLTX
mechanism contains additional species and reactions not included in SAPRC99TX3. Six
species track emissions from anthropogenic and biogenic sources. Other species allow
simulating the fate and transport of molecular chlorine and hydrogen chloride emissions. The
additional reactions not only simulate the photochemical destruction of these eight compounds
but also simulate how the chlorine compounds affect ozone photochemistry. To simulate the
effect, CBOSCLTX includes species representing the daughter products of molecular chlorine
and hydrogen chloride.

e SMOKE - the Sparse Matrix Operator Kernel Emissions Modelling System (CEP, 2003) — the
emission pre-processor of Models-3 system. SMOKE currently supports BEIS (Biogenic
Emissions Inventory System) mechanism, versions 3.13 (Schwede et al., 2005). The model is
fed with girded land use data. It computes the normalized emissions for each grid cell and land
use category. The final step is adjusting the normalized emissions based on girded, hourly
meteorology data as produced by MCIP and output a model-ready biogenic emissions file. For
preparing the girded land use file GIS technology is applied to USGS (US Geological Survey)
data base with resolution 1 km.

Each of these models consists of number of programs that can be run in different schedules depending
of the task to be solved. The output of one module is input to others. Taking into account that they had
to be run for multiple days it occurred that very complicated LINUX scripts were necessary to be
created. The obtained results has been visualized by several graphical packages — GRAPH, GRADS,
PAVE, SURFER - supplemented by meta-languages for automation of drawing. All this presumes
high experience in Linux and other programming languages.

Quite a large experience in using these models is already achieved in our country (Ganev et al., 2008a,
2008b, 2009a, 2009b, Syrakov et al. 2009a, 2009b, 2009¢c, 2009d), which is by all means an advantage
in developing the emergency response system. In its fast decision mode the system can be organised as
a part of the Bulgarian national chemical weather fully automatic system (Syrakov et al. 2009a,
20094d).

As the simulation, especially in the risk analysis and assessment mode of the system require huge
amount of computer resources, the grid computing technology is applied. The Computational Grid, or
shortly, the Grid, is a computing environment which enables the unification of widely geographically
distributed computing resources into one big (super)-computer (Atanassov et all., 2006, Foster and
Kesselmann, 1998). The individual computing resources commonly consist mostly of computer
clusters and several individual computers, which are interconnected by a high-speed very wide area
network. The Grid is a computer system which is, at this moment, primarily intended for supporting e-
Science, however the technology itself is very adaptable to the whole area of present and future
computer usage. As the Grid was perceived as a viable solution for supporting e-Science, the modern
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Grid development was started and is pushed by the scientific community. The major goal of the Grid
is to enable the clustering and unification of distributed computing and data processing resources, as to
collect as much computing power usable to applications necessitating high computer strength as
possible. Some of scientific application examples necessitating the Grid are applications from the
fields of particle physics, climate analysis, biomedical research, meteorology etc

4. SOME EXAMPLES OF THE SYSTEM RISK ASSESSMENT SIMULATIONS
4.1. What is risk analysis?

Risk (R) may generally be defined by the terms of probability (recurrence) of happening of a given
event (P) and the impact of the same event (in the particular case on human health) (7) in the following
way:

R=Px]

Applying this definition to the problem of air pollution impact this means that an event occurring with
high probability, even with relatively low impact, may result in higher risk than a rare event with
stronger impact. For the needs of the emergency response preparedness mode - developing strategies
for immediate emergency response (for example evacuation of people from the pollution exposed
regions, proper assignment of medical teams) in order to minimize the pollution impact on human
health this means that a map of the risk (the product of probability and impact) around potential
sources of emergency toxic gas releases should be constructed.

The impact should be evaluated by some metrics directly giving the effect of toxic gas on human
health (a kind of regulatory threshold value), but it is clear that if the pollutant concentrations are taken
as an impact it would be a matter of simple arithmetic operations to evaluate the health impact,
possibly separately for different target groups of the population.

4.2. Brief description of the numerical experiments

Following the above definition of risk it is clear that a large number of simulations of the toxic gases
(primary as well as secondary) dispersion around the potentially dangerous site should be made under
comprehensive set of meteorological conditions and for different accidental release times. The
averaged over this ensemble concentration fields should be treated as an assessment of the potential
risk.

The simulations that will be demonstrated below are made for January 2008 for an instantaneous
release of 25 t chlorine (Cl,) released at the site of “VEREJA-HIM” Jambol in 3 o’clock in the

morning and in the afternoon respectively.

The NCEP Global Analysis Data with 1°x1° resolution was used as meteorological forcing and the
WRF and CMAQ nesting capabilities were used (the simulations are carried out in three nested
domains with resolutions 25, 5, 1km, covering respectively the regions of South-Eastern Europe,
Bulgaria, and the area surrounding the particular site) for downscaling the problem to a horizontal
resolution of 1 km around the site. It should be noted that the “regular” emissions are also taken into
account not only in the innermost domain, but also in the domain with spatial resolution of 5 km
(Bulgaria) thus providing appropriate boundary conditions for the innermost domain.

4.3. Brief discussion of the numerical results

The time averaged surface concentration fields of Cl, (the primary pollutant), Cl, HCl and HOCI
(secondary pollutants) for the two release times - 3 o’clock in the moring and 3 o’clock in the

(R
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afternoon are shown on Figs. 1-8. There are several things about the concentration fields that should
be mentioned:

1.) The surface concentrations from the release in 3 o’clock in the morning are much larger and for the
secondary pollutants wide spread in comparison to those from the release in 3 o’clock in the afternoon.
The explanation is quite obvious — the inversions in the morning hours keep the admixtures near
ground, while the more unstable conditions in the afternoon facilitate the vertical transport and thus
less of the pollutants remain near earths surface.

2.) The primary pollutant (Cl,) disappears pretty fast due to chemical transformations which produce
the secondary pollutants.

3.) The secondary pollutant fields pattern is pretty complex and for the morning release they cover a
big domain around the “VEREJA-HIM” site. The concentration fields, especially in the morning, are a
good demonstration why the risk assessment is necessary. It can be seen that the maximal risk could
happen far from the site and with several hours delay, that some of the roads (evacuation of the
population) at certain time could be rather risky, etc.

4. CONCLUSIONS

The shown results are very preliminary. In order to achieve a real assessment of the risk simulations
should be made for a much larger set of meteorological conditions (probably several years in order to
account for the seasonal variability) and for much more release times in order to account for diurnal
variability. At this stage of the system development, however, it can be concluded that:

1.) The chosen modelling tools are probably suitable for this particular task and the obtained
preliminary results are quite realistic and promising;

2.) The Grid computing technologies are a very appropriate for approaching tasks like risk assessment.
which require performing of a very large number of simulations;

3.) The shown numerical results very well demonstrate the practical value of the preparedness mode of
the system.
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15.30

Fig. 5. Averaged concentration fields [ppb] for Cl,, January 2008, release time 15 UTC.
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15.30 ) 17.00

Fig. 6. Averaged concentration fields [ppb] for atomic Cl, January 2008, release time 15 UTC.
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Fig. 7. Averaged concentration fields [ppb] for HCI, January 2008, release time 15 UTC.
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Fig. 8. Averaged concentration fields [ppb] for HOCL, January 2008, release time 15 UTC.
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PREFACE

This book contains extended abstracts (short communications) of some of the pre-
sented papers during the International Conference on "Numerical Methods for Sci-
entific Computations and Advanced Applications" (NMSCAA’14), May 19-22, 2014,
Bansko, Bulgaria. The conference was organized by the Institute of Information and
Communication Technologies, Bulgarian Academy of Sciences in cooperation with
Society for Industrial and Applied Mathematics (SIAM) and devoted to the 60th
anniversary of Svetozar Margenov.

His main fields of research include: Large-Scale Scientific Computing and Parallel
Algorithms; Numerical Methods for Partial Differential Equations (Finite Differ-
ence Schemes and Finite Element Method); Computational Linear Algebra (Iterative
Méthods and Algorithms, Preconditioning, Sparse Matrices); Large-Scale Computing
of Environmental Problems; Biomedical and Engineering Problems; Supercomput-
ing applications, etc. Svetozar Margenov receive his PhD in 1984 and the degree
of Doctor of Science in 2002. From 2003 he was promoted to Full Professor in 2003.
Currently, prof. Margenov is Director of the Institute of Information and Communica-
tion Technologies of the Bulgarian academy of sciences and Head of the Department
of Scientific computing in the the same institute. He is an eminent scientists and
university lecturer. Svetozar Margenov is an author of two monographs and more
than 140 papers published in high ranked international journals and proceedings of
conferences. He is a member of the Editorial Boards of

o Numerical Linear Algebra with Applications (NLAA),
o Scalable Computing: Practice and Experience (SCPE),
e International Journal of Numerical Analysis and Modelling, Series B.

During his very successful carrier he was a scientific advisor and mentor of many
Ph.D. and MSc students.

The Conference Specific topics of interest are as follows:

e Multiscale and multiphysics problems;

Robust preconditioning;

Monte Carlo methods;

e Optimization and control systems;

Scalable parallel algorithms;

e Advanced computing for innovations.



The list of plenary invited speakers includes: Peter Arbeng (1911 Zurich, CH); Owe
Axelsson (Institute of Geonics, ASCR, CR); Radim Blaheta (Institute of Ge’onics
A'SCR, CR); Oleg Iliev (ITWM, Kaiserslautern, Germany); Johannes Kraus (RICAM,
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same burning time and ignition time. On Figure 1c the wind force is the same as on
Figure la only the direction is different. The same is on Figure 1b and Figure 1d. We
observe that the achieved by our model front of the fire is almost similar when the

force of the wind is the same.

4 Conclusion

On this paper we apply GMM on wild fire modeling. In our model we take in to
account the presence of the wind and it influence on closer cells. We run various tests

and verify that the fire spread looks realistic.
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Computer Simulations of the Atmospheric
Composition Climate of Bulgaria - Some Basic
Results

Georgi Gac.lzl'ley, Kostadin Ganev, Maria Prodanova,
Dimiter Syrakov, Nikolai Miloshev

| Introduction

::l’(l'(“ltltly exter}sive studi.eg. for long enough simulation periods and good resolution of
10 a ,x.nospherlc composition status in Bulgaria have been carried out using up-to-date
n;uululmg tools and detailed and reliable input data [1, 2, 3, 4]

1) L2 . . . d ¢ j

. hl( ‘s‘lrim%lai‘nons alm.ed at constructing of ensemble, comprehensive enough as to pro-
vide btitxs’Flczalblly flehable assessment of the atmospheric composition climate of Bul
paria - typical and extreme features of the special /tem i :
nnd seasonal variations, etc. P it s, g
II I‘m“presgnt‘paper, in which a brief review of the studies., will focus on some important
characteristics of the atmospheric composition climate of Bulgaria

2 Modeling tools and input data

\I l'l .ll,'he simulations are l?a,sed on the US EPA Model-3 system [5]The large scale
:;Ti \grpund) me’ceorologlcal‘data used by the study is the NCEP Global Analysis
ata with 1x1 degree resolution. The MM5 and CMAQ nesting capabilities are used

o downscale the problem to a 3 k i i i
ey m horizontal resolution for the innermost domain

'I'he TNO high resolution emission in i i
| ) hi ventory [6] is expl k i ipti
ol the emission modeling is given in [4] AR b

3 Some illustrations

\Imlllt fjﬁyt :;c;lrilnetd, Ithe 8-¥ear simulated fields ensemble is large enough to allow
AT R e e e
o , Wi e respective se i
l\l::l(l(l)ll(l)rrll:, f01I~< each‘of the points of ‘Fhe simulation grid or gveraged o?;ntaﬁeiréfrgzzr;i
b HI.{\ i f;re);entncowmg the probablhty_function we know everything about the climate
 dif ompound concentrations (see Figure 1).
\nother important characteristic of the atmospheric composition climate of the coun-
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Figure 1: Annually mean diurnal variations of the averaged for the country NO2,
S02, 03 and fine PM surface concentrations [ug/m3]: 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.

4 Some basic facts about the atmospheric composi-
tion climate of Bulgaria

Some of the major findings about the atmospheric composition climate of Bulgaria
are as follows:

e 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;

e the SNAP 1 contribution to the surface SO2 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 SO2 from

these sources becomes a subject of larger scale transport and so is moved outside
the country;
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Iigure 2: Annually mean diurnal variations of the averaged for the country contri-

bution [%] of different emission categories on NO2, SO2, 03 and fine PM surface
concentrations.

e the contribution of biogenic emissions to surface ozone in the country is rel-

ati\{ely small. This indicates that local O3 production rate is limited by the
a}rallabﬂity of NOx concentration, a regime which is called NOx-limited. Ob-
ylou'sly from a point of view of atmospheric composition climate the Ealkan
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 t}}e qther 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 Analysi s- demon-
strate jche very complex behavior and interaction of the different processes. The
:L11e11y§1s of the behavior of different processes does not give simple answer 6f the
question how the air pollution in a given point or region is formed.
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Air Quality Index Evaluations for Bulgaria

Ivelina Georgieva

| Introduction

I communication with the general public providing information on the actual air
(unlity s not meaningful to present concentration values unless the concentrations are
toluted Lo the effect levels. Frequently this is done by converting the concentration into
o dimensionless scale which is also associated with an intuitive color code (from green
(0 redd) and a linguistic description (e.g. from very good to very poor). Commonly the
tolorence levels used in the conversion are based on health-protection related limit,
fnrpet 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-
slructed, In calculating such an overall AQI, firstly for each individual pollutant a
subeindex is calculated. The overall index is set to the highest value of each of the
pollutant considered.

I'he 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

[tocently 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
maodeling tools and detailed and reliable input data [1, 2, 3, 4, 5, 6, 7, 8, 9.

I'he simulations aimed at constructing of ensemble, comprehensive enough as to pro-
vido statistically reliable assessment of the atmospheric composition climate of Bul-

jaria - typical and extreme features of the special/temporal behavior, annual means
nnd 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.

I'he 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,
listrating the AQI climate in Bulgaria will be demonstrated.

pure 1, for example, demonstrates the seasonal and diurnal variation of the recur-
tonce of different AQI categories, averaged for the territory of Bulgaria. As it can
he neen AQI2 and 3 are with highest recurrence, while all other AQI are much less
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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 Sofia city. Lately, together with the numerical
weather forecast, in many European countries Systems for Chemical Weather Forecast
operate, Chemical Weather being understood as concentration distribution of key
pollutants in a particular area and its changes during some forecast period. In Bulgaria,
a prototype of such a system was built in the frame of a project with the National
Science Fund. It covers a relatively small domain including Bulgaria that requires
using chemical boundary conditions from similar foreign systems. As far as this data
is prepared abroad and transferred by Internet, many failures took place during the
operation of the system. To avoid this problem, a new version of the system was built
on the base of the nesting approach. This version is realized on five domains: Europe,
Balkan Peninsula, Bulgaria, Sofia Municipality and Sofia City with increasing space
resolution - from 81 km (Europe) to 1 km (Sofia City). For the Mother domain (Europe)
climatic boundary conditions are applied. All other domains take their boundary
conditions from the senior one. Computations start automatically at 00 UTC every
day and the forecast period is 3 days. The System is based on the well-known models
WRF (Meso-meteorological Model) and US EPA dispersion model CMAQ (Chemical
Transport Model). As emission input the TNO data is used for the two biggest domains.
For the 3 Bulgarian domains the current emission inventory prepared by Bulgarian
environmental authorities is exploited.

Key words: Air Quality Indices, air quality, quality of life, health risks.
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Introduction

The Air Quality is a key element for the well-being and quality of life of European
citizens. According to the World Health Organization, air pollution severely affects
the health of European citizens. There is increasing evidence for adverse effects of
air pollution on the respiratory and the cardiovascular system as a result of both acute
and chronic exposure. In particular, a significant reduction of life expectancy by a year
or more is assumed to be linked to long-term exposure to high air concentrations of
particulate matter (PM). 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, e.g. the
Ozone daughter directive 2002/3/EC (European Parliament, 2002), 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.
For the purpose, modeling tools must be used in parallel with air pollution measurements.
The goals of reliable air quality forecasts are the efficient control and protection of
population exposure as well as possible emission abatement measures. In last years the
concept of “chemical weather” arises and in many countries respective forecast systems
are being developed along with the usual meteorological weather forecasts (see, for
instance, Sofiev at al., 2006, Poupkou et al., 2008, Monteiro et al., 2005, San Jose et al.,
2006, and others).

Air pollution easily crosses national borders. It would be cost-effective and beneficial
for citizens, society and decision-makers that national chemical weather forecast and
information systems were networked across Europe. For the purpose several projects
in the European Framework Programs (GEMS, PROMOTE, MEGAPOLI, MACC,
PASODOBLE etc.) as well as the COST Action ES0602 “Towards a European Network
on Chemical Weather Forecasting and Information Systems*) were launched aiming at
providing a forum for harmonizing, standardizing and benchmarking approaches and
practices in data exchange and multi-model capabilities for air quality forecast and (near)
real-time information systems in Europe. It is supposed to examine existing, and work out
new solutions for integrating the development efforts at national and international levels.
One can find several CW systems’ (performance and descriptions) in the Action’s web-
portal (http://www.chemicalweather.eu/Domains).

Modeling tools

BgCWFIS is designed in a way to fit the real-time constraints and to deliver forecasts
for the next days on an hourly basis. US EPA Models-3 air quality modeling system is
used, consisting of:

* CMAQ v.4.6 - Community Multi-scale Air Quality model, http://www.cmaq-
model.org/, Denis et al. (1996), Byun and Ching (1999), Byun and Schere (2006), the
Chemical Transport Model (CTM);
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* WRF v.3.2.1 - Weather Research and Forecasting Model, http://www.wrf-model.
org/, Skamarock et al. (2007), the meteorological pre-processor to CMAQ. The Weather
Research and Forecasting (WRF) Model is a next generation meso-scale numerical
weather prediction system designed to serve both operational forecasting and atmospheric
research needs. It is an evolutionary successor to the MMS5 model. The creation and further
development of WRF is due to the collaborative efforts of several US institutions like
NCAR, NOAA, NCEP and others. The WRF is a fully compressible and non-hydrostatic
model with terrain-following hydrostatic pressure coordinate. The grid staggering is the
Arakawa-C type. One can find more info on http://www.wrf-model.org/index.php;

* SMOKE v.2.4 - Sparse Matrix Operator Kernel Emissions Modelling System,
http://www.smoke-model.org/, Coats and Houyoux (1996), Houyoux and Vukovich
(1999), CEP (2003), the emission pre-processor to CMAQ. CMAQ demands its emission
input in specific format reflecting the time evolution of all pollutants accounted for by
the chemical mechanism used (CB-IV in this case). Emission inventories are used as
row data for anthropogenic emission processing. The inventories are made on annual
basis for big territories; many pollutants are estimated as groups (VOC and PM2.5
for instance). Preparation of emission input to a Chemical Transport Model requires
emission processing. Such emission processing component in EPA Models-3 system
is SMOKE but it is partly used, here, because it’s quite strong relation to US emission
sources specifics. In BgCWFIS, SMOKE is used only for calculating BgS emissions
and for merging AS-, LPS- and BgS-files into a CMAQ emission input file. The area
source emissions and the large point source emissions are prepared by the interface
programs AEmis and PEmis.

In the System, WRF is driven by the NCEP GFS (Global Forecast System) data
that can be accessed freely from http://www.ftp.ncep.noaa.gov/data/nccf/com/gfs/prod/.
This data is global weather forecast in GRIB-2 format with space resolution of 1°x1° and
6-hour time resolution. The downloading of this data is invoked automatically every day
at 00:00Z. 84-hour runs starting at 12:00Z of the previous day are used; the first 12 hours
of the period being spinning-up followed by a 3-day weather forecast. The chemical
weather forecast duration is from 00:00Z of the current day to 00:00Z of the fourth day
after (3-day forecast).

TNO inventory for 2005 (Denier van der Gon et al., 2010) is exploited partly for
Bulgaria domain, TNO being the Netherlands’s Organization for Applied Scientific
Research. For Bulgaria itself and for the other Bulgarian domains, the National inventory
for 2010 as provided by Bulgarian Executive Environmental Agency is used. That means
TNO inventory is used only for the territories outside Bulgaria in the mother CMAQ’s
domain.

The TNO produced several sets of inventories for different years. The anthropogenic
sources in this inventories are distributed over 10 SNAPs (Selected Nomenclature for Air
Pollution) classifying them according to the processes leading to harmful material release
into the atmosphere (EMEP/CORINAIR, 2002). The 2010 TNO inventory has resolution
of 0.125°x0.0625° (about 7x8 km). It is distributed as a comma- or tab-delimited text-
file. Each line of the file contains data for a single box, namely the center of mesh
coordinates, the country, the type of source (A/P), the SNAP, and the yearly emissions of
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8 pollutants. The SNAP 7 (road transport) is presented as 5 sub-SNAPs. The pollutants
are: methane (CH4), carbon oxide (CO), nitric oxides (NOx), sulfur oxides (SOx), non-
methane volatile organic compounds (NMVOC), ammonia (NH3), Particulate Matter
with d<10um (PM10) and Particulate Matter with d<2.5um (PM2.5).
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Fig. 1. Five computational domains of BgCWFIS, (CMAQ domain nested in WRF one)
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The nesting capabilities of WRF and CMAQ are used to downscale the forecasts
from European region to Sofia city area. The resolution of the mother domain (Europe)
is 81 km, big enough as to correspond to the GFS met-data space resolution. Four other
domains are nested in it and in each other — Balkan Peninsula (27km resolution), Bulgaria
(9 km), Sofia municipality (3 km) and Sofia city (1 km) as shown in Fig. 1.

In BgCWFIS, climatic data is used for chemical boundary conditions following the
presumption that the errors introduced by this assumption will decrease quickly to the
center of the domain due to the continuous acting of the pollution sources. All other
domains receive their boundary conditions from the previous domain in the hierarchy.

Operational Performance of BECWFIS

Fourteen o-levels with varying thickness determine the vertical structure of CMAQ
model. The Planetary Boundary Layer (PBL) is presented by the lowest 8 of these levels.

The CMAQ v.4.6 input consists of various files containing concentration, deposition,
visibility and other variables. The concentration output is a NetCDF file with 3-D hourly
data for 78 pollutants - gases and aerosols.

The post-processing program XtrCON extracts part of the pollutants for archiving
and further handling. Only surface values of the most important pollutants are saved - 8
gases and 11 aerosols (including PM10 and PM2.5). Part of these pollutants is more
or less monitored and they are referred in the European legislation with the respective
thresholds.

For the moment it presents 4 main pollutants - Ozone, NO,, SO, and PM10 which
are used to calculate the Air Quality Indices (AQI).

Calculation of the Air Quality (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 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 make
it possible to reveal the climate of AQI spatial/temporal distribution and behavior.
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The AQI is defined as a measure of air pollution seen in the context of its impact
on human health. It provides an integrated assessment of the impact of the whole range
of pollutants on human health and is calculated based on the concentration of various
pollutants obtained from measurements or numerical modeling. The index is defined in
several segments (EPA, 2009), each of which is a linear function of the concentration of
each considered pollutant:

I =( (I high—Ilow) / (C high — C low))(C — C low) (1)
where:
I = the AQI,

C = the pollutant concentration,

C low - the concentration breakpoint that is < C,

C high - the concentration breakpoint that is > C,

I low - the index breakpoint corresponding to C low

I high - the index breakpoint corresponding to C high.

In that calculation the index falls in one of the ranges of the dimensionless scale. In
each range index values are associated with an intuitive color code, a linguistic description
and a health description.

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: PM10,
NO,, O, and will be able to take into account to 3 additional pollutants (CO, PM2.5 and
SO,).

’ One of the most commonly used air quality index is the UK Daily Air Quality Index
(Leeuw, F. de, Mol, W., 2005), also used in Bulgaria (Etropolska et al. 2010), (Syrakov
et al, 2012, 2013, 2014a, 2014b, 2015), (Georgieva, 1., 2014), (Georgieva et al. 2015),
(Georgieva, L. and Ivanov, V., 2017, 2018) and (Ivanov, V. and Georgieva, 1., 2017).

Compute the AQI

To calculate the AQI requires several steps:

e Air pollutant concentrations (from measurements or model)

e Convert this air pollutant concentration to a AQI. The index is defined for each
pollutant in a different way converting the concentrations into a dimensionless scale,
associated with an intuitive color code (green to purple) and a linguistic description (Low
to Very High).

e AQI values are divided into ranges, and each range is assigned a color code and
health descriptor.
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e An overall air AQI is constructed to describe the ambient pollutant mix — It’s set
to the highest value of each of the pollutant considered.

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 (Table 1).

Table 1 Boundaries Between Index Points for Each Pollutant

7 (High)
8 (High)

9 (High)
10 (Very High)

160-187
188-213
214-239
=240

400-467
468-534
535-599
2600

530-708
709-886
887-1063
21064

(0) NO SO PN.HO PM.Z'S
Runnisn 8 Hourzl 15 miliute R LG
Index g y 24 hour 24 hour
hourly mean mean mean mean mean
/m? /m’ /m’
(ng/m?) (ng/m?) (ng/m?) (/) (ug/m?)
1 (Low) 0-33 0-66 0-88 0-11 0-16
2 (Low) 34-65 67-133 89-176 12-23 17-33
3 (Low) 66-99 134-199 177-265 24-34 34-49
4 (Moderate) 100-120 200-267 266-354 35-41 50-58
5 (Moderate) 121-140 268-334 355-442 42-46 59-66
6 (Moderate) 141-159 335-399 443-531 47-52 67-74

53-58
59-64
65-69
=70

The reference levels and Health Descriptor used in the Table 2 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 2. Air quality indices and their health impact (de Leeuw and Mol, 2005).

Banding Value Health Descriptor

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

Low 1-3 .. .
are sensitive to air pollutants

Mild effects, unlikely to require action, may be noticed amongst

Moderate 4-6 R
sensitive individuals.

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.

High 7-9

The effects on sensitive individuals described for ‘High’ levels of

Very High 10 pollution may worsen.
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Results

Annual recurrence of AQI in “Low”, “Moderate”, “High” and “Very High”
bands over territory of Sofia city for 2013 and 2014: Figures 2 and 3 demonstrate the
spatial and diurnal variation of the annual recurrence of different AQI categories for the
chosen hours 06:00 and 18:00GMT for 2013 and 2014. The picture shows the sum of
recurrences of the AQI in each range - Low, Moderate and High range. What can be also
noticed is: the recurrence in Low and Moderate range is different for both years, as in
2013 the recurrence in Low band is smaller than 2014, and reverse in Moderate range. In
High range there is no any difference between both years.

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 2 plots (Moderate and High ranges) - high recurrence values means
less favorable and respectively bad AQ status. It can be seen that most areas with high
recurrence of cases with lower AQI status are in the city center and over the Vitosha
Mountain early in the morning due to the weather conditions, higher NO, concentrations
from the road transport and higher O, concentration in the mountain. 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
early in the morning and much smaller at noon (the atmosphere is mostly unstable, and
so the turbulence transports the NO, aloft more intensively). The maximal concentrations
which are directly linked to the worse AQI status are formed in the city center and along
the boulevard with most busy traffic.

In Moderate band at 18:00 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 (Gadzhev et al. 2013), (Kaleyna et al. 2013a, 2013b, 2014) and (Tcherkezova et
al. 2013). This is the reason why the O, concentrations early in the morning are smaller
(less intensive transport from higher levels), and higher at noon and afternoon (turbulence
atmosphere and O, photochemistry)

High recurrence of cases with most polluted air (High band) appears again in the
city center. In the city center can be observed about 20% “High” pollution in the morning
and 10% in the afternoon. Bad AQI status from the High band never disappears.

Conclusions

The simulations for Sofia city show 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
High pollution is close to 20% mostly at the city center.

The recurrence of Low band for 2013 is smaller than 2014, which means that in
2014 almost 90% the days have been with cleaner air.
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Fig. 2. Annual plots of the recurrence [%] of the AQI - Low, Moderate, and High bands in Sofia
for 2013.
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Fig. 3. Annual plots of the recurrence [%] of the AQI - Low, Moderate, and High bands in Sofia
for 2014.
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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 spot in Sofia city, where index with higher impact (High band) is in the city
center. The (High band) is relatively high - about 20 % in the morning and 10% in the
afternoon.
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OueHka Ha Ka4ecTBOTO HA Bb3AyXxa 3a rpaj Codus 3a 2013 u 2014
I'. I'amxeB

Pestome: B HacTosmiero m3cienBaHe ca MPEACTaBEeHU cpeqHoroavmHuTe MHaekcu 3a
KadecTBOTO Ha Bb3ayxa mpe3 2013 u 2014 3a tepuropusra Ha rpan Codus. M3mon3Banu
ca JaHHW 3a TPU3EMHUTE KOHIICHTPALMH Ha HAKOW 3aMBPCHUTEIH, MOJACTHPAHH OT
Brarapckara cuctema 3a mporHo3a Ha XUMHYECKOTO BPEMeE 3a H3UUCIICHIE Ha HHACKCUTE.
Upes M3M0I3BaHETO HA MATEMAaTHUECKH arapaT ca OTPeIeIIeHN HHICKCUTE 32 Ka4eCTBOTO
Ha BB3JyXa, a OT TaM U CBOTBETHUTE IMOBTOPSIEMOCTU B TpUTE Kareropuu ,,Hucko®,
,,CpemHo™ u ,,Bucoko*“3a neete roqman 2013 m 2014. YeraHOBSBAT Ce T.H. TOPEIIH TOUYKH,
B KOUTO KaTeropus ,,Brcoko* nocrura mo 20%. M3kazaHo € mpearnoIoKeHne 3a BHCOKUTE
KOHIICHTpAIlMX B ILIEHTHpPa HA Tpaja, Y€ Hai-BEpOSATHO c€ IBIDKAT Ha MPHU3EMHUTE
n3rounuuy ¥ TEL[-Te B rpana.
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PRELIMINARY RESULTS FOR THE RECURRENCE
OF AIR QUALITY INDEX FOR THE CITY
OF SOFIA FROM 2008 TO 2019

Georgi Gadzhev
National Institute of Geophysics, Geodesy and Geography —
Bulgarian Academy of Sciences (NIGGG-BAS)

Abstract: The living environment of human beings and, obviously, the
atmospheric composition has a great impact for the quality of life and human health.
Air Quality (AQ) is a key element of European citizens' wellbeing and quality of
life. The objectives of the present work are to conduct reliable, comprehensive and
detailed studies of the impact of lower atmosphere composition on the quality of
life and health risks for the population in the city of Sofia. The performed numerical
simulations with the US EPA Models-3 system are for 12 years from 2008-
2019 and calculated on five domains: Europe, Balkan Peninsula, Bulgaria, Sofia
Municipality and Sofia City with increasing space resolution - from 81 km (Europe)
to 1 km (Sofia City). The System is based on the well-known models WRF (Meso-
Meteorological Model) and US EPA dispersion model CMAQ (Chemical Transport
Model). As emission input the TNO data is used for the two biggest domains. For
the 3 Bulgarian domains the current emission inventory prepared by Bulgarian
environmental authorities is exploited.

Keywords: Air Quality Indices, air quality, quality of life, health risks.

INTRODUCTION

The Air Quality is a key element for the well-being and quality of life of
human beings. 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. In particular, a significant reduction of life
expectancy by a year or more is assumed to be linked to long-term exposure
to high air concentrations of particulate matter (PM). 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. Current legislation, e.g. the Ozone daughter directive
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2002/3/EC (European Parliament, 2002), 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.
For this purpose, modeling tools must be used in parallel with air pollution
measurements. There are also different kind indexes for the well-being and
quality of life of the humans, such as UV, Heat and Wind chill -Indexes, but they
are not subject of interest in present study (Bojilova, Mukhtarov, Miloshev 2020,
Evtimov, Ivanov 2008, Ivanov, Evtimov 2014, Chervenkov, Slavov, Ivanov 2019).
The goals of reliable air quality studies are the efficient control and protection of
population exposure as well as possible emission abatement measures. In recent
years the concept of “chemical weather” arises and in many countries respective
forecast systems are being developed along with the usual meteorological weather
forecasts (Sofiev at al., 2006, Poupkou et al., 2008, Monteiro et al., 2005, San
Jose et al., 2006, Mukhtarov, Bojilova 2017, Bojilova, Mukhtarov 2019). Air
pollution easily crosses national borders. It would be cost-effective and beneficial
for citizens, society and decision-makers that national chemical weather forecast
and information systems were networked across Europe.

MODELING TOOLS

The present study is based on air quality simulations with US EPA Models-3 air
quality modeling system, consisting of 3 models:

e CMAQ v.4.6 - Community Multi-scale Air Quality model, http://www.
cmag-model.org /, (Denis et al. 1996, Byun, Ching 1999, Byun, Schere 2006), the
Chemical Transport Model (CTM);

* WRF v.3.2.1 - Weather Research and Forecasting Model, http://www.
wrf-model.org/ , (Skamarock et al. 2007), the meteorological pre-processor
to CMAQ. The Weather Research and Forecasting (WRF) Model is a next
generation meso-scale numerical weather prediction system designed to serve
both operational forecasting and atmospheric research needs. Itis an evolutionary
successor to the MMS5 model. The creation and further development of WRF is
due to the collaborative efforts of several US institutions like NCAR, NOAA,
NCEP and others. The WRF is a fully compressible and non-hydrostatic model
with terrain-following hydrostatic pressure coordinate. The grid staggering is
the Arakawa-C type. One can find more info on http://www.wrf-model.org/
index.php;

* SMOKE v.2.4 - Sparse Matrix Operator Kernel Emissions Modelling
System, http://www.smoke-model.org/ , (Coats, Houyoux 1996, Houyoux,
Vukovich 1999, CEP 2003), the emission pre-processor to CMAQ. CMAQ
demands its emission input in specific format reflecting the time evolution of
all pollutants accounted for by the chemical mechanism used (CB-IV in this
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case). Emission inventories are used as row data for anthropogenic emission
processing. The inventories are made on annual basis for big territories; many
pollutants are estimated as groups (VOC and PM2.5 for instance). Preparation
of emission input to a Chemical Transport Model requires emission processing.
Such emission processing component in EPA Models-3 system is SMOKE but
it is partly used, here, because it’s quite strong relation to US emission sources
specifics. In this study SMOKE is used only for calculating biogenic (BgS)
emissions and for merging Area sources (AS), Large point sources (LPS) and
BgS-files into a CMAQ emission input file. The area source emissions and the
large point source emissions are prepared by the interface programs AEmis and
PEmis.

In the System, WRF model is driven by the NCEP data in GRIB-2 format with
space resolution of 1°x1° and 6-hour time resolution. TNO inventory for 2005
(Denier van der Gon et al., 2010) is exploited partly for Bulgaria domain, TNO
being the Netherlands’s Organization for Applied Scientific Research. For Bulgaria
itself and for the other Bulgarian domains, the National inventory for 2010 as
provided by Bulgarian Executive Environmental Agency is used. That means TNO
inventory is used only for the territories outside Bulgaria in the mother CMAQ’s
domain.

B M 4

Figure 1. Five computational domains (CMAQ domains are nested in WRF ones)

The nesting capabilities of WRF and CMAQ are used to downscale the
simulations from European region to the Sofia city area. The resolution of the
mother domain (Europe) is 81 km, big enough as to correspond to met-data space
resolution. Four other domains are nested in it and in each other — Balkan Peninsula
(27km resolution), Bulgaria (9 km), Sofia municipality (3 km) and Sofia city (1
km) as shown in Fig. 1. The climatic data is used for chemical boundary conditions
following the presumption that the errors introduced by this assumption will
decrease quickly to the centre of the domain due to the continuous acting of the
pollution sources. All other domains receive their boundary conditions from the
previous domain in the hierarchy.

The post-processing program XtrCON extracts part of the pollutants for archiving
and further handling. Only surface values of the most important pollutants are saved
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- 8 gases and 11 aerosols (including PM10 and PM2.5). Part of these pollutants
is more or less monitored and they are referred in the European legislation with
the respective thresholds. For the moment it presents 4 main pollutants - Ozone,
NO,, SO, and PM10 which are used to calculate the Air Quality Indices (AQI).
Calculation of the Air Quality (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 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 make it possible to reveal the climate of AQI spatial/temporal
distribution and behaviour.

The AQI is defined as a measure of air pollution seen in the context of its impact
on human health. It provides an integrated assessment of the impact of the whole
range of pollutants on human health and is calculated based on the concentration of
various pollutants obtained from measurements or numerical modeling. The index
is defined in several segments (EPA, 2009), each of which is a linear function of the
concentration of each considered pollutant:

I = ':':Ikl'gk — Jigw) ."r':chl'giz — Cigw C — Cpgy) (1)

where:

I = the AQ]I,

C = the pollutant concentration,

Ciaw — the concentration breakpoint that is < C,
Chigh — the concentration breakpoint that is > C.
Tiow — the index breakpoint corresponding to Ciow.

Thigh — the index breakpoint corresponding to Chigh,

In that calculation the index falls in one of the ranges of the dimensionless scale.
In each range index values are associated with an intuitive colour code, a linguistic
description and a health description.

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: PM10, NO,, O, and will be able to take into account to 3 additional
pollutants (CO, PM2.5 and SO,).

One of the most commonly used air quality index is the UK Daily Air Quality
Index (Leeuw, F. de, Mol, W., 2005), also used in Bulgaria (Etropolska et al. 2010),
(Syrakov et al, 2012, 2013, 2014a, 2014b, 2015), (Georgieva, 1., 2014), (Georgieva
et al. 2015), (Georgieva, L. and Ivanov, V., 2017, 2018), (Ivanov, V. and Georgieva,
I., 2017) and (Gadzhev 2018).
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RESULTS

Annual recurrence of AQI in “Low”, “Moderate” and “High” bands over
territory of Sofia city from 2015 to 2019 and average recurrence for the whole
period 2008-2019 (08-19):

Figure 2 demonstrate the spatial and diurnal variation of the annual recurrence of
Low band for the chosen hours 04:00, 12:00 and 18:00UTC for the chosen periods.
Here we have to mention that in the Low range the air is most clean, so high recurrence
values mean more cases with clean air (red colour) and lower recurrence values mean
(blue colour), less cases with clean air (worse AQ status). What can be noticed is: the
recurrence in Low range is different for all years at 04:00UTC.

04:00 12:00 18:00

Figure 2. Annual recurrence of AQI in “Low” band over territory of Sofia city from
2015 to 2019 and average recurrence for the whole period 2008-2019 (08-19)
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In 2015, 2018 and 08-19 at 12:00 UTC the recurrence in Low band is bigger
than this in 2016, 2017 and 2019. While at 18:00 UTC the higher recurrence is in
2015,2018,2019 and 08-19. The high polluted areas are the city centre at 04:00 and
two spots (Kostinbrod and Sofia airport) in 2019 and they are very well displayed
in figure.

04:00 12:00 18:00

Figure 3. Annual recurrence of AQI in “Moderate” band over territory of Sofia city
from 2015 to 2019 and average recurrence for the whole period 2008-2019 (08-19)
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Figure 4. Annual recurrence of AQI in “High” band over territory of Sofia city from
2015 to 2019 and average recurrence for the whole period 2008-2019 (08-19)
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In Figure 3 and Figure 4 (Moderate and High ranges) - high recurrence values
means less favourable and respectively bad AQ status. It can be seen that most areas
with high recurrence of cases with lower AQ status are at noon in the whole domain
and mostly over the Vitosha Mountain in other hours. This is due to the intensive
O, photo-chemistry reactions, the higher NO, concentrations lead to production of
higher O, concentration. The major NO, sources in the city are the surface sources
(road transport). It can be seen at 18:00 UTC in 2016 and 2017 where over the
road network it leads to decreasing of O, concentration and with that improving
the AQ status. Average for the 2008-2019 in Moderate band at 18:00 UTC it can
be also noticed about 10-20% recurrence with not so good AQ status over Vitosha
Mountain. Higher values over the Vitosha Mountain in the night and 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 and above (Gadzhev et al. 2013 and Kaleyna et al. 2013a,
2013b, 2014). This is the reason why the O, concentrations early in the morning
are smaller (less intensive transport from higher levels), and higher at noon and
afternoon (more turbulent atmosphere (more intensive transport from higher levels)
and O3 photochemistry).

The high recurrence of cases in Figure 4 with most polluted air (High band)
appears again in the city centre almost at all hours in all years. In the city centre
can be observed more than 20% "High" pollution in the night and 10% at the day.

Bad AQ status from the High band almost never disappears. In 2018 and mostly
in 2019 it’s make impression that the cases with more worse AQ status are much
higher than the other years, as the recurrence around the Kostinbrod, TPP Sofia and
Sofia airport can reach about 70% at the different time of the day.

At the plots for average for the 2008-2019 in High band can be seen that at all
hours there are places with worst AQ status where the recurrence 1s almost 20% of
all happened cases.

CONCLUSIONS

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

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

The recurrence of cases in Low and Moderate bands has been different for dif-
ferent years.

The pollution in the city is probably due to the surface sources like road trans-
port and also the TPPs in the city and Sofia airport.

Apart from these general features the climatic behavior of the AQI probabili-
ties is rather complex with significant spatial, seasonal and diurnal variability. The

60



Preliminary Results for the Recurrence of Air Quality...

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 spot in Sofia city, where index with higher impact (High band) is the
city center. The recurrence in High band is relatively high - about 20 % in the morn-
ing and 10% in the afternoon.

ACKNOWLEDGMENTS
Bulgarian National Science Fund (grant DN-04/2/13.12.2016).

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

REFERENCES

Bojilova R., Mukhtarov P., Miloshev N., (2020) Climatology of the Index
of the Biologically Active Ultraviolet Radiation for Sofia. An Empirical
Forecast Model for Predicting the UV-Index, Comptes rendus de
I’Acad”emie bulgare des Sciences, 73, 4, 2020, 531-538

Bojilova R., Mukhtarov P., (2019) Response of the electron density profiles
to geomagnetic disturbances in January 2005, Stud. Geophys. Geod., 63,
3, 436-444

Byun, D., Ching, J., (1999), Science Algorithms of the EPA Models-3
Community Multiscale Air Quality (CMAQ) Modeling System. EPA
Report 600/R-99/030, Washington DC.

Byun, D., Schere, K.L., (2006), Review of the governing equations,
computational algorithms, and other components of the models-3
community multiscale air quality (CMAQ) modeling system. Appl.
Mech. Rev. 59, 51-77

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

Chervenkov H., Slavov K., Ivanov V., (2019) STARDEX and ETCCDI
climate indices based on E-OBS and CARPATCLIM: Part one:
General description, Lecture Notes in Computer Science (including
subseries Lecture Notes in Artificial Intelligence and Lecture Notes in
Bioinformatics), 11189 LNCS, pp. 360-367

Coats, C.J.,Jr., and Houyoux, M.R., (1996), Fast Emissions Modeling With the
Sparse Matrix Operator Kernel Emissions Modeling System, The Emissions

61



Georgi Gadzhev

Inventory: Key to Planning, Permits, Compliance, and Reporting, Air and
Waste Management Association, New Orleans, September

Denier van der Gon, H., Visschedijk, A., van de Brugh, H., Droge, R.,
(2010), A high resolution European emission data base for the year
2005, TNO-report TNO-034-UT-2010-01895 RPT-ML, Apeldoorn, The
Netherlands

Dennis,R.L.,Byun,D.W. Novak,J.H.,Galluppi,K.J.,Coats,C.J.,and Vouk,M
AL, (1996), The Next Generation of Integrated Air Quality Modeling:
EPA’s Models-3, Atmospheric Environment 30, 1925-1938.

EMEP/CORINAIR (2002), Atmospheric emission inventory guidebook,
third edition, European Environmental Agency.

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).

Etropolska, I., Prodanova, M., Syrakov, D., Ganev, K., Miloshev, N.,
Slavov, K., (2010), Lecture Notes in Computer Science (including
subseries Lecture Notes in Artificial Intelligence and Lecture Notes in
Bioinformatics), 6046 LNCS, 2011, 141-149

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

Evtimov S., Ivanov V., (2008) Correspondence analysis of the atmospheric
phenomena in Bulgaria, Comptes Rendus de L'Academie Bulgare des
Sciences, 61(4), 443-450

Gadzhev, G., (2018) Recurrence of air quality for the city of Sofia for 2013
and 2014, Bulgarian Geophysical Journal, 2018, 41, 46-58

Gadzhev, G., Ganev, K., Miloshev, N., Syrakov, D., Prodanova, M.,
(2013) Numerical Study of the Atmospheric Composition in Bulgaria,
Computers and Mathematics with Applications, 65, 402-422.

Georgieva, 1., (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, 39-42.

Georgieva 1., 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, 57, Nos. 3/4, 162-174.

Georgieva, 1., Ivanov, V., (2017), Impact of the Air Pollution on the Quality
of Life and Health Risks in Bulgaria, HARMO 18 - 18th International

62



Preliminary Results for the Recurrence of Air Quality...

Conference on Harmonisation within Atmospheric Dispersion Modelling
for Regulatory Purposes, Proceedings, 647-652

Georgieva, 1., Ivanov, V., (2018), Computer simulations of the impact of
air pollution on the quality of life and health risks in Bulgaria, Int. J.
Environment and Pollution, 64, Nos. 1/3, 2018, 35-46

Houyoux, M.R., and Vukovich, J.M., (1999), Updates to the Sparse Matrix
Operator Kernel Emission (SMOKE) Modeling System and Integration
with Models-3, The Emission Inventory: Regional Strategies for the
Future, Raleigh, NC, Air and Waste Management Association

Ivanov V., Evtimov S., (2014), Wind chill hazard in Bulgaria during 2003-
2012 period, Comptes Rendus de L'Academie Bulgare des Sciences,
67(11), pp. 1521-1530

Ivanov, V. and Georgieva, 1., (2017) Air quality index evaluations for Sofia city,
17th IEEFE International Conference on Smart Technologies, EUROCON
2017 - Conference Proceedings, Article number 8011246, Pages 920-925

Kaleyna P., Pl. Muhtarov, N. Miloshev, (2013a) Condition of The
Stratospheric and Mesospheric Ozone Layer over Bulgaria for the
Period 1996-2012: Part 1 — Total Ozone Content, Seasonal Variations,
Bulgarian Geophysical Journal, 39, National Institute Of Geophysics,
Geodesy And Geography, Bulgarian Academy Of Sciences

Kaleyna P., Pl. Muhtarov, N. Miloshev, (2013b) Condition of The
Stratospheric and Mesospheric Ozone Layer over Bulgaria for the
Period 1996-2012: Part 2 — Total Ozone Content, Short term variations,
Bulgarian Geophysical Journal, 39, National Institute Of Geophysics,
Geodesy And Geography, Bulgarian Academy Of Sciences

Kaleyna P., Mukhtarov P., Miloshev N., (2014) Seasonal Variations of the
Total Column Ozone over Bulgaria in the Period 19962012, Comptes
rendus de I’Acad”emie bulgare des Sciences, 67, 7.

Leeuw, F. de, Mol, W., (2005), Air Quality and Air Quality Indices: a world
apart. ETC/ACC Technical Paper 2005/5

Monteiro, A., Lopes, M., Miranda, A.I., Borrego, C. and Vautard, R., (2005),
Air pollution forecast in Portugal: a demand from the new air quality
framework directive, Internat. J. Environment and Pollution, 25, 4-15

Mukhtarov P., Bojilova R., (2019) INFLUENCE OF SOLAR AND
GEOMAGNETIC ACTIVITY ON THE IONOSPHERE OVER
BULGARIA, Comptes rendus de I’Acad emie bulgare des Sciences, 70,
9, 1289-1296

Poupkou, A., I. Kioutsioukis, I. Lisaridis, K. Markakis, D. Melas, C.
Zerefos and Giannaros, T., (2008b) Air quality forecasting for Europe,
the Balkans and Athens, 3rd Environmental conference of Macedonia,
14-17 March 2008, Thessaloniki, Greece.

63



Georgi Gadzhev

San Jose, R., J. Perez and R. Gonzalez, (2006), Air Quality Real-Time
Operational Forecasting System for Europe: an application of MM5-
CMAQ-EMIMO modeling system, in Brebia, C. (Ed.), “Air Pollution
XIV”, WIT Press, Southampton, Boston, 75

Skamarock et al., (2007), A description of the Advanced Research WRF
Version 2.

Sofiev, M., Siljamo, P., Valkama, 1., (2006), A dispersion modeling system
SILAM and its evaluation against ETEX data. Atmos. Environ. 40, 674—
685

Syrakov, D., Etropolska, I., Prodanova, M., Ganev, K., Miloshev, N.,
Slavov, K., (2012), Operational Pollution Forecast for the Region of
Bulgaria, American Institute of Physics, Conf. Proc. 1487.

Syrakov, D., Etropolska, 1., 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, 120-132.

Syrakov, D., Prodanova, M., Etropolska, I., Slavov, K., Ganev, K., Miloshev,
N., Ljubenov T., (2014a), A multy-domain operational chemical
weather forecast system, Lecture Notes in Computer Science (including
subseries Lecture Notes in Artificial Intelligence and Lecture Notes in
Bioinformatics), 8353 LNCS, 2014, 413-420

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

Syrakov, D., Prodanova, M., Georgieva, E., Etropolska, 1., Slavov, K.,
(2015), Impact of NOx emissions on air quality simulations with the
Bulgarian WRF-CMAQ modelling system, International Journal of
Environment and Pollution, 57, Issue 3-4, 2015, 285-296

>< Georgi Gadzhev
http://orcid.org/0000-0002-6159-3554

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

Sofia, Bulgaria

E-mail: ggadzhev(@geophys.bas.bg

64



PROCEEDING
OF 1sT INTERNATIONAL CONFERENCE
ON ENVIRONMENTAL PROTECTION
AND DisasTer RISKS

PART ONE

Az-buki National Publishing House
Sofia 2020




PROCEEDING
OF 1T INTERNATIONAL CONFERENCE
ON ENVIRONMENTAL PROTECTION
AND DISASTER RISKS

PART ONE

A7 Ry

Az-buki National Publishing House
Sofia 2020



Part One of the proceeding book presents texts on the following topics:
Air Pollution, Climate and Health; Biodiversity; Informatics, Remote
Sensing, High Performance Computing and GIS for Environmental
Monitoring and Management.

In Part Two of the proceeding book will be presented texts on the
following topics: Natural Hazards and Risks; Water Resources, Human
Activities and Management.

Proceeding of 1st International Conference on Environmental
Protection and disaster RISKs — Part One

Editors:
Georgi Gadzhev
Nina Dobrinkova

Cover Design: Ivo Hristov
Stylist-corrector: Anelia Vracheva
Preprint: Az-buki National Publishing House, www.azbuki.bg

Print: Alliance Print
Size: 70/100/16
Printed Quires: 18,5

ISBN 978-619-7065-38-1
e-ISBN 978-619-7065-39-8



Proceeding of 1st International conference on Environmental protection and disaster RISKs

https://doi.org/10.48365/envr-2020.1.8 Air Pollution,
Climate and Health

MODELLING OF THE SULPHUR AND NITROGEN
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BY CMAQ AND EMEP-MSC-W — PRELIMINARY
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Abstract. The air quality US EPA models-3 system consisting of SMOKE -
emission model and pre-processor, MMS5 — meteorological driver, and CMAQ —
chemical-transport model, is used in many studies of the air quality in the Balkan
Peninsula, and in particular Bulgaria. It runs in different model resolutions,
depending on the domain, from European to city scale. The EMEP-MSC-W model
is another chemical transport model, widely used in air quality modelling. Two of
the processes involved in the concentration change of some pollutant are the dry
and wet depositions. The air quality modelling capability depends on many factors,
for example, meteorology and emissions. We study the differences in the simulation
of the wet and dry depositions for nitrogen and sulphur compounds, between the
CMAQ and the EMEP-MSC-W model for a period of 8§ years.

Keywords: modelling; CMAQ; EMEP; pollution; composition; air quality

INTRODUCTION

The air pollution nowadays forces many countries to take actions for mitigating
its adverse effects on human health. Therefore, we need a lot of information,
which is increasing in recent years. There are already more direct and indirect
data connected to the air quality from different surface-based and satellite-based
observing systems. However, we need to understand the different processes involved
in the creation, transportation, and transformation of the air pollutant species, which
help us to understand their distribution at different spatial and temporal scales.
The research community performs these tasks by air quality models systems, with
chemical transport models as the main component. We use one of these systems
with the chemical transport model CMAQ, for modeling the air quality in the
Balkan Peninsula. Previous results from air pollution modelling for the Balkan
Peninsula and Bulgaria are published in a lot of research works (Gadzhev et al.
2014, Georgieva 2014, Syrakov et al. 2015, Kaleyna, Mukhtarov, Miloshev 2013a,
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2013b, 2014). The air composition is formed by several processes, which involve
dry deposition, wet deposition, horizontal and vertical advection, horizontal and
vertical diffusion, emission, chemical transformation, aerosol processes, and
aqueous chemistry (Gadzhev, Ganev, Mukhtarov 2020, Gadzhev et al. 2011). They
interact in between and determine the air composition at different scales. There
are some studies with CMAQ of the dry and wet deposition and their influence on
the precipitation for Bulgaria (Syrakov et al. 2019a, 2019b, Georgieva et al. 2017,
2019) for different periods up to two years. Another chemical transport model —
EMEP-MSC-W is also widely used for air quality studies in Europe (Simpson et al.
2012). Our aim is to make a preliminary study of the model comparison between
long-term high-resolution simulations with the CMAQ and the EMEP-MSC-W
simulations of the Nitrogen (N) and Sulphur (S) dry and wet deposition processes
in the Balkan Peninsula for a long-term period and high spatial resolution.

METHODOLOGY

The study is based on air quality simulations with two chemical transport models
over the Balkan Peninsula from 2000 to the 2007 year. One of these simulations is
performed with the US EPA Models-3 system, which includes CMAQ (Community
Multiscale Air Quality) model (Denis et al. 1996, Byun, Ching 1999, Byun, Schere
2006), SMOKE (Sparse Matrix Operator Kernel Emissions Modelling System)
(Coats, Houyoux 1996, Houyoux, Vukovich 1999, CEP 2003) and the regional
mesoscale meteorological model MM5. The CMAQ is a numerical chemical
transport model for modelling the different processes and their contribution
involved in changing the surface and airborne gases and aerosols. That model needs
three kinds of input information — initial and boundary conditions, meteorology,
and emissions.

We use the regional mesoscale numerical model MMS5 for modelling the weather
and climate conditions (Dudhia 1993, Grell, Dudhia, Stauffer) over the Balkan
Peninsula. It is a non-hydrostatic high-resolution model, providing the needed raw
meteorological output for further processing. We use the nesting capabilities of the
MMS5, where the output from each outer domain excluding the last one, is used as
input for the smaller one. The first and the bigger one (D1) is the European domain
with background information, provided from the NCEP Global Analysis Data with
1° x 1° (~81 x 81km) horizontal resolution. Our research work is concentrated on
the domain D3 geographically limited to the Balkan Peninsula and some adjacent
territories. The output from the MM5 model, need to be reprocessed to the right
format for ingesting in the CMAQ. For that purpose, we use the Meteorological
— Chemistry Interface Processor — MCIP, which prepares all meteorological input
information CMAQ needs.

The emissions from the large source sources and area sources for the whole
domain excluding Bulgaria and some adjacent territories are ingested from the TNO
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high-resolution emission inventory with spatial resolution 0.25°x0.125° (Denier
van der Gon et al., 2010) in a longitude-latitude grid, reprocessed from the 50-
km grid of the EMEP (European Monitoring and Evaluation Programme) database.
The emissions for Bulgaria are from the National Emission Inventory. The CMAQ
needs also from biogenic emissions. They are provided from the emission pre-
processor SMOKE. The input information is provided from the TNO emissions, the
MCIP output, and the land-use database.

The CMAQ model accounts for the following processes with a different
contribution to the changing of the concentration field for each pollutant: horizontal
diffusion (HDIF); horizontal advection (HADV); vertical diffusion (VDIF);
vertical advection (VADV); dry deposition (DRYDEP); emissions (EMISS);
chemical transformations (CHEM); aerosol processes (AERO); cloud processes
(CLOUD). The solution of the transport and transformation equations gives the
mean concentration change of i pollutant in the first model layer from time t to
time t + At.

It is presented as a sum of the contribution of the former processes:

nair T (Act) +(act)
+ '[f‘_'-.cél}

Ac} = (Act) +(act)

+ {ﬁc}]
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We focus on the dry and wet depositions modelled by the CMAQ in this study.
The N deposition contains the contribution from NO, (Nitrogen dioxide), NO
(Nitrogen oxide), NO, (Nitrogen trioxide), N,O, (Dinitrogen pentoxide), HNO,
(Nitric acid), HONO (Nitrous acid), ANH,, (Accumulation-mode ammonium
mass), ANH, (Aitken-mode ammonium mass), ANO,, (Accumulation-mode nitrate
mass), ANO,, (Aitken-mode aerosol nitrate mass) and NH3 (Ammonia):

Neposition = NOy + NO + NO3 + Ny 0,5 + HNO; + HONO + ANH,,
+ANH, + ANOy; + ANO;,

The S deposition contains the contribution from SO, (Sulphur dioxide), SULF
(Sulphate aerosols), ASO,, (Accumulation-mode aerosol sulphate mass), and ASO,,
(Aitken-mode aerosol sulphate mass):

Sdeposition = 302 + SULF + A504,+ A50y

The CMAQ deposition output is in 1-hour frequency. Therefore, we sum up the
hourly values of the N and S components for every day of the simulation, finding
the daily deposition values.
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The second model used for comparison with the previous one is with the
Meteorological Synthesizing Centre-West (MSC-W) of the European Monitoring
and Evaluation Programme (EMEP). It is a chemical transport model (Simpson et
al., 2012), a key tool involving in the European air pollution policy assessments.
In the beginning, the model covers the whole of Europe with a resolution of about
50 km x 50 km, with vertical levels up to the tropopause (100 hPa). The model
has changed over the years, adding different features, and currently, his horizontal
resolution ranging from 5 km to 1 degree with 20 vertical levels. In our study, we
use a grid size 0.1° x 0.1°. The EMEP-MSC-W model runs with meteorological
fields from the numerical weather prediction system ECMWF-IFS Cycle36rl.
The model output is with daily frequency, so we do not need to do further post-
processing.

For comparison of the models, we use two kind of error characteristics. The first
is Normalised Mean Bias noted as (NMB):

LiM - EiE

NMB = TE

9

and the second is the Mean Bias (MB):

1 1
ME = —ZM - —Z E
n & n &

The notions in these equations are i - i value, M - the output form CMAQ,
E - the output from EMEP-MSC-W. The results are revealed with the multiyear
averaged values of the NMB for each grid point and the annual spatial-averaged
values of the bias of the CMAQ output.

RESULTS

The results are given for the N depositions and for the S depositions, separated
in dry component, wet component, and total (dry+wet) component. The multiyear
average of the S dry, wet, and total depositions (figure 1) reveals the following
features. There is a difference between the CMAQ and the EMEP-MSC-W model
due to the difference in the emission inventories. We can clearly note the missing of
some of the S sources in one model, but not in the other. We can see from the sum
of dry and wet deposition shown on the figure, that the TPP Bobov dol, the TPP
Pernik, the Sofia city, the town of Devnia, the Bucharest city and the Istanbul city
are noticeable in the CMAQ model output, but not in the EMEP-MSC-W output.
On the other hand, Zlatna Panega and Southern Italy sources show up in the EMEP
output, but not in the CMAQ one. The influence of the input meteorological data
and the meteorological driver for the models have a considerable effect mainly on
the wet deposition modelling capability. The wet deposition in the EMEP-MSC-W
model has smaller spatial gradients, more intensive and local maximums on larger
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areas around the corresponding sources. On the other hand, the wet deposition in
the CMAQ has smaller values and bigger local spatial gradients.

CMAQ S wet depositions mym2 CMAQ

S dry depositions

ma/m2 CMAQ

S dry + wet deposifions mgim2

S dry depositions mg/m2 EMEP S wet depositions mg‘m2 EMEP S dry + wet deposifions mgim2

S dry depositions

. ' L ¥ ) f.,'v", W 20

Figure 1. CMAQ (upper row) multiyear average sulphur dry deposition
(left plot), wet deposition (middle plot) and dry + wet (right plot).
EMEP-MSC-W (middle row) multiyear average Sulphur dry deposition
(left plot), wet deposition (middle plot) and dry + wet (right plot). Normalized
mean bias [%] of the CMAQ model (lowest row) for sulphur dry deposition
(left plot), wet deposition (middle plot) and dry + wet (right plot) in comparison
to the EMEP-MSC-W.
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The influence of the meteorological conditions and the orography is more notable
for figure 1 where the normalized mean biases are shown. The normalized mean bias
of the dry deposition over the land areas reaches 50 % and more and only above some
of the sources 1s negative. The normalized mean bias of the sum of the dry and wet
depositions has a similar spatial structure with one of the wet depositions for the two
models but is more complex. The CMAQ and EMEP-MSC-W simulate the annual
area-averaged dry plus wet deposition in a quite similar way from 2000 to 2007, as is
shown in table 1. Although more or less different in particular years, they are close.
The bias from 2000 to 2003 is negative (figure 2), which is easy to suggest from the
area-averaged total depositions and the CMAQ bias for the whole period.

28 M

0,8
19 2001 2002 2003 2004 2005 2006 2007 2008
—+—EMEP_dwdep_average_ S —#— CMAQ_dwdep_average S Bias_dwdep S
Figure 2. Annual area averaged Sulphur total (dry + wet) depositions
and bias of the CMAQ model
Table 1. Annual area averaged and multiyear area averaged (YA)
Sulphur total (dry + wet) depositions
Y. EMEP dry + wet average S | CMAQ dry + wet average S | Bias of dry+ wet S
ear 2 2 2
(mg/m?) (mg/m?) (mg/m?)
2000 3.6684 2.6886 -0.9798
2001 3.4655 3.2473 -0.2182
2002 3.8176 2.8822 -0.9355
2003 3.2111 3.1706 -0.0405
2004 2.9467 3.0579 0.1112
2005 2.6357 3.2199 0.5842
2006 2.5942 2.965 0.3708
2007 2.3126 2.7426 0.4299
YA 2.9426 3.0188 0.0762

The result for the N depositions is shown in figure 3. They have different spatial
and temporal features from the S ones. As is seen in figure 3, the model difference
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between the dry depositions appears in the almost homogeneous distribution for the
CMAQ, in contrast to the clearly outlined sources in the EMEP-MSC-W. The input
meteorological data and the meteorological driver for the models exert substantial
influence mostly on the wet deposition modelling. The spatial gradient of the mean
EMEP-MSC-W wet deposition is smaller than the CMAQ one. However, the CMAQ
mean wet deposition is smaller and with bigger local spatial gradients following the
orography features. The results for the normalized mean biases of the dry, wet, and
sum of the dry and wet depositions (figure 3) suggest a substantial influence of the

CMAQ N dry depositions N wet depositions N dry + wet depositions mg/m2

mgim2 GMAQ
"

my/mé CMAQ

N dry depositions mg/m2 EMEP N wet depositions mgim2 EMEP N dry + wet depositions mg/m2

h e o3 @ B 8 & 8

Figure 3. CMAQ (upper row) multiyear average Nitrogen dry deposition
(left plot), wet deposition (middle plot) and dry + wet (right plot). EMEP-MSC-W
(middle row) multiyear average nitrogen dry deposition (left plot), wet deposition

(middle plot) and dry + wet (right plot). ). Normalized mean bias [%] of the
CMAQ model (lowest row) for nitrogen dry deposition (left plot), wet deposition
(middle plot) and dry + wet (right plot) in comparison to the EMEP-MSC-W
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meteorological input and the orography on the spatial distribution of the mean wet
deposition. The normalized mean bias of the mean dry deposition reaches 50% not
only on the land however, is negative in some places. The normalized mean bias of
the sum of the dry and wet depositions has a similar, but a more complex structure
with the one of the wet deposition, because of the influence of the dry deposition.

The data in table 2 and figure 4 suggest that the simulated annual area-averaged
total nitrogen depositions by the CMAQ and EMEP-MSC-W models pretty much
the same, although the CMAQ value is smaller in 2002. The results for the multiyear
area-averaged total nitrogen depositions are very similar.

3,8
.__—:-—__'—:k— —— __.ﬁh:‘—— - n
1,2 2001 2602 2003 2004 2005 2006 2007 2008
—+—EMEP_dwdep_average N —i— CMAQ_dwdep_average N Bias_dwdep N
Figure 4. Annual area averaged Nitrogen total (dry + wet) depositions
and bias of the CMAQ model.
Table 2. Annual area averaged and multiyear area averaged (YA)
Nitrogen total (dry + wet) depositions
EMEP dry + wet average N | CMAQ dry + wet average N | Bias of dry+ wet N
Year 3 5 5
(mg/m?) (mg/m?) (mg/m?)
2000 2.1538 2.1827 0.0289
2001 2.3273 2.5671 0.2398
2002 2.2701 2.1798 -0.0903
2003 2.1185 2.285 0.1665
2004 2.2455 2.4198 0.1743
2005 2.3357 2.451 0.1153
2006 2.1773 2.2341 0.0568
2007 2.1989 2.2235 0.0246
YA 2.2331 2.3286 0.0955
CONCLUSION

The results suggest that the Nitrogen annual area-averaged total depositions
are represented more similarly by the two models, than the Sulphur ones. There
is a large orography influence on the sum of dry and wet deposition for both
groups of chemical species. The current research suggests that the orography
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and meteorology exert substantial influence on the total Nitrogen and Sulphur
depositions.
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Abstract: Nowadays there is a strong degree of agreement that the climate
change is the defining challenge of our time. The analysis based on climate indices
is probably the most widely used non-parametric approach for quantification of
extreme climate events. This study which consist of two parts, is dedicated on the
assessment of the spatial patterns and the temporal evolution of 6 temperature-
based and 3-precipitation based indices in projected future climate over south-
east Europe up to the end of the century. The annual means of the daily mean
and extreme temperatures are also analysed in consistent manner. The indices are
computed from the bias-corrected output of 5 CMIP5 global models, forced with all
4 RCP emission scenarios. The multi model ensemble medians of the temperature-
based indices shows considerable warming which is consistent with the increase of
the mean temperatures and is statistically significant in most cases. The revealed
changes of the precipitation-based indices are more complex when compared with
temperature changes.

Keywords: climate indices, CMIP5 ensemble, RCPs, future climate, South-east
Europe

INTRODUCTION

There is a strong degree of agreement that the climate change is the defining
challenge of our time. It will exert influence on the ecosystems, on all branches of
the international economy, and on the quality of life. The globally averaged surface
temperature of the Earth increased 0.85°C over the 1880 to 2012 period. It is
extremely likely that the observed warming of the climate system was caused by
the increased anthropogenic emission of greenhouse gases (IPCC, 2013). However,
immediate damages to humans and their properties as well as to ecosystems are not
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obviously caused by gradual changes in temperature or precipitation but mainly by
so-called extreme climate events (Sillmann & Rockner, 2007). The rare occurrence of
extremes makes it necessary to investigate long data records to determine significant
changes in their frequency and intensity. To this end, global circulation models
(GCMs) or, more generally, coupled atmosphere-ocean general circulation models
(CAOGCM) are physically consistent way to simulate past, present, and future
climate states inclusive extreme events. Regional Climate Models (RCM) applied
with higher spatial resolution over a limited area and driven by GCMs can provide
more appropriate information on such smaller scales supporting more detailed impact
and adaptation assessment and planning (Rummukainen, M., 2010; Belda et al.,
2015; Giorgi & Gutowski, 2015). Therefore RCMs have an important role to play
by providing projections with much greater detail and more accurate representation
of localized extreme events (Gadzhev et al., 2021). The Working Group on Coupled
Modelling (WGCM) established the Coupled Model Intercomparison Project (CMIP)
as a standard experimental protocol for studying the output of CAOGCMs. CMIP
provides a community-based infrastructure in support of climate model diagnosis,
validation, intercomparison, documentation and data access (Taylor et al., 2009). The
main aim of the fifth phase of CMIP, CMIP5, is to study the climate and climate
change in the past, present and future, using a set of simulations with different climate
simulators in various spatial and temporal scales (Taylor et al., 2012).

The Mediterranean region lies in a transition zone between the arid climate of
North Africa and the temperate and rainy climate of central Europe and it is affected
by interactions between mid-latitude and tropical processes. Because of these
features, even relatively minor modifications of the general circulation, e.g. shifts
in the location of mid-latitude storm tracks or sub-tropical high pressure cells, can
lead to substantial changes in the Mediterranean climate (Giorgi & Lionello, 2008).
In addition to planetary scale processes and teleconnections, the climate of the
Mediterranean is affected by local processes induced by the complex physiography
of the region and the presence of a large body of water (the Mediterranean Sea).

Several projects and, consequently, many studies are dedicated in the recent
decades on the climate projections over Europe and the Mediterranean basin. The
CMIPS projections generally agree on warming in all seasons in Europe during this
century, while precipitation projections are more variable across different parts of
Europe and seasons (Belda et al., 2015). Despite of the overall agreement for general
reduction of the precipitation amount in the middle and at the end of the 21th century,
there are still many differences in the magnitude of the expected changes, annual
and seasonal variability and areal distributions (Dai, 2013; Giorgi & Lionello, 2008;
Orlowsky & Seneviratne, 2012; Ulbrich et al., 2006). Part of the problems could be
attributed to the models deficiencies of the precipitation simulation. The model es-
timations includes also non-negligible uncertainties which results, in particular, in a
less spatially coherent pattern of change, bigger inter-model spread and a lower lev-
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el of statistical significance when compared with temperature changes (Alexander
et al., 2006). In Sillmann et al. (2013a) is demonstrated that GCMs underestimate
observed precipitation magnitudes, although CMIP5 models show an improvement
compared to CMIP3. The results of Orlowsky & Seneviratne (2012) show that de-
spite the uncertainty in other regions, droughts have increased in the Mediterranean
and are projected to increase further, emphasizing the need for proactive adapta-
tion planning. Central and Eastern Europe is a region where precipitation changes
remain also still uncertain (Belda et al., 2015). Although regional climate change
amplitudes of temperature and precipitation in Europe follow global trends, they
can be also affected by changes in the large-scale circulation and regional feedback
processes (Kjellstrom et al., 2011). In the comprehensive study of Stagge et al.
(2015) 1s used of the RCMs outcome from CORDEX (the Coordinated Regional
Climate Downscaling Experiment — see Kotlarski et al., 2014 for details), forced
with CMIP5 climate projections, to quantify the projected change in meteorological
drought for Europe during the 21th century, revealing increasing projected drought
throughout the Mediterranean, including the eastern Mediterranean. In agreement
with previous studies, in Sillmann & Rdckner (2007) is evidenced a considerable
intensification of heat and water stress in the region.

The free worldwide exchange of methods, software and especially data is from
essential importance for the expert community of the geophysical sciences. Such
services are provided either from the primary vendors (institutions, organisations or
projects) or from single point access portals as the Copernicus Data Store (CDS).
They are reliable source for elaboration of objective climatologies, both in regional
(Birsan et al., 2014; Chervenkov et al., 2019; Chervenkov & Slavov, 2019; Spinoni
et al., 2018) and global (Sillmann et al., 2013a, 2013b; Orlowsky & Seneviratne,
2012) scale for recent and projected future climate as well as for development of
various custom-tailored applications. Our working group uses also this possibility
in optimal way. The present article, which is the first part of more common work,
describes shortly 5 collected and/or implemented by the authors data bases in our
general effort to describe the historical, near past and recent as well as the projected
future climate over south-east (SE) Europe most concisely and comprehensively.

The work is organized as follows. The CMIP5 scenarios and the used models
are described in Section 1. Section 2 is dedicated on the used methods and the con-
sidered data bases. Section 3 and Section 4 are the core of the present study. Due
to their importance, the first one, ‘Results for the mean temperatures’, is dedicated
solely on these variables. In the second one are described the results for the other
indices. The concluding remarks are in the last section.

1. CMIP5 SCENARIOS AND USED MODELS
The CMIP5 experiment uses new emission scenarios called representative
concentration pathways (RCP) (Moss et al., 2010) to assess the interactions
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between the human activities on the one hand and the environment on the
other hand, and their evolution. Unlike the CMIP3 scenarios, the RCPs are
mitigation scenarios that assume policy actions will be taken to achieve certain
emission targets. For CMIPS5, four RCPs have been formulated: RCP2.6,
RCP4.5, RCP6.0 and RCP8.5. They are based on a range of projections of
future population growth, technological development, and societal responses.
The labels for the RCPs provide a rough estimate of the radiative forcing
in the year 2100 (relative to pre-industrial conditions). RCP2.6 represents
mitigation scenarios that aim to limit the increase of global mean temperature
to <2°C. Different than other RCPs and earlier CMIP3 scenarios, RCP2.6
has a peak in greenhouse gases (GHG) concentration arround 2050 and then
declines at a moderate rate. Under RCP4.5, GHG-emissions will peak around
the early 2050s and then stabilize, causing a CO, equivalent of about 650
parts per million and a temperature increase of approximately 1.8-2.0°C in
2100, compared to the control period of 1986-2005. RCPS8.5, on the other
hand, predicts a continuous rise of GHG emissions until 2100, causing a CO,
equivalent larger than 1370 ppm and a global average temperature increase
close to 4°C (Spinoni et al., 2018).

The CMIP3 and CMIP5 model output are available from the data archives of
the Program for Climate Model Diagnosis and Intercomparison (PCMDI) and the
Earth System Grid data distribution portal (ESG). To generate the considered in this
study indices for historical and future time periods, bias-corrected climate datasets
provided through Inter Sectoral Impact Model Intercomparison Project (ISIMIP
1), Fast Track simulation round have been used. For each simulation round a set
of gridded bias-corrected climate variables have been produced to be used as input
data for running impact models. These climate datasets contain daily-resolution,
bias-corrected climate data from 5 CMIP5 GCMs according Table 1 covering the
period 1950-2099 (historical run up to 2005), downscaled to a 0.5°x0.5° lat-lon
grid. They cover the global land area.

Table 1. Main Features of the Considered Models

Model Acronym Institution ?Eﬁﬁxie:fjﬁtel\?f)l
GFDL-ESM2M Geophysical Fluid Dynamics Laboratory, USA 144x901L.24
HadGEM2-ES Met Office Hadley Centre, UK 192x145L40
IPSL-CMS5A-LR Institut Pierre-Simon Laplace, France 96x961.39
MIROC-ESM-CHEM AORI, NIES, JAMSTEC, Japan 128x64L.80(T42)
NorESM1-M Norwegian Climate Centre, Norway 144x961.26

Note that the models used in this study differ from the models in Chervenkov
& Slavov (2020a, 2020b, 2021). ISIMIP offers significantly fewer models, than the
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applied in Sillmann et al. (2013b) and Orlowsky & Seneviratne (2012) but these
studies considers only CMIP5 RCP2.6, RCP4.5 and RCP8.5 (i.e. not RCP6.0) and
CMIP3 SRES A2 scenario, correspondingly.

2. METHODS

There are various methods to characterize extreme events, but the computation
and analysis of climate indices (CIs) based on daily temperature and precipitation
data is probably the most widely used non-parametric approach (Sillmann
& Rockner, 2007). The modern sets of such indices, among which the most
widely used is the collection of the Expert Team on Climate Change Detection
and Indices (ETCCDI, Zhang et al., 2011), are statistically robust, cover a wide
range of climate conditions, and have a high signal-to-noise ratio (Alexander &
Arblaster, 2009). They are used in several projects on climate change with focus
on different spatial scales, from planetary to continental, regional, national or
local scale, as prevailing indicators of changes of the extreme events (Birsan
et al., 2014). Subsequently, the number of publications on this topic is very
large (Alexander et al., 2006; Frich et al., 2002; Kiktev et al., 2003; Klein Tank
& Konnen, 2003; Moberg et al., 2006 and many others). Our group has also
previous, partially project-driven, experience in Cl-based analysis of historical
(Chervenkov & Slavov 2020a, 2020b), near past and present (Chervenkov et al.,
2019; Chervenkov & Slavov, 2019; Chervenkov & Slavov, 2021; Malcheva et
al., 2016) and projected future regional climate (Gadzhev et al., 2021). The free
availability of databases of Cis or other climate indicators, with focus on different
spatial and temporal scales, facilitates any assessment which includes these
parameters. In Table 2 are listed the main features of some gridded databases
recently used in our group. It is worth to emphasize that the information from
these sources is rarely suitable for direct implementation in the tasks of the
regional climatology. Thus, the data from these sources have to be essentially
post-processed in order to fit to the specific needs.

The present study is based entirely on the data from ISIMIP Fast Track. Although
this project is intended to be a collection of agroclimatic indicators datasets,
most of the indices in scope, inclusive all considered in this study, are based on
the ETCCDI definitions which makes them universal. Agricultural indicators in
ISIMIP Fast Track have been pre-calculated for this complete matrix of 5 GCMsx4
RCPs combinations. In addition, as a proxy for historical observations, the “Watch
Forcing Data methodology applied to ERA-Interim (WFDEI)” (Weedon et al.,
2014) were used to generate observational historical Agroclimatic indicators. This
dataset is available at the same spatial resolution of ISIMIP climate datasets, covers
the time range of 1979 to 2013 and its 30 year long part 1981-2010 is used in the
study as reference for the current climate.
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Table 2. Mean Features of the Used Data Bases

Acronym Main Content Spat. Cove;rage/ Time Span, Institution Basic Reference/
Resolution Scenario(s) Access
4 data scts of SPL-1, SPL-3, 1900-2010, 1901- Chervenkov et al.
SPI-6, SPI12 based on UDEL/ oun co. ]
Global, 0.5°x0.5°; 2013, NIMH, (2016),
SPIDB GEOG/CCR v3.02, GPCC out co . ,
1.5°x1.5 1851-2011, Bulgaria | ftp://xeo.cfd.meteo.
v7.0, NOAA-CIRES 20CR 19002010 ba/SPI/
v2e, ECMWF ERA20C ] i
1961-1990 ,
CECILIA CentraldcSE 20212050 | CECILIA | Beldactal (2015)
152 CI based on RCMs Europe, : http://cecilia.
DB oun 10 2071-2100 SRES project .
0.1°x0.1 dmi.dk
AlB
F-OBS& Cher\(lggll(g; etal.
. STARDEX&ETCCDI | CARPATCLIM 151 516 NIMH, hitps://repo.
ClimData Cis based on E-OBS domains; 1961-2010 Buloari _seem.cu/
&CARPATCLIM 0.25°%0.25°, wedna voseene
0.1°%0.1° handle/21.15102/
o VISEEM-343.
Canadian Sillmann et al.
ETCCDI Cis based on ‘ 1850-2100; Cen_tre for (2013a); http:/
EIA CMIP5-GCMs Global, varios res. | CMIP5 RCP2.6, Climate | www.cccma.ec.gc.
RCP4.5,RCP8.5 | Modelling& | ca/data/climdex/
Analysis climdex.shtml
1951-2099; CDS
ISIMIP 26 Cis based on CMIP5- oun co | CMIP5 RCP2.6, documentation;
Fast Track GCMs Global, 0.5°x0.5 RCP4.5, RCP6.0, ISIMIP 1 https://www.isimip.
RCP8.5 org/protocol/

After the download from the CDS the ISIMIP-datasets are significantly post-
processed. The most essential stages are:

e The datasets for each model and RCP which are downloadable in 30-years

time slices are merged in common data streams for 2011-2099

e The indices with equal temporal resolution are joined in common

netCDF4 files

e Multi-model (MM) ensemble quantities as multi-model mean (MMM), MM

25-, 50- and 75-percentile which are often refereed as lower quartile, median

and upper quartile and traditionally noted as X25, X50 and X75 are computed.

e Due to storage constrains only a spatial subset over Europe is preserved.

All netCDF manipulations are performed with the powerful tool Climate Data
Operators (cdo). Additionally, for the current study only, all of the considered indices
are aggregated in time on annual basis. The aggregation method depend on the
indicator, e.g. min, max, sum, mean. The magnitude of the trend in time as well as
its statistical significance are estimated individually for all grid cells and separately
for each scenario by means of the Theil-Sen slope estimator (TSE) and the Mann-
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Kendall (MK) test correspondingly. Thus far, the study is constrained over SE Europe
only as will be shown in the next section and with details in the next part.

3. RESULTS FOR THE MEAN TEMPERATURES

The annual means of the daily minimum, mean and maximum temperature
(noted traditionally TN, TG and TX) are important variables, providing information
on the current state as well as on the long-term climate variability and change and
thus are studied separately from the other considered indices. We analyse the spatial
patterns of the multiyear means of the CMIP5 projections of TN, TG and TX as
well as the spatial patterns for the reference period. In order to intercompare them,
the ensemble median (MMX50) of the listed in Table 1 models for all 4 scenarios is
superimposed to the median for the reference period, as shown on Fig. 1.

2 4 6 B1012141618202224 2 3 4 5 86

Figure 1. MMX50 of the multiyear means of the TN (first row)
TG (second row) and TX (third row) for the reference period (1981-2010)
in the first column and multiyear means for 2070-2099 for RCP2.6, RCP4.5,
RCP6.0 and RCP8.5 in the second, third, fourth and fifth column correspondingly.
The absolute changes of the RCP2.6, RCP4.5, RCP6.0 and RCP8.5 relative
to the reference period are shown in the sixth seventh eighth and ninth column
correspondingly. The units are °C.

Figure 1 shows for all variables gradual increase of the projected changes from
RCP2.6 to RCP8.5, i.e. proportional to the radiative forcing. The changes are simi-
lar in magnitude for all parameters for fixed scenario RCP2.6-RCP6.0 and have
not clear spatial structure. For RCP8.5 the changes for TG and TX are exceeding
6°C and are somewhat bigger than the changes for TN. All changes are statistically
significant at the 5% level.

The area-weighted regional averages over land of TN, TG and TX are shown
on Figure 2.
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Figure 2. Area-weighted regional averages (index and unit according subplot
title) for the reference (solid black line) and simulated by the CMIP5 ensemble for
the RCP2.6 (blue), RCP4.5 (green), RCP6.0 (yellow) and RCP8.5
(red). Solid lines indicate the ensemble median (i.e. the 50th quantile)
and the shading, respectively the thin lines, indicates the interquartile
ensemble spread (25th and 75th quantiles).

Figure 2 shows relatively smooth (in comparison with the other Ci’s as will be
shown further) but steady increase of the temperatures with apparent difference
between scenarios in the second half of the century.

The importance of assessing trends in climate extremes is often emphasized
(e.g. Klein Tank & Kdénnen, 2003; Meehl et al., 2000; Moberg et al., 2006). The

0.07 021 035 049 063

Figure 3. Trend slopes (unit: °C/10 years) of the TN (first row) TG
(second row) and TX (third row) of the MMM (left pane) and MMX50
(right pane) for the scenarios according the subtitles in the first row.
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main reason is that extreme weather conditions related to temperature, precipitation,
storms or other aspects of climate, can cause loss of life, severe damage and large
economic and societal losses. Thus, the trend assessment is essential part of the
recent climate studies (Alexander et al., 2006; Frich et al., 2002; Sillmann et al.,
2013b; and many others). Figure 3 shows the slope of the estimated by means of
TSE linear trend of the MMM and MMX50 of the TN, TG and TX for the whole
future period 2011-2099.

The most apparent result of analysis of Figure 3 is that the fields of the slopes for
MMM and MMXS50 are practically identical for each corresponding variable and
scenario. As expected, the lowest values are for the scenario with the modest forcing
(RCP2.6) and the highest — for the scenario with the strongest forcing (RCP8.5).

CONCLUSION TO PART ONE

The referenced in Table 2 projects and initiatives contributes to the availability
of a valuable sets of spatially and temporally representative data to prepare relevant
climate change studies in the corresponding domains. These datasets are reliable
sources of various climate indicators, which can be presented as continuous, both in
space and time, digital maps. The positive consequences to the end user community
in exploration of the single point access data portal Copernicus Climate Data Store
are manifold, but the free access of data sets standardised file formats via unified
transfer protocols seems most significant.

Relevant outcome of the presented part one of the study, is the clearly expressed
warming signal in the field of the mean temperatures. It is spatially dominating over the
domain and everywhere statistically significant. The amount of warming by scenario
generally ranges from high to low as follows: RCP8.5, RCP6.0, RCP4.5 and RCP2.6
which shows principal proportion of the temperature increase to the radiative forcing.

Part two of this study is dedicated on the analysis of the spatial patterns and the
time evolution of the other considered indices.
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Abstract: Nowadays there is a strong degree of agreement that the climate
change is the defining challenge of our time. The analysis based on climate indices
is probably the most widely used non-parametric approach for quantification of
extreme climate events. This study which consist of two parts, is dedicated on the
assessment of the spatial patterns and the temporal evolution of 6 temperature-
based and 3-precipitation based indices in projected future climate over south-
east Europe up to the end of the century. The annual means of the daily mean
and extreme temperatures are also analysed in consistent manner. The indices are
computed from the bias-corrected output of 5 CMIP5 global models, forced with all
4 RCP emission scenarios. The multi model ensemble medians of the temperature-
based indices shows considerable warming which is consistent with the increase of
the mean temperatures and is statistically significant in most cases. The revealed
changes of the precipitation-based indices are more complex when compared with
temperature changes.

Keywords: climate indices, CMIP5 ensemble, RCPs, future climate, South-east
Europe

INTRODUCTION TO PART TWO

This part is dedicated on the analysis of the considered indices except the
mean temperatures. The study is continuation of our scientific work, documented
in suite of publications (Chervenkov et al., 2019; Chervenkov & Slavov, 2019,
2020a, 2020b, 2020c, 2021) which first part is described in Chervenkov et al.,
(2021). As in Chervenkov & Slavov, (2021), the present study is inspired from
the comprehensive study of Sillman et al., (2013b) and fits in the same conceptual
framework. Beside the different models, considered indices and significantly finer
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grid spacing, this study differs, however, from Chervenkov & Slavov (2021) in other
two substantial aspects: first and foremost, the input data (i.e. daily temperatures
and precipitation sums) are bias-corrected, as described by Hempel et al., (2013),
prior the computation of the indices. Although some criticism exists, the general
view in the expert community is that the bias-corrected climate change signal is
more reliable compared with the uncorrected one and thus is more suitable for
impact assessments (Chervenkov & Spiridonov 2020, 2021). Second, the study is
focused on the multi-model statistics (mean, MMX25, MMX50, MMX?75) rather
than the simulation output of the individual models. This is modern common
approach, adopted in many recent studies (Orlowsky & Seneviratne, 2012; Sillman
et al., 2013a, 2013Db).

4. RESULTS

4.1. TEMPERATURE INDICES

4.1.1. ABSOLUTE AND THRESHOLD INDICES

We start our analysis with a comparison of the spatial patterns of the multiyear
means of the CMIP5 projections of the extreme temperatures, TNn and TXx with
their counterparts for the reference period. In order to intercompare them, the
ensemble median (MMXS50) for all 4 scenarios is superimposed to the median for
the reference period, as shown on Fig. 1. for the annual extreme temperatures

L IENENEENSENENEEEE (CHEE =
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Figure 1. MMX50 of the multiyear means of the TNn (first row) and TXx
(second row) for the reference period (1981-2010) in the first column

and multiyear means for 2070-2099 for RCP2.6, RCP4.5, RCP6.0 and RCP8.5

in the second, third, fourth and fifth column correspondingly. The absolute
changes of the RCP2.6, RCP4.5, RCP6.0 and RCP8.5 relative to the reference
period are shown in the sixth seventh eighth and ninth column correspondingly.

Stippling indicates grid points with changes that are not significant
at the 5% significance level. The units are °C.

Figure 1 shows gradual increase of the projected changes of the both indices
from RCP2.6 to RCP8.5, i.e. proportional to the radiative forcing. The greatest
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changes in TNn, exceeding 9°C, are simulated in RCP8.5 over the northern
half of the domain. The most apparent difference between the spatial patterns
of the changes of the TNn and TXx is the stronger temperature increase for
TNn. This difference is well expressed for all four scenarios. Alexander et al.,
(2006) documents analysis of global data base of historical records, revealing
such asymmetric warming. According to their global study (for data since 1951),
changes in daily maximum temperatures are less marked, implying that our world
in many places has become less cold rather than hotter. Other studies, however,
based solely on assimilated European data (see Moberg et al., 2006 and references
therein) suggest that this conclusion is not representative for Europe if the entire
twentieth century is considered. An overall warming is observed also in Moberg
etal., (2006), but they find only a small difference, or no difference at all, between
average trends in daily minimum and maximum temperatures when they average
trends for 75 stations across Europe. According to the future in the CMIPS5
projections, Sillmann et al., (2013b) outlines the differences in the changes of
the daily extreme temperatures. In particular, TNn increases more strongly in
higher latitudes of the Northern Hemisphere. It is worth to emphasize also that
our previous study Chervenkov & Slavov (2021), which is conceptually similar
to the present one as underlined above, do not detects clear enough and rigour
evidences for *warming asymmetry’ between the indices, based on the minimum
temperature from the one hand and these, based on maximum temperature, from
the other hand.

The widely used threshold indices tropical nights (TR) and frost days (FD),
both based on the daily minimum temperature, have limited applicability over the
domain. In the climatological study of the Carpathian region Birsan et al., (2014) is
stated that the changes in the occurrence of TR are substantial only in low-elevation
areas (below 800 m.), located outside the Carpathian Mountains range, which are
particularly exposed to persistent and intense warm spells in summer. Generally, TR
are not characteristic to the climate of the mountain regions, which are significant
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Figure 2. Same as Figure 1 but for the FD (first row)
and TR (second row). The units are days.
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part of the domain. Similarly, the FD are not very meaningful for maritime climate
— this is valid for the southern half of the model region and especially for the areas
along the fragmented coastline. Nevertheless, at least for methodological reasons,
analysis of these indices have to be performed as shown on Figure 2 in the case for
their spatial patterns.

Consistent with the changes of the minimum temperature, the fields of the
threshold indices shows progressive (i.e. from RCP2.6 to RCP8.5) decrease of FD
and, contrary to FD, increase of the TR. The vertical gradient of the FD is well
expressed especially along the main Carpathian ridge. The increase of the TR under
RCP2.6, RCP4.5 even RCP6.0 is, over the bigger part of the domain, relatively
small and, which is more important, statistically not significant.

The area-weighted regional averages over land of TNn, TXx, FD and TR, which
will be called area-averages (AA) for sake of brevity henceforth, are shown on
Figure 3.
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Figure 3. AA of the considered absolute and threshold indices
(index and unit according subplot title) for the reference (solid black line)
and simulated by the CMIP5 ensemble for the RCP2.6 (blue), RCP4.5 (green),
RCP6.0 (yellow) and RCP8.5 (red). Solid lines indicate the ensemble median (i.e.
the 50th quantile) and the shading, respectively the thin lines, indicates
the interquartile ensemble spread (25th and 75th quantiles).

The overall tendencies, commented above, are markedly expressed for AAs
of all indices. In the recent study Chervenkov & Slavov, (2020a), among other
problems, are analysed the trends of five temperature-based indices, including TNn
and TXx. The trend estimation of the AAs over the domain is based on the gridded
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data base of the HadEX2 project and is for the period 1900-2010. The study reveals
statistically significant increasing trend for the both parameters with bigger lapse
for TNn. These conclusions agrees with the present results, suggesting that the
projected changes are natural continuation of the already detected changes in the
near past and present climate. The analysis of Figure 3 shows also that the CMIP5
interquartile model spreads in the four RCPs practicality remain overlapping for
TXx, FD and TR until the middle and for TNn until the end of the 21st century.

4.1.2. DURATION AND PERCENTILE INDICES

The Cold and Warm Spell Duration Indices (CSDI & WSDI) are most
frequently used indicators for cold and heat waves respectively (Alexander et al.,
2006; Alexander & Arblaster, 2009; Sillmann &, Rockner, 2007 and many others)
inclusive in climatological studies of the considered region (Birsan et al., 2014).
Hence these indices are calculated using a percentile based, rather than fixed value,
threshold, they could be also considered as percentile indices. The spatial patterns
of the CSDI and WSDI for the control period as well as for the projected with the
CMIPS future are shown on Figure 4.
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Figure 4. Same as Figure 1 but for the CSDI (first row) and WSDI
(second row). The units are days.

Regarding the CSDI, the most obvious result on Figure 4 is that the small on
magnitude and uniformly distributed during the reference period index practically
disappears in the future even under the scenario with the weakest radiative forcing
(RCP2.6). Subsequently, CSDI remains near zero constant under the other three
scenarios. The change of the WSDI is very expressive both in magnitude and spatial
extent. The differences from RCP to RCP are significant, especially for RCP8.5
compared with others. The absolute increase of WSDI relative to the reference is
drastic: more than three months practically over the whole domain. This result,
rather embarrassing indeed, is in principal agreement with Sillmann et al., (2013b).

The temporal evolution of the considered duration indices is depicted on Figure 5.
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Figure 5. Same as Figure 2 but for the CSDI (first row) and WSDI
(second row). The units are days.

Figure 5 confirms the outcomes from the analysis of the spatial patterns of the
CSDI and WSDI. Interesting specifics of the dynamics of the AA of the CSDI is
considerable changes in both directions for relatively short time during the reference
period. This is consequence of single abnormally hot and cold years in this time
span documented also in Birsan et al., (2014). The AA of the WSDI during the
whole reference period remains with practically negligible values almost constant.
In contrast, the dynamics in the projected future demonstrates steady increase,
especially for RCP8.5. Consequently, the ensemble median for this scenario is over
150 days around the 2080’s.

4.2. PRECIPITATION INDICES

As in many other places of the world, in contrast to the projected changes in
the temperature indices, where there is a general agreement on the sign of change
independent of the region considered, changes in the precipitation indices over the
considered region are less consistent in this regard Sillmann et al., (2013b), Cher-
venkov et al., (2021).

Our analysis 1s focused on the indices Annual Precipitation Sum, Heavy Precipi-
tation Days and Consecutive Dry Days, noted RR, RR10mm and CDD correspond-
ingly. These indices are used as key parameters in many studies of present (for
example Sillmann and Rockner, 2007) and projected future climate (see Sillmann
et al., 2013b and citation therein).

Figure 6 provides a more detailed regional picture of the spatial patterns of
the considered precipitation indices for the control period as well as for the future
projections. Traditionally, the changes in precipitation sum RR relative to the 1981-
2010 reference period are expressed in percentage terms.

First and foremost, Figure 6 demonstrates the complex nature of the expected
precipitation changes. Although the total precipitation amount (the first row on
Figure 6) shows clear reduction tendency, especially over the southeastern part
of the domain, there is no big difference, both in magnitude and spatial distribu-
tions, in the relative changes in the scenarios RCP2.6-RCP6.0. Second, which
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Figure 6. Same as Figure 1 but for the RR (first row), RR10mm
(second row) and CDD (third row). Relative instead of absolute changes of the
RR are considered. The units of the RR are mm and of the RR10mm and CDD as
well as their changes — days. The relative changes of the RR are expressed in %.

1s most important, these changes are not statistically significant at the 5% level.
This result agrees with Sillmann et al., (2013b). Similar is the overall picture
with the days with heavy rain distribution: general reduction, approximately up
to a week over the bigger part of the domain, but without substantial difference
from scenario to scenario and without statistical significance over wide areas
for all RCPs, except RCP8.5. It is notable that this result is somewhat different
that the outcomes in Sillmann et al. (2013b): there is shown a small (generally
2-4 days) increase of R10mm over the Balkan Peninsula for all scenarios except
RCP8.5 and decrease in the latter of about 2-4 days. It have to be emphasized,
however, that in this study is noted that the models disagree even on the sign
of change in the total precipitation and R10mm over the Mediterranean. Our
recent experiments with the RCM RegCM driven by the GCM HadGEM?2-ES
(Gadzhev et al., 2021) shows prevailing positive change (i.e. increase) for all
seasons except for the summer and on an annual basis. The projected increase
is roughly 25-35% for RCP2.6 and 35-45% for RCP8.5. The expected pre-
cipitation reduction in the summer reaches values of 35-45% for RCP8.5 over
Bulgaria and Romania.

The spatial patterns of the CDD, both in the present and projected future climate
is also complex. Most apparent is the well expressed gradient form southeast to
northwest. The contrary tendencies in the future, increase of the CDD in southeast
and decrease in northwest will leads to strengthening of this contrast. The analysis,
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performed in Malcheva et al., (2016) which is based on historical records and on
the climate reanalysis ERA20C, outlines the drying tendency over SE Bulgaria and
the neighboring territories in Greece and Turkey. In Sillmann et al., (2013b) is not-
ed that in the Mediterranean, the increases in CDD are accompanied by increases
in the index R95p (very wet days, not considered in the present study) suggesting
that dry spells in these regions become longer, but that precipitation may be more
extreme when it occurs. Our previous analysis, based on HadEX2 (Chervenkov &
Slavov, 2020a), demonstrates also simultaneous increase of the AAs of the CDD
and R95p. It have to be kept in mind, however, that the applicability of HadEX2 in
regional climate studies, especially for precipitation-related parameters, is disput-
able. Possible intensification of the extreme precipitation events in generally dryer
climate is also discussed in Giorgi & Lionello, (2008).

It is worth to emphasize, that the projected changes under RCP2.6 and RCP4.5,
are not significant over the bigger part of the domain which also indicates the com-
plexity of the phenomena.

The temporal evolution of the considered precipitation indices is shown on
Figure 7.
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Figure 7. Same as Figure 2 but for the RR (first row) and R10mm
(second row) and CDD (third row). The units are according the subplots titles.

As most remarkable on Figure 7 appears the fact that the evolution lines of RR
and R10mm and in smaller extent these for CDD, respectively their interquartile
ensemble spreads for all scenarios, essentially overlaps for the bigger part of the
time span 2011-2099. Such dynamics is expectable, keeping in mind the relatively
small changes from RCP to RCP commented above. The absence, at least appar-
ent, of big outliers is also remarkable. The inter-model coherency is demonstrated
also in agreement between the models in the simulation of isolated wet years in the
2040s and 2070s in the evolution of the CDD.
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SUMMARY AND CONCLUSION

Based on the availability of new sources of information, which represent the
state of the art global climate change simulations in the frame of the CMIPS5 project
and are free accessible from the Copernicus Data Store, we present an updated
assessment of future climate change projections over south-east Europe.

In the present study 6 temperature-based and 3 precipitation-based indices,
together with the annual means of the daily minimum, mean and maximum
temperature are analysed systematically. The indices are calculated in in consistent
manner in the frames of the Global Agriculture project and the assessment
covers the recent climate (1981-2010) as well as CMIP5 multimodel ensemble
projections of the 21 century for all four RCP scenarios. The spatial patterns and
temporal evolution of changes presented in this work are in principal agreement
with previous studies based on GCM output data (Orlowsky & Seneviratne 2012;
Sillmann et al., 2013b; Chervenkov & Slavov, 2021), RCM simulations Belda et
al., 2015; Gadzhev et al., 2021) or such based on combined analysis of GCMs
and RCMs (Giorgi & Lionello 2008; Ulbrich et al., 2006). The results of this
study are also coherent with the consolidated outcomes from all Assessment Re-
ports (AR) of the Intergovernmental Panel on Climate Change (IPCC) (see, for
example, IPCC, 2007) concerning the expected long-term regional changes. How-
ever, the present results are not directly comparable, at least not quantitatively,
to theirs, due to different factors. These factors includes, among others, different
time spans and model ensemble members and variations in the applied methodol-
ogy of estimation. Nevertheless, the most general and important conclusion of the
study is the distinct warming, expressed in the spatial patterns and time evolution
of all of the considered thermal indices. The climate change of the considered
temperature-based indices is consistent with the tendencies of the annual means
of the daily mean and extreme temperatures. The warming dominates practically
over the whole domain and is statistically significant over its essential part in the
most cases. The revealed patterns of climate change intensify gradually with the
increasing radiative forcing in the considered scenarios, which also agrees gener-
ally with the outcome of the prevailing number of the recent studies. The signifi-
cantly finer grid spacing of 0.5° than this in Sillmann et al. (2013b), Chervenkov
& Slavov, (2021), were it is 1.5°, leads to representation (although still not clear
enough) of such structures as the vertical gradients of some indices especially
along the main Carpathian ridge and the typical spatial pattern of the CDD. Both
of them are poorly resolved in the cited above studies. Beside the revealed spatial
details which are well known benefit of the increased resolution, this study dif-
fers from Chervenkov & Slavov, (2021) in other substantial aspect regarding the
results: the clearly demonstrated ‘warming asymmetry’ manifested in the fields of
the TNn and TXx. Generally, the revealed warming is, evidently, continuation of
already detected tendency in the historical records of the twentieth century over
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the region (Chervenkov & Slavov, 2019; Chervenkov & Slavov, 2020; Malcheva
et al., 2016; Moberg et al., 2006).

Concerning the precipitation-based indices, the study confirms the complexity of
the expected precipitation-related changes and their inherent ambiguity. The latter
1s clearly evidenced by the lower level of statistical significance for the scenarios
RCP2.6-RCP6.0 when compared with temperature changes. It is worth emphasizing
that the projected precipitation reduction over the SE part of the domain and increase
of the CDD could amplify the negative impact of the expected hotter climate.

The study could be continued in many directions. Key moments as, for example,
seasonal variations and detailed regional specifics, could be focal point of further
works. The 10-daily temporal resolution of some indices gives unique possibility
even for sub-sesonal analysis. Other way is to utilize more actively the output of
RCMs, as demonstrated in Belda et al., (2015) and Gadzhev et al., (2021). Such
studies are methodologically reliable scientific basis of various impact studies and
the development of adaptation strategies.
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