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bopwucnas Byukos, Jinnma HuKkonosa

HayuyeH komurter

Mpod. aH Aumntbp Cupakos, HUMX
Mpod. a-p TaHa MapuHosa, HUMX

Mpod. a-p NnameH HuHoB, HUMX

Mpod. a-p Xpucrommp bpvH3os, HUMX
Mpod. a-p BaneHTnH KasaHgxumes, HUMX
Mpoo. a-p CHexkaHKa banabaHoBa, HUMX
[ou. a-p TataHa Cnacosa, HUMX

Jou. a-p bopaHa LleHosa, HUMX

Jou. a-p Xpucrto YepseHkos, HUMX
Yn.-kop. npod. adH Kocta MNaHes, HUTTT,
BAH

Mpod. a-p Henu poseBa — 3am.-peKTop no
yyebHaTa U MHPOpPMALMOHHATA AENHOCT,
Tpakuiickn yHusepcuteT, Ctapa 3aropa
Mpod. a-p Bnagucnas MNonos — 3am.-
pPeKTop No Hay4YHaTa AeNHOCT, ArpapeH
yHusepcurer, MNnosaus

Mpoo. a-p Buoneta boxkaHosa —
npeacegaten Ha CesCKOCTONAHCKA
aKagemuma

Mpod. aA-p Hukonai /luces, YHUBepCUTET
Mo apxXuTeKTypa, CTPOUTE/ICTBO U reoaesma
[ou. a-p Becena 3axapuesa, YHMBepcuter
Nno apxXuTeKTypa, CTPOUTE/ICTBO U reoaesma
[ou. a-p AtaHac CeBoB — AeKaH Ha
®akynTeT No arpoHOMCTBO, ArpapeH
yHuBepcuTeT, Mnosgms

[ou. a-p FepraHa leposa, Copuninckm
yHuBepcuteT ,CB. KnumeHT Oxpuackmn®
Jou. a-p Enncaseta NeHesa, Codpminckm
yHuBepcuteT ,CB. KnumeHT Oxpuackmn®
Lou. a-p Netbp lNepruHos, Neonornyecku
nHCTUTYT, BAH

Il HayuoHanHa HayyHa KoOHgepeHYuUs no ekonoausa Ha HUMX ce nposede nod nampoHaxa

Ha MuHucmbpa Ha oKoaHama cpeda u sodume u ¢ meduliHomo cbOelicmeue Ha
bvneapckama menezpaghHa azeHyuA U bba2apckomo HayuoHaaHO paduo.
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14:30 — 14:45
14:45 -15:00
15:00 — 15:30
15:30 — 15:45
15:45 -16:00
16:00 - 17:00

pou. a-p Backo Mvbos

M3roTesHe Ha NPOrHo3a 3a BPeMeTo 3a 0. JIMBMHICTbH C NOMOLTA Ha
MHPOPMaLMOHHATa NPOrHOCTMYHA CUCTEeMa HA EBpONENCKUA LLEeHTBP
3a cpeaHoCpoYHM nporHosn (IFS-ECMWE)

AHacmacus Cmoliyesa, 6. Mapkosa, A. Kyauwes

CynepKneTbyHa byps, passuna ce Ha 13.06.2024 —
TEPMOANHAMUYHM YCNOBUA, PalapPHUN XapaKTEPUCTUKN, €BONOLMA
W CTPYKTYpa

4. Aumumposa, C. leopeues, Hadexda Kadulicka

OnpepenaHe Ha MeCTONONOXEHNEeTo Ha duaepHUTe obnaum B
cUcTemaTa Ha KOHBeKTUBHA Byps Bb3 OCHOBa Ha pagapHu
HabnogeHun

E. /luswuuy, U. Qumumposa, Bukmopus lleH4yesa, /. boHuyes

KA®E NAY3A

lopewmTte BbAHU B Bbarapua npes tonm u asryct 2023 r.

PaneHa Unuesa, b. Kocmawku

CpeaHoCpoYHa oueHKa Ha Tmin U Tmax OT YNCNEHU MOAENUN U
oT cnHonTmumte B HUMX

Xpucmo Xpucmos

MpeacTaBaAHe Ha nocTtepu (N0 2 MUHYTU Ha nocTep)



Il HAULMOHAJTHA HAYYHA KOH®EPEHLIUA MO OKOJIHA CPEOA
18-20 mapTt 2025 r., HUMX, Codus

19 maprt 2025 r. 3AJ1A ,,AKALl. CNAC BALLOB“

HabnogeHna n acumunauuma Ha gaHHU 3a 3eMHaTta atmocdepa, xuapocdpepa n 6uocdepa

Boaneul Ha cecuaTa: aou. a-o Jinnua bouesa

9:00-9:15 Tloabop Ha MEeCToMNoNOXKEHMA Ha METEOPO/IOTMYHM pagapu 3a
NAOLLHA KO/IMYECTBEHA OLUEHKa Ha BasieXKnTe Ha TepUTOPUATA Ha
Bvarapua

1. Banyapos, OpauH [eopaues

9:15-9:30 MHorocnoMHa OTBOPEHA MpeKa 3a HabatoaeHWe Ha OKOIHATa
cpepa n knmmata — METER.AC
AmaHac Tep3ulicku, C. TeHes, B. }ens3zkos, H. Koyes, B.

lNMackanesa, . TaH4yesa, H. lNlempos, /1. Qumumposa, X. AHz2enos,
J1. Unues,

H. }Kensskoea, /1. Padesa, E. Jotives, I'. Aumumpos

9:30-9:45 The GCOS Reference Upper Air Network
Rudi Dirksen

9:45 - 10:00 Lindenberg Observatory — past, present and future

LisemaH CumeoHos

10:00 — 10:30 KA®E NMAY3A
ArpomeTeoponorMyHu ycaosua — npeaunsBuKaTtescTea 3a arpoTexHonoruure

Boael Ha cecmaTa: npod. a-p BaneHtnH KasaHa)kues

10:30 -10:45 HwuckoBbrnepoaHU NPAKTUKM B CEICKOTO M TOPCKOTO CTONAHCTBO
3a CMeK4YaBaHe Ha NPUYNHUTE 3a KIMMaTUYHUTE NPOMEHUN 0,0
2030r.

Jeuko NiopdaHos, B. KazaHomcues

10:45-11:00 BnuAHMe Ha BEreTaLMOHHUTE BasIEKN BbPXY NPOAYKTUBHOCTTA
Ha uapeBuLUaTa B paiioHa Ha KHeXa 3a nepmnoga 1991-2020 .

Hamanusa lNemposcka

11:00-11:15 3ppaBOCNOBHO CbCTOAHME HA NONE3ALLUTHUTE FOPCKMK
noacu B CeseponstoyHa bbarapua
leopau eopeues, M. leopauesa, . Jodes, C. benunos, B.
UeaHos, M. Keues, 1. Mupuyes, /1. [eopauesa

11:15-11:30 YecTtoTa Ha TMNOBe NOBPeAN OT abUOTUYEH CTPeC Npu
NpPoOun3BOACTBOTO Ha NWWEHNLa B paitoHa Ha Jobpyaxka

FanuHa Muxosa, [. Hukonosa

11:30 — 11:45 3awMmTa Ha 3eMefesCKM 3eMU OT HAaBOAHEHMA Kpaili peKa [yHas

CmaHucnas Kpaces

12:00 — 13:30 OBEAHA MNMOYUBKA



Il HAULMOHAJTHA HAYYHA KOH®EPEHLIUA MO OKOJIHA CPEOA
18-20 mapTt 2025 r., HUMX, Codus

Boau — peku, nogsemun soam, YepHo mope

BogeLy Ha cecuaTa: Fa. ac. A-p Banepua MopaaHosa

13:30—-13:45 YecTOoTeH aHaNM3 Ha XMAPONOKKUTE 3acyLLlaBaHNA B NOPeYNeTo Ha
peka Pocuua

WopdaH Aumumpos

13:45-14:.00 W3y4yaBaHe KpbrospaTa Ha BOAATA Ype3 M3MNOA3BaAHE Ha
NPUPOAHUTE M U30TONMU

MapuH UsaHos, E. lamAaHosa

14:00 - 14:15 [lponeTHOTO NbAHOBOAME HA peKa [JyHaB U BANAHNETO MY
BbPXY NOAKMCNSABAHETO Ha KpalbpekHuTe Boam B CeBepHa
Bvarapua

Haodexcda fpymesa, B. JoH4esa

14:15-14:30 BanuampaHe Ha XMAPONOXKKUTE Pe3yNTaTh Ha CbYeTaH Moaen
SURFEX- CTRIP 3a bbarapua

Epam ApmuHsH, . Llapes

14:30 — 14:45 Manosogueto B bbarapua npes 2024 r.

C. banabaHosa, Cunsus CmosHosa, B. CmosHosa

14:45 —-15:15 OueHKa Ha MHBECTULUM MPU PEKOHCTPYKLMA Ha
BOZAOCHabANTENHM cUCTEMMU

CmaHucnas fapayes

15:15 - 15:30 KA®E MAY3A

15:30 — 16:30 MOCTEPHA CECUA 3ANIA ,,AKAA. TIOBOMUWP KPLCTAHOB*



Il HAUMOHA/THA HAYYHA KOH®EPEHLUA MO OKOJIHA CPEAA

18-20 mapTt 2025 r., HUMX, Codus

20 mapt 2025 r. 3A/IA , AKAJL,. CMAC BAL|OB“

3ambpcAaBaHe Ha Bb3AyXa, EKOJIOrMA U YOBELLKO 34paBe

Boaeuw, Ha cecuaTa: npod. A-p Emununa Freoprmuesa

9:00-9:15
9:15-9:30
9:30-9:45
9:45-10:00
10:00 - 10:30
10:30 - 10:45
10:45-11:00
11:15-11:30
11:30-12:00
12:15 - 12:45
12:45

EdeKT OT 30HM 338 HUCKM EMUCUM OT TPAHCNOPTA BbPXY KAYeCTBOTO
Ha aTMochepPHUA Bb3AYX

Aumumvp AmaHacos, T. Cnacosa

BnanaHue Ha BUTOBOTO ropeHe BbpXy KAa4eCcTBOTO Ha Bb3ayXa B
Manku HaceneHm mecta — noaxoabT Ha CONSPIRO

b. Benesa, EneHa Xpucmosa, E. leopeuesa, P. Mares, M. Fedorenko,

M. Sanetrnik, M. Zorn, P. Pipan, A. Siegmund, S. Fisher, J. Hovorka

[dMHaMMKa Ha 3aMbPCABAHETO C NPaX0BU YacTULM B
TPaHCNOPTHA MUKpocpeaa B rp. byprac

HAeHuya NMemposa, H. Todopos

BAnAHWE Ha aepo30/IUTe BbPXY HAaeEKTPU3MPAHETO Ha
MOPCKM 1 KOHTUHEHTa/HU rPbMOTEBUYHM 0bnaum

Caska [lemposa, P. Muuyesa

KA®E NAY3A

Knumart Ha 3aMbpcABaHeTo B rpaZicka cpea v Bpb3KaTta My
CbC COLMaANHO3HAYMMM 3a601ABaHMA

CmosH leopaues, P. flumumposa, A. [rambos

MoaobpeHna B MoaeMpaHeTo Ha KauecTBOTO Ha Bb3ayxa B
rpagcka cpesa B IOKaneH mawab

M. Benuzapoea, PeHema fumumposa

ANTEepHaTMBHU METOAM 33 OLEHKA Ha 34paBHUA PUCK B pe3yaTaT
Ha eKcnosunuma ot yATpadpuHN NPaxoBmn YacTULM

Llsema leopauesa, T. [NaHes

MoTeHumanHa B3anmoBpb3Ka Mexay GUHUTE NpaxoBu
4acTULM 1 aepodUIHUTE MUKPOOPraHU3IMU

b. pueoposa-llewesa, leopeu KaduHos

Harpagu 3a Hali-go6bp noctep — camo 3a Maaau yuyeHu!!!

3aKkpuBaHe Ha KoHdepeHLMATa



Il HAULMOHAJTHA HAYYHA KOH®EPEHLIUA MO OKOJIHA CPEOA
18-20 mapTt 2025 r., HUMX, Codus

NOCTEPHA CECHA

19 mapr 2025 r., 15:15 - 16:30, 3A/IA ,,AKA,. TIOBOMWP KPbCTAHOB“

HabnogeHna n acumunauua Ha AaHHU 3a 3emMmHaTa atmocdepa, xugpocdepa u
6uocdepa

1 90 roanHn BUCOKONNAHWHCKA METEOPOAOrMYHa CTaHumMa YepHu BpbX

4. Xadxmwcues, Cmarucnasa Padesa, A. lMempos, Y. Esmumos, [. enues, I.
3namaHos, b. Jumumpos

Knumatnuum nscnepgBaHUA U eKCTpeMHU MeTeoposIorM4Hu AB1eHUA
2 KAMMaTUYHM NpoeKkLnmM Ha eKCTpemMHuUTe BaseXxun B bbarapua

Pusnka Bwvavesa

3 2024 roamHa — Han-TonnaTa rogvHa 3a bbarapua gocera

Jlunus boyesa, K. Manueea, 4. ToOopoea

4  BHe3anHu 3acywasaHuA B bbarapua npes nepmoga 1991-2020r.

Padocnas EseeHues K. Manyesa

Bogu — peku, nogsemHu Bogu, YepHo mope
5 Tloaxoau 3a pecypcHu OLEHKM M BodeH BanaHc Ha TeputopuaTa Ha [yHaBCKM palioH

Mas PaHkosa

6 Peka AHTpa — XMOPONOXKKM aHANN3M U MOLeNIMPAHE HA PeYHMA OTTOK

EneHa boxcunosa

7 OueHka Ha ET B paitoHa Ha HAO PoxeH no gaHHW OT MOAENU U OT
peanHun nsmepsaHma

Pocuua CmegpaHosa

8 [nMNOTHO M34YNCNEeHNe Ha KNOYOBA KPUBA C Nporpamara
BaRatinAGE 3a XMC N272520 — p. Ctpsama, rp. baHsa, 06.
MNnosaus

Kamas [lNapancka

9 DANA BbB BaneHcua — NnpuUUMHKM 1 NOCNeacTBUA

PoceH Kopyyes

10 CobcTroAaHMe Ha nog3emHuTe Boay npes cyxata 2024 .

M. UsaHos, EsenuHa LamaHosa, M. Unuesa, I'. pymesa

11 WaeHTudunumpaHe 1 cMeKYaBaHe Ha YyA3BMMOCTTa Ha BOAOCHabaABaHeTO U
€KONIOMMYHUNA OTTOK NPU KNUMATUYHU MPOMEHU U NMPOABAKUTENHO
3acyllaBaHe

UpeHa Unyesa, B. 3axapuesa, K. /llobeHosa, A. MopdaHosa, I'. pymesa, B. PaliHosa



Il HAULMOHAJTHA HAYYHA KOH®EPEHLIUA MO OKOJIHA CPEOA
18-20 mapTt 2025 r., HUMX, Codus

12 HasogHeHuaTa B bbarapua npes 2024 rogmHa

Banepusa MopdaHosa

13 CneumanusmpaH copTyep 3a aHaIM3 HA XMOPOJONKKU HabaoaeHUs
Ha PeKu,KNageHLmM 1 U3BOPU

[TnameH AHeenos

14 Cb3paBaHe Ha NPOrHOCTMYEH MOAEN 3a Bogocbopa Ha peka Beneka

leopau KowuH4aHo8

15 OtvBoAHABaHE Ha NbTUWA B YpHaHM3NPAHW TEPUTOPUN — TEOPUA U NPAKTUKA

CmaHucnas fapayes

16 BsMAHMe Ha MeTeopo/IorMYHaTa Cylla BbpXy PeyHMs OTTOK B baceliHa Ha peka AHTpa

AHmoaHa Aumumposa, H. Hukonoea, K. Padesa, C. Mames, 3. Mapuesa

17 Pecypc Ha NOBbLPXHOCTHUTE BOAHM Tena N OUEHKA Ha
CpesHOMHOroroAuWHNTE CTOMHOCTM 3@ paioHa Ha p. Orocta u pekwu,
3anagHo ot p. OrocTa

bopucnas By4yKos

18 AHanusmnpaHe Ha BMCOKA Bb/HA No peKa Beneka
Teodop Kosnes
19 MogenunpaHe Ha OTTOKa BbB Bogocbopa Ha peka Ocbm ¢

nonypasnpeaeneH XMApoaoKKU Moaen

Cunsus CmosiHosad

20 CrtabunusmpaH meToj Ha KpaliHUTe enemMeHTH 3a Moaen oT TMna
,,IOBBPXHOCTEH- NOAMNOBbPXHOCTEH OTTOK” Ha BOogoCOopHUA baceliH

Unus lumumpos

MporHo3a 3a BpemeTo U NpeaynpeXxaeHua 3a eKCTPEMHU MeTeOPOIOrMYHU ABNEHUA

21 YectoTa HAa MbAHUMUTE Hag BbarapckoTo YepHOMOPCKO Kparbperkme No panoHu
3a nepmoaa 2005—-2015 roamHa cnopepg cuctemarta ZEUS 3a peructpmupaHe Ha
MbAHUMU

Hopomes Konesa, C. llemposa

22 OnacHuW meTeopoaornyHn asneHna B bbarapuma npes 2024 roamHa

Kpacumup Cmoes, 5. MapkKosa, P. Unueesa, M. lonosa

ArpomeTeoponorMyHun ycnoBua — Npeau3BUKaTe/ICTBA 3a arpoTexHonoruure

23 3akanaBaHe u CTy,CI,OYCTOW-IMBOCT Ha 3UMHa 0BMKHOBEHa nweHunua B yciosuma
Ha KIMMaTUYHU NPOMEHU

AdumumpuHa Hukonosa, I'. Muxosa, T. [lemposa, C. Payes




24

25

Il HAULMOHAJTHA HAYYHA KOH®EPEHLIUA MO OKOJIHA CPEOA
18-20 mapTt 2025 r., HUMX, Codus

MoaobpasaHe Ha uMdpoBM3aLMATa U BaNOPU3aLMATE HA PACTUTENHOTO
pasHoobpa3sne B bbarapua n Chosakus

Hukonas Benyesa, A. CmosaHosa-folivesa, /1. MeHden, L. Cmounosa, C.
Memposa, 1. Manuxos, C. MadaHcka, U. Yuyosa, E. 3emoxosa, P. Xaynmeoezern,
M. Bapea, I1. Yunuk

OnpeaensaHe Ha U3UCKBAHMATA 3a Ox/aXKAaHe (KbM CTYL0BU eaMHULM) Npes
nepuoa Ha Ab/IOOK NOKOM 3a oTrneXdaHe Ha Yyepewa (Prunus avium L.) B
Bvarapua

Memsa Manawesa, B. leopauesa, B. KazaHoxmcues

3ambpcaBaHe Ha Bb3Ayxa, €KON0rMa U YoBELWKO 34paBe

26

27

28

29

30

31

32

33

34

35

OueHKa Ha TOYHOCTTa Ha aHcambsiosma mogen CAMS — ENS 3a 2023 roguHa
CNPAMO AaHHM 33 Ka4ecTBOTO Ha aTmochepHUs Bb3ayx B bbarapua —
npeaBapuTenHun pesyntatm

XpucmuHa Kuposa, E. leopauesa, H. Helikosa

MsmepBaHe Ha ChbHYeBaTa pagnauma B bvarapua — I'IpO6!'IeMM n peweHunA

BaHsa MaHesa

XapaKTepuUCTUKM Ha obuiaTta 6eTa akTMBHOCT Ha atmocdepaTa B bbarapus
. Benesa, Emunus WiopdaHosa, H. BaHkosa, E. Xpucmosa

TpaeKTOpPHM CTaTUCTUYECKM METOAM KAaTO CMOMAraTe/IHu MHCTPYMEHTH
npwv uscneaBaHnsa, CBbp3aHn ¢ npounsxoaa Ha dMY
Pozema Helikosa, E. Xpucmosa

PesynTat oT Tpu roamMHu usamepsaHua Ha Black Carbon B Codus

Hadsa Helikosa, b. Benesa, E. Xpucmosa

CepbxnpepaboTeHnTe XpaHW BpeaAT Ha YOBELLIKOTO 34paBe, KN1MMaTa U npupoaara

3opHuua Cnacosa

OcobeHocTu Ha aTMocdepHOTO 3ambpcaBaHe B rpag Codua no aaHHM oT MAOC
3a nepuoaa 2009-2024 r.

leopeu adxces, M. Myxmapos, B. MeaHos, U. leopeuesa, H. Munowes, K. laHes

Ce30HHM NPOMEHM B KOHLEHTPALMNTE Ha MOTEHLMAIHO TOKCUUYHU
MeTanu B NOBbPXHOCTHUTE BOAM Ha peKa Kapaaray — oueHKa Ha
3aMbPCABAHETO M MOTEHLMAIHNA EKOIOMMYEH PUCK

C. Munesa, X. Mymany, C. CionemaliH, B. leopauesa, J/leHus [oHcansew

Emucum Ha ®NY mn MNAB npu n3rapaHe Ha Buomaca

UnusHa HalideHosa, O. CaHdos, L. leopeuesa, T. lMaHes, M. LloHesa, A. Qumumposa

DU3NKO-XMMUYEH CbCTaB Ha BaJieXXuUTe B rpag CO¢MFI

E. Xpucmoesa, /lopa Bva4yesa



HabnopaeHusa n acmmunauyma Ha faHHMU 3a
3emHaTa atmocdepa, xugpocdepa u buocdepa

Observations and data assimilation of the Earth's
atmosphere, hydrosphere and biosphere



Il HAULMOHANTHA HAYYHA KOH®EPEHLUMA NO OKOJTHA CPEQA
18-20 mapt 2025 r., HUMX, Codusna

MHorocnoiiHa OTBOpPEHA MpeiKa 3a HaGIlI'OAEHMe

Ha OKOJIHaTa cpeaa u Kammara — METER.AC
A. Tepsuiickn®”, C. TeHes?, B. }Kenaskos?, H. Koues?, B. Nackanesa?, . Tanuyesa’, H. Netpos?, /. Aumutposa®,
X. AHrenos®, /1. Unues?, H. }enaskosa?, /1. Pagesal, E. foiues?, I. AumuTpos

Xumunyeckun dakyntert, MnosanBcKM yHusepcuTeT ,,Mancuii XuneHgapckn®
2 peakoHcynT 00/
3MHCTUTYT No acTpoHomuMA ¢ HaumoHanHa acTpoHommuyecka obcepsaTtopus, Bbarapcka akagemmns Ha HayKuTe
*HauuoHaneH MHCTUTYT No reodusmnka, reofesmna u reorpadus, GbArapcka akafiemus Ha HayKkuTe
SBEO Mycana, UHCTUTYT 3a A4peHU M3CnedBaHua U AApeHa eHepreTuka, bbarapcka akagemma Ha HayKuTe
KntouoBu fymu: 20s1emu macusu om 0aHHU, Memeoposo2us, 2paxOaHCKA HAyKa, UHmMepHem Ha Hew,ama
*email: atanas@uni-plovdiv.net

BvBeaeHue

CbBpeMeHHUTE Npean3BUKATENCTBA Mpes CbCTaBAHETO
Ha MPOrHO3M UM ONpesensiHeTo Ha  KAUMATUYHK
TEHAEHUMM Cca CBbpP3aHM C  M3CNeABaHETO  Ha
eKCTpeMasHU SABNEHUA, UHTEH3WBHW ropelm/cTyaeHu
Bb/IHM, 3acyllaBaHWA, HAaBOOHEHWs, yparaHu u bGypwu.
MporHosnpaHeTo Ha Te3n cbbuUTUA BCce owe e ¢
He3aZLoBOAUTENHA TOYHOCT. 3a no-gbnA60KOTO
pa3bupaHe Ha NPOMEHALLMA Ce KAMMAT ca Heobxoammm
AbArOCPOYHM  HabAlaeHUs ¢ BUCOKA BpemeBa MU
reonpoCcTPaHCTBEHA Pe30/loLMA, KaKTo U nocienBaly
aHa/IM3 Ha reHepupaHuTe ronemm Macuem oT gaHHU. C
TOBA y4yacCTMe aBTOPCKUAT KONEKTUB LieNM Aa 3ano3Hae
ayautopuata ¢ 6bp3o passBMBalaTa Cce MpeXa 3a
HabnogeHne Ha npupoaHu deHomeHn METER.AC, c
apXMTEKTypaTa Ha MpeKaTa, NOTOKA OT AaHHU, eNeMeHTH
OT MHPOpMaAUMOHHaTa MHOPACTPYKTYpa, KaKTo M Aa
AEMOHCTPMPA C  NPUMEpPU  HAKOM  NO-KOMMNEKCHU
HabnoaeHus (Terziyski et al., 2020).

pakpaHcKka HayKa

Mpexata METER.AC ce wu3rpaxpga, Kato ce
KOMBUMHMPAT aKaAeMUYHN M3CNenBaHMA U FParKaaHCKa
Hayka. [lomakuHuTe (rpaxkgaHu gobposonuu) Ha
METER.AC obopyaBaHe npenBapuTeNHO 3asBABaT
KeNaHMeTo cu ga b6bAaaT BKAKYEHWM M NpeMuHaBaT
MHCTPYKTaXX NO MHCTaNALMA U NOAAPDBKKA, CbOBPA3HO C
YTBbPAEHWN MNPAKTUKK. [0 TO3M HAYMH € BbH3MOXKHO
NMOCTUraHETO Ha MABTHO M PAaBHOMEPHO MOKPUTME Ha
TEPUTOPUATA Ha CTpaHaTa. YacT oT mperkaTta ce pasBuBa
B CbTPYAHWYECTBO C Tpa*KAAHCKM  OpraHusauumu,
NobUTeNN U aKaLEMUYHU UHCTUTYLUU, BKA. UHCTUTYTU
Ha BAH v yHuBepcuTteTn B bbarapua.

CeH30pHa mpexa

MbPBUYHUAT CIOM Ha MPEXKaTa ce CbCTOM OT CEH30PY,
peructpupawiM npomMeHuM B OKO/MHATa cpefa. Bceku
CEeH30p (MM CeH30pHa rpyna) e CBbP3aH C e/IEKTPOHMKA,
KOATO HEMPEKbCHATO 4YeTe U3MepBaHUTE BEJIMYUHU MO
YCTaHOBEHM OT npoussoguTena NPOTOKONUM Ha HUCKO
HUBO M Npe3 meama (MHTePHET, MOBUAHa mMpexa uau
LoRa) u3mepBaHuATa ce npepasaT A0 UEHTPanHUA
CbPBbP 33 AAHHW, IOKANU3UPaH B XMmuyeckna dakynter
Ha MnoBAMBCKMA YyHUBEPCUTET. YCTPOICTBATA B MpexkaTa

ca NpodecUoHaNHN METEOPOIOTUYHM CTAHLMM, CEH30PHU
3a HabnogasaHe Ha npouecM B 3emefenuero,
MOHUTOPWHT Ha PadoH B NOYBEH ras v BOAM M Ap.

OTBOpPEHU U roleMun MacuBHM oT gaHHu (big data)

[aHHuTe, n3npawaHm oT cTpaHaTa, ce obpaboTeat oT
codTyepHM afanTepu UaK areHTU, KOUTO Bb3 OCHOBA Ha
MeTagaHHuTe M popmaTmpaT U 3anncBaT BbB BPEMEBU
pefoBe OT wu3mepBaHuA. KpallHMAT notpebuten
[OCTbMNBA KAKTO CYpPOBUTE AAHHM, TaKa U HAKOU TEXHU
npou3BOAHM U yeb BM3yannsaLmsa Ha calita Ha MpexaTa:
https://meter.ac. Bcuuku gaHHU ca cBOBOAHO AOCTbMHMU
M MALIMHHO YETUMMU, NPULBPIKANKM Ce KbM NPUHUMNNUTE
Ha FAIR (Wilkinson et al., 2016), KoeTo no3BonsBa Ha
notpebutennte aa Cb3gaBaT CBOA BM3yanusaumsa WU
afanTuMpaH 33 TeXHWUTE HYKAM aHaAu3 Ha fJaHHuTe
(Terziyski et al., 2020).

Hsakou HabnaeHusn

B u3noxKeHneTo Wwe 6bAaT AeMOHCTPUPAHU U3BALKM
OT XWOPOMETEOPOJIOTMYHU OHONETUHU, U3MepBaHUA,
nposegeHn Ha HAO PoxkeH 3a nepuog OT HAKOJKO
rOAMHU, KAaKTO U CPAaBHUTE/IHM U3MEPBAHUA Ha ypeau B
npopecMoHaNHNA Kac 3a Banexu, PerncTtpupaHu B
LleHTpanHa Bbarapwmsa (H.8. 400 m).

BnarogapHocTu: M3cnegBaHeTo €  AbArOroAMLHA
MHMLUMATMBA, OQUHaAHCMpPaAHa C JIMYHM CpeacTBa MU
npoektute ®M19-X®-001, ®MN21-XP-001, MY21-OMMU-
002, NT22-X$-002, A23-2-X$-003, BG-RRP-2.004-0001-
C01. CneumanHu 6GnarogapHocTM 3a  OKasaHaTa
noaxpena no npoekt KM-06-H64/3.

JNlntepartypa
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Introduction

The modern challenges in forecasting and identifying
climate trends are closely related to the study of extreme
events such as intense heat/cold waves, droughts,
floods, hurricanes, and storms. The accuracy of
forecasting these events remains unsatisfactory. A
deeper understanding of the changing climate requires
long-term observations with high temporal and
geospatial resolution, followed by the analysis of the
large volumes of generated data. This paper introduces
the audience to the rapidly developing METER.AC
network for monitoring natural phenomena, presenting
its architecture, data flow, and elements of the
information infrastructure. Additionally, the authors
demonstrate some complex observations through
practical examples (Terziyski et al., 2020).

Citizen science

The METER.AC network is being developed through a
combination of academic research and citizen science.
Hosts or volunteers who wish to participate express their
interest in advance and undergo training on installation
and maintenance following established practices. This
approach enables dense and evenly distributed coverage
across the country. Parts of the network are developed
in collaboration with civic organizations, hobbyists, and
academic institutions, including institutes of the
Bulgarian Academy of Sciences (BAS) and universities in
Bulgaria.

Sensor network

The primary layer of the network consists of sensors
that monitor changes in the environment. Each sensor
(or sensor group) is connected to electronic devices that
continuously read the measured values following
manufacturer-defined low-level protocols.  The
measurements are transmitted via media such as the
Internet, mobile networks, or LoRa to a central data
server located at the Faculty of Chemistry of Plovdiv
University. The network includes professional weather
stations, sensors for monitoring agricultural processes,
radon concentration in soil gas and water, and more.

Open and big data

The data transmitted from different locations across
the country is processed by software adapters or agents
that format the information based on metadata and
store it in time-series measurement records. End users
have access to both raw data and derived datasets, as
well as web-based visualizations available on the
network’s website : https://meter.ac. All data is publicly
accessible and machine-readable, adhering to the FAIR
principles (Wilkinson et al., 2016), which enables users to
create customized visualizations and analyses according
to their needs (Terziyski et al., 2020).

Selected observations

The presentation will showcase excerpts from
hydrometeorological bulletins, multi-year
measurements conducted at the National Astronomical
Observatory Rozhen, and comparative measurements of
professional-class rainfall instruments registered in
Central Bulgaria (at an elevation of 400 m).
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BbBeaeHue

3a pas/nvMKka OT cpefHorogMlLiHaTa TemnepaTtypa Ha
Bb34yxa, NpW roAulHaTa Cyma Ha Banexa He ce
HabntoaaBa 3HauYMMa npomMsaHa cneg 1991 r. 3a cTpaHaTa
KaTo LANO0 NOpaau pas3MyHMTE 3HALWM HAa MPOMAHATa B
OTAENHUTE palioHU. BanexuTte HamansBaT CbLLECTBEHO
BbB BMCOKMTE 4YacCTM Ha naaHuHuTe (no 30%), gokaTo B
CeBeponstoyHa bbarapua yBennyeHMeTo Ha Banexure
Ha mecTa goctura go 40% (MapuHoBa & Bouesa, pegs,,
2023). 3a fga 6bAaT KOHKPETM3MPAHW HacTbnuauTe
NPOMEHU BbB BaJIeXKHUA PEXMM B CTpaHaTa, TyK ca
obeAnHEHN pes3ynTaTuTe OT HAKOMKO W3cienBaHus.
MoKasaHu ca meceyHUTe U3MEHEHMA Ha BanexKuTe npu
CpaBHeHWe Ha ABa pedepeHTHU KAMMATUYHU Nepuosa,
npenopb4aHM o1  CBeTOBHAaTa  METEOPOSOrUYHA
opraHusauma (CMO) - 1961-1990 u 1991-2020 .
MpeacTaBeHn ca M 0606WEHM CTAaTUCTUKM HA PA3INYHU
napameTpu Ha BanexuTe.

MeTtoponorusa

3a NpoCTPaHCTBEHOTO pasnpesesieHne Ha cpefHuTe
MHOFOTOAMIUHM  CYMApHW Banexu e obpaboTeHa
e)XelHEBHa METeopo/iorMyHa WHpopmauma ot 355
METEOPO/IOTMYHN  CTAHUMKM 33 gBaTa pedepeHTHU
nepnoga 1961-1990 m 1991-2020 r. M3BbpweH e
eKcrnepTeH KOHTPO Ha MacuBuTe OT AaHHM, KaTo Te ca
aHa/M3MpaHM LWATe/NIHO 32 TNPOMNYCKM W TPEeLKy,
BKNOUMTENIHO U MO UHPOPMALMA OT KHUMKHUA apXuB.
MeToamMKkata Ha  U3UMC/IeHWEe U CTaTUCTMYeCcKa
obpaboTtka Ha uHPopmauuaTa e CcbobpaseHa C
nsnckBaHuAaTa Ha CMO (2017). 3a npecmsATaHe Ha
MeceyHUTe CYMM Ha BaneXute ca M3NON3BaHU
cneumanusvpaHn npoueaypu B cpepa Ha SQL server
2012. N3uncneHun ca cpefHUTE NapameTpu 3a CyMapHu
Banexu, 6po AHW C BaneX U MOTEHUMANHO ONacHu
Banexu (> 60 mm/24 h) 3a BCUUKM METEOPOIOrMYHM
ctaHuMn Ha HWUMX ¢ Hag 80% 3anbAHEHOCT Ha
BpemeBuUTe penoBe 3a ABaTa pedepeHTHUM nepuoaa.
M3roTBeHun ca KapTu Ha NPOCTPaHCTBEHOTO
pa3npeaeneHne Ha roguWHUTE U MeceYHUTe HOPMMU Ha
Ba/fieXuTe 3a nepuoauTe Ha MHTEPeC W pas/nKata
mexagy TAx. MpeacraBeHn ca U CTAaTUCTUYECKU aHANN3K
32 [ABa EeKCTpeMHM BanexHwu enusoga npe3 2022 u
2023 ., nosenu bo HaBOAHEHMA. Bcnuku
NPOCTPAHCTBEHM aHanM3n ca peanmsmpaHun B R n QGIS
cpefa ypes cneunasHo HanMcaHu CKPUNToBe.

Pe3synTtatu u ussoau

AHann3nTe NOKa3BaT, Ye KAKTO NpU roguiiHaTa cyma
Ha Bane’Ka, Taka M NMpu NOBEYETO MECEYHU BaNeXn He
ce HabnogaBa 3HaYMMa NpomsAHa npes nepuoga 1991—

2020 cnpsmo nepumoga 1961-1990 r. 33 wuAnaTta
TEPUTOPUA Ha CTpaHaTa Nopaau pPasnUYHWUTE 3HaUM Ha
NpPomMsHaTa B OTAE/IHUTE PaloHM. 33 rossama 4acT oT
CTpaHaTa pa3/iMkuTe ca okoso +10% npe3 noseyeTo
meceum  (pur. 1). Hall-ronemm  NONONKWUTENHU
OTK/IOHEHMA Ha BaNeXuTe npe3 BTOpMA nNepuos ca
perucTpupaHun 3a eceHHMTe meceumn centemepu (+34%)
M OKTOMBpU (+43%). YBENIYEHNE Ha BanexunTte, Makap u
MHOTO NO-MasKo UMa, U npe3 meceuunte mapT (+15%) u
tonu (+12%). No-3Ha4yMmMo NOBCEMECTHO HamajieHue Ha
BasieXXnTe npes3 BTOPUA Nepuos € oT4eTEHO eMHCTBEHO
npes m. Hoemepu — cpegHo ¢ -13%.

s W Feb B Mar S Ao B May Blun M B Aug MSep M Oct M Nov MDec BYY

Purypa 1. CTaTUCTUHECKN XapaKTEPUCTUKM HA OTHOCMTEIHATa
pasaunka mexay nepmoga 1991-2020 1 1961-1990r. 8 %
no CTaHUMK 3a BCEKU meceL, OT roguHaTa U roguLLIHO

Cnep 1991 r. ce ycTaHOBABAT NPOMEHM Ha BaNeXHMA
peXUM U TeHOEeHUMA 332 HapaCTBaHe HA MPMHOCA Ha
CUIHUTE MOTEHLMANHO OMNacHM Banexu (= 60 mm/24 h)
KbM CYMapHUWA FOAMLIEH BaJieX, AOKATO MPUHOCHT Ha
cnabute (<5 mm/24 h) Banexun Hamansga.

MpeactaBeHu ca U CTaTUCTUYECKUTE aHaNM3M Ha [Ba
EeKCTPEMHMW BaJieXXHW enu3oaa B bbarapma no gaHHW OT
HabntoaaTenHata mpexa Ha HUMX: 02-03.09.2022 r. B
paiioHa Ha c. KapaBenoBo u c. borgaH, o6u. Kapnogo, u
04-05.09.2023 r. B paitoHa Ha obw. LlapeBo. JaneHun ca
OaHHM 3a WeTuTe U NoCNeACTBMATA OT HABOAHEHUATa.
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Introduction

Unlike the average annual air temperature, the annual
amount of precipitation has not changed significantly
since 1991 for the country as a whole due to the
different signs of change in individual regions.
Precipitation has decreased significantly in the high
parts of the mountains (up to 30%), while in
Northeastern Bulgaria the increase in precipitation in
places reaches up to 40% (Marinova & Bocheva, eds.,
2023). In order to specify the changes that have
occurred in the precipitation regime in the country, the
results of several studies have been combined here.
Monthly changes in precipitation are shown when
comparing two reference climate periods
recommended by the World Meteorological
Organization (WMO) - 1961-1990 and 1991-2020.
Summary statistics of various precipitation parameters
are also presented.

Metodology

For the spatial distribution of the average multi-year
total precipitation, daily meteorological information
from 355 meteorological stations was processed for two
reference periods 1961-1990 and 1991-2020. An
expert control of the data sets was carried out, and they
were thoroughly analyzed for omissions and errors,
including information from the book archive. The
methodology of calculation and statistical processing of
the information is in accordance with the requirements
of WMO (2017). Specialized procedures were used in
the SQL server 2012 environment to calculate the
monthly  precipitation amounts. The average
parameters for total precipitation, number of days with
precipitation and potentially dangerous precipitation
(= 60 mm/24 h) were calculated for all meteorological
stations of NIMH with over 80% coverage of the time
series for the two reference periods. Maps of the spatial
distribution of the annual and monthly precipitation
rates for the periods of interest and the difference
between them were prepared. Statistical analyses are
also presented for two extreme precipitation episodes
in 2022 and 2023, which led to flooding. All spatial
analyses were implemented in R and QGIS
environments using specially written scripts.

Results and conclusions

The analyses show that both the annual amount of
precipitation and most monthly precipitation did not
show any significant change during the period 1991-
2020 compared to the period 1961-1990 for the entire
territory of the country due to the different signs of

change in the individual regions. For a large part of the
country, the differences are around +10% in most
months (Fig. 1). The largest positive deviations in
precipitation during the second period were registered
for the autumn months of September (+34%) and
October (+43%). An increase in precipitation, although
much less, was also observed in the months of March
(+15%) and July (+12%). A more significant, widespread
decrease in precipitation during the second period was
recorded only in November — on average by -13%.

His WFeb B M B Apr MMay Biun Bl W Aug WSep B Oct M Nov M Dec BYY

Figure 1. Statistical characteristics of the relative difference
between the period 1991-2020 and 1961-1990 in %
by stations for each month of the year and annually

After 1991, changes in the precipitation regime and
a trend for an increase in the contribution of strong
potentially dangerous precipitation (> 60 mm/24 h) to
the total annual precipitation have been identified,
while the contribution of weak (< 5 mm/24 h)
precipitation has been decreasing.

The statistical analyses of two extreme precipitation
episodes in Bulgaria based on data from the NIMH
observation network are also presented: 02—03.09.2022
in the area of the villages of Karavelovo and Bogdan,
Karlovo municipality, and 04—05.09.2023 in the area of
the Tsarevo municipality. The information about the
damages for the flooded regions is also provided.
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BvBeageHue
BankaHCKUAT NonyocTpoB n YepHO mope ce HamupaTt B
palioH, KOMTO e Nog, BAnsAHWE Ha 4 OCHOBHU KIMMATUYHM
UEeHTbPa Ha pgencteue: A3OPCKUMAT MaKCMmMym U
NCcnaHACKMAT MUMHMMYM ca LUenoroguiiHu, a npes
3MMata ce oTAMYaBaT U CUMOMPCKUAT MaKCUMyM C
BAMAHWE OT ceBepousTok U Cpeam3eMHOMOPCKUAT
MWHUMYM, KOMTO B/MAe oT tor. KombuHaumaTta ot Te3un
BAMAHUA MOXe [a L0BeAe A0 Pa3/IYHU TUNOBE 3UMHO
WM NATHO BPEMe; MOXKe [la pe3ynTmpa B A0CTa CTyAeHU
3MMU, NPULPYKEHN C BaNEXWN U 3aneaaBaHe Ha YepHo
MOpe B CEBEPHATA MY YacT, Uan o6paTHO, MHOTO MEKW.
MpomeHUTe B HaNAraHeTo, MaKap U Masiku, moraT Aa
[oBenat A0 MPOMEHW M B TemnepaTypata, U BbB
BafieXXuTe, U B UMpKynauuaTta. Van Haren et al. (2012)
YCTAaHOBABAT CW/JHO HaMaifABAaHE Ha HajAraHeTo Ha
MOPCKO HMBO Haga CpeaM3eMHOMOPCKMA pPalioH B
3UMHMA Ce30H (0T AHyapu 40 mapT) 3a nepuoga 1961-
2000 roamHa. 3a no-ckopoweH nepuos (1979-2012)
rnobanHUTe TEHAEHUMM Ha HaNAraHeTo Ha MOPCKO
paBHWMLLE NO AAaHHWU OT METEOPOJIOrMYHUA peaHanns ERA-
Interim (IPCC, 2013) npe3 no-ronsamaTa 4YacT OT roguHaTa
Ca OTPMLATENHUN B TPONUUMTE U CYBTPONUYHUA ATNAHTUK,
KaKTo M npe3 maih — oktomsBpu B CesepeH Cubup.
MonoKnTenHu TeHAEeHL MM ce CpeLLaT LeoroANLLIHO Haj,
ceBepHaTa M HOXKHATa 4acT Ha Tuxua okeaH u HOKHWA
ATnaHTUK. KaTo usno obaye CTOMHOCTUTE Ha TpeHAaa ca
MHOro Masikm yncna (ot nopsgabka Ha -1 go 1 hPa 3a
aecetunetme). ToBa O3HayaBa, Ye MNPOMEHUTE B
HaNAraHeTo ca MHOro cnabu. BbB BUCOYMHA OT KapTUTe
3a reonoTeHUMa HaTa BUCOUYNHA Ha HMBa 500 1 100 hPa
ce BUXKAAT NONOXKUTENHN TPEHA0BE NPe3 UANaTa rogmMHa
B Tponuuute M ApKTUKA M oTpuuaTesieH TpeHa 3a
AHTapKTMga npes TonsioTo nonyrogmve. Ho TyK OTHOBO
CTaBa AyMma 3a MaslkM CTOMHOCTM Ha npomeHuTe (OT
nopagbka Ha -30 go 30 gpm 3a pgecetunetve). 3a
BankaHCKWA NONyoCTPOB Ce yCTaHOBABA HamasieHWe Ha
HanAraHeTo npes Tonio0To nosyrogue (Mam — OKTOMBpPMU)
ot okosio 0.6 hPa/aecetnnetue.

MeTtoponorus

B n3cneaBaHeTo ca U3N0/3BaHU U3XOAHUTE AaHHU OT
CUMYNALLMUTE C PErMOHANHUA KAumaTnieH mogen Aladin
5.2 3a aBa ot RCP cueHapuuTe (4.5 n 8.5), aedpuHMpaHn B
ARS. Te3un cueHapuu ca oTnpasBHa To4ka noHe 4o 2030 .
33 BCMYKM HAyyHM wuscneaBaHuMA B obnactta Ha
KAMMATUYHUTE NPOMEHM, KaTo Ce CMATA, Ye MbPBUAT e
yMepeH, a BTOPUAT — MNECMMUCTUYEH CLEHapui.
[JaHHMTE, NO KOWUTO Ca HanpaBeHW OLEHKUTEe, ca 3a

CpeAHOTO HanAraHe Ha MOPCKO HMBO M reonoTeHUManHa
BMCOYMHA Ha M3o06apHo HMBO 500 hPa 3a TepuTopmATa Ha
bankaHckua nonyoctpoB u YepHo mope 3a nepuoa
2011-2100 rogmHa, KOWTO € KAMMaTUYHaTa NpoeKLma oT
mogaena. Pesyntatute ca 06paboTeHn n BU3yanusnpaHu
¢ Grid Analysis and Display System (GrADS).

Pe3yntatu n ussoam

Pe3syntatuTe noka3saT, Ye NPU3EMHOTO HansAraHe ce
oueHnaga Ha 0.2 hPa/90 roauuu npu RCP4.5 n 0.6 hPa/90
roaviHu 3a uenus nepunog 3a RCP8.5 3a palioHa Ha YepHo
mope 1 bankaHcKua NonyocTpos.

Annual mean SLP [HPa] (14-42E;35-48N)

1018.6

RCP B.5
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Purypa 1. CpaBHEHME Ha MEXAYTOAMNILIHNA XO4, Ha CPefHOTO
HanAraHe Ha MOPCKO HUBO 33 baslkaHCKMA NONYOCTPOB U
YepHO mope nNo moaenHuTe cumynauum 3a cueHapmm RCP4.5
(4epBeHo) 1 RCP8.5 (cMHbO) 3a nepuoga 2011-2100 r. JaseHn
Ca U CbOTBETHUTE IMHENHWN TPEHA0BE CbC CbOTBETHUA LBAT

BnarogapHocTu: lM3cnenBaHeTo e  OCblEecTBEHO B
paMKUTE Ha NPOEKT ,Mnagu yyeHW U AOKTOPaAHTM,
0baBeH oT ®usmyeckna ¢akynter Ha Coodwulickun
yHuBepcuTteT 3a 2024 .
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Inroduction

The Balkan Peninsula and the Black Sea are located in an
area that is under the influence of four main climatic
centers of action: the Azores High and the Icelandic Low,
which are present year-round, and in winter, there is also
the Siberian High, influenced from the northeast, and the
Mediterranean Low, influenced from the south. The
combination of these influences can produce different
types of winter or summer weather; it can result in very
cold winters accompanied by precipitation and icing on
the Black Sea in its northern part, or conversely, very mild
winters.

Changes in pressure, even when small, can lead to
changes in temperature, precipitation, and circulation.
Van Haren et al. (2012) found a strong decrease in sea-
level pressure over the Mediterranean region during the
winter season (January to March) for the period 1961—
2000. For a more recent period (1979-2012), global sea-
level pressure trends, as reported by the ERA-Interim
meteorological reanalysis (IPCC, 2013), are negative for
most of the year in the tropics and subtropical Atlantic,
and from May to October in Northern Siberia. Positive
trends occur year-round over the North and South Pacific
and South Atlantic. In general, however, trend values are
very small (on the order of -1 to 1 hPa per decade). This
means that the pressure changes are very weak. The
geopotential height maps at 500 and 100 hPa show
positive trends throughout the year in the tropics and
Arctic, and a negative trend for Antarctica in the warm
half of the year. But again, these changes are small (on
the order of -30 to 30 gpm per decade). For the Balkan
Peninsula, a pressure decrease in the warm half-year
(May — October) of about 0.6 hPa/decade is found.

Methodology

The study used the output of the Aladin 5.2 regional
climate model simulations for two of the RCP scenarios
(4.5 and 8.5) defined in AR5. These scenarios serve as the
starting point for all climate change research until at least
2030, with the first considered a moderate scenario and
the second a pessimistic scenario. The data on which the
estimates are based include the mean sea-level pressure
and geopotential height at the 500 hPa isobaric level for
the Balkan Peninsula and Black Sea area for the period
2011-2100, which are the climate projections from the
model. The results are processed and visualized with the
Grid Analysis and Display System (GrADS).

Results and conclusions

The results show that the surface pressure is
estimated to be 0.2 hPa per 90 years for RCP4.5 and 0.6
hPa per 90 years over the entire period for RCP8.5 in the
Black Sea and Balkan Peninsula region.

Annual mean SLP [HPa] (14-42E;35-48N)

Figure 1. Comparison of the interannual variation in the mean
sea level pressure for the Balkan Peninsula and the Black Sea
from model simulations for the RCP4.5 scenario (red)
and the RCP8.5 scenario (blue) for the period 2011-2100.
Corresponding linear trends with the corresponding color
are also given
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C'beeMeHHM TeHAaeHUUn B pexxmma Ha CHeXXHaTa NOKPUBKa U

3VUMHUTE BaJiIeXKNU U Temnepatypu B N1IaHNHCKUTE paﬁOHM Ha E'bl'll'apMﬂ
[. Hukonos, Lig. Aumutpos”

[enaptameHT ,MeTeoponorna“, HaumMoHaneH MHCTUTYT N0 METEOPOIOTUA U XMAPOOrna
KN0U0BU AYMWN: CHEMHCHA MOKPUBKA, 3UMHU 8A/eXU U mMeMepamypu, UsmeHeHue Ha Kaumama
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BbBeaeHue

CHerbT e BaeH MeTeopoJIOTMYeH enemeHT u
WHAMKATOP 33 NPOMEHALLMA ce KAMmart. NpomeHuTe
B CHera, 1 0cobeHOo B CHEXKHATA MOKPUBKA M BOAHOTO
M CbAbprKaHue, ca pe3ynTaT OT M3MEHeHUeTo B
peXnma Ha 3UMHUTE BaNeXun U TemnepaTypu, KOUTo
ca pervMoHanHo o6ycnoBeHW OT pasAUYHUTE
KAMMATUYHU 30HM W CUHOMTUYHWU OBCTAHOBKM.
OcHoBHaTa uUen Ha u3cnefBaHeToO e Aa YCTaHOBWU
WMEHHO Te3M CbBPEeMEHHW TeHAEHLUN.

Metoponorus

M3cnepBaHeTo mM3nona3Ba gaHHM  oT 25
METEOPO/IOTUYHM CTAHUMM C HAAMOPCKA BUCOYMHA
o1 600 go noytn 3000 m 3a nepnoaa 1961 — 2020 .
M3cnepgBaHn ca  cnefHUTE  METEOPOJIOTUMYHM
XapaKTEePUCTUKU: Ce30HHU (aekemBpu — peBpyapu)
N MeCeYHM OCpeaHEeHU N MaKCUMaNHM CTOMHOCTM Ha
CHEe)XHATa  MOKPWMBKA, 3MMHUTE BaJieXXn U
TemnepaTypu, KakTo U BpoAT AHW CbC CHENHA
NOKPMBKa M BPOAT AHWU C Pa3/IMYHM BUOOBE BaNeX.
M3non3saHM ca TecTbT Ha MaH-KeHObA 32 OLEeHKa
Ha 3HaKa M CTaTUCTUYECKATa 3HAYMMOCT Ha TPeHaa 1
TecTbT Ha MeTUT 3a OTKPUBaAHE Ha TOYKU Ha pa3pus
Ha XOMOreHHOCTTa Ha peauuuTe.

Pe3syntatu u ussoau

YcTaHoBeHa e 0bLlia TeHAEHLUUA HA HaMaNABALLK
TPEeHAOBe 33 BMCOYMHATA HA CHEXKHATa MOKPUBKa,
3UMHUTE BaNeXMU U SHUTE CbC CHEXHa MOKPUBKa U
CHEeroBafieX 3a MOYTU BCUYKM CTaHUMM, HO HaW-
BMAMMO TOBA € 33 NO-BMCOKUTE NAAHUHCKU PatoHM.
ELHO M3KNIOYEHMe OT 06LLO0TO NOBeAeHNE OTKPOABA
cTaHumAa bBopoBeu, KbAETO He ce OTKpMBa TasM
HaMannABalia TeHAeHUMA. ToBa e NpeacTaBeHO Ha
¢durypa 1 1 B ob6obwwasawarta tabavua 1.
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durypa 1. Ce30HHM MAKCMMYMM Ha CHEXKHaTa NMOKPMBKaA
3a cTaHuuA boposel,

2022123

3umMHUTE TemnepaTypu MNOKa3eBaT obpaTHaTa
TeHAEHUMA Ha HapacTBallM TPEeHAO0BE BbB BCUYUKMU
3MMHM MeceuM, KaTo ToBa € Mo-U3pas3eHo 3a no-
HUCKUTE PaOHMU.

Pesyntatute or MaH-KeHgbn TecTa 3a M3bpaHu
CTaHUMM ca npeacTaseHn B Tabamua 1.

Tabnnua 1. PesynTtatv oT MaH-KeHabn TecTa
3a Ce30HHMTE TeMnepaTypu Ha Bb3ayxa (Temn.) un
KO/IMYecTBaTa BaseX (KB.) NPy HMBO Ha 3HAYMMOCT
0.05. ,—“ — HamanABaHe, CTaTUCTUUYECKHU
HEe3HAYMMO;
,-Sign“ — HamansBaHe, CTaTUCTUYECKN 3HAYMMO;
,+“ — HapacTBaHe, CTaTUCTUYECKM HE3HAYUMO;
,+sign” — HapacTBaHe, CTaTUCTUYECKM 3HAYMMO

CraHuuna Hapgmopcka MK MK
BUCOYMHA, Temn. KB.
m
AparomaH 703 +sign -
TpbH 706 +sign no
BenuHrpag, 743 +sign trend
baHcko 925 + -sign
PaiikoBo 1000 + no
CartoBua 1029 + trend
Konpuswumua 1045 +sign -
Yenenape 1232 + -
boposel, 1350 + no
Mypraw 1680 +sign trend
PoxkeH 1700 +sign -
YepHu BpBX 2290 + +
BoteB BpbX 2376 +sign -
Mycana 2925 +sign -sign
-sign
-sign
-sign

BnarogapHoctu: M3cnepBaHeto e 4yacT oT obuy,
NPOEKT 33 n3cneAsaHe Ha HaCTOALLUTE USMEHEHUA B
CHEXXHaTa MOKPUBKA UM 3UMHWUTE BaJIeXn B
NAQHWHCKUTE palioHM Ha Bbarapusa u AscTpusa u e
bUHaHCUpaHO B paMKWTe Ha ABYCTpaHHa cnoroaba
33 HAY4HO U TEXHOJ/IOTMYHO CbTPYAHMYECTBO MEXAY
HauyoHanHua ¢oHp ,HayuyHu wuscneaBanHua“ um
ABCTpUICKaTa areHuMs 3a obpasoBaHMe U
MHTepHaumnoHanunsauma c rpaHT KP-06-Asctpusa/2 ot
20109.
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Introduction

Snow is an essential meteorological variable and also an
indicator of the changing climate. Its changes, in
particular in snow depth and snow water equivalent,
result mainly from the change in the regime of winter
precipitation and air temperature, which are also
regionally conditioned by the influence of different
climate zones and synoptic patterns.

Methodology

The study has used data from 25 weather stations in
the vertical range from 600 up to 3000 m for the period
1961-2020. The following weather characteristics have
been investigated: seasonal (December — February) and
monthly averaged and maximal values of the snow cover
depth, the winter precipitation amounts and the winter
air temperatures, as well as the number of days with
snow cover and days with different type of precipitation.
The Mann-Kendal test has been utilized for the
assessment of the sign and the significance of the trend
in the data, and the Petit's test for detecting
homogeneity break points in the series.

Abstract review

General declining trends of the snow depth, the
winter precipitations amounts, the days with snow cover
and the days with snowfalls have been found for almost
all of the used stations, however being clearly visible
mostly at higher regions. One remarkable exception
emerges in the data for the snow maxima — the results
for station Borovetz that deviate from the general
decreasing tendency. This is depicted on Figure 1 and can
be found in the summarizing Table 1.

cm

Figure 1. Seasonal snow cover maximums for station Borovetz

Winter air temperatures show opposite behaviour —
dominant increasing trend in all winter months but more
pronounced at lower altitude.

The results from the Mann-Kendal tests for the winter
air temperatures and precipitation amounts for selected
stations are summarized in Table 1.

Table 1. Results from Mann-Kendal tests
for the seasonal air temperature and precipitation
amounts, level of significance 0.05.
“-" — decreasing, not significant;
“-sign” — decreasing, significant;
“+"” —increasing, not significant;
“+"” — increasing, significant

Station Altitude MK MK
m air temp. PA

Dragoman 703 +sign -
Tran 706 +sign no trend
Velingrad 743 +sign -sign
Bansko 925 + no trend
Raikovo 1000 + -
Satovcha 1029 + -
Koprivshtitza 1045 +sign no trend
Chepelare 1232 + -
Borovetz 1350 + +
Murgash 1680 +sign -
Rojen 1700 +sign -sign
Chernivrah 2290 + -sign
Botev vrah 2376 +sign -sign
Musala 2925 +sign -sign
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common project for investigation of the current
variability of the snow cover and winter precipitations in
the mountain regions of Austria and Bulgaria and was
funded by the Bulgarian National Science Fund and the
Austria's Agency for Education and Internationalisation
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Technological Cooperation between both countries
under the grant KP-06-Austria/2 from 2019.
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BbvBeaeHue

B HUMX ce nogabprKaT 4Be BEpCUU Ha perMoHanHma
KnumatmyeH mogen RegCM: xugpoctatMyHa —
npegHasHayeHa 32  uYMC/NeHW  cumynauum ¢

XOpU30HTanHa pesonouma  Hag 10 km, w
HeXnapocTaTMyHa — 3a CMMynauum C XOpU3OoHTaNHa
pasaenntesnHa cnocobHoct mexay 1 u 3 km.

MeTtopgonorus

3a OUEHKAa Ha EeKCTPeMHUTe BaJieXu ca
M3MO0A3BaHU MparoBeTe, onpeseseHn OT cucTemata
MeteoAlarm (https://meteoalarm.org/) (tabn. 1). B
HaCTOALLOTO U3C/eaBaHe ca NPUIONKEHU GUKCUPaHN
nparose 3a Banexu Hag 15 mm/24 h, 35 mm/24 h n
65 mm/24 h. Te ca aHaAM3MPaHU KAKTO Ha roguiuHa
6a3a, Taka 1 No ce30HM (NPOET, NATO, ECEH, 3MMA).

Tabanua 1. NMpureTn cToMHOCTM 3a CTpaHaTa
no npeaynpeauTenHa crenex (koa) Ha MeteoAlarm

Ko OPAHXKEB YEPBEH

Konnuectso Banex: |Konuuvectso Banex: |Konnuectso
15-35 mm 3a 24 yaca |35-65 mm 3a 24 yaca|Banex: > 65
WU UHTEH3UBEH WU UHTEH3UBEH mm 3a 24
Banex Ao 30 mm 3a 6 |Banex Hag 30 mm 3a |yaca

yaca 6 yaca

Pe3syntatu u nssoau

RCP45 ANN PRE 21-50 RCP45 DJF PRE 21-50 RCP45 MAM PRE 21-80  RCP45 JJA PRE 21-50  RCP48 SON PRE 21-50

Ea £

ROP4S ANN PRE 71-9%  RGP45 DJF PRE 71-83 RCP4D MAM PRE 71-8%  ROP45 A PRE 71-89  ROP45 SON PRE 71-89
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durypa 2. CpeaeH 6poit gHK € Banex Hag 15 mm/24 h
(aHn/roamHa) no aaHHM oT peaHanusm ERAS

CPBS MAM 21-50, R15 RCPBS A4 21-50, R15  RCPES SON 21-50,

o

®urypa 3. NloguwHa (MbpBa KOMOHA) U CE30HHa
(oT BTOpa [0 neTa KosoHa) NpomsaHa Ha 6pos AHKU/roamHa
c Banex Hag 15 mm/24 h no cueHapusa RCP8.5
3a nepuoauTte 2021-2050 r. (nbpeu pea) n 2071-2099 r.
(sTOpPU pea)

M Z1-50, RIS ROP4S GA 21-50, R15
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®urypa 1. CUMyAnpPaHO roAULLHO U CE30HHO U3MEHEHME

Ha KO/IMYeCcTBOTO Ha Banexure (B %) 3a nepmogute 2021—
2050 r. 1 2071-2099 r. B CbOTBETCTBUE CbC CLEHapuuTe
RCP4.5 (nbpsuTe aBa peaa) n RCP8.5 (BTopuTe ABa peaa)

Mpe3 3umaTta 1 NposieTTa ce O4YaKkBa yBeanyeHue
Ha BasieXkuTe B LANaTa CTPaHa, OKATO Npes NATOTO U
eceHTa ce NpeaBuXKaa HaManeHue, C U3KIYEHME Ha
KpanbperkHaTta obnact (dur. 1).

CpegHuAaT 6poit AHU c Banexu Hag 15 mm e
npeacraBeH Cc AaHHM OT peaHanusuTe ERAS 3a
nepuoga 2001-2018 r. (dpur. 2).

OuyakBa ce yBesnyeHuMe Ha b6posa Ha AHUTE C
OMacHW BaneXwu B UANaTa CTPaHa, C U3KAKYEHNe Ha
NAAHWUHCKUTE palioHU. Hall-3HaunTeNHM NPOMEHMU ce
npeasuKaat B YepHomopcKkata obnacT. BcuykM
CLeHapuM NOKa3BaT HapacTBaHe Ha AHUTE C BasieXu
Hag 15 mm wmn 35 mm npe3 3umaTa 3a ABaTa
aHanusnpaHu nepuopa. [llpe3 eceHTa ce o4akBa

yBE/IMYEHNE Ha  BasexuTe
YepHOMOPCKOTO Kpaibpexue.

Hag 65 mm  no
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Introduction

At NIMH, two versions of the regional climate model
RegCM are maintained: a hydrostatic version,
designed for numerical simulations with a horizontal
resolution above 10 km, and a non-hydrostatic
version, intended for simulations with a horizontal
resolution between 1 and 3 km.

Methodology

To assess extreme precipitation, thresholds
defined by the MeteoAlarm System
(https://meteoalarm.org) (Table 1) have been used.
In this study, fixed precipitation thresholds of over 15
mm/24 h, 35 mm/24 h, and 65 mm/24 h have been
applied. These thresholds have been analyzed both
on an annual basis and by seasons (spring, summer,
autumn, winter).

Table 1. Accepted values for the country according
to the MeteoAlarm codes

YELLOW ORANGE RED
15-35 mm for 24 hours | 35-65 mm for 24 Over
or intense precipitation | hours or intense 65 mm
up to 30 mm for 6 precipitation over 30 | for 24
hours mm for 6 hours hours

Results and conclusions

RCP45 ANN PRE 21-50 RCP45 DJF PAE 21-50 RCP45 WMAM PRE 21-50  RCPA45 JJA PRE 21-50  RCP45 SON PRE 21-50
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Figure 1. Simulated annual and seasonal changes in
precipitation amounts (in %) for the periods 2021-2050
and 2071-2099 according to the RCP4.5 scenarios

(first two rows) and RCP8.5 scenarios (last two rows)

During winter and spring, an increase in
precipitation is expected across the entire country,
while a decrease is projected in summer and autumn,
except for the coastal region (Fig. 1).

The average number of days with precipitation
exceeding 15 mm is presented based on ERA5
reanalysis data for the period 2001-2018 (Fig. 2).

R15mm (Days with Precipitation > 15mm per Year, 2001-2018) over Bulgaria

[~
Average R1Smm (days/year)

22°F 23

Figure 2. Average number of days with precipitation
exceeding 15 mm/24 h (days/year) based on ERA5
reanalysis data
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Figure 3. Annual (first column) and seasonal (from the
second to the fifth column) change in the number
of days/year with precipitation exceeding 15 mm/24 h
according to the RCP8.5 scenario for the periods
2021-2050 (first row) and 2071-2099 (second row)

Figure 5. As in Figure 1, but for RCP2.6

An increase in the number of days with hazardous
precipitation is expected across the country, except
in mountainous areas. The most significant changes
are projected for the Black Sea region. All scenarios
indicate a rise in the number of days with
precipitation exceeding 15 mm and 35 mm during
winter for both analyzed periods. In autumn, an
increase in precipitation over 65 mm is expected
along the Black Sea coast.
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BbBeaeHue

KnMmatnyHmute aHanusm nokaseart, ye 2024 r. e HaM-
Tonsata rogMHa He CcamMo B CBETOBEH Malab
(https://climate.copernicus.eu/sites/default/files/custo
m-uploads/GCH-2024/GCH2024-PDF-1.pdf), HO un 3a
Bbvnrapua. CpeagHaTa roguilHa Temnepartypa 3a cTpaHaTa
HagBuwasa ¢ okono 0.4 °C npeauwHua peKopa,
pocturHat npes 2023 r. Makap cpegHO 3a cTpaHaTa
BaZieXXWTe 3a roAuHaTta fJa ca B paMKuTe Ha
KAMMATUYHUTE HOPMW, TO TE€ Ca MU3KJAIOYUTESHO
HEpPaBHOMEPHO  pasnpeaeneHn npes  OTAe/HUTE
meceun. [lpe3 roamHaTa ca pPerucTpupaHn KakTo
NPOLABMKUTENHN Be3BaNeXHN NepUoaM, TaKa U JIOKaNHU
WHTEH3WBHW  BajieXu, BOJelWM [0 HaBOAHEHWA.
MpoAb/MKUTENHOTO 3acylwaBaHe W 334bpXaHeTo Ha
BMCOKM TemnepaTypu cb3aaBaT 61aronpuaTHU ycnosus
33 Bb3HWKBaHe 1 pPa3npoCTPaHeHWe Ha FOPCKU MU NONCKU
noapu, ocobeHO Npe3 NeTHUTE Meceum.

MeTtoponorusa

HanpaBeH e KAMMATUYeH aHa/M3 Ha TemnepaTypaTa
n Banexute npes 2024 r., KaTo pe3yaTaTUTe ca CPAaBHEHMU
Ha Mece4yHa, Ce30HHa U roanwHa 6asa. AHaAn3npaHu ca
nepyoaMTe Ha TOpPeWM BbJAHM NO [AHHW  OT
METEOPOIOTMYHUTE CTAHUMM M ca 060bLWweHn 3a uanaTa
CTPaHa, KaTo e M3MNoA3BaHa MeToAMKaTa, NpeacTaBeHa B
Malcheva et al. (2021). 3a oueHKaTa Ha eKCTpemHuTe
AsneHna npes 2024 r. ca M3NON3BaHW MaTepuanute,
NnoaroTBAHM 33 MECeYHMA  XMAPOMETEOPOJIOrMYEH
6tonetmH Ha HUMX (https://bulletins.cfd.meteo.bg/ ).
BcuyKM npocTpaHCTBEHU aHaM3M ca peannsmpanm B R-
n QGIS-cpega.

Pe3synrtatu un nssoaun

M3muHanata 2024 r. e Hak-Tonsata 3a bbarapua
roguMHa, CbC cpegHa Temnepatypa 3a CTpaHaTa OKONo
2.1 °C Hag KAumaTuyHuTe Hopmu (dur. 1). FoanHaTta ce
XapaKTepu3mpa C pekopAHO TONAU 3MMa WU NIATO, Hal-
Tonamnte ot 1930 r. Hacam. lNpe3 nponetrrta n eceHTa
cpefHUTE Ce30HHW TemnepaTypu CblWO Ca Hag
KNAMMATUYHUTE HOPMW, HO CbC 3HAYUTENIHO MO-MasKu
NONOXUTENHN OTKNOHeHMA. [Tpe3 npexoaHUTe Ce30HMU ca
pPerncTpmpaHn n eAUHCTBEHUTE 2 MeceL,a C TemnepaTypu
nog HopmuTe — maii (-0.8 °C) u HoemBspwm (-1.2 °C).

Natoto Ha 2024 r. e Hal-ropewoTo PerucTpupaHo
pocera. Mecel, toHK e Hal-TonamaT ot 1930 r. Hacam.
Mpes meceuuTe 10N U aBrycT bbarapua e obxsaHata oT
nopegmua OT TFOpewyu BbBAHW (nopeaHM [JHUM C
MaKCMMasHM TemnepaTypu Ha Bb3gyxa = 32 °C). Te ca
noscemecTtHu B nepuoaute 6—24 tonm n 8-19 asryct. B
palioHa Ha rp. CaHZaHCKM Npes an ca perucTpmpaHm

pekopgHuTe 9 nocnefoBaTeNHM AHU C MaKCMMaIHa
TemnepaTtypa Ha Bb3gyxa Hag 40 °C. lMpes aBrycrt B
rofieMu paoHu OT LEeHTPasHUTE U U3TOYHMTE YacTu Ha
CesepHa bbrapua ropelata Bb/Ha NPOAbAXKABA NOYTH
npes uenma mece. B toHaTa NosoBMHA Ha cTpaHaTa
nopeaHuTe AHU C BUCOKM TemnepaTtypu ca Hag, 25.

3
OTKNOHEHWE OT HOPMaTa Ha CPeAHaTa roAUWHA TemMnepaTypa 3a Bbarapua sa

B nepuoaa 1930-2024 roamHa

1

OTKNOHEHUE HA CPEAHATA TOAMIWHA
TemnepaTypa ot Hopmara (°C)
°

®urypa 1. OTKNOHEHWEe OT HOpMaTa Ha cpegHaTa roauvLiHa
Temnepartypa 3a bbarapua 3a nepnoga 1930-2024 r.

Banexxute npes rogmMHaTa cpefHO 3a CTpaHaTa ca
62130 [0 KAMMATUYHWUTE HOPMM, KaTo BapupaT B
IWUMPOKN TpaHULM npe3 OTAeNHUTE Meceun u npes
NnoBeyeTo OT TAX OTKJOHEHMATA OT MeCceYyHUTe HOPMU ca
oTpuuaTenHu. BanexHuAat peduunT e  Hal-CUHO
uspaseH npes ¢espyapu (-63%) n oktomspu (-66%),
[OKATO [EeKeMBPU e C BafieXXM CpefHO 3a CTpaHaTta C
OKO0/10 +127% OT KAMMaTM4YHaTa HopMa.

Mpe3 NoYTN BCUYKKM Meceum Ha M3MUHanata 2024 r. 8
pPa3nNYHM PaoOHM Ha CTPaHaTa OTHOBO Ca PErUCTPUPaHU
peavua eKcTpeMHU METEOPOIOTUYHU ABNEHUA, HAKOMU
OO0BEeNN [0 3HAYUTENHW WeTU 1 Jopu A0 XepTeu. Mpes
nepuvoaa ot anpua 4o CENTEMBPU FPbMOTEBUYHK Bypu,
NPUAPYKEHN OT UHTEH3UBHU AbXKAOBE, CUIHWU MOPUBMU
Ha BATbPA M BAJIEXWM OT rpaj, HAHACAT NOPAXKEHUA HA
CEeJICKOCTOMAHCKM naoww, KUNNLLLHN crpaam,
aBTOMO6MAN U MHOPACTPYKTYPa B PA3IMYHN PAOHM Ha
CTpaHaTa. BucoknTe TemnepaTtypu npes nAToTO, AMNcaTta
Ha Ba/JieXXM W YOBeLlKa HebpexHOCT ca NpuyYMHa Ha
pasnivyHM MecTa B CTpaHaTa fga OylwyBaT AeceTku
noxkapu. OrHeHaTa CTUXMA YHULLOMXKaBa AECEeTKU Kbluw,
CTOTULUM AEKapu ropy U HUBM U NPUYMHABA 3HAYUTE/THU
MaTepuanHu LWeTu.
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Introduction

2024 is the warmest year on record globally
(https://climate.copernicus.eu/sites/default/files/custo
m-uploads/GCH-2024/GCH2024-PDF-1.pdf), and also in
Bulgaria. The average annual temperature for the
country exceeds the previous record, reached in 2023, by
about 0.4 °C. Although the average precipitation for the
country is within the climatic norms, it is extremely
unevenly distributed over the individual months. Both
long periods of no precipitation and local intense
precipitation leading to floods were recorded during the
year. The prolonged drought and the retention of high
temperatures created favorable conditions for the
occurrence and spread of forest and field fires, especially
during the summer months.

Methodology

A climate analysis of temperature and precipitation in
2024 was performed, with the results compared on a
monthly, seasonal and annual basis. The periods of heat
waves were analyzed based on data from meteorological
stations and summarized for the entire country using the
methodology presented in Malcheva et al. (2021). For
the assessment of extreme events in 2024, the materials
prepared for the monthly hydro-meteorological bulletin
of the National Institute of Meteorology and Hydrology
(https://bulletins.cfd.meteo.bg/ ) were used. All spatial
analyses were implemented in R- and QGIS-
environments.

Results and conclusions

The past year 2024 is the warmest year for Bulgaria
with positive annual average temperature anomaly of
about 2.1 °C (Fig. 1). The year is characterized by record-
breaking warm winter and summer, the warmest since
1930. In spring and autumn, average seasonal
temperatures are also above climate norms, but with
significantly smaller positive deviations. During the
transitional seasons, the only 2 months with
temperatures below the norms were recorded — May
(-0.8 °C) and November (-1.2 °C).

The summer of 2024 is the hottest recorded so far.
June is the warmest since 1930. In July and August,
Bulgaria is covered by a series of heat waves (consecutive
days with maximum air temperatures > 32 °C). They are
widespread in the periods 6—-24 July and 8-19 August. In
the Sandanski region, a record 9 consecutive days with
maximum air temperatures above 40 °C were recorded
inJuly. In August, in large areas of the central and eastern
parts of Northern Bulgaria, the heat wave continued for
almost the entire month. In the southern half of the

country, consecutive days with high temperatures were
above 25.

3
Annual average temperature anomaly in the period 1930-2024 (reference period 1991-2020)

2

Annual temperature anomaly (°C)

Figure 1. Annual average temperature anomaly
in the period 1930-2024 for Bulgaria

The average annual precipitation for the country is
close to the climatic norm, varying widely between
months, with most of them showing negative deviations
from the monthly norms. The precipitation deficit is most
pronounced in February (-63%) and October (-66%),
while December has an average precipitation of about
+127% of the climatic norm.

In almost all months of the past 2024, a number of
extreme weather phenomena have again been recorded
in different regions of the country, some of which have
led to significant damage and even casualties. During the
period from April to September, thunderstorms
accompanied by intense rains, strong gusts of wind and
hailstorms caused damage to agricultural areas,
residential buildings, cars and infrastructure in different
regions of the country. High temperatures in the
summer, lack of precipitation and human negligence are
the reason for dozens of fires raging in different places in
the country. The fire destroyed dozens of houses,
hundreds of acres of forests and fields, and caused
significant material damage.
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BbBeaeHue

3a pasnMKa OT APpYyrM KAMMATUYHU SBAEHWMA cylaTta
0BMKHOBEHO Ce pa3BMBa MOCTEMEHHO, HO OKa3Ba
CbLLECTBEHO W  ObATOTPANHO Bb3AENCTBME BbBPXY
eKocucTemuTe, 3emefeniMeTo, BOAHUTE pecypcu MU
WKOHOMMKATA. B MHOro cTpaHuM KaKTO MOHWUTOPUHIDBT,
Taka W nNJaHoBeTe 3a geilcTBMEe nNpu cywa ca
pa3paboteHn 3a cbbUTMA C No-6aBHO pasBuTME W
CbOTBETHO, MpegnofiaraT [AOCTaTbyHO Bpeme 33
noarotoBKa W MpwJaraHe Ha CMeK4YaBaliy MepKU.
BHesanHute cywu (flash droughts) ca ekcTtpemuu
KAMMATUYHU ABNEHUA, XapaKTepusupalm ce ¢ 6bp3o
HaManABaHe Ha Mo4YBeHaTa B/ara, KOWTO OKa3BaT
3HauuTeneH HeratuBeH edeKT BbPXy  CE/CKO-
CTONAHCKOTO MPOM3BOACTBO WM E€KOCUCTEMUTE, HO
KOCBEHO MoOraT Ja 3acerHaT W peauua CcoumasnHo-
MKOHOMMWYECKU OeWHOCTU. Bbnpekn HapacTBalms
Hay4yeH MHTepec KbM BHE3aMnHWUTe CyluM BCe Ole HAMA
€OVUHHO onpeaeneHne W MeTOAMKA 33 TAXHOTO
ngeHTuduUMpaHe 1 aHanms.

B nocnegHua oueHbyeH p[oknag Ha IPCC 3a
M3MEHEeHMEeTO Ha  KJAMmaTa Cce  Noco4ysa, ue
KOMBUHALMATA OT NPOAB/IKUTENHU TOPELWMHN U CYLLn
we nosefe A0 3HAYMTENHU MKOHOMMUYECKWU 3arybu B
NMOBEYETO EBPOMENCKM panoHM [0 Kpas Ha BeKa U
ocobeHo B OkHa EBpona. Cywute moraTt pga ce
pa3BMBaT B LUIMPOK AMANa30oH OT BpemMeBU Mawabu — ot

ceammum  (NpyM  BHe3anmHMTe  3acylwasaHusa) Ao
MHOrorogmuieH " AeceTunereH aedununt
Ha BafieXu npu ,mera” cywure

(https://www.ipcc.ch/report/ar6/wg2/downloads/repor
t/IPCC_AR6_WGII Chapter13.pdf).

3acylwaBaHuAaTa B bbarapua cbwo ca npobnem c
HapacTBalO 3HayYeHMe, CBbP3aH C KAUMATUYHUTE
NMPOMEHM W yBe/MYeHaTa YecToTa Ha ropelm U Cyxu
nepuoau.

MeTtoponorus
HauMOHANHUAT MHCTUTYT NO MeTeoposIornA u
xuagponormna npeagocrasa ny61mM4HO OOCTbNHa

eXxemeceyHa OLEHKA Ha Yyc/loBMATa 3a pPa3BUTME Ha
METEOPOJIOTMYHO, arPOMETEOPONIOTUYHO U XUOPOJIOKKO
3acylwaBaHe B CTpaHaTa Ha 6a3aTa Ha TpU MHAEKca 3a
cywa (https://hydro.bg/), Ho Ta3n oueHKa He obxBalia
BHe3anHUTe 3acylaBaHuA.

LlenTa Ha npeacTtaBeHOTO Wu3c/AedBaHe e Ja ce
CPaBHAT Bb3MOMHOCTUTE 3a WAeHTUdMUMpPaHe Ha
BHE3aMHM 3acCyllaBaHUA Ype3 Pas/IMYHN UHOEKCU U A3
Cce aHa/NM3MpaT NPOCTPAHCTBEHO-BPEMEBUTE Bapuauum
Ha AaBneHuneto B nepmoga 1991-2020 r. PasrnegaHu ca

TPU UMHAEeKca: 1) CTaHZAPTU3UPAHUAT MHOEKC Ha
Banexute Ha McKee et al. (1993): Standardised
Precipitation Index (SPl); 2) KOMBWHUpaHUAT
CTaHAAPTM3NPaH MHAEKC 3a Ba/IEKM "
eBanoTpaHcnupauusa Ha Vicente-Serrano et al. (2010):
Standardized Precipitation-Evapotranspiration Index
(SPEI); 3) MHAOEKCHT Ha HeycTOMYMBOCT Ha No4yBeHaTa
Bnara Ha Osman et al. (2021): Soil Moisture Volatility
Index (SMVI).

M3nonssaHu ca ABa cBOBOAHO AOCTbNHM Habopa oT
JaHHu: 1) SMVI Global Flash Droughts Dataset
(0.25°x0.25°), kKoiTO npepgocTaBa MHbOpmaumsa 3a
Ha4yanoTo, MPOABKUTENHOCTTA U TEXKeCTTa Ha BCAKO
oTaenHo cvbutme (https://www.hydroshare.org/resour
ce/, accessed on 15 January 2025); 2) ERA5-DROUGHT
(0.25°x0.25°) Ha Esponelickua LEHTBP 3a
CPeHOCPOYHM MPOrHO3M, C BpeMeBa CTbMKa 1 mecel, 3a
SPI " SPE, (https://ecds-
dev.ecmwf.int/datasets/derived-drought-
historical?tab=overview, accessed on 15 January 2025).

Pesynrtatu n nssoaun

Kato usano wma pgobpo cboTBeTCTBME NpU
MAEHTUPUUMPAHETO HA BHe3anmHW 3acylaBaHWA 4pes
SPl n SPEl, OOKONKOTO BafeXHUAT peduumT ocTaBa
OCHOBHA MpUYMHa 3a Bb3HWKBAHE HA 3acyllaBaHuATA.
SMVI e no-yyBCTBUTENIEH KbM  KPaTKOCPOYHM,
WHTEH3MBHWU CbOUTUA OT A[pyrute ABa WHAEKCA, HO
nokasea [obpa cbriacyBaHocT c¢bC SPEI npes natoTo.
Tovh Kato SMVI ce ocHOBaBa Ha HafexAeH U JIeCHO
NPUIOKMM MeTOoA, 3a UaeHTUPUUMpPaHe Ha BHe3anHu
3acylWwaBaHUA NpU PasNYHU KAUMATUYHWN YCNOBUA, TOM
MOXKe fa 6bae M3MoA3BaH YCNewWwHO B MOHUTOPUHIA Ha
Te3n cbbuTUA.
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Introduction

Unlike other climate phenomena, droughts usually
develop gradually, but have significant and long-lasting
impacts on ecosystems, agriculture, water resources
and the economy. In many countries, both monitoring
and drought mitigation plans are designed for slower-
developing events and, accordingly, assume sufficient
time for preparation and implementation of mitigation
measures. Flash droughts are extreme climatic events
characterized by a rapid decrease in soil moisture,
which have a significant negative impact on agricultural
production and ecosystems, but can indirectly affect a
number of socio-economic activities. Despite the
growing scientific interest in flash droughts, there is still
no uniform definition and methodology for their
identification and analysis.

The latest IPCC assessment report on climate change
states that the combination of prolonged heat and
droughts will lead to significant economic losses in most
European regions by the end of the century, and
especially in Southern Europe. Droughts can develop
over a wide range of time scales — from weeks (in the
case of flash droughts) to multi-year rainfall deficits in
“mega” droughts (https://www.ipcc.ch/report/ar6/wg2
/downloads/report/IPCC AR6 WGl Chapterl3.pdf).

Droughts in Bulgaria are also a problem of increasing
importance, related to climate change and the
increased frequency of hot and dry periods.

Methodology

The National Institute of Meteorology and Hydrology
provides a publicly available monthly assessment of the
conditions for the development of meteorological,
agrometeorological and hydrological drought in the
country, based on three drought indices
(https://hydro.bg/), but this assessment does not
include flash droughts.

The aim of the presented study is to compare the
possibilities for identifying flash droughts through
different indices and to analyze the spatio-temporal
variations of the phenomenon in the period 1991-2020.
Three indices were considered: 1) the standardized
precipitation index of McKee et al. (1993): Standardised
Precipitation Index (SPI); 2) the combined standardized
precipitation and evapotranspiration index of Vicente-
Serrano et al. (2010): Standardized Precipitation-
Evapotranspiration Index (SPEl); 3) the soil moisture
instability index of Osman et al. (2021): Soil Moisture
Volatility Index (SMVI).

Two freely available datasets were used: 1) SMVI
Global Flash Droughts Dataset (0.25°x0.25°), which
provides information on the onset, duration and
severity of each individual event (https://www.hydrosh
are.org/resource, accessed on 15 January 2025);
2) ERA5-DROUGHT (0.25°x0.25°) of the European
Centre for Medium-Range Forecasts, at a 1-month time
scale for SPI and SPEI (https://ecds-
dev.ecmwf.int/datasets/derived-drought-
historical?tab=overview, accessed on 15 January 2025).

Results and conclusions

Overall, there is good agreement in identifying flash
droughts using SPI and SPEI, as rainfall deficit remains
the leading cause of droughts. SMVI is more sensitive to
short-term, intense events than the other two indices,
but shows good agreement with SPEl in summer. Since
SMVI is based on a reliable and easily applicable method
for identifying flash droughts under different climatic
conditions, it can be successfully used in monitoring
these events.
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BbvBeaeHue

YecTOTHMAT aHaNnM3 e OT Hal-yecTuTe W Hal-paHHM
NPUNOXKEHUS HA CTAaTUCTMKATa B xugposorusTa. Tosa
BKNIOYBA: a) AePUHUPaAHE Ha XMAPONONKKO CbbUTUE U
EKCTPEMHM XapaKTepPUCTUKKU, KouTo TpabBa pa bObaaT
uscnenBaHu; 6) u3b0p HA EKCTPEMHM CbbUTUA U
pasnpegeneHve Ha BEPOATHOCTTAa 33 OMWCaHMe Ha
JaHHUTE; B) OUEHKA Ha  MapameTpute  Ha
pasnpeaeneHueTo; r) OLeHKa Ha EeKCTPeMHW CbbuTuAa
WAW  NPOEKTHM CTOMHOCTM 3a JageH npobnem.
MpoueaypuTe ca ACHU, HO HECUTYPHOCTTA Ha OLLEHEHUTE
E€KCTPEMHM CTOMHOCTM 3aBUCM CWUIHO OT pasmepa Ha
M3BaZKaTa U OCHOBHUTE AONYCKAHUA Ha NPUETUA MOSEN.

Metoponorus

M3BAMYAHETO HA MEpPCeHTUANTE Ha BEPOATHOCT Ha
EKCTPEMHM AB/IeHNA Ce M3BbPLLBA C NOMOLLTA Ha MeToAa
Ha TpaiHOCTHaTa KpuBa Ha oTtoKa (FDC) u yacTuyHaTa
KpuBa Ha TpaitHocT (PDC), npeaocTaBaiiku nHpopmaums
32 peXuMma Ha pekaTa M NparoBuTe HWBa 3a
XapaKTepu3aupaHe U KnacuduumpaHe Ha XUAOPONOKKUTE
3acywaBaHus (Tallaksen & Lanen, 2004).

Pe3syntatu u ussoau

Peka Pocuua e nAB npuToK Ha p. AHTpa.
CpegHorogMwHMAT pedyeH oTtok B XMC Ne23500 —
p. Pocuua, rp. Cesnneso, e 8.918 m3/s, ¢ MuHumaneH
cpeaHorogmeH OTToK oT 2.307 u 2374 m3/s,
peructpupaHm npes 1985 mu 1990 r.,, u abconwoTHO
MuHUManeH 0.119 m3/s c npoasa npe3 1993 n 1994 r. C
[aHHUTe 3a AHeBeH OTTOK (1974-2019 r.) ca U3B/IeYEHMU
CTAaTUCTUYECKN XapaKTEPUCTUKM WU ca peduHupaHu
cbbUTMATA Ha 3acyllaBaHe.

M3BbpLlUBA Ce aHanM3 Ha MONYYEHUTE XUAOPONOXKKU
WMHOEKCU 33 Cylla, KaTo ce yCTaHOBABA TUMBT 3acyxa —
»MWHOPHA", ,BHE3anHa“, ,nNpoab/KUTeNHa” u Aap.
OueHABAT Ce XapaKTepPUCTUKMTE Ha 3acyLllaBaHMATA, KaTo
obem Ha gedvumTa cnpsmo npara, cyma Ha geduumnta,
NpoOCTpaHCTBEH 06XBaT M Ap., Cef KOeTo ce onpeens
TAXHAaTa YectoTa Ha MpofBJAEHUE C Bb3MOXKHO
npeacTaBaHe B KapTeH, TabsnyeH uau rpaduyeH Bug
(dur. 1). Cneq Kpaa Ha BCAKO XMAPOOXKKO 3acyluaBaHe
ce nonbaBa PEerncTbp Ha 3acyxute CbC CbOTBETHUTE
CTOMHOCTU Ha XUAOPONOKKUTE NHAEeKcuTe (Tabn. 1).

Tabnuua 1. Pernctbp Ha 3acyxuTe (CbKpaTeH BapuaHT)

Tomma | 3acyxa | Hawano | Kpaii |[Tpoasmk| Cpenen |Jledmwr | Jlata wa | Def. sum| Qmin Qav. Qmax
Ne

wremoct | obem ma [Mimnniys | nrm.

p— e
2000 | 37 |462000[492000] 93 | -1.302 | 3604 | 10.omn | -1211 | 0440 | 0852 | 3672
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Heduunt (M3/s)
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BepoaTHocT (%)
®urypa 1. BepoATHOCT Ha NposABAeHME Ha abcontoTeH
MaKcumaneH agepuumt. HUCKUTe BEPOATHOCTU CbOTBETCTBAT
Ha ronama cywa. Nog 10% ca gedumumTm CbeC CTOMHOCTU
noa, -5.000 m3/s (432 000 m3/d)

MNpean ocHoBHaTta ¢asa Ha dopmupawo ce
XMAPO/IOKKO 3acylwasaHe ce Habntogasa mnocTeneHHO
B/IOWABAHE HA XWAPONOXKKUTE YCNOBMA — T.Hap. CyX
curHan (tabn. 2). Hal-npoabaKuTenHata cywa B
peructbpa e 305 AHW, HO M KpaTKoTpalHUTE WK
BHE3arnHM 3acyLllaBaHUA CbWo moraT ga 6baat narybHu.

Tabnvua 2. PopmupaHe Ha 3acyllaBaHe B NOPeYMeTo
Ha p. Pocuua (2000 r.), npoabaxkuno 93 aHu, ao 4.09.2000 .

logmna Hen Hara OtroK TIpar Jeduunr
2000 145 25.maii 8.008 5.698
2000 146 26.maii 6.200 5.631
2000 147 27.maii 5.420 5.560 -0.140
2000 148 28.maii 4.640 5.477 -0.837
2000 149 29.maii 3.860 5.417 -1.557
2000 150 30.maii || 3.470 5.379 -1.909
2000 151 3lmaii || 3.470 5.317 -1.847
2000 152 Lionn |l 5.420 5.239
2000 153 2gomn  |L13.545 5157
2000 154 3somn || 7.104 5.157
2000 155 diomn || 3672 5.170 -1.498
2000 156 sionn || 3.244 5.166 -1.922
2000 157 6iomn || 2133 5.155

CuctemaTta OT XWAPONONKKM WMHAOEKCU C OTAEeNHU
MOAYyNMN MMa BB3MOXHO NMPaAKTUYECKO NPUNOXKEHUE B
Cuctema 3a paHHO npeaynpe)geHue 3a HacTbneawa
Cylwa C KogoBse 3a OnacHOCT.

bnaropapHoctu: WM3cnegBaHeTo e  OCHLECTBEHO C
npegoctaseHn oT HUMX XMapOnoXKKU AaHHU.
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Introduction

Frequency analysis is one of the most common and
earliest applications of statistics in hydrology. It involves:
a) defining the hydrological event and extreme
characteristics to be studied; b) selecting extreme events
and probability distributions to describe the data;
c) estimating the parameters of the distribution;
d) estimating extreme events or design values for a given
problem. The procedures are straightforward, but the
uncertainty of the estimated extreme values depends
strongly on the sample size and the underlying
assumptions of the adopted model.

Methodology

The extraction of percentiles of probability of
extreme events is performed using the flow duration
curve (FDC) and partial duration curve (PDC) methods,
providing information on the river regime and threshold
levels for characterizing and classifying hydrological
droughts (Tallaksen & Lanen, 2004).

Results and conclusions

The Rositsa River is a left tributary of the Yantra River.
The average annual river runoff in the HMS No0.23500 —
Rositsa River, Sevlievo town, is 8.918 m3/s with a
minimum average annual runoff of 2.307 and 2.374 m3/s
registered in 1985 and 1990 and an absolute minimum of
0.119 m3/s occurring in 1993 and 1994. With the data on
daily runoff (1974-2019), statistical characteristics have
been extracted and drought events have been defined.

An analysis of the obtained hydrological drought
indices is carried out, establishing the type of drought —
“minor”, “flash”, “prolonged”, etc. The characteristics of
droughts are assessed, such as deficit volume relative to
the threshold, sum of the deficit, spatial extent, etc., and
then their frequency of occurrence is determined with
possible presentation in map, tabular or graphical form
(Fig. 1). After the end of each hydrological drought, a
drought register is filled in with the corresponding values
of the hydrological indices (Table 1).

Table 1. Drought register (reduced indices number)

Year | Drought [ Start End | Duration | Def. vol. | Deficit Date |Def. sum| Qmin Qav. Qmax
Ne Average min | Def. Min

2000 37 | 46.2000)4.9.2000| 93 -1.302 | -3604 | June10 | -121.1 | 0.440 | 0.852 3.672

1,000
0,000
-1,000
-2,000
-3,000
-4,000
-5,000
000 | .
B | | S
0 10 20 30 40 50 &0 70 80 90 100
Probability(%)

Deficit (m3/s)

Figure 1. Probability of occurrence of absolute maximum
deficit. Low probabilities correspond to a major drought.
Below 10% are deficits with values under -5,000 m3/s
(432,000 m3/d)

Before the main phase of developing hydrological
drought, a gradual deterioration of hydrological
conditions is observed, the so-called dry signal (Table 2).
The longest drought duration in the register is 305 days,
but short-term or flash droughts can also be disastrous.

Table 2. Hydrological Drought formation in the Rositsa River
basin (2000), lasting 93 days until 4.09.2000

Year Day Date Flow Threshold Deficit
2000 145 May 25 D 8.008 5.698
2000 146 May 26 6.200 5.631
2000 147 May 27 5.420 5.560 -0.140
2000 148 May 28 4.640 5.477 -0.837
2000 149 May 29 3.860 5.417 -1.557
2000 150 May 30 I] 3.470 5.379 -1.909
2000 151 May 31 I] 3.470 5.317 -1.847
2000 152 June 1 [l 5.420 5.239
2000 153 June 2 D.3.545 5.157
2000 154 June 3 [l 7.104 5.157
2000 155 June 4 [] 3.672 5.170 -1.498
2000 156 June 5 [] 3.244 5.166 -1.922
2000 157 June 6 I] 2.133 5.155

The hydrological indices system with separate
modules has possible practical application in an Early
Warning System for developing droughts with hazard
codes.
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npOIIETHOTO NbaAHOBOAUE HaA peKa ﬂ,yHaB U BIMAHUNETO MY BbpPXYy NOAKUCNABAHETO
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BbBeaeHue
MoaKucnaBaHETO Ha MOPCKATA BOAA € BaXKeH MHAMKATOP
3a rN06anHOTO M3MEHEHME HA KAMMaTa. MOHUTOPUHIBT
Ha HeroButTe OCHOBHM nNapameTpu Kato pH, obua
aJIKaJ/IHOCT, Pa3TBOPEH HeopraHuyeH Bbraepog u pCo2 e
OT CblEeCcTBEHO 3HayeHMe 33 pasbupaHeTo MU
NPOrHO3MpaHeTo Ha NpouecMTe B MOPCKaTa BOAaA.

Mopaan no-BMcOKaTa ankanHOCT Ha YepHo mope
rnobanHaTa TeHAEHLMA 32 NOAKMUCAABAHE HA BOAATa He
€ fACHO u3pa3eHa M Bce owe e cnabo wu3cneaBaHa.
CuTyaumATa e No-C/I0XKHa B KpalbpexkHUTe BOAM, KbAETO
aQHTPOMOreHHUTEe AEMHOCTU MACKMPAT AbArOCPOYHUTE
TEHAEHUUN U NPUPOAHUTE NPOLLECH.

dPoKyC Ha HacToAWOTO UscnesBaHe e cneunduyHaTta
CuUTyauma, KoATo ce Habnopgasa npes nponetra B
KpaibpexHuTe Boan Ha CeBepHa bbarapusa no speme Ha
NbAHOBOAMETO Ha pekKa [lyHas.

Metoponorus

M3BbplEHM Ca  MHOFOrOAMWIHM  CTALMOHAPHU
HabnloaeHMa Ha [ABa MOHWUTOPUHIOBM MNyHKTa —
BapHeHckn 3anus u HWUB , WKopnunosun”. Pusmko-
XMMUYHWUTE MNOKasaTenn Kato pH, coneHocT w
TemnepaTypa ce U3MepBaT Ha BCEKU ABe ceaMnum in situ,
a M3MepBaHMUATA 3a a/NKa/HOCT Ha MOPCKATa BoAa ca
nabopaTopeH  CTaHAapTM3MpaH  meToa.  dusuko-
XMMUYHUTE MOKasaTenu Ha MopcKaTa Boga ce
npocneansaT U C HE3aBUCUMM CTALLMOHAPHO AeNcTBaLLm
real-time anapatypu.

Pe3synTtatu u ussoau

CTaumMoHapHuUTe HabatoaeHUA Ha BapHEHCKM 3aamB U
HUB , LLIKopnunoBun® pernctpupar ronemm NoHUKeHus
Ha CONeHOCTTa Ha MOpCKaTa BoAa MO Bpeme Ha
NponeTHWUTE NMbAHOBOAMA Ha peKa [yHas. Te3n nepnoan
Ha crnaj B CONEHOCTTa ca ocobeHo 3abenexkmmu npes
nocnegHute age rogmHu (2023 n 2024 r.) npy BUCOKUTE
BOAM Ha peka [yHaB M manoBoauATa Ha bbarapckute
pekn (HUMX, 2023, 2024). MNpe3 Tesn nepuoanm ce
pernctpupat MakCMMaaHM CTOMHOCTM Ha pH M NoBuULIEeHN
HMBa Ha obulaTta anKkanHOCT B MmopcKaTa Boaa (dwr. 1).

Te3n HabnwoAeHUs CbOTBETCTBAT HA AJaHHUTE OT
MOHMUTOPMHIA Ha KayecTBOTO Ha AyHaBCKUTE BOAM
(UNDP/GEF Danube Regional Project, 2003), Kbaeto
[ONHOTO TeyeHWe Ha peka [yHaB ce onucea ¢
HapacTBaLyyM CTOMHOCTM Ha pH 1 ankanHocT (Hag 8,0 ph u
4,0 mmol/l). MpAkoTo Bb3AelcTBNE Ha peKa [lyHas BbpXy
KpanbpexHuTe BoAM NO 6bArapckoTo  CeBepHO
Kpalbpexkue BOAM A0 TAXHOTO afiKafnM3npaHe, KOeTo e B

paspes c rnobanHata TeHAEHUMA HA MOAKUCNABAHE Ha
MOpcKaTa Boga. To3M Mnpouec He e ycTOM4YMB M npes
rogMHUTE C HUCKU HUBa Ha peka [lyHaBs (kaTo 2022 r.) He
ce Habio4aBaT NPONETHN NOBULLIEHMSA HA CTOMHOCTUTE
Ha pH v ankanHocTTa. ToBa 0bycnass HenpeaBUAMMOCT
B bydepHaTa cMcTema Ha KpanbpeKHUTe MOPCKKU BOAM U
KOMMpPOMeTMpa TAXHATa YCTOMYMBOCT Ha aTmocdepHo
3ambpcaBaHe ¢ CO2, KOETO € OCHOBHMUAT ABUraTen Ha
NOAKUCNABAaHETO Ha MOPCKaTa BoAa.

22,0 9,80
18,0 7,40
14,0 5,00

10,0 2,60
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durypa 1. Mepuoam cbe cnag, B CONEHOCTTAa HA MOPCKATa BOAa
1 NoBuLeHN HMBA Ha pH 1 oblwa ankanHoct

BbnaropgapHocTn: M3cnegBaHeTo e  OCbLECTBEHO B
pamkuTe Ha npoekT LTER-BG n HIULU, ¢nHaHcMpaHu ot
MuHUCTEPCTBOTO Ha 0bpa3oBaHMETO U HayKaTa, Ne1O1-
320/30.11.2023 u Ne[01-321/30.11.2023, KakTo W
npoekTt SEA-ReCap Ha Helmholtz Association Program.
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Introduction

Seawater acidification is an important indicator of global
climate change. So the monitoring of its main parameters
such as pH, total alkalinity, dissolves inorganic carbon
and pCO: is essential for understanding and predicting
ocean processes.

For the Black sea, the global trend of ocean
acidification is not as clearly expressed due to its higher
alkalinity and still poorly studied. The situation is more
complex in coastal water, where anthropogenic activities
mask long-term trends and natural processes.

The present study focuses on a specific aspect of the
acidification, which is observed along the northern
Bulgarian Black Sea coast during the spring period. At the
time of largest flow of the Danube River into the Black
sea.

Methodology
Multi-year stationary observations have been carried
out at two monitoring points — Varna Bay and

Shkorpilovtsi Research base. Physico-chemical
parameters such as pH, salinity and temperature are
measured every two weeks in situ, and measurements of
seawater alkalinity are a laboratory standardized
method. Physico-chemical indicators of seawater are
also monitored with independent stationary real-time
equipment.

Results and conclusions

Our observations at Varna Bay and Shkorpilovtsi
stations record a large decrease in salinity during the
spring high water of the Danube River. These periods are
particularly noticeable in the last two years (2023 and
2024), when the Danube River is full-flowing and the
Bulgarian rivers are low-flowing (NIMH, 2023, 2024).
During the period of decreasing salinity, we observe
maximum pH values and an increase in total alkalinity in
seawater (Fig. 1).

This observation is correspond with the quality
monitoring of the Danube water (UNDP/GEF Danube
Regional Project, 2003), where the Danube downstream
is described with increasing pH and alkalinity values (up
than 8.0 ph and 4.0 mmol/l). The direct impact of the
Danube River on the coastal waters along the Bulgarian
northern coast leads to their alkalization, in contrast to
the observed global trend of ocean acidification.
However, this process is not sustainable and in years with
low Danube levels (like 2022) there is no spring increase
in pH and alkalinity values. This determines the

unpredictability of the buffer system of coastal waters
and their resistance to atmospheric CO2 pollution, which
is the main driver of ocean acidification.
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Figure 1. Periods of decreased seawater salinity and
increased pH and total alkalinity levels
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BannaupaHe Ha XMApONOKKUTE pe3ynTtaTtn Ha cbdeTaH moaen SURFEX-CTRIP 3a bbarapua
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BbBeaeHue

XnaponoXKKOTO moaennpaHe e4HOBPEMEHHO Ha LANAOTO
MHoroobpasue Ha pekute B bbarapua e TPYAHO KaKTo
3apaan pasnuyHute ¢usnKo-reorpadckn ycnosma B
6aceliH1Te, Taka U BCNEACTBUE Ha HYXKAaTa OT NPeLM3HO
NoArOTBEHN METEOPONIOTMYHU JaHHM C NoaxoAAlla
BpemeBa M MPOCTPAHCTBEHA CTbMKa. M3non3BaHeTo Ha
cbyeTaH mogen SURFEX-CTRIP (Munier & Decharme,
2022) paBa Bb3MOMHOCT C OTHOCUTENIHO eapa
NPOCTPaHCTBEHA MpEeXa Ha BXOAHUTE METeOopPOIOTNYHU
OaHHW Ja ce MOCTUTHAT XUAPONOXKKM CMMyNauuMm Ha
peuHuTe HaceliHm ¢ Aob6po KayecTBo. 33 LOCTOBEPHOTO
CMMy/AMpaHe Ha BaXHW NapaMeTpu KaTo Ha/nM4yHa Bnara
B NOYBaTa, CHEXHW 3anacu, BOAHO KOJIMYECTBO B PeKUTE
e HeobxoAMMO pesynTaTUTe OT CUMyJauuuTe aa ce
BaIMAMPAT CTAaTUCTUYECKM, KAaTO Ce CPABHAT C AaHHU OT
XMAPOSOrMYHN U METEOPOJIOTMYHU N3MEPBAHMUSA.

MeTtoponorus

OcHoBHUTE pesyntatm OT  XMAPOJOTUYHOTO
MoZe/IMpaHe Ha NOBbPXHOCTHUTE MPOLLECU U HA OTTOKa,
KOUTO MoOraT ga ce BaAuaupaTt, ca NpPOCTPaHCTBEHO
nsuncneHute ¢ 8 km pesontouma eBanoTpaHcnMpaLma u
B/JIaXKHOCT B NMoYBaTa U CPeaHOLEHOHOLWHUTE CTOMHOCTH
Ha OTTOKa B pekuTe. 3a LenTa ca obpasysaHu peauum oT:
U3MepeHnA OTTOK B pekute oT 146 XuApOMeTpUYHMU
CTaHUMM 33 nepuof OT 8 roguHu; cpesHOAEHOHOLLHM
JaHHW  OT NpOCTpPAHCTBEHATa eBanoTpaHCcnNupauma
nosiydeHn ypes npoekta LSA-SAF (Sepulcre-Canto et al.,
2014), Kouto ca 6/M3KM 40 W3MEpPEeHWUTe CTOMHOCTY;
LaHHM OT CeH30pM 3a BIAX*KHOCT Ha noysaTta B 15 ctaHuumn
Ha HUMX.
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®urypa 1. CpaBHeHMe Ha MeCEYHOTO U3napeHue 3a bbarapus
oT SURFEX un LSA-SAF

M3napeHueTo, nonydyeHo oT npoekTta LSA-SAF, e
npeobpasyBaHo B CpPeAHOAEHOHOWHM CTOMHOCTY,
ocpegHeHM 3a uAna bbarapuAa, M e cpaBHEHO CbC
CTOMHOCTUTE, nosiydyeHu ¢ mogena SURFEX. [laHHuTe oT

XUAPOMETPUYHUTE CTaHUMM Ca OCPedHEeHM 33 BCUYKMK
146 cTaHUUM U CPaBHEHW CbC CbOTBETHUTE MOAENHU
pesynTatu 3a nepmog, oT 8 roaAnHU.

Pe3syntatu u ussoau

CymaTta Ha m3napeHueTo 3a bbarapua 3a 8 rognHu
(2016-2023) e 6nu13Ka 3a aseTe cepmmn: SURFEX u LSA, ¢
1.5% pa3nvka, HO BbTPELWHOrOAULWHOTO pasnpeaeneHune
e pasnuuyHo (¢ur. 1). Mma 1 cbluecTBEHA pa3/IMKa Npu
CpaBHEHMETO Ha OTAENHUTE roaULWHU cyMun — a0 £20%.

CpaBHEHWETO MeXay CcpenHOAeHOHOWHWUTE BOAHMU
KonuyectBa (BK), ocpeaHeHn oT 146 cTaHumMu, WU
CbOTBETHUTE cumynmpaHm BK (dur. 2) nokassa
TeHAEHUMA 33 MO-HUCKM MOAENHM CTOMHOCTU B
nepuoanTe Ha ManoBoAMe U MO-BUCOKU MOAENNPAHMU
CTOMHOCTM B MNepuoaM Ha BUCOKM Bogu. PaHrosaTa
Kopenauma Ha CnupmaH rs = 0.86 (Cohen, 1988).
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durypa 2. CpaBHEHME MEXAY OCpefHEHUTE U3MEPEHN U
mozaenvpanu pegmum BK 3a 146 ctaHumm B bbarapuma
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Introduction

The hydrological modelling of the entire diversity of
rivers in Bulgaria is difficult both because of the different
physical and geographical conditions in the basins and
because of the need for accurately prepared
meteorological data with an appropriate temporal and
spatial time step. The use of the coupled model SURFEX-
CTRIP (Munier & Decharme, 2022) allows with a
relatively large spatial grid of input meteorological data
to achieve good quality hydrological simulations of rivers’
streamflow discharge. To reliably simulate important
underlying parameters such as available soil moisture,
snow pack, and water quantity in rivers, it is necessary to
validate the simulation results statistically by comparing
them with available data from hydrological and
meteorological measurements and other sources.

Methodology

The main results of the hydrological modelling of
surface processes and runoff that can be validated are
the  spatially  computed 8 km resolution
evapotranspiration and soil moisture, and the daily mean
runoff values in the rivers. For this purpose, series were
formed from: measured runoff in rivers from 146
hydrometric stations over a period of 8 years; spatial
mean daily evapotranspiration data obtained through
the LSA-SAF project (Sepulcre-Canto et al., 2014), which
are close to the locally measured by micrometeorological
values method; soil moisture sensor data at 15 NIMH
stations.
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Figure 1. Comparison of average monthly evaporation
for Bulgaria from SURFEX and LSA-SAF product

The evapotranspiration obtained from the LSA-SAF
project was converted into daily average values averaged
over Bulgaria and compared with the values obtained
with the SURFEX model. Data from hydrometric stations

were averaged over all 146 stations and compared with
the corresponding model results over an 8-year period.

Results and conclusions

The sum of evaporation for Bulgaria for 8 years
(2016-2023) is similar for the two series: SURFEX and
LSA-SAF product, with a 1.5% difference, but the intra-
annual distribution is different (Fig. 1). There is also a
significant difference when comparing individual annual
totals of up to +20%.

Comparison between the daily mean water amounts
(Q [m3/s]) averaged from 146 stations and the
corresponding simulated Q (Fig. 2) shows a trend for
lower model values in low-water periods and higher
model values in high-water periods. Spearman's rank
correlation is rs = 0.86 (Cohen, 1988).
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Figure 2. Comparison between averaged measured and
modelled Q series for 146 stations in Bulgaria
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BbvBeaeHue
Manosogmeto e npobnem, c KOWTO ce cbAbCKBAT
HensbeHoO MHOro Hauuu no cseta. ManosoaueTo Ha
peKkuTe xapakTepusmnpa npoAb/xKMTeNEH Nnepmoa c aunca
Ha Ba/ieW, HUCKU HMBA Ha NoA3EeMHUTE BOAM U BUCOKM
TemnepaTypu Ha Bb3ayxa. OTTOKBLT M MapameTpute my
npes nepuoja Ha ManoBoAMe ca OT 3HaYeHue 3a peauua
OTPaC/N — CENCKO CTOMaHCTBO, eHepreTuKa, TYpu3bMm,
KaKTO M 32 BUTOBUTE U MHAYCTPUANHU HYXKAN B CTPaHaTa.
B bbsirapus nepuoaunTe Ha 3acyllaBaHe ca buau npes
40-Te roovHM U NocneaHUTe ABe AeceTnnetus Ha XX BeK.
Mpe3 nocnegHUs  NpPoAbAXUTENEeH nepuos Ha
3acywaBaHe B cTpaHaTa (1982-1994 r.) 1994 r. e 6una
Hali-cyxaTa, KaTo Ma/ioBogMeTo 0bxBalla MoyTH uanarta
roguHa (Freoprues u gp., 2004).

MeTtoponorua

Manosoaneto Ha pekute B bbarapua e xapakrepHo
KaKTO 3a JIeTHUTe, Taka W 3a 3MMHWUTE meceuu W
npogbvmkaea or 2 po 3  meceua. OCHOBHUTE
XapaKTepUCTMKN Ha MaIOBOAMNETO Ca NPOABAXKUTENHOCT,
MWHUMANHO BOLHO KONMYECTBO, HAYa10 U Kpa.

HacToAwoTo uscneasaHe e ¢ GOKyc NATHO-ECEHHOTO
manosoaune B bvarapua npes 2024 r. lpeacraseHo e
BbTPELHOroAMWHOTO pasnpeaeneHne Ha pevyHnsa oTToK
B CTpaHaTa, Ha 6a3a Ha KoeTo ca onpeaeneHn Ha4anoTo
W KpaAT Ha nepuoga Ha manosoaue. HanpaseHo e
cpaBHeHMe Ha obema Ha peyHMAa OTTOK 3a Taka
onpeseneHns nepuos Ha manosogue ¢ obemute Ha
OTTOKa 3a M3bpaHu cyxa, CpesHa W BNaxKHa rogmHa.

Pe3syntatu u ussoau

Mo MbpPBOHAYA/IHU OaHHU OTTOKBT Ha
MOBBPXHOCTHUTE BOAW, GOPMUpPAH Ha TepuTopuATa Ha
Bbarapua, npes 2024 r. e okono 9053 maH. m3. O6wmaT
roauweH obem Ha peyHna OTTOK B cTpaHaTa npe3 2024 .
e ¢ 30% no-manbk oT To3u 3a 2023 . (dur. 1).
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durypa 1. O6em Ha peyHuMs OTTOK B CTpaHaTa 3a 2024 .

N npu yetnpute BogocbopHU HaceiHa ob6embT Ha
OTTOKa 3a 2024 r. € N0-ManbK OT CboTBEeTHMA 3a 2023 T.
Halt-ronamo e HamaneHneTo Ha obema Ha peyHusa OTTOK
B M3TOouHOGEenomopckusa BogocbopeH baceitH — ¢ 53%
Mo-Ma/Iko CNPSAMO NpeaxoHaTa roamnHa.

MNpe3 uanata 2024 r. cpegHoOMeceyHUTe BOAHMU
KonnyecTBa Ha HabnogasaHuTe pekn ca 6Guam nop,
MeCce4yHuUTEe HOPMU.

AHanNM3bT Ha BBTPELHOIOAMIIHOTO pa3npeaeneHme
Ha obema Ha oTTOKa no BoaocbopHM HaceiHU NoOKas3Ba,
4ye MasoBoaMe B CTpaHaTa ce Habnoaasa B nepuosa ot
HOHM A0 HoemBpw (¢ur. 2). B YepHomopckusa BogocbopeH
baceliH B pe3ynTaT Ha npoabaxuteneH nepuog 6es
BaNeXW ca NpecbxHanu pekmte Pakuiicka B paiioHa Ha
XMAPOMETpUYHaTa cTaHuma npu c. 3ugaposo (20.VII-
14.Xl) v PonoTamo B paioHa Ha XWUAPOMETPUYHATA
CTaHumMA npwu c. Becenne (26.VII-20.1X).

o u crpanara 2024 1.

®urypa 2. 06em Ha peyHus OTTOK B CTpaHaTa 3a 2024 .
no BogocbopHu baceirHn

W w100
H

Ob6eMbT Ha peyHMA OTTOK B CTpaHaTa 3a TakKa
onpeaeneHna nepuog Ha manosoaue npes 2024 r. e
CpaBHeH c 0b6emnTe Ha OTTOKA 3a M36paHU cyxa, cpeaHa
W BNaXkHa roguHa (owur. 3). N npu yetTnpute OTTOYHM
b6aceiiHa 06eMbT Ha peYHUA OTTOK B OTAENHUTE MeceLm
npes nepvoAa Ha NATHO-eCEHHOTO MaJsioBogue Mnpes
2024 r. e No-mManbK cnpAmo obemuTe 3a CblMA Nepuos,
3a u3bpaHuTe cyxa, cpegHa U BAaXKHA rognHa.
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durypa 3. CpaBHeHMe Ha obema Ha peyHna OTTOK
32 nepuoga Ha manosogme npes 2024 r.
¢ n3bpaHu cyxa, cpeaHa 1 BNaxHa roguHa
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Introduction

Low streamflow is a problem that affects many countries
in the world. Low-flow is the flow of water in a stream
during prolonged dry weather with lack of precipitation,
high air temperatures and low groundflow. Streamflow
and its elements during low-flow periods are essential for
a wide range of economic fields — agriculture, energetics,
tourism, as well as for daily necessities and industry.

In Bulgaria dry periods had been recorded in the 40°
and in the last two decades of the XX century. Among all
others 1994 was the driest year in the last dry period
(1982-1994) in the country (Georgiev et al., 2004).

Methodology

Low steamflow periods in Bulgaria usually occur in
summer and winter months and last 2 to 3 months. Low-
flow period major properties include duration, minimum
low-flow discharge, start and end of period.

The objective of this study is to provide an analysis of
the low streamflow period in the summer and autumn in
2024 in Bulgaria. The intra-annual flow distribution in the
country as presented on Fig. 2 was used to identify the
beginning and the end of the low steamflow period. A
comparison between the river runoff volume of the so
defined low streamflow period and the respective
volumes of a dry, a normal and a wet year is also
presented.

Results and conclusions
River runoff volume for 2024 in Bulgaria is 9053x10°
m?3 as per initial data. The total annual runoff volume in
the country in 2024 is 30% less than the one in 2023 (Fig.
1).
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Figure 1. River runoff volume for 2024 in the country

In 2024 the river runoff volumes of all the four river
drainage basins is less than the respective ones in 2023.
The East Aegean basin has the highest decrease rate —
the river runoff volume is 53% less than the one of the
previous year.

During the whole 2024 the monthly average
discharges of the rivers monitored in the country are
below the monthly normals.

The intra-annual flow distribution over the major
drainage basins shows that the low-flow period in
Bulgaria lasts from June to November (Fig. 2). As a result
of a long-lasting dry period with no precipitation two
rivers in the Black Sea basin run completely dry: Fakiyska
River in the area of Zidarovo hydrometric station (20.VII-
14.X1) and Ropotamo River in the area of Veselie
hydrometric station (26.VI1I-20.1X).

River runoff volume for 2024 in Bulgaria
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Figure 2. River runoff volume for 2024 in the country
per drainage basins

The river runoff volume of the low streamflow period
in 2024 is compared with the respective volumes of a dry,
anormal and a wet year (Fig. 3). Each of the monthly river
runoff volumes of the four drainage basins during the low
streamflow summer-autumn period of 2024 is less than
the respective monthly runoff volumes of the chosen dry,
normal and wet years.
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Figure 3. River runoff volume of the low streamflow period
in 2024 as compared with a dry, a normal and a wet years
chosen
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BbBeaeHue

NHBecTuunuTe npu PEKOHCTPYKLMA Ha
BOAOCHabauTenHu cuctemu (BC) ca no-ronsimaTa yact oT
B/IOXKEHUTE  pecypcnm  Kato UANO 33  CeKTop
BOAOCHabaABaHe n KaHanusauma. EpukacHocTTa Ha To3un
BMA, KanuTanosioxeHua e cnabo oueHeHa, a
MOJEeNMPaHeTO Ha eaHa TakaBa MHBECTULMA Ce CBeXAa
[0 CpaBHABaHe Ha eAMHUYHW BapPMAHTHWU peLUeHuA.
Cb3aaneH e mogen 3a 060cHOBaBaHe Ha MHBECTULMOHHA
nporpama npu ynpaBieHWETO Ha BOAOCHabAUTENHU
cucTemm.

MeTtoponorus

PaspaboTkaTa ce npunara cnep, U3NbAHEHWETO Ha
MPOEKTM C BUCOK PUCK OT MNpeKbcBaHe Ha
BogonoAaBaHeTo. BbamoxkHocTuTe 33 AndepeHuMpaH
NoAxof KbM OTAe/IHUTe NOA30HM U NoKasaTenn ca ACHO
AednHMpaHKM, KaTo ToBa NO3BONABA WM3rpaXkgaHeTo Ha
MOJe/IHa CTPYKTypa 3a MojaBaHe Ha CTaTU4Ha W
ANHaMMYHa onepaTMBHa MHGOPMALMA, C Bb3MOXKHOCT 3a
usBexgaHe Ha wu3bpaHn nokasatenu. BxogHaTa
nHbopmauma ce ocHoBaBa Ha CbbpaHUTE OMepaTUBHU
[JaHHU, KOETO AaBa PeasUCTUYHA OLEHKa Ha CUIHUTE U
cnabute cTpaHW Ha aHanM3MpaHaTa BOAOCHabauTesnHa
cucTema M BOAM L0 onTumaneH usbop Ha edekTMBHa
WHBECTULIMOHHA CTpaTeruna.

3a obeKT Ha u3cneaBaHeTo e NpueTa YacT OT peasHa
BOAOCHabAUTeNHa cucTema, Nopaan Bb3MOXKHOCTUTE 3a
AvdepeHuMpaHe Ha OTAE/NHU 30HW C NPernomnBaHe U
rpaBUTayHO BoAOCHabasBaHe OT npupoaHa (cyposa) u
npeyncreHa Boaa.

BOAOCHABMTENHA CUCTEMA
(NpMHUMNHA Cxema)

"N\ %

T Hanope pesepeoap

[ Nomnena cramuma

%ﬁﬂmwaﬁama 30H3

®urypa 1. Cxema Ha BOAOCHabAUTENHA cUCTEMaA

OrpaHunyeHMATa B TOBa M3cnenBaHe Ca CBbP3aHU C
TpygoemKaTta 06pa60TKa Ha nNoAdaBaHWUTE OaHHW,
HeNb/IHAaTa apXMBUpPaHa VIHCI)OpMaLI,VIFI, Bogeua A0
npuemaHuna, W3KpusABallk peasHata CUTyauuAa, HO
p,o6pe onucealwy cnnaTta Ha moaennpaHeTo 3a OUueHKa U
M360p Ha MHBECTUULMOHHaA nporpama npu HaJln4Ha U
AO0CTOBEPHa 6asa ot AaHHU.

Pesyntatu u ussogu

N3BeneH e nogpobHO anropuTbMbT 33 OLLEHKA 3a
paboTaTa Ha BC cneg peannsmpaHe Ha MHBECTULMOHHATA
nporpama. U3bpaHn ca cueHapuu 3a NpoBexKAaHe Ha
CMMy/aLMM, KbAeTo 3a NPOMEHAUBM Ha BXOA Cca
n3segeHn nokasatenute SE — ueHa Ha pocTaBeHa
eneKkTpoeHeprma, u SR — obem Ha uHBecTUuMATa. 3a
HabatoAaBaHN pe3ynTaTM OT NPOBEAEHUTE CUMMYAALUN
ca onpeaeneHun NokasaTesm OT TEXHUYECKU, GUHAHCOB U
€KOJIOTMYEH XapaKTep.

Mnsecrruma [mak. ns.]

EranHocT Ha MHBecTUUMA 3a BC

®urypa 2. ETanHOCT U MHTErpanHa Kpmsea
Ha UHBECTULMOHHMA NpoLec

M3BeseHn v aHanusmpaHu ca obwmute pasxogu no
30HU, NPeaM U CNes HanpaseHU MHBECTULLMM, CPOKBT Ha
OTKyMyBaHe,  pasxoguTe  3a  NOAAPBNKKA,  3a
€NeKTpoeHeprua 1 peayumpaHuaT obem n3seTta Boga oT
npupoaara.
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Introduction

Investments in the reconstruction of water supply
systems constitute the majority of the funds invested in
the water supply and sewer sector as a whole. The
effectiveness of this type of capital investment is poorly
assessed and the modeling of such an investment is
reduced to comparing individual alternative solutions. A
model has been created to justify an investment program
in the management of water supply systems.

Methodology

The development is applied after the implementation
of projects with a high risk of water supply interruption.
The possibilities for a differentiated approach to
individual sub-areas and indicators are clearly defined,
which allows the construction of a model structure for
providing static and dynamic operational information,
with the possibility of deriving selected indicators. The
input information is based on the collected operational
data, which provides a realistic assessment of the
positive and negative weak indicators of the analyzed
water supply system and leads to the optimal choice of
an effective investment strategy.

A part of a real water supply system was adopted for
the study object, due to the possibilities for
differentiating separate zones with re-pumping and
gravity water supply from natural and treated water.

WATER SUPPLY SYSTEM
(scheme)

7%
Lol o

Figurel. Water supply system diagram

[ Pumping station

%@Wat&r supply area

The limitations of this study are related to the
laborious processing of the submitted data, the
incomplete archived information, leading to the
assumption of an unrealistic situation, but well
describing the power of modeling for evaluating and
selecting an investment program with an available and
reliable database.

Results and conclusions

The algorithm for assessing the performance of a
water supply system after the implementation of the
investment program is presented in detail. Scenarios are
selected for conducting simulations, where the input
variables are the indicators SE — price of supplied
electricity, and SR — investment. For observed results
from the simulations conducted for given indicators of a
technical, financial and environmental nature.

Cost [million BGN]
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i s 7 8 3 10 u 1 13 w1

Water supply system investment phasing

Figure 2. Phasing and integral curve of the investment process

The total costs by area, before and after investments
made, the payback period, maintenance costs, electricity
costs, and the reduced volume of water withdrawn from
nature are derived and analyzed.
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Figure 3. Investment efficiency
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BbBegeHue

CblyecTByBa MHTEpPEC OT yNpasBAABaLLUTE B NOAKpena 3a
Bb3CTAHOBABAHE HA XUAPOMETPUYHM  CTaHUUM U
MOLEPHM3NPAHE HA WU3MepBaTesNHaTa TexXHWKa Ha
HUMX. Taka 6uM ce MNOBUIIMNO KA4yecTBOTO Ha
XMppomeTpuyHaTa MHPOPMaLMA M HEMHATA MbCTOTa Ha
HALUWOHANHO HMBO.

B ycnoBuATa Ha KAMMATUYHM UM3MEHEeHMA ce
HabntoAaBa 3HAUYNTENIHO BAUAHUE BbPXY XUAPOIOKKATE
XapaKTePUCTMKK, [aBalM MHPOPMALMA 33 MPUTOKA U
pa3xoja B egHa cMcTeMa — BogeH banaHc.

daKTopuTE, KOUTO OKA3BaT BAMAHME, Ca: NPOMAHA B
peXnMma Ha Banexute, TemnepaTtypaTta U U3napeHuneTo.
OcHoBeH NpuUXoAeH KOMMOHEHTW B YpPABHEHMETO Ha
BOAHMA BanaHc 3a eAnH pedeH bacenH e KOMYecTBoTO
Ba/NIE}KN, KOETO € WU3MepeHo OT MEeTeOopPOSorMYHUTe
CTaHuuu, OCHOBEH pasxoaeH KOMMOHEHT e
n3napeHneTo. PaunMoHaNHOTO ynpaBaeHWe Ha BOAHUTE
pecypcu 3a XUAPOJIONKKM LUenn e OT NbPBOCTEMNEHHO
3HayeHMe 3a MPaBUHO oOnpeaenAHe Ha pecypca Ha
NOBBPXHOCTHUTE BOAM B CTpaHaTa.

MeTtoponorus

M3cneaBaHM ca  pPas/iMMHU  METOAM, EMMUPUYHMU
dopmMynun 1 anropuTMu 3a oLeHKa Ha KOMMNOHEHTUTE Ha
6anaHca Ha TeputopuATa Ha CTpaHaTa:
BOAHODOanaHcoBM XUOPONONKKM mogenu,
arpoMeTeopOoIOTMYHN OLEHKM, Tpua, 6asMpaHn OLLEHKM
Ha eBpPOMenCKUA U CBETOBHW MPOTrHOCTUYHU LLEHTPOBE.
MunoTHo paboTata e HacoyeHa KbM rMopeyne OT
LEeHTpasHaTa YacT Ha [yHaBcKkuA BogocbopeH baceitH —
NnopeymeTo Ha p. BUT fo BAMBaHeTo 1 B peKa [lyHaB. 3a
LenTa ca Non3BaHU AaHHW OT XMAPOMETEeoposIornmyHaTa
6a3a Ha HUIMX 3a nepunoga 2010-2022r.:
® CPEAHOTOAMLIHN U CPpefHOMECEYHU AaHHU 3@ BOLHMU
Konnyectea B 5 XMC no nopeymeTo Ha peka Bur;
® CpegHOroAMWHW Temnepatypu Ha Bb3gyxa B 10
CTaHLMM NO NOpPeYMeTo Ha peka BuT;
® CpeHOroAMLWHN U CPefHOMECEYHM AaHHM 33 CYMA Ha
Banexu B 20 BaneKOMEpPHU CTaHLMW MO NOPEYNeTo Ha
peka Bur;
® BMCOYMHA Ha CHeXXHa MOKPWMBKa B 25 BaseXoMepHu
CTaHLMM NO NOPEeYMeTo Ha peka BurT;

® (CpefHM CTOMHOCTM Ha MOYBEHa BAAXKHOCT B
e4HOMETPOB MNOYBEH C/IOM.
MpepctaBeHa e Bpb3KkaTa  MeXAy  cpegHo-

MHOTOroAMIIHUTE CTOMHOCTM Ha u3napeHueto (ET) wu
Banexa (P), KaKToO U MeXAy XMAPONOKKUTE eNemMeHTU
Ha BoAHMsA BanaHc.

3a onpegensHe Ha roguwHUa obem Ha akTyanHaTta
eBanoTpaHcnMpauma 3a nopeymeTo Ha p. But e
NPWIOXKEH eMNMpUYEH noaxoa Ha Turk.
P
=05

[e+()]

OnpefneneHa € W 3aBUCMMOCTTa Ha OTTOKA C
Ba/ZieXXMTe W TemnepaTypata upe3 pPerpecroHHu
3aBMCMMOCTM Ha 6asa MCTOPMYECKU AaHHUM  OT
HabntogeHua. Pe3yntatute ca  aHaausupaHu U
Ba/IMAMPAHN Ype3 CPAaBHEHWE C HA/IMYHU M3MepPBaHUA.
OcHoBHaTa uen e no-4obpoTo nm pasbupaHe, KoeTo aa
MOCAYXWM 33 YCTOMYMBO YynpaB/JeHWMe Ha BOAHUTE
pecypcu. M3cnepBaHeTo ce ocHOBaBa Ha JaHHM 3a
CYMAapHO WM3MnapeHue 3a udAanata crpaHa ot ERAS
reanalysis (Copernicus).

Pe3syntatu u ussoau

Pesyntatute ca nosaydyeHn c¢ nomowTa Ha [UC
6a3vpaHUTe pacTep KanKy/latopyu W CTaHAAPTHU
CTAaTUCTUYECKH OLEHKMU. AHanusupaHa e
NPOCTPaHCTBEHO-BpEeMeBa OUEeHKa Ha napameTpuTe,
KaKTO M Pas3/IMKUTE MeXAy OLUEHKUTE Ha e4HU U Cblun
napameTpuM OT pasiMyHM U3TOYHMUM. B pesyntat e
pa3paboTeHa MeTOAMKA 3a OLUEHKa Ha pecypca 3a

MOBLPXHOCTHM  BOAHW Tena  upes  XWAPO/ONKKA
perMoHan1saums.

M_M
a) 6)

durypa 1. 06w, obem Ha BogHUTe pecypcy oT 2010 go 2022 r.
3a nopeyve But (a); loauweH Banex, M3napeHune u cpegHa
roguiHa Temnepatypa (2010-2022) 8 nopeune Bur (6)

bnarogapHoctu: W3cnepgsaHeTo e OCbLWECTBEHO B
pamKuTe Ha HayYHOM3C/eL0BaTeNCKM NpoekT ,Moaxoam
33 pecypcHu OUeHKMU 1 BoLeH BanaHc Ha TepuTopuATa
Ha [lyHaBCKu panoH”, dmHaHcupaH oT HUMX.
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Introduction

In recent years, the government has increased interest
in supporting the restoration of hydrometric stations
and upgrading our measurement equipment. This would
improve the quality of hydrometric information and its
density at the national level. In the context of climate
change, there is a significant impact on hydrological
characteristics, giving information on inflow and outflow
in a system, such as water balance. The factors that lead
to these changes are precipitation patterns,
temperature, and evaporation. The primary input
component in a river basin's water balance equation is
the precipitation that the weather stations measure,
while the significant input component is evaporation.
Rational management of water resources, specifically
for hydrological purposes, is essential to correctly
determining the country's surface water resource.

Methodology

Currently, applied methods, empirical formulas, and
algorithms for assessing the balance components on our
country's territory are studied: water balance
hydrological models, agro-meteorological assessments,
and grid-based assessments of European and world
forecasting centers.

The pilot work focuses on a stream in the central
part of the Danube catchment — the Vit River up to its
confluence with the Danube. For this purpose, data
from the hydrometeorological database of NIMH for the
period 2010-2022 were used:

e annual and monthly average data of water
guantities in 5 pcs. Water levels in the river Vit;

e averaged annual air temperatures at 10
stations along the Vit River;

e average annual and average monthly rainfall
data at 20 rain gauge stations along the Vit
River;

e snow cover height for 25 rain gauge stations
along the Vit River;

e mean values of soil moisture in a one-meter
soil layer.

The relationship between annual mean
evapotranspiration (ET) and precipitation (P) and the
relationship between the hydrological elements of the
water balance are shown.

Turk's empirical approach was applied to determine
the annual volume of actual evapotranspiration for the

Vit River.

ET=LO_5

[e+(0)]

Regression relationships based on historical
observational data also determine the runoff
relationship with precipitation and temperature. The
results are analyzed and validated by comparison with
available measurements. The main objective is to better
understand how to serve sustainable water resources
management. The study is based on total evaporation
data for the whole country from the ERAS5 reanalysis
(Copernicus).

Results and conclusions

Results were obtained using GIS-based raster
calculators and standard statistical estimators. The
spatial and temporal estimation of the parameters and
the differences between the estimates of the same
parameters from different sources.

As a result, an improved resource assessment
methodology for surface water bodies has been
developed through hydrological regionalization.

i T ppe

a) b)

Figure 1. Total volume of water resources from 2010 to 2022
for the Vit (a); Annual precipitation, evaporation, and mean
annual temperature (2010-2022) in the Vit River basin (b).
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BbvBeaeHue

MoHorpaduaTa paskpuBa NPOCTPAHCTBEHO-BpemeBaTa
AVHAMMKa Ha PEYHUA OTTOK B rPaHMUMTE Ha PedHus
BOAOCOOP Ype3 pas/nyHM Noaxoau (CTaTUCTUYECKM U
BEPOATHOCTEH) M MeToAM (EMMUPUYHU U TEOPETUYHM
KpuBM  Ha  06e3neyeHoCT, TPAWHOCTHM  KpWBM,
perpecuoHHW ypaBHeHUA 1 Ap.).

MeTtoponorus

B ocHoBaTa Ha aHa/M3a ca MOCTAaBEHWU TOAWULIHUAT
peyeH OTTOK W pa3npefenieHUeTo Ha BOAHUTE
KO/MyectBa MO Meceum U ce3oHU. U3cnepBaHu ca
MUHUMANHUAT U MaKCMMaNHUAT OTTOK, OMUCaHM 4pe3
YecToTa M BEPOATHOCTTAa MM 3a MpofABa W ApPYrU
XMOPONOXKKN NapaMeTpu.

Pe3ynTtati u ussoam

B nbpeu pasgen ,Xvaponorus Ha Bogocbopa Ha
peka AHTpa“ nocneposaTeniHO € pasrnefaH rogULIHUAT
peyeH OTTOK BbB BoAOCOOpa KaKTO Ha r/aBHaTa peka,
Taka W 33 OCHOBHMUTE nputouu. W3cneaaHu ca
MHOTOrOAMIIHUTE TEeHAEeHUMN BbBB GOPMMpPAHETO Ha
OTTOKa.  AHa/NM3MpaHO €  BbTPEWHOroAMLWHOTO
pasnpegeneHve Ha peyHua OTTOK BbB Bogocbopa Ha
pekaTa, KaTo ce 3ano4Ba C MeCe4YHOTO U ce NpPemMnHaBa
KbM CE30HHO pasnpeaeneHue.

AHanusnpaH e TOAMWHUAT MaAKCMManeH OTTOK,
KaKTO M MEeCceyHOTO W CEe30HHOTO pasnpefeneHue Ha
MaKCMManHuMTe BOAHM KonudyectBa. [lpeanoxeH e
JMHaeKkc Bucokun sogn” — Fl (Flood Index).

OnpeaeneHn ca XapaKTEPUCTUKU HAa MWUHUMANHUA
OTTOK B nopeyne AHTpa. MntocTpupaHa e MeToamKaTa 3a
€KO0/I0TMYeH OTTOK.

Pasgen BTOpM pasrnexga MoOAeNUpPaHeTo Ha
XMAPONOKKUTE CUCTEMMU, KATO € MNPeLsONKEeH KpaTbK
nperneg Ha MoZennTe, U3NON3BaHU 338 MOAENMPAHe Ha
npoueca Bajsex — OTTOK. [peasoxKeHn ca ABa OCHOBHM
MoZena 33 Mofe/IMpaHe Ha OTTOKA Ha peKa AHTpa:

® MoOJenMpaHe Ha peyHus OTTOK C Mofden ¢

pasnpegeneHu napameTpu Hydro-BEAM
(Hydrological Basin Environmental Assessment
Model), paspaboTeH B YHMBepcuTETa Ha KnoTo.
C Hero e HanpaBeHa MHOTOroAuwHa
CMMynauMa Ha peyHus OTTOK 3a baceliHa Ha
lopHa AHTpa;

® MoJenMpaHe Ha peyHus OTTOK C Mofjen ¢

nonypasnpegeneHn  napametpu  HEC-HMS
(Hydrological modeling systems, US Army Corp
of Engineering). C Hero e moaennpaH Uenunat
Bogocbop Ha p. AHTpa [0 BAMBAHETO M B
p. QyHas.

MpeactaBeH e ONUT 32 KPAaTKOCPOUYHWU XUOPOJIONKKU
nporHosu B nopeuneto ¢ moaen HEC-HMS. baceliHbT Ha
peka fAAHTpa e mogenunpaH v npu 6bAewmn KAMMaTUYHU
YC/I0BMS, KaTo € MPUJIOXKEH NoAXo, Ha Bb3aencrene.

EJIEHA BOXXUJTOBA

PEKA AHTPA —
XNAPONMOXKWN AHANTN3N N
MOZAE/INPAHE HA PEHHUA OTTOK

2024

durypa 1. MoHorpadwus, ISBN 978-619-7739-10-7,
M3patencteo Neofeedback

MoHorpapuyHMAT Tpya e npeaHasHayeH KakTo 3a
cneumanuctu B obnactta Ha XugposorusaTa, BOAHOTO
Oeno u ynpaB/iieHMeTO Ha BOAMTE, Taka U KbM LUMPOK
Kpbr untaTenn. bubavorpaduata npasu npernes Ha Hag,
230 3arnaBua, Kato 108 ca 3arnaBuATa Ha Ob/Arapcku
e3uK 1 Hag 120 Ha natuHuua. O6embT Ha NpeaaaraHoTo
nscnegsaHe e 233 cTpaHuun. TpyabT e peueH3npaH ot
npod. MnameH HuHoe n npod. Henn Xpucrosa.

bnaropapHocTtu: ABTOpP®BT M3Kas3Ba csoute
6narogapHoctv KbM HC Ha HUMX 3a ¢duHaHCUpaHe Ha
oTneyatBaHeTo Ha 40 ek3emnnapa oT U3cnesBaHeTo.
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Introduction

The monograph reveals us the spatio-temporal
dynamics of the river outflow within the boundaries of
the river catchment through various approaches
(statistical and probabilistic) and methods (empirical
and theoretical probability curves, duration curves,
regression analysis, etc.).

Methodology

At the base of the analysis, the annual runoff and
the distribution of water quantities by months and
seasons, the minimum and maximum runoff, described
by their frequency and probability of occurrence and
other hydrological parameters, were added.

Results and conclusions

In the first section, “Hydrology of the Yantra River
catchment”, the annual river water runoff in the
catchment for both the main river and the main
tributaries are considered in sequence. The long-term
trends in the formation of the river runoff were studied.
The intra-annual distribution of the river runoff in the
river's catchment was studied, starting with the monthly
and moving to the seasonal distribution.

Maximum annual river runoff was analysed. The
monthly and seasonal distribution of maximum water
quantities was studied. “Flood Index” is proposed — F/
(Flood Index).

The characteristics of the minimum river discharges
in Yantra watershed are obtained. The methodology for
ecological flow is illustrated.

The second part of the monograph deals with
modelling of hydrological systems. A brief theoretical
overview of rainfall-runoff models is made. Two main
models have been proposed to model the runoff of the
Yantra River:

e we model the river runoff with a distributed

parameter model Hydro-BEAM (Hydrological
Basin Environmental Assessment Model)
developed by Kyoto University. The model has
been tested in the conditions of a multi-annual
simulation of the river runoff for the Upper
Yantra basin: Yantra River at Veliko Tarnovo
town;

e we model river runoff with a semi-distributed
parameter model with HEC-GeoHMS
(Geospatial Hydrologic Modelling Extension)
and HEC-HMS (Hydrological Modelling System)
both from the US Army Corp of Engineering.
The entire catchment of the Yantra river up to
the confluence to the Danube River is modelled
with HEC-HMS.

Model HEC-HMS is applied to short-term forecasting
and is experiments with real-time predictions for Yantra
River near the village of Karantzi. The Yantra watershed
is modelled under future climate conditions applying an
impact approach.
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Figure 1. Monograph, ISBN 978-619-7739-10-7,
Neofeedback Press

The monograph is intended both for specialists in
the field of hydrology, the water work and water
management, as well as for a wide range of readers.
The bibliography reviews over 230 titles, 108 of which
are in Bulgarian and over 120 in Latin. The volume of
the proposed study is 233 pages. The book was
reviewed by Prof. Plamen Ninov and Prof. Neli Hristova.

Acknowledgements: The printing of this work (40
exemplars) was supported by the Scientific Council of
NIMH.
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P. CredpaHosa’

JenaptameHT ,Xugponorns“, HauMoHaneH UHCTUTYT MO METEOPOJIOTUA U xugponorusa — uamnan Naosams
KntouoBu aymu: esanompaHcnupayus, Xuoposonko modenupaHe, odeH b6anaHc
*email: rstefanova@meteo.bg

BvBeaeHue

EBanoTpaHcnupaumata (ET) e KAo4OB KOMMOHEHT Ha
BOAHMA  banaHc wu  onpegensw, ¢daktop  3a
pasnpegeneHneTo Ha BOAHWUTE pecypcu. ToyHata W
OLLEHKa € KPUTMYHA 33 XMAPOOKKUTE MOAENM, TbIA KaTo
rpeWwKn B W3YMCAEHMATa M MmoraT ga A[oBenart Ao
3HAUYUTENIHW HETOYHOCTU B MPOrHO3MPAHETO HA OTTOKa.
Mopaau cnoxHocTTa Ha npouecuTe ET ce oueHABa ypes
MaTeMaTU4eCKU MOZLENUN, KOUTO M3UCKBAT BanuaupaHe
CNPAMO peasiHu U3MepBaHuA.

HactoAwoTo n3cnenBaHe cpaBHABA MOAEMPAHUN U
M3MepeHN CTOMHOCTM Ha ET 3a paitoHa Ha HAO PoxkeH
(2016-2024 r.), kKaTo aHaNM3MpPa TOYHOCTTA HA PA3INYHMU
MOZENN W BAVAHWETO Ha pPa3/IMKUTE BbPXY BOAHMA
6anaHc.

MeTtoponorus

3a oOueHKa Ha TOYHOCTTAa Ha MoAe/npaHuTe
CTOMHOCTM Ha eBanoTPaHCAMpauMATa ca W3MNO0A3BaHU
namepsaHus ot ypes IRGASON, MOHTMpPaH B palioHa Ha
HaumoHanHa acTtpoHomuyecka obcepsatopus (HAO)
PoxkeH, npwnaral, MUKPOMETEOPOSIOTUYEH METOA.
AHanusbT 06xBawa nepmoaa 05.03.2016 — 10.02.2024 r.,
KaTo Ca BKJ/IOYEHW CamMO NpeaCTaBUTE/IHU CTOMHOCTU 3a
AeHoHouwHa ET.

CpaBHEHMETO CeE W3BbLPLUBA MEXAY W3MepeHuTe
JAaHHW W MOAEeNUpPaHUTE CTOMHOCTM OT CcnepHuTe
moaenu:

e ISBA, 8 km pesontouusa (Artinyan et al., 2008)

e LSA-SAF (LSA-312) — caTenunTHU AaHHM 3a ET ot
EUMETSAT (Albergel et al., 2012)

e SURFEX, 8 km pe3oatouums (Artinyan et al., 2017)

e ECMWF_0.1(0.1° pesontouus — European Centre
for Medium-Range Weather Forecasts)

e SURFEX, 4 km pe3soniouus

Ha nbpBM eTan ce npunaraT CTaTUCTMYECKM METOAM 32
OLEHKA Ha CbOTBETCTBMETO, BK/IOYMTENHO U3UUCAEHUE
Ha KoeduumueHTa Ha Kopenauus (r),
CpPeAHOKBAApPaTUUYHA TPewlka WM ApyrM nokasatenu 3a
To4yHoCT. Cnep onpefensiHe Ha HAN-NOAXOAALLMA MOAEN
3a pasrnexgaHuna painoH HeroBuTe AaHHWU ce U3nos3eaT
3a aHa/IM3 Ha MeCeYyHoTo pasnpeaeneHue Ha ET.

Pe3synratu un ussoaun

AHanu3bT Ha KopenauuAatTa Mexay usmepeHaTa u
mogennpaHarta ET NOKa3Bga, ye Han-BMCOKa
CblNacyBaHOCT C HabalogeHUATa MMaT caTenuTHUTe
BaHHKU LSA-SAF (r=0.79) n mogenst ECMWEF (r=0.79).

BbTpewHoOMO4eNIHOTO CpaBHeHWe MOoKa3Ba Hal-
BMCOKa Kopenaumsa mexay LSA-SAF n ECMWEF (r=0.88),
KOETO NOKa3Ba CXOACTBO B TEXHWUTE U3UMCcneHus Ha ET.

ET LSA_SAF | ISBASkm | SFX8km |ECMW_0.1| SFX4km
ET 0.79 0.63 0.59 0.79 0.69
LSA_SAF [ 0.79 0.56 0.60 0.88 0.85

durypa 1. MaTpuua Ha KopenaumMoHHUTE KoepULMEHTU r
mexay usmepeHa ET v mogenvpanuTe peguum

BbTperoanwHoTo pasnpegenenme Ha ET, usumcneHo
Ha 6asa pgaHHM oT LSA-SAF, nokasBa u3paseHa
Ce30HHOCT. MaKcMmasHu CTOMHOCTM ce Habatoaasat
npes neTHUTE meceum (IOHW — aBrycT), KaTo HOHKU e
MeceubT C Han-BUCOK Aan Ha ET 3a noseyeTo rogmHu (oo
20.5%). MponeTHuTe Meceuu (anpun — mal) CblO
OOMPUHACAT 3HAYUTENHO, [OKAaTO 3UMMHWUTE MeceuLm
(mekemBpu — ¢eBpyapu) MmaT HaN-HUCKM CTOMHOCTU
(nog, 5%). Bapuauuata mexay roamHuTe e 3abenexmnma,
0COOEHO Npe3 MPexoaHUTEe Ce30HW, KOEeTO BEPOATHO
0TpassABa KAMMATUYHUTE PA3/IMKKU U MPOMEH/IMBOCTTA Ha
atmocdepHUTe ycaosums.
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Introduction

Evapotranspiration (ET) is a key component of the water
balance and a determining factor in the distribution of
water resources. Accurate estimation of ET is critical for
hydrological models, as errors in its calculation can lead
to significant inaccuracies in runoff predictions. Due to
the complexity of the processes involved, ET is assessed
using mathematical models that require validation
against real measurements.

This study compares modeled and measured ET
values for the area of NAO Rozhen (2016-2024),
analyzing the accuracy of different models and the
impact of discrepancies on the water balance.

Methodology

To evaluate the accuracy of modeled
evapotranspiration values, measurements from the
IRGASON instrument, installed at the National
Astronomical Observatory (NAO) Rozhen, were used.
This instrument applies a micrometeorological method.
The analysis covers the period March 5, 2016 — February
10, 2024, including only representative values for daily
ET.

The comparison is conducted between the
measured data and ET values computed by the following
models:

e ISBA, 8 km resolution (Artinyan et al., 2008)

e LSA-SAF (LSA-312) — satellite-derived ET data
from EUMETSAT (Albergel et al., 2012)

e  SURFEX, 8 km resolution (Artinyan et al., 2017)

e ECMWF_0.1 (0.1° resolution — European
Centre for Medium-Range Weather Forecasts)

e  SURFEX, 4 km resolution

At the first stage, statistical methods are applied to
assess model performance, including correlation
coefficient (r), root mean square error (RMSE), and
other accuracy indicators. After identifying the most
suitable model for the study area, its data are used to
analyze the monthly distribution of ET.

Results and conclusions

The correlation analysis between measured and
modeled ET shows that the highest agreement with
observations is found for the LSA-SAF satellite data
(r=0.79) and the ECMWF model (r=0.79).

The inter-model comparison indicates the highest
correlation between LSA-SAF and ECMWF (r=0.88),
suggesting a similarity in their ET calculations.

ET LSA_SAF | ISBASkm | SFX8km |ECMW_0.1| SFX4km
ET 0.79 0.63 0.59 0.79 0.69
LSA_SAF | 0.79 0.56 0.60 0.88 0.85

Figure 1. Correlation coefficient matrix r
between measured ET and modeled data series

The intra-annual distribution of ET, calculated based
on LSA-SAF data, reveals a pronounced seasonal
pattern. Maximum values occur in the summer months
(June — August), with June having the highest ET share in
most years (up to 20.5%). Spring months (April — May)
also contribute significantly, whereas winter months
(December — February) exhibit the lowest values (below
5%). The variation between years is notable, particularly
in the transitional seasons, likely reflecting climatic
differences and atmospheric variability.
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BvBeageHue
KbM HacToawma momeHT B bbarapua (HUMX) e npuer
KNACMYeCKM MeTOoZ, 33 NOArOTOBKA Ha KAt4oBaTa KpuBa
Ha 3aBMCMMOCTTa BOJEH CTOEX — BOAHO KO/JMYECTBO,
KOMTO W3UCKBA aHaAM3 M pPbYHO WM3YepTaBaHe. B
YC/IOBUATA Ha EKCTPEMHU ABNEHUA U HeobxoaAMMOCT OT
6bp30  aKTya/M3MpaHe W MpPeusyYucnsiBaHe  Ha
npemMmnHannTe BoAuM, B NOMOL, Ha XMAPOOruATa cieasa
ha 6bae HanpaBeHa oLUeHKa 3a epeKTUBHOCTTA Ha Apyru
meToam 3a gedrHMpaHe Ha 3aBUCUMOCTTa.
BHegpasaHeTto B HUMX Ha HOB aHanUTUYEH MeETOL
6u ponpuHecno 3a no-epeKTMBHOTO pa3paboTBaHe Ha
K/IHOHOBU KPUBW.

MeTtoponorua

MporpamaTa BaRatinAGE e c uanocteH npesog Ha
6bArapcky e3uK 1 e Java uHTepdeinc KbM U3HUCAUTENHN
Moaynu 3a geduHMpaHe Ha KaoYoBa KpuBa no baliecos
metos. Cb3oafeHMAT NPOEKT U3UCKBA BbBEXKAAHETO HA

KpaTKa XWAPaBAMYHA KOHOWUrypauuMs U OCHOBHM
napameTpu 3a pasrieaaHus pedyeH CTBOp. B
,KOHTPO/IHa MaTpuua“ ce nocoyBa ,AeneHe Mo

BepTMKana“, 3a 0603HaYaBaHe Ha NPOMEHM B HAaNpPeYHUA
npodpun (KoeduuMeEHT Ha rpanasBMHa, FEOMETPUYHM
pasmepwu Ha HanpeyHusa npooun). Cnen BbBeXKAaHE HA
n3MepeHnTe BOAHWU KOAMYECTBA NporpamaTa no3BonsBa
n36op Ha ,, aKTMBHOCT” 3a TOYKW. MN3BeXKaa B TabanueH U
rpaduueH Bua ,pasnpeseneHve Ha napameTtpuTe” wu
»pesyntatn ot MCMC (Markov chain Monte Carlo)“.
MporpamaTa no3BosnsABa 3ajaBaHeTo Ha Habop oOT
PasANYHM  XMAOPABAMYHM  KOHMrypauuu, rpynu oT
M3MepBaHMA M BOAHM CTOeMW. ToBa 4aBa Bb3MOMHOCT
na 6baaT ,3apedeHM” BapuMauMM Ha OKOH4aTesNHa
K/NIOYOBA KpMBa C pas/vyHM napametpu u ga bvae
HanpaseH M360p 3a HaN-NOAXOAALLO peLleHune.
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durypa 1. XugpasamuHa KoHUrypaums

Pesyntatu u ussogm

N3bpaHa e peka CrpaAma. Mpes 2022 roauHa e
Habntog4aBaHO AOCTUrAHETO Ha BWUCOKM BOAUM C
obe3sneyeHocT, no-masnka ot 1%, W nocnepgawmTe
CpaBHEHWA Ha pesynTatuTe OT nporpamata e 6baat
noApobHO aHaNn3npaHu. BbBeseHUTe NbPBUYHM JaHHU
ca aKktyanHute 3a 2024 roamHa (BOOHM KO/AMYECTBa,
€XeYaCHN BOAHW CTOEXMW, FeOMEeTPUYHM pasmepu Ha
HanpPeyHOTO CeyeHue).

M3bpaHa e Tekywarta TroguHa, 3a ga b6baar
pa3paboTeHM ycCrnopegHO KAYOBUTE KPUBKM  4Ypes
BaRatinAGE u no Tekyw,ata MeTogmKa.

MNocouyeHnte rpadmMkm U uU3uMCneHna ca C
OEMOHCTpAaTUBHA  LUe/, KaTo Npu  OKOH4YaTesNHo
pa3paboTBaHe Ha KtoYoBaTa Kpuea 3a 2024 rogmHa Lie
6bAaT NpeunsnpaHiu.

CneundunyHo 3a M34MCNeHaTa KAKYOBa KpuBa e
MeToAbT ,,cnaretTu” — BU3yannsmpar ce OTK/IOHEHUATa OT
M34ymcaeHaTa KpMBa Ypes OTYMTaHe Ha NnapameTpuyHaTa
W CTPYKTYpHaTa HeTouHoCT. ToBa npeaocTass rpaduyHo
OLeHKa Ha HECUTYPHOCTTa Ha pe3y/TaTa.
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®urypa 2. Kntoyosa Kpmsa

BbnarogapHoctu:  CneumanHu  61arogapHoOCcTM  Ha
pa3spabortumumTte Ha BaRatinAGE 3a oT3nBYMBOCTTa 43 A
NpeAoCTaBAT 33 LLeAnTe Ha 06y4YeHMeTo, BKAOYBAHETO U
aKTya/IM3NPaHETO Ha NPeBoAa Ha HBATAPCKU e3MK.
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Introduction
At the present time, a classical method for the
preparation of the rating curve of the water stage —
discharge relationship is adopted in Bulgaria (NIMH),
which requires analysis and manual drawing. In the
conditions of extreme events and the need to quickly
update and recalculate the water flows, the effectiveness
of other methods for defining the dependence should be
evaluated to help Hydrology.

Implementation of a new analytical method at NIMH
would contribute to more efficient development of
rating curves.

Methodology

The BaRatinAGE program has a complete translation
into Bulgarian and is a Java interface to computational
modules for Bayesian rating curve definition. The
designed project requires the input of a short hydraulic
configuration and basic parameters for the considered
river channel. In the “control matrix” a “vertical division”
is specified to indicate changes in the cross section
(roughness coefficient, geometric dimensions of the
cross section). After entering the measured water
quantities, the program allows the selection of “activity”
for points. It displays in tabular and graphical form the
“parameters’ distribution” and the “MCMC (Markov
chain Monte Carlo) results”.

The program allows the setting of a range of different
hydraulic configurations, groups of measurements and
water stages. This allows variations of a final rating curve
with different parameters to be “loaded” and a choice to
be made for the most appropriate solution.
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Figure 1. Hydraulic configuration

Results and conclusions

The selected river is Stryama. In 2022, high flows with
less than 1% coverage were observed and subsequent
comparisons of programme results will be analysed in
detail. The primary data entered are the current for 2024
(water quantities, hourly water stages, geometric cross
section dimensions).

The current year has been chosen to develop the
rating curves in parallel using BaRatinAGE and the
current methodology.

The graphs and calculations displayed are for
demonstration purposes and will be refined when the
2024 rating curve is finally developed.

Specific to the calculated rating curve is the
“spaghetti” method — deviations from the calculated
curve are visualized by accounting for parametric and
structural uncertainty. This provides a graphical estimate
of the uncertainty of the result.
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Figure 2. Rating curve

Acknowledgements: Special gratitude to the developers
of BaRatinAGE for their responsiveness in making it
available for the purpose of training, incorporating and
updating the Bulgarian translation.
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BbBeaeHue

B n3cnenBaHeTO ce pa3rnexaa HapacTBalliaTa YecToTa Ha
asneHneto DANA (Depresiones Aisladas en Niveles
Altos), wam B npeBos Ha aHraumickm — Isolated
Depressions at High Levels, B CpegnsemHomopueTo, KaTo
ce obpblla chneunanHo BHUMaHWE Ha pPernoHa Ha
BaneHcus, KoiTo npe3 oktomepu 2024 r. npetbpnsa
ronemu HasogHeHuA ¢ Hag 220 xepTteu. N3cneasaT ce
MeTeopoNornyHUTE dakTopu, AOMNPUHACcCALWM 3a TOBa
AB/EHWe, KaTo MNOBMLIABAaHETO Ha TemnepaTypaTta Ha
NOBBPXHOCTTA Ha CpeamM3emMHO MOpe U CMyLLeHMATa B
CTPYMHOTO TeYeHue Ha cpegHuTe WwnpuHn (SOCIB, 2024).
JonbaHUTENHO ce M3ACHABA pOAATa Ha cneuuduyHMA
KAMMAT 1 reorpadua Ha Nbepuinckmna nosyocTpos, KaKTo
M XapaKTepbT Ha MNJOCKUTE KpalbperkHW palioHW, KaTo
Tesn BbB BaneHcusA, KouTo ca 0cobeHo yA3BMMM OT
HaBOOHEHWA nopaau ¢aKTopu KaTo TepuTopuanHa
aHTpoNu3auma u TpaHchopmauma Ha 3emesenneTo.

MeTtoponorusa

M3non3saHata MeTOAO/IOrMA Ce OCHOBaBa Ha
reorpadcku aHanu3 Ha perMoHa Ha BaneHcus, aHanms Ha
METEOPO/IOrMYHU AAHHM OT NOCAeAHUTE FOANHU, KaKTO U
Ha WKOHOMWYECKM aHaAu3 3a nocneacTsuATa  oOT
CbOUTUETO B perMoHa 1 B CTpaHara.

Pe3yntatn n ussogm

1. MNoKa3aHO € CNOXHOTO B3aUMOAENCTBME MeXaY
rnob6asHOTO M3MEHEHME HA KAMMaTa, NOBMLIABAHETO Ha
TemnepaTypute Ha NOBbPXHOCTTA Ha CpeansemHo mope
M npomeHAwaTta ce aTmochepHa  AMHAMMKA,
BKNIOYMTENIHO [,EeCTabUAM3MPaHETO HA CTPYMHUA MOTOK
Ha cpegHa WWPKHA, KOUTO BOAAT A0 obpa3yBaHeTo Ha
DANA 1 HelfHOTO BCe NO-4YeCcTo pa3BuUTHe.

2. AHanu3MpaHa e ponAta  Ha  reorpadcKoTo
MecTononoXeHne Ha MW3ToyHa MWcnaHua, Koeto ce
XapaKTepu3mMpa C OCKbAHW TOAMLIHW Banexu. Bbs
BaneHcusa Tte ca manko Hag 500 mm, a B AnnKaHTe —
0Ko/10 420 mm (Hénin et al., 2021). ToBa ce Ab/KKN Ha
BMCOKATa HagMOPCKa BMCOYMHA Ha NbepuiickoTo naaTo,
KoeTo  aeunctea KaTo 6apuepa, n34yepnealla
aTNaHTUYecKaTa Bnara, npegu Aa AOCTUTHE A0 M3TOK,
KaKTO M Ha 6/1M30CTTa Ha pernoHa g0 nyctuHsaTa Caxapa.
3. Ob6cbaeHo e Bp3aeiictBueTo Ha DANA ot 2024 r.
BbpPXYy perMoHa Ha BaneHcus u onycTowuTenHUTe
nocneguum 3a WHOPACTPYKTypaTa, MKOHOMMKaTa W
oblwHocTMTe B pervoHa. HaBoaHeHWATa gosBefoxa Ao
pa3cenBaHe Ha XWUNAOM XOpa, HapyWwuUxa KAYOBMU
WHAYCTPUU KaTO CE/ICKOTO CTOMAHCTBO M TypuM3ma U
pa3Kpuxa YyA3BMMOCTTA HA [FpPafCKMTE U CeNnckute
palloHW. YncneHoCTTa Ha HaceNleHWEeTO Ha ObLWMHUTE,

crnosieTeHN OT HaBogHeHuATa, € 845 371 aywm, Koeto
npeactasnasa  32% oT O6OWOTO HaceneHwe Ha
nposuHumMaTa. B 65-Te OOWMWMHKM, KOUTO BKAKOYBAT
noctpajganuTe KBapTanu Ha rpag BaneHcusa, ca 3acerHaTtm
54 289 npepnpuatna, Kakto u 123 6usHec napKa U
MHAOYCTPWUANHN 30HM.

4. CnewmanHo BHUMAHME e OTAENEHO Ha Bb3AENCTBUETO
Ha DANA Bbpxy ys3BMMUTE OBLWHOCTM, KOUTO YECTo ca
M3K/OYEHU OT ycuamATa 3a nomou, npu 6eactsus, Kato
Mo TO3M HAa4YMH Ca OCTAaBEHM B OLLE MO-yA3BMMA NO3MLMA.
5. Ob6cbaeHo e npeanpuemaHeTo Ha MNo-epeKTUBHU
NpPeBaHTMBHMU MepPKM U ajanTMpaHe Kbm HOBaTa
KNMMaTUYHa peanHoCT, KOETO e OT peLlaBallo 3HavyeHune
3a CMeK4yaBaHe Ha HeMHOTO Bb3aeicTame.
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durypa 1. KapTa Ha HaBOgHEHUTE 30HM B paoHa
Ha rp. BaneHcua (MapK1paHu B Kadpas UBAT). M3TOYHUK:
YHuBepcuTeT Ha BaneHcua u nporpama ,KonepHuk”

bnarogapHocTu: ABTOPBT 6narogapu 3a
rocTonpuMemcTBoTo Ha [leorpadckua genapTameHT Ha
Universidad Nacional de Educacién a Distancia (UNED),
KbOETO € M3BbPLUEHa YacT OT U3C/IeiBAHETO.

JNlntepartypa

Hénin, R. et al. (2021). A Ranking of Concurrent
Precipitation and Wind Events for the Iberian
Peninsula. Int. J. Climatology, 41, 1421-1437.

SOCIB (2024). Sub-regional Mediterranean sea
indicators: https://apps.socib.es/subregmed-
indicators/ocean temperature.htm
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Introduction

This study examines the increasing frequency of the
DANA phenomenon (Depresiones Aisladas en Niveles
Altos) or Isolated Depressions at High Levels in the
Mediterranean, paying particular attention to the
Valencia region, which in October 2024 suffered major
floods with over 220 victims. The meteorological factors
contributing to this phenomenon are studied, such as the
increase in the surface temperature of the
Mediterranean Sea and the disruption of the mid-
latitude jet stream (SOCIB, 2024). The study further
elucidates the role of the specific climate and geography
of the Iberian Peninsula, as well as the nature of flat
coastal areas in Valencia region, which are particularly
vulnerable to flooding, due to factors such as territorial
anthropization and agricultural transformation.

Methodology

The methodology used is based on a geographical
analysis of the Valencia region, an analysis of
meteorological data from recent years, as well as an
economic analysis of the consequences of the event in
the region and in the country.

Results and conclusions

1. The study examines the complex interplay between
global climate change, warming Mediterranean sea
surface temperatures and changing atmospheric
dynamics, including the destabilization of the mid-
latitude jet stream, which contribute to enhancing the
conditions for DANA formation.

2. It analyzes the role of the geographical location of
Eastern Spain, which is characterized by scarce annual
precipitation. In Valencia, it is just over 500 mm, and in
Alicante, around 420 mm (Hénin et al., 2021). This is due
to the high altitude of the Iberian Plateau, which acts as
a barrier depleting Atlantic moisture before it reaches
the east, as well as the region's proximity to the Sahara
Desert.

3. The impact of DANA from 2024 on the Valencian
Community and the devastating consequences for the
infrastructure, economy and communities in the region
are discussed. The floods displaced thousands of people,
disrupted key industries such as agriculture and tourism,
and exposed the vulnerability of urban and rural areas.
The total population of the municipalities affected by the
floods was 845,371, representing 32% of the total
population of the province. These 65 municipalities,
which include the affected districts of the city of
Valencia, are home to 54,289 businesses, as well as 123
business parks and industrial zones.

4. Special attention is paid to the impact of DANA on
vulnerable communities, who are often excluded from
disaster relief efforts, thus leaving them in an even more
vulnerable position.

5. The adoption of more effective preventive measures
and adaptation to the new climate reality, which is
crucial for mitigating its impact, is also discussed.

Swigae o

Temmaneaye T

Figure 1. Delimitation of the flooded areas in Valencia region
(marked in brown). Source: University of Valencia and
Copernicus Program
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BbvBeaeHue
XnpponoXKKOTO 3acyllaBaHe ce pa3BMBa MOCTENEHHO B
NPOCTPAHCTBOTO M BPEMETO, KAaTo NoCAegHW pearmpart
HMBaTa Ha cpegHO- A0 AbAbOKo3anArawumrte Mnoposu
noa3emMHu BOAM, HO Te M Hai-6aBHO ce Bb3CTAHOBABAT
cnes npekpaTaBaHe Ha MEeTEeopPO/IOFMYHOTO
3acyllaBaHe.

3acera y Hac HAMa pa3paboTeHa M He ce npwuaara
MEeTOAMKA 332  M3MOA3BAaHE Ha  XMAOPOreoJIOXKKU
napameTpu KaTo MHAMKATOP Ha XMAPOAOXKKA CyLa.

Metopgonorus

Paspabotka Ha HMMX (MOCB, 2021) nokasBa, 4e
TeHAEHUUUTE B M3MEHEHMeTO Ha 3anacute Ha
noA3emMHUM BOAM OTpasaBaT fJobpe BAMAHMETO Ha
,NpoabAXUTENHATa cywa” B nepumoga 2019-2020 r.
BBPXY KOIMYECTBEHOTO CbCTOAHUE Ha MOA3EMHUTE BOAN
B HauuoHaneH Malab. OcBeH ToBa Ce YCTaHOBW, Ye
KNO4OB (AKTOP 33 HACTbMNBAHETO Ha ,NPOABL/KUTENHA
cylwa“ ca ABe Nocnefo0BaTeNHN CyXW FOAMHM, KaTo camu
no cebe cM Te MOXKe A3 He ca HaW-CyxuTe roauHW B
MHOTOroAuLIEH acnekT.

Pe3syntatu u nssoau

Mpes 2024 r. 3a cegem nopeaHu meceua (OT HOHU 40
JeKeMBpW) ce ycTaHOBABA npeobnafasalla TeHAeHUMA
Ha NOHM»KaBaHe Ha 3anacuTe. ToBa O3Ha4YaBa, Ye 3a Haf
80% oT HabnogaBaHMTe cayyaum, OTHacAWM ce 33
pa3fiMyHM BMAOBE NOA3EMHU BOAU Ha TepUTOPUATA Ha
uAnaTa CTpaHa, e perMcTpMpaHo HamaneHwe Ha HMBaTa
n 0ebutnTe CNPAMO HOPMUTE UM 33 CbOTBETHUA Mecell,
TeHaeHUMUTE Ha HamanABaHe Ha 3anacuTe Ha
noa3emMHuU BOAM 33 Pas3UYHU ABYrOAULWIHW Nepuoau,
npeacTaBALLMN CYXM U BAAXKHU XMAPONIOXKKM FOAMHMK, ca
nokasaHu Ha ¢urypa 1.
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durypa 1. TeHAEHLMM HAa HamanABaHe Ha 3anacuTe
Ha NoA3emMHu BoAM 33 U36paHW ABYroaMWHM nepuoam

Ouwe npe3 2023 r. npeobnagasaT meceunTe ¢ MHOTO
pobpe uM3paseHa TeHAEHUMA Ha HamanABaHe Ha
3amacute Ha noasemHu Boau (Hag 70% ot
HabntoaaBaHuTe cnyyam). MoHuKaBaHe Ha
cpeAHOroAMIHNTE CTOMHOCTM Ha HMBA W Aebutu
cnpaMo HopmuTe ce Habnogasa B 35 Nog3eMHU BOAHMU

Tena C MNyHKTOBE 3a onepaTtMBeH MOHUTOPUHF, a
nosuwasaHe — B 6 (¢ur. 2). Mpes 2023 r. npegUMHO ce
NOHMU}KaBaT CPeAHOroAMLIHUTE BOAHU HMBA B TepacuTe
Ha pekuTe [yHas, Mapuua, TyHAKa U BAMBAWMTE Ce B
YepHo mope pekun; B KiocteHauncka, Kapnoscka,
CnnBeHcKa

KasaHsbliKa 7] B
FOpHOTPAKMIMCKA HU3UHA.

KOT/N10BUHA; B

durypa 2. OTKNOHEHMA Ha CPEAHOrOAULWHNTE CTOMHOCTU
Ha BOAHWTE HMBA U AebuTn cnpsamo HopmuTe npes 2023 .,
npeacTaBeHu No NoA3eMHU BOAHM Tena

Ha ¢urypa 3 ca npesactaBeHM U3MEHEHMETO CMPAMO
MeceyHuTe HopMKM Ha pgebuta Ha usBopute (a) wu
M3MEHEHMETO Ha  HWMBaTa HA  KJageHuute B
NAMTKO3anArawm noasemHu soam (6) ot onepatnsHata

XWAPOreosoXkKKa Mmperka 3a M. okTomspu 2024 r.
a) ussopu
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durypa 3. U3ameHeHUe Ha HMBaA 1 AebuTn — okTomBpu 2024 .

Nutepatypa

MOCB (2021). Hacoku 3a n3nonssaHe Ha nHaekcute SR,
SPI3 n SMI CMHXPOHHO WM aHanW3 Ha No-rolemuTe
nepuoan Ha 3acylwaBaHe, OTPa3eHuW OT TpuTe
WHOeKca; Pa3paboTBaHe Ha  NpenopbkuM  OT
NPWU/IOXKEH XapaKTep 3a Tb/IKyBaHe Ha MHOMKaTOpuUTe
33 OUuEeHKa Ha MeTeOpOJIOTMYHOTO 3acyllaBaHe
(vHoekcute SPI) M XMAOPONOMKKOTO 3acyllaBaHe
(vHaekcute SRI), ny6ankyBaHM Ha caTta Ha HUMX
BCEKM mecell,.
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Introduction

Hydrological drought develops gradually in space and
time, with the levels of deep groundwater reacting and
recovering last to the meteorological drought.
Currently, in our country, there is no developed or
applied methodology for wusing hydrogeological
parameters as an indicator of hydrological drought.

Methodology

It was showed by NIMH study that the groundwater
storage change trends reflect well the impact of the
“prolonged drought” in the period 2019-2020 on the
guantitative state of groundwater on a national scale
(MOEW, 2021). In addition, it was found that a key
factor in the occurrence of a “prolonged drought” is two
consecutive dry years, which in themselves may not be
the driest in a long-term aspect.

Results and conclusions

Predominant trends of decreasing storage are
established for seven consecutive months (from June to
December) in 2024. It means that a decrease of levels
and discharge is registered for more than 80% of the
observed cases of various groundwater types
throughout the country, compared to their monthly
norms. The reducing trends in the groundwater storage
for different two-year periods, representing dry and wet
hydrological years, are shown in Figure 1.
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Figure 1. The decreasing trends of groundwater storages
for selected two-year periods

A very well-marked (over 70% of observed cases)
monthly tendency decreasing groundwater storage
already predominated in 2023. Compared to the norms,
a reduce of the average annual values of levels and
discharge was observed in 35 groundwater bodies
(GWB) with active monitoring points, and an increase —
in 6 GWB (Fig. 2). The average annual water levels in the
terraces of the Danube, Maritsa, and Tundzha rivers and
the rivers flowing into the Black Sea; in the Kustendil,
Karlovo, Kazanlak and Sliven Valley; in the Upper
Thracian Lowland mainly decreased in 2023.

99+0/2e%+0% [ >+300/> +76%

Figure 2. Deviations of the average annual values of water
levels and discharge compared to the norms in 2023
(presented by groundwater bodies)

Figure 3 presents the change, compared to the
monthly norms, of spring discharge (a) and well water
levels in shallow groundwater (b) from the monitoring
network for October 2024.
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Figure 3. Change in water levels and discharge — October 2024
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BbvBeaeHue

MpupofHMTE W BOAHW pecypcuM ca 3acerHatu oT
YyoBelKaTa AeMHOCT, MPOMEHW Ha 3eMenos3BaHeTo,
KAMMATUYHN  M3MEHEHUA U EeKCTPeMHU  ABJeHuA
(HaBoAHEHMA, cywa 1 ap.). OcHoBHaTa uen B PamkoBaTa
OMpeKTMBa 3a BOAMTE € MOCTUraHeTo Ha ,[06po
€KOJIOTMYHO CbCTOAHME”, HO uneH 4.6 no3BoAABa
BPEMEHHO BJ/IOLIABaHe Ha CbCTOSHMETO B Pe3yaTaT Ha
T.Hap. NPOABLAKMUTENHO 3acyLUaBaHe.

MeTtoponorus

MeToamKkaTta 3a OUEHKa Ha YA3BMMOCTTa Ha
BOZOCHabaABaHeTO 7 BOAHUTE ekocucTemu,
pa3paboTteHa oT ekcnepTu OT HaunoHaNnHMA MHCTUTYT NO
METeoposorma n XMaponorua, e agantupaHa 3a aHaams
Ha PUCKa OT 3acyLlaBaHe, C OTYUTaHe Ha KOMNNEKCHUTE 1
3HauMmu a3oBupu. OcHoBHMTE eTanu ca: 1) OueHKa Ha
NPUPOAHUTE U KAMMaTUUHUTE daKTopu; 2) OueHKa Ha
TeHAEHUMUTEe Ha BoAHuTe pecypcu; 3) UsuncautenHa
cXema Ha BOAHOCTOMaHCKaTa cucteMa; 4) OueHka Ha
€KOJIOTMYHUA OTTOK; 5) OLLeHKa Ha YA3BMMOCTTA M PUCKa
npw 3acywasaHe; 6) AHanu3 Ha mepkuTe. MpesaoxeHa e
MEeTOAMKA 33 onpeaensaHe Ha €eKONOTMYHMA OTTOK B
Bbarapua, KOMTO e Heo6X0AMMO YC/I0BME 33 NOCTUrAHE
Ha [06pPO €eKONOrMYHO CbCTOAHWE. AHANU3MPaHO e
CbCTOAHNETO Ha BOAHUTE EKOCUCTEMW B YCNOBMATA Ha
KNMMATUYHU  M3MeHeHMA W cywa. MU3sbplweH e
WHTErpMpaH aHanuM3 Ha pesyntatute OT ABa NOAX0Aa,
pa3paboTeHn 3a MUHUCTEPCTBOTO Ha OKOJIHATa cpesa m
Boante (MOCB): oueHKa Ha €eKO/NIOrMYHUA OTTOK OT
KOMMJIEKCHUTE A30BMPU U NOAX04 33 UAEHTUPULMpPaHe
Ha nNpOAbB/MKMTENHO 3acyllaBaHe 4pe3 MWHAOEKCUM 3a
3acywasaHe Ha HWMX u uHamKatopwu, nonssaHum OT
MOCB (npuTouM 1 HMBa Ha A30BUPU), NOA3EMHU BOAW.

Pe3synTtatu u ussoau

MonyyeHnte  pesyntaTM  MOKasgaT, uYe Mnpu
M3MEHEHWE Ha KAMMATa NPOMAHATa Ha PEYHUA OTTOK bU
JoBena oo HamanABaHe Ha HAaNWYHUA BOAEH pecypc 3a
YOBELUKUTE HY}KAM, HO HE U 4,0 KOPEKUMA Ha HYXKANUTE Ha
ekocuctemmTe. AHaNM3bT Ha EKONOTMYHMA OTTOK 33
KAMMATUYHKU CLEHapuuM NokasBa, ye Tou Tpabea aa ce
3anasu — ¢ur. 1. MNpuaoxeHa e cuctema oT MHAUKATOPU
33 ngeHTUdMLMpPaHe Ha ,,NPOABLIKUTENHO 3acyluiaBaHe”
— ¢ur. 2 (MapuHoBsa 1 bouesa, 2023). MpoAbAKUTENHOTO
3acywaBaHe (2019-2020 wun 2023-2024 r.) oka3Ba
B/MAHWE BBPXY Peryanpawimte CUCTeMU — A30BUPU U
noA3emMHu BoaMm. KpuTMUHM ca gBe nocnefoBaTeNHu
CyXW TroguHW. HamansaBaHeTO Ha NPUPOAHWUTE BOAHMU

pecypcu — peku, esepa, BOAOHOCHW XOPU3OHTU, e
CBbP3aHO C HamaNABaHe Ha Ha/NMYHWUTE BOAHM pecypcu
3a BogocHabaABaHe M OKO/MHA cpeda (T.Hap. coumanHo-
MKOHOMMYECKO 3acyluaBaHe).

5.00

; 2050/mopenupan
ChUECTRYBAWLO CLCTORHME
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MOAENHMPAH CHILECTBYBAILLD
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— == KPUTIANHA CTORHOCT

0.00
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®urypa 1. OueHKa Ha eKOIOTMYHMUA OTTOK 3a KIMMaTUYHK
cueHapum (3axapuesa, 2020)

CyMapeH NpUTOK KL R30BUPWTe, HOEMEPM 2024 1.

Purypa 2. UgeHTUGMKaUMA Ha NPOABINKUTENHO 3acyluaBaHe —
CYMapeH NPUTOK KbM KOMMIEKCHU U 3HAYMMM A30BUPMU,
HoemBpu 2024 r.

MuteliHOTO BoAocHabasABaHe e yA3BMMO AUPEKTHO
(nvnca Ha pecypc), HO U UHOMPEKTHO (KOHMAMKT C
€KO0JIOTMYHMA OTTOK). Bb3AelCTBMETO Ha cyllaTa 3aBUCH
OT peyHunn bacelH, A30BMpPUTE, BOLOHOCHUTE XOPU3OHTH,
yA3BMMOCTTA Ha BOAOCHabaABaHeTO, BOAHUTE
eKoCcUCTeMU U MepKuTe. NaeHTUOULMPAHU ca KPUTUYHU
30HW — A30BMPU W BoAocbOpU B PUCK MpH
NPOABLAKUTENHO 3acyllaBaHe: YepHOMOPCKM paiioH
(a3. ,Tuya“, ,Kamumsa“ wn gp.), ronemute HanouTenHu
cuctemmn (p. Mapuua u TyHpsKa, A3. ,Kpebueso”,
,KonpuHka“) n pp. Pa3paboTeHn M NpeanoskeHn ca
MEepPKM 33 aganTtaums.

bnaropapHocTu: M3cnepBaHeTo e yacr oT
Hay4YHOMU3C/Ne[0BaTe/ICKU MPOEKTU C NoAKpenata Ha
MOCB.
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Introduction

The environment and water resources are affected by
human activity, land use changes, climate changes and
extreme events (intense rainfall, floods, drought, etc.).
The main goal in the Water Framework Directive is the
achievement “good ecological status”, but the Article 4.6
allows temporary deterioration of the status, occurred as
a result of so called “prolonged drought”.

Methodology

The methodology for assessment the vulnerability of
water supply and water ecosystems, developed by
experts from the National Institute of Meteorology and
Hydrology, has been adapted and upgraded for drought
risk assessment, taking into account the complex and
significant reservoirs. The main stages are: 1) Assessment
of natural and climatic factors; 2) Assessment of water
resources trends; 3) A calculation scheme of the Water
Management System; 4) Ecological flow assessment;
5) Vulnerability and drought risk assessment; 6) Analysis
of measures. A methodology for determination the
ecological flow in Bulgaria which is a necessary condition
for achieving a good ecological status is proposed. The
state of aquatic ecosystems in conditions of climate
change and drought are analyzed. An integrated analysis
of the results of two approaches, developed for the
Ministry of Environment and Water (MoEW), was carried
out: an up-to-date assessment of the ecological flow
from the complex reservoirs and an new approach for
identifying prolonged drought, through the NIMH
drought indicators and indicators, used by the MoEW
(inflows and levels of reservoirs), groundwater. The so-
called hot spots and critical areas are identified.

Results and conclusions

The obtained results show that at climate change the
alteration of river flow would lead to the decrease of the
available water resource for satisfaction the human
needs (appearance of shortages because when the river
flow is below the minimum ecological threshold water
intakes should not be made) but not the correction of
ecosystem demand. The analysis of ecological runoff for
climate scenarios shows that ecological runoff should be
preserved — Fig. 1. A systems of drought indicators to
identify “prolonged drought” have been applied — Fig. 2.
Prolonged drought (2019-2020 and 2023-2024) affects
the regulatory systems — reservoirs and groundwater.
Two consecutive dry years and the autumn/winter

drought season are critical (Marinova&Bocheva, 2023).
Reduction of natural water resources — rivers, lakes,
aquifers, is associated with the reduction in available
water resources for water supply and environment
(so called “socio — economic” drought).

F 2050/modeled present
situation

- = - -2100/modeled present
/\ situation
3,00 modeled present

situation/ecological

2050/ecological

. 2100/ecological

- - = -critical value

Month
4 5 6 7 9 10 11

Figure 1. Assessment of the ecological runoff for climate
scenarios (Zaharieva, 2020)

Total inflow to complex and significant reservoirs, November 2024

Figure 2. Prolonged drought Identification — total inflow
to complex and significant reservoirs, November 2024

Drinking water supply is at risk directly, but also
indirectly (conflict with ecological flow, irrigation). The
severity of drought’s impact depends on the river basin
specifics, reservoirs, aquifers, vulnerability of water
supply, water ecosystems and measures applied. Critical
areas are identified — reservoirs and watersheds, which
are at risk in the event of prolonged drought: Black sea
region (“Ticha”, “Kamchiya” reservoirs, etc.), large
irrigation systems (Maritsa and Tundzha river,
“Zhrebchevo”, “Koprinka” reservoirs), etc. The
adaptation measures are elaborated and proposed.
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BbBeaeHue

Mpes 2024 roguMHa HaBoAHeHMATa 0Osxa cepuo3eH
npobaem B MHoro cTpaHu B EBpona u ceeTa. 3a bbarapus
rogMHaTa e XxapakTepusnpaHa KaTo cyxa OT XMAPONOXKKA
rnegHa TOYKA WM BbNPEKM TOBa Ha TepuTOpuUATa Ha
CTpaHaTa UMa PerucTpupaHn HaBOgHEHUA.

MeTtopgonorus

HanpaseH e nperneg Ha cayynauTte ce HaBOAHEHUA
npes 2024 roguHa. [lpeacTaBeHU Ca EKCTPeMHUTe
cbbuUTUA, pasnpegeneHn Mo TUM, MECTOMNOJIONKEHME,
Bpeme Ha HacTbneaHe. HanpaBeH e noapobeH aHanus Ha
NpUYNHWUTE, AOBEAUN 40 Te3n HebnaronpuaTHU cbbuTmA.
MHbopmaumaTa M [aHHUTE, KOUTO Ca M3NON3BaHU B
pa3paboTKaTta, ca OT apxuBa Ha HAaBOAHEHUA, Cb3aaAEH
M noagabpXaH B HauMOHanHWA  MHCTUTYT  no
meTeoposorusa u xugponoruns ot 2016 r. Hacam (Bocheva
etal., 2022, 2023). MHbopmaumsTa e npeacraseHa B N'NC
6a3a faHHM.

Pe3synTtati u ussoam

Mpe3 2024 roanHa ca peructTpmpanm 16 HaBogHeHMA
Ha TepuTOopuATa Ha cTpaHata (¢ur. 1). Te «ca
KnacuduumMpaHm No TMn, KaTo 9 oT TAX Ca AbKAOBHMU, 4 —
NOpPOIiHU, U 3 ca PeYHU HaBOAHEHMA.

HaBoaHeHus npe3s 2024 r.

Nerenpa
®  auKAOBHO HaBsoaHeHWe
®  NopoiiNO HaBoANENHHE
° ® peuno Hasogwenne
. Pexa
Tpakmya Ha Baceiinosa Avpexuua)
[ rpanuua wa Bunrapus

durypa 1. MecTonono»KeHme 1 TUM Ha HaBOAHEHMUATA
npe3 2024 roauHa

Cnyunnute ce npe3 2024 rogmMHa HaBOAHEHMA ca
HaHeC/ M CepMO3HM LWETU Ha YacTHU MMOTH, CTOMAHCKaTa
W TpaHCNopTHaTa MHpPACTPyKTypa. TpM ca OCHOBHUTE
nepvoamM, B KOUTO Ca PEruUCTPUpPaHM 3HaAYUTENHWU
HaBogHeHuA. NbPBUAT e Npe3 mecel, MapT, KOraTo ca ce
CyYMnn  aBe  pPevyHu HaBOAHeHWMA B OOWWHWTE

Kpymosrpag (c. J/lyanuka) n Kupkoso (c. Kupkoso). B
pes3ynTaT Ha 0buUNHMA Banex Ha 12 mapT n popmupaHma
3HauMTeNneH peyeH OTTOK pekute EnbacaH u
Yopbagkuiicka ca nsnesnm ot Kopmutata cu. B c. Kupkoso
Ca 3a/1eTV PalioHBT HA aBTOrapaTta, Y/NUM U TbProBCKM
06eKTH, a B palioHa Ha c. JlyIn4Ka — 3emefesiCK1 3emMu.
Meceu, mali e BTOpMAT nepuog npe3 2024 roauHa, B
KOMTO BHMMaHMWeTO b6elle HACOYEHO KbM OOWUHUTE
Bperoso, MNneseH, MNasen 6aHsa (8 mait); Ceuwos (12-13
mait); boxypuwe, Coduitcka, TeteeH, CeBnueso (22
Mai). OCHOBHa npuYMHa 33 Te3W HABOAHEHMA ca
WHTEH3UBHW Banexu OT AbXA. [pe3 TpeTua nepuog,
10-11 cenTemBpu, Cca perucTpupaHm AbXKAO0BHU
HaBogHeHuA B rpagoseTe BapHa, benocnas n KasapHa. B
pe3ynTaT Ha MHTEH3MBHU BaNi€XW Ca HABOLHEHU YUY,
NPU3EMHU eTaXkM M Tapaxkm Ha OOLLECTBEHM M YaCTHU
umoTu. B benocnas e HaBOAHEH U NPeMUHABALMAT Npe3
rpaga nbvT BapHa—benocnas—PasaenHa, KoMTo e yacT oT
PenybavKkaHcKkaTa NbTHA mpexa Ha bbarapus.

Bbnpekn ye HasogHeHuATa npe3 2024 roguHa ca
HaHecAn MHOro LWeTK, e fobpe aa ce oTbenexu, Ye Te He
ca gosenun go 3arybata Ha YOBELLKM XKUBOT.

CuctemaTnsmnpaHaTta MHGopmMaLma 3a HaBOAHEHUATA
oT 2016 rogmHa oo cera B CTpaHaTa MOKa3Ba, Ye No-ronam
OAN OT TAX 3aemaT AbXAOBHUTE U NMOPOMHUTE, KOETo
cnenBa TEHAEHUMUTE U B KNIMMATUYHUTE USMEHEHUA.

CbbupaHeTo M aHaAM3UpaHeTo Ha MHbOpMaumA 3a
CNYYNNUN Ce HAaBOAHEHUA Ha TEPUTOPMUATA Ha CTpaHaTa e
Ba)XHO M HeobxoaMmo ycnoBme 33 MNo-fo6poTo
pa3bupaHe Ha GaKTOPUTE, KOUTO BOAAT 4,0 EKCTPEMHUTE
CcbbUTUA, 3a onpeaensHeTo Ha MepKUTe 3a aganTupaHe
KbM ObAewoTto W3MeHeHWe Ha KaMmata M 3a
W3roTBAHETO Ha NAAHOBETE 3a YyrNpaB/ieHWe Ha pUCKa OT
HaBOAHEHUA.
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Introduction
Floods were a serious problem in many countries in
Europe and the world in 2024. Although the 2024 is
characterized as a dry year, from a hydrological point of
view, there are significant number of floods registered in
the country.

Methodology

In this paper a review of the floods that occurred in
2024 in Bulgaria is presented. The extreme events are
systematized by type, location and time of occurrence. A
detailed analysis of the causes that led to these adverse
events is also provided. The flood archive created and
maintained at the National Institute of Meteorology and
Hydrology since 2016 (Bocheva et al., 2022, 2023) was
used as a source of information and data in this study.
The results are presented in a GIS database.

Results and conclusions

In 2024 16 flood events were registered in Bulgaria
(Fig. 1). According to the flood types the events recorded
are classified in three major types: 9 pluvial floods, 4 flash
floods and 3 fluvial floods.

HaBogHeHus npe3 2024 r.

Nerenpa
®  auKAOBHO HaBoaMeHHe
®  NopoiiNO HaBoAKENHE
° ® peuno Hasogmenne
. Pexa
Tpanmua Ha Baceiiosa AupexuHA
[ rpanuua wa Bunrapus

Figure 1. Location and type of floods in 2024

The floods that occurred in 2024 caused serious
damages to private properties, economic and transport
infrastructure. There are three main periods, in which
significant floods occurred.

The first was in March, when two fluvial floods
occurred in the municipalities of Krumovgrad (village of
Lulichka) and Kirkovo (village of Kirkovo). On March 12
due to heavy rainfall significant river runoff was formed
on Elbasan and Chorbadzhiyska rivers, causing bank
overflowing. In the village of Kirkovo the bus station area,
streets and commercial properties were flooded and in
the area of the village of Lulichka — agricultural lands. The
second period is in May. Then the municipalities
Bregovo, Pleven, Pavel Banya (on May 8); Svishtov (on
May 12-13); Bozhurishte, Sofiyska, Teteven, Sevlievo (on
May 22) were most affected. The main reason for the
floods is the intensive precipitation in these areas. The
third period is September 10-11, when pluvial floods
were registered in the cities of Varna, Beloslav and
Kavarna. As a result of intensive rainfall streets and
ground floors were flooded. The Varna—Beloslav-
Razdelna road was also flooded.

The floods in 2024 caused both economic and
infrastructure damages however it is worth noting that
they didn’t lead to loss of human lives.

The information on the flood events from 2016
onwards shows that the majority of the floods that
occurred in Bulgaria are pluvial and flash, which is in line
with climate change trends.

Collecting and analyzing information about floods
that occurred in the country is an important and
necessary prerequisite for a better understanding of the
factors that lead to extreme events, as well as for
determining measures for adaptation to future climate
change as well as for preparing flood risk management
plans.
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BbvBeaeHue
CneumanmsmnpanuaT codptyep e nsuano paspaboteH
3a uenute Ha HUMX. Pasrnexkpart ce xapakrepHuTe
ocobeHocTM Ha codTyepa, KbAe W KakBo e
pa3/IMYHOTO OT BCUYKM OCTaHAIN 4O MOMEHTa.
CnocobcTBa 3a aHanM3upaHe M nogobpsasaHe Ha
U3MepBaHUTE NapameTpu, BWU3yanusupaHe Ha
napameTtpu B rpadpuyeH n TabnmyeH sua. Lenta Ha
codTyepa e Aa ONTMMM3MPA OnepaTMBHATaA paboTa Ha
CNYXKUTENNTE, KOUTO MMAT MPAKO OTHOLIEHWE KbM
NMOBBPXHOCTHM UM MO3EMHM BOAW, KaTo JaBsa
Bb3MOXKHOCT 6bP30 M JIECHO A3 aHaNU3NPaT Macus
OT JaHHU, CNPaBKK, TEHAEHLUM.

MeTtopgonorus

WHTerpupaH codTyep OT TUMA K/AMEHT CbPBBP,
rpaduyeH reHepaTop C Bb3MOXHOCT 33 EKCMopT U
MMMNOPT Ha MACUBWU OT AAHHMU, CTPYKTypuUpaHW no
fJata/uac/roguHa  (3MMHO 4acoBO Bpeme), BbB
dopmatr CSV, BuM3yanusmMpaHe Ha WU3MepeHUTe
napameTpu, BOAHO HU1BO, TemnepaTtypa,
€NeKTPoNpPoBOAMMOCT, U AONBAHUTENHU NapameTpu
KaTo 6apoOMeTPUYHO HanAraHe, CONEHOCT.

Pe3synTtati u ussoam

OCHOBHUTE pe3ynTaTM OT chneumManusmpaHusa
coptyep MoraT fda 6baar npwnaraHu  nNpwm
CpaBHUTENEH aHa/NW3 Ha pPasAnMYHM MeToaM 3a
OLEeHKa Ha pecypca Ha MOBbPXHOCTHUTE BOAHM Tena
M BogoOCOOpPM, W3NON3BANMKM U  CEeNEeKTUPAWKK
JaHHUTE 32 BOAHO HWMBO, MOJly4yaBaHM B yAobeH 3a
0bpaboTKa BapuaHT M HanpasBo B rpaduyeH BUA.
3anucBaHe Ha AaHHUTe, M3MNON3BalKM
cneuManusnpaHa nporpama 3a apxuBupaHe Ha
MacuBM OT AaHHMU.

Tabnuua 1. BusyannsmnpaHe Ha gaHHuTe

A 8 C D E
1 |flara Temneparypa | °C Temeparypa 2 | “C [un6oumsa | cm bapomeTnuHo wanaraxe | bar barepus | %
2 (0272412025 - 00:00 21.96 231 20.03 720.82 98.10
3 |02/23/2025 - 23:00 22.03 2244 20.31 720.98 98.10

4 |02/23/2025 - 22:00 22.10 252 20.31 72105 98.10

ZDZJZ&'ZG?S -21:00 2217 2260 20.13 72119 98.10

6 (02232025 - 20:00 22.23 2268 20.51 72128 98.11
7 [02/23/2025 - 19:00 22.31 276 20.39 72108 98.11

Tabnuvua 2. MomeHTHa rpadmKka Ha BOAHOTO HUBO

Cucremata npeacrasnnaBa nHTepdencHa
CBbP3aHOCT MeXAy 3anuceBalloTo YCTPOMCTBO W
MoZemM 33 M3MepBaHUTE MNapameTpu, HUBO,
CONeHOCT, TemnepaTypa Ha BOAaTa,
€/71eKTPONPOBOANMOCT, KAaTo TO3M MNapameTbp ce
Kannbpupa npe3 3 Meceua CbC CneuuannsnpaH
pa3TBOp M MOYUCTBAHE Ha enekTpoaute. Ha
KOMMIOTbPHO (CbPBBPHO YCTPOMCTBO) ce npeaasat
3anucuTe OT CEH30pUTE MOCPEACTBOM be3unyeH
NpeHocC Ha AaHHuTe Ype3 mogem GPRS.

CuctemaTa e rbBKaBa, MOXe [a Ce HacTpolea
YyecToTaTa Ha ONpecHABAHe Ha MoJly4yaBaHUTE AAHHM
Ha MMHYTM, Yacose, 6 4yaca, 12 yaca MM Ha AeH,
mecel, roguHa. ToBa e OT rosaMoO 3HaYeHue npwu
pa3/IMyHM TEPEHHW 334a4n B XMAPOreonorusta —
HanpuMmep 3a434u 3a BOAOYEPNEHe U NOAXPaHBaHe
Ha KnafeHel, BOAOHOCHM C/I0EBe.

CodtyepbT UMa GyHKUMA 32 NO3ULMOHUPAHE Ha
KapTa, MACTO, rpaj, ceno, HoOMep Ha CTaHLUMA, U BbB
BCEKM eAMH MOMEHT MOXe A3 ce NpoBepu Kbae ce
HaMupa yYCTPOMCTBOTO M KaKBa € HerosaTta AoKauua.
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®urypa 1. BusyanusmpaHe Ha OCHOBEH eKpaH 1
M3mepBaHu NapameTpu

BnarogapHocTu: PaspaboTkaTa e ocbliecTBeHa OT
cnyxutennte Ha HUMX no cnopasymenune ¢ MOCB
2024r.
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Introduction

The specialized software has been fully developed for
the purposes of NIMH. The characteristic features of
the specialized software are considered, where and
what is different from all the others so far.

Facilitates analysis and improvement of measured
parameters, visualization of parameters in graphical
and tabular form. The purpose of the software is to
optimize the operational work of employees who are
directly related to surface and ground water, by
enabling them to quickly and easily analyze an array
of data, references, trends.

Methodology

Integrated software of the client-server type,
graphic generator with the possibility of exporting
and importing arrays of data structured by
date/hour/year (winter time), in CSV format,
visualization of the measured parameters, water
level, temperature, electrical conductivity, and
additional parameters such as barometric pressure,
salinity.

Results and conclusions

The main results of the software can be used in
the comparative analysis of different methods for the
assessment of the resource of surface water bodies
and watersheds, using and selecting the water level
data, obtaining them in a version that is convenient
for processing and directly in a graphical form. Save
the data using a specialized data array backup
program.

Table 1. Data visualization

A 8 c D 3
1 [ara Tewmneparypa | °C_Temeparypa 2 | °C_[nnGounsa | cm [BapomeTuso Hansrane | bar barepus | %
2 [02/24/2025 - 00:00 21.96 237 20.03 720,82 98.10
3 (0212312025 - 23:00 22.03 2244 2031 72098 9.10

4 |02/2312025 - 22:00 22.10 2252 20.31 721.05 98.10

ZDZ#ZS"ZGZS -21:00 22.17 22.60 20.13 T21.19 98.10

6 |02/23/2025 - 20:00 22.23 2268 2051 721.28 08.11
7 |02/23/2025 - 19:00 22.31 2276 2039 721.08 98.11

Table 2. Instant graph of the water level

The system is an interface connection between
the recording device and a modem for the measured
parameters, level, salinity, water temperature,
electrical conductivity, as this parameter is calibrated
every 3 months with a specialized solution and
cleaning of the electrodes. The recordings from the
sensors are transferred to a computer (server) by
means of wireless data transfer via a GPRS modem.

The system is flexible, the frequency of updating
the received data can be set to minutes, hours, 6
hours, 12 hours or per day, month, year. This is of
great importance in various field tasks in
hydrogeology — e.g. tasks for water extraction and
feeding a well, aquifers.

The software has the function of positioning on
map, place, city, village, station number, and at any
time one can check where the device is and what is
its location.
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Figure 1. Main screen visualization and
measured parameters
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BbBeaeHue

XUOPONOKKOTO  MOLENMpaHe U MNpPOrHosupaHe
(Yordanova&Stoyanova, 2020) ca BaxHa u4acT OT
ebEeKTUBHOTO M3MON3BaHe Ha BOAHUTE pecypcu Ha
JageH Bogocbop. C TaxHa nomow, B CAyyalh Ha

NPOrHo3npaHu HebnaronpuATHU XVUAPONOTUYHM
ABNEeHUsA, moraT ga 6bAaT B3eTM MEPKM 338 HamansBaHe
Ha wetute. 0Ocob6EHO BaXHO € XMAPOJIOHKKOTO

MofennpaHe 3a Boaocbopu M mecTa, KOUTO Ca CbC
3HauYUTENIeH PUCK OT ObAelM HAaBOAHEHWUs, KAaKTO U 3a
palioHM CbC CAYYUIM Ce€ B MWHANOTO HABOLHEHUA.
Cnopeg NMNOPH 3a baceliHoBa aupeKkums ,,4YepHOMOPCKMU
palioH” n3bpaHuAT Bogocbop Ha p. Beneka e MMeEHHO
TakbB. Ha ¢purypa 1 ca nokasaHu cAy4mam ce HaBOAHEHUSA
BbB Bog0CcO0pa Ha p. Beneka 3a nepnoga 2016-2023 r.

WUcTopuueckn HasoaHenus 2016-2023

peuro Hasoanenie! fluvial flood|

®urypa 1. UcTopryeckn HaBogHEHMUA
BbB Bogocbopa Ha p. Beneka

MeTtopgonorus

3a mogenupalua nnatpopma e nsbpaH NAM mogynsvT
Ha MIKE11l codTyepeH nakeT, pa3paboTeH OT MHCTUTYTA
DHI, OaHuAa. Ton e KOHUEeNnTyaneH XMAPOJIOKKA Moaen
CbC CbCPenoToUEHN NAapaMeTpu.

BxogHute JaHHU 3a mogzena BK/IOYBAT
MeTeopoNorMyHa MHPopMaLmaA: Banex n TemnepaTtypa,
OT MOHUTOPUHrosaTa mpexa Ha HUMX, noteHumanHa
€BanoTPaHCNMPALLMA, U3YMUC/IEHA B PAMKUTE Ha NPOEKTA
“Black Sea Middle East Flash Flood Guidance System”
(BSMEFFGS). 3a kKanubpupaHe 1 BanuanpaHe Ha mogena
€ W3M0/JI3BaHa  XWUZPOJOTMYHA  MHPopMauMAa  C
BaMAMPAHN BOAHU KoandecTsa. Cb3gaseHn ca mosenm
KbM ABeTe XMAPOMETPUYHM CTaHLMMN BbB BOAOCOOpPA Ha
pekata: 83700 — npwu c. 3Be3geu, n 83800 — npwu c.
[pamaTtumkoso.

Mpu nbpBOHaYanHUA w3bop Ha rpaHUMLMTE Ha
M3MEHeHMe Ha  napameTbpa,  Bb3NPOM3BEKAAL
noyBeHaTa BJ/IA)KHOCT B KOPEHOObUTaemua C/loi Ha
Bogocbopa (Lmax) npu KanubpaLMOHHMA npouec, we
6bae M3Non3BaH NO-TECEH AMaNa3oH, B 3aBUCMMOCT OT
BOAHO-OU3UYHUTE XaPaKTEPUCTUKM HA MOYBUTE BbLB
Bogocbopa (MMNB n B3) u abnbounmHata Ha KopeHoBaTa
cuctema. [Mpeobnafasawiute MNOYBEHW TUNOBE BbB
Bogocbopa Ha p. Beneka ca KaHeseHU ropcku Noysu —
M3NIY}KEHW M OMNOA30/EHW W KbATO3EMHU NO30/UCTH
(KonHoB 1 gp., 1998), unato gbnbo4MHa Bapupa ot 100
0o 140 cm (QoHos., 1967). 3a HacToAwWaTa pa3paboTka
e ce npuveme, 4e cpeaHaTa AbnbouMHa Ha
KopeHoobuTaemus noyseH caoi goctura go 120 cm.

EdekTnBHOCTTA Ha paboTaTa Ha MogenunTe e oleHeHa
nocpeacTBOM cTaTucTuyeckute Kputepumn Nash-Sutcliffe
(NSC) n koeduumeHta Ha Kopenauma (CC) KaKTo 3a
nepuvona Ha KanubpupaHe (2015-2021 r.), Taka ¥ 3a
nepuoga Ha Baangupate (2022-2023 r.).

Pesyntatu u ussoau

Cb3gafieHnTe MoAenn Kbm faBeTe CTaHUMK aobpe
OMMCBaT BUCOKUTE BOAM KaKTO MO Bpeme Ha HaCTbnBaHe,
TaKa U CTOMHOCTTA Ha CUMYIMPAHNTE BOAHWN KOJIMYECTBA.

CraTucTuyecknTe  OUEHKM 33  nepuoja  Ha
KannbpupaHe Ha ABaTa mogena ca:
83800 83700
NSC=0.57 NSC =0.55
CC=0.76 CC=0.74
3a nepnoga Ha BanManpaHe Te ca CbOTBETHO:
83800 83700
NSC=0.27 NSC =0.45
CC=0.67 CC=0.67

OueHkute Ha CTaTUCTUYECKUTE napamertpu
XapaKTepusnpaT Cb3JafeHUTe momenu Kato ,no0bpu”.
MogpenbT e BbBedeH B onepaTMBHaTa MpPaKTUKa Ha
cekuma , XnaponornyHu nporHosm” kem HUMX.

Jlutepartypa

[oHos, B.
3emunsaar.

KoliHos, B., Kabakuues, U., boHeBa, B. (1998). ATnac Ha
nouysute B bbarapus. Codusa: 3emnsaar.

Yordanova, V., and Stoyanova, V. (2020). Modeling floods
with a distributed hydrological model in a river
catchement. International Multidisciplinary Scientific
GeoConference: SGEM 20.3.1, 249-255.

(1967). Topcko nouso3HaHue. Codus:
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Introduction

The  hydrological modelling and  forecasting
(Yordanova&Stoyanova, 2020) are essential part of the
effective use of the water resources in a given
catchment. With their help, in case of forecasted adverse
hydrological phenomena, measures could be taken to
mitigate the damages. Hydrological modelling is
especially important for watersheds and areas, which are
determined as areas with high risk of future floods as well
as such with flood events in the past. According the
Preliminary Flood Risk Assessment for the Black Sea
Basin Directorate, the selected basin of Veleka river is
such a catchment. Figure 1 shows floods that occurred in
the watershed for the period 2016-2023.

Wctopuueckn HaBogHewnus 2016-2023

ALTA KbM C. MAARERKD

c. FpamaTikono

33 ceno CToWnOBO Beneig

peuto HasoaHenie! fluvial flood

Figure 1. Historical floods in the watershed
of Veleka river

Methodology

The NAM module of MIKE11 software, developed by
DHI, is chosen as a modelling platform. The NAM model
is a conceptual lump model.

The input data includes meteorological information:
precipitation and air temperature (from monitoring
network of NIMH), potential evapotranspiration
(estimated in the framework of “Black Sea Middle East
Flash Flood Guidance System” (BSMEFFGS) project). For
the calibration and validation of the model, a
hydrological information is used — validated discharges
from the hydrological network of NIMH. Two models are
set up —one, up to the station 83700 (at Zvezdets village),
and another one, up to the station 83800
(at Gramatikovo station).

When initially selecting the boundaries of the
parameter reproducing the soil moisture in the root zone
of the watershed (Lmax) during the calibration process, a
narrower range will be used, depending on the water-

physical characteristics of the soils in the watershed:
Field Capacity (FC) and Wilting Point (WP) as well as the
depth of the root system. The predominant soil types in
Veleka river basin are cinnamon forest soils — leached
and podzolized and yellow earth pozolists (Koinov et al.,
1998), the depth of which varies from 100 to 140 cm
(Donov, 1967). For the present study, it is assumed that
the average depth of the root-dwelling soil layer reaches
120 cm.

The model efficiency is assessed using the statistical
criteria Nash-Sutcliffe  Efficiency (NSC) and the
Correlation Coefficient (CC) for the calibration period
(2015-2021) and for the validation period (2022—-2023).

Results and conclusions
The created models for the two stations well describe
the high waves, both by time of occurrence and the peak

magnitude.
The statistical scores obtained for the calibration
period are:
83800 83700
NSC=0.57 NSC = 0.55
CC=0.76 CC=0.74
For the validation period the statistical scores are:
83800 83700
NSC = 0.27 NSC = 0.45
CC=0.67 CC=0.67

According to the statistical scores the created model
could be characterized as “good”. The model is used in
the everyday operational work of the “Hydrological
forecasting” section at the National Institute of
Meteorology and Hydrology.
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BvBeageHue

EdeKTMBHOTO oOTBEXAaHe Ha AObXKAOBHUTE BOAM,
dopmMpalM MOBBbPXHOCTEH OTTOK BbBPXY Y/MYHATA U
TpOTOapHaTa HaCTWAKA, € OCHOBEH eNeMeHT 3a
HagegHa W YycToMuMBa rpafcKka cpefa KaKTo npu
HOPMa/IHW  YCNOBMA, Taka WU NPU  EKCTPEMHM
XNOPOMETEOPOIOTUYHN ycoBua. EAHa OT OCHOBHUTe
OMAaCHOCTM e  HEeBb3MOXHOCTTa  efHa  AbXAO0-
cbbupaTenHa cuCTEMA HA Y/IMYHA MpeXa ga noeme
dopmmupanma ce MNOBBPXHOCTEH OTTOK, C KOETo ce
Cb34aBaT YCNOBMA 33 aKBaNMaHWHI UM PUCK 3a
6e3onacHocTTa Ha ABu»KeHueTo. ToBa MoXKe ga 6bae
KaKTO BCNEACTBME HA EKCTPEMEH WMHTEH3MBEH Banex,
TaKa M Nopagu HeyAauyHo CUTYAUMOHHO U3MbJAHEHME Ha
CbOpbXKEHUETO.

MeTtoponorusa

B n3cnenBaHeTo e HanpaBeH 0630p Ha NpuaaraHuTe
KbM MOMEHTa MPAKTUKM NPU  NPOEKTUPAHETO U
eKcnioaTauMATa 3a OTBOAHABAHE Ha TPAHCMOPTHMU
CbOpPDBKEHMUA. AHanusumpaHa e AelcTBawata
3aKOHOZATE/IHA pPaMKa 1 e NpeasioXKeH opasmepuTeseH
npouec 3a pelaBaHe HA KOHKPeTHa 3ajaya npu
Opa3smepsABaHETO Ha MOBBPXHOCTHO OTBOAHABAHE 3a
pa3nnyeH Knac nbTuwa. PeweHnero e passuto B
KOHKPETHU NpumepHu.

PaspaboTeHu ca TpU BMAa NPUHLAMHN
TEXHONIOTUYHU peLeHUA Ha CTaHAAPTHM CUTyaummn 3a
OTBOAHABAHE Ha Y/UYHW MPEXU MNpU NpPOEeKTUpaHe,
PEKOHCTPYKLUUA U eKcnepTusa.

Bodewa  flenta 1 Newta 2 Bogewa

PEVIES WBALA
%} cpeaHa
‘ pasaenuTenHa
] vBMLa

11, 25 280 325 Isol. 200 |

durypa 1. Cxema Ha CTaHAAPTHO YIMYHO MJIATHO

Pe3syntatn u nssoam

3apaua 1 e paspaborteHa 3a MHBECTULMOHHM
NPOEeKTU Npu HoBWM 06eKTU. 3agajeHn ca yC/loBMA 3a
WMPOYMHA Ha aKTMBHMA BOAEH MOTOK B Y/AMYHaTa
pUryna, MHTEH3UBHOCT Ha OpPa3MepUTENHUA Basex U ce
TbpcM nowTa, Koato TpA6Ba Aa ce npeasuau 3a
OTBOAHABaHE OT NPeABUAEHNTE AbKAONPUEMHULM.
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®urypa 2. TexHoNOrMA Ha n3cneaBaHeTo npu 3agava 1

3apgaya 2 e paspaboTeHa 3a WHBECTULMOHHMU
NPOEKTM NP PEKOHCTPYKLMA HA CbLLECTBYBALLY OBEKTU.
3apafeHn ca ycnoBuA 3a LUMPOYMHA Ha aKTUBHUA BOAEH
NOTOK B y/IMYHATa pWrynaa, NAoLLTa Ha CblUeCcTByBalLaTa
Teputopua, KOATO Cce  OTBOAHABA. Tbpcu  ce
obe3neyeHOCTTa Ha BafieXa, NpuU KOWTO ce pocturaTt
rPaHUYHUTE CbCTOAHMA.

3apaua 3 e paspaboTeHa 3a Cayvyam Ha eKkcrnepTusa
NpU KOHKPETHM cbbutMAa. 3afafeHn ca peanHuTe
MHTEH3UBHOCTU Ha BaNleXHO CbOUTME U reomMeTpUYHUTE
napameTpyM Ha KOHKPETeH Yy4yacTbK. Tbpcu ce
IWUMPOYMHATAa Ha aKTMBHMA BOAEH MNOTOK npwu
KOHKpPETHWTE yCNoBUA.

2000.00

1800.00
1600.00
1400.00
1200.00

1000.00

800.00

000 2500 50.00 7500 100.00 125.00 150.00

Q [lfs]

®urypa 3. TexHoNOrMA Ha U3cneaBaHETo Npu 3adava 3
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Hapegb6a Ne P-02-20-2 ot 2018 r. 3a NpoeKTupaHe Ha
nbTULa.
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Introduction

The effective drainage of rainwater forming surface
runoff on the street and sidewalk pavement is a
fundamental element for a safe and sustainable urban
environment, both under normal conditions and under
extreme hydrometeorological conditions. One of the
main dangers is the inability of a rainwater collection
system on a street network to drain the formed surface
runoff, which creates conditions for aquaplaning and a
risk to traffic safety. This can be both as a result of
extreme intense precipitation and due to unsuccessful
situational design of the facility.

Methodology

The study provides an overview of the currently
applied practices in the design and operation of
drainage of transport facilities. The current legislative
framework is analyzed and a design process is proposed
to solve a specific task in the design of surface drainage
for different classes of roads. The solution is developed
in specific examples.

Three types of principled technological solutions
have been developed for standard situations for

drainage of street networks during design,
reconstruction and expertise.
|| &=
a
| S — —
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Figure 1. Profile of a standard street surface

Results and conclusions

Task 1 is developed for investment projects in new
objects. Input conditions are the width of the active
water flow in the street rule, the intensity of the design
rainfall. The area that must be provided for drainage
from the planned storm drains is sought.
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Figure 2. Research technology for task 1

Task 2 is developed for investment projects in the
reconstruction of existing streets. Conditions are set for
the width of the active water flow in the street grid, the
area of the existing territory that is drained. The
provision of precipitation at which the limit states are
reached is sought.

Task 3 is developed for cases of expertise in specific
events. The real intensities of a precipitation event and
the geometric parameters of a specific section are
given. The width of the active water flow under the
specific conditions is calculated.
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Figure 3. Research technology for task 3
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BAusHWe Ha MeTeopo/IorMyHaTa CyLla BbpXy pe4yHus OTTOK B baceliHa Ha peKka AHTpa
A. ,LI,MMMTpOBa*, H. Hnkonosa, K. Pagesa, C. Mates, 3. MapueBa

leonoro-reorpadcku dakynter, Copuiickm yHusepcuteT ,,CB. KnumeHT Oxpuackmn®
KnouoBu ymun: memeopono2u4Ha cyuwd, Xuopoaoxcka cyua, SPI, SDI
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BbBeaeHue

MeTeoponorMyHata cylwa, XxapakTepusupawa ce c
NPOLBMKUTENHN NEPUOAM C BaNEXKM NoA HOPMaATa UK
JIMMCA Ha BaNeXu, MoXKe Aa O6bae npealecTBEHUK Ha
XMAPOJIOXKKATAa Cyla, KOATO Ce MposABABAa  KaTo
Hama/JieHa Ha/IMYHOCT Ha BOAa BbB BOAHWUTE BaceliHu u
BOAOHOCHM XOPU30HTH. PasButmeTo Ha
METEOPOIONMYHO B XMAPOJIOXKKO 3acyllaBaHe 3aBUCU OT
KAMMaTa, reorpadCKkUTe XapaKTEPUCTUKM Ha pevyHuA
b6aceilH M aHTponoreHHaTa AeWHOCT U 0OOMKHOBEHO Cce
XapaKTepusmMpa C  YOb/PKEHA  MNPOLBAKUTENHOCT,
3abaBAHe Ha BpemeTo 3a NposBa W oTcnabeaHe Ha
Texkectta (Loon, 2015; Nikolova et al., 2023).
XMAponoxKata Cylwa Yecto MOXe JAa NPOABIKM
3HaUMUTENHO  NO-AbATO  OT  Npeaxoxpalwara =
MEeTeopOo/IOrMYHa Cylla M Aa ce HabaogaBa B pamkuTe
Ha HAKOJIKO MeceLa cnej, Kpas Ha MeTeoposornyHaTta
cywa (Entekhabi, 2023).

MeTtoponorusa

Ha 6a3aTa Ha MeceyHu JaHHU 3a BaJieXXMTe M OTTOKA
Ha peka fAHTpa npu labposBo u Benunko TbpHOBO 3a
nepuofa 1961-2024 r. ca M34YUCNEHU KYMYyNaTUBHWU
aHOManMM U ca onpegeneHu NO3UTUBHWU U HeraTMBHU
$asn B MHOTOroAMLIHMA XO4 Ha BajeXUTe U peyvyHus
OTTOK 3a roAMLIHUTE CTOMHOCTU (XMAPO/NOXKKa roamHa
HOEMBpPW — OKTOMBPM), 3a CTyYAEHOTO noJsyroaune
(HoemBpu — anpwun) 1 TonnoTo noayroave (mak —
OKTOMBPM). MeTeopo/IorMyHOTO 3acyLlaBaHe e OLEeHEeHOo
ypes CTaHAAPTU3UPaHMA WMHAOEKC Ha Banexute (SPI),
nsyucneH 3a Bpemesn mawab ot 1 go 12 meceua, 3a
onpeaenaHe Ha  XMOPOJOXKKOTO  3acyllaBaHe e
M3MNOoN3BaH MHAEKCHT Ha 3acyllaBaHe Ha PeYyHMA OTTOK
(SDI) Ha eaHOMeceuHa ckana (SDI-1).

Pe3yntatn n ussogm

AHanM3bT Ha KYMyNaTUBHWTE aHOMa/AMM MOKa3Ba
Jobpe wM3paseHa CUHXPOHHOCT MENXKAY Banexute u
peuHnsa oTTtok o 1999/2000 r., gobpe u3paseHa 3a
roguiiHuTe ctorHoctn (pur. 1) u 3a nepuoga man —
OKTOMBPM, [OKATO 33 CTYAEHOTO noayroane (HoemBpu —
anpun) TakaBa Bpb3Ka He ce ycTaHossABa. B aBaTa
nscnenBaHM NyHKTA ce yCTaHOBsBa NO3UTMBHA ¢$asa Ha
BanemTe M oTToka Ao 1981/1982 r., nocneasaHa oT
HeraTMBHa  gokbmM 2000 r. (npu  Tlabposo
NPOAB/MKUTENIHOCTTA € NO-KpaTKa 3a BaJsiexute u no-
AbAra 3a OTTOKa). B xoma Ha peyHuma OTTOK ce
yCTaHOBfiBa BTOpa Mno3uTMBHa ¢asa ao 2018/2019 r.,,
[OKaTo npwu BanexuTe cneg 2000 r. ce Habnogasat
pPa3HOMNOCOYHU TEHAEHLUMMN.
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durypa 1. KymynaTueHM aHoMannu Ha sanexkute (P) u
peyHus oTTok (Q) npu (a) AHTpa — Mabposo u
6) AHTpa — Benuko TbpHOBO

CpaBHEHMETO Ha KOpenauuMoHHWUTE KoepULMeHTU
mexay SPIx (x=1, 2... 12) n SDI-1 noKa3Ba Hal-BUCOKM
CTOMHOCTM Ha KopenauuoHHUTe KoeduumeHTn 3a SPI-3
(0,63 AHTpa — labposo) u SPI-5 u 6 (0.68 AHTpa —
Benuko TbpHOBO). ToBa AaBa OCHOBaHWeE fia ce Hanpasu
M3BOABLT, 4Ye BpemMeTo 3a MpemMuHaBaHe Ha
METEOopOo/IorMYHaTa cylla B XMAPOJIOXKKaA e TpM Mmecela B
paiioHa Ha abpoBO M neT-wecT Mmeceua B palioHa Ha
Bennko TbpHOBO. AHanM3bT Ha pAgata 30-roguwHu
nepnoga  (1964-1993 wu  1994-2023) noka3Ba
M3MecTBaHe Ha nepuoja — BPEeMeTo 3a NnposBa Ha
XMOPO/IOXKKA Cylla e OT YeTMpu A0 WecT Mmeceua cnep
MEeTeopo/IornyHara.

BbnaropgapHocTu: M3cnegBaHeTo e  OCbUWECTBEHO B
pamkuTte Ha npoeKkt NeKMN-06-AYHAB/1 ot 18.07.2023 r.,
¢duHaHcupaH ot PHU — MOH.
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Introduction

Meteorological drought, characterized by prolonged
periods of below-normal precipitation or the absence of
rainfall, can serve as a precursor to a hydrological
drought, which manifests as reduced water availability
in water basins and aquifers. The transformation of
meteorological drought into hydrological drought
depends on the climate, geographical characteristics of
the river basin, and anthropogenic activities. This
process is typically marked by extended duration,
delayed onset, and reduced severity (Loon, 2015;
Nikolova et al., 2023).

Hydrological drought often persists significantly
longer than the preceding meteorological drought and
may be observed several months after the
meteorological drought has ended (Entekhabi, 2023).

Methodology

Based on monthly precipitation and river discharge
data for the Yantra River at Gabrovo and Veliko Tarnovo
for the period 1961-2024, cumulative anomalies were
calculated, and positive and negative phases in the long-
term variability of precipitation and river discharge were
identified. These analyses were performed for annual
values (hydrological year November — October), as well
as for the cold half-year (November — April) and the
warm half-year (May — October). The meteorological
drought was assessed using the Standardized
Precipitation Index (SPI), calculated for time scales
ranging from 1 to 12 months. The Streamflow Drought
Index (SDI) was applied to evaluate hydrological drought
at a one-month scale (SDI-1).

Results and conclusions

The analysis of cumulative anomalies indicates a
well-defined synchronization between precipitation and
river discharge up until 1999/2000, particularly for
annual values (Fig. 1) and the warm half-year (May—
October). However, no significant correlation s
observed for the cold half-year (November — April). At
both observation points, a positive phase in
precipitation and discharge persisted until 1981/1982,
followed by a negative phase lasting until approximately
2000. At Gabrovo, the negative phase was shorter for
precipitation but longer for river discharge, suggesting a
delayed hydrological response. A second positive phase
in river discharge persisted until 2018/2019, whereas
post-2000 precipitation trends exhibit divergence,
indicating a potential weakening of the relationship
between precipitation variability and runoff response
dynamics.
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Figure 1. Cumulative anomalies of precipitation (P)
and river discharge (Q) at (a) Yantra — Gabrovo
and (b) Yantra — Veliko Tarnovo

The comparison of correlation coefficients between
SPI, (x = 1, 2... 12) and SDI-1 reveals the highest values
for SPI-3 (0.63 for Yantra — Gabrovo) and SPI-5 and SPI-6
(0.68 for Yantra — Veliko Tarnovo). This suggests that
the transition time from meteorological to hydrological
drought is approximately three months in the Gabrovo
region and five to six months in the Veliko Tarnovo
region. The analysis of two 30-year periods (1964-1993
and 1994-2023) indicates a shift in the transition
period, with the onset of hydrological drought occurring
four to six months after meteorological drought instead
of the previously observed shorter intervals.

Acknowledgements: The study was carried out within
the framework of project NoKP-06-DUNAV/1 from
18.07.2023, funded by the NSF — MES.
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Pecypc Ha NOBbPXHOCTHUTE BOAHMU TeNa U OLLeHKa Ha CPeAHOMHOrOroguULHUTE CTOMHOCTH

3a paiioHa Ha p. Orocta u peku, 3anagHo ot p. Orocta
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BvBeaeHue

O6eKT Ha u3cneaBaHe ca p. Orocra 1 peKku, 3anagHo ot
p. Orocta — Epma v Huwasa, Tononosel, BoliHWLWKa,
Buabon, Apuap, Ckomns, Jlom, Lmbpuua.

Uenta Ha paspaboTkaTta e aKTyaauMsaums Ha
TEXHO/IOrMYHATA CXeMa Ha pecypca Ha NOBbPXHOCTHUTE
BOZHW TeNa 3a HOBUA pedepeHTEH KAMMATUUYEH Nepuos,
(1991-2020 r.) 1 oueHKa Ha CpegHOMHOroroAuLIHUTE
CTOMHOCTU B KpasA Ha BCAKO BOAHO TANO.

MeTtopgonorus

M3non3saHn ca 18 XMC, KOMTO KbM MOMEHTA
npeacTaBnABaT MOHUTOPUHIroBaTa mpexa Ha HUMX BbB
BogocbopuTe Ha nopeunaTa, Bb3 OCHOBA Ha KOMUTO ce
onpeaena pecypcbT. 3a MNbJHOTAa Ha M3C/AeABaHETO
AOMbAHUTENIHO Ca N3N0A3BaHM AaHHUTe oT 5 XMC, KouTto
Ca 3aKpUTK Npe3 NocaeaHUTE roaUHN.

B paspabotkata e wM3M0OA3BaH MNOAXOA4bLT Ha
palioHMpaHe Ha 6as3aTa Ha pPerucTpuMpaHus OTTOK B
XMAPOMETPUUYHUTE CTaHLMW, KOWTO Ce OCHOBaBa Ha
KOPEeNaUNOHHUTE BPB3KM MEXKAY XapPaKTepHUTE BOAHMU
KONMYecTBa M naowTa Ha Bogocbopute.

Cnep XMAPONOXKKU aHa/IM3 Ha XOMOFEeHHOCTTa Ha
ydyactbumute B baceiiHuTe ca onpeaeneHn 5 otaentHu
XOMOreHHW pernoHa 3a Wu3bpaHuA npenBapuUTENHO
nepuog (pur. 1).
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®urypa 1. O6ocobeHunTe perMoHn Ha nopeuus,
3anagHo ot p. OrocTa, p. Orocta 1 N2 Ha XMC

Pesyntatu

O6ocobeHu ca cnefHUTE PETNOHMU:
PeauoH 1. Pekn c Bogocbopwu, t0kHO oT CTapa niaHWHa,
n nputounte MM. M3nonssaHm XMC: Ne11650 (Epma —
TpbH), Ne11800 (HuwaBa - KanotuHa), N216150
(BepkoBcka peka — KB. berosuua) (dur. 2).

10.0
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T 11650 [[]]
19 16150 Ll
v = 0.0693x"5464
R?=0.9765
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g LI
1.0 10.0 F[km2] 100.0 1000.0

®urypa 2. PermoHanHa 3aBUCUMOCT Ha pervoH 1

PeauoH 2. TlpepnnaHuHCcKa 4vact. M3nonssaHn XMC:
Ne12850 (BoiHuwKa peka), Ne13450 (Bewmuka peka).
JonbnHutenHo e um3nonssaHa 3akputa XMC Nel2700
(Tononoseu, — c. Akaumeso).

PeauoH 3. Peka Jlom. M3nonssaHn XMC: Nel14450
(CtrakeBcka peka), Ne14700 (lom — c. FopHu Jlom),
Ne14620 (lom/Bbp3a peka — c. FopHu Jlom), Ne14840
(Nlom — c. Bacunosuy).

PeauoH 4. Peka OrocTa v HeliHuTe nputoum. M3non3saHu
XMC: Ne16380 (Ovbnrogencka Orocta), Ne16410
(Bbp3na), Nel16450 (botyHsa/Crapa peka), Ne16500
(BoTyHa), Ne16670 (OrocTa — c. FaBpua leHoBo), Ne16800
(Orocta — c. Kobunsk), Ne 6850 (Orocta — Musus).
PeauoH 5. Peka Linbpuua n peka CKkbT. Usnonssanm XMC:
Ne17650 (CkbT — c. HusAHMH), N217850 (CKbT — Musus),
3akputa XMC Ne15850 (Uubpuua — c. Pasrpaa).

Tabnuua 1. PernoHanHu 3aBUCMMOCTU U
perpecuoHHn ypaBHeHNA Ha obocobeHnTe pernoHmn

Pernon Perpecnonno ypasHenne r?
Permom 1 IOummo or Crapa|Quor = 0.0693*F* 4% 0.9765
Ilnanus=a
Pernon 2 [Ipeannanmeckara 1acT |Qpor= 0.1568=F 247 0.9989
Pernon 3 Pexa Jlom Qnor = 0.1702=p04581 0.9616
Pernon 4 Pexa Orocra Quor = 0.0411*F%77 0.9979
Permon 5 Pera Lubpuma u pexalQuor = 0.0105*F" 74 0.9823

CrsT

bnaropapHoctu: W3cnegBaHeTo e  OCbLWECTBEHO B
pamkuTe Ha npoekt no 3B, un. 171, c pbKoBOAUTEN
npo¢. NMnameH HuHoB. Brarogapa 3a cbaencTBMETO HA
nHx. Kamenuna Kpymosa.
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Resource of surface water bodies and estimation of annual average values

for the area of the Ogosta river and rivers west of the Ogosta
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Introduction

The object of study is the Ogosta river and rivers west of
the Ogosta — Erma and Nishava, Topolovets, Voinishka,
Vidbol, Archar, Skomlja, Lom, Tsibritsa.

The aim of the development is to update the
technological scheme of the resource of surface water
bodies for a new reference climatic period (1991-2020)
and to estimate the annual average values at the end of
each water body.

Methodology

Eighteen HMS were used, which currently represent
the NIMH monitoring network in the catchments of the
streams on which the resource is based. For
completeness of the study, data from five HMS that have
been closed in recent years were additionally used.

The study uses a zonation approach based on the
recorded runoff at the hydrometric stations, which is
based on correlations between characteristic water
guantities and catchment area.

Following a hydrological analysis of the homogeneity
of the reaches within the catchments, 5 distinct
homogeneous regions were defined for the preselected
period (Fig. 1).

@moo Pernon Ne

{ 1+ . s
+..11650 i
52 - .

Figure 1. The delineated regions of the streams west of
the Ogosta river, Ogosta and Ne of HMS

Results

The following regions were identified:
Region 1. Rivers with catchments south of the Balkan
Mountains and their tributaries. Used HMS: Ne11650
(Erma — Tran), N211800 (Nishava — Kalotina), N216150
(Berkovska river — res. ar. Begovitsa, Berkovitsa) (Fig. 2).

10.
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Figure 2. Regional dependence of region 1

Region 2. The foothill part. Used HMS: Ne12850
(Voinishka  river), No13450 (Veshtitska river).
Additionally, a closed HMS Ne¢12700 (Topolovets —
Akatsievo) was used.

Region 3. Lom river. Used HMS: N214450 (Stakevska
river), Ne14700 (Lom — Gorni Lom), Ne14620 (Lom/Burza
Reka — Gorni Lom), N214840 (Lom — Vasilovtsi).

Region 4. Ogosta river and its tributaries. Used HMS:
Ne16380 (Dalgodelska Ogosta), Ne16410 (Barziya river),
N216450 (Botunya/Stara Reka), Ne16500 (Botunya river),
Ne16670 (Ogosta — Gavril Genovo), Ne16800 (Ogosta —
Kobylyak), Ne16850 (Ogosta — Mizia).

Region 5. The Tsibritsa river and the Skut river. Used
HMS: Ne17650 (Skut — Nivjanin), Ne17850 (Skut — Mizia),
Ne15850 (Tsibritsa — village of Razgrad), which was
closed.

Table 1. Regional dependencies and
regression equations of the distinct regions

Region R egression equation R?

Region 1. Riers wih caichments south of the Bakanlg,  =qo603+F 7| 09763
Mountains

[R egion 2. The foothil part

e =0.1568=F" 7| 09989

R egion 3. Lom river o= 01702°E | 09616

Q
Q
|Reg;ion-l. Ogosta river and ifs tributaries Q... =00411*F 77 | 09979
|Reg;ion5. The Tsibritsa river and the Skut river Q... = 0.0105*F" ¥ 09823

Acknowledgements: The research was carried out within
the project under the Water Act, Article 171, supervisor:
Prof. Plamen Ninov. Thanks for the assistance of Eng.
Kamelia Krumova.
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AHannsnpaHe Ha BUCOKA BbJIHA NO peKa Beneka
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BvBeageHue

PopMUpaHETO Ha BUCOKA BbJ/IHA MO TEYEHUETO Ha peKaTa
e fAB/ieHMe, KOeTO MNpeacTaBiABa PA3KO U3MEHEHWe Ha
peyHna OTTOK. [Mopa)kaa ce OT WMHTEH3WMBHU Banexw,
CHeroToneHe MAM KOmMbBWHaLMA OT ABETe, KakTo U OT
HEM3MNpPaBHOCTU B  XUAPOTEXHUYECKU CHOPDBIKEHUA.
OCHOBHWUTE NAapamMeTpu Ha BUCOKATA BbJIHA, KOUTO MMAT
3HAYEHME 3a XMAPOJIOKKUTE aHANM3U U MOLENINPaHE, ce
nosyyaesaT oOT Xxuaporpada Ha BWUCOKaTa BbjHa:
MaKCMMa/NHO BOAHO KO/JIMYECTBO, MaKCMMasieH BOAEH
cToex, obem Ha BWCOKaTa BbJIHA, BpemeTpaeHe W
BEPOATHOCT 3a nosABgaTa 1 (MBaHoB 1 Ap., 1980). PopmaTa
Ha efiHa BMCOKA BbJIHA 3aBUCK OT MHOXeCTBO daKTopH,
KaToO KONMYECTBO Ha BaNieXXUTe U MPOABKUTENHOCT,
HaK/IOHM Ha PeYHOTO KOPUTO U CKJIOHOBETE Ha
Bogocbopa, popma Ha Bogocbopa, BUAOBE HA 3EMHOTO
NMOKpPUTME M MoYBa. BMCOKWUTE BbAHM moraT ga 6baat
NPUYMHUTENM HA 3HAYMMM HABOAHEHUA U  LLETW.
M3cneaBaHeTo MM e BarKHO KaKTO OT XMAPOOXKKA, Taka
W OT UHXXEHepHa rnefHa To4YKa Npy opa3mepABaHETO Ha
XUAPOTEXHUYECKM  CbOPBKEHMA B MOMOLW, Ha
HaceNeHMeTo U Npu 3almUTa OT HABOAHEHWA.

MeTtopgonorus

MpeacTtaBeHu ca xngporpad Ha BUCOKaTa BbJ/IHA U ca
W3YUC/IEHN HEWHUTE XapaKTepuUCTUKU. M3cneaBaHu ca
NPUYMHUTE 3@ BbB3HMKBAHETO M MPEMMHABAHETO Ha
BMCOKA BbJIHA no p. BeneKka, Koato e npenana u
HaBogHuNa c. Koctu. AHanusmpaHu ca oTAeNHUTE 1
napameTpu, C KOUTO MOXe A3 bbae xapaKTepusmpaHa.
HanpaBeHO e cpaBHeHWE C BUCOKUTE  BbJIHMU,
npeav3BUKaaM HaBOAHEHMA B MWHANOTO. M3nmon3BaHu
Ca AaHHW OT aBTOMATUYHUTE CTaHUMK Ha HUMX.

Pe3syntatu u ussoau

Bbnpekn ye oT XxMAPONOXKKa rnegHa Touka 2023
rogMHa ce xapaKkTepusupa KaTto Cyxa, npes rogmHara ca
ce Cy4ymau peauvua HaBOAHEHUA, KOUTO ca NPUYUMHUAN
3HAYUTENHW WETH, BKAKOYUTENHO M 3aryba Ha YOBELLKM
KMBOT. B Tasu paspaboTka e aHanM3npaHa NnpemuHana
BMCOKa BbJHA NO TeyeHMeTo Ha p. Beneka Ha
05.09.2023 r. FnaBHaTa npuumMHa 3a dopmupanata ce
BMCOKa BbJ/IHA Ca UHTEH3MBHUTE Banexu. B Tabanua 1 ca
npeacTaBeHNn  M3MepeHuTe  BajfeXM B MeTeo-
PONIOFMYHUTE CTAHLLMK B PaliOHa.

B pe3yntat Ha MHTEH3MBHUTE BaJIeM NpPemMuHaaTa
BMCOKA BbJIHA € C MAaKCMMAIHO BOAHO KO/JIMYECTBO Haf,
npara 3a MakCMMaaHO BOAHO KOJIMYECTBO C nepuos Ha
NoBTOPAEMOCT BeAHbX Ha 20 roanHu.

Tabnuua 1. UamepeHn Banexu B paiioHa
no gaHHu Ha HUMX

CraHuua 24-yacoBa cyma
Ha Banexa
Konuuecrso Ha 28150 — Manko 108 mm/24 h

TbpHOBO

Banexwure,
M3MepeHo B 28550 — KocTun 207.2 mm/24 h
MeTeopoNoruIHUTe
ponorn® 28690 — 1553 mm/24 h
CTaHUMK B paiioHa
[pamaTnkoso

Ha ¢urypa 1 moxe ga ce npocnesm pasBuMTMETO Ha
xngporpada 3a nepuoga 04.09.2023-07.09.2023 .
AKyMynupaHeTo Ha OTTOKa 3amoyBa OKono 5 uvaca
cyTpuHTa Ha 05.09. BbnHata goctura csoa nuk 10 yaca
Nno-KbCHO — B 15 4. BbnHaTa e gocTMrHana makcMmasneH
M3mepeH BoaeH cTtoex 552 cm, ckopocTun oT nopaabKa
Ha 1.8 oo 1.9 m/s U MaKcMmanHO WM3YMCAEHO BOAHO
KonnuecTso oT 449.5 m3/s.

Bopen cTOeX M KONMYECTBO - cTaHUNA N:83800 Benexa-I pamatukoBo
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Henluac

durypa 1. Xugporpad Ha eKeyacHN BOGHM CTOEXM U
BOAHW KOAMYecTBa Ha p. Beneka npwu c. FpamaTMKoBO

B MWHanNOTO ca perncTtpuMpaHuM peauvua 3Haunumm
HaBOAHEHUA BbB BoAocHopa Ha p. BeneKka. B pamkuTe Ha
nocnegHute 6 TOAMHW Ca PErucTpupaHun ouwe 2
HaBogHeHMA — Ha 29.11.2018 r. u Ha 02.02.2021 r.
(Balabanova et al., 2019).

Jlutepartypa

UBeaHos, W., FT'eoprues, C., MaHgagxues, [., NeuynHos, 1.
(1980). XuaponormyeH HapbyHuK. Y. Il. Codus: N
,TexHuKa".
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Yordanova, V. (2019). GEODATABASE FOR OCCURRED
FLOODS TO SUPPORT PRELIMINARY FLOOD RISK
ASSESSMENT. International Multidisciplinary
Scientific GeoConference: SGEM, 19(3.1), 225-232.
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Introduction

The formation of a high wave along the river is a
phenomenon that represents a sudden change in river
flow. It occurs due to intense rainfall, snowmelt, or a
combination of both, as well as failures in hydraulic
structures. The main parameters of the high wave that
are significant for hydrological analyses and modeling are
obtained from the high wave hydrograph: maximum
water quantity, maximum water level, volume of the high
wave, duration, and probability of occurrence (lvanov et
al., 1980). The shape of a high wave depends on
numerous factors, such as rainfall amount, duration,
riverbed slopes, watershed slopes, watershed shape,
types of land cover, and soil. High waves can cause
significant floods and damages. Their study is important
not only from a hydrological perspective but also from an
engineering perspective when sizing hydraulic structures
for public assistance and flood protection.

Methodology

The hydrograph of the high wave is presented, and its
characteristics have been calculated. The causes for the
occurrence and passage of a high wave along the Veleka
River, which overflowed and flooded the village of Kosti,
have been investigated. Its individual parameters, which
can characterize it, have been analyzed. A comparison
has been made with high waves that caused floods in the
past. Data from automatic stations of the NIMH have
been used.

Results and conclusions

Although the hydrological perspective of the year
2023 is characterized as dry, several floods occurred
during the year, causing significant damage, including
loss of human life. This study analyzed a high wave that
passed through the Veleka River on September 5, 2023.
The main cause of the high wave was intense rainfall.
Table 1 presents the recorded rainfall in meteorological
stations in the area.

As a result of the intense rainfall, the high wave
exceeded the threshold for maximum water quantity
with a return period of 20 years.

Table 1. Recorded rainfalls in the area
based on NIMH data

Station 24 h total rainfall
Measured rainfall 28150 — Malko 108 mm/24 h
Tarnovo
at the - -
meteorological 28550 — Kosti 207.2 mm/24
stations in the 28690 — 155.3 mm/24 h
area Gramatikovo

Figure 1 shows the development of the hydrograph
for the period September 4-7, 2023. The accumulation
of runoff began around 5 a.m. on the 05.09. The wave
peaked 10 hours later at 3 p.m. The wave reached a
maximum measured water level of 552 cm, speeds
ranging from 1.8 to 1.9 m/s, and a maximum calculated
water volume of 449.5 m3/s.
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Figure 1. Hydrograph of hourly water levels and volumes
on the Veleka River near Gramatikovo

In the past, several significant floods have been
recorded in the Veleka River watershed. Over the last six
years, two more floods have been recorded: on
November 29, 2018, and February 2, 2021 (Balabanova
et al.,, 2019).
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MogaenupaHe Ha OTTOKA BbB Bog0c60pa Ha peKa Ocbm
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BbBeaeHue

B cBeTOBHaTa MpPaKTUKa XWUAPONOTMYHUTE MOAENM Ca
Hall-M3N0N3BAHOTO CPEeACTBO 33 M3cnefBaHe Ha
XMAPOSIOrMYHUTE NPOLECH B AaZeH BOAOCOOpeH HacenH.
MPUNOXKEHMETO HA XMAPONOFMYHUTE MOALENM [AaBa
Bb3MOXHOCT Aa 6bAaT WM3roTBAHW Pa3IMYHU BUAOBE
XMAPOSOrMYHM aHaNM3M U nporHosu. lMpeactaBeHo e
NPUNOMKEHNETO Ha MONYypasnNpeneNneHUs XUAPONOKKU
moaen SWAT — Soil and Water Assessment Tool (Neitsch
et al.,, 2005) 3a nNporHo3MpaHe Ha pPeyHMA OTTOK BbB
Bogocbopa Ha peka Ocbm.

MeTtoponorus

SWAT e ¢usmyeckn 6asumpaH, KoeTo JaBa
BbH3MOXKHOCT MapameTpuTe Ha MOZena Aa ce onpenenart
OT MHPopmauma 3a Bogocbopa OT MPOCTPAHCTBEHM
JaHHW 33 uMdpoB MoOZen Ha TepeHa, MNO4YBU MU
pactutenHoct. B ocHosaTa Ha SWAT e ypaBHeHMETO Ha
BOAHMA BanaHc.

XnMAponoxkKMAT mogen 3a sogocbopa Ha p. Ocom e
pa3paboteH ¢ MmeTeoposorMyHa uHboOpmauma 3a
nepmoga 01.01.2015-31.12.2022 r. MW3TOYHWMK Ha
HeobxoaAnMUTE 33 XUAPOIOKKOTO MOAEIMPaHE BXOAHU
OaHHM — 24-yacoBa CymMa Ha Basexa, MUHUMAJIHU U
MaKCUMaJIHN OEHOHOLWHM TemnepaTypu, cpeaHOoAHEBHA
CKOpPOCT Ha BATbpa M CpedHOAHEBHa OTHOCUTENHA
BNA)KHOCT, ca 13  MeTeoponoruyHu  CTaHLMM,
pa3nosioXKeHn BbB Bogocbopa (dur. 1).

Nerenaa:

©  KTDETHHA CTAHUNA Merenaa:
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Macezemo MACTO

durypa 1. MeTeoponormyHm
CTaHLMM BbB Bogocbopa
Ha p. Ocbm

durypa 2. XuapomeTpuyHU
CTaHLMM BbB Bogocbopa
Ha p. Ocbm

KannmbpupaHeTo M BaiMAMPAHETO Ha XMAPOMOXKKMA
MoAen e M3BbPLIEeHO C peauuM OT AaHHW 3a BOAHU
KO/IMYeCTBa OT XMAPOMETPUYHM CTaHLUUM BbB Bogocbopa
Ha pekKaTta (¢wur. 2). 3a BaAngMpaHeTo Ha Mogena e
M3nonsBaHa W uHbOpPMauMA 33 NPEMUHANU BUCOKM
BbJIHU B nepuoga 01.01.2022-31.12.2022 r.

Pe3yntatu u ussogm

KannbpurpaHeTo Ha XMAPONIOKKUA MOAEN € OTHECEHO
KbM CMMY/IMPaHE Ha PeYHMA OTTOK, TaKa Ye pesyntatute
OT CPaBHEHWE MeXAy CUMYINPaHUTE U U3MepeHuTe
BOAHM KOJIMYecTBa B OMpeaeneHUTe MOHWUTOPUHIOBM
TOYKM (BCMYKM MET XMAPOMETPUYHU CTaHLUMU BbHB
Bogocbopa Ha p. Ocbm) Aa ca CTaTUCTUUECKU 3HAUYMMM.
lpaduyHOTO nNpeacTaBaHe Ha  pesyntatmute  OT
KanmbpupaHua mogen ¢ AHEBHM CTOMHOCTM MOKAa3Ba
MHOro f[06pa CXOAMMOCT MEXAy MOAEeNnpaHuTe U
M3MEpeHUTe BOAHW KosmyecTBa. CTaTUCTUMYECKUTe
OLUEHKM Ha pe3yntatute OT  CUMynauuuTe  C
KanubpupaHus mogen cbc cTbnKa 24 h ro onpegenar
KaTo ,,406bp“ B ropHaTta yact oT Bogocbopa (npu XMC
22350, 22650 1 22700) 1 ,mHoro Ao6bp“ B goNHaTa YacT
oT Bogocbopa (npu XMC 22750 1 22800) — Tabanua 1.

Tabnuua 1. CTaTUCTUYECKM OLLEHKM Ha pe3ynTaTuTe
C KannbpupaHua mogen

NSE PBIAS

CLCI.HJ-U’XM

. . IHEeEHa MeceuHa OHEBHA MecedHa
Kpureprit

CTBRIKA CTBIKA CTBIKA CTBIKA

22330 0.56 0.64 33 1

22650 0.55 0.62 16 2

22700 0.58 0.79 -3 -10

22750 0.65 0.75 28 20

22800 0.64 0.84 18 11

XuApoNoXKKNAT mozen 3a Bogocbopa Ha p. Ocbm e
KannbpupaH No OTHOLLEHWE Ha BUCOKM BOAM, 3aTOBA Npu
BaNMAMPAHETO My Ca M3MONA3BaHW CTAaTUCTUYECKMU
KpUTEPUM 33 OLEHKA Ha paboTaTta Ha Mmogena 3a nepuos
C perncTpupaHun NnpemmHaam BUCOKU BbaHW npe3 2022 r.
padunyHUTE pe3yaTaTh NoKa3BaT, Ye BUCOKATA BbJIHA €
MHOro fobpe cumyaMpaHa ¢ Mofena KakTo no
OTHOLEHWe Ha MWKa, TaKa U MO OTHOLLEHWEe Ha BpemeTo
Ha HacTbMBaHe Ha NWKa. ToBa ce NOTBbP)KAABA U OT
[obpuTe CTaTUCTMYECKM pPe3ynTaTh, KOUTO onpeaensat
paboTaTa Ha moZena Kato ,406pa“ n ,,MHoro gobpa“.
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Introduction

Hydrological modelling is a tool most widely used when
it comes to studying the hydrological regime of a river
basin. Applying a hydrological model is a way to process
various types of hydrological analyses and forecasts. We
present here the use of the semi-distributed hydrological
SWAT model — Soil and Water Assessment Tool (Neitsch
et al., 2005), for flow modelling in Osam River watershed
is presented.

Methodology

Being physically-based, SWAT input parameters are
defined based on watershed spatial data such as
topography (Digital Elevation Map), soil properties and
land cover. The hydrologic cycle as simulated by SWAT is
based on the water balance equation.

Osam River watershed hydrologic model was set-up
using meteorological information for the period
01.01.2015-31.12.2022. Daily data for 24-hours
precipitation totals and minimum and maximum
temperatures from 13 meteorological stations in the
watershed were used in this study (Fig. 1).

Model calibration and validation were performed
using observed daily discharge data records from 5
hydrometric stations in the basin (Fig. 2). For validating
Osam Rlver watershed high flow information for the
period 01.01.2022-31.12.2022 was used.

Legend

A hydrometric station
river
ey settlement
$ - ccscrvoir

o ¢ ."1\7 3 Watershed border
Figure 2. Hydrometric
stations in Osam river
watershed

Figure 1. Meteorological
stations in Osam river
watershed

Results and conclusions

Measured daily streamflow data from all five
hydrometric stations in Osam river watershed was used
for model calibration. The hydrological model was
calibrated until the simulated outputs and observed data
(discharge) achieve a predefined objective function. The
graphical representation of the modelling results using
daily time step showed good agreement between the
computed and observed outflow hydrographs.
Calibration statistics showed very good results for daily
streamflow simulations for downstream Osam River
(HMS 22350, 22650 and 22700) and good for upstream
Osam watershed (HMS 22750 and 22800) — table 1.

Table 1. Statistical indicators for calibrated model

performance
Performance rating NSE PBIAS
/ Station Daily Monthly Daily Monthly
21350 0.61 0.64 33 1
21650 0.39 0.62 16 2
21500 0.43 0.75 28 20
21750 0.77 0.79 3 -10
21800 0.76 0.84 18 11
21850 081 084 7 2

Osam watershed model was calibrated towards peak
discharge that is why for model validation a certain
dataset record of a high flow period in 2022 was used for
calculating validation statistics. The visual interpretation
of the results showed that the model gives a good
representation of both temporal peak flow and peak
discharge simulations. This is also confirmed by the
statistical estimates that indicate “good” and “very
good” model performance.
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BvBeaeHue

CblyecTByBa rofAMO pasHooObpasMe OT XUAPOJOXKKM
MoZenn OoT Tunma ,NOBbPXHOCTEH-MNOANOBbLPXHOCTEH
OoTTOK”. Te ca M3rpageHyn Ha OCHOBATa HAa Pa3/NNYHU
0606LWeHNA, ONPOCTABAaHMA W  NPeACTaBAHMA  Ha
bopMMpaHeTO M ABWKEHWETO Ha MOBBPXHOCTHUTE U
noAnoBbPXHOCTHUTE BOAU BbB BogocbopHUTe obnacTu.
B HacToAWOTO N3cnesBaHe e NPUNoXKEH MOAEN, KOUTO e
3aumcrteaH oT Kwak & Kim (2021). B Hero ca BK/lOYeHMU
XMAPOAMHAMUYHUAT Mogen Ha ANdy3nOoHHA Bb/HA (Ha
Hy/NeBa UHepLMA) 3a onMcaHMe Ha NOBbPXHOCTHMUA OTTOK
M moaenbT Ha Boussinesq (cbc 3akoHa Ha Darcy wm
ponyckaHuata Ha Dupuit-Forchheimer) 3a onucaHue Ha
NOANOBBPXHOCTHUA OTTOK. OnucaHueTo Ha
B3aMMOBPb3KaTa Mexay [ABaTa BUAA ABUXKEHME Ha
BOAMTE € B 3aBUCMMOCT OT Pas/iMyHM daKTopu. TakuBa
Hanpumep ca GM3nYecKUTe ycnosBusa BbB BOAOCOOPHMUA
b6aceliH, HO CbWO W HANMYHUTE W3CAEeABaHUS,
HabAoAEHMA U AaHHW 33 NPOLLECUTE B TEPUTOPUATA.

MeTtoponorusa
YpaBHeHMeTo Ha Andy3MOHHA BbAHA (HAa Hynesa
WHepLMsa) e CnesHoTo:

Ohss . Ofsr, , s, .
ot + ax + ay _lsfsc_lsfsk (1)

KbAeTo uneHosete fr 1 fsfy 3aBMCAT OT hgy:

5
OH,f 3
fur =— 0x =t
sfx . ) 5 My
(aHsf) +(6Hsf)
dx ay
o0H 5
3;f hy
fsg, = — oy @)

4 (6H5f>2 N ((?Hsf)z
0x dy

YpaBHeHMeTO Ha Boussinesq e cnegHoTo:

ahssf afssfx afssfy X .
ot + Ox + ay _lssfsc_lssfsk (3)

KbAeTo uneHoseTe fo e W fo f, 33BMCAT OT hggf:

OHgf

ssf W (4)

OHgf
fssfx = _Khssf W; fssfy = —Kh

B uspasute (1)-(4) hsf n hssf Ca BUCOYMHUTE Ha ABaTa
ottoka [m]; fsf,, fsfy, fssp fssfy ca notouuTe (aebutnte
3a egMHuUa gbaxuHa) [m?/s]; Hy =z + hy, Hggp =
Z+ RgspiUsp o Usp o ssfoe M lssfy, €@ UIHTEH3MBHOCTUTE Ha
M3TOYHMUMTE HA NOAXPaHBaHe 3a ABaTa OTTOKa, ToBa ca
M uYjeHoBeTe, 4Ype3 KOUTO Ce  OCbliecTssBa
B3aMMOBPb3KaTa MeXay ABeTe Cpean Ha ABUXKEHMe Ha
BogaTa [m/s]; z e HagMmopcKaTa BUCOYMHA Ha 3emHaTa
noeBbxHocT [m]; ny e KoedUUMeHTLT Ha rpanasocT Ha
Manning [s/m!3]; p e nopecrocrta [-]; K e
KoepUUMEHTHT Ha puntpauma [m/s].

Mpu uMCcNeHOTO pellaBaHe Ha Te3W HEeNUHENHU
mozenu e HeobxoanMMO Aa ce npuaaraT CTabuansmnpaiim
TexHMKU. Kato npumep 3a crabunamsaums  npu
npuaaraHeTo Ha MeToda Ha KpalHWTe eNemeHTn e
KombuHaumata ot Streamline-upwind Petrov-Galerkin
(SUPG) wm Spurious-oscillations-at-layers-diminishing
(SOLD) metogute (Chai & Ouyang, 2020; Donea &
Huerta, 2003). MpunoxeHaTa anpoKkcMmauma BoAU A0
cnegHvA BWA, KOWTO € Ba/MAEH 3a BCEKM OT AgaTa
moZena Ha GopmupaHe 1 ABUNKEHME HA OTTOKa:

(w %)D = (v, f 0 0) + (w, F(h,7R)

dDout

+ > (psup (b, TRYG(h, Th).Tw, R(h, V) ey
el

+ ) (oo (b YRG* (b, Th). Vw, G (h, Th). V) e
el

= (W: isc - isk)D (5)
B (5) w e TectoBata ¢yHKUMA, h e OTToYHaTa

BUCOYMHA, | € NOTOKBT, § e HennHeliHaTa ckopocT, g+ =
(—9y,9x) e opToroHanHata ckopocT, R e T.Hap.
OCTaTbyeH YseH.

U3sogu n 6bgeLla pabora
CnepfBally CTbMKM B U3CNEABAHETO ca npuiaraHe Ha
yncneHMsa Moaen 3a peasiHm BogocbopHu bacenHu.
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Introduction

There is a wide variety of coupled surface-subsurface
flow hydrological models. Their development is based on
different abstractions, simplifications and
representations of surface and subsurface water
formation and movement in catchment areas. In the
present study, a model adopted from Kwak & Kim (2021)
is applied. The model includes the diffusion-wave/zero-
inertia hydrodynamic model of the surface flow and the
Boussinesq model of the subsurface flow, using Darcy
law and Dupuit-Forchheimer assumptions. The
representation of the surface-subsurface flow
interactions depends on various factors, such as the
physical conditions of the watershed, as well as the
available studies, observations and data on the
processes within the area.

Methodology
The diffusion-wave/zero-inertia equation is:

ohy 0f.r Of;
f+ ffx+ fy

dat Ox dy T lsfge T isfsk ey
where the terms f;¢ and fsfy depend on hg:
0H 3
o by
firo =~ -
| @H N OH N
(&) (5
0x dy
dH, 5
6;f h
fiy, = - L@

| OH N (aH
&) + ()
0x dy

The Boussinesq equation is:

ahssf afssfx afSSfy . .
p ot + dx + ay _lssfsc_lssfsk (3)

where the terms f ¢ and fssfy depend on hg:

OHgf OHg¢
fssfx = _Khssf W; fssfy = _Khssf W 4)

In expressions (1)-(4) hys and hgr are the two flow
heights [ml; fir,, fsf, fssy, and fisy, are the fluxes (unit
discharges) [m?/s]; Hy = z+ hyp, Hgp =z + hygy;
Usfoer Usfor Ussf,, and Igsp , are the sources intensities of
the two flows, these are also the terms which represent
the interaction between the two flow media [m/s]; z is
the land surface elevation above the sea level [m]; ny is
the Manning roughness coefficient [s/m'/3]; p is the
porosity [—]; K is the hydraulic conductivity [m/s].

Stabilization techniques are necessary when
numerically solving these nonlinear models. One
example of such stabilization in the finite element
method context is the combination of Streamline-
upwind  Petrov-Galerkin  (SUPG) and  Spurious-
oscillations-at-layers-diminishing (SOLD) methods (Chai
& Ouyang, 2020; Donea & Huerta, 2003). The applied
approximation results in the following form which is valid
for each of the two water movement models:

(w52, = (Ve v) + (. fehvm)

w,
ot

out

+ Z(spsm (h, V)G, V). Vw, R(h,VR))
el

+ Z(spsow (h, Vh)G* (h, Vh). Vw, §* (h, Vh). VA),,
el

= (W' lse — isk)D (5)

In (5) w is the test function, h is the flow height, f is
the flux, g is the nonlinear velocity, §* = (—gy, gy) is
the orthogonal velocity, R is the residual.

Conclusions and future work
Next step in the research process is the application of
the numerical model for real watershed basins.
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BvBeageHue

MNpeanssuKaTencTsa KbM OonepaTMBHOTO NPOrHo3upaHe
Ha BpemeTo MoraT Aa AonAaaT OT PasfvyHK NOoCcokKM. Le
npepcrasum nopsu onutn 8 HUMX 3a usrorBaHe Ha
NPoOrHo3a 3a BPeMeTo 3a OCTPOB JIMBUHICTBH, KbAETO €
pa3nosiorKeHa bbarapckaTta aHTapkTMyecka 6asa (BAB)
,CB. KnumeHT Oxpuackn”. IFS-ECMWF e nsnonssaHa 3a
NMocTaBAHE HA HA4YaNo Ha aHanM3 M NporHosa Ha
aTMmocdepHuUTe ycnoBua Ha AHTapkTuaa (owur. 1).

Mpe3 1998 r. B XobapTt, ABcTpanua, ce nposexaa
MbpBMAT MeXAyHapoaeH CMMNO3UMYM MO ONepaTUBHO
nporHosMpaHe Ha BpemeTo B AHTapKTuKa (Turner et al.,
2000). WM3roTBeHMAT MeKAYHApPOAEH HApbYyHMK 3a
nporHo3MpaHe Ha BpemeTo B panoHa (Turner and
Pendlebury, 2000) e u34yepnatenHo u3cCnedBaHe,
CbAbPMKAWO cneundUyHN HACOKM 3a NPOrHO3UPaHe Ha
BpemeTo Tam. Yucnewunte mogenn 3a NpPoOrHosa B
IOXKHUTE NONSIPHM PAiOHM Ce HYXKAAAT OT NoAobpeHue, a
YyCUAUATA Ca B pbLETe Ha orpaHuyeHa notpebuTescka
obuwHocT (Chtirkova et al., 2020).

MeTtoponorua

C u3BecTHMTE 33 UuMpKynaumata B HOXHOTO
nosykbnb6o ocobeHocT M [o06POTO MNO3HaBaHe Ha
TMnoseTe NpoAayKtn Ha IFS-ECMWF e HanpaBeH onuT 3a
npocnegAasaHe Ha MPOrHocTUYHaTa WMHPopmauma 3a
TemnepaTypa Ha 2 m, BATbp Ha 10 m —nocoKa 1 CKopocT,
nopmeu, obnayHoct, TMN Banex (¢ur. 2, nsBo),
XOpM30HTanHa BugmmocT (pur. 2, aacHo), B nepuog ot 38
nocneposatenHun agHn —ot117.01.2025r. o 24.02.2025 .

Pe3syntatu u ussoau

M3bpaHM ca NoAXoAAlLM METeOPOsIOrMYHKU MosieTa
(dpur. 1) M xapaKTepUCTUKM, B NOMOLL, HA YTOUYHABaHE Ha
O4YaKBAHOTO pPa3BUTME HA BpemMeTo B paMoHa Ha BAB
(62.64°S and 60.36° W).

durypa 1. Npoayktv ot IFS-ECMWF 3a palioHa Ha AHTapKTuaa,
npu3emHo noJsie Ha HansraHe (MSLP) u BaTbp Ha usobapHa
nosbpxHuHa 200 hPa Ha 27.01.2025 12 UTC (naBo) 1 obobuieHa KapTa
Ha eKCTpemeH NporHocTuyeH nHaekc (EFI) u MSLP kbm 28.01.2025
00 UTC (3a 24 u) (ascHO)

B nepvoga Ha HabnogeHWe Ha MNOBEAEHMETO Ha
OCHOBHUTE 6apuyHM 06pasyBaHMA ca NPOrHO3MpPaHu
cnefHute ycnosua: 7 aHu 6e3 Banex; Temnepatypu 6e3

0ocobeH AHEBEH X04, HaW-4YecCTo C pas/iMKa mexay 1 u
3 °C, mHoro psgko go 6—7 °C; o6nayHOCT Hal-yecTo
10/10, B eAnHNYHM AHKU 5—7/10, 23 AHU C MBrNa; BaeXu
NpPeavMHO OT CHAF, HO B 42% OT gHUTE — MOBULLEHA
BEPOATHOCT 3a /IefeH AbXKA,
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ll_'l' I M

=
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®urypa 2. AHcamb10Ba NPOrHo3a 3a TUN Banex (nsBo) u
XOPWU30HTaNHA BUAMMOCT (asAcHO), 26.01.—01.02.2025 r., ECMWF

MbpBUTEe ONUTUM 3a M3roTBAHE Ha MpoOrHosa ¢
M3M0A3BaHe Ha NPOrHOCTMYHA npoaykuma ot IFS-ECMWF
BOAAT [0 cnegHute wumssBogm: 1. [lporHoctuyHaTa
npoayKuma mMmoxke ga 6bae M3non3BaHa 3a LenTe Ha

usrotesiHaTa nporHosa. 2. Heobxoaum e no-
NpoAb/KUTENEH  Nepuos  3a  NpoBexaaHe  Ha
ueneHacouyeHa BepuduKkauma. 3. [lpuBaMuYaHe Ha

06€eKTUBHU HabOLEHUA — MPU3EMHU U AUCTAHLMOHHW,
KOWUTO fa MO3BOJIAT MPOM3BEXKAAHETO Ha onepaTMBHA
nporHo3a 3a BpemeTo. bauskute uwenm, cBbp3aHu C
OpraHusMpaHe Ha METEOPOIOrMYHO ObCAyKBaHe, ca:
1. MNoaroteaHe Ha 6a3oBa MeTOAMKA 33 WM3rOTBAHE Ha
cneymanusmpanm nporHosun. 2. OdopmsaHe Ha NPOTOKON
33 NMpoM3BOACTBO Ha MPOrHo3a, noaxoaAuia 3a 6bp30
pa3npocTpaHeHue.

BbnaropapHoctu: M3cnegBaHeTo € OCHLLECTBEHO CbC
CbAEeNCTBMETO Ha . ac. A-p FepraHa Feopruesa, KOATO
paboT Ha MACTO B pamKuTe Ha npoekT Ne70-25-
12/15.01.2024, ¢wuHaHcupaH ot  HauuoHanHata
nporpama 3a NONAPHWU U3CNeABaHWA, U € aKTUBEH
HabatoaaTeN Ha BPEMETO B ONMUCAHWUA NEPUOL.
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Introduction

Accurate weather forecasting can be challenging due to
its unpredictable nature even in well-studied areas. What
could we expect from a challenge like this — making a
weather forecast for an unknown area like Livingstone
Island? Here, we will present the first steps at NIMH to
prepare a weather forecast for Livingstone Island, where
the Bulgarian Antarctic base “St. Kliment Ohridski” is
located. IFS-ECMWF is used to begin analyzing the
atmospheric conditions over Antarctica (Fig. 1), in an
area with different characteristics of the underlying
surface from more familiar ones to us, and a different
type of atmospheric circulation.

In 1998, the First International Symposium on
Operational Weather Forecasting in Antarctica was held
in Hobart, Australia (Turner et al., 2000). The prepared
International Handbook for Weather Forecasting in the
South Pole Region (Turner&Pendlebury, 2000) is a
comprehensive study containing specific guidelines for
weather forecasting there. The numerical weather
prediction models in southern high latitude regions still
need improvement as the user community is limited
(Chtirkova et al., 2020).

Methodology

With the well-known characteristics of the Southern
Hemisphere circulation and good knowledge of the types
of IFS-ECMWEF products, we made an attempt to follow
the weather pattern and forecast information for
temperature at 2 m, wind at 10 m — direction and speed,
gusts, cloudiness — high, medium and low, type of
precipitation (Fig. 2, left), reduced horizontal visibility
(Fig. 2, right). The period of issuing forecast is 38
consecutive days — from 17.01.2025 to 24.02.2025.

Results and conclusions

Appropriate meteorological fields (Fig. 1) and
characteristics are selected to help specify the expected
weather development in the area of the Bulgarian base
on Livingstone Island (62.64°S and 60.36° W), related to
the work of scientists outside.

Figure 1. Example of IFS-ECMWF products for Antarctica area:
MSLP and 200 hPa wind on 27.01.2025 12 UTC (left) and
Multi-parameter EFl and MSLP on 28.01.2025 00 UTC
(last 24 h) (right)

During the 38-day period of interest in the behavior
of the main synoptic pattern, the following are
summarised: 7 days — no precipitation; temperatures —
with the diurnal behavior most often with a difference
between 1 to 3 °C, very rarely up to 6-7 °C; cloudiness —
most often 10/10, on single days 5-7/10, 23 days — with
foggy weather; precipitation — mainly from snow, but on
42% of the days — increased probability of freezing rain.
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Figure 2. Ensemble Precipitation type (left) and Ensemble
Visibility (right), 26.01.—-01.02.2025, Model run 26.01.2025
00 UTC, ECMWEF

The first attempts to prepare a forecast using the IFS-
ECMWEF production lead to the following initial
conclusions: 1. The forecast production can be used for
the purposes of the forecast being prepared. 2. A longer
period is needed to conduct verification. 3. Use of
objective observations — ground-based and remote, to
allow the production of an operational weather forecast.
The near future goals and plans related to organizing the
operational forecasts process are: 1. Preparing a basic
methodology for preparing specialized forecasts.
2. Developing a protocol for producing a forecast for
rapid dissemination.

Acknowledgements: The study was carried out with the
assistance of Asst. Prof. Gergana Georgieva, PhD, who
conducted geophysical research of Livingstone within the
framework the project No. 70-25-12/15.01.2024, funded
by the National Polar Research Program, and was an
active weather observer during the described period.
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BbBeaeHue

Mpe3 2024 r. Ha TepuTopuATa Ha bbarapua B nepmnoaa
anpua — IOHM Ca PErnmcTpMpPaHm HAKOIKO CynepKAeTbYHU
npoueca. CynepkneTKaTa, perucrtpmpaHa Ha
13.06.2024 r., € C Hal-AbABI }KMBOT M NpPemMnHaBa OT
3anaj Ha W3TOK npe3 usnata CTpaHa, Kato e
perncTpmpaHa rpaZyLliKka ¢ pasmepu Hag 2 cm, HaHacALla
ronemu nopaxeHus.

MeTtopgonorus

3a npocneanaBaHe Ha Pa3BUTUETO Ha CyMNepK/IeTKaTa e
M3MNo/s3BaHa pagapHa uWHbopmauma oT 3 pajdapHu
CTaHUMM Ha Bcekm 4  muHyTM. W3cnepsaHu ca
MaKCMManHaTa pajapHa oTpaxkaemocT (Zmax) w
WMHTErpupaHoTo BOAHO CcbabprKaHue (VIL). MpocneaeHa
€ eBOJIOLMATA Ha CynepKaeTKaTa.

AHaNM3MpPaHU ca TEPMOAMHAMWYHUTE YC/IOBUA HA
atTmocdepara.

Pe3synrtatu n nssoaun

CynepkneTkaTta ce 3apaxga B 12:40 LT B KpaliHuTe
3aMagHM palioHM Ha CTpaHaTa, KaTo Ha pajapute e
PEerucTpMpaHa MakcMmasiHa pagapHa otTpaxaemocT 16.8
dBZ Ha BucoumHa 5.8 km. CblyecTByBa noseye oT 7 Yaca,
KaTo M3MMHABA pascTosaHue Hag 350 km.

[OBuxeHneTo Ha cynepknetkata € B NpsKa
3aBMCMMOCT OT MNOCOKATa M CKOPOCTTa Ha HelHaTa
esonouma. MbpBOHa4YanHO cnassa BoAewMA NOTOK OT
SW. B 14:50 e peructpmpaHa 3a nbpBu nbT V-0b6pasHa
bopma Ha pagmMexoTo, cnef KOeTo KneTkaTa 3anoysa
OTK/IOHEHME B AACHO OT Bogewma notok. Cnepg 15:30 ce
OBWXW OT 3anaj, Ha M3TOK, a Ha MoO-KbCeH eTan — oT
cesepo3anag. Mo Bpeme Ha XMBOTA Ha CynepKaeTKaTta
V-o6pasHa dopma Ha pasapHOTO exo e perncTpupaHo
HAKO/MIKO MbTW, Cnef, KoeTo ce HabaogaBa 3HAaYMTENHO
OTK/IOHEHWE B ABUXKeHMeTo M go 60-65 rpagyca ot
BoJdelwmAa noTOK. B Hayanoto noaxpaHBaHeToO Ha
KNneTkaTa e OT lor, KaTto B cneAgal, etan craBa oOT
forosanag-3anag,.

MoBeye OT 2 Yaca MaKCMMaNHaTa pagapHa
oTpa*kaemocT e Hag 65 dBZ, kato B oTaenHW nepuoan e
Hag 70 dBZ.

Habntopasat ce TBSS u Slide lobe — danwmsu
pajapHU OTParKaeMoCTM, CBbP3aHM C HAAMYMETO Ha
rpafoBu 3bpHa C pa3mepun Hag 2 cm.

®urypa 1. PagapHa KapTMHa Ha pa3BuTHe Ha CynepKkneTKaTa
Ha 13.06.2024 r. B 17:21 LT c peructpupaHa V-obpasHa popma
Ha paanoexoTo

M3BbpLIeH e aHanus ypes coptyep RAOB Ha peaneH
AeposIorMyeH coHpaX, HanpaseH B 15:00 LT 8 UMC —
HUMX (Codus). MU3cnegsaH e cpe3bT Ha BATbpa 3a
pa3nuyHM cnoese oT aTmocdepaTta, KaKTo U UHAEKCU HA
HeycTonuyMBoCT. MoyYyeHUTe BUCOKM cTOMHOCTM Ha CAPE
M Ha cpes3a Ha BATbpa Ha HMBO 0—6 KM, KaKTo M camaTa
dopma Ha xoporpada nOKasaBaT W3KAOUUTEIHO
6naronpuATHM  yCNOBMA 33 Pas3BUTME Ha MOLLHA
KOHBEKLNA, BKAKOYMUTENIHO CYMepKNeTKM, eapo3bpHecTa
rpafywKa, onacH1 BETpOBe U TOPHaAO.
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durypa 2. AeponornyHa gmarpama Ha 13.06.2024 r. 8 15:00 LT
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Introduction

In 2024, several supercells were registered in Bulgaria
during the period of April —June. The long-lived isolated
supercell was registered on June 13, 2024. It moved from
west to east across the entire country. Hail larger than 2
cm was registered, causing significant damage.

Methodology

Radar data, collected every 4 minutes, from 3 radar
stations was used to analyze the development of the
supercell. Maximum radar reflectivity (Zmax) and
vertically integrated liquid (VIL) were examined. The
evolution of the supercell was tracked.

The thermodynamic conditions of the atmosphere
were also analyzed.

Results and conclusions

The supercell developed at 12:40 LT in the
westernmost region of the country, where a maximum
radar reflectivity of 16.8 dBZ was registered at an altitude
of 5.8 km. It lived for more than 7 hours, moving across
over 350 km.

The movement of the supercell was directly
dependent on the direction and speed of its evolution.
Initially, the thunderstorm moved with the mean wind
flow from the SW. At 14:50 LT, for the first time, a V-
shape radar echo was displayed, after which the cell
started deviating to the right from the mean wind flow.
After 15:30 LT, the movement was from west to east, and
later from the NW. During the supercell lifetime, the V-
shaped radar echo was observed several times, followed
by significant deviations in its movement, up to 60—65
degrees from the mean wind flow. Initially, the feeder
cells were to south and later they switched to the
southwest-west.

For over 2 hours, the maximum radar reflectivity was
above 65 dBZ, with periods exceeding 70 dBZ.

TBSS and Slide lobe — an artifact on a weather radar
display indicative of large hailstones larger than 2 cm,
were observed.

Figure 1. Radar image showing the development
of the supercell on June 13, 2024, at 17:21 LT, with a V-shaped
radar echo

An aerological sounding, taken at 15:00 LT in NIMH,
Sofia, was analyzed using RAOB software. The wind shear
in different atmospheric layers and instability indices
were examined. The high values of CAPE and wind shear
at the 0-6 km level, along with the shape of the
hodograph, indicated extremely favorable conditions for
the development of deep convection, including
supercells, large hail, dangerous winds, and tornadoes.
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Figure 2. Aerological diagram from June 13, 2024, at 15:00 LT

References

Georgiev, S., Barakova, D. Wind Shear as a predictor of
severe and non-severe hail in Bulgaria — Preliminary
Results for 2018-2023 period, 4th European Hail
Workshop, 2024, Karlsruhe, Germany.



ITHAUMOHANTHA HAYYHA KOH®EPEHLUMA NO OKOJTHA CPEOA
18-20 maprt 2025 r., HUMX, Co¢us

OnpepensHe Ha MeCTOMNOJIOXKeHUeTo Ha puaepHuTe obnaum

B cCMCTEeMaTa Ha KOHBEKTUBHa 6ypAa Bb3 OCHOBa Ha pagapHU HabaloaeHun
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BbBeaeHue

[BUXKEHMETO Ha KOHBEKTUBHMUTE Oypu e B npsaka
3aBMCMMOCT OT MOCOKaTa M CKOpPOCTTa Ha TsAXHaTa
esositoums. PagapHu, CamMoONeTHM U CMbTHUKOBM
n3cneaBaHUA ca YCTaHOBWMAM, Ye TOBa Ce Ab/IKM Ha
BbB/IMYAHETO Ha obnayeH pecypc nog ¢opmaTta Ha
duaepHn (nopxpaHsawm) knetkm (FC). EpHa oT
KOHLEeNUUUTE, KOUTO ce npuaaraTt nNpu M3BbpLIBaHe Ha
AeMHOCTM 33 NpPOTMBOrpajoBa 3aliMTa, € CBbp3aHa C
PaHHOTO M3BanaBaHe Ha ¢uaepHUTe obnauyu. Mo Tasu
NpUYMHa onpeaensHeTo Ha MeCTOMO/IOKEHUETO Ha
bugepHnTe obnaum B cucTemaTa Ha KOHBEKTMBHATa
6ypAa e npuopuTeTHa 3adaya MNpu NPOBEXKAAHETO Ha
NPOTMBOrPaA0BU AENHOCTH.

MeTtoponorus
Pa3BuTMETO Ha KOHBEKTMBHUTE Oypu MoXKe ga ce

BM3yanusMpa  KaTo  HeMmpekbCcHaT  npouec  Ha
Bb3HMKBaHe, pacTeX, pasceilBaHe, CAMBaHE WM
pasgensHe. Ypes nocTaBaHe Ha UeHTbpa Ha

NarpaHKeBa KoopamnHaTHa cuctema (LCS) B LeHTbpa Ha
KOHBEKTMBHATA K/eTKa ce npocsieasasBa BbTpellHaTa
OVMHAMMKA Ha KOHBEKTMBHWUTE 6ypu M noneta Ha
KOHBEKTUBHUTE 6ypu Kato uano (/ivswwuy, 2023;
Nuswmy v ap., 2024).

3a onpepenaHe Ha mecTtononoxeHuneto Ha FC ce
W3Mo3BaT: _

BekTop Ha BoAeLWwMA NOTOK (ﬁ) — BATbP Ha HMBO 600

hPa _

BeKTop Ha ABUKeHMe Ha bypsaTa (E) _

BeKkTop Ha eBontoums Ha bypsTa (ﬁ) — BEeKTOp,

0603HavaBall, NOCOKATa M CKOPOCTTA Ha CAMBAHE Ha

OCHOBHaTa KOHBEKTMBHA K/eTKa B 6bypAta ¢

noaxpaHBaLLUTE KNETKH, Ve=Vs— Vc

3a npoBepka Ha OMNpeAeneHoTo MACTO Ha
Bb3HMKBaHe Ha FC e wuM3nonsBaHa caTennTHa
nHpopmauma HRV, npepocraseHa no gorosop oT HUMX
(Livshits & Petrov, 2024).

Pe3syntatu u ussoau

PasrnepaHu ca pas3Buan ce MOLHU KOHBEKTUBHU
npouecn npe3 2024 r. Ha 3 n 12.VI. Mpouecute ca
MHOFOKNeTbY4HKN, KaTto Ha 12.VI ce passuBa MU
cynepKaeTka.

Bb3 ocHOoBa Ha pagapHa uHOOpmauma u uypes
BEKTOPEH aHa/nu3 e onpefeneHo MeCTOMONOXEeHUETo
Ha d¢uaepHuTe obnaum NpuM PasaUYHM MO MOLLHOCT

bypn, KoeTo ce
n306paxKeHus.

noTBbpPXKAaBa OT CaTe/INTHUTE

®urypa 1. PagapHa v catennTHa MHpopmaums ot 12.06.2024
B 18:30 LT (cHHA cTpenka — BEKTOP Ha BoAeLL NOTOK, YepBeHa
CTPesIKa — BEKTOP Ha ABWXKeHue Ha bypATa)
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Introduction

The movement of convective storms is directly
dependent on the direction and speed of their
evolution. Radar, aircraft, and satellite studies have
established that this is due to the inflow of cloud
resources in the form of feeder cells (FC). One of the
hail suppression concepts is the early rainout of feeder
clouds. Therefore, determining the location of feeder
clouds within the convective storm system is a priority
task for hail suppression operations.

Methodology

The development of convective storms can be
visualized as a continuous process of formation, growth,
dissipation, merging, or separation. By placing the
center of a Lagrangian coordinate system (LCS) at the
center of the convective cell, the internal dynamics of
convective storms and their overall convective field can
be tracked (Livshits, 2023; Livshits et al., 2024).

To determine the location of FC, the following are
used:

- Mean wind vector (75 ) —wind at 600 hPa level
- Storm motion vector (75 )

- Evolution vector (75 ) — indicates the merging
direction and speed of the main convective cell

with the feeder cells, Ve= Vs — V¢

For verification of the identified location of FC
formation, HRV satellite data provided by NIMH was
used under contract (Livshits & Petrov, 2024).

Results and conclusions

Powerful convective storms that formed on June 3
and June 12, 2024, were analyzed. The storm types
were multicellular, with a supercell forming on June 12.

Based on radar information and vector analysis, the
location of feeder clouds in storms with different
strength has been determined and it is confirmed by
satellite images.

'ﬂ‘":‘ﬁ‘_j’.'ﬂ —

Figure 1. Radar and satellite data on June 12, 2024 at 18:30 LT
(blue arrow — mean wind vector, red arrow —
storm motion vector)
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BbvBeaeHue

Cnopeg CMO ropewmte BbJAHM Cca nepuos Ha
HeobW4yaliHO ropewo Bpeme, C MAKCUMANHWU AHEBHM
TemnepaTypu, HafBULIABALLM KAMMATUYHUTE HOPMU C
5 °C B npoab/iKeHMe Ha nNoHe 5 nocnenoBaTesIHU AHU
npes TonaMA nepuoa Ha roguHata. lNpoabakutenHute
ropeLn BbIHW Ca ONACHO ABJIEHWE, KOETO BNMAE KAKTO
Ha eKkocucTeMaTta Ha 3emsATa, Taka M Ha obLWwecTBoTO U
NPUYNHABA MHOMECTBO WMKOHOMWMYECKU U YOBELLKMU
3arybwu.

MeTtopgonorus

B HacToAwaTta pabota e HanpaBeH aHaaAM3 Ha
ropewmte BbAHW B Bbarapua npes oAM M aBryct Ha
2023 r. 3a Tasu uen ca M3NOA3BaHU cpegHOMeCceYHUTe
CTOMHOCTM Ha Temnepatypata M aHOManuMATa Ha
Ha3zeMHOTO BOAHO KonmdectBo (TWSA), KaKto #
MeceyHaTa Cyma Ha BasnexuTe 3a rp. Codua B nepmoga
2003-2023 r. [lpecmeTHaTM U aHa/AM3MpPaHU ca
cpefAHOMECeYHUTEe aHOMAZNM  Ha  TemnepaTyparta,
Banexa n TWSA, KakTo M MHAEKCUTE 3a CyX U BNAXKEH
pexkum (SPI v DSI). HanpaBeH e cTaTUCTMYECKM aHa/IM3 Ha
ObArocpoyHara KOMMOHEHTa Ha pa3rnefaHute
napameTpu.

Pesyntatu n ussoau

OT HanpaBeHMA aHaAn3 HA aHomanuuTe 3a 2023 1. Ha
TemnepaTypuTe ce YyCTaHOBM, Ye OT IOHW [0 Kpasa Ha
roguHata TemnepaTtypute ca Hajg MeceyHaTa HOpma,
KaTo 3a meceLMTe 10/1M U aBIryCT, KOraTo ca ABeTe ropeLum
BbJ/IHW, Te ca cboTBeTHO ¢ 1.6 °C Hag HopmaTa 3a DN U ¢
0.9 °C Hapg HopMmarTa 3a aBrycT. OTpMuaTeNHNU aHOMannmn
Ha BaneuTe ce HabnogaBaT OT tO/IM OO OKTOMBPW.
OTpuuaTenHUTE aHOMa/IMM Ha Ba/eXUTE Mpe3 1 U
aBrycT [AOMPMHACAT 3@ BUCOKUTE TemnepaTypu U
ycuneaHeTo Ha edeKta oT ropewmte BbAHWU. OCBEH C
oTpuUaTeNIHN aHOMANNU Ha BanexuTe, ropelnTe BbaHU
npes 10N U aBrycT ce XapaKTepusnpar 1 ¢ oTpuuaTenHu
aHomanum Ha TWSA. OT HanpasBeHMA aHaaAu3 Ha
WHAEKCUTE 3@ CYX U BAAXKEH PEXMM Ce YCTAHOBM, Ye Mo
Bpeme Ha ropewmTte BbJHU U aBaTa nHAaekca, SPl n DSI,
ca nopg HynaTta, cbC CTOMHOCTM mexay -0.70 n -1.10,
WMHAMKMPALLM 33 HeobUYaliHa 40 YyMepeHa cyLa, a npes
Meceu, (AWM MNOYMTM  AOCTMrAT [0  HAW-BUCOKUTE
OTPULATENHM CTOMHOCTM 33 LeNnA pasrnexiaH nepuos,
2003-2023 .
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CDMrypa 1. AMI'IHVITyp,a Ha cpegHomeceyHUTe aHoOMaInm

Ha TemnepaTtyparTa 3a rp. Copusa 3a nepnoga 2003-2023 r.
AHomanuaTa 3a 2023 r. e NoKasaHa B YepPBEHO.

OT aHanu3a Ha [AbArocpoYyHaTa KOMMOHEHTa Ha
TemnepaTtypata ce yctaHosu, 4e 2023 r. ce
XapaKTepusnpa C HapacTBal, TPeHA, Ha TemnepaTtyparta,
KaTo B Kpaa Ha gekemsBpu 2023 r. 3aema HaM-BMCOKa
CTOMHOCT OT pasrnexaaHusa nepnos, a UmeHHo 12.6 °C. B
pesyntat 2023 r. e HaW-TonnaTa rogvHa 3a
pasrnexganua nepuog 2003-2023 r., a cnopeg HUMX e
M Han-Tonnata roguHa ot 1930 r. Hacam.
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durypa 2. AbArocpoyHa KOMNOHEHTa Ha TemnepaTypaTta
(4epBeH0), Banexka (cMHbo) N TWSA (3eneHo) 3a rp. Codpus
3a nepuoga 2003-2023 r. Cbc cuBO e 3awwpunxosaHa 2023 r.

BnaropapHocTU: M3cnenBaHeTO €  OCbLLeCTBEHO C
nomowta Ha gou. lepraHa lepoBa oT dPusmyeckma
dakynTeT Ha CY ,,CB. KnumeHT Oxpmackun“.
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Introduction

According to the WMO, heat waves are periods of
unusually hot weather, with maximum daily
temperatures exceeding climate norms by 5 °C for at
least five consecutive days during the year's warm
season. Prolonged heat waves are a hazardous
phenomenon affecting Earth's ecosystem and society,
causing significant economic and human losses.

Methodology

This study analyzes heat waves in Bulgaria during July
and August 2023. To achieve this, monthly average
temperature values, terrestrial water storage anomaly
(TWSA), and total monthly precipitation for Sofia over
the period 2003—-2023 were utilized. The study calculates
and examines monthly anomalies of temperature,
precipitation, and TWSA, along with indices for dry and
wet conditions (SPI and DSI). Additionally, a statistical
analysis of the long-term component of the examined
parameters was conducted.

Results and conclusions

The analysis of temperature anomalies for 2023
indicates that temperatures remained above the
monthly norm from June until the end of the year. In July
and August, when two heat waves occurred,
temperatures exceeded the norm by 1.6 °C and 0.9 °C,
respectively. Negative precipitation anomalies were
observed from July to October, with those in July and
August contributing to elevated temperatures and
intensifying the effects of the heat waves. In addition to
negative precipitation anomalies, the heat waves in July
and August were also characterized by negative TWSA.
The analysis of dry and wet conditions indices revealed
that during the heat waves, both SPI and DSI were below
zero, with values ranging from -0.70 to -1.10, indicating
conditions from unusual to moderate drought. In July,
these indices nearly reached the most negative values
recorded for the entire study period (2003-2023).
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Figure 1. Amplitude of the monthly temperature anomalies
for Sofia during the period 2003-2023.
The anomaly for 2023 is highlighted in red

The analysis of the long-term temperature
component indicates that 2023 was characterized by an
increasing temperature trend, with the end of December
2023 reaching the highest recorded value for the study
period — 12.6 °C. As a result, 2023 is the warmest year
within the analyzed period (2003—2023) and, according
to NIMH, the warmest year since 1930.
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Figure 2. Long-term component of temperature (red),
precipitation (blue), and TWSA (green) for Sofia
during the period 2003—-2023. The year 2023 is shaded in gray
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BbBeaeHue
M3roTBeHa € OLEeHKa Ha pesynTatuTe OT YMUC/IEHU
MOZenn, W3NOoN3BaHWM B oOnNepaTMBHaTa NpaKTWKa B
HUMX, n nporHosata Ha CMHONTULUTE B ONEpPaTUBHOTO
3BeHO ,,MeTeopo/IorMYHN NPOrHO3M" 3a MMHMMAJHA U
MaKCMMasHa TemnepaTtypa 3a 72 4yaca Hanpeg B 18
TOYKM B bbarapua npes nepuoga 2018-2020 .
M3cnepBaHuTe pesyntaTm ca OT YWUCIAEHUM MOAENU
ALADIN-BG, IFS-ECMWEF (Integrated Forecasting System
— European Centre for Medium-Range Weather
Forecasts) n GFS (Global Forecast System — NOAA).
MokasaHo e HamansBaHe Ha  TOYHOCTTa
(cbbaBaemocTTa) C BCEKM cnegBall, AeH KaKTo npwu
CUHOMTUUMUTE, Taka M NpPU  UYUCNEHUTE MOZENM.
MokasaHM ca cuctematuuHute rpewkn (ME) B
OTZE/IHUTE TOUYKM Ha M3cnenBaHe, B N0/i3a Ha H6baewm
nporHosn. Hakpas e pasrnefaH NpoLeHT Ha CXOACTBO,
NMoKasBall, CXOACTBOTO MeXAY Pas3/IMYHMTE MPOrHO3M,
M3[aBaHM 33 e4Ha U Cbla AaTa.

MeTogonorus

[pelwKunTe, KOUTO ca U3MOA3BaHU 3a U3C/eaBaHeTo,
ca: MAE (cpepgHa abcontoTHa rpewka), ME (cpepHa
rpewka), PC (npoueHT Ha cobasaemocT) u PFC (Percent
Forecast Convergence). pewkute MAE, ME n PC ca
OTAaBHA M3BECTHM M M3Non3BaHW. [lpOLEHTBT Ha
cxoacTBo (PFC) ce nsuucnssa no popmynara:

good, ako (Fi - F(i—l)) <2°

100%
bad, ako (Fi - F(l-_l-)) > 2°C

-\
PFC= l-:l{
KbAeTo Fi e NnporHo3aTa 3a AgeH i, a Fi1 e nporHo3ara ot
npeaxoaHuA AeH.

OueHKaTa e HanpaBeHa B 18 TO4YKM, CbBMagawym C
TOYKM OT CMHONTMYHATa MpeXa Ha bbarapwa.

Pesynrtatu n nssogm

Ha ¢urypa 1 e nokasaH npoueHT Ha c6baBaeMOCT Ha
nporHosute Ha cuHontmumte n ECMWF npu Tmin u
Tmax. Buxkga ce c6baBaemocTTa B OTAENHUTE TOYKU U
HEWHOTO HaMansABaHe OT MbPBUA KbM TPETUA AEH.

PC_Tmax-ECMWF

.

®durypa 1. PC Ha cuHonTuMumTte n moaena ECMWEF
3a Tmin n Tmax B OTAENHUTE TOUYKMK

Ha ¢urypa 2 e npepcrtaseHa ME Ha nporHosaTa ot
CMHONTULUTE M OT YUCAEHUTE MOLENN B OTAENHUTE
Toukn npu Tmin u Tmax. BuxKaaTt ce rosiemn CTOMHOCTH
Ha ME npu Tmin B TouKa 502 (BuauH), KosTO npwm
BCUYKM MOAENMU U 33 TpUTe AHU e okono 2.5 °C.

ME-Tmin_1st day ME-Trmax_1st day

durypa 2. ME Ha nporHo3aTa oT CMHONTULUTE 1
OT YncneHnTe mogenu 3a Tmin 1 Tmax B OTAE/HUTE TOYKM

Mpu cpeaHOCPOYHUTE MPOrHO3M Ha CUHONTUUMUTE
(3a TpeTn v BTOPU AeH) ME Hamansga go okoso 1.5 °C, a
npu 24-4yacosu NporHo3m Hamanenmeto e go 0.5 °C.

Mpw npoueHTa Ha cxoacTeo (dur. 3) ce BUNKAA BUCOK
NPOLLEHT — B NPOrHO3UTE OT YMC/TIEHUTE MOAENN € Hap,
95%, camo npu Tmax 3a AeH 2 U 3 — ManKO NO-HUCDBK.

PFC-Tmin_day1-day2 PFC-Tmax_dayl-day2

i & B i L s

®durypa 3. PFC Ha NpOrHO3uTE OT CUHONTULMTE U
OT YncneHnTe mogenum 3a Tmin 1 Tmax B OTAEHUTE TOYKM

Mpn nporHosuTe oT AeH 2 U AeH 3 OT CMHONTULUTE
PFC e BMAMMO MO-BUCOK OT TO3M Npu AeH 1 — aeH 2.
MpuumHaTta e, 4e NPOrHO3UTE OT AEH 2 U AeH 3 MHOrO
4yecTo ce U3aaBaT OT €4MH U Cbly, CUHOMNTUK, AOKATO Npu
heH 1 n peH 2 ca BMHArM OT Pas3/IMYHM eKcrepTn —
KPaTKOCPOUHUA U CPESHOCPOYHUA CUHONTUK.

Pe3syntatuTe oT cpeaHaTa (cMcTemMaTMyHaTa) rpeLuka
LLLe ca MHOTO NoJIe3HN 3a 6bAeLoTo KopurupaHe Ha ME
B paboTaTa Ha CMHONTULWTE N CbOTBETHO NofobpsaBaHe
Ha TOYHOCTTAa Ha M34aBaHUTE OT TAX MPOrHO3MU.
lMoka3aHoO e BMCOKOTO CbriacyBaHe, NMOCAeA0BaTENHOCT
Ha NPOrHO3uTe, U34aBaHM 3a efHa M Cblua AaTa.
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Introduction

An assessment has been conducted on the results of
numerical models used in the operational practice at
NIMH and the forecast of weather forecasters for
minimum and maximum temperatures up to 72 hours
ahead at 18 locations in Bulgaria during the period
2018-2020. The studied results come from the
numerical models ALADIN-BG, IFS-ECMWF (Integrated
Forecasting System — European Centre for Medium-
Range Weather Forecasts), and GFS (Global Forecast
System — NOAA).

A decrease in accuracy (percent correct) with each
subsequent day has been demonstrated, both for
meteorologists and numerical models. Systematic errors
(ME) at the individual study points are presented to
support future forecasts. Finally, a similarity percentage
is examined, indicating the degree of agreement
between different forecasts issued for the same date.

Methodology

The errors used in the study are: MAE (Mean
Absolute Error), ME (Mean Error), PC (Percent Correct),
and PFC (Percent Forecast Convergence). The errors
MAE, ME, and PC are well-known and widely used. The
percentage of similarity (PFC) is calculated by the
formula:

PFC=Y" {gOOd; aKo (FL - F(i—l)) <2°
T4ij=1

100%

bad, ako (Fi - F(l-_l-)) > 2°C

where F; is the forecast for day i, and Fi; is the forecast
from the previous day.

Results and conclusions

Figure 1 shows the percentage of forecast accuracy
for Tmin and Tmax by forecasters and ECMWF. The
accuracy at individual locations is displayed, along with
its decline from the first to the third day.

Figure 1. PC of the forecasters and the ECMWF model
for Tmin and Tmax at the individual points

Figure 2 presents the ME of the forecast by
forecasters and numerical models at individual locations
for Tmin and Tmax. High ME values can be observed for
Tmin at point 502 (Vidin), where for all models and
across all three days, the error is approximately 2.5 °C.

ME-Tmin_Lst day ME-Tmax_1st day

MR- * —
P e e 2

Figure 2. ME of the forecast by forecasters and
numerical models for Tmin and Tmax at individual locations

In medium-range forecasts by forecasters (for the
3rd and 2nd days), ME decreases to about 1.5 °C, while
for 24-hour forecasts the reduction reaches 0.5 °C.

The forecast convergence (consistency) (Fig. 3)
shows the high percentage, which in numerical models
is over 95%, only in Tmax for day 2, 3 —slightly lower.

PFC-Tmax_day1-day2

PFC-Tm

e e B -

-llt,l:[‘-i!'iﬁ"g : e e T I |

Figure 3. PFC of the forecast by forecasters and

numerical models for Tmin and Tmax at individual locations

In the forecasts for days 2 and 3 by forecasters, PFC
is noticeably higher than for days 1 to 2. The reason is
that forecasts for days 2 and 3 are often issued by the
same forecaster, whereas forecasts for days 1 and 2 are
always prepared by different experts — the short-term
and medium-range meteorologists.

The results of the mean (systematic) error will be
highly useful for future ME corrections in
meteorologists' work, ultimately improving the accuracy
of their forecasts. A high level of agreement and
consistency in forecasts issued for the same date has
been demonstrated.



ITHAUMOHANTHA HAYYHA KOH®EPEHLUMA NO OKOJTHA CPEOA
18-20 maprt 2025 r., HUMX, Co¢us

YecToTa Ha Mb/IHUUTE HAA BbArapckoTo YePHOMOPCKO Kpabperkue No pakioHn
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BbvBeaeHue

YecToTaTa Ha MbAHUWTE Bapupa B 33aBUCMMOCT OT
NnoA/10’KHaTa NMOBbPXHOCT, KaTo roAMLIHATa MM 4YecToTa
HaZ, KOHTUHEHTUTE € BUHAru no-BMCOKa, OTKOJIKOTO Haj,
okeaHute (Christian et al., 2003; Cecil et al., 2014).
Bbnpekn TOBa AE€TaliiHW pPerMoHanHW uscneaBaHuUA
MOKa3BaT, Ye B ONpeaenieHn caydaun v npu cneumduyHm
yCNoBMA — KaTo oporpadusaTa Ha pailoHa, Ce3oHa U
OEHOHOWHMA YacoBM MHTepBas — YecToTaTa Ha
MB/IHUMTE HaZ, MOPCKUTE 30HM MOMKe A3 HaABULUM Tasn
Hag cywarta (Petrova et al., 2024).

C pasBUTMETO Ha MpexuTe 3a perncrpauma Ha
MbB/IHUMTE B HayyHaTa /iMTepaTypa BCe MO-4ecto ce
roBOpM 3a ,,KIMMATO/I0rMA Ha FIPbMOTEBUYHUTE 061aum”,
KoeTo onpegens HeobXo4MMOCTTa OT pPernoHanHu
uscnenBaHua. HactoswoTo M3cnegsaHe Mma 3a Len aa
onpegenn pasnpefeneHUETo Ha  MbAHUUTE  Haj,
CbOTBETHUTE pPaAlMOHM Ha BbArapckoTo 4YepHOMOPCKO
Kpalbpexue, ycnosHo HapeueHu ,llabna“, ,BapHa“,
,CnbHYeB 6par” n ,,Mpumopcko”. Tasum 3agadva e ocobeHo
3HauMma u nopaam cneumdurKkata Ha paioHa, a UMEHHO,
Yye KpalhbpexHaTa MBMLA € Npexo4Ha 30Ha MeXAay
cyllaTa U MOPETO M Ce XapaKTepumsampa U € ACHO U3paseHa
[OHEBHA LMpPKYNaumMa Ha BATbpPA.

MeTtoponorus

M3non3eaHa e MHPopmauma 3a MbAHUMTE 3a 10-
roguiieH nepuod, MmapT 2005 - o¢espyapu 2015
(npepoctaBeHa oT ZEUS mpexkaTa, C UEHTbp
HaunoHanHaTa obcepBatopua B ATuHa, [bpuumsa).
Meuuata Ha bbarapckoto YepHomopue yCnoBHO e
pasgeneHa Ha YeTVpWM efHaKBM MO NJOW, paWoHa:
LWa6na, BapHa, CibHUeB 6par u Mpumopcko (tabn. 1).
YectoTaTa Ha MbaAHUMTE (Bpoli  MbAHMU/KME) e
HamepeHa, KaTo obwuaT 6poit MbAHWMM 33 AadeHus
WHTEpPBan OT Bpeme (roguiueH, ce30HeH, YacoBu) ce
pasgens Ha naowTa Ha cboTBeTHaTa obacT.

Tabnuua 1. FeorpadcKmn KOOPAMHATU HA YETUPUTE
paloHa, Ha KOMTO YCIOBHO € PasfAeneHo
BbArapckoTo HEPHOMOPCKO Kpanbpexne

YcnosHo ume KoopauHaTti Ha ueHTbp

Ha paiioHa Ha paioHa ¢ pasmepwu (0,5°x0,5°)
Wabna 28.50° E  43.50° N
BapHa 28.00° E 43.25°N
CnbHueB 6par 27.75° E 42.75°N
Mpumopcko 27.75° E  42.25°N

Pe3yntatu u nssogm

Cnopeps, roguvwHaTa 4ecToTa Ha Mb/HMMTE 3a
nepuoga (mapt 2005 — ¢espyapu 2015) pesyntatute
NoOKa3BaT, Ye Hal-MHOr0 MbAHUW Ca PErnucTpupaHn B
paiioH ,[pUMOpPCKO”, KOWTO ce sBABa HaW HoXKHaTa
obnacT oT KpabpexuneTo, cieaBaH oT paioH ,BapHa“ u
,CnbHYeB 6par”. C Hali-manKa rpbMOTEBMYHA aKTUBHOCT
ce OTKposABa pakoHbT Ha ,labna“ — Hal-ceBepHaTa
o6nacT OT BbArapckoTo 4YepHOMOPCKO Kpanbpexue.

O WatGna MWBapHa DCnsHues Gpar @ NpUMMOopcKo
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®urypa 1. Ce3oHHa yecToTa Ha MbaHUKUTe (MapT 2005 —
¢despyapu 2015 r.) Ha ,Labna“, ,,BapHa“, ,Cn. 6par‘ u
,Mprmopcko”

Mpe3 3umarta, N9TOTO U eCeHTa Haln-MHOro Mb/IHUK ca
perucTpupaHuM Haf Hali-loXKHaTa 4acT Ha bbarapckoto
YepHOMOPCKO Kpaibpexue (,Mpumopcko”), Kato npes
NIeTHUA Ce30H YecToTaTa Ha MbJAHUUTE Hag paioH
,BapHa“ ce pobaukasa [o Tasu Hag ,,Mpumopcko”
(dwur. 1). Npasu BnedyatneHuwe, 4e eAMHCTBEHO npes3
nponetta rpadukaTa MOKasBa pas/iMyHa TeHAeHUUs,
KaTo Bogell, paioH MO OTHOLWIeHMEe Ha YecToTaTa Ha
MbaHUUTE e ,CnbHYyeB 6psar”, cnegBaH ot ,BapHa“,
,NIpUMopCcKO“ 1 HaKpas ,lWLabna“. ObnactTa c Han-HUCKa
rPbMOTEBUYHA aKTMBHOCT NPe3 BCUUYKM CE30HU CU OCTaBa
paiioH ,lWa6na“. Mece4yHoTO pa3snpeaeneHne Ha
MBJIHUUTE MO PaliOHU Pa3KPUBA MAKCUMYMU B PA3/IMYHN
meceumn: Hag ,CnbHueB 6psar” — npes maW, Hag
,MpUumopcKo” — npes aBrycT, Hag ,LWabna“ u ,,BapHa“ —
npes nu.
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Introduction

The frequency of lightning varies depending on the
underlying surface, and the annual lightning frequency
is higher over continents than over oceans (Christian et
al., 2003; Cecil et al., 2014). However, detailed regional
studies show that under certain conditions — such as the
area's orography, season and time of day — the
frequency of lightning over maritime areas can be
higher than over land (Petrova et al., 2024).

With the progress of lightning detection networks,
the scientific literature increasingly discusses the so-
called “climatology of thunderstorms”. This highlights
the need for regional studies. The objective of the study
is to determine the distribution of lightning over the
Bulgarian Black Sea coastal regions, conditionally named
“Shabla”, “Varna”, “Sunny Beach”, and “Primorsko”.
This objective is particularly significant due to the
specific characteristics of the region, as the coastal zone
is a transitional area between land and sea and is
marked by a distinct diurnal wind circulation. It is
characterized by a specific air circulation with a diurnal
and nighttime cycle.

Methodology

Lightning data for a 10-year period (March 2005 —
February 2015) are used (provided by the ZEUS
network, based at the National Observatory in Athens,
Greece). The Bulgarian Black Sea Coast was
conditionally divided into four equal-area regions:
Shabla, Varna, Sunny Beach, and Primorsko (Table 1).
The lightning frequency (number of flashes/km?) is
calculated by dividing the total number of lightning for a
given time interval (annual, seasonal, hourly) by the
area of the respective region.

Table 1. Geographical coordinates of the four areas
conditionally dividing the Bulgarian Black Sea Coast

Name Coordinates of the center of the
of the region region with dimensions (0.5°x0.5°)
Shabla 28.50°E  43.50°N
Varna 28.00° E 43.25° N
Sunny Beach 27.75°E  42.75°N
Primorsko 27.75°E  42.25°N

Results and conclusions
The annual lightning frequency for the period
(March 2005 — February 2015) shows that the highest

lightning activity was recorded over “Primorsko”, the
southernmost area of the coastal, followed by the
“Varna” and “Sunny Beach” regions. The “Shabla”
region, the northernmost area of the Bulgarian coastlal,
exhibited the lowest lightning frequency.
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Figure 1. Seasonal lightning frequency (March 2005 — February
2015) in “Shabla”, “Varna”, “Sunny Beach”, and “Primorsko”

During the winter, summer, and autumn, the highest
lightning activity was recorded over the southernmost
part of the Bulgarian coast (“Primorsko”). In the
summer, the lightning frequency over the “Varna”
region closely approached that of “Primorsko” (Fig. 1).
Notably, only in spring the trend differed, with “Sunny
Beach” leading in lightning frequency, followed by
“Varna”, “Primorsko”, and finally “Shabla”. Across all
seasons, “Shabla” remained the region with the lowest
thunderstorms. The monthly distribution of lightning by
region revealed peaks in different months: in May over
“Sunny Beach”, in August over “Primorsko” and in July
over both “Shabla” and “Varna”.
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BbvBeaeHue

OnacHuTe MmeTeoposiorMyHn AsneHna (OMA) ca
EeKCTpeMHa nposfABa Ha BpemMeTo W  KAMMmaTa.
MporHo3npaHeto Ha OMSA e BaxHa 3agaya npeg
KpaTKOCpOYHaTa NporHo3a 3a spemeto. B bbarapua
HauMOHaNHUAT MHCTUTYT MO METeoponorna wu
xuaposorva (HUMX) e eaUHCTBEHOTO OTOPU3NPAHO
3BEHO, KOETO M3roTBA U M3Mpalwa cneuvannsvpaHm
MPOrHO3M KbM OPraHuMsauuu U ObpP}KaBHU CAYXKOMU,
OTroBapAWM 32 3awWwuTata Ha HaceneHuMeTo npwu
HactbneaHe Ha OMA. Ot 2001 r. HUMX wu3pasa
nporHosu 3a OMA (Stoycheva et al., 2013), a oT Kpas
Ha 2009 r. Tasu AEMHOCT e YacT OT eBpornenckaTta
cuctema METEOALARM (Popova et al., 2013).
MporHo3nte 3a OMA 3a cnegBawmTe 48 yaca B 28-Te
aAMUHUCTPATUBHM 061acTu, a oT centemBpu 2022 r.
M 3a 265-Te 06wmHM B Bbarapua ce nyb6amkysaT u
0bHOBABAT HEMPEKbCHATO Ha CTpaHMuata Ha HUMX
(https://weather.bg/obshtini/ ). Mpn usgasaHeTo Ha
npeaynpexaeHuna 33 omMA onepatuBHUTE
cneumnanmctn B HUMX pasnonarat ¢ uHpopmaums ot
YUCNEHNW MOAENM 33 MNpPOrHo3a Ha BpemeTo
(rnobanHn © pervoHanHW), Kakto M C peauua
WHOBATUBHMU NpoAayKTH, paspaboTBaHu oT
EBponenckMA LLEeHTbP 3a CPeAHOCPOYHM MPOrHO3U
(ECMWEF), Hanpumep MpPOrHOCTUYEH WHAEKC 3a
ekcTpemHo Bpeme (Extreme Forecast Index, EFI). EFI
o6o6buwaBa MHPopmaumATa OT aHCaMbBNOBU YUCNEHMN
NPOrHO3M W JaBa WHAMKAUMA 33 pPalloHn C
NoTEeHUMaNHO onacHu ABneHusa. EgHoBpemeHHOTO
u3nonseaHe Ha EFlI n Ha pAgeTepMUHUCTUUYHUTE
NPOrHO3M Ha pernoHanHua ymcneH mogen ALADIN-
BG no3BosABa npeuusupaHe U No-A€TalHO
UHbOpMMpaHe 3a MECTOMO/I0KEHNETO n
WHTEH3MBHOCTTa Ha od4akBaHuTe OMA. Bbnpeku
YCbBbPLUEHCTBAHETO Ha CbBPEMEHHUTE METoAM 3a
NPOrHO3a Ha BPEMETO NPOrHo3upaHeTo Ha OMA
OCTaBa nNpeau3BMKATENCTBO MPUM  U3FOTBAHE HaA
onepaTMBHATa NPOrHoO3a.

MeTtoponorus
M3non3saHn ca AaHHM OT apxuBa Ha HUMX 3a
usgageHn npeagynpexgeHma s3a OMA npes 2024 r.

Pe3yntatu n ussogm

Mpe3 2024 r. HUMX n3gasa npeaynpexaeHuma 3a
OMA no esponelickata cuctema METEOALARM B
132 aHu ot roguHata (¢wur. 1). 3a cpaBHeHue, npes
2023 r. npeaynpexgeHma mmawe B 139 gHun, npes

2022 r. — B 99 gHn. B 90 gHu npe3 2024 r. ca
n3gafeHu NpeaynpexXaeHns oT MbpBa cTeneH (KuaT
Kog). B 36 AHM npeaynpexaeHusATa ca OT BTopa
cTeneH (opaH)KeB Kog), a B 6 AHM OT rogmHata ca
n3nafeHn npeaynpexaeHua oT Hall-BMCOKa cTeneH
(4epBeH Kop). Hali-manko npepgynpexXgeHusa ca
usfageHu npes meceunte pesBpyapu U OKTOMBPU — B
4 pHWU. Hai-mHoro npeaynperKaeHua ca usgageHu
npes meceu, A — 25 aHu, Kato B 3 aHuM (16, 17 m
18.VIl) npegynpeaeHNETO € OT Hal-BUCOKa cTeneH
3a ropeuo speme. MNpeaynpeKaeHUs oT Han-BUCOKaA
cTeneH Ha OMacHOCT ca M3JaZeHu B owe 3 AHM OT
roguHaTa: Ha 31.VIIl n 1.IX 33 3HauUnTeNHN Banexu
no YepHomopueto u Ha 22.X|l 3a cuneH n NopmMBUCT
IoKeH BATbp — ¢bOH, 3a ob6nactute Bpaua w
MomHTaHa.

WspaneHn npeoynpexneHus 3a onacHu
MeTeopororM4Hn ABnexHna npes 2024 rognHa
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durypa 1. U3papenun npeaynpexaeHus npes 2024 r.
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Introduction

The severe weather is an extreme manifestation of
the weather and the climate. Forecasting severe
weater is an important task for the short range
forecast. NIMH is the only autorized unit in Bulgaria
to prepare and send special forecasts to
organizations and government offices responsible
for the «civil protection when dangerous
meteorological phenomena occur. NIMH issues
forecasts for severe and extremely severe weather
since 2001 (Stoycheva et al.,, 2013), and since the
end of 2009 this activity is part of the european
system METEOALARM (Popova et al., 2013). Severe
weather forecasts for the next 48 hours in the 28
administrative districts, and since September 2022
for the 265 municipalities in Bulgaria as well, are
published and continuously refreshed, and are
available on the NIMH webpage
(https://weather.bg/obshtini ). Warnings are made
by experts and based on numerical models
information (global and regional) and on number of
innovative products, developed in the ECMWEF, such
as Extreme Forecast Index (EFI). EFI summarizes the
information from the ensemble numerical forecasts
and indicates areas with potentially severe weather.
Using at the same time both EFI and the
deterministic forecasts of the regional numerical
model ALADIN-BG allows more correct and detailed
information about the location and the intensity of
the severe weather expected. Despite the
improvement and the refinement of the modern
forecasting methods, forecasting of severe weather
remains a challenge when making the operational
forecast.

Methodology

Data used for issued severe weather warnings
during the year 2024 are derived from the NIMH
archive.

Results and conclusions

During the year 2024 NIMH isuued severe
weather warnings, according to the european
System METEOALARM, in 132 days (Fig. 1). To
compare, during the year 2023 there are 139 days
with warnings, in 2022 — 99 days. In 2024, there are
90 days with first degree warnings (yellow code), 36
days with second degree warnings (orange code)
and 6 days are with the highest degree of warnings
(red code). Least warnings are issued in February

and in October — 4 days. Most warnings are issued in
July — 25 days, and in 3 of them (16th, 17th and 18th
of July) these are highest degree warnings for hot
weather. The other three days with red code
warnings are the 31st of August and the 1st of
September for heavy rain for the Black Sea Coast
and the 22nd of September for strong and gusty
southerly wind — foen, for Vratsa and Montana
districts.

W3paneHy npeoynpexneHus 3a onacHy
MeTeopornorMyHu ABneHUa npes 2024 roouHa
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Figure 1. Severe weather warnings issued in 2024
References

Popova, M., Stoycheva, A., Stoev, K., Hristov, H.,
Kirilova, A., Diakova, A., Etropolska, I. (2013).
METEOALARM — warning system for expected
dangerous meteorological phenomena in
Bulgaria, in Proceedings of the Second National
Congress of Physical Sciences, Sofia. Section:
Physics of the Earth, Atmosphere and Space, vol.
ISBN 978-954-580-333-8, Heron Press Ltd.

Stoycheva, A., Popova, M., Kirilova, A., Stoev, K.,
Etropolska, I., Georgiev, H. (2013). Forecast of
dangerous meteorological phenomena in NIMH-
BAS, in Proceedings of the Second National
Congress of Physical Sciences, Sofia. Section:
Physics of the Earth, Atmosphere and Space, vol.
ISBN 978-954-580-333-8, Heron Press Ltd.



ArpomeTteoposIOrM4HU YCNOBUA —
npeau3BUKaTe/ICTBA 32 arpoTexHoaormmure

Agrometeorological
Conditions:
Challenges for
Agrotechnology



Il HAULMOHANTHA HAYYHA KOH®EPEHLUMA NO OKOJTHA CPEQA
18-20 mapt 2025 r., HUMX, Codusna

HucKoBbrnepoaHu NPaKTUKKU B CENCKOTO U FOPCKOTO CTONAHCTBO
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BbBeaeHue

PasrnegaHn ca uenuTe 33 OCblUeCTBABaHe Ha
WHTErpupaHn MKOHOMMYECKN ePEeKTUBHM U COUMaANHO
npuemansu arpoeKkoNornyHm NPaKTUKK 3a
peannsnpaHe Ha OCHOBHWUTE MPUOPUTETU B CEKTOP
3emegenve B nNporpamHua nepuog 2021-2027 .
MpunaraHeTo Ha MHTErpuMpaHu BbINIEPOAHN NPAKTUKK
JONpuMHacaA 33 HamanABaHe Ha  KO/IMYEeCTBOTO
MapHMKOBM Tras3oBe M MOCTUraHe Ha UenuTe Ha
Esponelickna cbto3 (EC) B obnactta Ha Kaumarta Ao
2030r. n Ha PernameHT Ha EC 3a npemaxBaHe Ha
BbINEPOAHN eMUCUM U cepTudMLMpPaHEe Ha BbIIEPOAHO
3emegenve.

MeTtoponorua
MpunaraHe Ha ePeKTUBHU U EKONOTUYHO ePUKaACHU
HWCKOBBINEPOaHM NPaKTUKK 3a pecypcHo

ononsoTBopsABaHe Ha 6uopasrpaguMmu oTnagbuu OT
CEe/ICKOTO M FOPCKOTO CTOMAHCTBO Ype3 KapboHU3npaLim
TEXHWUYECKN cUCTemMM 3a npounsBoacTtBo Ha biochar 3a
B/laraHe B MOYBUTE 3a 3a4bp’KaHe WU CbXpaHeHMe Ha
nssnevyeHna ot atmocdepata CO2 M 3a reHepupaHe Ha
HUCKOBbBINIEpoAHA  eHepruA. 3a  nocTMraHe  Ha
rnocoyeHata cucTema OT MepPKM e Heobxoanmo
BbBegaHeTo Ha BioCCS (6uonorMyHo mMammBaHe U
ObArOTPaHO 3aZbprKaHe Ha BbIIEPOA, B MOYBUTE).

Pe3yntatu u ussoau

PasrnepgaHuTe OCHOBHM Hanpas/ieHWA 3a NpuaaraHe
Ha WHTErpMpPaHN HUCKOBBINEPOLHW MPAKTUKM Lie
[0BeaaT A0 CbLLEeCTBEHM MOA3U B PA3/IMYHN CEKTOPU Ha
MKOHOMMKaTA:

- onon3oTBopABaHe Ha 6uopasrpagnumure
CEJ/ICKOCTONAHCKM OTnagbumn 3a pekapboHu3npaHe Ha
noysuTe;

— O0uYMCTBaHE Ha OTMaAHWM BOAM 33 [OMPEKTHO
M3NON3BaHE B CE/ICKOCTOMNAHCKM NPOM3BOACTBA;

— NPOW3BOACTBO Ha JAeKkapboHu3MpaHa eHeprua oT
Ce/ICKOCTOMaHCKM OTNaabLy;

— U3rparkaaHe Ha CTPYKTYpU 33 M3gaBaHe Ha BanugHu
BbrNepogHu cepTuduKaty;

— paswupsaBaHe Ha obcera Ha Hay4yHUTe U3CNeABaHUSA B
cBeToBeH mMawab u BbBeKaaHe Ha BioCCS npakTuku B
Pa3/IMYHM CEKTOPU Ha MKOHOMMKaATA.

Cnopep, u3cneaBaHuA, nposeaeHu ot Van Roijen,
Miller & Davis (2025), npwunaraHeto Ha biochar B
CTPOUTENHUTE MATepPUann e foBeae A0 M3BANYAHE U
3a4bprKaHe Ha Hag 16 munumapaa toHa CO2 roaunwiHo 3a
CMeK4YaBaHe Ha U3MEHEHMETO Ha KAMMarTa.

EanH ToH biochar nsonupa Bbriepos, Konto 6um
reHepupan 3.6 TOHa BbrNepofeH AMOKcMA, ako bbae
OCTaBeH fAa ce pa3rpaam OT eCcTeCTBEHM NpoLuecu.

Obwata dopmyna Ha KU3HEHMA LMKbA OTNagHa
6uomaca — biochar, nokassa, ye 1 ToH 6Momaca ce
TpaHcpopmupa B okono 13 ToH biochar 1 1 MWh
TON/IMHHA eHeprusa.

Ha d¢urypa 1 e nokasaHO MNPUIOXKEHMETO Ha
6uonorunyeH BurnieH (biochar) B nousuTe u edpeKkTsT OT
Hero.

-~ GHG emissions

Biochar

Soil moisture ¢

content " (€O, and N,0)
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microorganisms

durypa 1. EdekT oT npunaraHe Ha 6UONOTUYEH BbI/IEH B
noysuTe

Pe3yntatm OT MpUIaraHeTo Ha HWUCKOBbLINIEPOAHM
NPaKTUKKN B 3eMedenneTo 3a OTIexaaHe Ha Lapesnua
M B TOPCKOTO CTOMAHCTBO NpW 3anecAsBaHe C
BbI/IepoAeH O)K0b ca npeactaBeHu Ha durypa 2.

durypa 2. NMpunaraHe Ha BioCCS npakTMKM B NpOU3BOACTBOTO
Ha BoZ0Mt0OMBY 3eMeeICKM KYNTYpU, KaTo LLapeBumLaTa,
W NpW 3anecsBaHe B 16COBH3CTAHOBUTE/THM MPOEKTH
C MIKOHOMUYECKM ePEKTUBHU LbPBECHU BUAOBE

JNlntepartypa
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EU. Climate change — restoring sustainable carbon
cycles, COM/2021/800.

Van Roijen, E., Miller, S., Davis, S. (2025). Building
materials could store more than 16 billion tonnes of
COz annually,
https://doi.org/10.1126/science.adq8594
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Introduction

The objectives for implementing integrated
economically efficient and socially acceptable
agro-ecological practices to implement the main
priorities in the agricultural sector in the
programming period 2021-2027. The application
of integrated carbon practices contributes to
reducing the amount of greenhouse gases and
achieving the European Union (EU) climate goals
by 2030 and the EU Decarbonisation and Carbon
Agriculture Certification Regulation.

Methodology

Implementation of effective and
environmentally efficient low-carbon practices
for resource utilization of biodegradable waste
from  agriculture and forestry through
carbonization technical systems for the
production of biochar for its incorporation into
soils and for the retention and storage of CO:
extracted from the atmosphere, and for the
generation of low-carbon energy. To achieve the
above system of measures, it is necessary to
implement BioCCS (biological leaching and long-
term retention of carbon in soils).

Results and conclusions

The considered main directions for the
implementation of integrated low-carbon
practices will lead to significant benefits in
various sectors of the economy:

— Utilization of biodegradable agricultural waste
for soil recarbonization;

— Wastewater treatment for direct use in
agricultural production;

— Production of decarbonized energy from
agricultural waste;

— Construction of structures for issuing valid
carbon certificates;

— Expand the scope of scientific research
worldwide and introduce BioCCS practices in
various sectors of the economy.

According to studies conducted by Van
Roijen, Miller & Davis (2025), the application of
biochar in building materials will lead to the
extraction and retention of over 16 billion tons
of COz2 per year for climate change mitigation.

One ton of biochar sequesters carbon that
would otherwise generate 3.6 tons of carbon
dioxide if left to decompose by natural
processes.

The general formula for the biomass waste —
biochar life cycle shows that 1 ton of biomass is
transformed into about 1/3 ton of biochar and 1
MWh of thermal energy.

Figure 1 shows the application and the effect
of this application of biological carbon (biochar).

)
Soil moisture @&, 4

\Biochar

GHG emissions
content (CO, and N,0)

+
Soil ., S

Soil mineral N
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(aggregation)

o )
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microorganisms

Figure 1. Effects of applying biochar to soil

Results of the application of low-carbon
practices in corn farming and forestry in
afforestation with a carbon pocket and by
introducing low-carbon BioCCS technologies are
presented in Figure 2.

Figure 2. Application of BioCCS practices in the
production of water-loving agricultural crops, such as
maize, and in afforestation in reforestation projects
with economically efficient wood species
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BanaHue Ha Banexure npes seretauunAaTa

BbpPXY NPOAYKTUBHOCTTA Ha LapeBuua B palioHa Ha KHexa
H. MeTposckal, B. Fleopruesa?, E. Bacunes®
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BbvBeaeHue

PalioHbT Ha KHe)a e TpaguuMOHEH NPou3BO-
OVTeN Ha uapeBuLa 33 3bpHO NPU HEMNOAUBHMU
ycnosua. [lobusmte BapmpaT B 3aBUCMMOCT OT
XMOPOTEPMUYHUTE  yCNoBMA. JIOKanHUTE U
pPErMoOHaNHUTE MPOMEHU B  KAMMATUYHUTE
(Wang et al., 2018) 4 arpoknaMmatuyHute
ycnosusa (Charalampopoulos, 2021; Vatca et al.,
2021) noka3BaT noBuLlaBaHe Ha TemnepaTypaTa
Ha Bb3AyXa M abMOTMYHMA CTpec npe3 BereTa-
LMOHHMA CE30H U NINMCca Ha ACHA TEHAEHUMA Ha
M3MEHEHME MpPU BaJIEXUTE, HO C YCTaHOBEHaA
NPOMAHa B FOAULIHOTO pasnpeaeneHme.

Llenta Ha HacToAWOTO U3cneABaHe e Ada ce
YCTQHOBM B/IMAHMETO HA TPWM arpoMeTeoposo-
TMYHW WHAOEKCA, XapaKTepusmpawm ycnoBuATa
Ha OB/aXHeHWe, BbpXy J0O6UBKTE OT LLapeBuua
3a 3bpHO oT rpyna 500 no ®AO.

MeTtoponorus

HanpaBeH e nperneg Ha gobueuTe Ha 3bPHO
oT xMbpuamn uapesBuua OT rpyna Ha 3pAnocT
®AO 500, oTrnexgaHun Npu eaHaKBa TEXHONO-
rma B KHexa. ArpomeTeoponorMyHuTe yCcnoBuA
3a nepmoga 1991-2020 r. ca xapaKTepusmpaHu
ypes CyMUTe Ha Banexute, NoTeHUMaNHaTa esa-
notpaHcnupauma (ETp) n 6anaHca Ha aTmo-
cbepHO OoBNaXKHEHWEe npes nepuoga Ha ANCTO-
obpa3yBaHe W TeHepaTUBHUA CTagui, KOMTO
npu xnbpuanute ot rpyna 500 no PAO 3anousa
npes nocaeHOTO AeceTAHEBUE Ha LOHM.

Pe3syntatu n ussogm

Mpe3 nocnegHua 30-rognweH nepuog
BeretTauMoHHUAT nepuoa Ha uapeBuuata —
anpun-aBryct, B paioHa Ha KHexa ce
XapaKkTepusupa C MOBMWEHWE Ha cpegHuTe
MeCeYyHn TemnepaTypu Ha Bb3gyxa C noseye oT
1 °C OT tOHU A0 aBrycT M 3HAYMMO HaMasieHue
Ha CYMWUTE HA BaJIeKMUTE Mpe3 OHU U aBryCT,
cboTBeTHO ¢ 15 mn 22% cnpamo HopmaTa, U
yBenndyeHve npes toam ¢ 22% (¢ur. 1). 3a
oLeHKa Ha B/IMAHNETO Ha Tpute
arpoOMeTeopPONIOTMYHN UHOEKCA € MPUIOXKEH
NPUHUUNHO KOMMOHEHTEH aHanus (dur. 2.)
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®urypa 1. OTKNOHEHUA Ha cpefHaTa MeceyHa Temne-
paTypa Ha Bb3AyXa U MeceyHuTe CyMMn Ha BanexuTe npes
nepuvoga 1991-2020 r. cnpamo nepuoga 1961-1990r.
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durypa 2. OueHKa Ha r1aBHUTE KOMMNOHEHTH

AHanuM3bT MNOKasBa, Ye HaM-roNAMO BAUAHME
BbPXYy A0OMBUTE OT LapeBumL,a 3a 3bpHO OT rpyna 500
no ®AO umat cymaTa Ha Banexa W HanaHca Ha
atTMochepHO oOBNaXKHeHWe npe3 nepuoga Ha
reHepaTMBHUA CTaanN.
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Introduction

The Knezha region is a traditional producer of maize for
grain under no irrigation conditions. Yields varied
according to hydrothermal conditions. Both, local and
regional changes in climatic (Wang et al., 2018) and
agro-climatic conditions (Charalampopoulos, 2021;
Vatca et al, 2021) showed an increase in air
temperature and abiotic stress during the growing
season. There was any clear tendency of change in
precipitation, but with an established change in annual
distribution.

The objective of this study was to determine the
effect of  three agrometeorological indices
characterizing wetting conditions on grain yields of
maize FAO group 500.

Methodology

The paper reviews grain yields of maize hybrids of
FAO 500 maturity group grown under the same
technology in the Maize Research Institute — Knezha.
Agrometeorological conditions for the period 1991-
2020 were characterized by rainfall amount, potential
evapotranspiration (ETr) and balance of atmospheric
humidity (BAO) during the leaf formation and
generative stage, which started in the last ten days of
June for the hybrids FAO 500 maturity group.

Results and conclusions

Over the last 30 years, the maize growing season —
April-August, in the Knezha region has been
characterized by an increase in average monthly air
temperatures by more than 1 °C from June to August, a
significant decrease in precipitation amounts in June
and August, by 15 and 22% respectively, compared to
the norm, and an increase in July by 22% (Fig. 1).
Principal component analysis was applied to assess the
impact of the three agrometeorological indices.

The analysis showed that the sum of rainfall and
balance of atmospheric humidity during the generative
stage has the greatest effect on grain yields of maize
FAO group 500.
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Figure 1. Deviations of monthly mean air temperature and
monthly precipitation amounts during the period 1991-2020
compared to the period 1961-1990
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Figure 2. Evaluation of the main components
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34paBOCNOBHO CbCTOAHUE HA NONE3aLMUTHUTE FOPCKU noscy B CeseponstouHa Bbarapus
I. Feoprues!”, M. Feopruesal, M. loges?, C. beaunnos?, B. UBaHos!, M. Keues?, . Mupues?, /1. Feopruesa?

"MHcTuTyT 33 ropata, Bbarapcka akagemus Ha HayKute
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KNtouoBW fymu: mose3auumHu 20pCKU MOACU, CbXHeHe, spedumesnu, namoaeHu
*email: ggeorgiev.fri@gmail.com

BbvBeageHue

Mpe3 50-Te rogMHU Ha MUHannA Bek B CeBepomn3TOYHa
Bbarapua e cb3gazeHa cMcTema OT NoNEe3aLMUTHU TOPCKU
noacu (MrN) ebpxy 10695,5 xa 3a noagbpikaHe Ha
no4yseHaTa B/ara v 3awmTa oT BOAHa M BETPOBA epo3us,
nofobpsBaHe Ha MUKPOKAMMATA W MOBULIABaHe Ha
NA0AOPOAMETO Ha 3eEMeneNCKUTe 3eMU. 3a 3anecABaHe
Ca W3MNON3BaHW pas3/MYHKU abpBecHM Bugose (Acer
pseudoplatanus L., Gleditsia triacanthos L., Fraxinus
excelsior L., F. angustifolia Vahl, F. americana L., Robinia
pseudoacacia L., Quercus robur L., Q. cerris L., Q. rubra L.,
Ulmus minor Mill. v gp.).

Ot 2020 r. ce HabnogaBaT MHTEH3MBHM MPOLECU Ha
B/IOWABaHe Ha CbCTOAHUETO M CbXHEHE HA AbpBeTaTa B
nrn s Odobpyaxa (Dodev et al.,, 2023). Lenta Ha
uscneaBaHeTto e fJa Ce  OueHuM 34paBOC/IOBHOTO
CbCTOAHWE Ha AbPBECHUTE BMAOBE B MPeACTaBMTESNHA
n3BagKa Ha MM B palioHa.

MeTtoponorus

O6€eKT Ha NpoyYBaHe ca TPU CTOMAHCTBA: JbprKaBHO
NoBHO ctonaHcteo (A/1C) BanuuKk, ObpKaBHO TrOPCKO
ctonaHcteo (ArC) FeHepan Toweso n ANC Oobpuy c
obwa naouw, 7668,2 ha, KoeTo cbCTaBAABa
npnbansnTenHo 72% ot obwata ropcka naouw Ha MMM 8
Lobpyaxa (pur. 1).

SFE General Toshevo

SFE Dobrich

SHE Balchik

®urypa 1. PalioH Ha Npoy4YBaHeTo

Mpe3 2023 r. e oLeHEHO 34PaBOCNOBHOTO CbCTOAHUE
Ha 190 nonesawmTHU ropckn noaca: 67 8 A/1C banuumk, 70
B ArC leHepan Toweso n 53 8 A4IC [obpuy, c 06w, 6poit
8360 n3cnepBaHu avpeeTa.

OnpefensHeTo Ha cTeneHTa Ha obe3nucTBaHe Ha
KOPOHWUTE M ONMWCAHMETO Ha nospeauTe Mo cTbbnaTa,
KNOHUTE, /NUCTAaTa M KOPeHuUTe ca WU3BbPLEHU Mo
meTogmKaTa Ha ICP Forest (Eichhorn et al., 2020).

Pe3yntatu u ussogm

C HaW-BNOWEHO 34pPaBOC/NOBHO CbCTOAHWE Ce
XapaKTepm3MpaT nosiesalwuTHUTE FOPCKU NOSICK C FNaBeH
ObpBeceH BUA MoAcku bpact (Ulmus minor), kbaeto
32,5-66,5% oT gbpBeTarTa ca 3arMHanm, a ocTaHanuTe ca
CUAHO 06e3nncTeHn 1 yBpeaeHU. MacoBOTO CbXHEHE e
NPUYMHEHO OT TPAXEOMWMKO3HMA TIbbeH naToreH
Ohiostoma novo-ulmi Brasier, 4unMTOo nNpeHocutenn ca
Scolytus scolytus v apyrn kcunodaru.

BnowasaHe Ha 34pABOC/AIOBHOTO CbCTOSIHME W
CbXHEHEe B pa3/INyHa CTENeH ce Habnaasa u Npu apyru
ObpBecHU BupgoBse: Quercus rubra, Quercus frainetto,
Fraxinus excelsior, Fraxinus americana, Robinia
pseudoacacia v ap.

CbxHeHeTo Ha Quercus rubra e npuWYMHEHO OT
eHpodUTHUA rbbeH natoreH Biscogniauxia mediterranea
(De Notaris) Kuntze, KoiTo e ycTaHOBEH 3a MbPBM MbT MO
roctonpuemHuKka B EBpona (Georgieva et al., 2024a).

CbxHeHeTo Ha MM oT Fraxinus spp. € NPUYNUHEHO OT
AluecHacaHe Ha neewy umMkaam (Georgieva et al., 2024b)
CTeneHTa Ha HanmageHue e no-cuAHA npu  Fraxinus
excelsior v F. americana, oTkonkoTo npwu F. angustifolia.

B Hail-pobpo obuwo cbecroaHue ca MMM ot Gleditsia
triacanthos, KOUTO U3NBAHABAT OTANYHO GYHKLMUTE CU.
Hama HuKkakBa o6eKkTMBHa npuyMHa Te ga 6baar
M3CMYaHW NpW BB3PACT Hag 50 rogMHM, KakeuTO ca
pasnopenbute Ha HopmaTMBHaTa ypeaba.

bnaropgapHoctu: M3cnegBaHeTO e OCbLWECTBEHO B
paMKuTe Ha NpoeKT ,BnowasaHe Ha 34paBOC/IOBHOTO
CbCTOAHWE Ha NOMe3aWMTHU TOPCKU NOoACU B
CeBeponsToyHa bbarapma ©“ Bb3MOXKHOCTM  3a
nogobpsasaHe U PeKOHCTPYKUMA“, duHaHcMpaH oT doHa
,HayuHu  uscnegsanma“, Ne  KIM-06-H-66/9 ot
13.12.2022r.
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Introduction

In the 1950s, a system of field protective forest belts
(FPFBs) was created in Northeastern Bulgaria on 10695.5
ha to maintain soil moisture, reduce wind speed and
protect soil against wind erosion, improve the
microclimate, and increase the fertility of agricultural
lands. Various tree species were used for afforestation
(Acer pseudoplatanus L., Gleditsia triacanthos L.,
Fraxinus excelsior L., F. angustifolia Vahl, F. americana L.,
Robinia pseudoacacia L., Quercus robur L., Q. cerris L., Q.
rubra L., Umus minor Mill., etc.).

Intensive processes of deterioration and drying of
trees in the FPFBs in Dobrudzha have been observed
since 2020 (Dodev et al., 2023). The aim of the study is to
assess the health status of different tree species in a
representative FPFBs in the region.

Methodology

The study was carried out in three enterprises: State
Hunting Enterprise (SHE) Balchik, State Forest Enterprise
(SFE) General Toshevo and SFE Dobrich with a total area
of 7668.2 ha, which is approximately 72% of the total
forest area of the FPFBs in Dobrudzha (Fig. 1).

SFE General Toshevo

SFE Dobrich

SHE Balchik

e e

Figure 1. Study area

In 2023, the health status of 190 FPFBs was assessed:
67 in SHE Balchik, 70 in SFE General Toshevo and 53 in
SFE Dobrich, with a total number of 8360 trees examined.

The determination of the degree of crown
defoliation, description of damage to stems, branches,
leaves and roots was carried out using the ICP Forest
methodology (Eichhorn et al., 2020).

Results and conclusions

In worst health condition was the FPFBs of Ulmus
minor, where 32.5-66.5% of the trees were died, and the
rest were severely defoliated and damaged. The mass
dieback was caused by the tracheomycosis fungal
pathogen Ohiostoma novo-ulmi Brasier, whose vectors
are Scolytus scolytus and other xylophagous insects.

Deterioration of health and drying were observed in
other tree species: Quercus rubra, Quercus frainetto,
Fraxinus excelsior, Fraxinus americana, Robinia
pseudoacacia, etc.

The drying of Quercus rubra was caused by the
endophytic fungal pathogen Biscogniauxia mediterranea
(De Notaris) Kuntze, which was first established on the
host in Europe (Georgieva et al., 2024a).

The drying of FPFBs of Fraxinus spp. was caused by
egg laying of singing cicadas (Georgieva et al., 2024b).
The extent of attack was stronger in Fraxinus excelsior
and F. americana than in F. angustifolia.

The Gleditsia triacanthos field protective forest belts
are in the best overall condition and perform their
protective functions perfectly. There is no objective
reason for them to be cut down when they are over 50
years old, as is required by the regulations.

Acknowledgements: This work was supported by the
National Science Fund (Contract No. KP-06-N66/9 of
13.12.2022) under the project “Deterioration of the
health status of field protective forest belts in
Northeastern  Bulgaria and  opportunities for
improvement and reconstruction”.
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BbBegeHue
MweHnuaTta e cpes Hal-pa3nNPoOCTPaHEHUTE KyATypu B
CBeTa M MMa MbpPBOCTENEHHO 3HAYEHWE 33 U3XpaHBaHe
Ha HapacTBaLLLOTO HacesieHMe Ha NaaHeTaTa. ApeansT n e
OT NpubnunsuTenHo 67° cesepHa A0 45° 10XKHa WMPUHA,
KaTo BK/OYBA M 3HAYMTE/NHA HaAMOPCKA BMCOYMHA.
Bbnpekn ronsamoto  pasHoobpasne ot  dopmu,
Bb3HMKHA/IN KaKTO NOJ BAMAHUE HA NPUPOAHM aKTopH,
Taka M B pe3ynTaT Ha Le/fieHaco4YeHa CefleKLMOHHa
OEVHOCT, TA € C OTHOCUTE/IHO HWUCKA EKONorM4YHa
nnactuyHoct. CekTop 3emefenve e MexXay Han-
3acerHaTuTe OT NPOMeHUTE Ha KAumarta. PuckoseTe 3a
nocTuraHe Ha e¢peKTMBHO NPOWM3BOACTBO HapacTBaT, a
nocneacTBuATa ca TpygHo npeasugumn. ®Paktute ca
CMYyLL@BaLLM, NMPOrHO3UTE — NECUMUCTUYHKU. B cBeToBeH
mawab ce cbobliaBa, Ye cpeaHaTa TemnepaTtypa Ha
3emATa e ¢ 1.4 °C no-BMcOKa. HMKOM He ce CbMHsABa B
yBe/MYeHaTa YecToTa Ha EKCTPEMHM  KAMMATUYHMU
ABneHunA. [JoknaguTte nokassaT 3aTonasHe, KaTo 3a
BbArapua To e Hali-XxapaKTepHO 33 3UMHUTE Meceuu U
paHo npes nponetra. HabntoaasaT ce TeHAEHUMM 3a No-
6bp30 noBMILIABaHE HAa MUHUMANHUTE TemMnepaTypw,
OTKOJIKOTO Ha MaKcuManHute. UNaeHTUPUUMpaHn ca
yBe/IMYeHa YecToTa Ha BMOTMYEH cTpec, HapacTBaHe Ha
NPOLEHTa Ha 3aMbpPCEHM MOYBU, 3arybun Ha BUonornyHo
pa3Hoobpasune. ToBa Hasfara NPOMEHU B CENEKLMOHHATA
KOHLENUUA Ha BCUYKWU KYATypu, BKJOYUTESIHO WU Ha
nweHunuaTa, HOBU UAEN M APTYMEHTUPAHU peLleHuns.
LenTta Ha goknaga e ga ce npeacTaBy YyectoTaTa Ha
TMnose nospeaM oT abuoTMyeH cTpec  npwu
NpPoOu13BOACTBOTO Ha MLWEHNLA B paioHa Ha Jobpyaa.

MeTtoponorus

HanpaseH e 0630p Ha PUCKOBUTE METEOPOIOFUYHM
YC/I0BUA MPU NPOU3BOACTBOTO Ha 3MMHA OBUKHOBEHA
MWeHMUa M YacTMYHO HA €e4YeMUK B paMoHa Ha

Oobpyaxa. MWU3cneppaHeto obxBawa 2004-2024
PEKONTHM  roguHW. WM3nonssaHM ca  [aHHU  OT
MEeTeopo/IorMYyHaTa  K/eTKa,  JIOKa/lM3MpaHa Ha
TeputopuATa Ha  [A3UM - TeHepan  Toweso.

CuctemaTtnsmpaHa e Hay4yHa MHd)OpMaLI,VIﬂ Ha KOJIEKTUBA,
y4yacTtBan B pa3pa60TBaHe Ha KOHKPETHW 3adayn no
CbOTBETHMUTE nporpamu. [lpeacrtaBeHM ca JaHHU OT
npoy4ysBaHMA B PaMKuUTe Ha CeNneKuMOoHHaTa rpaguHa un
COpPTOBUTE OMUTU. ArpoTEXHUYECKMUTE MEpPOoNnpUATUA Cca
C'b06pa39HM C npueTaTa 3a KyATypaTta TEXHO/0rnAa Ha
oTrnexgaHe.

Pe3syntatu u nssogm

[NobpuTe  arpoHOMWYHM  MpPaKTUKM  npeanarat
CbBpPEMEHHM MHOBATUBHU TEXHONOTMWU 3a peaylLupaHe
Ha BpeAHWTe Bb3AeicTBMA Ha cpeaaTa U mHoroobpasue
OT Bb3MOXHOCTU 33 NogobpaBaHe Ha epeKTMBHOCTTA Ha
n3nonssaHuTe pecypcu. OTroBOpPbLT Ha pacTuTenHaTta
cenekuma e ysenMyaBaHe Ha MPOAYKTMBHOCTTA KaTo
KOMMEKCeH NoKasaTten — A06MB 1 HUBO Ha CTPYKTYpPHUTE
MY  KOMMOHEHTM, YCTOMYMBOCT Ha bosnectmu u
HenpuaTenn, TONEPaAHTHOCT KbM abuoTMueH cTpec,
rnocturaHe Ha CTabuaHO HMBO Ha KayecTBeHWUTe
nokasatenu. KpaiiHaTa Len ca yCcToi4MBO Npon3BoACTBO,
BMCOKa [JobaBeHa CTOMHOCT M MO-Manko BpeaHO
Bb34eicTBME BbPXY npupogaTa. [pe3 nocneaHoTo
AeceTuneTMe U3NCKBaHUATa Ha nasapa U KIMMaTUuyHuUTe
MPOMEHM HanaraT MNPEeOCMUCNAHE Ha CeNeKLUMOHHUTE
cTpaTernu. MpuUUMHUTE ca B HAKOJIKO HacOKW: BCe Mo-
YeCTU NPOABL/KUTENHMN IETHU 3acyLlaBaHMA, CBbP3aHu C
HeKayecTBeHa npeaceutbeHa MOAroTOBKa Ha MOYBaTa;
TOMbA €CEHHO-3UMEH Nepuroa, (NPaKTUYECKM pacTeHUATa
He M3najaT B MOKOW); MacoBO pa3npocCTpaHeHWe Ha
HenpuaTenn, BeKTOPM Ha  BUPYCHM  BonecTw;
6naronpuATHU YCI0BUSA 3@ NPEe3MMyBaHe Ha NaToreHuTe;
yecto HabnwpaBaHO npepacTBaHe Ha  MNOCEBUTE;
OVUHAMUYHM TeMnepaTypu M 3HAYUTENHU aMnanTyan B
Kpas Ha eceHHO-3UMHMA Mepuod; NoBpean OT KbCHMU
NpPoNeTHN Mpasose; HebnaronpuaTeH BOAEH PEXUM
npes nepuofa Ha HanuBaHe Ha 3bPHOTO. M3NUTBaHETO
Ha BHeApeHUTe B NpPaKTUKaTa HOBM COPTOBE MOKa3Ba, Ye
Te ce oTIMyaBaT ¢ 6anaHc Mexay npoAyKTUBEH
NoTeHUMan u cTabuaHocT Npy HebNaronpPuUATHU yCNoBMUA
Ha oTrnexaaHe. 3a paioHa Ha [obpyaxa c peanusmnpa
BMCOK A06MB Npe3 nocneaHnTe nNeT rogMHu ca copToBeTe
LNHaKe", ,dparaHa“, ,dyoomupa“, ,Wnéun”,
,KopoHa“, ,,boxaHa“, ,boun”, ,Paga“ u ,daHn”. fonama
YacT OT TAX Ca OT rpynaTa Ha CpeaHuTe C NoBULLIEHA CUAa
NWeHULM, KOeTo MoKasBa 61aronpuATHO CbyeTaHue
MeXA4y KauyecTBO U NPOAYKTUBHOCT. MpMmep 3a ycnewHo
HapylUeHa HeraTMBHa Kopenauma mexay npusHauumTe ca
copToBeTe C OTAMYHM  xnebonekapHM  KayecTsa
,Nazapka“, ,Mepunun” un ,MuennHa“, Kouto ca oT
rpynarta Ha CUAHUTE MLIeHnLM.
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Introductions
Wheat is among the most widespread crops worldwide
and is of primary importance as food for the increasing
global population. Its areal is from approximately
67° Northern to 45° Southern latitude, including
significant altitudes. In spite of the rich variety of forms,
which have occurred under the influence of natural
factors and as a result from purposeful human activity,
this crop has a relatively low ecological plasticity. The
agricultural sector is among those most affected by
climate change. There are higher risks to efficient
production, and the consequences are hard to predict.
The facts are disturbing, the prognosis — pessimistic. It is
being reported worldwide that the average temperature
on Earth increased with 1.4 °C. No one is questioning the
higher frequency of the extreme climate phenomena.
The reports indicate climate warming; in Bulgaria it is
most evident during the winter months and early in
spring. Tendencies are observed toward faster increase
of the minimum temperatures, as compared to the
maximum ones. Increased frequency of biotic stress,
higher percent of polluted soils, loss of genetic diversity
have all been identified. This requires changes in the
breeding concept of all crops, including wheat, new ideas
and well-supported solutions.

The aim of this report is to present the frequency
and types of damage caused by abiotic stress to wheat
production in the region of Dobrudzha, Bulgaria.

Methodology

A review has been made of the risky meteorological
conditions in the production of common winter wheat
and partially of barley in the region of Dobrudzha. The
investigation encompassed harvest years 2004-2024.
Data from the meteorological station on the territory of
Dobrudzha Agricultural Institute — General Toshevo, was
used. Research data collected by the team who worked
on specific tasks in the respective breeding programs,
was summarized. The data presented are from studies
carried out in the breeding nursery and in the varietal
trials. The agronomy practices were in accordance with
the technology of growing applied in this region.

Results and conclusions

The good agronomy practices offer modern
innovative technologies for reduction of the harmful
effects of the environment and a rich variety of
opportunities to improve the efficiency of the used
resources. The response of plant breeding is the increase
of productivity as a complex parameter — yield and level
of its structural components, resistance to diseases and
pests, tolerance to abiotic stress, achieving a stable level
of the qualitative parameters. The final goal is
sustainable production, high added value and lower
harmful effect on nature. In the past decade, the market
requirements and the climate changes impose the need
to reconsider our breeding strategies. The considerations
point to several directions: increasingly frequent long
summer droughts related to low-quality pre-sowing soil
preparation; warm autumn and winter (in practice the
plants do not enter dormant stage); mass occurrence of
pests, vectors of viral diseases; favorable conditions for
overwintering of the pathogens; frequent elongation of
the plants in the crop; dynamic temperatures and
considerable amplitudes at the end of the autumn and
winter period; damages due to late spring frosts;
unfavorable water regime during grain filling stage. The
testing of the cultivars introduced in practice showed a
balance between productivity potential and stability
under unfavorable conditions of growing. In the region of
Dobrudzha, cultivars “Indzhe”, “Dragana”, “Chudomira”,
“Shibil”, “Korona”, “Bozhana”, “Boil”, “Rada” and “Fani”
realized high yields during the last five years. A great part
of them belong to the group of medium wheats of
increased strength, demonstrating a favorable
combination of quality with productivity. An example of
a successfully broken negative correlation between the
traits are the cultivars with excellent baking properties
“Lazarka”, “Merilin” and “Pchelina”, which belong to the
group of strong wheats.
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BbeepeHue PesynTtatu n nssogm

3emepenckute 3emu B KpaiAyHaBCKUTe paloHM ca Ha 6a3a Ha XMApPONOrMYHUA aHaNU3 U MogennpaHe
ocobeHo yA3BMMM OT HaBOAHEHMA. TOBA Ce Ab/IKM Ha moraT pa ce obocHoOBaT MepKM 3a 3aWuTa Ha
$GOpMUPaHM BUCOKM BBJHM MO TEYEHMETO Ha peka 3eme/fe/ICKUTe 3eMU B AiBE HaMnpaB/eHWA:

[lyHaB M Ha NOBBLPXHOCTHMUA OTTOK, dopmupaly ce oT
OKO/IHUTE cKaToBe. ToYHaTa XMAPOJOrMYHa OLEeHKa e
OT K/YOBO 3HAayeHWe npu pasbupaHeTo Ha
AVHAMWMKaTa Ha  OTTOKa, Bb3MOXKHOCTTA  3a
NPOrHO3MpaHe Ha HaBOAHEHUSA U NPeanpPUeMaHeTo Ha
HaBpPeMEeHHM NPEBaHTUBHN MEPKM.

e  CTpyKTypHU Mepku (Pages, 1981)
O  M3rpaxkgaHe Ha AMIU C Uen npeanassaHe
OT BUCOKWUTE BOAM Ha peka [yHas (¢wur. 3)

MeTtopgonorus Purypa 3. duntpauma npes gurata
Uenta Ha HacTtoswaTta paboTa e u3cnedBaHe Ha

3annaxata OT HaBOAHEHWE 3a 3eMefle/ICKM 3eMU B
cpeaHaTa 4acT Ha [lyHaBCKaTa paBHMHA, OKO/O

O oOpa3smepsABaHe M W3rpa)KAaHe Ha MmosceH
KaHan 3a OTBeJaHe Ha CKaTHUTe BOoaM

(dwr. 4)
YCTMETO Ha peKa UcKkbp, 1 060CHOBaBaHe Ha MEPKM 3a
O 3anecABaHe Ha CcKaTtoBeTe C  uUen
3awmrata um. HanpaBeHa e XMAPOJOrMYHA OLEHKA,
HamansaBaHe Ha CKopocCTTa Ha

KOATO BKNIOYBA aHa/IM3 Ha BaNeXunTe, MogennpaHe Ha
MOBBPXHOCTHUA OTTOK U MHbOPMaUMA 3a HMBATaA Ha
peka [OyHas. B TUC cpema e npeacraBeHo

NMOBBPXHOCTHWUA OTTOK W NpeaoTBpaTABaHe
Ha eposus (dur. 4)

pa3npefeneHneTo Ha K/llacoBeTe Ha  3eMHOTO
nokputne B panoHa (ur. 1). C obpaboTKa Ha
NPOCTpaHCTBEHa MHbOPMaUUA 33 3eMenon3BaHeTo B
'NC cpepa ca onpegeneHn ya3BUMUTE 3emMenesiCKU
30HM (¢wur. 2) (ICPDR, 2013).

CEL -

®urypa 4. NpepnassaHe Ha cKaToBeTe

e HecCTpyKTYpHU MepKu
O W3rpa)KfaHe Ha cuUcCTeMa 33 pPaHHM
npeaynpexXaeHus 3a HaBOAHEHUA
O  WHCTa/AMpaHe Ha cMcTema OT aBTOMaTUYHMU
CTaHUMM W CEH30pM 3a npocnegaBaHe Ha
TemnepaTtypa, BaNeX M CbCTOAHWE Ha
noysaTa B peasiHo Bpeme.

Ypes nHTerpmpaHe Ha CTPYKTYPHU U HECTPYKTYPHM
MepKM 33 3aluMTa, YCTOMUMBO 3emedenne W
YCbBbPLIEHCTBAH MOHUTOPUHT 3eMeAeNCKUTE 3eMU B
61130CT A0 peka [lyHaB moraT ga 6baat 3almTeHu
KaKTO OT HaBOAHEHWeE, TaKa M OT OTTUYAHE OT OKO/IHUTE
cknoHose. Toea e JonpuHece 3a edeKTUBHO
M3no/si3BaHe Ha 3eMATa M NpuaaraHe Ha nporpamu 3a
CTUMY/IMPaHE Ha YCTOMYMBO 3emegenme.

JNutepatypa
Papes, H. (1981). OTBOAHUTENHN CUCTEMU N KOPEKLUN
Ha pekn. Codua: TexHukKa. 380 c. c yeprT.
ICPDR  (2013). Danube FloodRisk  Project:
durypa 2.‘3anwsaeM;| ﬁj‘;gu.LM NP HABOAHEHME http://www.icpdr.org/main/activities-
¢ nepuoa Ha nosTopenue T = 100 roanHM projects/danube-floodrisk-project
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Introduction

The agricultural lands in the regions along the Danube
River are especially at risk from flooding. This is due to
high waters along the river or from the runoff
accumulated from surrounding slopes. The precise
hydrological assessment is of key importance in
understanding the dynamics of the flow, the possibility
of predicting floods and taking prompt preventive
measures.

Methodology

The aim of the present work is to study the threat of
flooding for agricultural lands in the central part of the
Danube Plain, around the outlet of the Iskar River, and to
substantiate measures for their protection. A
hydrological evaluation has been carried out which
consists of analysis of the precipitation, surface runoff
modelling and information for the water levels of the
Danube River. The distribution of land cover classes in
the area is presented in a GIS environment (Fig. 1). With
the processing of spatial information on land use in a GIS
environment, the vulnerable agricultural zones have
been identified (Fig. 2) (ICPDR, 2013).

Figure 2. Flood-prone areas
with a recurrence interval of T = 100 years

Results and conclusions

Two types of measures for the protection of
agricultural lands can be justified based on hydrological
analysis and modeling:

e  Structural measures (Radev, 1981)
o Construction of defense dikes to protect from
the high water levels of the Danube River

(Fig. 3)

Figure 3. Filtration through the dike

o Design and construction of a drainage
channel for diverting slope surface runoff
(Fig. 4)

o Aforestation of the slopes to reduce the
surface runoff speed and prevent erosion
(Fig. 4)

Figure 4. Protection of the slopes

e Non-structural measures
o Set up an early warning system for floods
o Setting up a system with automated stations
and sensors for monitoring soil conditions, air
temperature, and precipitation in real time.

With the integration of structural and non-structural
measures for protection, sustainable agriculture and
advanced monitoring, the agricultural lands along the
Danube River can be protected both from flooding and
from runoff from the surrounding slopes. This will
support the effective use of land and the implementation
of programs for promoting sustainable agriculture.
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BbBepeHue

YCTOMYMBOCTTA HA 3UMMHUTE KUTHU KYATYPU KbM
HUCKM TemnepaTypu ce MNPOMEHs Mo Bpeme Ha
3UMHMUA nNepuos KaTo CNeAcTBME OT  C/IOXHMU
B3aMMOLENCTBUA MEXAY PAaCTEHUATA U PasMYyHUTE
¢dakTopM Ha oOKonHaTa cpega (Bergjorda et al.,
2008). TeHpeHUMATa 33  NOBMWABaHE  Ha
TemnepaTypute BOAM OO  yBenM4YaBaHe  Ha
NpPoAb/IKMUTENHOCTTA Ha 6e3mpasHua nepuos M
CKbCABaHe Ha nepuoga ¢ Temnepatypu nog 0 °C
(KasaHaxkmes wn  ap., 2011). Yectn pesku
3aCTyAABAHUA M HECTAabMNHOCT Ha TemnepaTypHUs
pexum npe3  3MMHMTE  MeceuM  BAOLWaBsar
yCNnoBMATA 33 MNpe3MmyBaHe Ha pacTeHuATa
(Sadykov et al., 2021).

MeTtoponorusa

M3cnepBaHeTo obxBala nepuoga 2003-2024 r.
OnuUTBbT BKAKOYBA copToBe nuweHuua OoT CTaHAAPTHa
CKana, npuTe)aBallM NO3HAaTM  HMBA  Ha
CTYA0YCTOMYMBOCT. PacTeHuMATa ca OTINeKAaHU BbB
BereTalMOHHU CbA0Be NPW ecTECTBEHM YCNOBUA Ha
OTKpWUTO. B nepuoaa Ha Hali-BUCOKa
CTYAOYCTOMYMBOCT Ca 3aMpassiBaHM B Kamepwu.
AHanu3MpaHM ca yc/loBMATa 3a 3aKansBaHe npes
€CEeHHO-3MMHUTE Meceun un TemMmnepatypute Ha
3ampassdBaHe, NpM KouTo ce pJoctura p[obpo
andepeHuMpaHe mexay coptoseTe. [paHMUUTE Ha
ouendABaHe Ha BCEKWM COpPT, onpeaenawiu
TemnepaTypaTa Ha 3ampasfaBaHe Kato aobpe
AndepeHumpalla, ca nocoyeHun B Tabnaunua 1.

Tabnuvua 1. MpaHMLM Ha KUBU pacTeHuA
3a copToBe CTaHAapTH (%)

CraHpapr % YXUBU pacTeHUA
MwupoHoBckasa 808 75-100
be3socran 1 55-80

Ne 301 35-60
Pycanka 15-40

San Pastore 0-20

3a npocnepABaHe Ha USMEHEHUETO B HUBOTO Ha
YCTOMYMBOCT 3a BCAKA rOAMHA Ca M3BbpWBAHWU 4
n3nuteaHua npes 10-15 gHu.

Pe3syntatu u nssoau

3a meceLUTE HOEMBPU, LEKEMBPU U AHYapU ca
perucTpupanm NnoBu1LLIEHU cpesHOMECeYHM
TeEmnepaTypu CrNpAMO CPeLHOTO 332 MHOTOTOANLIHM
OaHHU (1953-2003). Hali-gpacTnyHu ca
OTKNOHeHnATa ot 2019 pgo 2024 r., KoraTo ca

otyeTeHn go +3,8 °C nosuweHa cpefHOMeceYHa
Temnepartypa 3a gekemepu n go +6,1 °C 3a aHyapu

(dpwr. 1).
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durypa 1. CpegHomeceyHa TemnepaTypa 3a MeceuuTe
HOEMBpPU, LEKEMBPU U AHYapW MO rOAMHU

Hali-HuCkuTe Temnepatypy Ha UM3NUTBaHe
(-22 °C), Bogewm po Hob6bpo aAudbepeHumpaHe Ha
copToBeTe CTaHAapTu, ca npunoxeHu npes 2016—
2017 r. (tabn. 2). 3a nepumoga 2020-2024 r. ca
NPUNOXKEHN Hali-BMCOKUTE  gudepeHumnpalLm
TemnepaTtypw o1 -11 go -16 °C.

Tabnuua 2. AndepeHumpawm Temnepatypu (T1, T2,
T3, T4), cpefiHO, MUHUMYM M MaKCMMyMm 3a 21 T.

Tl T2 T3 T4 cp. T
CpepHo | -16,2 -16,7 -16,6 -15,9 -16,3
MuH -22,0 -22,0 -22,0 -20,0 -20,3
Makc -11,0 -13,0 -11,0 -11,0 -13,3

B ronama 4act OT aHanAM3UpaHUTE TOAUHWU ce
HabnlogaBaT AMHAMMYHM YCNOBMA MNpe3 3MMHUA
nepuos W Bapupallo HMBO HA YCTOMYMBOCT.
MNepuogbt 2020-2024 r. ce xapakTepusupa C
HamaneH 6poil Ha AHUTE C  MWHUMANHU
TemnepaTtypu nog 0 °C u yBenndeH 6poit Ha gHUTE
C MaKCMManHu Temnepatypu Hag 10 u Hag 15 °C.
ToBa obycnaBa no-cnaba cTeneH Ha 3aKansABaHe,
HUCKO HMBO Ha YCTOMYMBOCT M HeCTabUNHOCT Ha
NPW3HaKa Npe3 3MMHUA CE30H.
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Introduction

The resistance of winter cereals to low
temperatures changes during the winter period as
a consequence of complex interactions between
plants and various environmental factors
(Bergjorda et al., 2008). The trend for increasing
the temperatures leads to a longer frost-free
period and decreasing of the period with
temperatures below 0 °C (Kazandzhiev et al.,
2011). Frequent sudden cold snaps and
temperature instability during the winter months
worsen the conditions for overwintering of the
plants (Sadykov et al., 2021).

Methodology

The investigation covers the period 2003—
2024. The study includes varieties from the
standard scale with known levels of frost
resistance. The plants were grown in vegetation
pots under natural outdoor conditions. During the
period with the highest frost resistance, they
were frozen in chambers. The conditions for
hardening during the autumn-winter months and
the freezing temperatures at which good
differentiation between the varieties is achieved,
were analyzed. The survival limits of each variety,
determining the freezing temperature as well
differentiating, are shown in Table 1.

Table 1. Survival limits for each standard (%)

Standard % live plants
Mironovskaya 808 75-100
Bezostaya 1 55-80

Ne 301 35-60
Rusalka 15-40
San Pastore 0-20

To follow the level of frost resistance
variability for each year, 4 tests were performed in
every 10-15 days.

Results and conclusions

For the months of November, December and
January were registered higher monthly mean
temperatures, compared to the average for multi-
year data (1953-2003). The most drastic
deviations are from 2019 to 2024, when an
increased monthly mean temperature to +3.8 °C
was recorded for December and to +6.1 °C for
January (Fig. 1).
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Figure 1. Monthly mean temperature for months of
November, December and January, by years

The lowest test temperature (-22 °C) leading
to good differentiation of standard varieties were
applied in 2016-2017 (Table 2). About the period
2020-2024  were applied the highest
differentiating temperatures from -11 to -16 °C.

Table 2. Differentiating temperatures (T1, T2, T3,
T4), mean, minimum and maximum for 21 years

T1 T2 T3 T4 m. T
Mean -16,2 -16,7 -16,6 -15,9 | -16,3
Min -22,0 -22,0 -22,0 -20,0 -20,3
Max -11,0 -13,0 -11,0 -11,0 | -13,3

In most of the analyzed years dynamic
conditions during the winter period and varying
level of frost resistance were observed. The
period 2020-2024 is characterized by a reduced
number of days with minimum temperatures
below 0 °C and increased number of days with
maximum temperatures above 10 and above 15
°C. This causes a lower degree of hardening, a low
level of frost resistance and instability of trait
during the winter season.
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BbBeaeHue

PactutenHoto pasHoobpa3vMe e OT CbLLECTBEHO
3HayeHue 3a NnpoAoBO/ICTBEHATA CUTYpPHOCT,
YCTOMYMBOTO 3eMefenne U OnasBaHeTO Ha OKOJIHAaTa
cpepa. MexkayHapogHUTe  AOKYMEHTM, 3acArawm
reHeTUYHUTE pecypcu, noayepTaBaT HEOOXOANMMOCTTA
OT TAXHOTO ONa3BaHe 3a HacToAWMTE U bbaewuTe
NOKOJIEHWA, KaKTO M rapaHTMpaT AOCTbN A0 TAXHOTO
pasHoobpa3une. lpe3 nocnegHute aeceTuneTna Bce
noseye CTapu U TPAAULMOHHU COPTOBE Ca 3aMEeHEHMU OT
HOBW WHTEH3MBHU COPTOBE. XONMCTUYHUAT NOAXOZ, 32
onassaHe Ha bMopasHOObPa3nETO Ypes U3NoN3BaHE Ha
in situ/fon farm u ex situ CbxpaHeHue e
uscnegosatenckm  npuoputetr  (Muluneh, 2021).
CbTpyLHMYECTBOTO MeXay reHbaHKMTe e peLuaBallo 3a
ocurypaBaHe Ha r1o6anHOTO ona3BaHe M YCTOMYMBO
M3MoN3BaHe Ha FeHeTUYHUTE Pecypcu B pPamKuTe Ha
noaAbp)KaHe Ha onepaTMBHa CbBMECTUMOCT B
€BPOMEeNCKOTO  M3C/ef0BaTE/ICKO  MPOCTPAHCTBO.
3eseHaTa cAeNKa HacbpyaBa EKONOTMUYHUTE NPAKTUKK,
KOMTO WMMaAT MONOXWUTENIHO  Bb3AENCTBME  BbPXY
onasBaHeto Ha 6uopecypcute M nosuwasat
YCTOMYMBOCTTAa Ha arpocucteMuTe B YC/0BMATA Ha
KAMMATUYHN NPOMEHM.

Lenta Ha wu3cnegBaHeto e fJa ce noaobpAar
AUrUTannsaumaTa M BUOMMOCTTA Ha reHbaHKUTe B
Bbarapua u CnoBakma upe3 Ob6MeH Ha OnuT MU
YCTaHOBABAHE Ha CbBMECTEH U3CNeL0BaTE/ICKM NAaH Ha
OCHOBa Ha obwaTta MucKMA 3a CbXpaHeHUe M
M3MON3BaHe Ha  pacTUTeNHotTo  pasHoobpasue.
XunoTtesaTa e, Ye ToBa MoOMara 3a Bafopusauma ypes
nogobpeH p[ocTbn [0 MecTHMA reHodoHA 3a
nocpelaHe Ha KAMMaTUYHUTE NpPeaM3BMKATENCTBA W
HY»XanTe Ha depmepuTe.

Metoaonorusa

Ypes cnogensiHe Ha JO6pPM NPAKTUKKM B 06/1aCTTa Ha
OOKYMeHTaumATa, cbbupaHe Ha HoBM 06pasumn uypes
eKkcneanunm n obmeH Ha cemeHa upes CnopasymeHue
33 TpaHchep ce paswupaABa pasHoobpasueTo B
HaLMOHaNHUTE KONEKUMW, CnefBalikKu npuoputeTute
Ha CrpaTteruata 3a 6uopasHoobpasmeTto 2030 Ha EC.
NHTepaucuMnANHApHUAT noaxoga, MHTerpmpa
arpapHUTE HAayKN U UHTENITEHTHUTE TEXHO/IOT UK, KOETO
yJeCHABA MOAEepHU3aUmMATa Ha MHOOPMALMOHHUTE
CUCTEMM M NPAKTUYECKOTO UM U3NOA3BaHe.
LUundposusaumsta nogob6pssa KayecTBoTO Ha
ynpaBiAeHNeTo Ha [JaHHW 4Ype3 KaTanoruMsmMpaHe Ha

MECTHUTE TeHeTMYHUM pecypcu B CbOTBETCTBUE C
FAO/Bioversity (2017) u MpoTtokona ot Haros, KoWTo
nogyepTaBa 3HaYEHMETO Ha A0CTbNa A0 reHbaHKuTe.

Pesyntatu n ussogm

Pa3spaboTeHu ca 6a3n AaHHU M yeb MHCTPYMEHTH 3a
OTBOPEH J0CTbM A0 reHodoHZaA M CcnpaBeanMBO
cnogensHe Ha Non3uTe OT U3MO0A3BAHETO MY CbI1ACHO
MexayHapoaHMA O0roBOpP 33 PACTUTENHU TEHETUYHMU
pecypcu 3a npexpaHa u 3emegenue. Konekumute Ha
6barapckata M Ha cnoBawwkata reHbaHka ca
nybnmKyBaHn cbc cBobogeH poctbn B EBponeickua
Katanor EURISCO. Te ca aybnupaHu B rnobanHoTo
cemexpaHmnuwe B CBanbapa. [poyyBaHeTo uMMma
Bb34eNCTBME M3BbH aKaJEMUYHWUTE Cpeau, Tbi KaTo
OOMNpUHaca 3a  YCTOMYMBOTO M pasHoobpasHo
NPOU3BOACTBO HA XpaHW Ype3 Banopusauma Ha
TPaAULMOHHM COPTOBE, Y/EeCHABa MNOBTOPHOTO WM
BbBEXK/aHE B [OMALUHWTE TpaguHM WU CTONAHCTBA.
[OunBute poacTBeHMUM ce 0Mas3BaT B MJIAHUHCKUTE
paioHW B CbOTBETCTBME C HALMOHANHUTE NpOrpamu B
bvarapna wu  Cnosakua. [locTurHatute pesyntatu
JOKA3BaT XxunoTe3aTa WM HaAMWUPAT TNpPUIOXKEHME B
LANOCTHMA NOAXOA 3a OnasBaHe Ha npupoaaTa,
noBuLIaBaHe Ha YCTOMYMBOCTTA HA KyaTypute B
OWHAMWYHWUTE YC/IOBMA Ha OKO/MHaTa cpeja M
rapaHTupar nNpowu3BOACTBOTO Ha ynucta "
BMCOKOKa4yecTBeHa XpaHa.

bnaropapHoctu: WM3cnegBaHeTo e OCHLECTBEHO B
pamkute Ha npoekT DIGIVALPGR ,durutanusauma u
Ba/NOpM3aLMA HA MECTHUTE PaACTUTENIHU TFEHETUYHU
pecypcu B bbarapma n CnoBakma B pamkuTe Ha
noaabprKaHe Ha CbOTBETCTBME UM OnepaTMBHa
CbBMECTUMOCT B €BPOMENCKOTO MNPOCTPAHCTBO” Ha
®HW, Horosop KMN-06-Cnosakua/9/13.08.2024, n Ha
CnoBalwlKata areHUMA 3a Hay4yHW u3CnefBaHuMa u
passuTue, lorosop SK-BG-23-0005/17.09.2024.
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Introduction

Plant diversity is essential for food security, sustainable
agriculture, and environmental protection. Almost all
the relevant documents on genetic resources, adopted
by international bodies, underline the need of crop
conservation, not only for this generation, but most of
all, for the future of humanity, and guarantee open
access to its diversity. In recent decades, more and
more old and traditional landraces have been replaced
by new and modern varieties. Under these
circumstances, a holistic approach to biodiversity
conservation by using two strategies: in situ/on farm
and ex situ preservation represents a research priority
(Muluneh, 2021). International collaboration between
genebanks has become crucial in ensuring the global
conservation and sustainable use of genetic resources
to maintain compatibility and interoperability in the
European area. The Green Deal promotes ecological
practices that positively impact the protection of
bioresources and support agricultural systems in the
climate change.

The applied purpose of the study is to improve
digitalization and visibility in the National genebanks of
Bulgaria and Slovakia due qualitative exchange of
experience and establishing joint research plan based
on their long-standing mission of storage and use of
plant diversity. The hypothesis is that it helps
valorization through better access to the local plant
gene pool for meeting climate challenges and farmers’
needs.

Methodology

By sharing good practices in the field of genebank
documentation, collecting valuable data and new
accessions through expeditions and germplasm
exchange using Standard Material Transfer Agreement,
the study increases the diversity of the National
collections following the priorities of EU Biodiversity
Strategy 2030. The interdisciplinary approach
integrates agricultural sciences and intelligent
technologies, that facilitate the modernization of
information systems and supports the practical use of
the achievements. In the era of digitalization, this
improves the quality of data management and sharing
new knowledge through local plant genetic resources
cataloguing in accordance with FAO/Bioversity (2017)
and addressing the Nagoya Protocol, which emphasizes
the importance of public awareness to the conserved
collections in the genebank.

Results and conclusions

Results include the development of optimised
databases and web-based tools for public open access
to the gene pool and equitable sharing of benefits from
the use of genetic resources under the International
Treaty on Plant Genetic Resources for Food and
Agriculture. The Bulgarian and Slovakian genebank
collections are published with free open access in the
European catalogue EURISCO
(http://eurisco.ecpgr.org). They are presented with
valuable seed duplicates amount in the Svalbard Global
Seed Vault. The study has an impact beyond academia,
as it contributes to sustainable and diverse food
production through valorization of traditional, regional
and old varieties facilitating their reintroduction into
home gardens and farms. It corresponds to landraces
and crop wild relatives preservation through
inventoring the diversity and exploring the
environmental conditions in rural and mountain areas
in line with the National conservation programs of
Bulgaria and Slovakia. The achieved solutions prove the
hypothesis and find their application in the overall
process of preserving biodiversity and nature,
increasing the resilience of crops in dynamic
environmental conditions, and guaranteeing the
production of clean and high-quality food.

Acknowledgements: The study is supported by project
DIGIVALPGR “Digitalization and valorization of local
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framework of maintaining compatibility and
interoperability in the European area” of National
Science Fund, Contract KP-06-Slovakia/9/13.08.2024,
and Slovak Research and Development Agency,
Contract SK-BG-23-0005/17.09.2024.
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BbBeaeHue

Mpe3 nepvofsa Ha AbNOOK 3MMEH MNOKOW OBOLUHWUTE
BMA0BE M3NCKBAT cneundunyHO 3a BUAA U CoOpTa BpeME C
Temnepatypu noa 6uonornyHua muHmumym (Chilling
requirements, CR). MoTpebHoOCTTa OT CcTy4 ce M3pasnaga
CbC CyMaTa OT YacoBeTe Ha 3MMHUTE TemnepaTypu Cbe
ctoriHocTt o1 1 o 7 °C.

MeTtoponorusa

MeTeoponornyHute u ¢GeHoNorMyHUTE AaHHM 33
TOBa M3c/egBaHe ca B3eTU OT arpoOMeTeopOsIOrMYHUA
apxuB Ha HauMOHaNHMA MHCTUTYT NO XUAPOAOTUA WU
meTteoposiorna (HMUMX), 6asata gaHHM Ha HUMX wu
6asata oT AaHHM ERAS5-Land. M3nonseaHu ca cpegHu
AHEBHM M 4acoBM CTOMHOCTM Ha TemnepaTypaTta 3a
nepuoga ot 1991 no 2021 r. 3a uIsmepsBaHe 1 OLLEHKA Ha
akymynupaHute CR npu yepelwa ca M3nNon3BaHW ABa
mogena: Utah model (lOta mogen) u Dynamic model
(AMHamuueH mogen). Mpu HOTa mopen meToawbT ce
M3pasfBa B KOJIMYECTBEHO aKyMy/MpaHe Ha CTyA0BwU
eamHmum (CU), pasawiy Ha BCEKM Yac CTOMHOCT C
pasnuyeH TemnepaTypeH AuanasoH. [AUHAMUYHUAT
MmoZen e paboTeH 3a palioHMU, XapaKTepusMpaln ce ¢
TONbA KAMmart. lNpekpaTaBaHeTO Ha Ab/O0KWA MNoKoM
npoTMya B ABe CTbMKM, KAaTo NbpBaTa € obpaTuma, a
BTOpaTa — HeobpaTuma. CR ce M3unCcnABaT KaTo nopLmm
cTya.

Pesyntatu u ussoau

3a usmepBaHe M oueHKa Ha akymynupaHute CR no
Bpeme Ha Ab/60KMA NOKOM U U3UCKBAHMATA KbM HUCKK
NONOXUTENHN TeMnepaTypu ca CpaBHEHN ABaTa moaena
— lOTta 1 JMHaMUYHUAT, NPU HAKOM COPTOBE Yepeln B
palioHute Ha KHexka, Pyce, CysopoBo, MnoBgue wu
KiocteHgmn 3a nepmoga 1991-2021r.

Tabnuua 1. U3MCKBaHMA KbM HUCKM TeMmnepaTypu
npwv Yyepelua npes nepmMoaa Ha AbNHOK NOKOM,
nsuncnexu ypes t0Tta n inHamumyeH moaen

CraHuuAa OTa mogen AnHamuuyeH mogen
KHeXa 1014,8 68,3
Mnosans 1283,4 76,5
KiocteHgmn 1502,2 78,3
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durypa 1. U3mepeHU CTOMHOCTU Ha YUK eguHULUTE
c lOta mogen n inHamumyeH mogen

CpaBHeHMeTO Ha ABaTa MoJena 3a U34ucaABaHe Ha
W3MCKBAHUATA 33 OXNarKAaHe NpuW Yepella Nokassa, ye
OTa moZenbT Mma No-BMCOKKU CTOMHOCTU Ha CU, nokaTto
npv OUHaMWYHUA MOAeN CTOMHOCTUTE ca MO-HWUCKU. B
HawwuTe KAUMATMYHM ycnoBua OTa mogenbt e
npenopbynUTeNEH, 3allO0TO € pa3paboTeH 3a paloHu c
ymepeH Kaumat. B To3nm mogen wu3MCKBaHMATA 3a
OXNa)KgaHe Ha 4yepewmnte Bapupat mexay 1065-1830
3a paiioHa Ha KiocteHamn, mexay 796—1665 3a pailioHa
Ha Mnosans n mexay 749 po 1368 3a KHexa.

Jlntepatypa

Marra, F., Bassi, G., Gaeta, L., Giovannini, D., Palasciano,
M., Sirri, S., Caruso, T. (2017). Use of phenoclimatic
models to estimate the chill and heat requirements
of four sweet cherry cultivars in Italy. Acta Hortic.,
Italy, vol. 1162, pp. 57-64.
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for growing sweet cherry (Prunus avium L.) in Bulgaria
P. Malasheva®, V. Georgieva, V. Kazandzhiev

Department of Meteorology, National Institute of Meteorology and Hydrology
Keywords: cherry, endormancy, chilly unit, chilling requirements
*email: Petia.Sredkova@meteo.bg

Introduction

During the endodormancy period fruit species require
specific time with temperatures below the biological
minimum (chilling requirements, CR). The need for cold
is expressed as the sum of the hours of winter
temperatures with a value of 1to 7 °C.

Methodology

Meteorological and phenological data for this study
were taken from the agrometeorological archive of the
National Institute of Hydrology and Meteorology
(NIMH), the NIMH database and the ERA5-Land
database. Average daily and hourly temperature values
for the period 1991-2021 were used. Two models were
used to measure and estimate the accumulated (CR) in
cherry: the Utah model and the Dynamic model. Utah
model is expressed in quantitative accumulation of units
(CU), giving each hour a value with a different
temperature range. Dynamic model working for regions,
characterized by a warm climate. The termination of
deep dormancy occurs in two steps, the first is
reversible and the second is irreversible. CRs are
calculated as chilly portions (CP).

Results and conclusions

To measure and evaluate the accumulated CRs
during endodormancy and the requirements for low
positive temperatures were compared two models —
Utah model and Dynamic model, for some cherry
varieties in the regions of Knezha, Ruse, Suvorovo,
Plovdiv and Kyustendil for the period 1991-2021.

Table 1. Low temperature requirements for cherry
during the deep dormancy period, calculated using Utah
and Dynamic Model

Station Utah model Dynamic model
Knezha 1014,8 68,3
Plovdiv 1283,4 76,5
Kyustendil 1502,2 78,3

100
KHexa
¥ = 0.0299x + 38.652
R* = 08539
=
2 e
g #o - B0
H >o, -
il > -
2 ot - E -
; &0
=
a0
SO0 1000 1100 1200 1300 1400 1500
¥OTa mogen
oo Krocrenann ¥ = 0.0189% + 49.891
R? = 0.7846
s -
g o YUPPE o
H hP g
H -
H *
3
£ s0
=
40
900 1100 1300 1500 1700 1900 2100
1OTa mogen
1o0 Nnaoepue y=0.0222%e 47921
R* = 0.854
= pe 2
&>
g 80 e v "*“
= - > *
z - % -
: £ 3
60
=
a0
900 1100 1300 1500 1700 1900
HOTa mogen

Figure 1. Measured values of chili units
with Utah model and Dynamic model

The comparison of the two models for calculating
the cooling requirements for cherries shows that the
Utah model has higher CU values, while the Dynamic
model has lower values. In our climatic conditions, the
Utah model is recommended because it was developed
for regions with a temperate climate. In this model, the
cooling requirements for cherries vary between 1065—
1830 for the Kyustendil region, between 796-1665 for
the Plovdiv region and between 749 to 1368 for Knezha.
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BvBeaeHue

06w, npobem 3a BCUYKM €BPOMNENCKN CTPaHU B AHELWHO
BpeEMe € BJ/IOWABAHETO Ha KayecTBOTO Ha Bb3gyXxa B
Ma/IKUTe HaceneHn MecTa, MPUYMHEHO OT U3rapAHETo Ha
TBBPAO ropmsBo 3a 6UTOBO OTON/NEHMe, ocobeHo npes
cTyaeHuns cesoH (Hovorka et al., 2015). MoBuweHwu
KOHUeHTpaunn Ha PMio, PM2s, PM3, CO, SOz, NOx n O3
OBMKHOBEHO Ce MNPUYMHABAT OT M3rapsHe Ha

HeKayecTBEHO  ropuBo  (OTMaAbuM,  XMMMUYECKM
06paboTeHa AbpBECKHA) U OT N0LWO M3rapaHe KaTo LAno
(octapsana  TexHosorus, HenpasuaHa pabota C

oTonauTenHute ypeam). O6LWECTBOTO He oOCb3HaBa
CEPMO3HOCTTa Ha npobnema, AOHAKbAE M nopaau
NMNcaTta Ha AaHHW W3BBH oduuManHaTa Mperka 3a
MOHUTOPUHT. ETO 3aL0 KOHcopLMyM OT 5 napTHbopa cu
cbTpyaHuum B npoekta SMF CONSPIRO — [duwame
3ae4Ho 33 NO-4MCT Bb3ayx. CTpaTernyecknTe Lenam ca ga
Ce 3acuAn CbTPYAHUYECTBOTO U [a Ce XapMOHWU3MpaT
noaxoauMTe  3a  cnpaBsHe ¢ npobnemute  Ha
3aMbPCABAHETO HA Bb3AyXa OT MECTHU M3TOYHWUUM Ha
ropeHe B y4yacTBawmTte cTpaHW. OCHOBHWUTE ULenn ca:
1) Cb3gaBaHe Ha LWIMPOKOOOXBAaTHO HabnwaeHWe Ha
KauyecTBOTO Ha Bb3Ayxa C W3N0/A3BAaHE Ha EBTUHMU
ceH3opu, 2) CTapTvpaHe W BOAEHE Ha cUCTeMaTuueH
HauuoHaneH aebat no npobaema.

MeTtoaonorua n HAKou pesyntatu

MOHUTOPUHIBT Ha 3aMbpCUTENUTE Ha Bb3Zyxa B
ManKuMTe  HaceNeHM MecTa CbyeTaBa  Ha3emMHu
M3MepBaHUA C  BEPTUKA/HO W XOPU3OHTA/IHO
npodpunnpaHe B atmocdepHua rpaHmueH cnoi (ArC).
Mpe3 3umata Ha 2025 r. ca NpoBeLeHN HAKONKO NOeBU
Kamnaumm B Yexusa, CnoseHua un bbarapua c¢
paspaboteHata meTogosorna. B Bbarapus  npes
nepuoga 20-22 o¢espyapu 2025 r. uamepBaHusa ca
HanpaBeHwu B c. KenesHuya, B noanTte Ha Butowa. Mpe3s
Tesn AHW npeobnagaBa CTyAeHO M ACHO BpPeme, CbC
CHEXXHa NOKPMBKA NOYTK B LANaTa cTpaHa. M3mepBaHua
Ha PMi, PMas, PMiwo n 6poa Ha cybBMUKPOHHUTE
Aepo30/IHM YacTUUM ca M3BBPLUEHM C T.Hap. low-cost
SeNsor KaKTo Ha 3emMATa, Taka U BbB Bb3Ayxa C NOMOLLTa
Ha APOH WM C MNOJAYCTaHAAPTHU CEH30pM, MOCTaBEHM B
paHWUa No Bpeme Ha 06UKOKUTE MO MapLIPYT B CENOTO.
Mpn MOBUNHUTE N3MEPBAHUSA Ca NOYYEHU pe3yaTaTHh 3a

pasnpegeneHneTo Ha aepo3onute no pasmepu (0.3-10
pm), O3, CO2, KOHUEHTPauma Ha 6pos Ha YacTuuuTe (20—
1000 nm), T, RH 1 GPS. C aopoH ca no/ly4eHn BEPTUKANHU
npo¢uam Ha T u RH go sucounHa 120 m ot ArC.

MHOro BWCOKMTE CTOMHOCTM Ha PMas B Yexusa wu
CnoBeHMsA ca CBbP3aHW BUHArM ¢ 061aumM AUM OT KOMUHM
OoT 6MTOBO ropeHe Ha TBbpAM ropuea (Taba. 1).

Tabnunua 1. CtoitHoCTU Ha PM2s,
WU3MEpPEHN B Pas/INYHUTE CENULLA

Cenuwe/CrpaHa CpeaHo  Max.ugm
ugm
KHnHnue/Yexuna 30 1200
BoxuHcKka buctpuua/CnoseHus 42 5600
*enesHumua/bbarapus 6 341

B XenesHuua He e HabAOAABAH MbCT AUM B YIMYHUA
KaHbOH, MNO-BMCOKW KOHUEHTpaumnm Ha PMas ca
peructpupaHn npes KbCHUSA cnepoben, Korato ce
dopmumpa MHBepcuA B NpoduanTe Ha TemnepaTtypaTa u
noteHuuManHata Temnepatypa T, O (pur. 1).
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®urypa 1. Bapnauum BbB BepTUKanHuTe npodpuam Ha ® u RH,
HenesHuua, 21.02.2025 .
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Introduction

A common problem to all European countries at
nowadays is a worsening of air quality in small
settlements caused by solid fuel combustion for
domestic heating, in particular during the cold season
(Hovorka et al., 2015). Elevated concentrations for PMo,
PM2s, PM1, CO, SO2, NOx and Oz are usually caused by the
incineration of ineligible fuel (waste, chemically treated
wood) and by poor combustion in general (obsolete
domestic heating technology, poor operation). The
society is generally not aware of the severity of the
problem, partly because of lack of the data outside
official monitoring network. Therefore, the consortium
of 5 partners collaborate in SMF CONSPIRO — Breathing
Together for Cleaner Air project. Strategic goals are to
reinforce the cooperation and to harmonize approaches
to address air pollution problems from local combustion
sources across the countries involved. The main
objectives are: 1. Set-up of large scale air quality
monitoring with use of low-cost sensors for online data
sharing and providing an alert system for local
inhabitants and 2. Launching and leading a systematic
nation-wide debate on causes, consequences and
mitigation of air pollution from local sources.

Methodology and some results

The monitoring for air pollutants in small settlements
combines ground-based measurements with airborne
vertical and horizontal profiling of the atmospheric
boundary layer (ABL). In winter of 2025 several field
campaigns were done in Czechia, Slovenia and Bulgaria
using the methodology developed. In Bulgaria, the field
measurements were performed in Zheleznitsa, on the
skirts of Vitosha Mountains on the 20-22" Feb. 2025.
During these days cold, clear weather dominated the
territory of Bulgaria, already covered with snow.
Measurements for PM1, PM2s5, PM1o and sub-micron
aerosol particle numbers were conducted by low-cost
sensor both on the ground and airborne using a drone
and by semi-standard sensors positioned in a backpack
during a perambulation in the village. During the mobile
measurements, aerosol number size distributions
(0.3—10 um), 03, CO2, particle number concentrations
(20-1000 nm), T, RH and GPS were acquired at the

frequency of 1Hz as well T, RH in the vertical profile up to
height of 120 m of the ABL by a drone.

Very high PM2s values were always associated with
plumes from chimneys of residential solid fuel
combustion in Czechia and Slovenia (Tab. 1).

Table 1. PMa2s detected in different villages

Settlement/Country Mean Max.
pgm? pgm?
Kninice/Czechia 30 1200
Bohinjska Bistrica/Slovenia 42 5600
Zheleznitsa/Bulgaria 6 341

While in a mountain village Zheleznitsa, Bulgaria, a
dense smoke was not presented in a street canyon and
higher PMa2s values were recorded in late afternoon,
when inverse temperature vertical profile for potential T,
® was formed (Fig. 1).
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Figure 1. Diurnal variation of vertical profiles of ABL
for ® and RH, Zheleznitsa, 21.02.2025
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BbBeaeHue

3ambpcaABaHETo Ha Bb3ayxa e rnobaneH npobaem, KOMTo
OKa3Ba HEeraTMBHO Bb3AEWCTBME BbBPXY 34pPABETO Ha
XopaTa, MKOHOMMKaTa W OKOAMHaTa cpepa. EamH ot
OCHOBHWUTE 3aMbpPCUTENM Ha Bb3Ayxa Ca NpaxoBuTe
YyacTmum. ®duHute npaxoBsu YyacTmum (Pny)
npeacTaBnABaT CepuMoO3Ha 3anjaxa 3a YOBELKOTO
34paBe, KaTo TEXHUAT pasmep M CbCTaB onpeaenart
CTeneHTa Ha Bb3aeicTBMe BbpXy opraHusma. Mo-eapute
YyacTUUM ce 3aA4bpXKaT B FOpPHWUTE AMXaTeNHM MbTULLA,
AokaTo no-puHuTe (nog 2.5 um) HaBAM3aT AbAGOKO B
ANXaTeNHaTa cucTema, NPUUYUHABAMKKN YBPEXAaHUA Ha
6enoppobHaTa TbKaH. MPOABLAKUTENHOTO U3NAraHe Ha
BMCOKM KOHLLeHTpaLmMm Ha ®MY morKe fa yBennum pucka
OT  PecnupaTopHW,  KapauonorMyHu W Jpyru
3abonnaBaHMA, 0cobeHO Npu Aela, Bb3PacTHU U Xopa ¢
XPOHWYHM 3ab0naABaHMA.

OCHOBHWTE AHTPOMOreHHU WM3TOYHWULM HA MPaxXoBu
YacTUUM ca U3rapsiHe Ha ropuBa, MHAYCTPMATHU NpoLLecH
M TpaHCMopT. B ronemute M rbCTOHAceNeHW rpagose
TPaAHCMOPTHLT UrPae KAoYOBa PO/ 32 3aMbPCABAHETO Ha
Bb34yxa. B TpaHCnopTHUTE MWKPOCUCTEMMU
3aMbPCABAHETO € HAKOMKO MbTM MNO-BUCOKO OT
3aMbPCABAHETO, OTYUTAHO HA OTKPMUTO.

3a xopaTa e Ba)KHO A3 3HAAT KaKBO € CbCTOAHMETO Ha
Bb34yXa, KOMTO AMLLAT, JOKATO MbTyBaT C aBTOOYC, MaKap
M 33 OTHOCUTE/IHO KPaTKO Bpeme.

B Byprac gocera He ca NpoBeXAaHN U3MepBaHMA 3a
KayecTBOTO Ha Bb3Ayxa B TPaHCNOPTHa MMKpocpeaa.

MeTtopgonorus

Lenta Ha HactosAwarta pabota e fga ce npoyuu
OVNHAMMKaTa Ha 3ambpcABaHETO C MPaxoBW 4acTULUM C
pasmepu ot 0.3 go 10 um B Hali-HAaTOBAPEHUTE IMNHUM OT
rpazckma TpaHcnopT B byprac.

M3amepBaHuATa ca npoBeaeHM B aBTobycuTe,
obcnykBawm 6bp3aTa AMHUA  MexAay KK ,MeaeH
PYAHUK” 1 XK ,,MeTko CnaBenKkoB”, ¢ AbKMHA OKoNo 15
KM 1 Bpeme 3a M3MmnHaBaHe ¢ aBTobyc okono 30 mMuH. B
npoab/KeHne Ha 20 gHW npe3 mecey, anpun 2024 r. ca
HanpaeeHW Hag 1000 3amepBaHMA Ha 6poi yacTuum B
yacosute nHTepsaan ot 7:30 8o 9:00 n ot 17:00 o 19:00.
EnHoBpemeHHO C ToBa Ca M3MepeHW TemnepaTtypa M
BJIAXXHOCT UM Ca OTYETEHU HAKOU [OOMBJAHUTENHU
napameTpu, BAUSELWM Ha Bpos Ha NPaxoBUTE YacTULM —
TUN Ha ABuraTena (eNeKkTpUYeckn UAK MeTaH), Haanuune
Ha KAMMaTMYHa cUCTeMa, OTBOPEHWU npo3opuu u Gpoi
MbTHULM.

M3mepBaHUATa ca HanpaBeHW ¢ BPOAY Ha NPaxoBwu
yactmum Trotec PC220 - BucoKonpeuuseH ypea,

CbOTBETCTBAlW, Ha cTaHgapTta ISO 21501-4, koliTo
n3mepBsa 6poa Ha npaxoBuTe YactTuum c pasmepmn 0.3,0.5,
1, 2.5, 5 1 10 um. AnapaTtbT paboTu HenpecTaHHO, KaTo
npaswu No egHO 3amepBaHe Ha BCAKA MUHYTa — 5 cekyHAM
npoymMcTBaHe Ha Bb3gyxonposoaute, 21 cekyHau
3amepBaHe, npe3 KoeTo npemuHaBa 0.9921 nutpa
Bb34yX, U 34 ceKyHAM Nay3a.

Pe3syntatu u ussoau

MonyyeHnte paHHM ca 06bpaboTeHW nocpencTBOM
TabnnyeH codTyep n ca M3BeAEHM 3aBUCUMOCTU, KOUTO
Ca Ha/NoXeHW Ha KapTa U NoAKpeneHu ¢ AoNbAHUTENHA
nHbopmauma, NoayyeHa No Bpeme Ha 3amMmepBaHeTo.

YCTaHOBEHO €, Ye 3aMbPCABAHETO C NPAX0BU YacTULM
€ Hali-BMCOKO MpW N3/IM3aHe OT XK ,MeaeH pyaHuK?, no
6yn. ,,3axapu CtoaHoB” u 6yn. , Togop AnekcaHgpos” —
PalioH, KOMTO € XapaKTepeH CbC 3a4pPbCTBAHMA B
NMKOBMUTE CyTpewHu u cnenobeaHun yacose. bpoiHuTe
KOHLEHTPauMM HamanasaT C nNpubAMKaBaHe KbMm
ueHtbpa (pur. 1). Pesyntatmute oOT nposBeneHUs
MOHUTOPUHT MOKa3BaT, Ye C U3K/KUYeHNe Ha paioHa, B
KoWTO ce obpasysa 3agpbCTBaHe, U3mepeHnTe 6pPoiHK
KOHLLEHTPaLMM Ha MPaxoBUTE YaCcTULM Ca CPAaBHUTENHO
HUCKU.
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Dynamics of particulate matter pol