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TemnepaTtypa Ha MOpcKaTa NOBbPXHOCT (SST)
X. Xpuctos , A. Kynnwes

JenaptameHT ,MporHo3u n nHbopmaumnoHHo obcnyxsaHe ", HaLMOHaNEH MHCTUTYT NO METEOPOIOTUA U
Xvaponorua
KniouoBu aymn: memnepamypa, MopcKa 800HA nosvpxHocm, SST
*email: hristo.hristov@meteo.bg

BvBegeHue
MHoOro rpaxkgaHu M3M0A3BaT pas/iMyHa MO  BUA
uHbopmauma ot yebcalToBeTe Ha HauuoHanHun

MHCTUTYT N0 meTeoposiorna u xmaposorma (HUMX), Ho
nvnceawe nHpopmauua 3a Temnepatypa Ha MopcKaTa
BOAHA MOBBPXHOCT, KOATO e ocobeHo nonesHa 3a
notpebutenunte nNpes NeTHMA Ce30H, CBbP3aH C OTNYCKM
n noumeku. Mpes ¢espyapu 2024 r. Hewe nycHaT B
onepaTMBEH PEXWM HOB MPOAYKT 3a BM3yanM3aumsa Ha
TemnepaTtypaTa Ha MOpCcKaTa BOZa B palioHa Ha YepHo 1
CpeansemHo mope — Sea Surface Temperature (SST). Ot
Hero notpebuTenuTe morat ga nonyyat MHbopmaums
KaKBa e TemnepaTypaTta Ha MOPCKaTa BOAa Ha MACTOTO,
KbAETO Ca, AU 33 MACTOTO Ha NJaHMpPaHaTa NoYMBKa.

MeTtoponorus

3a cb3gaBaHeTo Ha npoaykta SST e um3nonssaHa
CMbTHUKOBA MHPOpPMaLMA OT 4 NONAPHU CMBbTHUKA. [Ba
OT TAX ca Ha European Organisation for the Exploitation
of Meteorological Satellites (EUMETSAT) n gBa Ha
National Oceanic and Atmospheric Administration
(NOAA), cbotBeTHO — Metop u NOAA. Tean CNbTHULM
NPemMMHaBaT CPaBHUTENHO HUCKO Hafk eBpOnencKua
palioH (BKAKOYMTENHO W Haj HalaTta cTpaHa). B 10 n 20
UTC npemuHaBsaTt cnbTHULUMTE Metop n 8 01 1 12 UTC —
cnbTHUUMTE Ha NOAA.

3a nonbsiBaHe Ha JAaHHWU OT 3a06/1a4eHUTEe PaNoHN e
m3nonseaH wu umcneH mogen Near Sea Surface
Temperature (NSST), KoiTo e u4act oT NCEP-GFS
(National Centers for Environmental Prediction — Global
forecast system).

[JaHHuTe ca B reopedepupaHa Mpexa CbC CTbMKa
2 km, Kato B mecTata c obnauM W Hag cywara
TemnepaTypuTe ca MapKUpPaHW KaTo HeBaIMAHWU. Bcnukum
CTOMHOCTU OT MpeXKaTa ce u306pasaBaT KaTo LBETHU
NUKCeNU, CbrNacHoO NasnTpa B pacTepHU cnoese.

Cb34aZeH e U CKpUNT, KOWTO B 95 TOUKM (MonynsapHU
MecCTa M rpafoBe) M3BAMYA JaHHWUTE 3a TemnepaTypaTa
OT NOCNeAHUA NPEMUHAN CMBTHUK OT NPEeAXOAHNA AeH —
Metop B 20 h. Mpu Hanuume Ha obnauu nuncea
MHPOpPMaLMA U ce B3emMaT AaHHWUTE OT NPeaxoaHuA —
NOAA B8 12 h u T.H. Mpwn AnnNca Ha JaHHWU U OT YeTupuTe
CMbTHMKA Ce U3M0A3BaT AaHHM OT YUCTIEHUA MOLEN.

CnoeBeTe ce Hacnareat 3aeHO C KOHTUHEHTasHaTa
noA/I0xKKa B obLwa KapTuHa.

MocnepHata CTbMKa e nocraBsAHeTO Ha
reHepMpaHuTe KapTu Ha eAuH OT HalwuTe CbpPBbpU U
BM3yanusaumsaTa Um Ha yebcaita weather.bg.

Pesyntatu u ussoau
Pe3yntatuTte, KOMTO ce nony4asaT cnef onucaHaTa
no-rope npoweaypa, ca Age KapTu:

TemnepaTypa Ha MOpCKaTa 80Aa

©2026 EUMETSAT, OSI SAF
‘et E

durypa 1. TemnepaTypa Ha MOPCKaTa NOBbPXHOCT

Temneparypa Ha MOpCKaTa noBLPXHOCT (SST) ot 22.02.2026

© 2026 EUMETSAT, OSI SAF

durypa 2. TemnepaTypa Ha MOPCKaTa MOBbPXHOCT:
No-ronsm SOMENH U NO-BUCOKA pe3o/oumn

Ha cb3gageHuTe KapTM OCBEH TemnepatypaTa Ha
MOPCKaTa NOBbPXHOCT Ce BUMKAAT U TEYEHUATA, KaKTO U
edekTu Kato coastal upwelling.

Mpeacton nogobpseaHe Ha SST NpoAyKTa Ypes:
1. 3amsaHa Ha MHPOpMaLMATA OT NONAPHUTE CMBTHULM C
MHpopmauma ot MTG (Meteosat Third Generation).
Monsute OT TOBa Ca MHOrO: MO-FONAMa Pe3onLms,
HaMasieHO 3aKbCHeHMEe Ha MHbopmaumATa, No-ronama
YecToTa Ha reHepupaHe Ha KapTUTe M Bb3MOXHOCT Aa
ce usbepat yacose, NpU KOUTO HAMA 0bnaLm, U T.H.
2. 3amAHa Ha uucneHna mopen NSST c apyr yucneH
mogaen. lNpeactoM ga ce pewu danav ToBa Aa b6bae
nHoopmauma ot IFS-ECMWF uan apyr unmcneH moaen.
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Introduction

Many citizens use various types of information from the
websites of the National Institute of Meteorology and
Hydrology (NIMH), but information about sea surface
temperature was previously lacking, although it is
particularly useful to users during the summer season
associated with holidays and vacations. In February
2024, a new product for visualizing sea surface
temperature (SST) in the Black Sea and Mediterranean
Sea region was launched in operational mode. Through
this product, users can see the temperature of the sea
water at their current location or at their planned
holiday destination.

Methodology

For the development of the SST product, satellite
data from four polar-orbiting satellites are used. Two of
them belong to the European Organization for the
Exploitation of Meteorological Satellites (EUMETSAT)
and two to the National Oceanic and Atmospheric
Administration (NOAA), namely the Metop and NOAA
satellites. These satellites pass at relatively low altitudes
over the European region (including our country). The
Metop satellites provide data at 10 and 20 UTC, while
the NOAA satellites pass at 01 and 12 UTC. To fill in data
gaps over cloudy areas, the numerical model Near Sea
Surface Temperature (NSST) was also used, which is
part of the National Centers for Environmental
Prediction — Global Forecast System (NCEP-GFS).

The data are provided on a georeferenced grid with
a spatial resolution of 2 km. In areas covered by clouds
and over land, temperatures are marked as invalid. All
grid values are displayed as colored pixels according to a
predefined palette in raster layers.

A script has also been developed that extracts
temperature data at 95 locations (popular sites and
cities) from the most recent satellite pass of the
previous day — Metop at 20 UTC. If cloud cover is
present and no data are available, the system retrieves
data from the preceding pass (NOAA at 12 UTC), and so
on. If data are unavailable from all four satellites, the
numerical model data are used.

The layers are overlaid together with a continental
base layer into a single composite image.

The final step involves uploading the generated
maps to one of our servers and visualizing them on the
website weather.bg.

Results and conclusion
The two maps below represent the results obtained
after the described procedure.

Temneparypa Ha MopcKaTa 80Aa

Figure 1. Sea Surface Temperature

Temneparypa Ha mopcKaTa nosLpXHocT (SST) or 22.02.2026

© 2026 EUMETSAT, 0S| SAF

Figure 2. Sea Surface Temperature:
Larger Domain and Higher Resolution

These maps display not only the sea surface
temperature, but also ocean currents, as well as
phenomena such as coastal upwelling.

Further improvements to the SST product are
planned, as:
1. Replacement of data from polar-orbiting satellites
with data from Meteosat Third Generation (MTG). The
benefits are significant: higher spatial resolution,
reduced data latency, more frequent map generation,
and the ability to select observation times with little or
no cloud cover, among others.
2. Replacement of the NSST numerical model with
another numerical model. It is yet to be decided
whether this will be the European Centre for Medium-
Range Weather Forecasts (ECMWF) model or another
numerical model.
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MynTumaw,abHmu CMCTEMHM CTPYKTYpU B 6brapckata KOHTUHEHTA/IHA NOKPaiiHMHA

Ha YepHomopckua 6aceiH
C. ConoasHkmHa*, H. ipymesa, U. MonctosHos, M. MeunHcku
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BvBegeHue

NaHawadTbT € MHOrOKOMMOHEHTHA M MHOTOpaKTopHa
CMCTEMa C BWCOKA CTeMeH Ha CJ/IOXKHOCT, KOeTo
3aTPyAHABA NPOrHO3MPAHETO HAa HelHaTa AMHAMMKKa U
eBoNoLUMA, 0COBEHO B KOHTEKCTA Ha KAMMATUYHUTE
npomeHu. To3n npobnem ce agpecupa MNocpeacTBOM
Cb3aBaHe Ha KOHTEKCTHO-CNeuuduyHn moJenn u
noaxogn. TeopeTMyHaTa pamMka Ha WM3c/ieABaHeTo ce
OCHOBaBa Ha: cUCTemMHaTa Teopua, TeopuAaTa 3a
MHOrocTeneHHaTa camoopraHusauma Ha naHawadTta u
KOHUENUMATa 3a NapareHesnc Ha CyX03eMHWU U MOPCKM
naHawaodTu.

MeTtoponorus

CobluecTBEHa  XapaKTepUCTMKA Ha  MpuaaraHus
cUCTEMEH MOAXOA € CTpeMeXbT Ja Cce oTpasAaT
HeaAuTMBHUTE CBOMCTBA Ha cuctemata. [eocuctemuTe
Ca OTBOPEHU AMHAMMUYHU CUCTEMU, KOUTO B YC/IOBUA Ha
6bp3mn TpaHchopmauum n/mnn HaZnparosu
Bb34ENCTBUA MoraT fAa 6bAaT WHTEePnpeTupaHu Kato
cToxacTuyHu.  CTOXaCTMYHOCTTa  OOWMKHOBEHO  ce
MoAenupa nocpesCcTBOM BEPOATHOCTHU pasnpeseneHuns
W CPaBHUTENIHW METOAM Ha U3C/eaBaHe.

O6eKT Ha uscneasaHeTo (¢ur. 1) e KOHTUHEHTaNHaTa
nokpalHWHa Ha YepHo mope B npeaenuTe Ha bbarapwms,
obxsawawa naow, ot 16 500 km2 T[paHuuaTta e
onpeaeneHa no rnaBHUA BOAOAEN Ha PeYHO-A40NMHHATA
MpeXa, rpaBuTupalla Kbm YepHomopckua bHaceliH.
N3cnenBaHUAT palioH NpeacTaBnsBa 061acT ¢ AUPEKTEH
OTTOK KbM YepHO Mope M BKAOYBA AEHYAALMUOHHM
NOBbPXHUHU — BOAOCOOPU U PEUHU JOAMHM OT NMbPBU
00 wecTtn nopaabk (Kones u gp., 2002).

Pe3syntatu u ussoau

3a mogenvpaHe Ha BEPOATHOCTHU pa3npeaenieHns u
CpaBHABaHE Ha reocUcTemMu e CbCTaBEeH MHOronnacTos
npoctpaHcTBeH npoekT B NUC cpega (npoekuus UTM;
30Ha 35N), cbabprkaly 85 pacTepHU U BEKTOPHM C/10A 3a
uscnesBaHata  TeputopuA. MbpBUYHUTE  AQHHM
BK/IIOYBAT TPM OCHOBHMU rpynu.

MbpBaTa rpyna cbbupa AaHHW OTHOCHO reosioXKKaTa
M TEKTOHCKaTa CTPYKTypa, Pa3noioXeHa B CAon OT
10 km po 40 km u mo)e ga bbaoe cmsaTaHa 3a
OTHOCUTENHO CTabunHa. CpeaHaTa MAoLW, Ha NOJMIOHa
Ha TEKTOHCKUTE CTPYKTYpu e okono 300 km”. B obcera
Ha gBaTta cu dnaHra — CeBepobbArapcKOTO U3AUraHE U
CTpaHA)KaHCcKMA 610K, rpaHuuata ce npubaunkasa
nabTHO Ha 15-20 km po mopckus baceitH, a B
npepenute Ha MNpoBaamniicko-KamumiicKOTO NOHUKEHWE,

M3toyHa Crapa nnaHuMHa M bByprackoto CTPyKTypHO
NMOHU)EHWEe BOAOAENbT 3a/MBOBUMAHO HaB/AM3a B
cywarta go 135-140 km (Kones u gp., 2002).

BtopaTa rpyna npeacTaBs €K30reHHaTa
TpaHchopmaLums, CBbP3aHa C BOAHUTE, Bb3AYLIHUTE U
NIMTOCYBCTPaTHUTE NOTOLM, KOMTO Ce NPOSBABAT B C/0M
OT KMIOMETbP A0 AeceTKn KunomeTpwu. Mposssasa ce B
CbyeTaHMA Ha pasHonopsagbyHM reobaceiHn. MHoro
€KOCUCTEMHM MPOLECU Ce OCbLECTBABAT HA HMBO
BoaocbopeH 6aceiH.

TpeTata rpyna e Hal-guMHaMM4yHa W BK/OYBA
MHPOPMaLMA 3a NOYBEHO-PACTUTENHATA NOKPUBKA U ce
KOHUEHTpUpa B CNOW 40 AeceTkM meTpu. CpepHata
niol, Ha MOJMIOHA Ha pacTUTeNHuTe cbobliecTBa e
8 km’. B rpaHuumMTe Ha obnactTa Ha w3cnegsaHe ca
pasnpoctpaHeHun [oHTUickK cTenu (1%), BankaHcku
cmeceHn ropu  (84%), W3TOYHOEBPOMNEWCKM TOPCKM
ctenu (8%), POAONCKM NAAHUHCKN CMeceHn ropu (6%),
EBKCMHCKO-KONXUACKM  LUMPOKOAUCTHU  ropu  (1%)
(Dinerstein et al., 2017). BbTpewHaTta gudepeHumnaumn
e obycnoseHa OT a30HA/IHU U UHTPA3OHANHU NPUPOLHU
daKTopM M OT YoBellKaTa AenHocT. CbbpaHuTe AaHHM
no3BonfABaT UsuncneHneTo Ha lFeorpadckm nperterneHa
perpecus (GWR), WHaekc Ha pasHoobpasneto Ha
LLaHbH 1 onpeaensHeTO Ha EKOTOHHW 30HW.

®urypa 1. LUndpos moaen Ha peneda
Ha u3cneaBaHua 06ekT

BnarogapHoctu: M3cnepBaHeto e duHaAHCMpaHO no
npoekT HIML, Ha MOH, Ne/101-321/30.11.2023.

JNlntepartypa

Kones, 6. n pgp. (2002). leorpadus Ha bbarapua:
du3nYecka M coumanHo-MKOHOMMYECKa reorpadus.
Codusa: dPopKom, 760 c.

Dinerstein, E. et al. (2017). An Ecoregion-Based
Approach to Protecting Half the Terrestrial
Realm. BioScience, 67-6, P. 534-545,
https://doi.org/10.1093/biosci/bix014.



15

11l NATIONAL SCIENTIFIC CONFERENCE ON METEOROLOGY, HYDROLOGY AND ENVIRONMEN

24-26 March 2026, NIMH, Sofia

Multiscale synergistic structures in the Bulgarian continental margin of the Black Sea

basin
S. Solodyankina*, N. Drumeva, I. Popstoyanov, P. Pecinski

Institute of Oceanology “Fridtjof Nansen”, Bulgarian Academy of Sciences
Keywords: landscape, geological structure, drainage basins, biotic cover
*email: solodyankina@io-bas.bg

Introduction

The landscape is a multicomponent and multifactorial
system with a high degree of complexity, which makes
forecasting its dynamics and evolution difficult,
especially in the context of climate change. This
problem is addressed through the creation of context-
specific methodologies and models. The theoretical
framework of the study is based on key concepts: 1) the
systems theory, 2) the theory of multiscale self-
organization of the landscape, 3) the cohesive landscape
and seascape.

Methodology

An essential characteristic of the applied systems
approach is the effort to account for the non-additive
properties of the system. This complexity also arises
from the fact that landscapes are open dynamic
systems. Under conditions of rapid transformations
and/or threshold exceedance, they may be interpreted
as stochastic systems. Stochasticity is typically modeled
through probability distributions and comparative
landscape analysis.

The study area is the Black Sea watershed within the
territory of Bulgaria, covering an area of 16,500 km?
(Fig. 1). The boundary is defined by the main watershed
divide and includes denudation surfaces of first to sixth
order streams basins with direct runoff to the Black Sea
(Kolev et al., 2002).

Results

A multilayer spatial project in a GIS environment
(UTM projection, Zone 35N), containing 85 raster and
vector layers for the study area has been developed for
modeling probability distributions and comparing
geosystems. The initial dataset consists of three main
groups.

The first group includes data on the geological and
tectonic structure with the depths of 10 km to 40 km,
and can be considered relatively invariable. The average
area of the tectonic structure polygons is about
300 km2. Along its two flanks — the North Bulgarian
Uplift and the Strandzha Block, the boundary
approaches within 15-20 km of the sea basin, while
within the Provadiya-Kamchiya Depression, the Eastern
Balkan Mountains, and the Burgas Structural
Depression, the watershed extends inland in a bay-like
pattern for up to 135-140 km (Kolev et al., 2002).

The second group represents the exogenous
transformation associated with water, air, and substrate
fluxes occurring within a layer ranging from one to

several tens of kilometers. It appears in combinations of
geomorphic basins of different orders. Many ecosystem
processes take place at the catchment level.

The third group — the most dynamic — includes data
on the soil and vegetation cover, confined to a layer up
to several tens of meters thick. The mean area of the
plant community polygons is approximately 8 kmZ.
According to Dinerstein et al. (2017), there are the
following ecoregions within the study area: Pontic
steppe (1%), Balkan mixed forests (84%), East European
forest steppe (8%), Rhodope mountain mixed forests
(6%), and Euxine-Colchic broadleaf forests (1%). The
internal differentiation is driven by azonal and
intrazonal natural factors, and - over the last
millennium — also by transformations resulting from
human activity. The collected data enable the
application of Geographically Weighted Regression
(GWR), the Shannon Diversity Index, and the delineation
of ecotone zones.

oy -

Figure 1. Digital elevation model of the study area

Acknowledgements: This work was supported by the
Ministry of Education and Science under the grant NGIC,
contract Ne/J01-321/30.11.2023.

References

Dinerstein, E. et al. (2017). An Ecoregion-Based
Approach to Protecting Half the Terrestrial
Realm. BioScience, 67-6, P. 534-545,
doi.org/10.1093/biosci/bix014.

Kolev, B. et al. (2002). Geography of Bulgaria: Physical
and Socio-Economic Geography. Sofia: ForKom,
760 p. (in Bulgarian)



16

111 HAUMOHA/THA HAYYHA KOH®PEPEHUMUA NO METEOPONIOIUA, XMAPONOIMUA U OKOJTHA CPEOA
24-26 maprt 2026, HUMX, Copumsa
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KoHLenuuaTa 3a KBaHTOBM KOMMIOTPU 3anoysa Aa ce
opopma npes 80-Te rOAMHU Ha MUHaAIUA BeK U
3HauYMTENHO Hanpeasa Npes noc/ieaHuTe ToAMHM.
KBaHTOBMTE KOMMIOTPM MOCTENEHHO NPEeMMHABaT OT
TEOPETUYHM KOHLEMNLMN KbM PEaNHO CbLLeCTBYBaLLM
cucTemu, KOWUTO 6ueat YCbBbPLIEHCTBAHM
HenpekbcHaTo. KBaHTOBUTE M3YMCIEHUA M3MON3BaT
byHOAMEeHTa/lHM  MPUHUMNM  OT  KBaHTOBaTa
MeXaHWKa, KaTo Hamnpumep cynepnosmumata, KoATo
MMa K/YOBa POAA WM HAMA NPAK aHajaor B
KNacuyeckuTe KOMMOTpU. KBaHTOBMAT 6UT, wau
KIO6UT, € OCHOBHaTa eAMHWUA B KBaHTOBATa
uHbopmauma (pur. 1).

1

durypa 1. BusyanmsmpaHe Ha cbetosHue |0)
Ha KBaHTOB 61T ype3 Chepa Ha brox.

EAMH OT OCHOBHWUTE MOZENN, KOMTO ce M3nona3Ba
npyv W3YUCNEHUA, € TO3M C KBAHTOBM reinToBE
(onepaumn), Kouto ce npwunarat BbPXY KHOOBUTK
(dwr. 2). Kak eanH npobnem e 6bae npeactaBeH u
peleH 4Ypes KBAHTOBU U3YMUCNEHMUA, € KOMMJIEKCEH
npoLec, KOUTO U3UCKBa paboTa B TPM HACOKU — KakK
KNacuyeckuTe JaHHW Aa ce NpeacTaBAaT B KBAHTOBA
Bepura, Kakeum TOYHO 0b6paboTKM fa ce npunoxKat
ypes KBaHTOBM reliTOBe, KOra M Kak fa ce otyutaTt
JaHHUTe U fa ce noaasaT 06paTHO KbM Kaacu4ecku
dopmar.

do —n A
“ fﬁb»
2, 0 ﬁ 1
meas =

durypa 2. OnpocTeHa KBaHTOBa Bepura
C ABa KobuTa.

KBaHTOBUTE M3YMCNEHMA BCe MO-4ecTo Ccu
NPONpaBAT MbT B EKCNEPUMEHTW, CBBP3aHU C
atmocdepHn  uscnepgBaHuma.  Habnwopgasat  ce
pasfiMyHM  NoAXOAW, BApMpaWM OT  MOAYM,
M3MON3BaHM KaTo JOMbJHEHUS KbM KNACUYECcKM
MeToAM, 40 ONUTM 33 3aMAHA Ha LLeaIv aIropPUTMK.

Tosn o0630p npeacTaBs [ABe WM3CAeLBaHUs,
CBbP3aHM ¢ onacHM atmocdepHn ABneHus. MbpBoTO
uscnefBaHe e Ha rpyna, M3nos3Bala KBaHTOBA
HEBPOHHA Mpe)Ka 3a KPaTKOCPOYHA MNpPOrHosa Ha
CKOpOCTTa Ha BATbpa B palioHa Ha baua, bpasuauva
(Pires et al., 2025). KBaHTOBMAT mMoOAen, KOWTO e
M3MoN3BaH, MoOKas3Ba f[ob6pPo reHepanusmpaHe W
MocTMra pesynTaTti, CPaBHUMM C KJacuyeckuTe
MeToau. Cneaalmar npumep pasrnexnaa
ynotpebata Ha XxubpuAeH KBAHTOBO-KNaCMYeCKu
anropuTbM. HanpaseH e napanen mexay xmbpuaeH
M U3LANO0 KNACUYECKM METOZ, 32 MPOrHO3a Ha ONacHM
meTeoponorMyHn seneHua (Canot et al.,, 2025).
Pesyntatute nokassaT Qfobpa ycToMumMBOCT Ha
npesoXKeHNna KBAaHTOB MEeTOA, U NoAKpenaT uaesta
3a go6bp NOTEHUMan 3a U3NON3BAHETO HA KBAHTOBM
KOMMIOTPU B METEOPO/IOTMATA.

Nurtepatypa

Canot et al. (2025). Quantum-enhanced Deep
Learning for Severe Weather Prediction:
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Forecasting. J. Big Data and Information
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Pires et al. (2025). A quantum neural network model
for short term wind speed forecasting using
weather data. J. Enery and Al, 21.
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The concept of quantum computing began to take
shape in the 1980s, with significant progress being
made in recent years. Quantum computers are
steadily transitioning from theoretical concepts to
real-world implementations that undergo
continuous improvements. Quantum computations
use fundamental principles of quantum mechanics,
like superposition, which plays a key role and has no
direct analogue in classical computing. The quantum
bit, or qubit, is the fundamental unit of quantum
information (Fig. 1).

Figure 1. Visualization of the |0) state
of a quantum bit using the Bloch Sphere.

One of the primary frameworks used for
guantum computations is the quantum gate model
that applies quantum gates (operations) to qubits
(Fig. 2). Representing and solving a problem through
guantum computing is a complex process that
requires work in three directions: how to represent
classical data within a quantum circuit, what
processing to apply via quantum gates, and when
and how to measure the data and convert it back
into a classical format.

do

A=

w 0 ﬁl

Figure 2. Simplified two-qubit quantum circuit.

a1

meas

Quantum computing is increasingly making its
way into experiments related to atmospheric
research. Various approaches are being observed,
ranging from modules used as supplements to
classical methods to attempts at replacing entire
algorithms.

This overview presents two studies of hazardous
atmospheric phenomena. The first study utilizes a
Quantum Neural Network (QNN) for short-term
wind speed forecasting for Bahia, Brazil (Pires et al.,
2025). This paper demonstrates a quantum model
with robust generalization capabilities, achieving
results comparable to classical methods. The second
example explores a hybrid quantum-classical
approach, drawing a parallel between hybrid and a
fully classical methods for predicting severe weather
events (Canot et al., 2025). The results indicate
stability in the proposed quantum method and
support the potential for quantum computing to
benefit meteorological science.
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3acHemaHe, KaTeropmMsaums M U3rotBAAHe Ha BM3yasiHU MaTepuanm
Ha HebeTo Hag Codua B nepuog ot 6 rogmum (01.01.2020-31.12.2025)
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BvBepgeHue

MpoeKTbT  NpeacTaBNfABa  €XeAHEeBHO  BM3YasHO
HabnoaeHne Ha HebeTto Hag Codus oT 1 aHyapum 2020 T.
[0 HacToALWMA MOMEHT. TOM MMaA KaKTO Xy[LOXeCTBeHO-
BM3yaneH, Taka W  U3CNefoBaTe/ICKM  XapakTep.
OcHoBaBa ce Ha Nocnes0BaTe/IHO 3aCHeEMaHe Ha HebeTo
BCEKM [EeH B MNOCTOAHEH YacoBWM AManasoH W Mpu
CTAaHAAPTM3UPAHU  TEXHWYECKM  YCAOBMA € Uen
Cb3/aBaHe Ha AbATOCPOYEH BU3yaneH apxus. MPoeKTbT
MMa  ABe  OCHOBHM  UenAn: Aa  AOKYMeHTupa
aTMocdepHuUTe Bapuvauun M ga uscnenaBa BuU3yasnHUTE
MOZENN, KOUTo MoraT a 6bAaT CBbP3aHU CbC CE30HHM,
METEOPOIOTUYHM " CBET/IMHHU npomeHu B
atmocdepata Ha ypbaHusupaHa cpesa.

Ypes cuctematmyHoTo nybanKysaHe B Instagram ce
cb3faBa OTBOpeHa, nybnamMyHa 6asa  JgaHHM 33
BM3Yya/NHUTE XapaKTEepUCTUKM Ha HebeTo B rpafcka
cpepsa. ToBa NO3BOMABA KAKTO LWWMPOK 0BLLECTBEH
4ocTbA, TaKa n camocToATeNHa BM3yasiHa
nHTEpNpeTaymnA.

MeTtoponorusa

MpoeKTbT BKAOYBA €XeAHEeBHM 3acHEeMaHWUA Ha
HebeTo Hag Codwus, NpoBegeHU MO CTaHAAPTU3MPaHA
npoueaypa:

e O®uKcMpaH YacoBM  AMANa3oH M NOCTOAHHA
KOMMO3ULMA 32 BCAKA CHUMKa.
e [lybnnyHo nybnaukyBaHe Ha BCEeKM Kaabp B

ANTUTANHN BU3YaNHM NaaTGopmu.

e [OAMWHN KaneHZapu, B KOUTO BCUYKM CHUMKK Ca
apaHKMpaHu XPOHO/IOTMYHO, dopmupaiikm
BM3yaNHW, LBETOBM W TeHAEHUMANHM KapTu Ha
HebeTo.

e 33 BCEKM KaneHOapeH AeH ce M34ucaABa cpedeH
usetoBu npodun (“average color”), kKoiTo ce
M3Mon3Ba KaTo MNpeAacTaBMTeNeH  MapKep  3a
BM3Ya/IHOTO CbCTOSHUE Ha HebeTo.

e AHanoruyeH LBETOBM aHa/M3 ce NpasBu 3a ceamuum,
meceuu, rogvHW W AHW OT ceAmMLaTa, KoeTo
no3Bo/ifBa OCpefHABaHe HA AAaHHMTE MO Pa3NUYHU
BpeMeBU CKanu.

e M3roTBAT Ce  MEXAYroAWWHW  CPABHUTENHM
KaneHaapu, KouTo noAanomaraT OTKPMBAHETO Ha
NoBTapALLY CE MOAENN U aHOManuu (dwur. 1).

e [lpes nocneaHuTe roAvHN e BbBEAEHO M3MOJ3BaHe
Ha Al MHCTPYMEHTM 3a aBTOMaTM3UpPaHe Ha aHanu3a
U CTPYKTYpPUPaAHE Ha AaHHUTE.

Pe3syntatu u ussoau
Busyanmsaummute B pamMKUTe Ha MNpPOEKTa Mmorat Aa
CAYXKAT  KaTo  WMHCTPYMEHT 33  MeTeopOoNornyHa
nHTepnpeTauma. OcpesHABAHETO HA LLBETOBU CTOMHOCTU
npeaocTaBa anTepHATUBEH, CUHTETUYEH MHAMKATOP 33
aTMoCPepHOTO CcbCToAHME. Makap ga He 3amecTsa
KNaCUYECKUTE UHCTPYMEHTA/IHU U3MepBaHuA, TO3M
noaxos AEeMOHCTpMpa MOTEHLMAN 33 AOMNbAHUTENEH
BM3yaNHO-aHA/IMTUYEH MeToA Npu u3cneasBaHe Ha
rpagcKkata atmocdepa.

durypa. 1. MexayrofumweH cpaBHUTeNeH KaneHaap.

MPOEeKTbT OCUTYPU TPU KAKOYOBU TPYNnn pesynTaTtu:
Ce30HHM W LLBETOBU TEHAEHLUN:

MHTEH3MBHOCTTA,  XPOMATUYHOCTTA WU TOHAJIHUTE
BapuauMKn Ha CpesHMA LBAT Ha HebeTo ACHO OTpasnBaT
Ce30HHUTE LMKAN U aTMOoCdepHUTE yCAoBUSA.
MoBTopsAemocT 1 BapuabuaHocr:

CpaBHEHMETO Ha efHa M Cblia KajeHAapHa gaTta npes
PasAUYHU FTOAUHU MAEHTUIMLMPA KAKTO MOBTOPSAEMM
CE30HHU MOJAeNN, Taka M 3HAYUMMU MEXAYrOAULLHM
BapuaumMu, KouTo MmoraT pa 6baat cBbp3aHu €
KOHKPETHW aTMochepHU ABNEHUSA AN METEOPONOTUYHM
ycnosus.

PasnosHaBaHe Ha 061a4HM U aTMOchepHU ABNEHUA:
[ObarocpoyHoTo HabaogeHMe NoBMLILM CNOCOBHOCTTA 33
naeHTnduKaLma Ha cneumoduyHu BM3Ya/IHU
METEOPOSIOTMYHN UHAMKATOPM, KaTo CTPYKTypaTa Ha
obnayHoctta M ¢deHomeHM KaTo Halo, Kouto
NpoAb/XKABAT Aa Ce LOKYMEHTUPaT.

HaTpynaHuAT wWecTrogueH apxvMB NpegocTaBn
OCHOBa 3a ObAeLM aHaN3M, BKAYUTENHO Kopenauus
c odburumanyu METEOPOJIOrMYHM OaHHW,
aBTOMaTu3MpaHa Knacupukauma Ha obnayHocT u no-
3a4bnboyeHO uM3cnenBaHe Ha LUBETOBUM WMHAWMKATOPM
KaTo NPOKcK 3a aTMmochepHM npoLLecu.




19

11l NATIONAL SCIENTIFIC CONFERENCE ON METEOROLOGY, HYDROLOGY AND ENVIRONMEN
24-26 March 2026, NIMH, Sofia
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Introduction

The project consists of daily visual observations of the
sky over Sofia from January 1, 2020, to the present. It
possesses both artistic-visual and research-oriented
qualities. The project is based on the consistent daily
photographing of the sky within a fixed time range and
under standardized technical conditions, aiming to
create a long-term visual archive. It serves two primary
objectives: to document atmospheric variations and to
investigate visual patterns that may be linked to
seasonal, meteorological, and lighting changes in the
atmosphere of an urban environment.

By systematically publishing these images on
Instagram, an open, public database of the visual
characteristics of the urban sky is created. This allows
for both broad public access and independent visual
interpretation.

Methodology
The project involves daily captures of the sky over

Sofia conducted according to a standardized procedure:

° Fixed time range and constant composition for
every photograph.

. Public posting of each frame on digital visual
platforms.

. Annual calendars where all photographs are
arranged chronologically, forming visual, color, and
trend maps of the sky.

. Calculation of an average color profile for each
calendar day, used as a representative marker of
the sky's visual state.

° Color analysis performed for weeks, months,
years, and days of the week, allowing for data
averaging across various time scales.

. Preparation of inter-annual comparative calendars
to assist in identifying recurring patterns and
anomalies (Fig. 1).

o Integration of Al tools in recent years to automate
analysis and data structuring.

Results and conclusions

The visualizations within the project can serve as a
tool for meteorological interpretation. The averaging of
color values provides an alternative, synthetic indicator
of atmospheric conditions. While not a replacement for
classical instrumental measurements, this approach
demonstrates potential as a supplementary visual-
analytical method for studying the urban atmosphere.

__ SKIESOF

Figure 1. Inter-annual Comparative Calendar

The project has yielded three key groups of results:

Seasonal and Color Trends: The intensity, chromaticity,
and tonal variations of the sky’s average color clearly
reflect seasonal cycles and atmospheric conditions.
Repeatability and Variability: Comparing the same
calendar date across different years identifies both
recurring seasonal patterns and significant inter-annual
variations that may be linked to specific atmospheric
phenomena or weather conditions.
Recognition of Cloud and Atmospheric Phenomena:
Long-term observation has enhanced the ability to
identify specific visual meteorological indicators, such as
cloud structures and phenomena like Halos, which
continue to be documented.

The accumulated six-year archive provides a
foundation for future analysis, including correlation
with official meteorological data, automated cloud
classification, and more in-depth research into color
indicators as proxies for atmospheric processes.
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MeTtoaukKa 3a BUPTYaAJIHaA Kanu6pau,m| Ha MmpeXxoBu MeTeopo/1IorM4Hun ceHsopu

ype3 poTallMOHHA KOJI0KaLuMAa U cbCegHO noanomaraHe
I MNeTtpos

HoB 6bArapcku yHMBepcuUTeT, AenapTameHT , TenekoMyHUKaummn“
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BvBegeHue

Mpepnarame MKOHOMMYHA MeETOAMKA 3a BUPTyasHa
Kanmbpauma Ha rbCTU TPALCKM U CEICKOCTOMAHCKM
MPEXKM NOCPeacTBOM poTaLMoHeH co-location Ha
,3NaTHN” pedepeHTHU YCTpoMCTBA W NepapxuyeH
TpaHcdep Ha TouyHocT. Llenta e nocturaHe Ha
ekcnnoataumMoHHo RMSE < 3-5%.

MeTtoponorus

MoaxonbT ce 6asvpa Ha onepaTMBHA BeEPUXKHA
MHTep-Kannmbpaumsa. MpouecsbT 3anoysa ¢ KoJoKauua
Ha MOb6MWAEH Bb3eN CNPSAMO eTanoH, nocnengaH ot
POTALMOHHN BU3UTU 3@ CUHXPOHM3ALMA Ha MeLl-
CTPYKTypaTa. KntouyoBuTe MHOBALLMM BKHOYBAT:
AfanTUBHO HeNUHelHO pasbuBaHe: 3amsAHa Ha
CTaTUYHUTE UHTEpPBanU C GU3MYECKM OPUEHTUPAHU
cermeHT (Hanp. 9-18 °C, 18-33 °C) 3a Bceku
ceH3op.
Perynapusauma no CKopoxoa: WM3nonssaHe Ha
meTpuKkata Ha Ckopoxog (dS) KaTo AMHamuueH
WHOMKATOP 3@ HanacBaHe Ha Tpaektopuute. TA
NMo3BO/MIfBAa KOMMEHCAUMA Ha MPOCTPaHCTBEHO-
BPEMEBOTO M3MECTBaHE Ha MeTeoposorMyHuUTe
CbbUTUA MexAay pasganedeHnTte ceHsopu (2 1 km):

ds(f,g) = inf ma-X{SItlp [A) — tl, sup [£(t) — g(A(£)[}

XubpugHu nparose: PopmupaHe Ha NOKANHM
rpaHuMuM  4pe3 KombuHauma OT  amnauMTygHa
duntpauma (tvn [AYWKO) UM AUCKOHTUHYUTETEH
aHanus no Ckopoxoga.

OntumaneH TtpaHcnopT: [lpunaraHe Ha Sinkhorn
anropuTbMm, perynapusmpaH 4pe3 CKopoxoaosuTe
OTK/IOHEHMUA, 3a ¢duHO HanaceaHe Ha
KannbpaumoHHUTE KpUBM KbM NOKanHute
OTMEeCTBaHMA.

Mogen 3a Bepudpukauyma

CraHgapTtHa (RMSE): 3a 6a30Ba HageXAaHOCT Ha
o6wWwmTe MHGOPMALMOHHN CUCTEMM.

AyrmeHTMpaHa (KGE): M3nonsBaHe Ha
Kling-Gupta Efficiency 3a loT cuctemu, rapaHTmMpalLo
NPeuMsHOCT MpU CE30HHUM aHOMalUM U  pPesKu
JIOKa/IHW ,,CKOKOBEe“ (AMCKOHTUHYUTETU), Pa3MO3HaATK
ypes dS.

OuvakBsaHu pe3yntaTtu
Cnepn 12-meceyeH UMKbA Ce O4YakBa Mb/Ha
XOMOreHM3aLMa Ha mpexaTa:
e  YHuMBepCanHa HafeXAHOoCT;
e /InHaMMYHa NPELU3HOCT.

Mapping)

B
Y
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@yuruun ua hazono uanacsane Alt) [Warping Path]
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durypa 1. BepukHa MHTep-Kannbpaums.
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Introduction

We propose a cost-effective methodology for the
virtual calibration of dense urban and agricultural
networks through the rotational co-location of
'golden’' reference devices and hierarchical accuracy
transfer, aiming to achieve an operational
RMSE < 3-5%.

Methodology

The approach is based on operational chain
inter-calibration. The process initiates with the
colocation of a mobile node against a primary
standard, followed by rotational visits to synchronize
the network's mesh-structure. Key innovations
include:
Adaptive non-linear binning: Transitioning from
static intervals to physically-oriented segments
(e.g., 9-18 °C, 18-33 °C), customized for the unique
response profile of each individual sensor.
Skorokhod regularization: Implementing the
Skorokhod metric (dS) as a dynamic indicator for
trajectory alignment. This enables compensation for
the spatio-temporal displacement of meteorological
events (such as cloud cover or thermal fronts) across
distributed sensor nodes (= 1 km).

ds(f,g) = inf ma-x{sgp [At) —tl, sup [£(t) — g(A(£))[}

Hybrid thresholds: Establishing local boundaries
through a synthesis of amplitude filtration (Glushko-
type) and Skorokhod-based discontinuity analysis.
Optimal transport: Deployment of the Sinkhorn
algorithm, regularized via Skorokhod deviations, to
achieve precise alignment of calibration curves with
local phase shifts.

Verification model

Standard (RMSE): Used for baseline reliability
assessment of general information systems.

Augmented (KGE): Implementation of Kling-
Gupta Efficiency (KGE) for loT systems, ensuring high
precision during seasonal anomalies and abrupt local
discontinuities (phase jumps) detected via the
Skorokhod metric (dS).

Expected results

Following a 12-month operational cycle, full
homogenization of the sensor network is expected,
characterized by:

e Universal Reliability;

e Dynamic Precision.

Mapping)

TemnepaTypa ‘C

acaane A(t) [Warping Path]

" Gyumuus ua dnzons wan
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3amncuekne (min)
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Figure 1. Chain Inter-calibration.
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BvBegeHue

TpaHcnupauuAaTa Ha ropckata pPacTUTEIHOCT e K/YOB
eNleMeHT OT BOAHMA 6afaHc Ha  NAAHWHCKUTE
Bogocbopu UM onpenensa B3aUMOLEMNCTBMETO MeXAy
aTmocdepa, NoYBa M pacTuTesiHa NoKpusKa. MeToabT
Ha ToNAMHHO pa3cenBaHe (Thermal Dissipation Method,
TDM) e WKWPOKO M3MNON3BaH 3a EKCNepUMEHTAasIHO
n3cneBaHe Ha COKOLABUMKEHWETO B AbPBECHU CTbbNA U
33 OUEHKa Ha TpaHcnuMpauuoHHMTe notouu (Granier,
1985; 1987). BbnpeKkn ToBa Ha4ya/HUAT nepuog, cnepj,
MHCTaIMpaHe Ha CEeH30pUTEe YecTo € CbMbTCTBaH OT
BbMPOCK, CBBP3AHN C HAAEKAHOCTTa Ha M3MepBaHMATA
M MHTepNpeTauuATa Ha NOAYyYEHUTE AaHHU.

MeTtoponorus

M3cnepBaHeTo e nNpoBeAeHO B palioHa Ha
HaunoHanHata actpoHomuyecka obcepBaTopusa PorkeH
(HAQ). UHcTanupaHun ca Tpu TDP ceH3opa Bbpxy ABa
ObpPBECHN BUAa — cmbpy (Picea abies) n 6op (Pinus sp.).
AHanM3bT Ha U3MepBaHUATa MNOKa3Ba, Ye CaMo eauH oT
ceHsopuTe (MOHTUpaH Ha 6op) ocurypssa ctabuneH u
bU3NYECKM WHTEpPRpEeTUpyem CUrHan, nopagu KoeTo
NoO-HaTaTbLUHMAT aHAM3 € OFPaHUYEH A0 Te3N AaHHW.

COKOABUXKEHMETO €  M3uMcieHo  Ha  basa
TeMMNepaTypHaTa pas/iMka Mexay HarpsaT u pedepeHTeH
AaTuunk (AT, °C), KaTo HolWHaTa MaKCcMmaaHa CTOMHOCT
(AT_max, °C) e usnonssaHa 3a HOPManMU3aLMA CbrIACHO
meToga Ha Granier. [aHHWTE 3@ COKOABMUXXEHMETO,
M3paseHo upe3 HerosaTa nabTHOCT (Js, g m™2 s7),
NbpPBOHAYaNHO ca C Bpemesa pe3soaouma 10 min u ca
npueegeHun KbM 30-MUHyTEH MHTEpBan 3a
CbNOCTaBMMOCT c MWKPOMETEOPONOFMYHUTE
HabnoaeHns. M3non3BaHM ca AaHHW 3a TemnepaTtypa
Ha Bb3ayxa (T_air, °C), oTHocuTenHa BnaxHocT (RH, %),
Banexu (P, mm), GOTOCMHTETMYHO aKTMBHa paguauma
(PAR, pumol m™2 s u nouseHa Bnara (6, m® m3) Ha
Abn6ounHm 8 cm mn 40 cm. [edpuumTbT Ha HanAraHeTo
Ha BogHa napa (VPD, kPa) e wu3uucneH Ha 6asa
CTaHAAPTHU 3aBUCMMOCTM.

Pesynrtatu n ussoaun

Habniopasa ce ACHO M3pas3eH AEHOHOLEeH X044 Ha
COKOABUXEHMETO C MaKCMMyMM npes3 AHEeBHUTE Yacose
M MUHUMAJ/IHU CTOMHOCTU Npes HolTta. B cyxu nepuoam
OVHAaMMKaTa Ha COKOABUXEHMETO cneaBa OCHOBHO
npomeHute B  aTmochepHUTe  ycioBwUS, KaTo
nosuweHnTe ctomHoctn Ha VPD 1 PAR ca cbnpoBoaeHu
OT YBe/MYeHO coKoaBuXeHue. [lo Bpeme wu cnep
BasIeXXHM CbOUTMA ce perucTpMpa NPomMaHa B AHEBHUA
X0J4, CbrnacyBaHa C HapacTBaHETO Ha MOYBeHaTa Bfara,
0cob6eHO B NOBBbPXHOCTHUA NOYBEH C/ION.

Pe3yntatuTe NnoKa3saT, Ye AOPU B HaYaHUA nepuos
cnep MHcTanupaHe Ha TDP ceH3op moraTt ga ce nonyyar

HaZeXaHW JaHHW nNpyv  BHMMATENHa OLUEHKa Ha
KauyecTBOTO HA CcurHana. M3cnepgaHeto nopyveprasa
CMeHALLaTa ce posia Ha aTMocdepHUTe U MOYBEHUTE
bakTopn 3a ¢GopmMMpPaHETO Ha COKOABUMKEHWETO MU
Cb3f@aBa OCHOBAa 3a ObAewo WHTerpuMpaHe Ha
eKCMepMMEHTaNHUTE JaHHM B MOLEAM Ha 3emMHaTa
nosbpxHocT (Boone et al., 2017).

Ha ¢urypa 1 e nokasaHa oT4eT/IMBa AHEBHA peaKkums
Ha  COKOZBW)KEHWMETO, KaKTo UM  MpomMaHa B
OTHOCUTENIHOTO  B/AMAHME Ha  aTMochepHuTe MU
noyseHuTe GaKTOPU Cnen Banex.
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durypa 1. leHOHOLWHA AMHAMMWKA HA COKOABUKEHNETO
(s, g m™2s7"), nedbunumTa Ha HanAraHeTo Ha BOAHa napa
(VPD, kPa), BanexuTte (P, mm) 1 $OTOCMHTETUYHO aKTUBHATA
paanaumsa (PAR, umol m™2 s™) 3a npeacrasuteneH aeH
(29.09.2025 r.).

BbnarogapHocTU: M3cnesBaHEeTO € OCblEecTBEHO B
pamKuTe Ha NPOEKT , EKCNepuMmMeHTasIHO M3mepBaHe U
MOZE/IHO CUMYAMPAHE Ha eBanoTpaHCcnupauusaTa Wu
MHOUATPALMATA B 30HATA HA UIMNOAMCTHA ropa B paloHa
Ha MeTeoponorMyHa obcepBaTopua — MO PoxeH”,
¢duHaHcupaH oT HUMX.
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Introduction

Forest transpiration is a key component of the water
balance of mountainous catchments and governs the
interactions between the atmosphere, soil, and
vegetation cover. The Thermal Dissipation Method
(TDM) is widely used for experimental investigation of
sap flow in tree stems and for estimating transpiration
fluxes (Granier, 1985; 1987). However, the initial period
following sensor installation is often associated with
uncertainties related to measurement reliability and
data interpretation.

Methodology

The study was conducted in the area of the National
Astronomical Observatory Rozhen (NAO). Three TDP
sensors were installed on two tree species — Norway
spruce (Picea abies) and pine (Pinus sp.). Data
evaluation indicated that only one of the sensors
(installed on pine) provided a stable and physically
interpretable signal; therefore, the subsequent analysis
is limited to these measurements.

Sap flow was calculated based on the temperature
difference between the heated and reference probes
(AT, °C), using the nightly maximum value (AT_max, °C)
for normalization according to the Granier method. Sap
flow data, expressed as sap flux density (Js, g m™2 s™),
were originally recorded at a 10-minute temporal
resolution and were adjusted to a 30-minute interval to
ensure comparability with the micrometeorological
observations. Air temperature (T_air, °C), relative
humidity (RH, %), photosynthetically active radiation
(PAR, umol m=2 s™), precipitation (P, mm), and soil
moisture (8, m® m=3) at depths of 8 and 40 cm were
used in the analysis. Vapor Pressure Deficit (VPD, kPa)
was calculated using standard relationships.

Results and conclusions

A clearly expressed diurnal pattern of sap flow was
observed, with maxima during daytime and minimal
values at night. During dry periods, sap flow dynamics
closely followed atmospheric conditions, with increased
VPD and PAR corresponding to enhanced sap flow.
During and after rainfall events, modifications in the
daily pattern were detected, consistent with increased
soil moisture, particularly in the upper soil layer.

The results demonstrate that reliable sap flow data
can be obtained even during the initial period after TDP
sensor installation, provided that careful signal quality
assessment is performed.

The study highlights the changing role of
atmospheric and soil factors in shaping sap flow and
creates a foundation for future integration of

experimental data into land surface models (Boone et
al., 2017).

Figure 1 shows a distinct daily response of sap flow,
as well as a change in the relative influence of
atmospheric and soil factors after rainfall.
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Figure 1. Diurnal dynamics of sap flow density (Js, g m=2s™),
vapor pressure deficit (VPD, kPa), photosynthetically active
radiation (PAR, umol m=2s™), and precipitation (P, mm)
for a representative day (29 September 2025).
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BbBegeHue

OT oktomBpM 2024 r. e BKAKOYEHA AOMNbAHUTENHA
onepatMBHa Bepcma Ha AROME 3a bovarapusa
(HapeyeHa AROME-DA), wu3nonssawa HoBsaTa
nofobpeHa Bepcus 3a ONTUMaNHa MHTepronauma
CANARI (Code for the Analysis Necessary for Arpege
for its Rejects and its Initiation), 3a acummnampaHe Ha
[aHHWUTE 3a TeMnepaTypa U OTHOCUTENHA BAAXKHOCT
OT BCUYKM OBATAPCKU CUHOMNTUYHWU CTAHUMM, KaTo
aHanAM3bT Ha TemnepaTypaTa W BAAKHOCTTA Ha
nouysata ce onpeaenda Bb3 OCHOBAa Ha BpPb3KUTE
Mexgy noysata M napametpute B 64AM30CT A0
3eMHaTa noOBbpxHOCT. ToO3M nmpouec BKAKOYBA
HabatoAeHMA 32 KOHTPON Ha KauyecTBOTO, aHa/M3 Ha
TemnepaTypaTa ¥ BNA)KHOCTTA Ha 2 M U KopuUrupaHe
Ha MapameTpuTe Ha NOBBPXHOCTTA U No4BaTa, KaTo
TemnepaTypa u Bnara.

B  HacToAwWwoOTO M3cneABaHe e OuUEHeHa
ycnesaemoctta Ha AROME-DA npu nporHo3npaHeTo
Ha TemnepaTypata Ha 2 M, BATbpa Ha 10 m wu
24-yacoBuA BaneX, B CpaBHEHWME C TasM Ha
AROME-105, ¢ uen ga ce OUEHW BAUAHMETO Ha
acMMMNAUMATa Ha OAHHU OT MOBBLPXHOCTTA BbPXY
TOYHOCTTA Ha NPOrHo3aTa.

Cxema 3a acMMuUanpaHe Ha NPU3EMHU AaHHU

Cb3gafeH e 6-4acoB UMKbA 33 acMMUAMpPAHe Ha
M3ImepeHnTe AaHHW 3a TemnepaTtypa U OTHOCUTEIHa
BNAaXXHOCT BbB BCUYKU CUHONTUYHU CTaHUMn
B bbnrapma. lpoueaypata e cxematusvpaHa B
Tabanua 1.

Tabauua 1. Cxema 3a acMMUAMPaHE HA JaHHU

0ouUTC 06UTC 12UTC 18UTC
Havanuu n ARPEGE ARPEGE ARPEGE ARPEGE
TpaHUYHU or 18UTC or 00UTC ot 06UTC or 12UTC
YCIOBHS

Acumunupanu | BG synop B | BG synop B | BG synop B | BG synop B

JIaHHH 21UTC 03 UTC 09 UTC 15 UTC
IIepBO DA 18UTC | DAOOUTC | DA 06UTC | DA 12UTC
npubIIKeHne 3a 3a 3a 3a
21 UTC 03UTC 09 UTC 15 UTC
JIbikuHA Ha 51h 75h 51h 75h

mporHo3ata | (3amo4Baiky | (3amouBaiiku | (3amouBaiiku | (3amo4Baiku
or 21UTC) | or 03UTC) | ot 09UTC) | ot 15UTC)

rep_synop, synop2bufr, BATOR (create_ioassign,
merge_ioassign), OI_MAIN

IIponenypu

Pesyntatu

3a HacToswWwaTta paboTa ca OLEHEHU U CPaBHEHMU
ycnesaemoctta Ha AROME-DA n Ha AROME-105 npwm
nNporHosata Ha 3-4acoBWTe TemnepaTypa Ha 2 M #”
CKOPOCT Ha BATbpa Ha 10 m 1 24-yacoBuA Banex. 3a
uenta ca u3cnenBaHW  CpeAHOKBagpaTUYHUTe
rPELWKN 3@ BCAKA CMHOMTMYHA CTAHUMA OT BCEKM
mogzen KaTo GyHKLMA Ha Ab/KMHATA Ha NpOrHosaTa.
TyK ca npeacTtaBeHW pe3ynTaTu OT CPAaBHEHMETO Ha
MeceyHuTe M rogMlIHaTa  ycneBaemMocT  Ha
mogenure.
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durypa 1. MpoueHTH Ha ciyyam ¢ 4obpa meceyHa u
roaunwHa 3a 2025 r. ycneBaemocT 3a TemnepartypaTta
Ha 2 m (ropeH naHen), BaTbpa Ha 10 m (cpeaeH naHen) n
24-4yacoswuA Banex (ooneH naHen) 3a AgaTa mogena.
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Introduction
Since October 2024 an Bulgaria additional version of
AROME (named AROME-DA) is run operationally
using an improved CANARI (Code for the Analysis
Necessary for Arpege for its Rejects and its
Initiation) optimal interpolation to assimilate data
from all Bulgarian synoptic stations, which
determines soil temperature and moisture analysis
based on the relationship between soil and near-
surface variables. This process involves quality
controlling  observations, analyzing  2-meter
temperature and humidity, and adjusting surface
and soil parameters like temperature and moisture.
In the present study the performance of
AROME-DA for temperature at 2 m, wind at 10 m
and 24-hours precipitation is evaluated in
comparison to AROME-105 with the aim to evaluate
the impact of surface data assimilation on the
forecast accuracy.

Surface data assimilation scheme

A 6-hour cycle was created to assimilate the
measured temperature and relative humidity data at
all synoptic stations in Bulgaria. The assimilation
procedure is schematized in Table 1.

Table 1. Data assimilation procedure scheme

o0ouTC 06UTC 12UTC 18UTC

run run run run
LBC ARPEGE | ARPEGE | ARPEGE | ARPEGE
from from from from
18UTC 00uUTC 06UTC 12UTC
run run run run

Assimilated | BG synop | BG synop | BG synop | BG synop
surface data | at21 UTC | at 03 UTC | at 09 UTC | at 15 UTC

First guess DA DA DA DA
18UTC 00UTC 06UTC 12UTC
run for run for run for run for
21 UTC 03 UTC 09 UTC 15 UTC

Forecast 51h 75h 51h 75h
range (starting (starting (starting (starting
from from from from
21UTC) 03UTC) 09UTC) 15UTC)

Procedures | rep_synop, synop2bufr, BATOR (create_ioassign,
merge_ioassign), OI_MAIN

Verification results

For the present work, the performance of
AROME-DA in forecasting 3-hourly temperature at
2 m and wind speed at 10 m and 24-hourly
precipitation was evaluated and compared to
AROME-105. For this purpose, the root mean square
errors (RMSE) for each synoptic station of each
model were investigated as a function of the
forecast length. Results from the comparison of the
monthly and annual performance of the models are
presented here.
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Figure 1. Percent of cases with best monthly and annual
performance for 2025 for temperature at 2 m (top
panel), wind speed at 10 m (middle panel) and 24 hour
precipitation (bottom panel) for both models.
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BvBegeHue

BanexuTte MrpaAT KAl4oBa POSA B OTCTPAHABAHETO Ha
Pa3TBOPUMU CbeEANHEHUS U aTMOCHEPHU 3aMbpCUTENN
ypes npouec nsmmeaHe (Scavenging/Washout), kato no
TO3M HauMH noaabpKaT b6anaHca B CbCTaBa Ha
atmocdepata. CbCTaBbT MM  3aBUCM OT BMAA Ha
nocTonuAMTe B atmocdepaTta 3ambpcuTenn  oOT
AHTPOMNOreHHU nnu npupoaHu M3TOYHULM,
OVHAMWYHUTE npouecn B atmocdepata U XMMUYHUTE
peakuMn, KOWUTO BDB3HWMKBAT KaKTO MO BpPeme Ha
06pasyBaHeTO MM, Taka M MpU TpaHCcnopTa UM Ha ObATU
pa3cToAHUA.

Lenta Ha HacToswaTta paboTa e ga ce npeactasAT
pesyntatm OT  AbAroroguWHUTE U3MepBaHMA Ha
OUBMKO-XMMUYHUTE NMOKasaTenn Ha Banexute 8 HUMX,
KaKTO M f[a ce KOMEHTMPAT B AeTalW/M HAKOM OT
NnoJly4eHUTE eKcnepumMmeHTanHu pesyntatm 3a Copus.

MeTtoponorua n pesyntatu

MpexkaTa 38 MOHUTOPUHT HA XMMUYECKUA CbCTaB Ha
BanexuTe, marpageHa v nogabprkaHa ot HUMX ot
1998 r., BkawouBa 35 cTaHumMu. B uAnata mpexkata
onepatMBHo ce u3mepBa pPH Ha Banexute, a B 5
CTaHUMM ce usmepBa U enektponposoaumocT (EC).
MonyyeHUTe AaHHU ce NyHANKYBAT MeCceYeH M roauLleH
6tonetnH (https://bulletins.cfd.meteo.bg/). Ha ¢urypa 1
Ca NOKAa3aHW MHOrOroAMWHUTE CpeaHU CTOMHOCTU Ha
pH Ha Banexute 3a BcUYKM 35 cTaHuMM 32 nepuoaa
2011-2025r.
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durypa 1. MHOrorogmuH1 cpefHu CTOMHOCTM Ha pH
Ha BanexwuTe 3a nepnoga 2011-2025r.

B ponbnHeHue, B LleHTpanHaTa meTeoposIorMyHa
obcepBatopua — CoduAa, onepatMBHO ce WM3BBHPLUBA
npoboHabupaHe Ha 24-4acoB Bajiex C Lien onpegensHe
Ha XMMUYecKMAa My cbeTaB. peactaBeHn ca pesynTatu
OT eKCNepuMMEeHTaNHW  KamMMaHuu, npoBegeHn B
nepuoaa 2015-2019 r. Bcuuku npobu ca nsmepeHu 3a
pH, EC (inoLab pH7110 u inolLab Cond 7110, WTW)

B JlabopaTopusaTa No xumus Ha Banexute B HUMX —
Codus. AHanM3 3a OCHOBHU €/IeMEHTU € WU3BbPLUEH B
aKkpeauTMpaHa nabopatopus c lon Chromatograph
(ICS 1100, DIONEX) 3a SO,”, NO*, CI; ICP OES (Vista
MPX CCD Simultaneous, VARIAN) 3a Na, K, Mg, Ca, Fe,
Si, Cu, Zn u Spectrophotometer 5-20 — NH4".

MPUHOCHT Ha BCEKWU OTAENEH e/leMeHT Kbm obuiaTa
Maca Ha eneMeHTUTe BbB Ba/feXHWTe npobu 3a
nepuoaa 2015-2019 r. e npeactaseH Ha ¢urypa 2. Han-
FONSIM MPUHOC MMaT cyndatute SO, cneasaHu ot NO3
>Ca>Cl'>K>NH, >Na>Si>Mg>Fe>Zn.

Si Zn NH4

Fe
2.1% 0.3% 6.8%
Na 0.3% \ | 8.3%

6.1%
Mg ———

1.5%.

sS04
31.4%

®urypa 2. NMpUHOC Ha aHaIM3UPaHUTE eNleMeHTM KbM obLiaTa
MM maca 3a 2015-2019 .

JlnHeliHaTa perpecus mexay cymapHaTa
KOHLIEHTpaUMA Ha aHMOoHUTe (5042', NO;, ClI) u Ha
e/IeMeHTU Ha HeyTpanusaums (Mg, NH,", Na, Ca, Fe) cbe
3HaYMM KopenaumoHeH kKoeduumeHT 0.81 nokassa
BaXKHOCTTA Ha e/IeMeHTU Ha HeyTpanusauusa no sBpeme
Ha HeyTpa/n3npaHe Ha KUCENUHUTE.

Sum(-) = 1.9713 + 1.3253 * Sum(+)

Correlation: r= 80763
35

°
30

25

20

Sum(-)

Sum(+) o 95% confidence
®durypa 3. Bpb3ka mexay cymata Ha aHuonute (SO,>, NO3, CI)

1 enemMeHTH Ha HeyTpanusauua (Mg, NH,", Na, Ca, Fe)

BnarogapHoCTU: ABTOpUTE M3Ka3BaT 61aro4apHOCT Kbm
BCMYKM Habaogatenn OT mpexaTa No XMMUA Ha
BasexuTe. YacT OT mM3cneaBaHeTo e OCbLLEeCTBEHO C
¢duHaHcoBaTa noaxpena Ha MOCB v npoekTt Ne 1H 04/4
ot 15.12.2016, ®oHg, ,Hay4yHu nscnegsaHmna“.
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Introduction

Precipitation plays a key role in removing soluble
compounds and atmospheric pollutants through a
process called scavenging/washout, thereby
maintaining the balance in the composition of the
atmosphere. Its composition depends on the type of
pollutants released into the atmosphere from
anthropogenic or natural sources, the dynamic
processes in the atmosphere, and the chemical
reactions that occur both during their formation and
during their transport over long distances.

The aim of this study is to present the results of
long-term measurements of the physicochemical
parameters of precipitation at the NIMH, as well as to
comment in detail on some of the experimental results
obtained for Sofia.

Methodology and results

The network for monitoring the chemical
composition of  precipitation, established and
maintained by the NIMH since 1998, includes 35
stations. The pH of precipitation is measured
operationally throughout the network, and electrical
conductivity (EC) is also measured at five of the stations.
The data obtained are published in monthly, and annual
bulletins (https://bulletins.cfd.meteo.bg/). Figure 1
shows the long-term average pH values of precipitation
for all 35 stations for the period 2011-2025.
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Figure 1. Mean values of pH for the period 2011-2025

Additionally, at the Central Meteorological
Observatory in Sofia 24-hour precipitation sampling is
carried out in order to determine the chemical
composition of the precipitation. The results of
experimental campaigns conducted between 2015 and
2019 are presented. All samples were measured for pH
and EC using inoLab pH7110 and inoLab Cond 7110,
WTW, in the Precipitation Chemistry Laboratory at the
NINH, Sofia. Analysis for major elements was performed
in accredited laboratory with lon Chromatograph

(ICS 1100, DIONEX) for SO,”, NO*, CI’; ICP OES (Vista
MPX CCD Simultaneous, VARIAN) for Na, K, Mg, Ca, Fe,
Si, Cu, Zn and Spectrophotometer 5-20 — NH4".

The contribution of each individual element to the
total mass of elements in precipitation samples for the
period 2015-2019 is presented in Figure 2. Sulphates
SO,” have the largest contribution, followed by
NO; > Ca>Cl'>K>NH, >Na >Si>Mg > Fe > Zn.

Si Zn NH4 ‘

Fe 51% 0.3% 6.8%
Na 0.3% |

6.1%
Mg —
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Figure 2. Contribution of the analysed elements to their total
mass for 2015-2019

The linear regression between the sum of anions
(S0,>, NO3, CI') and neutralization elements (Mg, NH,",
Na, Ca, Fe) with a significant correlation coefficient of
0.81 shows the importance of these neutralization
elements during acid neutralization.

Sum(-) = 1.9713 + 1.3253 * Sum(+)
Correlation: r = 80763

-2 0 2 4 6 8 10 12 14 16 18 20 22 24 26

Sum(+) [Fo-95% confidence
Figure 3. Relationship between the sum of anions

(5042', NOj, CI') and the neutralization elements
(Mg, NH,", Na, Ca, Fe)
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BbBeaeHue

CHerbT e BaXeH MeTeoposIoTUYEH eNeMeHT ¢
MHOWKATOP 33 NPOMeHAWMA ce Kaumat. [lpeauiuHu
Hawwm nscneaBaHua ocBeT/IMXa CbBpEMEHHUTE
TEHAEHUMM B peXMMa Ha CHEeXXHaTa MNOKPUBKA B
Bbarapua, cTbnNBaMKM BbPXYy aKTyalHW [JAaHHUM OT
MeTeopOoNornyHmUTE CTaHUMKN Ha HauMOHANHNA UHCTUTYT
no meteoponorua n xugponorns (HUMX). MperkaTa Ha
HUMX ob6aye He MOKpMBA NABLTHO TepuUTOpMATA Ha
CTpaHaTa, ocobeHO B MNAaHWHCKUTE palioHu. ETo 3aLo
be peweHo pJa NPoOBEPMM  BbB3MOMXKHOCTTA  Aa
M3non3eame AaHHM OT peaHanmsa Ha ERA5-Land 3a no-
TOYHA OLLeHKA Ha CHera.

MeTtoponorusa

N3cnepBaHeTo M3N0s3Ba eeAHEBHUM [OaHHW 3a
BMCOYMHATAa Ha  CHeXHaTta nokpumBka ot 35
METEOPOJIOTMYHN CTaHUMM B CTpPaHaTa C HagMOpPCKa
BUcoumHa ot 34 po 2376 m 3a nepmoga 1961-2020 r.,
KOUTO Ca CPaBHEHM CbC CbLOTBETHUTE JaHHM OT
peaHanusa Ha ERA5-Land 3a cbwma nepuoa. OT
ERA5-Land ca u3BneYeHM exeAHEeBHUTE [AaHHW 3a
BMCOYMHATA Ha CHEXHaTa MOKpMBKA OT Hal-6/aM3Ko
Pa3noNoKeHUTE TOUYKM OT MperKaTa Ha mogena. 3a
OLEHKa Ha TOYHOCTTAa Ha CUMYIMPAHUTE JAaHHU e
M3non3BaHa CpeaHOKBaZpaTMyHaTa rpewka (RMSE),
KOATO 33 CPaBHMMOCT e cTaHgapTusmpaHa (StRMSE)
ypes fesieHre Ha CTaHO4APTHOTO OTK/IOHEHMeE.

Pesynrtatu n nssoaun

Hain-manka e RMSE B CeBepHa Bbarapma. TyK ca
npeactaBeHW pABa npumepa — 3a CTaHuum Jlom w
leHepan Toweso. B cTaHuuMA Jlom OTKNOHeHMATa ca
CPaBHUTENHO TOJfeMW U  OTPULATENHM, HO npe3
roguHuTe HamanasaT u cneq, 2000 r. 3HaKbT MM ce
obpblua. B ctaHuma MeHepan ToweBO OTK/AOHEHUATA ca
KaKTO OTpuUATeNHU, TaKa U MNONOXUTENHU. [onamoTo
OTK/IOHeHMe npe3 ¢espyapn 1999 r. ce AbAKM Ha
WHTEH3MBHA  CHeXHa  ob6cTaHOBKa WM M3UCKBa
OONBAHUTENHO U3CNeABaHe N NPOBEPKA Ha NbPBUYHUTE
OaHHN.

Jlom

®urypa 1. CpegHOMECEYHM PA3IMKM MEXAY U3MEPeHa 1

lenepan Toweso

OuEeHeHa BUCOYMHA Ha CHEXXHaTa NOKPMBKa 3a cTaHUmA JTom.

durypa 2. CpeLHOMECEYHN PA3ANKM MEXKAY U3MEpPEHa U

OLeHeHa BUCOYMHA Ha CHeXXHaTa NMOKPMBKa 3a CTaHLUMA
leHepan Toweso.

B HennaHWHcKuTe palioHn B HOXHa bBbarapua

npeobnagasar
NNaHUHCKUTE

oTpuLaTENHUTE

OTKNIOHEHMUA.
OTKNNIOHEHUATA

B
ca

palioHun
npeobnagaBallo NoMOXKWUTENHU. Hall-manku ca npes
AHyapu U ¢eBpyapu. a Hail-ronemm npes HoOemBpw,
AEeKeMBPU U MapT.

Tabnnua 1. O606wWweHN pe3ynTaTi 3a cpegHaTta

BMCOYMHA Ha CHeXXHaTa NOKPMBKa,
cpegHoKBaApaTMyHaTa rpewka (RMSE) u
CTaHAapTM3MpaHaTa TakaBa (StRMSE)

CraHuymA CpegHa BUCOYMHA RMSE stRMSE
Ha CIM, cm
HoBo ceno 13.0 10.5 0.89
BuanH 13.7 4.7 0.38
lpamaga 14.4 7.8 0.55
OpAaxoso 11.1 5.6 0.45
Pasrpag, 11.0 4.5 0.40
Cunuctpa 12.4 4.3 0.34
Kanunakpa 6.2 2.2 0.32
KasaHnbK 7.7 7.8 0.97
Kapnoso 9.4 7.5 0.76
Xucaps 9.8 5.6 0.58
PalikoBo 14.4 16.3 1.16
Kbparkanum 10.9 7.9 0.71
3natorpag 11.6 6.2 0.56
Mypraw 29.7 35.5 1.39
PoxeH 46.5 31.3 0.83
YepHu BpbX 85.6 89.8 1.60
Bpbx botes 72.8 77.5 1.50
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Introduction

Snow is an important meteorological element and
indicator of climate change. Our previous studies have
shed light on contemporary trends in snow cover
patterns in Bulgaria, based on current data from the
meteorological stations of the National Institute of
Meteorology and Hydrology (NIMH). However, the
NIMH network does not cover the entire territory of the
country, especially in mountainous areas. Therefore, we
decided to explore the possibility of using data from the
ERA5-Land reanalysis for a more accurate assessment of
snow.

Methodology

The study uses daily snow cover depth data from 35
meteorological stations in the country at altitudes
ranging from 34 to 2376 m for the period 1961-2020,
which are compared with the corresponding data from
the ERA5-Land reanalysis for the same period. Daily
data on snow cover depth were extracted from ERA5-
Land from the closest points in the model network. To
assess the accuracy of the simulated data, the root
mean square error (RMSE) was used, which was
standardized (stRMSE) for comparability by dividing the
standard deviation.

Results and conclusions

The smallest RMSE is in Northern Bulgaria. Two
examples are presented here — for stations Lom and
General Toshevo. At the Lom station, the deviations are
relatively large and negative, but they have been
decreasing over the years and have reversed since 2000.
At the General Toshevo station, the deviations are both
negative and positive. The large deviation in February
1999 is due to intense snowfall and requires further
investigation and verification of the primary data.

Lom

cm

Figure 1. Average monthly differences between measured and
estimated snow cover depth for Lom station.

General Toshevo

cm

1961
1964

2018

1967

Figure 2. Average monthly differences between measured and
estimated snow cover depth for the General Toshevo station.

Negative deviations prevail in the non-mountainous
areas of Southern Bulgaria. In mountainous areas,
deviations are predominantly positive. They are smallest
in January and February and largest in November,
December, and March.

Table 1. Summary results for the average snow cover

height, mean square error (RMSE) and
the standardized one (stRMSE)
Station Average height RMSE stRMSE
of the SC, cm
Novo Selo 13.0 10.5 0.89
Vidin 13.7 4.7 0.38
Gramada 14.4 7.8 0.55
Oriahovo 11.1 5.6 0.45
Razgrad 11.0 4.5 0.40
Silistra 124 4.3 0.34
Kaliakra 6.2 2.2 0.32
Kazanlak 7.7 7.8 0.97
Karlovo 9.4 7.5 0.76
Hisaria 9.8 5.6 0.58
Raikovo 14.4 16.3 1.16
Kardgali 10.9 7.9 0.71
Zlatograd 11.6 6.2 0.56
Murgash 29.7 35.5 1.39
Rogen 46.5 31.3 0.83
Cherni Vrah 85.6 89.8 1.60
Vrah Botev 72.8 77.5 1.50
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OueHKa Ha U3MeHeHMeTO Ha BbTPELUHOroAULWHOTO pasnpeaeneHue Ha pecypca
OT NOBbPXHOCTHU BOAMU cnopes KAMmaTuiHu cueHapum RCP 2.6, 4.5 1 8.5

no painoHu Ha 6aceitHOBO ynpasneHue
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BvBegeHue

MHOKecTBO U3cneaBaHUA Ha edeKTa Ha KAMMaATUYHUTE
M3MeHeHUA BbpXy BogHUTe pecypcu npe3 XXI Bek coyat
yBenuyaBaHe Ha WHTEH3UBHUTE Ba/ieXW, yBe/MYaBaHe
Ha NPOADBAKUTENIHOCTTA Ha CYXMA CE30H MU HamaneHue
Ha Ba/sieXMTe OT CHAT W CbOTBETHO Ha CHe)KHaTa
nokpmeka. 3a  bbsarapua  nporHosWte  OTHOCHO
M3MEHEHMETO Ha roAMILHATA CymMa Ha OTTOKa ca
OYHKUMA OT KAMMATUYHMA CUeHapuit M palioHa 3a
baceliHoBo ynpasneHue (PBEY). B ToBa M3cneasaHe ce
doKycMpame BbpPXy M3MEHEHMATA Ha OTTOKa cnopep,
KAMMATUYHKU  cueHapun RCP 2.6, 45 un 8.5 BbB
BbTPELWHOIOAMLWIHOTO pasnpesesneHne Ha OTTOKA 3a
yetupute PBY B bBbarapua 3a TpuTe KAMMATUYHMU
nepuoaa 2011-2040, 2041-2070 n 2071-2100 r.

Metoaonorusa

Bb3 ocHoBa Ha AaHHMTe OT npoekta EURO-CORDEX
Ca u3BefeHn cpegHO MHOTOroAMWHUTE MECEYHU CYyMMU
Ha oTToKa (Copernicus Climate Change Service, Climate
Data Store, 2021) 3a Bceku 30-roamiieH nepuoa U 3a
pedbepeHTHMA nepuos 3a MNPaBObIbJEH  PaNOH,
BK/OYBALL, TepuTopuATa Ha bbarapma. [aHHuTe oT
KAMMATUYHUTE aHaNM3M U NPOrHO3M ca NpeobpasyBaHu
OT OpUTMHaHaTa MpeKa C Knetka 5x5 km Kbm cpeaHu
CTOMHOCTM 3a BCEKU OT udetupute PBY 3a Tpute
KNMMaTUYHM Nepuopa u Tpute cueHapua. MoaenHute
OaHHW Ha TOAMLWHUTE CYMM HA OTTOKA 3a pedepeHTHUS
nepuog, (1971-2000 r.) oT BCUYKM KOMBUHALMM MeKay
rnobaneH, perMoHaneH v XUAPONOXKKU moaen (FTPXM)
Cca cpaBHeHW c gaHHuTe Ha HUMX 3a cvbwma nepuopg
(tabn. 1). B pe3ynTat Ha ToBa cpaBHeHMe ca nogbpaHu
Te3sn KombuHauum ot TPXM, Kouto ca Hal-61M3Ku [0
OaHHUTEe Ha HUMX.

Tabnuua 1. U36paHuTe KOMBMHauuK oT TPXM

BaceiiH noanen mogen PervoHaneH Xugponoxku | mogen [mm] (HUMX [mm]
YepHoMOopCKK HadGEM2-ES SMHI-RCA4 E-HYPEgrid 102 100
[yHaBCKK HadGEM2-ES KNMI-RACMO22E| E-HYPEgrid 114 117
WMatounobenomopckn|  HadGEM2-ES | KNMI-RACMO22E| E-HYPEgrid 165 164
3anagHobenomopckn|  HadGEM2-ES SMHI-RCA4 VIC-WUR 241 240

Kakto ce Bmxpga ot Tabanua 1, 3a yetnpute PEY e
nm3bpaH eauH rnobaneH Mmopen, CcbyeTaH C ABa
peruoHanHu mogaena u ABa XMAPONOXKKN Mmoaena, KaTo
3a Tpu PBY e wu3bpaH moaenwt E-HYPEgrid, a 3a
3anagHobenomopckua PBY - mogenbt VIC-WUR.
Bbnpeku ye e no-geTalineH M U3MCKBaA NOBeYe BXOAHMU

OaHHW, NOoCNeAHUAT WMMA MNO-HUCKU  CTaTUCTUYECKU
pe3yntatu. HesaBMCMMO OT TOBa €AMHCTBEHO TOWM
cumynanpa 6amnsku go gaHHutTe Ha HUMX roguwHm cymnm
3a pedepeHTHMA nepuroa. B cneaBall eTan ca cpaBHeEHM
BbTPELWHOroANWHNTE pa3npefeseHna Ha OTTOKa Ha
pedepeHTHUA nepuvog c BbTPELHOroAMLWHUTE
pasnpeneneHnn 3a BCEKU CLEHapUi 1 3a BCEKU OT TpUTe
nepuoga 2011-2040, 2041-2070 1 2071-2100 r.

Pe3yntatu u ussoam

KaTo L0 BbTPEWHOroaMWHOTO pasnpeaeneHne Ha
OTTOKa 3a TpUTe CLLeHapus 1 3a TpMTe neproaa NnoKasea
yBennyaBaHe Ha 3MMHUA OTTOK (dur. 1) 3a cmeTKa Ha
NponeTHNA MU nNetHuA. ToBa ce OoTHAcA 3a Tpute PBY —
MN3TouHobenomopckn  (MBP), [AyHascku (OP) wm
YepHOMOpPCKHU (4p), n e[INHCTBEHO 3a
3anagHobenomopcku paiioH (36P) cueHapuuTe gasat
OTHOCWTE/THO YBE/IMYEHNE Ha NPONETHUA OTTOK.
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durypa 1. [NpOrHo3HO BbTPELIHOTOAULLHO pasnpeaeneHme
3a 2011-2040 r. 3a yeTupute PBEY 1 3a TpuTe cueHapus,
CpaBHEHO C TOBa 3a pedepeHTHUA nepunog 1971-2000r.
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Introduction

Numerous studies on the effect of climate change on
water resources in the 21st century indicate an increase
in intense rainfall, an increase in the duration of the dry
season, and a decrease in snowfall and, accordingly,
snow cover. For Bulgaria, forecasts of changes in annual
runoff are a function of the climate scenario and the
river basin management area (RBMA). In this study, we
focus on changes in runoff according to climate
scenarios RCP 2.6, 4.5, and 8.5 in the intra-annual
distribution of runoff for the four RBMAs in Bulgaria, for
the three climate periods 2011-2040, 2041-2070, and
2071-2100.

Methodology

Based on data from the EURO-CORDEX project, the
average multi-year monthly runoff amounts (Copernicus
Climate Change Service, Climate Data Store, 2021) for
each 30-year period and for the reference period for a
rectangular area covering the territory of Bulgaria have
been calculated. The data from the climate analyses and
projections have been converted from the original 5x5
km grid to average values for each of the four RBMAs
for the three climate periods and the three scenarios.
The model data on annual runoff totals for the
reference period (1971-2000) from all combinations of
global, regional, and hydrological models (GRHM) are
compared with NIMH data for the same period (Table
1). As a result of this comparison the GHRM
combinations closest to the NIMH data were selected.

Table 1. Chosen combinations of GRHM

Basin Directorate Global model Regional model | Hydrological | model [mm] | NIMH [mm]
Black Sea HadGEM2-ES SMHI-RCA4 E-HYPEgrid 102 100
Danube HadGEM2-ES KNMI-RACMO22E| E-HYPEgrid 114 117
Eas Aegean HadGEM2-ES KNMI-RACMO22E| E-HYPEgrid 165 164
West Aegean HadGEM2-ES SMHI-RCA4 VIC-WUR 241 240

As can be seen from Table 1, a global model
combined with two regional models and two
hydrological models was selected for the four RBMAs,
with the E-HYPEgrid model selected for three RBMAs
and the VIC-WUR model for the West Aegean Sea
RBMA. Although it is more detailed and requires more
input data, the latter has lower statistics scores.
Regardless, it is the only one that simulates annual
amounts close to the NIMH data for the reference
period. In the next stage, the intra-annual distributions
of runoff for the reference period are compared with

the intra-annual distributions for each scenario and for
each of the three periods 2011-2040, 2041-2070, and
2071-2100.

Results and conclusions

Overall, the intra-annual distribution of runoff for
the three scenarios and for the three periods shows an
increase in winter runoff (Fig. 1) at the expense of
spring and summer runoff. This applies to the three
RBMAs — Eastern Aegean Sea (EAS), Danube (DB) and
Black Sea (BS) — and only for the Western Aegean Sea
(WAS) region do the scenarios show a relative increase
in spring runoff.
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Figure 1. Projected intra-annual distribution for
2011-2040 for the four RBMAs and the three scenarios
compared to that for the reference period 1971-2000.
Months are marked with numbers 1 to 12. From left to

right: BS, DB, EAS, WAS
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BvBegeHue

M3cnepBaHuATa NOKasBaT, Ye Ha roguiuiHa 6asa He ce
HabntoAaBaT 3HAUYUTENHN UBMEHEHUs Ha cpegHuTe 3a
CTpaHaTa Basiexu npes nocnegHute 60 rogmHu. Bee nak,
cnen 1990 r. B bbarapuA ce yCTAaHOBABAT KaKTo
NPOMEHU B MECEYHOTO pa3npenesieHWe Ha BanexuTe,
Taka M TeHAEeHUMA 33 HapacTBaHe Ha NpUHOCa Ha
NOTEHLUMANIHO OMacHWUTE BaJieXXM KbM CyMapHuUA
roguweH Banex. Tyk npasum ob6obuweHne Ha
pesyntaTute OT aHa/AW3UTE HW OT NOoCNefHUTe FoAUHMU
BbPXY YecTtoTaTa M pasnpenesieHNeTO Ha EeKCTPeMHUTe
Banexun B bbarapuA. MNpepctaBeHa e M KAMMATUYHA
OLEHKa Ha BajeXuTe OT MbPBOTO JAeceTaHeBMe Ha
meceu, oktomspu 2025 .

MeTtoponorusa

HanpaseHo e o0606weHne Ha pesynTaTuTe,
npeactaseHn B Bocheva & Malcheva (2020), Malcheva
et al. (2020) n Malcheva et al. (2026). MokasaHun ca u
pe3ynTaTM OT KAMMATUYHWUTE OLEHKM Ha eKCTpemMHuTe
BaJIeXKM nNpe3 nbpeaTa Aekaga Ha oktomspu 2025 .,
[OBeNW [0 HaBOOHEHUA B pPas3/IM4HM  PaliOHM Ha
CTpaHatTa M Ao 6eacTBEHO MOJIOXKEHME B OOWMHUTE
Hecebbp u LlapeBo. Te3an OULEHKM Ca M3rOTBEHWU MO
MUCKaHe Ha MWHUCTEPCTBOTO HA OKOJHATa cpeja M
BoguTe u baceHoBa anpeKkumns ,YepHOMOPCKN panoH”.
N3uncneHn ca nepuogute Ha CAyyBaHe Ha nNafHanua
MaKCcMmasneH 24-yacos Banex 3a BCUYKM
METEOPOJIOTMYHN CTaHUMM Ha HauMoHanHMA WMHCTUTYT
no MeTeoposiorMa W xuaposaorma B 6ausocTt Ao
Kpalbperkmeto Ha YepHo mope. Kato eKkCTpemHM ca
OLEeHEeHN BCMYKM Banexkn = 60 mm/24 h, koeTo e 6au130
[0 rpaHuuata 33 obsABABaHe HA YepBeH KoA 3a
npeaynpesaeHve 3a OMacHO Bpeme, Cbl/1acHO
cuctemata Ha  METEOALARM. 3a  oueHKa Ha
BEPOATHOCTTA Ha npesuweHne (P) e w3nonssaHo
0606LW,eHOTO pasnpeseneHne Ha eKCTPEMHM CTOMHOCTU
(GEV) KaTo BepoATHOCTEH MOAEN Ha MaKCMMaNHWUA
24-yacos Banexx. BCMUKM MPOCTPaHCTBEHM aHaAM3KU ca
peanusmpaHm B R- n QGIS-cpega u4pe3 cneuymanHo
HaNMCcaHW CKpunToBe.

Pesyntatu u ussoau

M3cnepBaHMATa  NOKasBaT, 4Ye  Hak-yectTM w
Hall-ronemu Kato KoanyecTBa Ha cpegHa roguwHa 6asa
Ca EeKCTpeMHWUTe BaneXu B panoHa Ha PopgonuTe,
CTpaHaa v paoHuTe B 6an30cT A0 YepHo mope Ha tor
oT byprac. YectoTaTa Ha Te3u Banexu e AOCTa BUCOKA U
B KpaliHUTe CEBEPOM3TOYHM PAOHM Ha CTpaHaTa.

1—10.10.2025”

OTknoHeHue o1
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1-4.10.2025r. 5-10.10.2025r.

durypa 1. NNOLWHM OLLEHKM Ha BanexuTte
npes NbpBOTO AeceTaHeBMe Ha M. okTomBpu 2025 .
CNPAMO MeceyHaTa KAMMaTU4yHa Hopma.

BanexuTte npes NbpBOTO AeceTAHEBME HA OKTOMBPHU
2025 r. HagBuWwWaBaT meceyHUTe HOPMK 3a NO-roaamaTa
yacT ot cTpaHaTa (¢ur. 1). U3smepeHuat Ha 03.10.2025 r.
BafieX B C. Koctm e abconoTeH MaKkcumym 3a
MaKcMMmaneH roauvweH 24-yacoB Banex 3a Uenua
nepuoa Ha namepsaHe ot 1948 r. Hacam — 250.7 mm, u
Ce OueHABA KaTo BaNeXHO KOJIMYecTBO C Mnepuof Ha
noBTOpeHMe BeaHbX Ha 255 roauHu. 3a octaHanute
CTaHUMW U34YMCNEeHUTe nepuoam Ha MNOBTOpeHUe ca
3HAYMTENIHO NO-MaJIKM1, KaTo 33 palioHMTe Ha Hecebbp K
H. EMWHe Te ca 0Kono BeaHBbXK Ha 5—7 roanHu.
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Introduction

Research shows that on an annual basis, no significant
changes in the average precipitation for the country
have been observed over the past 60 years. However,
after 1990, both changes in the monthly distribution of
precipitation and a trend towards an increase in the
contribution of potentially dangerous precipitation to
the total annual precipitation have been observed in
Bulgaria. Here we summarize the results of our analyses
from recent years on the frequency and distribution of
extreme precipitation in Bulgaria. A climate assessment
of precipitation for the first ten days of October 2025 is
also presented.

Methodology

This summary synthesizes the findings from Bocheva
and Malcheva (2020), Malcheva et al. (2020) and
Malcheva et al. (2026). It also includes a climate
assessment of the extreme precipitation during the first
decade of October 2025, which triggered widespread
flooding and states of emergency in the Nessebar and
Tsarevo municipalities. These assessments were
prepared at the request of the Ministry of Environment
and Water and the Basin Directorate of the Black Sea
Region. The periods of occurrence of the maximum 24-
hour precipitation for all meteorological stations of the
National Institute of Meteorology and Hydrology near
the Black Sea coast were calculated. All precipitation >
60 mm/24 h was assessed as extreme, which is close to
the limit for declaring a red code for a warning of
dangerous weather, according to the METEOALARM
system. To estimate the probability of exceedance (P),
the generalized extreme value (GEV) distribution was
used as a probabilistic model of the maximum 24-hour
precipitation. All spatial analyses were implemented in
R and QGIS environments using specially written scripts.

Results and conclusions

Research shows that the most frequent and largest
amounts of extreme precipitation on an average annual
basis are in the Rhodope Mountains, Strandzha and the
areas near the Black Sea south of Burgas. The frequency
of these precipitations is also quite high in the extreme
northeastern regions of the country.
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Figure 1. Precipitation for period 1-10 October 2025,
estimated relative to the monthly climatic norm.

Precipitation in the first ten days of October 2025
exceeds the monthly normals for most of the country
(Fig. 1). The precipitation measured on 03.10.2025 in
the village of Kosti is an absolute maximum for the
maximum annual 24-hour precipitation for the entire
measurement period since 1948 — 250.7 mm, and is
estimated as a precipitation amount with a recurrence
period of once every 255 years. For the other stations,
the calculated recurrence periods are significantly
smaller, and for the regions of Nessebar and Emine they
are about once at every 5-7 years.
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BbBegeHue

KnumatmnyHata Knacudumkauma Ha KboneH (Koppen,
1918) e eaHa OT NbpBWUTE, Cb3AaheHa Ha 6Hasata Ha
KOHKPETHU eMMUPUYHU CTOMHOCTU Ha KAMMATUYHUTE
enemeHTU. Jopa3Buta OT HAKOW aBTOPWU Npe3 roANHUTE,
B Hayanoto Ha 80-Te rogmMHu Ha XX BeKk Brisse et al.
(1982) npepnarat BapuMaHT Ha wu3cnedBaHe Ha
KAMMaTUTE Ha HalwaTa MnjaHeTa ype3 M3MNo/a3BaHe Ha
rogulHN  WHAEKCM, onpegeneHn Ha 6asata  Ha
Knacmbukaumata Ha KboneH. 3a TepuTopuATa Ha
Bbarapua nogobHo nscneasaHe npasu Popov (2022).

MeToagonorus

B HacToAwaTta CTaTMA € W3N0A3BaH TFOAMLIHUAT
KAMMaTUYEH MHAOEKC OT Knacndumkaumata Ha KboneH. Ha
6a3a Ha Hero e npeasoXeH HOB MOATUN 3a BTOpaTa
6yKBa, KOWTO Ja OMMCcBa YCNOBMA Mpe3 roAuHaTta,
CBbP3aHN C PMCKOBM MNpoOLECHM KaTO 3acyllaBaHMA W
HaBOAHEHMUA.

Tabnuua 1. Kputepun 3a onpepenaHe Ha BTopata Byksa oT
MHAEKca crnopej KAMMaTuyHaTta Kaacudukauma Ha KboneH
(DSM — Hait-cyx mecel, npes TonnoTto nonyroame, WSM — Hait-
BaJieXXeH mecel, npes Tonaoto nonyroane, DWM — Hal-cyx
mecel, npes cTygeHoTo nonyroane, WWM — Hali-BasnexeH
MeceL, Npes CTYAEHOTO noayroaue)

UHpekc  OnucaHue Kputepui
S Cyxo nato DSM nog 40 mm u
3 MbTU NO-MaiKo
ot WWM
w Cyxa 3uma DWM 10 nbtH
no-manko ot WSM
f bes cyx He oTroBapa Hasuw
Ce30H
d Puck OTroBapAa M Ha s, M Ha W

Pesyntatu n ussogu

Pesyntatute OT u3NoON3BaHETO Ha  roauieH
KAMMATUYEH WHOEKC eMNUPUYHO [0KA3BaT HaauymeTo
Ha CpeAn3eMHOMOPCKO BauaHMe B bbarapua. Tosa
B/IMAHWE € PErNCTPUPAHO HE CaMO B HaW-tOro3anagHuTe
YaCcTM Ha CTpaHaTa, KbaeTo ob6xBawa po 50% ot
uscnenBaHuA Nepuoa, HO A0PU U B HaW-CeBEPHUTE B
KpanayHaBCKUTE HU3WHWU. B u3cneasaHuTe Teputopum
Ca PerucTpmpaHu roauHU C M3paseHo 3acyllaBaHe Ha
roauwHa 6asa. OcBeH TUNUYHUTE 3a KaacuduKaumaTa
Ha KbomeH cyxo NnATHO noayrogue (xapakTepHo 3a
CpefiM3eMHOMOPCKMA  KAMMAT) M CyXO  3UMHO

nonyrogme (XapaKTepHO 3@ MYCOHHUTE PEXMMMU),
M3NON3BalKM  TOAMILUHMA  KAMMATMYEH  WMHAEKC,
OTKpMBaMe 1 TakuBa, KOUTO OTrOBapAT U Ha ABaTa Tuna
M CbOTBETHO Mpe3 BCAKO OT MOAYroauATa € Bb3MOXKHO
KaKTO CyX Mecel, C M3pa3eHO 3acylwaBaHe, Taka M
AbXKO0BEH mecell
C YC/I0BMSA 338 HABOAHEHMUS.

W o e I

®urypa 1. 1an Ha rOAMILIHAUTE KAMMATUYHWU UHAEKCH
cnopes moguouumpaHaTa Knacudumkauma Ha KboneH.
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Introduction

The Képpen climate classification (Koppen, 1918) is one
of the first created on the basis of specific empirical
values of the climatic elements. Developed by some
authors over the years, in the early 1980s Brisse et al.
(1982) proposed a variant of studying the climates of
our planet through the use of annual indices
determined on its basis. For the territory of Bulgaria, a
similar study was conducted by Popov (2022).

Methodology

This article uses the Annual Climate Type (ACT) from
the Koppen classification. In recent paper we define
index for every single vyear according Koppen
classification. Based on it, a new subtype for the second
letter is proposed to describe conditions during the year
related to risk processes, such as droughts and floods.

Table 1. Criteria for determining the second letter of the index
according to the Kdppen climate classification (DSM — driest
month in the warm half of the year, WSM — wettest month in
the warm half of the year, DWM — driest month in the cold
half of the year, WWM — wettest month in the cold half of the
year)

Index Description Criterion
S Dry summer DSM less than 40
mm & 3 times less
than WWM

w Dry winter DWM 10 times

less than WSM

f Without dry Neither s nor w

period

d Risk for drought  Respondtos &w

or/and floods

Results and conclusions

The results of using an Annual Climate Index
empirically prove the presence of a Mediterranean
influence in Bulgaria. This influence is registered not
only in the most southwestern parts of the country,
where it covers up to 50% of the studied period, but
even in the most northern ones in the Danube lowlands.
In the studied territories, years with pronounced
drought on an annual basis have been registered.
Beyond the typical Koppen classifications of dry summer
(Mediterranean) and dry winter (monsoon) half-years,
using the Annual Climate Index (ACI) we also find those
that exhibit both patterns; consequently, both extreme

drought and flood conditions can occur within either
half-year.

Figure 1. Share of Annual Climate Indices
according to the modified Képpen classification.
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BbeepeHune Yenenape
CHeXHaTa NOKPUBKa Tbpnu CblleCTBEHO U3MeHeHNEe B 100
nocnegHute roguHn noa BAUAHUE Ha U3MeHAWMUA ce

KAumart. lpeguwHo Hawe uscnenBaHe Ha Ce30HHUTE U :Z
MaKCMMYMW B MJAHWHCKMTE PailloHM Ha CcTpaHaTa o
M3HEHaABAlLO He MOKa3a CblLLECTBEHO WM3MEHeHWe Ha 10
Tasu XapaKTepMCTMKA OCBEH 3a Hal-BMCOKWUTE y4acCTbUM. 0

3aToBa cera ce GpoKycMpame BbpXy NMPOLb/IKUTENHOCTTA 10
Ha CHEeXHaTa NOKPWBKa B Te3M PaloHU.

3
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19¢
1995
19¢
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Metoponorus durypa 2. Bpoit AHN CbC CHEXKHa NOKPUBKA
N3cnepsaHeTo M3non3Ba LaHHN oT 21 3a cTaHumAa Yenenape.

METEOPOJIOTMYHN CTaHUUM C HAaZAMOPCKA BUMCOYMHA OT

600 ao noutv 3000 m 3a nepuoga 1961-2020 r. Boposeu

N3cnepBaHa e OCHOBHO MNPOABL/IKUTENIHOCTTA  Ha
CHe)KHaTa TMOKpMBKA KaTo 6poi AHM C Takasa. 10
M3nonssaHm ca TecTbT Ha MaH-KeHabn 3a oueHka Ha 120
3HaKa U CTaTUCTUYECKaTa 3HAYMMOCT Ha TPeH4a U TecTbT 10
Ha [leTUT 3a OTKPUBAHE Ha TOYKM HA PaA3pPUB Ha
XOMOTFeHHOCTTa Ha peauuure. 20

Pesyntatu u ussoau o
YcTaHoBeHa e obuwa TeHAeHUMA Ha Hamansasalim

TpeHaoBe Ha 6poa AHWM CbC CHEXKHA MOKPMBKA 3a NOYTU ®durypa 3. BPoii AHW CbC CHEXHa NOKPUBKa

BCUYKU CTaHUUKN, C U3KAKOYeHMe Ha Haun-BUCOKUTe 3a cTaHuma boposey,

paiioHn (YepHu BpbX, Bp. BOTeB, POXeH, KakTo WU

bopoBel), KbAeTO W3MEHEHWETO € He3HauyuTesHo.

Hali-cunHo n3paseHo e HamanaBaHeTo Ha

1961
1964
1967
1970
1973
1976
1979
1982
1985
1988
1991
1994
1997
2000
2003
2006
2009
2012
2015
2018
2021

Pesyntatute or MaH-KeHabn Tecta 3a M3bpaHu
CTaHUMM ca npeAcTaBeHn B Tabanua 1.

NPOABL/MKUTENHOCTTA HA  CHEXHaTa MNOKpPMBKa B Tabnuua 1. Pesyntatv or MaH-KeHabn TecTa
no-HUCKUTE 4YacTn Ha Popgonute uM Crapa nnaHWHa — 33 6posA AHM CbC CHEXHA NOKPMBKA NPU HUBO Ha
Hanp. cTaHuun BenuHrpag, XBokHa, KakTo 1M Yenenape, 3HaummocT 0.05: ,—“ — HamansaBaHe, CTaTUCTUYECKU
Konpuswwuua u ap. 3HauntenHo no-cnabo e B Puna. HE3HaAYMMO; ,,-Sign”“ — HamaNABaHe, CTAaTUCTUYECKN
Mo-gony ca [pdafeHnM Kato npumepu HAKOM  OT 3HaYMMoO
CbOTBETHUTE rpadmKu.
CraHuuAa Hapgmopcka MK
Benumrpan BMCOYMHA, M  cn.
w AparomaH 715 -sign
. TpbH 706 -sign
o BenuHrpagp, 743 -sign
« BaHcko 917 -
20 PaiikoBo 868 -sign
w Konpuswmua 1045 -sign
o Yenenape 1150 -sign
0 boposey, 1264 -
. Mypraw 1687 -
_ YepHu BpbX 2286 -
durypa 1. Bpoli A4HU CbC CHEXHA NOKPUBKaA Bpbx Botes 2376 _

3a cTaHumA BenunHrpaga,
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Introduction

Snow cover has undergone significant changes in recent
years due to climate change. Our previous study of
seasonal maximums in the mountainous regions of the
country surprisingly showed no significant change in this
characteristic, except for the highest areas. Therefore,
we are now focusing on the duration of snow cover in
these areas.

Methodology

The study uses data from 21 meteorological stations
at altitudes ranging from 600 to almost 3000 m for the
period 1961-2020. It mainly examines the duration of
snow cover as the number of days with snow cover. The
Mann-Kendall test was used to assess the sign and
statistical significance of the trend, and the Petit test
was used to detect points of break in the homogeneity
of the series.

Results and conclusions

A general downward trend in the number of days
with snow cover has been observed for almost all
stations, with the exception of the highest areas (Cherni
Vrah, peak Botev, Rozhen, as well as Borovets), where
the change is insignificant. The decrease in the duration
of snow cover is most pronounced in the lower parts of
the mountains of Rhodopes and Stara Planina, e.g., the
stations of Velingrad, Hvoina, as well as Chepelare,
Koprivshtitsa, etc. It is significantly weaker in Rila. Below
are shown some examples of the relevant graphs.
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Figure 1. Number of days with snow cover
for Velingrad station.
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umber of days with snow cover
for Chepelare station.
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Figure 3. Number of days with snow cover
for Borovets station.

The results of the Mann-Kendall test for selected
stations are presented in Table 1.

Table 1. Results of the Mann-Kendall test
or the number of days with snow cover at a significance
level 0.05: “—” — decrease, statistically insignificant;
“-sign” — decrease, statistically significant

Station Altitude, m MK
scC.
Dragoman 715 -sign
Tran 706 -sign
Velingrad 743 -sign
Bansko 917 -
Raikovo 868 -sign
Koprivshtitsa 1045 -sign
Chepelare 1150 -sign
Borovets 1264 -
Murgash 1687 -
Rojen 1750 -
Cherni Vrah 2286 -
Peak Botev 2376 -
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BvBegeHue

MN3meHeHNeTo Ha BanexuTe Hag KOHTUHEHTUTe e OT
CbLULECTBEHO 3HaYeHMe 33 pa3bupaHeTo Ha eBO/OLUATA
Ha K/AMMaTM4HaTa cucTema. [nobanHoTo 3atonasHe
yBenuuyaea cnocobHocTTa Ha aTmocdepaTta Aa 3a4bpiKa
BJlara U BOAM A0 NPOMEHU B OMACHUTE METOPOJIOTUYHU
ABNEHUA KaTo cyln M HaBoAHeHua (Seneviratne et al.,,
2021). OcHOBHUTE W3TOYHWMLUM Ha Bnara 3a Espona
BK/OYBAT MpUAEXallmMTe KOHTUHEHTanHM obnacty,
CeBepHa Adpuka, CpeamsemHo mope, YepHo WU
Kacnuiicko mope, Kakto M 4yactu ot CeBepHus
ATNaHTMYEeCKM oOKeaH. Mpoab/iKUTeNHMAT aeduunT Ha
Ba/ZieXXn BOAM [0 Cylla, KOATO MPUYUHABA 3HAYUTENHU
MKOHOMMYECKM 3arybu B TOPCKOTO  CTOMAHCTBO,
3emefenIMeTo WU KMBOTHOBBACTBOTO. B  Bbarapwma
oTpUuUaTeNHUTE aHOMaZIMM Ha BanexXwute yseanyasaT
BEPOATHOCTTA OT MO-YECTU U WMHTEH3WMBHM CyLlUM, KaTo
OKa3BaT B/AMAHME BbPXY BOAHWUTE pecypcn w
3emefenckata npoaykuua. CrtpaHaTa e ocobeHo
YA3BMMAa KbM HapacTBallaTa YecToTa Ha Ccywute wu
CBbp3aHUTE C TAX  EKOJIOTMYHW, COUMANHU WU
MKOHOMMYECKN nocnenctsma. [lokato npeaxogHute
uscnenBaHMa  ce  GOKycupaT  OCHOBHO  BbPXy
nocieacTBmATa oT onacHuTe ABNEHUA,
naeHTMdULUMpaHeTo Ha NPUYMHHO-CNeACTBEHUTE
MexaHM3MM OCTaBa K/YOBO 3a nopobpaAsBaHe Ha
TAXHATa NPorHo3a. CKOpPOLWHM Npoy4YBaHUA NMOKA3BaT, ye
HaMaNIeHUAT NpeHoc Ha Bnara ot CpegMsemMHO mope e
OoCHOBeH @aKTop 3a Bb3HMKBAHETO Ha CywWM Ha
BankaHute (Gimeno-Sotelo et al., 2024). Uen Ha Tasu
paboTa e ga ce onpeaenn NPUHOCHT Ha U3TOUYHULM Ha
BNIAYKHM Bb3AYLUHU Macu, KOUTO ONpPesenaT BajexuTe B
bbarapua.

MeTtoponorus

B  HacToAWOTO  M3CneABaHEe  OKeaHCKUTe U
KOHTUHEHTaNHUTe Bb3AyWHM Macu 3a bbarapua ca
NMAEHTUOULMPAHN C NOMOLLTA Ha MoZesna 3a obpaTHu
Tpeaktopun FLEXPART, KoeTo no3BosifABa [AeTal/iHa
OLEeHKa Ha npousxoZa M ¢akTopuTe, onpeaensm
M3MEHYMBOCTTA Ha Banexute. M3nonssaHu ca rnobanHm
nosieTa Ha pas/nKaTa Mexay usnapeHuwe u Banex (E -
P), MHTErpupaHn No BepTUKANHUA aTMoCcdhepeH CTbnb,
3a npocneanaBaHe Ha Bb3AyLWHUTE Macu Hapg bbarapusa
Ao 10 gHn Hasag BbB BpemeTo, B CbOTBETCTBME CbC
CpeaHOTO Bpeme Ha MpecTod Ha BOAHMUTE napu B
atmocdepara.

Pe3syntatu

Pesyntatute 3a nepuoga 1980-2018 r. (¢pur. 1)
NMoKasBeaT, Ye BnaraTa Hag bbarapusa NnpousxoXKaa KakTo
OT KOHTWHEHTA/IHM, TaKa M OT OKEeaHCKU PEervoHMu:
EBpona (26%), CesepHa AdpuKa (17%), banTuiicko mope
(3%), YepHo mope (7%), Kacnuiicko mope (2%),
CpeamsemHo mope (30%) u CeBepeH ATNaHTUYECKM
oKeaH (16%). Bbnpeku ye CpeamsemHO Mope ocurypsBa
Han-ronam  gan  oOT  BAnaraTa, NOTBbPXKAABANKK
KAloYoBaTa My POAA B XMAPOKAMMATUYHUA PEXMM Ha
CTpaHaTa, MPMHOCHLT Ha OCTaHaAUTE M3TOYHMLM CbLUO €
CbLLULECTBEH M He bMBa Aa bbae npeHebpersaH.

EEENATL EENcas EEENAF [COeis EEEIMEDs [lcas [ EUR (b)

Purypa 1. PermoHun —n3TouHUUM Ha Bnara 3a bbarapwms.

Pe3syntatuTe nokaseart, ye 57% o1 obuwiata 3aryba Ha
Bnara Hag bbarapua ce ocbuectsABa OT Bb3AyLIHU
MacKu C oKeaHCKM npowusxog, (¢éwur. 2), kKato CpeansemHo
MOpEe M KOHTMHEHTA/NHWAT  pernoH, obxsalaly
LeHTpanHa u U3TouHa EBpona, ce oTKpOABaT KaTo HaW-
3HAYUMM U3TOYHULM.
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durypa 2. FlognweH LMKbA Ha Banexnte Hag bbarapua
(4epHa NMHUA) N OKEaHCKM (CUHU KONOHW) N KOHTUHEHTAIHU

(KadpaBM KONOHM) U3TOUHULM (NABO). O6W, NpUHOC B % Ha
B/1araTa OT OKEAHCKMN M KOHTUHEHTAIHWU U3TOYHULM (AACHO).
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Introduction

Continental precipitation variability is essential for
understanding climate system evolution. Global
warming has increased atmospheric moisture capacity
and altered circulation patterns, intensifying extremes
such as droughts and floods (Seneviratne et al., 2021).
Key moisture sources for Europe include surrounding
land areas, North Africa, the Mediterranean, Black and
Caspian Seas, and parts of the North Atlantic. Prolonged
precipitation deficits lead to drought, causing significant
economic losses in forestry, agriculture, and livestock.
In Bulgaria, negative precipitation anomalies increase
the likelihood of frequent and severe droughts,
affecting water resources and agricultural productivity.
The country is particularly vulnerable to rising drought
frequency and its ecological, social, and economic
impacts. While prior research has focused mainly on
impacts, identifying causal mechanisms remains critical
for improving predictability. Recent studies indicate that
reduced moisture transport from the Mediterranean is
a key driver of droughts in the Balkans (Gimeno-Sotelo
et al., 2024). More detailed national-scale analyses are
needed to clarify the role of all climatological moisture
sources influencing precipitation in Bulgaria.

Methodology

In this study, the oceanic and terrestrial moisture
sources for Bulgaria were identified using the
Lagrangian model FLEXPART, enabling a detailed
assessment of the origin and drivers of precipitation
variability and extreme events. Global fields of
evaporation minus precipitation (E - P) integrated over
the atmospheric column were employed to trace air
masses over Bulgaria up to 10 days backward in time,
consistent with the mean residence time of atmospheric
water vapour.

Results

The results for the period 1980-2018 (Fig. 1) indicate
that moisture over Bulgaria originates from both
continental and oceanic regions: Europe (26%),
Northern Africa (17%), the Baltic Sea (3%), the Black Sea
(7%), the Caspian Sea (2%), the Mediterranean Sea
(30%), and the North Atlantic Ocean (16%). Although
the Mediterranean Sea provides the largest share of
moisture, confirming its key role in the country’s

hydroclimatic regime, contributions from other sources
remain significant and should not be neglected.
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Figure 1. Moisture source regions for Bulgaria.

The results show that 57% of the total moisture loss
over Bulgaria occurs on air masses from oceanic origin
(Fig. 2), standing out the Mediterranean Sea and the
land region encompassing Central and Eastern Europe
as the most significant suppliers.
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Figure 2. Annual cycle of the precipitation over Bulgaria
(black line), and the moisture contribution to precipitation
from oceanic (blue bars) and terrestrial (brown bars) sources
(left). The total percentage of moisture contribution from
oceanic and terrestrial sources (right).
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BbBepgeHue

N3cnepBaHeTo Ha KAMMATa M HacTbnBawmTe NPoOMeHuU
M3UCKBA aHa/iu3, WHTepnpeTauus U Bu3yanumsauusa Ha
6bpP30 NPOMEHSWM ce U 0BEeMHM MPOCTPAHCTBEHMU
OaHHU. B TO31 KOHTEKCT reorpadckmte MHGOPMaLMOHHU

cuctemn  (TUC) ce yTBbpXKAABaT KaTo  K/O4OBa
TEXHONMOIMYHA niatdopma, KOATO MpenocTaBA  Ha
yYeHWTEe U  U3C/Nef0BaTeNMTE  Bb3MOXKHOCTM 33

MHTerpaumMa Ha pasHopoaHa WHdopmauusa, npuaaraHe
Ha CbBPEMEHHWU TEXHOOMMMU 33 NPOCTPAHCTBEH aHANU3
M TpaHchOpMMpaHe Ha HayyHUTe pesynTatu B
NPaKTUYECKN NPUIOKMMK 3HaHWA. HacToawmaT ob3op
pasrnexia CbBpeMeHHUTe TeHAEHLUMMU B KAMMATUUHUTE
uscnegBaHua ¢ QGoKyc Bbpxy AobpuTe npumepu OT
npaKkT1Kara.

MeTtoponorus

O630pbT CeE OCHOBABA Ha CMCTEMaTUYEH npernes u
aHaNM3  Ha  HayyHM nyb6AMKALMM, TEXHOJIOTMYHMU
[OKNnaan, nnathopmm U NPaKTUYECKU MPUIONKEHUA B
obnactta Ha KAMMATUYHWUTE wu3cnegBaHua ¢ TUC.
MoabopbT Ha U3TOUYHMUM € U3BBPLLEH C Lien obxBallaHe
Ha aKTya/HM pPaspaboTKM U YTBBPAEHU MPAKTUKY,
OoTpasaBalLm CbBpPEMEHHUTE TEHAEHUMM B
nm3nonseaHeto Ha [WUC TexHosnorMnm 3a aHanus,
mogenunpaHe (Hawchar et al., 2020) n Bu3yanmsaumsa Ha
KNMMATUYHM  npouecn. AHanu3bT Ha WM3TOYHMUMUTE
BK/IIOYBA KAKTO Hay4yHW U3CNenBaHUA, Taka U npumepw
oT npaktukata (GIS for Climate, 2026), KouTto
OEeMOHCTpupaT npunoxkeHneto Ha [UC B peanHu
n3cnefoBaTeNCKM U OMEePaTUBHU KOHTEKCTU.

B pamkuTe Ha o630pa ca pasrnefaHuM TemaTUyHuU
HanpaBAEHWA, CBBP3AHW C aHAAM3 U MOHWUTOPUHI Ha
3amMbpcABaHe C eMUCUMM, U3cefBaHe Ha MNpPUPOAHMU
6eACTBMA U EeKCTPEMHW ABJEHMA KaTo pesyntaT oT
KIMMATUYHUTE NPOMEHM, KaKTo M npunoxeHua Ha MNC
B OMNa3BaHETO W YMpPaBNEHMETO Ha OKOJIHaTa cpeja.
CneuunanHo BHUMaHMeE e OTAEeNEHO Ha M3NOA3BAHETO Ha
MHOFOMEpPHW AaHHKU, yeb KapTorpadCku NPUAONKEHUSA
(dwur. 1) n nnatdopmm, NPOCTPAHCTBEHN CUMYIALUN U
MEeTOAM Ha MaWWHHOTO Oby4YyeHWe W U3KYCTBEHWUS
MHTENEKT 3a OTKpPUMBaHe Ha 3aKOHOMEpPHOCTU U
nognomaraHe Ha WMHTepnpeTauMATa Ha KAMMATUYHUTE
npouecu.

durypa 1. Water Balance App — ye6 TUC npunoxkeHune 3a

Water Balance App | ik smwhers oo earth to es how the water balance i changing orer tme @

UCTOPUYECKO nNpocnegaBaHe Ha BOAHUTE 3anacn Ha NnaHeTaTa

Pesynrtatu n nussoamn

CbBpeMEHHUTE KAMMATUYHW U3CnenBaHWUA BCe MNO-
yecto pasuymTaT Ha TUC KaTo uHTerpupaHa naatpopma
3a MojenupaHe, WHTepnpetauuMa W BU3yasHO
npeacraBAHe Ha KOMMJIEKCHW KAUMATUYHKU npouecu.
OuepTaBaT ce ACHO U3pas3eHn TEHAEHLMM KbM paboTa ¢
ronemu obemu faHHWM BbB BPEMETO U NPOCTPAHCTBOTO,
KOMOMHMpaHe Ha WHPopmaLMA OT AUCTAHUMOHHM
M3cnefBaHMA U HaseMHW HabAlo4eHUs, KakTo MU
npunaraHe Ha MHOrOMepHU NOAXOAM.

HapactBa ¥ ponaTa Ha MaLWMHHOTO obyyeHue W
n3KycTeeHna uHtenekt B NMC cpepa 3a oTKpMBaHe Ha
3aKOHOMEPHOCTU, KnacubuKauma u noarnomaraHe Ha
NPOrHO3HM oueHKMU. MpeactaBeHnTe A06pU Npumepun oT
NpakTMKaTa MNOTBbPXKAABaT esoawumAata Ha TUC ot
MHCTPYMEHT 3a KapTorpadcka Bu3yanusauma KbMm

aHaUTMYHA W NporHosHa nnaTtdopma C BMCOKa
npakTnyecka MPUIOKNMOCT B KAMMaTUYHUTE
nscnenBaHums.
Jlutepartypa
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Introduction

The study of climate and ongoing climate change
requires the analysis, interpretation, and visualization of
rapidly evolving and large-volume spatial data. In this
context, Geographic Information Systems (GIS) have
become a key technological platform, providing
scientists and researchers with capabilities for
integrating heterogeneous data, applying advanced
analytical techniques, and transforming scientific results
into practically applicable knowledge. This review
examines recent trends in climate research with a
particular focus on good practice examples
demonstrating the role of GIS technologies.

Methodology

The review is based on a systematic examination
and analysis of scientific publications, technological
reports, platforms, and practical applications related to
climate research using GIS. The selection of sources
aims to capture recent developments and established
practices that reflect current trends in the use of GIS
technologies for the analysis, modeling (Hawchar et al.,
2020), and visualization of climate processes. The
reviewed materials include both scientific studies and
practice-oriented examples (GIS for Climate, 2026),
illustrating the application of GIS in real research and
operational contexts.

The review addresses thematic areas related to the
analysis and monitoring of emissions-related pollution,
the study of natural hazards and extreme events as
consequences of climate change, and the application of
GIS in environmental protection and management.
Particular attention is given to the use of
multidimensional data, web-based cartographic
applications (Fig. 1), and geospatial platforms, as well as
spatial simulations and machine learning and artificial
intelligence methods for pattern detection and
improved interpretation of climate processes.

Water Balance App | ek smwhers o earth to s6s how he witer balance i changing ovsr e @

Figure 1. Water Balance App —a web GIS application
for historical monitoring of global water resources

Results and conclusions

Contemporary climate research increasingly relies
on GIS as an integrated platform for modeling,
interpretation, and visual representation of complex
climate processes. Clear trends can be observed toward
working with large volumes of spatio-temporal data,
integrating information from remote sensing and in situ
observations, and applying multidimensional analytical
approaches.

The role of machine learning and artificial
intelligence within GIS environments is also growing,
particularly for pattern recognition, classification, and
support of predictive assessments. The reviewed good
practice examples confirm the evolution of GIS from a
cartographic visualization tool into an analytical and
predictive platform with high practical relevance for
climate research.
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BvBegeHue

Mpe3 nocnegHuTe peceTunetMs ce  Habawaasa
HapacTBaHe Ha 4YecToTaTa U WMHTEH3WUTETa Ha OnacHuTe
METEOpPOJIOTUYHN  AAIBNEHUA, KAaTO HABOAHEHUA WU
EeKCTPeMHM BanexKu. EANH OT OCHOBHUTE MEXaHW3MM 3a
NpeHoc Ha rosemu Kosudectsa aTtmocdepHa Bfara ca
T.Hap. atmocdepHU pekn (Atmospheric rivers, AR). Te
npeacTaBnAABaT TECHUM W AbATM 30HU C MHTEH3UBEH
XOpU30HTaNeH NpeHoc Ha BoAHa napa. AR ca pobpe
m3cnenBaHM B perwoHu Kato 3anagHa Espona wm
CeBepHa AMepMKa, HO ponsATa MM 33 EKCTPeMHUTe
Banexun B OromstouHa EBpoma wu no-cneumpanHo B
Bbarapua octaBa cnabo npoy4veHa. WHTerpupaHuaT
npeHoc Ha BoAHa napa (Integrated vapour transport,
IVT) e KAw4yoB  AMarHocTMYeH napameTbp  3a
MAEHTUPUKAUMA W aHanNM3 Ha aTMochepHUTe peKwu.
HactoAwoTo u3cnepBaHe wMma 3a uUen Aa W3roTeu
nbpBata AbArocpovyHa Kaumartonorua Ha IVT 3a
BbarapMa M Aa  aHaAM3Mpa  KOHKPETHO  OnacHo
METEOpPOIONMYHO ABAEHME npe3 Hoemspu 2023 r.

Metopaonorusa

M3nonssaH e atmocdepeH peaHanus ERAS5 3a
nepnoga 1994-2023 r. IVT e wu3uncneH Ha 6asa
cneunduyHa BAAXKHOCT U KOMMOHEHTU Ha BATbpa Ha 10
nmsobapHmM HuBa (1000-50 hPa) n e npocTpaHCTBEHO
ocpegHeH 3a TepuTopmATa Ha bbarapua. AHanmsnpaHu
Ca KAMMATONIOTMYHUTE CTOMHOCTU U aHOManuute npes
2023 r. UN3bpaHO e onacHo aTMochepHOo ABMEHWE Ha
4 HoemBpu 2023 r., 32 KOETO Ca pasriefaHn No4Yacosu
aHomanun Ha IVT n gaHHu ot KaTanora EDARA (Mo,
2024).

Pesynrtatu n nssoaun

IVT Hag Bbarapua nokasga ACHO M3pa3eH Ce30HeH
LUMKBbA C NeTeH MaKCUMYM U 3UMMeH MUHUmMym. lpe3
2023 r. ce HabnwogaBaT 3HAYUTENHU MONONKUTENHU
aHomanunu, ocobeHo npes eceHTa.

Cvbutneto ot 4 HoemBpu 2023 1. e CBBP3AHO C
nobpe peduHMpaHa atmocdepHa peka, npeHacawa
Bfara OT ATnaHTM4Yeckna okeaH u CpegmsemHO mope
KbM bankaHute. MNonyyeHuTe pesyntatu nogyveprtasar
3HaYeHMEeTO Ha aTMOCPepHUTE PeKU 3a eKCTpemMHUTe

BaJieXM M noteHumana Ha IVT Kato AnarHocTuMyeH
MHCTPYMEHT B ONepaTUBHOTO NporHosmpaHe. NoapobHo
onucaHMe Ha  M3C/NeABAHETO €  HanpaBeHo B
nybavkaumaTa Ha Kostashki et al. (2025).

Jlutepartypa

Kostashki, B., M. Hadzhiev, G. Guerova. Integrated
Vapour Transport Climatology 1994-2023 and a
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Introduction

Recent decades have been characterized by an increase
in both the frequency and intensity of hazardous
meteorological phenomena, including floods and
extreme precipitation events. A primary mechanism
responsible for the transport of large quantities of
atmospheric moisture is associated with so-called
Atmospheric Rivers (ARs). These are narrow, elongated
corridors of enhanced horizontal water vapour
transport. While ARs have been extensively studied in
regions such as Western Europe and North America,
their contribution to extreme precipitation in
Southeastern Europe, and particularly over Bulgaria,
remains insufficiently explored. Integrated Vapour
Transport (IVT) is a key diagnostic variable for the
detection and analysis of ARs. The objective of this
study is to establish the first long-term IVT climatology
for Bulgaria and to examine a hazardous meteorological
event that occurred in November 2023.

Methodology

The study is based on the ERA5 atmospheric
reanalysis dataset for the period 1994-2023. IVT was
computed using specific humidity and wind components
at 10 isobaric levels (1000-50 hPa) and subsequently
spatially averaged over the territory of Bulgaria.
Climatological characteristics and anomalies for 2023
were analyzed. A hazardous atmospheric event on 4
November 2023 was selected as a case study, for which
hourly IVT anomalies and information from the EDARA
catalogue (Mo, 2024) were evaluated.

Results and conclusions

IVT over Bulgaria exhibits a well-defined seasonal
cycle, with a summer maximum and a winter minimum.
The year 2023 is characterized by pronounced positive
anomalies, particularly during autumn.

The event of 4 November 2023 is associated with a
clearly defined atmospheric river transporting moisture
from the Atlantic Ocean and the Mediterranean Sea
toward the Balkan Peninsula. The results emphasize the
critical role of atmospheric rivers in generating extreme
precipitation and demonstrate the potential of IVT as
a diagnostic tool for operational forecasting. A
comprehensive description of the study is provided in
Kostashki et al. (2025).
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Ce30HHA NABTHOCT HA MbJ/IHUUTE NO CeBepHaTa, U3TOYHATA, IOXKHATa U 3anaaHarta

KpanbperkHa 30Ha Ha YepHO mope Bb3 OCHOBA Ha AaHHM oT ZEUS (2005-2024 r.)
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BvBegeHue
M3cnenBaHeTo Ha pasnpefeneHUeTo Ha MbJHUUTE HAfg
KpalbperKHUTEe 30HW € OT CbLECTBEHO 3HayeHWe 3a
pasbupaHeTo Ha AWHAMMKaTa Ha [PbMOTEBUYHUTE
061auM B NPeXoAHUTE CyLa—MOpe PEervoHu.

3apaya Ha HacToAwaTa paboTa e Aa ce M3BbLPLUM
pernoHaneH aHa/u3 Ha NPOCTPAHCTBEHOTO U BPEMEBOTO
pasnpegeneHne  Ha  MbAHUMUTE  Hag,  YeTupuTe
Kpalbpe)KHM 30HM Ha YepHO Mope — ceBepHa
(kparbpexxkneto c YkpaliHa u Kpum), natouHa (c Pycusa u
lpy3us), woxHa (c Typuma) u 3anagHa (c Bbarapus wm
PymbHUMSA). M3cneaBaHeTo € HAaCOYEHO KbM onpeaensiHe
Ha TrOAMILUHMA, CE30HHUA W [AEHOHOWHMA Xoh Ha
NABLTHOCTTAa HAa MbAHUUTE HaA Te3n 06/1acTh U KbMm
M3BbPLUBAHE HA CPaBHEHME MeXAy MIbTHOCTTA Ha
MbB/IHUMTE HAA OTAENHWUTE KpanbpexHW 30HWU C uen
paskpuBaHe Ha  XapakTepHWTe  ocobeHoCTM B
rPbMOTEBMYHATA aKTUBHOCT HAZA Pas3/IMYHUTE YacTu Ha
YepHOMOpPCKOTO Kpanbpexue.

MeTtoponorua

M3non3saHu ca AaHHM 32 MbaHMKUTe 33 20-roanLleH
nepuog, (2005-2024) oT eBponeickaTa HazemHa Mpesa
ZEUS, ynpasnasaHa oT HauuoHanHaTa obcepBatopus B
ATMHA. YepHOMOPCKOTO Kpanbpexme e YCAOBHO
pasgeneHo Ha YeTUpU 30HM — ceBepHa (KpalibpekmeTo ¢
YKpaiiHa u Kpum), ustouHa (c Pycua u Mpysus), toxHa
(c Typuua) n 3anagHa (c bbarapua n PymbHMA), KaTo
BCSAKa BK/tOYBa KpanbperkHa neuua ot 25 go 50 km kbm
cywara u KbMm mopeto. lNopaan pasnnyHaTta naoL, Ha
30HUTE [OMPEKTHOTO CpaBHEeHMe Ha 4ecToTata Ha
perncTtpmpaHuTe MbAHUM He e NpeacTaBuUTeNHo, 3aToBa
33 BCAKA 30HAa € U34MUCNeHa NABTHOCT Ha MbAHUUTE,
M3paseHa Kato 6poii MbAHUK Ha KBagpaTeH KMOMETHP
32 CbOTBETHMA BpeMeBM UWHTepBan. AHanu3bT e
HanpaseH 3a roauLleH, Ce30HeH U 3-4acoB AEHOHOLEeH
BpemeBu mawab.

Pe3yntatu u ussogm

AHanNM3bT Ha roAMLIIHATa MNABTHOCT Ha MbAHUUTE
(pur. 1, ropeH naHen) noKasBa  U3paseHU
NPOCTPaHCTBEHMU pasauumMa  mexay — OTAenHuTe
KpanbperKHM 30HM, KaTO HaW-BMCOKA MIBTHOCT Ha
MbJHUUTE ce oTuuTa Hag WM3TouyHoTOo YepHomMoOpcKo
Kpanbperkue, cnegsaHo oT KOXKHOTO 1 3anagHoTo, a Ha-
cnaba rpbmMOTEBMYHA aKTMBHOCT ce HabiogaBa Hap,
CeBepHaTa 30Ha.

AHaNM3bT Ha Ce30HHATa MABTHOCT Ha Mb/HUUTE
(dbur. 1, poneH naHen) paskpuBa, 4Ye 33 BCUYKK

KpanbpeXHN 30HU NATOTO e MepuoabT C MaKCMMasnHa
NABTHOCT HAa Mb/IHUUTE, A NPe3 3MMaTa MbJ/IHUM NOYTU He
ce Habnoaasar.

Period 2005-2024 years
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durypa 1. FlopeH naHen — roguLwHa NABbTHOCT HA MbJIHUKUTE
(6p. mbHUKN/km?2) 3a 20-roguwweH nepuog, 2005-2024 .,

W [,0NEeH NaHen — Ce30HHa NABTHOCT Ha Mb/IHUUTE
(6poit mbaHKMM/km?) 3a 4eTupuTe paitoHa Ha YepHOMOPCKOTO
Kpaibpexue: CeepHoTo — North (U_C) — cMHUM KONOHM,
M3To4HOTO — East (G_R) — 3eneHun KonoHu, KOHOTO —
South (B_R) — opaHxeBu KoMoHK, 1 3anagHoTo — West (B_R) —
KbATU KONIOHM

CpaBHfBallkKM MNABTHOCTTA Ha MbJIHMUTE Mpe3
NPexoAHUTe Ce30HW — NPONET U eceH, ce Habawoaasar
perMoHasHn pasnnuuaA. 3a M3TOYHATa M tOXKHaTa 30HA
NABTHOCTTA Ha MbB/IHUMUTE MpPEe3 eceHTa e No-BUCOKa OT
Tasu npe3 NposieTTa, 3a CeBepHaTa 30Ha Ce pa3KpuBa
obpaTHaTta 3aBMCMMOCT, [AOKaTO 3a 3anafHoTo
Kpaibpexkme pasivka NoYTH HAMa.

KpaltbpeXXHUAT perMoH ¢ MakcMmanaHa NAbTHOCT Ha
MbJIHUMTE Copes Ce30Ha Ce NPOMEHA; Npes3 npoJsieTTa
ToBa e 3anagHoTo YepHOMOpPCKO Kpaihbperkue, npes
NATOTO M 3MMaTa e M3ToYHOTO, a Npes eceHTa — KOXKHOTO.

Tesu pe3ynTatu nofcKasearT, ye ocBeH
LWIMPOKOMALLAObHUTE aTMOChEPHM MPOLLECU NOKaNHWUTE
atmochepHM ycnosua, oporpadcknute 0cobeHocTy,
KOHTPacTbT CylWwa—mope MoraT J[a OKa3BaT CUJHO
B/NAHME BbPXY CE30HHATA AMHAMMKA Ha YecToTaTta Ha
MbJIHUUTE.
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coastal zones of the Black Sea using ZEUS system data (2005-2024)
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Introduction

The investigation of lightning distribution over coastal
zones is of essential importance for understanding the
dynamics of thunderstorms in transitional land—sea
regions.

The objective of the present study is to carry out a
regional analysis of the spatial and temporal distribution
of lightning over the four coastal zones of the
Black Sea — northern (the coasts of Ukraine and Crimea),
eastern (Russia and Georgia), southern (Turkey), and
western (Bulgaria and Romania). The study aims to
determine the annual, seasonal, and diurnal variation of
lightning density in these areas and to perform a
comparison of lightning density among the individual
coastal zones, in order to reveal the characteristic
features of thunderstorm activity across different parts
of the Black Sea coast.

Methodology

Lightning data from the European ground-based
network ZEUS, operated by the National Observatory of
Athens, were used for the 20-year period 2005-2024.
The Black Sea coastline was conditionally divided into
four zones — northern (Ukraine and Crimea), eastern
(Russia and Georgia), southern (Turkey) and western
(Bulgaria and Romania), each including a coastal belt
extending 25 to 50 km inland and offshore.
Due to the different areas of the zones, a direct
comparison of the number of lightning flashes is not
correct; therefore, lightning density, expressed as the
number of flashes per square kilometer for a given time
interval, was calculated for each zone. The analysis was
performed on annual, seasonal, and 3-hour diurnal time
scales.

Results and conclusions

Analysis of annual lightning density (Fig. 1, upper
panel) reveals pronounced spatial differences among
the coastal zones, with the highest density over the
Eastern Black Sea coast, followed by the southern and
western zones, and the lowest over the northern zone.

Analysis of seasonal lightning density (Fig. 1, lower
panel) indicates that summer has the highest lightning
activity across all coastal zones, while lightning is nearly
absent during winter.

Comparing lightning density in spring and autumn
reveals distinct regional differences. In the eastern and
southern zones, lightning density is higher in autumn
than in spring, while it is vice versa in the northern zone;

in the western coastal zone the difference between the
two seasons is negligible.
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Figure 1. Upper panel — annual lightning density (flashes/km?)
for the 20-year period, 2005-2024; lower panel — seasonal
lightning density (flashes/km?) for the four Black Sea coastal
zones: Northern — North (U_C) — blue bars, Eastern —

East (G_R) — green bars, Southern — South (B_R) — orange bars,
and Western — West (B_R) — yellow bars

The coastal region with the maximum lightning
density changes with the season: in spring it is along the
Western Black Sea coast, in summer and winter along
the Eastern coast, and in autumn along the Southern
coast.

These results suggest that, in addition to large-scale
atmospheric processes, local atmospheric conditions,
orographic features, and land—sea contrast can have a
strong influence on the seasonal dynamics of lightning
frequency.
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BbvBepgeHue

B MHOro wuscnegBaHua, CBbP3aHM C  KAMMATa,
pernoHanHuTe KAMMaTuiHU mogenm (PKM) ce
M3Moa3BaT YeCcTo KaTo ¢M3MYECKM CbAbprKaTeNHM
MHCTPYMEHTM 3a Te/NIecKonu3auma Ha JaHHuTe OoT
rnobanHuTe KanmatudHu mogenu (FKM) gmo no-
MajsKM  NPOCTPAHCTBEHM  Mawabu ¢  orneg
npepgoctaBaHe Ha  no-nogpobHa  perMoHanHa
nHpopmaums. Pesyntatute ot cumynaummute ¢ PKM
obaye moraT fa CbAbp}KaT ronemum CUCTEMATUYHM
OTK/IOHEHMA cnpaMo HabopuTe OT fJaHHM  OT
HabnoaeHna, npuetn Kato pedepeHTHU. [pes
nocnegHute  pecetunetms  b6Axa  Cb3gageHu
aNropuTMM 33 MUHUMMU3UPAHE W KOPUTMpaHe Ha
TE3N OTKNIOHEHUA KAaTO WM3TOYHWLUM HA TPELIKM B
nocseaBalinuTe BEPUrM Ha MoAennpaHe, BbMPeKn
HAKoOW KpuTuku (Teutschbein and Seibert, 2012).
MpoBeneHOTO OT MHOrO M3c/aeAoBaTeNn OueHABaHe
Ha eQdeKTMBHOCTTA Ha pPas/IMYHU  KOPEKLMOHHM
npoueaypu B YCNOBUATA Ha MPOMEHALL ce KaumaT
nokasa, 4ye metoguTe, 6a3MpaHn Ha CTaTUCTUYECKOTO
pa3npegeneHne, NPeBb3XOXKAAT BCUYKM OCTaHaNu
npoy4yeHun TexHukn (Teutschbein and Seibert, 2012;
Themell et al., 2012).

OCHOBHa 33ja4a Ha HAcTOALWOTO M3cnefBaHe e
Aa oueHu aobaBeHaTa CTOMHOCT Ha KOpPeKuuATa Ha
CMCTEMHOTO OTKJ/IOHEHME Ype3 HOBOYCBOEHMA METOS,
Ha KBaHTMAHO AenTa KapTupaHe (aHra.: quantile
delta mapping, QDM), KOITO e OCHOBaH Ha
CTAaTUCTUYECKOTO pasnpeseneHne Ha KopurupaHaTta
Be/IMYMHA, NofobpeHMe Ha LUMPOKO W3MON3BAHOTO
KBaHTW/AIHO KapTupaHe (aHrn.: quantile mapping,
QM) (Cannon et al., 2015).

MeTtoponorus

QDM e npuaoxeH BbpXy NbpBUYHUTE AAHHM 33
OHeBHaTa MWHUMANHa, cpeAHa M  MaKCMManHa
TemnepaTtypa, KakKToO M cyma Ha Banexwute ot 14
KombuHauum ot gsumxewm N’KM n PKM oT npoekTa
EURO-CORDEX 3a nepuoga 1976-2005 r. Hag
lOronstouHa EBpona. Hue wusnonssame Habopa
AaHHK oT peaHanu3 ERA5-Land kaTto pedepeHTeH.

Pe3syntatm u ussoau

B cboTBETCTBME C MPEAULIHN OTKPUTUA HA APYrY
aBTOpPM, HME TMOKa3Bame, Ye KOpeKuuATa Ha
CUCTEMHOTO  OTKNOHeHMe ¢ QDM  Hamansaea
OTK/IOHEHUATA B MHOrorogmwHuTe cpeaHu
CTOMHOCTM  Ha  CpeaHuTe, MUHUMANHUTE U
MAKCUMANHUTE OHEBHW Temnepatypu C A0 eAuH
nopsaabK. CreneHTa Ha HamMansABaHe Ha
OTK/IOHEHWMETO 32 MHOroroguMLlHaTa cpefiHa cyma Ha
Ba/ie}ka e MNno-majika, HO BCe TaKa 3HauyuTenHa. Tesu
npegBapuUTeHM pe3ynTaT MoraTt Aa ce OLEeHAT KaTo
MHoroobeLlaBaLu.

bnarogapHoctu: W3cnepBaHeTo e OCbLECTBEHO
M3UAN0 CbC CBOBOAHO  AOCTBMNHU  J3HHU U
NPorpamMH1 cpeacTBa M 3aToBa aBTOpPUTE WM3Ka3BaT
61aro4apHOCTUTE CU KbM BCUYKMN UHCTUTYLIMW, KOUTO
 npepoctaat (ECMWF, nbpBuyHn TKM/PKM
cbeTasuTenu, Copernicus CDS, MPI-M). U3KasBame u
cneumnanHu 6narogapHoctu kbm B. T. Schwertfeger
33 CbTPYAHUYECTBOTO.
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Introduction

In many climate-related studies, regional climate
models (RCMs) are commonly used as physically
consistent tools to downscale large-scale global
climate model (GCM) data to smaller scales and to
provide more detailed regional information. The
results from the RCM simulations, however, can
exhibit large systematic biases relative to
observational datasets, accepted as reference. In
recent decades, bias correction (BC) algorithms have
been created to minimize and correct these biases
as sources of error in subsequent modelling chains,
despite criticism (Teutschbein and Seibert, 2012).
The evaluation of the effectiveness of different
correction procedures under varying climate
conditions, conducted by many researchers, has
shown that statistical distribution-based methods
outperform all other investigated techniques
(Teutschbein and Seibert, 2012; ThemeRI et al.,
2012).

The goal of the present study is to evaluate the
newly adopted BC method quantile delta mapping
(QDM)  which is distribution-based method,
improvement of the widely used quantile mapping
(Cannon et al., 2015).

Methodology

QDM is applied on the primary output for the
daily minimum, mean and maximum temperature as
well as precipitation sum from 14 combinations of
driving GCMs and RCMs from EURO-CORDEX project
for the period 1976-2005 over Southeast Europe. As
reference we have used the ERA5-Land reanalysis
dataset.

Results and conclusions

Consistent with previous findings of other
researchers, we show that bias correction with QDM
reduces the biases in the multiyear mean minimum,
mean, and maximum temperatures by up to one
order of magnitude. The degree of reduction of the
bias of the multiyear mean sum of the precipitation
is smaller but still significant. These primary results
could be judged as very promising.

Acknowledgements: This study is based entirely on
freely accessible data and software, we express our
gratitude to all institutions that provide them
(ECMWF, primary GCM/RCM  contributors,
Copernicus CDS, MPI-M). Special thanks to B. T.
Schwertfeger for the cooperation.
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BvBegeHue

HactoAwoTo u3cneaBaHe vma 3a Uen ga npeacTasu
obobuweHa xapaKTepucTMka Ha reorpadckute U
KAMMATUYHUTE OCOBEHOCTM Ha aAMMHUCTPATUBHUTE
06s1acTM B CTpaHaTa, KaTo Ce OTKPOABAT OCHOBHUTE
pPerMoHanHU pasanumMa UM 3aKOHOMepHocTn. To e
6asMpaHoO Ha pe3ynTaTUTe OT NbpBaTa roAMHA Ha
M3NbAHEHWE HA HAy4YeH MPOEKT, WHUUUWMPAH oOT
M3roTBSHETO Ha HOBMUTe 06nacTHM nnaHoBe 3a
HamasnnaBaHe Ha PWUCKa OT 6eAcTBUA 33 HyXKAWUTE Ha
MWHWUCTEPCTBOTO Ha BbTPELWHUTE paboTn — [naBHa
avpekuma ,MoxapHa 6e3onacHOCT M 3aWMTa  Ha
HaceneHneTo“. B Tasu Bpb3Ka Ca W3roTBEHWM HOBMU
KAMMATUYHU XapaKTEPUCTUKM 3a BCUYKM
aAMUHUCTPATUBHU 0bnacTu.

MeTtoponorus

MN3cnepBaHeTo e 6asMpaHo Ha 0606LUEeH aHanu3 Ha
reorpadCckuTe U KAMMATUYHWUTE XapPaKTEPUCTMKM Ha
BCUMYKM  aAMMUHUCTPATUBHM obnactm B  Bbarapwma.
M3nonssaHW ca HOpMUTE, NPECMETHaTM MO CTaHZapTUTE
(WMO 1203, 2017) Ha CBeToBHaTa METEOPONOrMYHA
opraHusaums (CMO), OT BCUYKM BanexkomepHu U
KAMMATUYHU METEOPO/IONMYHM CTaHUMM 3a nepuoga
1991-2020 r. Ha TeputopmaTa Ha Penybnuka bbarapwms.
M3BbplleH e eKcnepTeH KOHTPOJ Ha KayecTBOTO Ha
JaHHUTe. 33 N/OWHO NpeacTaBAHe Ha pesynTatute ce
m3nonssat QGIS 1 cTaTucTUYeckmn metoam.

Pe3syntatu u ussoau

MN3cnegBaHu ca meceyHuTe CpedHW, MaKCUMaIHU U
MUHUMAZNHM Temnepatypu Ha Bb3AyXxa, Cyma Ha
BasIeXKUTe, OBPOM AHW CbC CHEXXHa NOKPWUBKA, cpeaHa U
MaKCMMasIHa CKOPOCT Ha BATbPa M YacoBe C/bHYEBO
rpeeHe, KakTo M UCTOPUYECKUTE eKCTPeMyMM 3a BCAKa

06nacT, C UuUen OTKposBaHe Ha AOMMHMpaLUTE
TEHAEHUMM M TUNOBE  KAMMATMYHM  YC/IOBMA.
PaspaboTeHn ca  CTaHAAPTU3UPAHW  KAMMATWUYHM

CMpPaBKM 33 BCUYKM ALMWMHUCTPATMBHWM obnactm B
bbarapuAa. Te BKAKOYBAT aHaAM3 HA OCHOBHMUTE
KNMMATUYHU eNleMeHTU N GaKTopU, KPUTUYHM 33 OLLEHKA
Ha PernoHasHUA KAMMATUYeH PUCK. M3non3BaHeTo Ha
Hal-aKTyaNHMA  KaumatudeH nepuwog  (1991-2020)
rapaHTMpa, 4e CrpaBKMTe OTPas3ABaT CbBpPeMeHHUTe
TEeHAEHUMU B U3MEHEHMeTO Ha KAMMmaTa, KOUTo ce
cbrnacysart ¢ pesyntatute B MapuHoBa u boyesa (pega.,

2023), KoeTo e OT CblLLEeCTBEHO 3HaYeHWe 3a CeKTopw
KaTo 3emefesnive, eHepreTUKa M ynpasieHne Ha KpUsu.
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3a ocurypsBaHe Ha NyB/AMYHOCT U MPUIOKHOCT Ha
pesyntatute paboTaTta npes cnengallata roguHa Lie ce
doKycmpa Bbpxy Cb3faBaHe Ha MHTEPaAKTMBHA KapTa Ha
Bbarapua, KoATO Aa BM3yanusuMpa KAUMATUYHUTE
XapakTepucTukn no obnactu. C nyb6auvKyBaHeTO Ha
KapTata M CchpaBkuMTe Ha OOMLMANHMA CalT Ha
HauuMoHanHMA  MHCTUTYT N0 MEeTeoposiorMs U
XUAPONOrMA Ce OCbllecTBABa ObOLWECTBEH A0CTbN 3a
MHCTUTYLMU, CNEeLMANNCTU U TPaXKaAHM.

Nurtepatypa

WMO 1203, WMO Guidelines on the Calculation of
Climate Normals (2017), 20 pp., Chairperson,
Publications Board, ISBN 978-92-63-11203-3.

MpomeHAWMAT ce Kammat Ha bbarapua — JaHHUM U
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Introduction

The present study aims to provide a comprehensive
overview of the geographical and climatic
characteristics of the administrative regions of the
country, highlighting the main regional differences and
spatial patterns. The research is based on the results
obtained during the first year of implementation of a
scientific project initiated in response to the
development of new Regional Disaster Risk Reduction
Plans for the needs of the Ministry of Interior — General
Directorate “Fire Safety and Civil Protection”. In this
context, updated climatic characteristics have been
developed for all administrative regions of the country.

Methodology

The study is based on a comprehensive analysis of
the geographical and climatic characteristics of all
administrative regions in Bulgaria. Climate normals
calculated in accordance with the standards of the
World Meteorological Organization (WMO No. 1203,
2017) were used, covering the period 1991-2020. The
dataset includes observations from all precipitation and
climatological meteorological stations across the
territory of the Republic of Bulgaria.

Expert data quality control has been performed.
QGIS and statistical methods are applied to present the
results.

Results and conclusions

Monthly average, maximum and minimum air
temperatures, precipitation amounts, number of days
with snow cover, average and maximum wind speed
and hours of sunshine, as well as historical extremes for
each area were studied, in order to highlight the
dominant trends and types of climatic conditions.
Standardized climatic reports were developed for all
administrative areas in Bulgaria. These reports include
an analysis of the main climatic elements and
controlling factors that are critical for assessing regional
climate risk.

The use of the most recent climate reference period
(1991-2020) ensures that the reports reflect
contemporary climate change trends, consistent with
the findings presented in Marinova and Bocheva (eds.,
2023). This is of substantial importance for sectors such
as agriculture, energy, and disaster risk management.
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Figure 1. Example of precipitation and temperature changes
for Dobrich region.

To ensure the publicity and applicability of the
results, the work next year will focus on creating an
interactive map of Bulgaria that will visualize the
climatic characteristics by region. By publishing the map
and the reports on the official website of the National
Institute of Meteorology and Hydrology, public access is
provided for institutions, specialists and citizens.
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BbBeaeHue

HactoAwoTo wu3cneaBaHe pasrnexga CbBpPeMEeHHUTe
TeHAEeHUMMN B NPOoABaTa Ha I@HOHOLLMA C TPONMUYHU HOLLM
B bvarapua 3a nepuoga 1961-2025 r. WHAeKCHT
,TponunyHa How” (TN) ce aepuHUpa KaTo AeHoHoWMe, B
KOETO MWHMMaNHaTa TemnepaTypa Ha Bb3dyxa e
no-BMcoKa mau pasHa Ha 20 °C (Bnackos, 2017). Tosu
noKasaTen e 4acT OT 27-Té OCHOBHU KJINMMATUYHMU
MHAeKca Ha ETCCDI (Expert Team on Climate Change
Detection and Indices) U e WWPOKO M3MNo/3BaH B
MeXKAyHapoAHaTa NPaKTMKa KaTo HaeXaAeH UHAMKATOP
3a 3aTONNIAHETO Ha KMmaTa.

MHOKecTBO M3cneABaHWA B Pa3iMYHM 4acTUM Ha
EBpona 1 cBeTa ycTaHOBABAT YCTOMYMBA TEHAEHLMA KbM
yBe/NM4YaBaHe Ha OpoA Ha TPOMWYHUTE HOLLM, KAKTO U
paswupABaHe Ha Nepuofa Ha TAXHaTa MPoOfABa M3BLH
TPAAMUMOHHUTE NIeTHU Meceun. 3a TepuTopuAaTa Ha
bbarapua ueneHacoyeHM aHanM3M ca MNPOBEXAAHU
BbpXYy orpaHuyeH 6poi ctaHumn (Bnackos, 2017; Martes,

2019), KaTo HacToOAWOTO M3CNeABaHe npeanara
no-AbAbr  BpemeBuM 06xBaT W aKTyanusaums Ha
pesyntature.
MeTtoponorua

AHanM3bT e M3BbplWeH Ha 6asata Ha AaHHM OT
M3MepBaHUATA B OCEM CUHONTUYHM CTaHLMM B Bbarapusa
(BuauH, Jfloseuy, Pasrpag, BapHa, Codus, CnuseH,
CaHZaHCKM 1 Kbpaxanu), o6xBawaliM pPasanyHK
du3nkoreorpadckn pamMoHU U XMNCOMETPUYHM MOACHK.
HabntoaeHnaTa ce M3BBPLIBAT CbIIACHO M3UCKBaHMATA
Ha CBeToBHaTa MeTeopoiorMyHa opraHusaums (WMO) u
Ca  CTaHAAPTU3MPAHW  criopes,  MexAyHapoaHuTe
pbkoBoacTea Guide to Meteorological Instruments and
Methods of Observation (WMO-No. 8).

MuHUManHata Temnepatypa (Tmin), n3nonssaHa 3a
M34nCNABaHE Ha MHAEKCa ,TPONUYHa How“, ce oTuMTa
Ypes MMHMMaNEeH TEPMOMETBP, KaTO METEOPOJIOTUYHUTE
OaHHM ca MOMyYeHUM OT HaUMOHANHATa CUMHOMNTMYHA
MpeKa Ha HauuoHanHWA MHCTUTYT MO METEoPOIorUs U
Xvaponorus.

Pe3syntatu u nssogm

Pe3syntatute OT aHanms3a 3a nepuoga 1961-2025 r.
NMoKa3BaT ACHO M3pa3eHM MPOCTPAHCTBEHM Pa3/ivumAa B
6poA Ha TPOMWYHUTE HOWM Ha TepuTopuATa Ha
uscnefBaHuTe ocem cTtaHumu B Bbnrapus. Han-BUCOKM
CTOMHOCTU Ca PerucTpmpanHu B ctaHums BapHa (1362 obuy,
6poli gHu), cneaBaHa ot ctaHumsa CaHpaHcku (1288).
Hait-manbk 06wy, 6poit e otyeTeH B cTaHuua Codus (76),
KOETO MNOTBbPXKAAaBa 3HAYEHMETO Ha HagmMopcKaTa

BMCOYMHA KATO OCHOBEH KAMMaToobpasysaly dakTop.
MposBaTa Ha TPOMWYHA HOLW, 33 TepuTopMATa Ha
Bbarapua e Bb3mMOXKHa Npes neprmoaa MapT—OKTOMBPU U
ce cayysa npu  cneumoUYHM  CUMHOMNTUYHM U
dusmKoreorpadckm ycnosus " QHTPOMNOreHHM
Bb3aencTeua. Mpes nocnegHnTe 5 rognHu ce Habaoaaea
CKOKOBpa3HO yBe/MyaBaHe Ha TO3M NoKasaTesl, KaTo 3a
MHOFO CTaHUMM Ca OTYETEHU PEKOPAHO BUCOK Hpoit
TPOMWYHM HOLM 33 rogMHaTa.
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®Purypa 1. CpaBHeHMe Ha roauieH 6poi TPOMUYHN HOLM
B rpagoseTe CaHaaHcku n Codus 3a nepnoaa 1961-2025 .
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Introduction

The present study examines modern trends in the
occurrence of tropical nights in Bulgaria for the period
1961-2025. The “tropical night” (TN) index is defined as
a day when the minimum air temperature is equal to or
higher than 20 °C (Vlaskov, 2017). This index is one of
the 27 core climate indices developed by the ETCCDI
(Expert Team on Climate Change Detection and Indices)
and is widely used in international practice as a reliable
indicator of climate warming.

Numerous studies conducted in different parts of
Europe and worldwide have identified a persistent
trend toward an increasing number of tropical nights, as
well as an extension of their occurrence beyond the
traditional summer months. For the territory of
Bulgaria, targeted analyses have been carried out for a
limited number of stations (Vlaskov, 2017; Matev,
2019), while the present study offers a longer temporal
coverage and an update of existing results.

Methodology

The analysis is based on observational data from
eight synoptic stations in Bulgaria (Vidin, Lovech,
Razgrad, Varna, Sofia, Sliven, Sandanski, and Kardzhali),
covering different  physiographic  regions and
hypsometric zones. Observations are conducted in
accordance with the requirements of the World
Meteorological  Organization (WMO) and are
standardized following the international guidelines
Guide to Meteorological Instruments and Methods of
Observation (WMO-No. 8).

The minimum air temperature (Tmin), used to
calculate the ‘tropical night’ index, is recorded using a
minimum thermometer, and the meteorological data
are obtained from the national synoptic network of the
National Institute of Meteorology and Hydrology.

Results and conclusions

The results of the analysis for the period 1961-2025
reveal pronounced spatial differences in the number of
tropical nights across the eight studied stations in
Bulgaria. The highest values were recorded at the Varna
station (1,362 total days), followed by the Sandanski
station (1,288 days). The lowest total number was
observed at the Sofia station (76 days), confirming the
importance of altitude as a major climate-forming
factor. The occurrence of tropical nights in Bulgaria is
possible during the period from March to October and
takes place under specific synoptic and physiographic
conditions, as well as under the influence of

anthropogenic factors. Over the last five years, a sharp
increase in this indicator has been observed, with
record-high annual number of tropical nights reported
at many stations.
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Figure 1. Comparison of the annual number of tropical nights
in the cities of Sandanski and Sofia for the period 1961-2025
and the corresponding linear trend.
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B moHorpaduata ,Pecypcu Ha 3eneHaTa eHeprus B
Bbarapua“  (MBaHoB, 2023) Ha 6Gaszata Ha
eKcnepumeHTasHM  HabaloAeHUA U TEeOPeTUYHMU
uscnegBaHus, NpoBeXaaHn B8 HauMOHaNHUMA WMHCTUTYT
No MeTeopPOo/IOrMA U XMAPOOTUA B MPOAbB/KEHME HA
MHOIO TOAMHM, KaKTO M MO W3CNeABaHUA Ha Apyru
WMHCTUTYLMM B CTpaHaTa, ce pasrnexaar pecypcuTe Ha
3e/1eHaTa eHeprus y Hac (KOJMYecTBo Ha C/ibHYeBaTta U
BATbpPHATA EHeprus, XWAPOEHEeprusTa, eHepruata oT
6uomaca, reotepmasHata eHeprua M eHepruata Ha
MOPCKWUTE Bb/HKM). Pasrnexgat ce CbWoO Taka #
npumepu 3a TAXHOTO M3MO0/I3BaHe Y HacC U B YyXKbuHa.

CnbHuyeBa eHeprua. M3nonssaHeTo Ha CabHUETO 3a
€HEepPrMMHN LUEeAn e Mo3HAaToO OT JApeBHOCTTa. To e
Hal-ronemusT, HanbAHO Bb30OHOBAEM pecypc 3a
NPOU3BOACTBO HA €/1eKTPO- U TOMNI0eHeprna Ha 3emaTa.
CnbHYeBaTa eHeprMa He e MacoBO W3MNON3BaHa B
eHepreTMkata npe3 MUHaNMA BEK, HO B Kpaa My U
B HAYa/IOTO Ha HACTOALWMA TA BCE MO-LUMPOKO HaBAM3A
B rpa)KAaHckuTe cdepun. ToBa e cBbp3aHO C Aga
M3BeCTHM daKTa: HepocTMra Ha KOHBEHLUMOHaNHUTe
eHepropecypcu u npupoaocbobpasHOTO NPoM3BOACTBO
Ha  efleKTpoeHeprMa  OT  Pa3/IMd4HU  CNIBbHYEBMU
nmHcTanaumm. CymapHUMAT WHCTanuMpaH KanauuteT Ha
$OTOBONTAUYHUTE €NEKTPOLEHTPanM y Hac e 5000 MW.

BATbpHaTa eHeprua e Bb30OHOBAEM BUA, €HEPTUS U
npeactaBasABa KUHETUYHA €eHeprya Ha Bb3AyLlHUTE
macu B atmocdepata. Ta ce npesBpblw,a B NonesHa
dopma Ha eHeprva, HaM-4ecTo B E/IeKTPUYecKa Wau
MexaHu4YHa. EnekTpuyeckute reHepaTtopu npeobpasysat
cMnata Ha BATbpa B e/leKTpuyecTBO. BATbpHaTa
eHepreTnka e BypHO pa3BMBall, ce OTPachb/ Yy Hac, 3a
KOeTo cBuaeTenctBa PpaKTbT, Ye B Kpad Ha 2025 roguHa
06bWMAT KanauuTeT Ha BeTporeHepatopuTe e 714 MW.

BopHaTta eHeprua e KWUHeTUYHa eHeprua Ha BoaaTa u
ce n3nons3sa LLMPOKO B npakTuKara.
BoaHoenekTpuyeckure LeHTpanu npeobpasysar
KMHETMYHATa eHeprMa Ha BoOAaTa B eJIeKTPMYEeCcTBO.
CymapHaTta MWHCTaAuMpaHa MOLWHOCT Ha BOAHUTE
eneKkTpoueHTpanum y Hac e 3000 MW, ot Kouto 864 MW
nomneHo akymyaumpawu, 2080 MW BEL, n 56 MW
Ma/IKMU BOOHU LLeHTpanu.

EHeprua ot 6uomaca. Mpu GoToCcHHTE3a pacTeHMATa
pacTaT 1 cb3gasat buomaca. buomacata e 6GuonorMUHO
pasrpa)kgalla ce 4act OT OTnagbuUM M OCTaTbLM OT
6uonorMyeH  nNpousxon, OT  CENCKOCTOMAHCKOTO
nNpou3BOACTBO, BK/IIOYUTENTHO pacTuTenHu 7
KMBOTUHCKM, OT FOPCKOTO CTOMNAHCTBO M CBbpP3aHUTE C
TAX npomuwaeHoctn. Buomacata moxke pa 6bae
M3Mnosa3BaHa AMPEKTHO KaTo ropmBo 3a AobuBaHe Ha
6buoropuea KaTo 6uoamnsen n 6UoeTaHo.

FeoTepmanHa eHeprua. ToBa e TONAMHATA, MABALLA
OT 3emMHuTe Hegpa. TA € EeKONOrMYHO uUcTa MU
noctoAHHa. [leoTepmanHaTa eHeprua ce W3NoA3Ba
LUIMPOKO B peamua CTpaHu 3a OTOMJIEHUETO Ha crpaawm,
KaKTO M 32 MPOM3BOACTBOTO Ha ENIEKTPUYECKA EHeprus.

EHeprma Ha MoOpCKUTE BbJAHWU. 3a OUEHKa Ha
€HEeprumHnA NOoTEHLMAN Ha MOPCKUTE BbAHU Ce
M3Mo0/a3Ba HOPMUPAHaTa Ha JIMHEEH MEeTbP OT Bb/IHOBMA
bpoHT  mowHocT Ha MOpCKUTE BbJIHU B
AbnbokoBoAHAaTa 30Ha. [0 eKCNepTHM  OLEHKMU
CTOMHOCTTA Ha TO3M MOKasaTen B y4yacTbUM OT
Kpaibpexkmeto Ha CALL n AnoHna e 40 KW/m, kpait
bperoBeTe Ha AHrnua e
60 KW/m, a 3a paitoHa Ha YepHOMOpPCKOTO
Kpanbpexkme — 35 KW/m. Tosa noKassa, yYe HallLeTo
Kpalbperkme Mma CbLLEeCTBEH eHeprueH noTteHuman Ha
MOPCKUTE BBJIHMU.
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In the monograph “Green Energy Resources in Bulgaria”
(Ilvanov, 2023) the country's green energy potential is
examined based on long-term  experimental
observations and theoretical research conducted at the
National Institute of Meteorology and Hydrology
(NIMH), as well as studies from other national
institutions. The scope of the research includes solar
and wind energy capacity, hydropower, biomass energy,
geothermal energy, and marine wave energy.
Furthermore, the work presents practical examples of
their utilization both domestically and internationally.

Solar energy. The utilization of the Sun for energy
purposes has been known since antiquity. It represents
the largest, fully renewable resource for the production
of electricity and thermal energy on the Earth. While
solar energy was not widely used in the energy sector
during the last century, it has become increasingly
prevalent in civil sectors since the late 20th and early
21st centuries. This shift is attributed to two well-known
factors: the scarcity of conventional energy resources
and the environmentally friendly nature of electricity
generation via various solar installations. The total
installed photovoltaic capacity is 5,000 MW.

Wind energy. Wind energy is a renewable form of
energy representing the kinetic energy of air masses in
the atmosphere. It is converted into a useful form of
energy, most commonly electrical or mechanical. Wind
turbines (electric generators) transform wind power
into electricity. Wind energy is a rapidly growing sector
in Bulgaria, as evidenced by the fact that at the end of
2025, the total capacity of wind turbines reached 714
MW.

Hydropower. Hydropower is the kinetic energy of
water and is widely utilized in practice. Hydroelectric
power plants (HPP) convert this kinetic energy into
electricity. The total installed capacity of hydroelectric
plants in the country is 3,000 MW, consisting of 864
MW from pumped-storage plants (PSHPP), 2,080 MW
from conventional HPPs, and 56 MW from small-scale
hydro plants.

Biomass energy. During photosynthesis, plants grow
and produce biomass. Biomass is the biodegradable
fraction of products, waste, and residues of biological
origin from agriculture (including plant and animal
substances), forestry, and related industries. Biomass
can be used directly as fuel or to produce biofuels such
as biodiesel and bioethanol.

Geothermal Energy. This is the heat originating from
the Earth's interior. It is environmentally clean and
constant. Geothermal energy is widely used in
numerous countries for heating buildings, as well as for
electricity generation.

Wave energy. To assess the energy potential of sea
waves, the wave power normalized per linear meter of
the wave front in the deep-water zone is utilized.
According to expert estimates, the value of this
indicator is 40 kW/m along parts of the coastlines of the
USA and Japan, and 60 kW/m off the coast of England.
For the Black Sea coastal region, the value is 35 kW/m.
This indicates that our coastline possesses significant
energy potential from sea waves.
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BvBegeHue

3a HyXAWTE nNpu CbCTaBAHETO Ha XMUAPOJIOTUYHM
NPOrHO3M, B YaCTHOCT BHE3aMHW HaBOAHEHWSA, aKTyaHO
M HeobX0AMMO e U3MO0/I3BaHeTO B KBA3W peasHo Bpeme
Ha MPOrHO3M OT uucneHo mogenmpaHe. B HUMX
ycnewHo ca pa3paboTeHW HAKOJKO UYMCNEHU MoLEeNa
(Stoycheva et al., 2025) c npuno)eHa acMmunaums Ha
Ha3eMHW M3MepBaHWA B YETMPUM YACOBM CPOKa.
HeobxoaAMMOCTTa OT crneuManmsnmpaHa Busyanamsauma e
060CHOBaHa OT Hy)KAaTa [a ce onpeaensT nepuoau ot
NPOrHo3aTa CbC 3HAYMM TeYeH BaJieXX C NpPeAnocCTaBKu
32 MOPOMHO  M/MAM  peyHo  HaBoAHEHVWe B
npeaBapuTeNHO onpeaesieHn BogocbopHu obnactu.

MeTtoponorus

3a Hy)KAWTe Ha M3cnefBaHeTo ce U3M0/3BaT AaHHU
OT HexupgpocTatuyHua mogen AROME-BG (Tsenova et
al., 2022) c xopun3oHTanHa pa3gennTenHa cnocobHocT oT
2.5 km. Cobwo — pesyntatn oT Bepcuata AROME-DA
(Stoycheva et al., 2025), kosTo wu3non3Ba 6-4acos
ACMMUNALUNOHEH LIMKbBA Ha MPU3EMHN U3MepPBaHNA BbB
¢dopmat SYNOP, ocurypsiBallkKM HayaiHW YyCA0BMA 3a
TemnepaTypaTa 7 BNA*KHOCTTA Ha Bb3ayxa.
MpepBaputenHo  geduHUpaHuTe  Bomocbopu  ce
nognarat Ha AOMbAHUTENHA 06paboTKa, NMpu KOATO OT
4YacoBMA NPOrHO3EH BasieX CE M3YMCNABA MAKCMMaHa
MbA3AWAa cyma 3a 6-4yacosu nepuodu. PaboTHaTta Bepura
3a 06paboTKa Ha cypoBUTE AAHHM OT YNCIEHUA MoAenN e
peanusMpaHa  4Ype3  CKpPUNTOBa  aBTOMATU3aLMA,
M3nonsBalla ekocuctema OT 6ubamotekn B Python
cpepa. ObpaboTkaTa Ha METEOPOSOrMYHUTE MONETa U
rosemMn MacuBm OT AaHHU ce 6a3mpa Ha MHCTPYMEHTUTE
xarray, numpy, pandas u geopandas, KOMTO NO3BONABAT
6bp3a BeKTOpHa 06paboTKa Ha BaneXHUTE Cymu Mo
Bocbopu. Pesyntatute ce 3anucBaT B MPOCTPAHCTBEHO
reopedepupaH JSON dopmaT, Nno3sosABaLL AMHAMUYHA
BM3yanmsauma B yeb cpepa upe3 cbBpemeHHU GIS
MHCTPYMEHTM KaTo bubnmotekaTa Leaflet. MeToabT Ha
aHanu3 e NPWIoKeH n npu nporHosn ot DestinE Digital
Twin 33 eKCTPeMHN MeTeopoIorMyHu ABneHnA B EBpona
c pa3saenutenHa cnocobHocT nog, 1 km
(plovdiv.meteo.bg/maritsa/flash/liquid precip.html).

Pesyntatu n ussogm
Busyanmsaummute ca [AOCTbMNHM BbB BbTpeELIHATA
mperka Ha HUMX Ha agpec:

plovdiv.meteo.bg/maritsa/flash/liquid precip AROME
DA.html,reopedepupanu json dpaiiioBe ca 4OCTbNHM Ha
aapec: plovdiv.meteo.bg/maritsa/flash/.
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Introduction

For the purposes of hydrological forecasting,
particularly flash floods, it is relevant and necessary to
use quasi-real-time forecasts from numerical modeling.
The NIMH has successfully developed several numerical
models (Stoycheva et al., 2025), with assimilation of
ground measurements in four hour intervals. The
necessity for specialized visualization is justified by the
need to identify periods of the forecast with significant
rainfall with prerequisites for torrential and/or river
flooding in predefined catchment areas.

Methodology

Data from the non-hydrostatic model AROME-BG
(Tsenova et al., 2022) with a horizontal resolution of 2.5
km are used for the purposes of the study. Results from
the AROME-DA version (Stoycheva et al.,, 2025) are
used, which employs a 6-hour assimilation cycle of
surface measurements in SYNOP format, providing
initial conditions for air temperature and humidity. The
predefined catchments are subjected to additional
processing, in which the maximum cumulative amount
for 6-hour periods is calculated from the hourly forecast
precipitation. The workflow for processing raw data
from the numerical model is implemented through
script automation using an ecosystem of libraries in a
Python environment. The processing of meteorological
fields and large data arrays is based on the xarray,
numpy, pandas, and geopandas tools, which enable fast
vector processing of precipitation amounts by
catchment. The results are recorded in a spatially
georeferenced JSON format, allowing dynamic
visualization in a web environment using modern GIS
tools such as the Leaflet library. The analysis method
has also been applied to DestinE Digital Twin forecasts
for extreme meteorological events in Europe with a
resolution of less than 1 km (plovdiv.meteo.bg/maritsa
/flash/liquid precip.html).

Results and conclusions

The visualizations are available on the NIMH internal
network at:
plovdiv.meteo.bg/maritsa/flash/liquid precip AROME
DA.html
georeferenced json files are
plovdiv.meteo.bg/maritsa/flash/

available  at:
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BvBegeHue

BaTbpbT 6opa e npumep 3a KaTabaTuyeH BATHP,
XapaKTepeH 3a Kpanbpexunata Ha AgpMaTMYecKo Mope,
HO CbLLO TaKa MOXe Aa ce HabnoaaBa M B palioHa Ha
CnuseH. ToW npeactaBnssBa CTyAeH W MOPUBUCT
Bb34YLUEH MOTOK, KOMTO Ce CMycKa C BUCOKA CKOPOCT OT
BUCOKMTE MNQHWHCKM  XpebeTh KbM  MO-HUCKUTE
KpalbpeXKHNU WUAM PaBHUHHW palioHWU. XapaKTepHo 3a
Hero e, ye ce NPUYMHABA OT rPABUTALMOHHOTO CMyCcKaHe
Ha NAbTEH, CTyAeH Bb3AyX, HaTpynaH 3a4 oporpadcka
nperpaga, KOWTO ,npenuBa“ npes npoxoaute nog,
OeucTtBMeTo  Ha cuneH  BGapuuyeH  rpagveHt  wm
OOMbAHUTENHO Cce ycunBa oOT edekTa Ha BeHTypw.
3aToBa /0KanHuTe ¢u3nKoreorpadpckm ocobeHocTH
CbLLECTBEHO MOBAMABAT MOABATa WM XapaKTEPUCTUKUTE
Ha 6opara (Jurcec, 1989; Bervida et al., 2019).

MeTtoponorusa

N3cneppaHeTo ce doKycupa BbpXY ABa enu3oda Ha
6opa npe3 despyapu 2023 r., M3NON3BAWKN OAHHWU OT
CERRA (The Copernicus European Regional ReAnalysis),
KaTo e HanpaBeHo cpaBHeHWe mexay 6opaTta B CauseH

(Bbnrapus) uM  KHuH (XbpBaTusa). PasrnexgaTr ce
cbnbTcTBaw@aTa 6opata cuHOMNTMYHA  06CTaHOBKa,
BpeMEBMAT XOA Ha MNPU3EMHOTO HanAraHe M

TemnepaTtypaTa Ha Bb34yXa, KaKTO U PO3UTE Ha BATbPA.

Pesyntatu u ussoau

CuHoNTMYHaTa 0b6CTaHOBKa B HauyanoTo Ha deBpyapu
2023 r. (enmusog 1, B CMBO) e AOOMWHMpaHa OT
Cpeam3eMHOMOPCKMA LUMKNOH ,bapbapa”, dopmupan ce
Hag UeHTtpanHoto CpeausemHomMmopue U NpUABUNKBALL,
ce Ha U3TOK KbM Mbpuma n Typuma. MNpes cblumna nepuog,
Hag CeBepHa w LeHTpanHa EBpona e pasnonokeH
06LWNPEH aHTULMKNOH. Taka CanBeH Nonaga B 30HA Ha
ronAm 6apuyeH rpafueHT u ce NposABaBa CUAHA 6opa,
OOKaTo B KHUH BAvAHWETO Ha ,bapbapa” e no-cnabo.
B nbpBMA enn3og v B ABeTe CTaHUMKU MMame PA3LK cnajg
Ha TemnepaTypata Ha  Bb3Ayxa, CBbp3aH C
npeMmMHaBaHeTo Ha A[o0bpe wu3paseH cTyaeH OGPOHT
(He e nokasaHo). Mpwu BTOPMA enusog, (6exxoBo) Mmame
QHTUUMKAOH HaA CKaHAMHABCKMA MONYOCTPOB U LMKIAOH
B palioHa Ha leHye3Kua 3anuB. Kato pesyntat Hag
BankaHUTe Hax/nyBa CTyAeH Bb3AyX W HanAraHeTo ce
nosuwasa (¢owur. 1).

OT po3uTe Ha BATbPA ce BUXKAa, Ye bopaTa B CmBeH
ce e nposBM/Ia KAaTo BATbP OT CEBEP CbC CKOPOCT
10-15 m/s (¢wur. 2). 3a KHUH po3aTa Ha BATbpa B Kpas
Ha meceua (25-27 d¢espyapu) nokassa TMNMYHaTa 3a

palioHa ceBepomsToyHa nocoka (NE), obycnoseHa oT
opueHTaumaATa Ha [uHapckute Annu (¢wur. 3).

Aruacdepna nanarane (sp) - Deapyaps 2023

o\ [
TN A Y
- A it
Y Ve "

durypa 1. NMpusemHo aTmochepHo HansaraHe B CameeH 1
KHuH. NepuoaunTte c 6opa ca mapkupaHu B cMBO U 6eX0BO.
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®urypa 2. Po3u Ha BATbpa 3a CiMBEH (1ABO — LEMAT nepuoa,
OACHO — CaMO 33 CKOPOCT Ha BATbpa > 10 m/s).
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durypa 3. Po3n Ha BaTbpa 3a KHUH (N8B0 — LenunaT nepuoga,
[AACHO — Camo enusog, 2).

Makap »“ ABeTe NoKauuMuM [a ca NoAgJ/IoXKeHW Ha
MAEHTMYEeH ¢u3myeckm npouec, bopata B KHMH e ¢
TUNWYHaTa 3a palioHa CeBepPOM3TOYHA MOCOKA, AOKATO B
CAuBeH e ceBepHa U € NO-FoEMU CKOPOCTY.

JNlntepartypa
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Comparative analysis of the Bora wind for the regions of Sliven (Bulgaria) and

Knin (Croatia) for the month of February 2023
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Introduction

The bora wind is an example of a katabatic wind,
characteristic of the Adriatic Sea coasts, but it can also
be observed in the region of the city of Sliven. It
represents a cold and gusty air stream that descends at
high speed from high mountain ridges toward lower
coastal or lowland areas. Characteristically, it is caused
by the gravitational descent of dense, cold air
accumulated behind an orographic barrier, which
“overflows” through the passes under the action of a
strong pressure gradient and is further amplified by the
Venturi effect. Therefore, local physicogeographic
features significantly influence the occurrence and
characteristics of the bora
(Jurcec, 1989; Bervida et al., 2019).

Methodology

The study focuses on two Bora episodes in February
2023, using data from CERRA (The Copernicus European
Regional ReAnalysis. A comparison is made between the
bora in the city of Sliven (Bulgaria) and the city of Knin
(Croatia). The synoptic situation accompanying the
bora, the temporal variation of surface pressure and air
temperature, as well as wind roses are examined.

Results and conclusions

The synoptic situation at the beginning of February
2023 (episode 1, in gray) was dominated by the
Mediterranean cyclone “Barbara” (formed over the
Central Mediterranean and moving east toward Greece
and Turkey). During the same period, a vast anticyclone
was located over Northern and Central Europe. Thus
Sliven fell into a zone of a large pressure gradient and a
strong bora manifested, while in Knin the influence of
“Barbara” was weaker. In the first episode, there was a
sharp drop in air temperature at both stations,
associated with the passage of a well-defined cold front
(not shown). In the second episode (beige), there was
an anticyclone over the Scandinavian Peninsula and a
cyclone in the region of the Gulf of Genoa, resulting in
cold air invading the Balkans and an increase in pressure
(Fig. 1).

The wind roses show that the bora in Sliven
manifested as a wind from the north with a speed
of 10-15 m/s (Fig. 2). For Knin, the wind rose at the end
of the month (February 25-27) shows the typical
northeasterly direction (NE) for the area, conditioned by
the orientation of the Dinaric Alps (Fig. 3).
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Figure 1. Surface atmospheric pressure in Sliven and Knin.
Periods with bora are marked in gray and beige.
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Figure 2. Wind roses for Sliven (left — entire period, right —
only for wind speed > 10 m/s).
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Figure 3. Wind roses for Knin (left — entire period, right —
only episode 2).
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Although both locations are subject to an identical
physical process, the bora in Knin has the typical
northeasterly direction for the region, while in Sliven it
is northerly and with higher speeds.
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CyxoBeute B bvarapusa, ngeHtupuumpanm upes peaHanusa ERA5-Land
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Kntouosu aymu: cyxoeeli, ERA5-Land, eHe3anHu 3acywasaHus
*email: k.maldeva@gmail.com

BvBegeHue
BHe3anHUTe 3acywaBaHMA ce CAyyBaT BCe MNO-4ecTo
nopagu KAMMaTUYHUTE NPOMEHM W NOBULLIABAHETO Ha
Temnepatypute. Korato ca npeamsBuMKaHU OT Cyxu
BETPOBE, Te MOraT Aa Ce Pa3BUAT U3KNHOUUTENHO 6bpP30
(camo 3a HAKONKO Yaca WAM AHW), NPUYUHABANKK
Cepuvo3eH BereTaLMOHEH CTpec U yBe/anyaBalKM puCKa
OT ropcKku noxapu. N3non3saHeTo Ha MeTeOPOIOTUYHU
OaHHU B Tpua, C BUCOKA pe3osiiouma e OT CbLUeCTBEHO
3HayeHue 3a CBOEBPEMEHHO OTKPUBAHE U pearnpaHe Ha
Ta3Wn HapacTBalla 3annaxa.

flBneHneTo cyxoseit B Bbsarapus e uscnenBaHo Bb3
OCHOBA Ha AA@HHW OT CPOYHM KAUMATUYHM HabntoaeHun
B nepuoga 1961-2000 r. (Gocheva et al.,, 2010).
HanpaseHa e pernoHanunsauuna Ha NOTEHUWANHUA PUCK
OT nosABaTa Ha CyXxoBeW No agMUHUCTPATUBHU 0BNaCTK.

MNpeactaBeHOTO TyK M3cneABaHe Mma 3a uen Aa
NpPOy4Yn Bb3MOMKHOCTUTE 33 M3MNOA3BaHE Ha peaHanusa
ERA5-Land 3a nageHTMdMuMpaHe Ha TOBA KOMMJIEKCHO
ABNEHNE B PANOHM C pa3IMYEH KAMMAT U Tonorpadus.

MeTtoponorusa

CyxoBeAT ce XxapaKTepusvpa C Temmnepatypa Ha
Bb3ayxa =25°C, oTHocuTenHa BAaxHocT <30% w
CKOpOCT Ha BATbpa = 5 m/s (Gocheva et al., 2010).

B HacToAwoOTO u3cnesBaHe € WM3MO0/3BaH MPOAYKT,
KOMTO wu3BAMYa BpemeBu cepum oT ERA5-Land 3a
AeduHupaHu oT notpebutena nokaumm (C3S, 2025).
N3bpaxme 10 cTaHUMKM OT NpPenMLIHOTO M3CNenBaHe,
Pa3noNIoKEeHN B PAaOHKN C PA3/INYEH PUCK OT CyxoBel u
pa3HoobpaseH pened (Ppur. 1). OT nsterneHUTe AaHHU
3a TemnepaTtypaTta Ha Bb3Ayxa W TOYKaTa Ha opocABaHe
Ha 2 m, KOMMOHEHTUTE Ha CKOPOCTTa Ha BATbpa Ha 10 m
M KOZIMYECTBOTO B/ara B noysaTta Ha gbnboumHa 0—7 cm
Ca W34YUCNEHM YACOBWUTE CTOMHOCTM HA OTHOCUTE/IHATa
BNIA’KHOCT Ha Bb3/yXa, CKOPOCTTA M NOCOKATa Ha BATHPA,
KaKTO W aHOManMATa Ha nNo4yBeHaTa BJIAXKHOCT. 3a
CbrnacyBaHe Ha [aHHUTE 3a CKOPOCTTa Ha BATbpa OT
ERA5-Land (1-4yacoBo ocpegHaBaHe) c HabawoaeHuATa
(2-MMHYTHO oOCpeaHaBaHe) e uM3NoA3BaH MNoAXoAALL,
KOpPEeKLUMOHEH KoebUUMEHT WM NO-HUCbK npar 3a
CKOpOCTTa Ha BATbpa npu cyxoseit (4 m/s), HO npwu
yC/IOBME aHOMa/NMATa HA BAAXKHOCTTAa Ha MoyeBaTa Aa
6bae nog, -1.

Pe3syntatu u ussoau

Mpe3 nepmopa 1950-2025 r. Hag 98% oOT cyxoBeuTte
ce NosBABAT MEeXAy MeceuuTe Mmali U CenTemBpU, C MUK
npes asryct (uaum tonn). Mexay 34 n 59% ot cnyyaute ca
C NPOABMKUTENHOCT 4 Yaca Man nNosede, AOCTUTANKKN 0
10-15 yaca B otaenHun cutyauum (pur. 1). B nstoyHara

4YaCT Ha CTpaHaTa Te3W BeTpoBe AyXaT NOo-4ecTto OT
ceBep-ceBepounsTok (VIJ'IM M3TOK), AOKaTO B 3anadHaTa
4acT Ca NnpeaAnMHO OT 3anaA-toro3anag (M/'IM POI').
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®urypa 1. OTHOCUTENHA YECTOTA Ha CyXOBEUTE C PasNINYHa
npoAbAKMTENHOCT (B Yacose, h) 3a neprnoga 1950-2025 r.
B Hal-61mn3KMTe Ao nsbpaHute ctaHumm (P1-P10) Toukm
oT rpuaa. bpoAaTt Ha naeHTUdULMpPaHUTE CaydYam e NoKasaH B
cKobu.

foanwHuAT 6poli 4YacoBe Bapupa 3HAYUTENHO —
OT Hyna o Hag 200-300 B OTAENHM FOOMHM M MecCTa.
CyxoBeunTe ca NMo-4ecTM B HayasnoTo Ha 50-Te roanHn un
ot 2000 r. Hacam.

Mo oOTHOWeHWe Ha pUCKA OT CyxoBehn Mma
3HAUUTE/IHU PA3/IMKU MeXXAy NOoAydYeHUTe pesyntatu 1
npeauwHoOTO u3cneaBaHe, ocobeHO npu cTaHUMW B
panoHu cbec cnoXHa Tonorpadus. Bbnpekn Yye gaHHUTe
oT ERA5-Land nokasBaT BWCOKa TOYHOCT, eAHO
CKOpPOLWHO Wu3Cc/eABaHe YCTaHOBABA, Y€ peaHansbT
MOKe A3 NOoALLeHM CKOPOCTTa Ha NpU3emMHMA BATHP C
noseye oT 11% B HAKOM permoHu, KaTo rpelukata ce
yBennuyaBa npu no-cnoxHu teperHn (Zuo et al., 2025).
HawaTa paboTa wWwe npoabaxu ¢ u3bop Ha nogxoasiua
TEXHMKA 33 CTAaTUCTMYECKO HamasfBaHe Ha malaba, 3a
ha ce pas3paboTm HagexaHa KAMMATO/IorMA  Ha
ABNEHNETO CYXOBEW.
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Introduction
Flash droughts are increasingly occurring due to climate
change and rising temperatures. When triggered by dry
winds, they can have an extremely rapid onset (in just a
few hours or days), causing severe stress on vegetation
and increasing the risk of wildfires. Monitoring a
combination of indicators using in-situ and gridded
meteorological data with high-resolution is crucial for
timely detection and response to this escalating threat.

The previous study on the occurrence of dry winds
over Bulgaria during the warm season (1961-2000)
utilized in-situ data on air temperature (t), relative
humidity (f), and wind velocity (v) as a t—f—v complex,
also accounting for rainless periods. The districts in the
country were ranked by the potential risk of dry winds
(Gocheva et al., 2010).

This study aims to investigate the ERA5-Land
reanalysis's ability to identify dry winds across regions
with different climates and topographies.

Methodology

Following the definition used by Gocheva et al.
(2010), a dry wind is a warm-season weather
phenomenon characterized by air temperatures
typically exceeding 25 °C, relative humidity below 30%,
and wind speeds of at least 5 m/s (t = 25 °C, f < 30%,
v>5m/s).

We used the new C3S product based on the
ERA5-Land reanalysis (horizontal resolution: 0.1° x 0.1°),
which provides time series of hourly data from 1950 to
the present for user-defined locations (C3S, 2025). We
selected 10 stations from the previous study, located in
districts with different dry-wind risk and diverse
topography (Fig. 1). The downloaded hourly data for
dewpoint and air temperatures at 2 m above the
ground (in K), wind velocity components at 10 m above
the ground (in m/s) and the level 1 (0-7 cm) soil water
content (in m3/m3) were processed to derive the hourly
values of relative humidity, wind speed and direction,
and soil moisture anomaly. Since the in-situ wind data
represent 2-minute averages of wind parameters, a
correction coefficient was used to align the reanalysis
data with the observations. Considering that the
ERA5-Land data are area-averaged, we allowed a wind
speed threshold of 4 m/s, but only when the soil
moisture anomaly is below -1.

Results and conclusions

In the period 1950-2025, more than 98% of dry
winds occur between May and September, with a peak
in August (or July). The higher time resolution of data

revealed that between 34 and 59% of dry winds last
4 hours or longer, in some cases extending to 10-15
hours (Fig. 1). In the eastern part of the country, dry
winds often blow from the N-NE (or E), while in the
western part, they blow mostly from the W—SW (or S).
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Figure 1. Relative frequency of dry winds with different
durations in hours (h) at the nearest grid points
to the selected stations (P1 to P10) for 1950-2025.
The number of identified dry winds is shown in parentheses.

The vyearly number of dry-wind hours varies
significantly, from zero to over 200—-300 in certain years
and locations. Dry winds occurred more frequently in
the early 1950s and since 2000.

Regarding the risk of dry winds, we found
substantial discrepancies in results compared to the
previous study, especially for stations in regions with
complex topography. Although ERA5-Land data featured
high accuracy, a recent study indicates that reanalysis
can underestimate near-surface winds by at least 11% in
some regions, with a bias increasing for complex
terrains (Zuo et al., 2025). Therefore, our future work
will begin by selecting an appropriate statistical
downscaling technique to develop a reliable climatology
of dry winds.
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AKUeHTM 32 KAiMmaTa Ha bbarapma npes 2025 rogmHa
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BvBegeHue
2025 r. e TpeTata Hal-Tonja roguMHa OT HA4Yasn0TO Ha
WHCTPYMEHTaNHUTE  METEOPO/IOrMYHM  HabaoaeHus,

cneg 2024 v 2023 r. (C3S, 2025). CpegHata rnobanHa
Temnepatypa e ¢ 1.47°C no-Bucoka OT cpepgHaTa
CTOMHOCT 3a nNpegMHAaycTpuanHua nepuoa 1850-1900 r.
Mpe3 2025 r. cBeTbT NPEXKMBABA EKCTPEMHU Kern W
CyWwu, KaTacTpodasHW TOPCKU MOXKapu M TPOMUYECKU
LMKNOHU C PEKOPAHU KO/IMYECTBA BaNEXM.

2025 r. e egHa OT Hal-TONINTE FOAMHU OT HAYaNoTo
Ha MeTeopoNIornMYHUTE U3mepBaHnA n B bbarapua. Mpes
NOYTU BCUYKM MECeLM B PasIMYHM PaioOHM Ha CTpaHaTa
Ca  pPEerucTpupaHuM  eKCTPEMHW  METeOpPOJ/IOTUYHMU
ABNEHNA. 3HauMTeNHUTE BaJfieXM B HAYaNoTO Ha
OKTOMBPU MNpPeausBUMKBAT MOPOMHM HaBOAHEHUA Ha
MHOro MecTa B CTpaHaTa, KaTo Hal-3HauMTenHu ca
wetmte no KOXKHOTO YepHOoMmopuMe.

MeTtoponorus

M3non3saHM ca [aHHW OT BCUYKU CUHOMTUYHM,
KAMMATUYHN " BaNieXXOMepHMU CTaHUUM oT
MeTeoposiornyHaTa mpexa Ha HaunmoHanHWA UHCTUTYT
no meteopoJsiorua u xugponorus (HUMX). OueHkaTa Ha
EKCTPEMHUTE TeMNepaTypu, BaseXKn U METEeOPOOTUYHM
agneHma npes 2025 r. e M3roTBeHa NO MeTOAMKA 3a
KAMMATUYHN aHanusn, M3Mnon3BaHa B HUMX.
NHbopmaLmaTa e npenocTaBeHa U Ha MUHUCTEPCTBOTO
Ha OKO/MHATA cpeja W BoauTe.

Pe3syntatu u ussoau

Mpe3 2025r. cpepHata roAuliHa TemnepaTypa 3a
CTpaHaTa e ¢ okono 1.2 °C HaZ KNMmaTuyHata Hopma* u
¢ okono 0.8 °C no-HUCKa OT eKCTpemyma, AOCTUrHaT
npes 2024 r. (HUMX, 2024) — purypa 1a.

MN3mnHanaTa rogmMHa ce xapaKTepusmpa C ropeLlo
NATOo — TpeToTo Han-tonno ot 1930r. Hacam, cneg
nAaToTo Ha 2024 r. 1 Ha 2012 r. Mpe3 3umaTa, npoaeTra n
eceHTa CpeAHUTe Ce30HHM TemnepaTypu CblUO Ca Hajg,
KAMMATUYHUTE HOPMW, HO C MO-MajaKM MO CTOMHOCT
OTK/IOHEHMA. 3HAaYUTENHO HafZ KAMMaTUYHUTE HOPMM ca
cpeaHUTe MecedyHU Temnepatypu npes aHyapu (+3.1 °C),
mapT (+3.3 °C), toHu (+2.4 °C), wonn (+2.8 °C), HoemBpwU
(+3.2 °C) n pekemspu (+2.1 °C) — purypa 16.

CpefHUTE MecevyHM TemrnepaTypu ca noj Hopmata
npes ¢espyapu (-2.4 °C), anpun (0.3 °C), mait (-1.0 °C)
n oktomspu (—1.1 °C).

*  [aHHuTe ca no onepaTMBHa  WMHdopmauua  OT

MeTeoposiorMyHata mpexa Ha HUMX. OKoHuyaTenHute
pe3ynTatM M aHanu3u we 6baaT npeactaBeHn B ogmwwHKA
xuapomerteoposiornyeH 6tonetmH Ha HUMX.

MpenBapuTenHWTE OLLEHKW COYaT, 4e CpemdHo 3a
CTpaHaTa rogywHaTa cyma Ha Banexute npes 2025r.ec
oKoMo 7% noa KAMMaTMYHaTa HoOpMma, KaTo npe3
oTAEe/NHUTE MeCeun BanexuTe BapupaT B LUMPOKM
rpaHuum — dpurypa 1s.
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durypa 1. OTKNOHEHMe OT HopmarTa (1991-2020) Ha cpeaHuUTe
rofMLWHK (a) M MeceyHu (6) TemnepaTypu 1 Banexu (B)
B bbarapua 3a nepnoaa 1930-2025 .

EceHTa e Hali-gbpoBHata oT 2014 r. Hacam, a
OKTOMBPU € Han-AbXKA0BHMUAT oT 1930 r. JlIaToTo 0baue
e Hau-cyxoto 3a nepuoga 1930-2025r. [pes
OCTaHanuUTe Ce30HM Ba/JeXWUTe Cca OKOJAO0 W Hapg
KAMMATUYHUTE HOPMMU.

3a pasnuka oT TonauAa mecel, despyapu Ha 2024 .
(Havi-Tonbn ot 1930 r.) B nepuopa 16-24.11.2025r.
CTpaHaTa e 06xBaHaTa OT NPOABL/IKUTENHO 3aCTyAABAHE,
kato B CeBepousToyHa bbarapua ca perncrtpumpaHm
MUHUManHu Temnepatypu nog —20 °C.

Mpe3 natoto Ha 2025 r. ropewmHUTE Ca C NO-ManKa
NPOAb/KUTENHOCT OT Te3n npe3 2024 r., KaTo OTHOBO
Hal-MacoBM ca nNpe3 mecel, t0Au. B cblioTo Bpeme npes
tonm 2025r. no-4ecTo M Ha nMoBeye MmecTa ca
perucTpupaHun TemnepaTypu Ha Bb3ayxa Hag 40 °C.

M3mnHanata 2025 r. e nopegHata roguHa Ha
KAMMATUYHW KOHTPACTM OT HayanoTo Ha BeKa, KOATO
NnocTaBA BbNpoOcCa [AOKOJAKO CMe NOAroTBeHM Ja ce
cnpasame € nocnegmunTe oT USMeHeHMEeTO Ha KamMmara.

Jlutepartypa

HUMX  (2024). TloauweH XuAPOMETEOPO/IOrMYeH
6tonetuH, https://bulletins.cfd.meteo.bg/

C3S (2025). Global Climate Highlights 2025. Available
online: https://climate.copernicus.eu/global-
climate-highlights-2025 (accessed on 11 Feb 2026)
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Highlights for Bulgaria's climate in 2025

K. Malcheva, T. Darelova*, L. Bocheva, D. Todorova

Department of Meteorology, National Institute of Meteorology and Hydrology
Keywords: heat waves, extreme events, drought, floods
*email: tatiana.darelova@meteo.bg

Introduction

2025 is the third warmest year since the beginning of
instrumental meteorological observations, ranging after
2024 and 2023 (C3S, 2025). The average global
temperature is 1.47 °C higher than the average for the
pre-industrial period 1850-1900. In 2025, the world
experiences extreme heat and drought, catastrophic
forest fires and tropical cyclones, characterized by
record amounts of precipitation.

2025 is one of the warmest years since the
beginning of meteorological measurements in Bulgaria
as well. Extreme weather events have been recorded in
almost all months in different regions of the country.
Significant precipitation in early October causes flash
floods in many places in the country, with the most
significant damages on the Southern Black Sea coast.

Methodology

Operational data from all synoptic, climate and
precipitation stations in the meteorological network of
the National Institute of Meteorology and Hydrology
(NIMH) are wused. The assessment of extreme
temperature and precipitation events for 2025 was
conducted in accordance with the climate analysis
methodology applied by the NIMH. The resulting
analytical datasets were also provided to the Ministry of
Environment and Water (MEW).

Results and conclusions

In 2025, the average annual temperature for the
country is about 1.2 °C above the climate norm* and
about 0.8 °C lower than the extremum reached in 2024
(NIMH, 2024) - Figure 1a.

The past year is characterized by a hot summer —the
third warmest since 1930, after 2024 and 2012. In
winter, spring and autumn, the average seasonal
temperatures were also above the climatic norms, but
with smaller deviations. Significantly above the climatic
norms are the average monthly temperatures in January
(+3.1 °C), March (+3.3 °C), June (+2.4 °C), July (+2.8 °C),
November (+3.2 °C) and December (+2.1 °C) — Figure 1b.

Average monthly temperatures are below normal in
February (-2.4 °C), April (0.3 °C), May (-1.0 °C) and
October (-1.1 °C).

* The data are based on operational information from the
NIMH meteorological network. The final results and analyses
will be presented in the NIMH Annual Hydrometeorological
Bulletin.

Preliminary estimates show that the average annual
precipitation for the country in 2025 is about 7% below
the climatic norm, with precipitation varying
significantly between months — Figure 1c.
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Figure 1. Deviation from normal (1991-2020) of mean annual
(a) and monthly (b) air temperature and precipitation sums (c)
in Bulgaria for the period 1930-2025

Autumn is the rainiest since 2014, and October is the
rainiest since 1930. Summer, however, is the driest for
the period 1930-2025. During the other seasons,
precipitation is around and above climatic norms.

Unlike the warm month of February 2024
(the warmest since 1930), in the period 16—24 February
2025 the country was hit by a prolonged cold snap, with
minimum temperatures below —-20 °C recorded in
Northeastern Bulgaria.

In the summer of 2025, heat waves are of shorter
duration than those in 2024 and are again most
prevalent in July. In addition, in July 2025, temperatures
above
40 °C are reached more often and in more places than
in the previous year.

The past year 2025 is another year of climatic
contrasts since the beginning of the century, which
raises the question of how prepared we are to deal with
the consequences of climate change.
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Boau — peKku, nogsemHu soam, HepHo mope

HaywoHanHa Hay4Ha
KoH¢epeHL WA No OKONHA cpeaa

Water - rivers, groundwater, Black Sea
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OueHKa Ha pe3epBuTe B 06paboTKaTa Ha MHTEH3UBHUTE BaNeXKM

3a LenuTe Ha NPOEeKTUPaHe Ha OTBOAHUTENHU CUCTEMM B ypbaHU3MPaHU TEPUTOPUN
C. fapaues’, E. AHrenosa

[enapTameHT ,Xugponorua“, HaumoHaneH MHCTUTYT MO METEoPOIOTUA N XMAPOA0rUa
KNouoBu AyMW: KaHAAU3AUUSA, UHMEH3UBHU 8asexcu, obe3neyeHocm, spemeommuyare, payuoHaneH memood
*email: sdarachev@meteo.bg

BbBeaeHue

MpM NPOEKTUPAHETO Ha CeNUWHU KaHa/IM3aLUOHHMU
MpEeXKM 33 OCHOBEH U3YMCAUTENEH MOAEN € U3MNOoN3BaH
PaumoHanHmat metoa. OCHOBHa NpefnocTaBKa Npu Hero
€ NpUemaHeTo tor = ty (BpeMeTo Ha OTTMYaHE B MpeXKaTa
€ PaBHO Ha BPEMETO Ha AbXKAa). 3a Ta3u Len ce npunara
06paboTBAaHETO HA peanHUTe OTYETEHU BaNEXKHM
cbbutMa no MeToga Ha npefenHaTa WMHTEH3UBHOCT.
Opa3smepuTenHata WHTEH3MBHOCT Ha AbXAa B TO3M
nepvoa 3a AaZleH KaHa/IM3aLUMOHEH y4acTbK Ce OTYnTa OT
KPVBK, AaBallM Bpb3KaTa MeXAy MHTEH3MBHOCTTA Npwu
33aleHO BpemeTpaeHe 3a MpueT nepuos Ha
nosTopeHue (Intensity-Duration-Frequency, IDF).

MeTtoaonorua

B uscnepsaHeTo ca 06paboTeHN MbpBUYHUTE AaHHU
OT camonuuewnTe avxaomepu. Cob3aaseH e aAropuTbm
3a 06paboTKa Ha MHTEH3UBHUTE BANEXKM, OTrOBAPALY, HA
npeanocTaBkMTe, 3a/0XeHU B PauuoHanHuA meToa.
CenekTnpaHu ca peasHo OTYETEHUTE MHTEH3UBHOCTU 33
HEMPEKDBCHATO BPEMETPAEHE OT BaNIEXKHOTO CbbUTHe.
TaKa oT4eTeHUTe CTOMHOCTU Ca CTAaTUCTUYECKU OLEHEHMU
M ca usBedeHW HosBu IDF KpueM (3a aHanusupaHus
nepuos), KoMTo ca CPaBHEHU C MOJIy4eHUTe TakMBa Mo
MeToga Ha npegenHata WHTEH3MBHOCT. Pas3nukaTta
MeXay Taka u3BeAeHUTe 3aBUCUMMOCTU Ce ABABA pe3eps
uan  aeduunT, 3anaraH nNpuM opasmMepsBaHETO Ha
OTBOAHUTENIHU CUCTEMM B YPOAHU3NPAHM TEPUTOPUN.

Pesyntatu n ussogun
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durypa 1. XapaKTepuctmka Ha Banex B bnaroesrpag,
o1 28.06.2013 1., t =475 min, h =5.70 mm.

ObpaboTeHuTe AaHHKU ca 3a nepuog oT 10 rogmHu
(2010-2019), 3a cTaHuma bnaroesrpag — OT 8 roauHM
(2011-2018). MpaKTUYECKM BCUYKM Pe3ynTaTh BOAAT A0
u3Boda, Ye B MeToda 3a 06paboTKa, npunaraH Ao
MOMeHTa, e npeHebperHaTa nocnenoBaTeNHOCTTA OT
WMHTEH3UBHOCTU, KOUTO 3a LleUTE Ha XMAPO/OrvMATa U
nscneaBaHeTo Ha BoAocbopu C BpemeoTTMUaHe Hajg,
60-120 muH. He ce OTpasABaT 3HAa4YMMO, AOKaTO MNpu
Maslku TepuTOpmUn, KaTo FPafcku apeanu, ce HaTpynsa
rONSIMO OTK/IOHEHWE M NPaKTUYECKU B CTaTUCTUYECKaTa
06paboTKa yyacTBaT CbbUTUA, KOUTO HMKOra He ca ce
C/yYBanM, KoOeTo npesanacAsa oOpasmepsBaHaTa
KaHaNM3aunoHHa mpexa.

0 10 20 30 40 50 60 70 80 90 100 110 120

t [min]

durypa 2. U3uncneHn nHTeHsusHocTy (IDF)
3a JafeHo BpemeTpaeHe.

Tasn oueHKa MoxKe fAa MOC/AYXM 3a OTroBOp B
CbBpPEeMeHHUTE YCI0BMA, NPU KOUTO 3a OpasmepsaBaHe Ha
KaHaNM3aUMOHHN MPEXMU MMame IMHEHA 3aBUCUMOCT:
Q=q.F.¥, kbaeto g e UHTEH3MBHOCTTA, F — naowWwTa Ha
Bogocbopa, u ¥ — oTTodeH KoedbUUMEHT, M3pasaBaly,
OTHOLWEHWETO Ha OTTeK/JNA ce B KaHaau3auuoHHaTa
Mpe’Ka BasieX KbM MagHanua Bbpxy Bogocbopa. Taka
npu cnab KOHTPON BbPXy OYypHO passuBawmTe ce
rpafioBe C yBennyaBaHe Ha oTBogHABaHaTa naou (F) u
npesactposBaHeTo (V) umame 3HaunTENHO YBEIMYaBaHE
Ha opa3mepuTenHoTo Koamnyvectso Q npwu 3anassallo ce
WAN  yBENMYaBalOo ce g, [AOKaTo B HACTOALLOTO
nscnegBaHe ce AoKa3Ba M3Ha4vasHo.

BbnarogapHocTn: l3cnegBaHeTo € OCbHLLECTBEHO B
paMKuTe Ha npoekT ,MeTon 3a obpaboTka Ha
WHTEH3UBHUTE BaJIeXM 3a LEeNUTe Ha MPOEKTUpaHe Ha
OTBOAHUTENHU CUCTEMM B YpBaHU3UPAHWU TepUTOpUmn®,
duHaHcupaH ot HUMX, npuet ¢ npoTokon Ha Ne47 ot
09.03.2022r.
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Assessment of reserves in the calculation of intense precipitation

for the purposes of designing drainage systems in urban areas
S. Darachev*, E. Angelova

!Department of Hydrology, National Institute of Meteorology and Hydrology, Sofia, Bulgaria
*email: sdarachev@meteo.bg

Introduction

In the design of urban sewerage networks, the
"Rational Method" is used as the basic
computational model. Its main premise is the
assumption t= tq, (the time of drainage in the
network is equal to the time of rain).

For this purpose, the processing of the actual
recorded precipitation events is applied according
to the "Rational Method". The design rainfall
intensity for a given sewer section during this
period is determined from IDF (Intensity-Duration-
Frequency) curves, which define the relationship
between rainfall intensity and duration for a
chosen return period.

Methodology

The study processed the primary data from the
self-recording rain gauges. An algorithm for
processing intense rainfall was created, meeting
the assumptions set out in the "Rational Method".
The actually recorded intensities for the continuous
duration of the rainfall event were selected. The
recorded values were statistically evaluated and
new "IDF" curves (for the analyzed period) were
derived, which were compared with those
obtained by the maximum intensity method. The
difference between the dependencies thus derived
is a reserve or deficit, assumed in the sizing of
drainage systems in urban areas.

Results and conclusions

0.2 6
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—_ Blagoevgrad
4 E 28.06.2013r,
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E 3 <= h=5.7mm
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=
1
——Total Precipitat!

0

o) -
-20 30 80 130 180 230 280 330 380 430 480

t [min]

1

Figure 1. Characteristics of precipitation in the city
of Blagoevgrad from 28.06.2013, t = 475 min, h=5.70
mm

Stations were processed for a period of 10 years
(2010-2019) and for the Blagoevgrad station for 8
years (2011-2018). Practically all results led to the

conclusion that the processing method applied so
far has neglected the sequence of intensities,
which for the purposes of hydrology and the study
of watersheds with a runoff time of over 60-120
min. is not significantly reflected.
However, in small territories, such as urban areas,
a large deviation accumulates and practically the
statistical processing involves events that have
never happened, which oversupplies the
dimensioned sewer network.

Storm in Blagoevgrad
28.06.2013r, t=475min,

30 100
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Figure 2. Calculated intensities (IDF) for a given duration

This assessment can serve as an answer in
modern conditions in which for the sizing of sewer
networks we have a linear dependence in which Q=
g . F. ¥ , where g-intensity, F-area of the
watershed and W-runoff coefficient expressing the
ratio of the precipitation drained into the sewer
network to that fallen on the watershed.

Thus, with weak control over rapidly developing
cities with an increase in the drainage area (F) and
overbuilding (¥) we have a significant increase in
the sizing quantity Q with a constant or increasing
g, while in the present study it is initially proven.

Acknowledgements: The research was carried out
within the framework of the project "Method for
processing intense precipitation for the purposes
of designing drainage systems in urbanized areas",
funded by the National Institute of Hydrology and
Hydrology, adopted by protocol No. 47 of
09.03.2022
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CbcTOoAHME Ha Nnog3emMmHUTE BOAMU Npe3 npoab/kutenHara cywa 2023-2025r.
M. UBaHos , I. pymeBsa, P. BaHoBa, M. Unnesa, B. Hepesa

JenapTtameHT , Xugponornsa“, HaumoHaneH MHCTUTYT NO METEOPOIOTUS U XA PONOTUA
KniouoBu aymun: xudposanoxcka cyuid, mnoo3eMmHu 800U, NpodbaxcumesnHa cywa, 3anacu
*email: marin.ivanov@meteo.bg

BvBegeHue

MpoAbMmKUTENHUTE CYyWIM BOAAT A0 NOHWUMKaBaHe Ha
HMBAaTa Ha MNOA3eMHUTe BOAM, HamansBaHe Ha
KOJINYECTBOTO Ha NOA3EMHMUA OTTOK KbM PEKU N N3BOPU,
3aTpygHABaHe Ha eKcnsoaTauuaTa M HamanaBaHe Ha
nebuTta Ha BOAOB3EMHUTE CbOPBKEHUA.

MeTtoponorusa

BAnAHMETO Ha npoAab/KuTeNHaTa cywa npes
nocnegHutTe TPW TOAMHU BbPXY KO/MYECTBOTO Ha
noA3emHuUTe BOAM € OLEeHeHO B HauMoHaneH mawab no
HamManABaHETO Ha HMBATa Ha KnageHuute u aebuta Ha
M3BOPUTE, BK/IOYEHWU KAaTO MYHKTOBE B HalLMOHa/HaTa
XUAPOTre0/IOKKA MpeXKa, KaKTo M Mo TeHaeHuuuTe B
M3MEHEeHWEeTO Ha 3anacuTe Ha NOA3EMHU BOAM.

Pe3syntatu u ussoau

OTK/IOHEHNETO ChpAMO nNpeaxoAHa roAvHa Ha
cpeaHoroguIIHUTE HUBaA U Ae6UTU NO NOA3EMHMN BOAHM
Tena (MNBT) ¢ XMAPOreonoKKN HabAto4aTeIHN NMYHKTOBE
€ nokasaHo Ha ¢urypa 1.

6) 2024 r. cnpamo 2023 r.

a) 2023 r. cnpamo 2022 .

®urypa 1. OTKAOHEHUA HA HMBA U AebUTK CNPAMO Npeaxo4Ha
roavHa

Mpe3 2024 r. 67% OT n3BopuUTE MMaT NOHUMKEHUE HA
nebuta cnpamo cToiiHocTuTe Mm npe3 2023 r., Kato
Hall-3acerHatuTe pavioHu ca ,KapctoBu BOaM B
3anagHus bankaH, Nogeykma macus v B MpeabankaHa“;
HMBAaTa Ha MNJAWUTKO3anArawuTe NOA3EMHM  BOAMU
HamanagaTt npu 71% ot nyHkToBeTe (oo 105 cm), a B
AbNboKOo-3anArawmTe KapcToBw XOPU30HTH
CpeaHOroAMWHNTE HMBA HaManaBaT BbB  BCUYKMU
MOHUTOPUHIOBN MYyHKTOBE, AOCTUraliku 14-46 cm B
bapem-anTckua " 18-411 cm
B Ma/IM-Ba/IaHCKMA BOAOHOCEH KOMMNAEKC.

OTKNOHEHWETO Ha CPeaHOroAMLUHUTE HUBA W
4ebutn cnpamo HopmuTe MOKas3Ba, ye ce Habnoaasa
cnag, 3a
35-36 BT, cvbotBetTHOo 3a 2023 wn 2024 .
(dwr. 2). Hali-3HauMTeNHM Ca MOHUMKEHMATa B TepacuTte
Ha pekute [yHas, Mckbp, AHTpa, Kamuma, Mapuua wm
TyHArKa, B MOBeYETO KOT/IOBUHM, KAaKTO M B 4acT OT
CapMaTCKM BOAOHOCEH XOpu3oHT B CeBepou3TOyHa

bbarapua, ¢ oTknoHeHuAa go 560 cm noa HopmaTta npes
2024 .

6) 2024 r. cnpamo neproaa
1991-2020r.

a) 2023 r. cnpsmo nepuoaa
1991-2020 .

®urypa 2. OTKNOHEHUA HA HMBA U AeBUTU CNPAMO HOpMUTE

Ob6o06lieHa oueHKa Ha HaMansaBaHETO Ha 3anacuTte
Ha pPas/AMYHM BUAOBE MOA3EMHM BOAM — MOPOBM,
NYKHaTUHHM, KapCTOBU U CMECEH TWUM, KaKTO U NJIUTKO,
cpefHO W AbnboKosanArawM — 3a TeputTopuaTa Ha
usnata CcTpaHa Bb3 OCHOBAa Ha OTK/JOHEHMEeTO Ha
perucTpupaHuTe HMBa U 4ebUTU CNPSMO HOPMUTE UM 33
CbOTBETHUA Mecel, e npeacTaBeHa Ha urypa 3.

®urypa 3. TeHAEHLMM Ha HAManABaHe Ha 3anacuTe
Ha noasemHu Boau 3a nepmoga 2019-2025r.

N3BoauTe, KOUTO MoraT fa ce HanpasAT, ca, 4ye
KNo4yoB GaKTop 3a HACTbMBAHETO Ha XMAPOJIOXKKA
,NPOABIKUTENHA CylWwa” ca ABe NocnefoBaTe/IHU CyxXu
roavHun, Kato camm no cebe cuM Te MoXe Aa He ca
HaW-cyxutTe roAMHW B MHOTOrogmiueH acnekrt. [pyr
OCHOBeH GaKTOp € HeAoCTaTbYyHOTO MNOAXPaHBaHE Ha
nog3emHuUTe BOAM MNpe3 eceHHO-3UMHUTE meceuu OT
ObXO0BE M TOMEHE Ha CHeXHa NOoKpuBKa. Tesn age
rNaBHM NpUPOAHU NPUYUHU BOOAT no
,Apoab/XKMTEeNHATa cywa”“ 2019-2020 r., Habnaogasat
ce otyact 3a 2023 r. 1 B MHOro ronama creneH 3a
2024 r. MNpe3 eceHHO-3UMHUTE Meceum Ha 2024-2025r.
eaBa 10-15% ot 06wma 6poit HabagaBaHW KaageHUm
M M3BOPU He ca pPerucTpupany cnag B HMBATa W
nebutnte cu. 2025 r. e TpeTa nopepHa roguHa ¢
n3paseHa npeobnajasalia TEHAEHUMA HA HamanaBaHe
Ha 3anacuTe Ha NOA3EeMHM BOAM B HaLMOHaNeH malab.
B HeWHMAT Kpah obauve ce HabnogaBa ONTUMMUCTUYHA
TeHOEHUMA Ha MOoKayBaHe Ha HWMBATA B KAafeHuuTe U
[ebuTuTe Ha M3BOpMUTE BbB BCE MOBeYve HabaoaaTenHu
NyHKTOBE.
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Groundwater status during the prolonged drought 2023-2025
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Introduction

Prolonged droughts lead to a decrease in groundwater
levels, groundwater runoff to rivers and springs and can
make the operation of water supply wells more difficult.

Methodology

The impact of the prolonged drought over the last
three years on the quantity of groundwater is assessed
on a national scale by reducing well levels and spring
discharges at the national hydrogeological monitoring
network, as well as by trends in the change in
groundwater storage.

Results and conclusion

The deviations of the average annual levels and
discharge compared to the previous year is shown in
Figure 1 for groundwater bodies (GWBs) with
hydrogeological monitoring points.

a) 2023 compared to 2022 b) 2024 compared to 2023
Figure 1. Level and discharge deviations

compared to previous year

In 2024, 67% of springs have a decrease in flow
compared to their values in 2023, with the most
affected areas being “Karst waters in the Western
Balkans, the Godech Massif and the Fore-Balkans”;
shallow groundwater levels decrease at 71% of the wells
(up to 105 cm), and in deep karst aquifers, the average
annual levels decrease at all monitoring points, reaching
14-46 cm in the Barremian-Aptian and 18-411 cm in
the Malm-Valanginian aquifer complex.

The deviations of the average annual levels and
discharge from the norms show that a decrease is
observed for 35-36 GWBs, respectively for 2023 and
2024 (Fig. 2). The most significant decreases are in the
terraces of the Danube, Iskar, Yantra, Kamchia, Maritsa
and Tundzha rivers, in most valleys, as well as in part of
the Sarmatian aquifer in Northeastern Bulgaria where,
the deviation up to 560 cm is observed in 2024.

b) 2024 compared to the period
1991-2020

a) 2023 compared to the period
1991-2020

Figure 2. Level and discharge deviations
compared to the norms

A summarized assessment of the storage reduction
trends of various groundwater types — pore, fissure,
karst and mixed type, as well as shallow, medium and
deep groundwater — for the entire country based on the
deviation of the registered levels and discharge from
their month norms is presented in Figure 3.
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Figure 3. Groundwater storage decreasing trends
for the period 2019-2025

The conclusions that can be drawn are that a key
factor for the occurrence of a “prolonged drought” is
two consecutive dry years, which in themselves may not
be the driest in a long-term aspect. Another main factor
is the insufficient groundwater recharge during the
autumn-winter months from rains and melting snow
cover. These two main natural causes lead to the
“prolonged drought” 2019-2020, are partly observed
for 2023 and to a very large extent for 2024. During the
autumn-winter months of 2024-2025, only 10-15% of
the total number of monitoring wells and springs did
not register a decrease in their levels and discharge.
2025 is the third consecutive year with a pronounced
prevailing trend of decreasing groundwater storage on a
national scale. At its end, however, an optimistic trend
of rising well levels and spring discharge is observed at
more and more monitoring points.
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YucneHo moaenunpaHe Ha pa3npocTpaHeHUeTo Ha He(bTEHVI pasnusBun:

onepaTtMBHO NpUAOXKeHUe Ha mogena OpenDrift B YepHo mope
n. HMKonosa*, B. Mnbbos

JenaptameHT ,,MporHosn u nHGopmaumMoHHo obcayKBaHe”, HaunmoHaneH MHCTUTYT MO METEOPOIOTUA U
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KntouoBu fymu: modenupaHe Ha HeghmeHU pasnausu, 3aMbpcasaHe Ha Mopckama cpedd, YepHo mope,
OpenDrift
*email: lilia.nikolova@meteo.bg

BvBegeHue

3aMbpCcABAHETO Ha MOpPCKaTa cpega ¢ HedTONPOAYKTH
npeacTaBisaBa CepPUO3EH EKONOTMMYEeH U  COLUMASHO-
MKOHOMMYECKN npobnem, ocobeHo 3a Mosy3aTBOPEHMU
mopeta Kato YepHo Mmope. [lporHosuMpaHeTo MU
MOHUTOPUHIBT Ha HedTeHUTe pasameBu ca  oOT
CbLLECTBEHO  3HAYyeHMe 33  OrpaHuWyaBaHe  Ha
HeraTMBHMTE Bb3AENCTBMA BbPXY OKO/MHATa cpeaa,
KaKTO U 3a nofobpsaBaHe Ha peakumaTa NpU UHUULEHTH
B KpanbperKHUTE paloHu.

MeTtoponorus

MpeactaBeHO € MPU/IOXKEHUETO HA HOPBENXKKUA
mogen OpenDrift 3a cumynmpaHe Ha apeinda Ha obekTH,
Cyb6CTaHUMM M 3aMBbPCUTENN KATO NETPOSHUTE NPOAYKTU
Ha MopCKaTa MOBBPXHOCT 33 pailioHa Ha YepHo mope
(Dagestad et al., 2018). MogenbT e BHegpeH npes
2025 r. B onepaTtMBHaTa U Hay4YHa MpPaKTUKa Ha ceKkuwma
»,MOpPCKM 1 cneunannsnpaHn NporHosn“. B npeauwwHo
uscnenBaHe Mmoaenst  beuwe n3nonssaH 3a
npocneadaBaHe Ha eBOMOLMATA BbB BpeMeTo Ha
pasnpocTpaHeHNeTo Ha HedTEHU Pas3MBU U 3a OLEHKA
Ha YA3BMMOCTTa Ha 3a/iMBUTE MNPU  PaA3/IUYHU
xugpometeoponornyHm ycnosus (Nikolova & Galabov,
2025).

Hactosawarta paboTa npeactaBa cumynauua Ha
pa3npoCTpaHEHMETO Ha XMNOTETUYEH HedTEH pa3nus oT
TaHKepa ,Kalpoc”, 3acegHan Ha 5 aekemspu 2025 r.
Kpali bperosete Ha AxTtonon. Cumynauymata obxsalia
nepuoaa 8-12.12.2025 r. (pur. 1).

M3non3BaHW ca MeTeoposiorMyHU U OKeaHorpadpcku
AaHHu oT Black Sea Waves Analysis and Forecast, Black
Sea Physics Analysis and Forecast Ha nporpamaTa
,KonepHuk” n GFS, KaTto cKkopocT Ha BATbpa Ha 10 m
BMCOYMHA, 3HAYMMA BMCOYMHA Ha BbJIHATa, CKOPOCT Ha
NOBBPXHOCTHWUTE TeYeHUA, CONEHOCT, Temnepatypa Ha
MoOpCKaTa BoAa, Kakto M apendsbT Ha  CTOKC.
MeTpoNHMAT NPOAYKT, M3MNO0/3BaH 3a CUMYyNAUUATa, e
TEXbK CypoB netpon. B cumynaumAta ca BKAKOYEHU U
pasNnYHK ecTecTBEHU GU3UKO-XMMUYHU U BUONOTUYHU
npouecu, Kato aagekuua, Aaudysua, uM3napeHue,
eMy/irMpaHe M OGMOXMMMYECKO pasnaraHe, KOUTO
NPOMEHAT CBOMCTBAaTa Ha NeTposa cnes pasauvs wu
B/IMAAT BbPXY HEFOBOTO PA3nNpOoCTPaHeEHMe.

Pesyntatu u ussoau

CumynaumaTa nokasea, 4ye HepTEHWUAT pasnue OT
TaHKepa ,Kalipoc” e wuman noTeHuman pa ce
pasnpocTpaHM Ha tor OoT AXTOnon v Aa NpPUYUHMK
3aMbpcABaHE Ha HAKOW YYBCTBUTENHU KpalbperkHM
palioHW, KaTo ceBepHUA nnaxk Ha CuHemopeL, — naax
Beneka (¢ur. 1). Cnopesg pesyntatute pasauBbLT €
MOXen Ja [OCTUFHE W TYPCKOTO Kpanbpexkue Ha
12.12.2025 r. Cuctemata 32 MOJe/NMpPaHE Ha
pa3npocTpaHeHMeTo Ha HedTeHn pasnmeu OpenDrift ce
[OKasBa KaTo noAxodAw, MWHCTPYMeHT 3a 6bp3o
M3roTBAHE Ha CUMyJAUUW MNPU  aBapuiiHU Pa3IUBMU
rnopaay cBosATa TOYHOCT M 6bp3oaencTame.

OpenDrift - OpenQil (GENERIC HEAVY CRUDE)
2025-12-08 12:00 to 2025-12-12 18:00 UTC (103 steps)

@ initial (10000)
active (11)
® stranded (9989)
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®urypa 1. XunoTteTMyHa cMmynauma Ha pasnpocTpaHeHue
Ha HedTeH pa3nuBe Kpal AxTonon.
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Numerical modeling of oil spills:
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Introduction

Marine oil pollution represents a major ecological and
socio-economic challenge, particularly in semi-enclosed
seas such as the Black Sea. Accurate forecasting and
monitoring of oil spill behaviour are essential in order to
mitigate undesirable environmental impacts, to ensure
better pollution-response operations in coastal zones.

Methodology

In this context, the present work aims to
demonstrate the application of the Norwegian
trajectory model OpenDrift for simulating the surface
drift of objects and substances, including petroleum
pollutants, in the Black Sea region (Dagestad et al.,
2018). The model was implemented and adapted in
2025 for operational and scientific use within the
Marine and Specialized Forecasts Division. In a previous
study, the framework was utilized to simulate the
trajectory and temporal evolution of oil spills and to
assess the vulnerability of bays under different
hydrometeorological conditions (Nikolova & Galabov,
2025).

This study presents a simulation of a hypothetic oil
spill from the crude oil tanker Kairos, which was
stranded in the coastal waters near Ahtopol on
5 December 2025. The forecast of the oil spill evolution
was conducted for the period 8-12 December 2025
(Fig. 1).

Meteorological and oceanographic input data for
the model, such as 10 m wind fields, significant wave
height, surface currents, salinity, seawater temperature,
and Stokes drift, were obtained from the Copernicus
Black Sea Waves Analysis and Forecast and Black Sea
Physics Analysis and Forecast and GFS. The oil product
used for the simulation is generic heavy crude. The
simulation includes various natural physicochemical and
biological processes such as advection, diffusion,
evaporation, emulsification, and biodegradation, which
change the properties of the oil after a spill and
influence its spread.

Results and conclusions

The simulation indicates that the oil spill from the
crude oil tanker Kairos had the potential to spread
south of Ahtopol and cause contamination in sensitive
coastal areas, such as the northern beach of
Sinemorets — Veleka Beach (Fig. 1). According to the
results, the spill could have reached and contaminated
the Turkish coastline by 12 December. Due to its
robustness and great computational performance, the
OpenDrift oil spill modeling system has proven to be a
suitable tool for quick and reliable simulations in the
event of accidental oil spills.

OpenDrift - OpenOil (GENERIC HEAVY CRUDE)
2025-12-08 12:00 to 2025-12-12 18:00 UTC (103 steps)

@ initial (10000}
@ active (11)
@ stranded (3989)
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Figure 1. Hypothetical simulation of an oil spill near Ahtopol.
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BvBegeHue

LKanun“ 7 ,Kaparbon“ ca Han-BMCOKO
pPa3noNoMKeHUTE A30BUPU Ha bbarapms U cbCTaBAT
Ha4yanoTo Ha Kackaga ,Puna“ c4 BoaHOENeKTpUYECKK
LeHTpanu. [laTa A30BMpa Ca CBbP3aHW NOMENKIY CU C
HanopeH TyHesn, Kato A3. ,KannH“ e no-BMCOKO
Pa3nofioXKeH U MOXKe Aa NbaHu a3. ,Kaparbon”. A3oBup
JKanmH” e cbcsasupen obem 1,02 maH. m3,
a a3. ,Kaparbon” — ¢ 2,2 maH. m3. MocneaHuaT ce mbiHun
OT ecTecTBeHUs cu Bogocbop, ot a3. ,KanmH", a cblo u
C BOAMW, N3NOMMBAHW OT AOAHUA u3paBHUTen Ha MMABEL,
LRanun“.

Moa A30BMpPUTE € Pa3nNo/IoKeHa Kackaga OT YeTupu
BOAHOENEKTPUYECKM  LEHTPaiM C  TPU  MAJIKM
M3PaBHUTENS W HAKOJKO CbOMpaTenHU KaHana 3a
OOMbAHUTENIHN BOAHM KONNYECTBa.

e

Ot Hayanoto Ha XX| BeK OT OCHOBHUA U3NyCKaTen Ha
A3. ,Kaparbon“ ce nopgasaT BOAM 3a BOAOCHabAABaHE Ha
JynHuua, KoraTo HaNMYHUAT BoAeH 06em B Hero e Hafg
1.10°m’. OT wusTMYanoTo Ha BEL, ,KameHuua“ ce
nosgasaTt BoAM M 3a NUTelHO-6UTOBO BoAOCHabasBaHe
(NBB) 3a rpaposete Puna, KoyepuHoso, Boboweso wu
cenmwa (rpyna ,Puna“). ToeBa npasu A30BUpUTE
MHorouenesn ¢ eHepruitHo u MNBB Bogonon3saHe. 3a
ocurypasaHe Ha npuopwuteta Ha BB TpaAbsa pa ce
BbBeAaT NpasBuaa 3a ynpas/ieHue.

MeTtoponorus

N3cnepBaHeTo € M3BLPLWEHO MO YKa3aHUATA MU
co¢pTyepa RESERVOIR1 Ha MeToauKa 3a pa3npegeneHune
Ha BOAMWTE HA A30BMPUTE U U3MON3BAHE HA BOAHUTE UM
pecypcu (HUMX, 2023 ). A3oBMpuUTE Ca CBbP3aHU U NpU
BOA06aNaHCOBUTE OLEHKN Ce OTYMTA OBLLMAT UM obem.
Mpuema ce, 4Ye OT A30BUPUTE YepnaT BoJad Tpu
He3aBMcMMK Bogononssatena — 3a BB Ha OynHuua um
Ha rpyna ,Puna“ n 3a HesaBUcCMM eHeprogobus 4pes
MABEL, ,Kanun“. 3a uenta nonesHumatr obem Ha
A30BUPUTE Ce pa3fenia Ha TpW HaacToAwm 30HW. Mpu
HanbsaBaHe B 30Ha 1 ce nogasa Boga camo 3a rpyna
,Pvna“, B 3oHa 2 — 3a rpyna ,,Puna“ v 3a lynHuua, a 8
30Ha 3 — 3a BCMYKKM BogonosasBaTenn. OueHsBa ce Cblo
KaTo TpeTa onuua C ABe 30HW Ha BOAOMNO/M3BaHe, 6e3
BoAa 3a ynHuua.

BogononseaHeTo 3a rpyna ,Puna“ e npueto KaTo
paBHOMepHO pa3snpegeneHo npu Onuma 1 —no 0,2.106,
n Onuua 2 — 0,25.106 m3/Mec., a ToBa 3a [lynHuua —
no 0,2.106 m? oT toHu [0 OKTOMBPM, KOrato Ha/MYHUAT
BoAeH obem B A30BUp ,Kaparbon“ e Hag, 1,0.106 m>. Mpwu
Onuua 3 3a rpyna ,,Puna“ ce nogasart no 0,3.106 mS/Mec.

Pasmepute Ha 30HUTE ce nNoJyyaBaT cren
UTEepPaTUBHU U3YMCNEHUA Ha BanaHca Ha A30BMpPUTE NpuU
NPUTOK, aHaNOrM4yeH Ha 1031 B nepuoga 2015-2024 r.,
33 KOMTO Mma paHHW. ToBa ce MpaBu A0 AOCTUraHe Ha
61130 100% obesneyeHoct Ha MBEB 3a rpyna ,,Puna“ u
ao Bb3MOXKHUA MaKCUMyM 3a OynHuua.
CpeagHOrogMWHUAT NPUTOK e 4,97.106 m’ npn C,=0,12.
XapaKTepHO 3a MPUTOKA €, Ye TOM € KOHLEHTpUpaH B
nepuoaa
Mali—OKTOMBPM.

Pesyntatu n ussogm

Ha ¢wurypaTta ca nokasaHu meceyHuTe rpaduvku B
10-rogMwHMA nepuos Ha cumynauma Ha 6anaHca Ha
AasosmpuTe npu Onuma 1.
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obemuTe Ha nNbpBAaM BTOPAa 30Ha, HA NPUTOKA
(cBeTNOCMHM KO/MOHM), Ha BOZOMNON3BAHETO 3a rpyna
,Puna“ (uepBeHa nAbTHA AMHMA), 3a [ynHuua
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MNpaBunaTa 3a onpeaensaHe Ha MeCeYHU TMMUTU ce
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33 NpPU/IOXKeHue.



71

11l NATIONAL SCIENTIFIC CONFERENCE ON METEOROLOGY, HYDROLOGY AND ENVIRONMENT
24-26 March 2026, NIMH, Sofia

Assessment of the water supply resources of the “Kalin” and “Karagyol” reservoirs
O. Santurdjiyan, S. Darachev*

Department of Hydrology, National Institute of Meteorology and Hydrology
Keywords: dam water allocation through zoning, water use priorities
*email: sdarachev@meteo.bg

Introduction

The “Kalin” and “Karagyol” dams are the highest in
Bulgaria and form the initial stage of the “Rila” cascade
with 4 hydroelectric power plants. They are
interconnected by a pressure tunnel, with the “Kalin”
dam being higher and able to fill the “Karagyol” dam.
The “Kalin” dam has a storage capacity of 1,02 million
m3, and the “Karagyol” dam with 2,2 million m3. The
latter is filled from its natural catchment, from the
“Kalin” dam, as well as with water pumped from the
lower equalizer of the “Kalin” hydroelectric power plant.
Below the dams is a cascade of four hydroelectric power
plants with three small equalizers and several collection
channels for additional water inflow.

Since the beginning of the 21-st century, through the
bottom outlet of the “Karagyol” reservoir water has
been supplied to the city of Dupnitsa when the actual
filling is above 1.10°m>. From the outflow of the
“Kamenitsa” HPP, water is also supplied for the towns of
Rila, Kocherinovo, Boboshevo and settlements (“Rila”
Group). This turns the reservoirs into multipurpose ones
with energy and domestic water supply (DWS) use.
Management rules ought to be introduced to ensure the
priority of the DWS users.

Methodology
The study was carried out using the methods and
software RESERVOIR1 of the Methodology for the
reservoirs’ water allocation and use of their water
resources (NIMH, 2023). The two reservoirs are
connected and their total volume is taken into account
in their water balance assessments. It is assumed that
three independent water users take water from the
reservoirs — for the Dupnitsa and “Rila” Group water
supply and for independent energy production by the
“Kalin” hydroelectric power plant. For this purpose, the
operation volume of the reservoirs is divided into three
placed one above the other zones. When the filling is in
Zone 1, water is released only for the “Rila” Group, in
Zone 2 — for the “Rila” Group and Dupnitsa, and in Zone
3 —for all water users. It is also evaluated a third option
with two water use zones without water for Dupnitsa.
The water supply for the “Rila” Group is assumed
to be evenly distributed — under Option 1 with 0,2.106,
and Option 2 — 0,25.106 m3/month, and for Dupnitsa —

0,2.106 m3/month from June to October, when the filling
in the “Karagyol” reservoir is over 1,0.10° m>. Under
Option 3, to the “Rila” Group supplied are 0,3.106
m®/month.

The volumes of the zones are obtained after iterative
computation of the monthly water balance of the dams
with an inflow equal to that in the period 2015-2024,
for which data is available. This is done until reaching
nearly 100% reliability of the DWS for the “Rila” Group
and to the possible maximum for the city of Dupnitsa.
The average annual inflow is 4,97.106 m? with Cv = 0.12.
The characteristic feature of the inflow is that it is
substantial in the period May-October.

Results and conclusions

The figure shows the monthly graphs in the 10-year
simulation period of the balance of the dams under
Option 1.

Simulation graphs of the filling, the water supply for Dupnitsa, “Rila” Group and “Kalin” HPP in min.m cub. with the inflow in the
period 2015-2024 - Option 1
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OMN1 (dark red dots) and OMN2 (purple solid line)
indicate the upper limits of the volumes of the first and
second zones, the light blue columns show the inflow,
the red solid line is the water supply for the “Rila” Group
and the dark green dotted columns — for Dupnitsa, for
the HPP are the light yellow columns.

The “Rila” Group supply reliability is almost 100%,
that of Dupnitsa is 100% under Option 1 and 95% by
volume under Option 2. Under Option 3, it draws water
from the “Dyakovo” reservoir.

Rule curves for "Kalin" and “Karagyol" reservoirs - Option1

Both reservoirs water volume in min.m.cub.

~

0 1 2 3 4 5 6 7 8 9 0 n 1w

mecel
= Maximun fling — Dead volume — OMH1 — omH2

The rules for setting the monthly water use limits
are determined by the rule curves shown in the figure.
The firm “Kyustendilska Voda” EOOD together with the
Ministry of Environment and Water, must select one
from the 3 evaluated options for the reservoirs' water
allocation.
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OnpeaensiHe Ha eKCTPEMHU BETPOBM NapameTpu Npu pasyeT Ha BEeTPOBO Bb/IHEHUE
B NOBbPXHOCTHU BOAHU 06eKTn

I. B'anOB*, H. Vlopﬂ,aHOB, HO. CtoumeHoB

AN ,YnpasneHue n ctonaHMcBaHe Ha A30BUpK”
KntouoBu aymu: npozHo3upaHe Ha eemposu pexcum, 'ymbenoso pasnpedeneHue, 8emposu 8bsHU
*georgi valkov@dpusia.bg

BbBeaeHue

BeTpoBOTO Bb/IHEHME € OCHOBHO BLHLIHO HaTOBapBaHe,
AENCTBALLO BbPXY XMAPOTEXHUYECKN CbOPBIKEHUA KaTo
Bb/JIHONOMM, OYHKM, nNnaBawyM nAaTGopmu, S30BUPHU
CT€HW, W3rpafeHM B MNOBBPXHOCTHU BOAHM O0B6EKTH
(moperta, peku, esepa). To Tpabea Aa 6bae NpeLmsHO
M3YMCNEeHO, 33 4@ Ce rapaHTMpa CUrypHocTTa Ha
CbopbKeHuATa. Mpu nnca Ha AMPEKTHU HabageHus
BbpPXy BbB/JHOBMA pPeEXUM B palioHa ce u3Mnon3sar
BETPOBM [aHHW, MO3BOMIABALM 4Ype3 CTaTUCTUYECKa
06paboTKa onpefensiHeTO Ha eKCTPeMHU BEeTPOBU
CKOpPOCTM €  Heobxogumata  NOBTOPAEMOCT  3a
M34ncnABaHe Ha BbAHEHWETO, CbINIACHO HALMOHANHUTE
HOPMATUBHU U3UCKBAHWA.

MeTtoponorus

M3cnepBaHeTo npeanara MeToZ 3a onpegensHe Ha
€KCTPEMHM BETPOBM NapameTpu upes3 npwuaaraHe Ha
BEPOATHOCTHOTO pasnpeaeneHve Ha Fymben (Gumbel
distribution), n3sectHo owe KaTo Fisher-Tippett Type | —
noaxoZ, NpenopbvyBaH B CBETOBHaTa cnewuuanunsmpaHa
nuTepatypa. KaTo M3TOYHMK Ha AaHHM e U3Mon3BaHa
nnatpopmata MeteoBlue, NnpepocTaBaALa MOLEANPAHU
(hindcast) KNMMATUYHWM JaHHM 32 Hy)KHaTa reorpadcka
nokaumA. MetoabT BKAuBa obpaboTka Ha BeTpoBU
JaHHM M onpeaensHe Ha  KoeduuMeHTUTe Ha
f'ymbenoBoTo pasnpefeseHne 4Ypes U3UYUCAABaHE Ha
OCHOBHWUTE  CTaTUCTMYECKM  XapaKTEepPUCTUKM Ha
M3BaZKWUTE C Liea NPOrHO3MpaHe Ha BETPOBUTE CKOPOCTH
Mo MOCOKM 3a 33aafeHa MHOroroAuWwHa NOBTOPAEMOCT
(20, 50, 100 roauHW), B 3aBUCMMOCT OT Knaca Ha
CbOPBIKEHMETO.

3a NpPoOrHo3MpaHeTo Ha opasmepuTesIHUTE BETPOBMU
napameTpu ca W3NOA3BAHW CTATUCTUYECKM METoaU W
paspaboteHn ad hoc w3uMcAUTEeNHUM nporpamu. B
npoueca Ha o06paboTka Ha [JaHHUTE BeTpoBUTE
CKOPOCTW ce pasnpesenat no MOCoKM (no 8- wau
16-pymboBaTta cKana), cbobpasHO TeXecTTa Ha BCAKa
noAarpyna B M3BaZKaTa. M3unmcneHmnaTa ca OCbLLLEeCTBEHU
ypes cobcTBeH codTyep, peanmsmpaH B 4Be BEPCUM — Ha
MS Excel w Ha Python, onpegensaw, koebMumeHTUTE Ha
l'ymbenoBoTo pasnpeneneHne 3a BcAKa reorpadcka
NMoOCOKa, Bb3 OCHOBAa Ha KOUTO Ce M34YuC/ABa BETPOBATa
CKOPOCT C HyXHaTa obe3neyeHOCT — nocnegHaTa ce
ABABa OCHOBEH (GaKTop NpW reHepupaHe Ha BETPOBO
Bb/IHEHME.

Pe3syntatu u ussoau

3a TectBaHe Ha MmeToga e wu3bpaH A30BUP
,OrHAHOBO"”. BXOAHMTE AAaHHM Ca BETPOBUTE CKOPOCTU B
pailoHa, npeactaBeHM nog ¢dopmata Ha posa  Ha
BETpPOBeETE, T[PYyNMpPaHM MO CKOPOCTHM T[pynu w
npoabv/mKkuTenHoct. OnpepeneHn ca  eKCTpemHuTe
CKOPOCTM MO MOCOKKU 32 MepuoamM Ha MOBTOPAEMOCT OT
1 po 100 rogMHM M Cca W3YUC/IEHW HOPMATMBHO
M3UCKyeMUTe BDBJHOBM MNapamMeTpu 3a pas3deta Ha
BMCOYMHATA Ha MbA3eHE HA BbJHUTE NO BOAHWUA OTKOC
Ha A30BMpPHATA CTeHa.

durypa 1. BeTpoBu pasroH B a308up ,OrHAHOBO”

Pa3paboTeHUAT NPOrHOCTMYEH MeToh W3MNoA3Ba
CTaTUCTUYECKM aHANU3 Ha AOCTbMHU METeoPOJIOrMYHM
OaHHM, KaTo npegfiara  Ha  XMAPOMHMKeHepuTe
HageXaeH MHCTPYMEHT 3a onpegensHe Ha BeTpoBuTe
napameTpy C Hy)KHaTa MHOroroAuwHa MOBTOPAEMOCT.
To3n nogxond e NPUAOKMM 3a LWWWUPOK CNeKTbp OT
cneumnanmcTu, paboTelm B obnactTa Ha
XMAPOTEXHUYECKOTO CTPOUTENCTBO W YMNPaBAEHMETO HA
BOAHM pecypcu B bBbarapus.

Jlutepartypa

Hopmu 3a HaToBapBaHWA W  Bb3ZeWcTBMA HA
XUAPOTEXHUYECKM CbOPBKEHUA OT BbBAHW, Nej, u
nnaBaTesiHn cbaose (1988).

Hopmu 3a npoeKkTMpaHe Ha HaCUMHM A30BUPHMU CTEHU
(1985).

Thompson, E.F. (2002). Hydrodynamic Analysis and
Design Conditions. Coastal Engineering Manual, EM
1110-2-1100, U.S. Army Corps of Engineers,
Washington, DC. Pt. Il Coastal Hydrodynamics,
Ch. 11-8, 62 p.
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Introduction

Wind-generated waves constitute a primary external
load acting upon hydraulic structures such as
breakwaters, groynes, floating platforms, and dams
constructed within surface water bodies (seas, rivers,
lakes). These loads must be precisely calculated to
ensure the structural integrity and safety of the
facilities. In the absence of direct observations of the
wave regime in a given area, wind data is utilized.
Through statistical processing, this data enables the
determination of extreme wind speeds with the
required return periods for wave calculation, in
accordance with the national regulatory requirements.

Methodology

The study proposes a method for determining
extreme wind parameters by applying the Gumbel
probability distribution, a.k.a. Fisher-Tippett Type | —
approach widely recommended in global specialized
literature. The MeteoBlue Internet platform was utilized
as the data source, providing hindcast climate data for
the required geographic location. The methodology
involves processing wind data and determining the
Gumbel distribution coefficients by calculating the
primary statistical characteristics of the samples. This
aims to forecast directional wind speeds for specified
return periods (20, 50, and 100 years), depending on
the technical classification of the structure.

To forecast the design wind parameters, statistical
methods and ad hoc computing programs were
employed. During the data processing phase, wind
speeds are distributed by directions (using an 8- or
16-point compass rose), according to the weight of each
bin within the sample. The calculations were performed
using own software implemented in two versions — MS
Excel and Python. This software enables the rapid
determination of Gumbel distribution coefficients for
each geographic direction, which serve as the basis for
calculating the extreme wind speeds for the required
return period that is the fundamental factor in wind-
wave generation.

Results and conclusions

The Ognyanovo Dam was selected to test the
methodology. The input data consists of wind speeds in
the area, presented as a wind rose and categorized by
speed intervals and duration. Extreme directional wind
speeds were determined for return periods ranging
from 1 to 100 years, and the wave parameters required

by regulatory standards were calculated to determine
the wave run-up height on the upstream water slope of
the dam wall.

AN
&

Figure 1. Wind fetch at Ognyanovo Dam

The developed forecasting method utilizes statistical
analysis of accessible meteorological data, providing
hydraulic engineers with a reliable tool for determining
wind parameters with the necessary long-term return
periods. This approach is applicable to a wide range of
professionals working in the fields of hydraulic
engineering and water resource management in
Bulgaria.
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BvBegeHue

MopckaTa akBakynTypa B bbarapua octasa cnabo
pasBuTa BbNPEKU 61aronpuATHUTE EKONIOTMYHM YC0BUA
W ObATOrOAUWHWTE TPagUUMU B aKBaKyATYPHOTO
NpPou3BOACTBO. MICTOPUYECKMN CEKTOPDBT € AOMUHUPAH OT
CNagKoOBOAHM BWAOBE, [OKATO MOPCKMTE BUAOBE,
OCHOBHO 4epHa mwuga (Mytilus galloprovincialis),
npeacTaBnABaT ManbK AAn OT npoaykumata. [pes
nociegHuTe  AeceTUNeTMAs  MOpCKaTa  aKBaKyaTypa
NokasBa Bb3XOAAWA TeHAEHLMA, MoAKpeneHa oT
nogobpeHa HOpPMaTMBHA ypenba, HapacTBall,
WHBECTUTOPCKU MHTEPEC U CbOTBETCTBUE C NOAUTUKUTE
Ha EC 3a yctolumB pacTex. B TO3M KOHTEKCT e

Heobxoamma oueHKa Ha NpPou3BOACTBEHMTE
TEHAEHUMM,  NPOCTPAHCTBEHUTE  OrpaHUYeHuMA MU
NpUrogHOCTTa Ha pasiMyHKM BMAOBE C Len 6baelo
pa3BuTMe. HacToAwoTo  M3cnedBaHe  npeacTasA

€BO/IIOUMATA HA MOPCKaTa aKBaKyATypa B bbarapua b3
OCHOBA Ha CTaTUCTUYECKM AaHHW, uHbOopmauma 3a
perynaTopHUA pexmnm 1 NpoCcTPaHCTBEHOTO MaaHUpaHe,
KaKTO M eKCNepTHU CTaHOBWLLA Ha 3aMHTEpPecoBaHWUTe
CcTpaHu. [poyyeH e noTeHUManbT 3a TEXHONOrMYHO
pasBUTME  uYpe3  UHTErpupaHu  MyaTUTPOGUUHMU
aKBaKyNTypu (IMTA) " peunpKYNaLNOHHN
aKBaKynTypHu cuctemun (RAS).

MeTtoponorusa

MeTtooonornata  MHTErpypa  CTaTUCTUYECKUM U
NPOCTPAHCTBEHM NOAXOAM 3a OLLEHKA HA NoTeHUMana 3a
pa3BUTME Ha MOpPCKATa aKBaKyntypa B bbarapua.
JaHHuTe 3a npon3BoacTBO 3a nepmoga 1960-2024 r. ca
aHaNM3MpPaHM  Ype3  HaUMOHAAHM  CTAaTUCTUYECKMU
M3TOYHMUM U 6as3aTa AaHHM FAO FishStat), ¢ akueHT
BbpPXYy BUAOB CbCTaB, PACTEX U CTPYKTYPHU NPOMEHU B
CeKTopa. M3BbpweH e nperneg Ha perncropa  Ha
depmuTe M NPOCTPAHCTBEHUTE MIAHOBE C LN OueHKa
Ha pPasnoJ/IO}KEHMETO Ha O0bBEeKTUTE U Ha K/4oBUTE
OrpaHMyeHmns 3a passutme Ha IMTA n RAS.

M3BbpLieH e TUC aHann3 Ha npurogHocTtTa 3a IMTA
n RAS c uen ngeHtTudMumMpaHe Ha NOTeHUNaAHN BULOBe
OT pasAnYyHM TpodUYHWM HMBA, NOAXOAALM 33
oTrnexpaHe. M3non3BaHm ca  napameTpu  Kato
TemnepaTtypa Ha MOpPCKaTa BOAa, CONEHOCT, XIopodun-
0, Bb/IHEHME U KOHO/IMKTU CbC 3aLUTEHN TEPUTOPUN U
apyrv  geliHoctm  (Zaharia, 2017). [aHHM  oOT
3aMHTepecoBaHUTe CTpaHM baxa cbbpaHu Ypes paboTHU
CpeLLn N KOHCYNTaLuK.

Pe3syntatu u ussoau
Mpoun3BoACTBOTO OT MOPCKA aKBaKy/ATypa MOKa3ga
pacTex, NpeAnMMHO 32 YepHa MUAa, HO OCcTaBa NoJj, CBoA

noTeHuman. ALMWHUCTPATUBHU npoueaypu,
orpaHuyeHn 060COBEHN MOPCKM 30HW M AUMCa Ha
TEXHONOTMYHM MHOBALMKU ca MAEHTUOULMPAHM KaTo
KNto4oBM bapuepu. EKONOrMYHUTE XapaKTEPUCTUKKU Ha
YepHO MoOpe M HaTPynaHUAT ONUT B OTI/IEKAAHETO Ha
MUAM Cb34aBaT 6AAronpuATHU YCIOBKA 3a BbBEKAAHE
Ha IMTA n RAS.

PesyntaTuTe MoKas3BaT, Ye 30HMPAHETO 33 KpPbrosa
aKBAKy/NTypa MOXe A3 HaMaAu KOHOAMKTUTE MeXAay
Nnon3BaTennTe Ha MOPCKOTO NPOCTPAHCTBO M Aa
noanomorHe BHEApPABAHETO Ha MHOBATUBHMU
NPOW3BOACTBEHM MoZenu. YepHaTa MMAA OCTaBa
OOMMHMPALL, BUA, NOKa3BalKM eKONOrMYHa NpUroaHocT
M nasapHo TbpceHe (Massa et al., 2021). EBponelickaTa
cTpuaa (Ostrea edulis) nokasBa noTeHUMan, NoAKpeneH
OT WCTOPMYECKOTO M PasnpoCTPaHEHWE U EeKONOrMYHa
cbBmectumocT (Nenciu et al., 2020).
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durypa 1. Bogelwym Bugose B akBakyaTypaTta B bbarapus
no o6em Ha Npou3BoOACTBO

bnaropgapHoctu: M3cneaBaHeto e CbPUHAHCUMPAHO OT
EC no nporpama ,HayyHu mscnegBaHuA, MHOBALUK U
OUTUTanu3aumMa  3a MHTeNUreHTHa TpaHcpopmaums
2021-2027“,  npoekt ,bny Kpucran“, porosop
Ne BG16RFPR002-1.014-0016-C01.
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Introduction

Marine aquaculture in Bulgaria remains
underdeveloped despite favourable environmental
conditions and a long national tradition in aquaculture.
Aquaculture production has historically been dominated
by freshwater species, while marine species, primarily
the Black Sea mussel (Mytilus galloprovincialis), account
for only a small share of total volume. Over the past
decades marine aquaculture has shown upward trend,
supported by improved licensing procedures, investor
interest, and alignment with EU policies promoting
sustainable blue growth. In this context, a detailed
assessment of production trends, spatial constraints,
and species suitability is needed to guide future
development. This study provides an overview of the
evolution of marine aquaculture in Bulgaria, based on
long-term datasets, licensing and spatial planning
information, and stakeholder insights. Attention is given
to the potential for technological diversification through
Integrated Multi-Trophic Aquaculture (IMTA) and
Recirculating Aquaculture Systems (RAS).

Methodology

The study integrates statistical and spatial
approaches to assess the development potential of
marine aquaculture in Bulgaria. Long-term production
trends (1960-2024) were analysed using national
statistics and FAO FishStat) data, focusing on species
composition, growth rates, and structural changes in
the sector. Licensing registers and spatial planning
documents were reviewed to quantify the number,
area, and location of farms and to identify
administrative constraints. The analysis focuses on
identifying  structural constraints, environmental
considerations, and opportunities for innovation, with
particular attention to IMTA and RAS.

A GIS-based suitability analysis for both IMTA and
RAS was carried out to identify potential species across
different trophic levels that may be considered for
aquaculture. The analysis included sea surface
temperature, salinity, chlorophyll-a, exposure to waves,
and conflicts with protected areas and other maritime
uses (Zaharia, 2017). Stakeholder inputs were derived
from workshops and consultations with farmers and
authorities.

Results and conclusions

Marine aquaculture production has increased
steadily, driven almost entirely by mussels, but
remaining below its potential yet. Administrative
complexity, limited designated marine space, and

insufficient technological diversification were identified
as key barriers. Black Sea’s environmental
characteristics and existing mussel- farming experience
create favourable conditions for introducing IMTA and
RAS.

Preliminary analysis shows that circular aquaculture
zoning can reduce conflicts, support licensing, and
support the uptake of innovative, low-impact
production models. The black mussel remains the
strongest candidate for sustainable expansion,
demonstrating excellent environmental suitability and
market demand (Massa et al., 2021). The European flat
oyster (Ostrea edulis) also shows potential, supported
by historical presence and ecological compatibility
(Nenciu et al., 2020).
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Figure 1. Top three aquaculture species in Bulgaria
by production.
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BbBeaeHue

Mexay Kpaa Ha 70-Te n Havyanoto Ha 90-Te roanHU Ha
XX BeK YepHO mope e npetbpnano cepua OT
€KOCUCTEMHU ,,CPUBOBE” U, PEXUMHM NPOMEHMU",
npeausBuMKaHM OT KOMOMHMPaAHOTO Bb34encTBMe Ha
aHTponoreHHaTa eyTpodurKaLma, CBPbXY/I0Ba Ha p1ba u
WHBA3MBHM BMAOBE. Te3n U3MeHeHUs ca 0COHBEHO CUNHU
B NIMTKUTE KPalbpeXKHW 30HU CbC 3aCU/IEHO JIOKANHO
Bb34ENCTBME M 3ambpcABaHe M cnaba UMpKynauma Ha
BOAHUTE mMacK, BKA. n byprackua 3anumse. OT Kpasa Ha 90-
Te roauMHM Ha XX BeK ce HabsofaBa TEHAEHUMA KbM
HamManaBaHe Ha  KOHLUEHTpauuuTe Ha OuoreHmu,
nogobpssaHe Ha KAa4yecTBOTO Ha BOAMTE M Ha 06LWOTO
CbCTOAHWE Ha eKocucTemuTe B palioHa. Llenta Ha ToBa
uscnesBaHe e na Npocaean M aHanM3npa AMaMMUKaTa B
KOHUEHTpauunTe Ha 6uoreHn u xnopodua-a, Kakto u
NPOMEeHUTE B EKOJIOTMYHUA CTATyC Ha KpanbperkHaTa
30Ha Ha byprackua 3anauB B nepuoga mexay 1984 u
2024 .

MeTtoponorus

B nepuvoga mexxay 1984 u 2024 r., Ha cTaHpApTHa
CTaHUMA 33 u3cnenBaHus B pavioHa Ha Co30MoncKusA
3anmB (LTER Site LTER_EU_BG_06), ca npoBeaeHu
pefoBHM CE30HHW M3MEepPBaHWA Ha KOHLLEHTpauMu Ha
6uorenn (NH,", NO3, and PO,%, Ninorg., N tot.), chl-a u
cycneHaupaHa NnapTUKynAapHa matepusa. B gonbaHeHue,
B nepuoamte 2009-2011 n 2021-2024 r. e npoBeaeH
Ce30HEeH MOHWUTOPUHI HAa MOpPCKaTa BoAa B 7 CTaHLMK NO
IO)KHOTO Kpanbpexue Ha byprackmsa 3anus, mexay
Kpaimopue n Macnen Hoc. Mexkay 2021 n 2024 r. Tesun
u3cnefBaHMA ca  [AOMbBAHEHUM C  MHCTPYMEHTaNHU
M3MepBaHMA Ha npoduaM Ha TemnepaTypa, COJIEHOCT,
pH, kucnopog wu chl-a  (NKE Instruments
MHOronapameTpuyHa coHAa).

Pe3yntatun

3a BpemMeTo Ha M3c/neABaHeTO KOHLEeHTpauuuTe Ha
6uoreHn wu xnopodun-a B CO30MONCKMA 3a/iMB ca
Hal-BUCOKM B nepuoga 1984-1990, cneaaHu oT
nocTteneHHoTo Um HamanasaHe go 2000-2005 r. u
CTabUNIHO HUCKU KOHUeHTpauuu cneg 2010 r., KoraTto
ekonornyHmAat cratyc (EC) Ha KpalibpexHoTo BOAHO
TANO TpPaWHO JocTura ,n06bp‘-,0Tanden’. UsknoueHua
ca nepuvoaguTe Ha eXerogHuTe 3MMHO-NMPOJIETHU
ubdpTexkn Ha PUTONNAHKTOH U NepuoguTe C NOBULLEHMU
BasieXu B palioHa (Hanp. 2014, 2015 1 2018 r.).

N B gBaTa nepnoga Ha mnscneasaHeto, 2009-2011 un
2021-2024 r., e YCTaHOBEHO Ha/M4MeTO Ha cTabwuieH
rpaguMeHT Ha eyTpoduKauma B KpanbpexueTo Ha

Byprackma 3anuB. Hal-BMCOKM KOHUEHTpauuMu Ha
61OreHn M CbOTBETHO HUCBHK EKOJIOFMYEH CTaTyCc ca
oT4yeTeHM B paloHa Ha Kpalmopwue, c nocTeneHHo
nogobpeHne B MOCOKA KbM HOC ATMA M MNOCTOAHHO
,806bp‘-,0TnnueH’ EC Ha BOAWTE IOXKHO OT HOC AKMH. B
paioHa Ha Kpavmopue mexagy 2009 u 2021 r. e
YCTAaHOBEHO 3HAYMMO MOHUMXKEHWE Ha MAKCUMaSHWU W
CPefHOrOAMILIHN  KOHUEHTpauum Ha  buoreHn u
xnopodun-a, UHAMKUPALLO 3HAYMMO MOHMNKEHME Ha
BTOKa Ha 6OMOreHM M 3amMbpPCUTENN BbBB BbTPELUHUA
Bbypracku 3aauB 3a nepuoaa.

NH4 [ug.l-1]
1984-2024

Chl-a[mg.I-1]
1984-2024 raw

durypa 1. IMHaMMUKA HA KOHLEHTPaLMM Ha AMOHUI U
xnopoopun-a mexay 1984 un 2024 r. 8 Co30M0/ICKMA 3a1UB.
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durypa 2. FpagmeHT Ha eyTpodUKaLLMA NO IOKHOTO
Kpaibpexune Ha byprackua 3aams (2009-2024 r.).
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Introduction

The Black Sea has undergone a series of ecosystem
collapses and ecosystem regime shifts in the
1970s-1990s due to the combined effects of
anthropogenic eutrophication, overfishing and invasive
species. These effects were most pronounced in shallow
coastal regions with local inputs of pollutants and
slower water circulation, such as the Burgas Bay in the
SW Black Sea. Since the late 1990s, nutrient loads have
decreased, the water quality has improved and
ecosystems have gradually recovered. The goal of this
study is to quantify the changes in nutrient
concentrations, chlorophyll-a and overall ecological
status of coastal waters in this region in the period
between the early 1980s and 2024.

Methodology

Concentrations of nutrients (NH,", NO3, and PO,%,
Ninorg., N tot.), chl-a and suspended particulate matter
were measured following standard analytical methods
at a long-term monitoring station in Sozopol Bay on a
weekly-monthly basis between 1984 and 2024 (LTER
Site LTER_EU_BG_06). Additionally, in 2009-2011 and
2021-2024 seasonal monitoring was carried out at
seven stations along the Sought Burgas Bay coast
between Kraimorie and Cape Maslen Nos. Water
column profiles of temperature, salinity, pH, oxygen and
chl-a concentrations were measured in 2021-2024 with
multiparameter probes (NKE Instruments).

Results

Nutrient and chl-a concentrations in Sozopol Bay
were highest in the 1980s and early 1990s, followed by
gradual decrease till the early 2000s and stable low
concentrations since 2010, with ‘good’-‘high’ ecological
status (ES) of the water body, except during winter-
spring seasonal phytoplankton blooms. Lower ES were
detected in years with higher precipitation in the area
(e.g. 2014, 2015 and 2018).

A well-established and stable eutrophication
gradient was present in Burgas Bay in both study
periods (2009-2011, 2021-2024). Highest nutrient
concentrations and correspondingly lowest ecological
status were recorded at stations in Inner Burgas Bay
(Kraimorie), with gradual improvement of water quality
towards Cape Atia, and stable ‘good’-‘high’ ecological
status of stations south of Cape Akin. A notable
decrease in average and maximum concentrations of
nutrients and chl-a was noted in the vicinity of

Kraimorie between 2009 and 2021, indicating a
significant decrease in nutrient inputs in the Inner
Burgas Bay in that period.
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Figure 1. Dynamics of ammonia and chl-a concentrations
between 1984 and 2024 in Sozopol Bay.
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Figure 2. Eutrophication gradient along the southern coast
of Burgas Bay (2009-2024).
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BvBegeHue
Cywata e onpegeneHa OT  MeXAyHapoaHaTa
mMeTeoposiorMyHa  obWwHOCT  KaTo  ,Nepuosg  Ha

HeobMYalHO CyX0 Bpeme, JOCTaTb4yHO MPOAB/IKUTENEH,
3a 43 MOKe /IMncaTta Ha BasieXku 4a NpUYMHU cepmnoseH
xuaponormyeH pgucbanaHc”. Xupgponoxkata  cywa
O0B6MKHOBEHO M30CTaBa OT METEOPOsIorMYHaTa. Moe aa
M3MUHAT AHM U Meceum, npean AeduunTbT Ha BaNEXKM
[a foBeje [0 HaMasleHMe Ha OTTOKa B PEKUTE U NPUTOKA
KbM f30BMpuTe. HamanABaHeTo Ha HWBaTa Ha
noAsemMHuTe BOAM U A30BMpPUTE Ce peannsmpa Hakpas, a
Bb3CTAaHOBABAHETO HA HOPMA/IHOTO MM CbCTOSIHUE Clep,
cywa e no-6asHo (Marinova & Bocheva, eds., 2023).

MeTtogonorus

M3cnepgBaHeTo e 4acT OT UANOCTEeH noAaxosd 3a
naeHTMduumMpaHe Ha MPOAB/IKUTENHO 3acyluaBaHe,
paspaboTeH M HaarpageH oT eKkcrneptv Ha HUMX B
nogkpena Ha MOCB n PamkoBaTta gupeKkTusa 3a soaure.
AHanun3bT e 6asnpaH Ha MEeCeYHO M3UUCAABaHUTE B
onepaTvBeH MopsAbK MHAEKCUM Ha 3acywasaHe (SPI3 u
SRI), https://hydro.bg/. U3BbpLieH e npexos KbM OLeHKa
Ha WHAEeKcuTe Ha 6acellHOBO HWMBO. M3nonssaH e
KoepULMEHTbT Ha Kopenauua, 3a fa ce onpeaenu
B3aMMOBpPb3KaTa mexay Asata uHgekca SRI n SPI npu
pasnnMyHM BpemeBU CTbNKK 3a nepmnoda 2014-2024 r.:

¥ (x-x)y-»)

Correl(X,Y)= — —
VZ -0'F (-

Pesyntatu un ussogu
AHann3sMpaHu ca 3aKOHOMEpPHOCTUTE Ha npoueca Ha

3acylwaBaHe 3a peyHuTe b6acenHu ot https://hydro.bg/.

Tabauua 1. Kopenauma mexay niaekcmte SRI3 1 SPI3 1 SRI6 1
SP16 3a 2014-2024 (pparmeHT)

Ne Peka Kopenauua
SRI3 —SPI3 SRI6 — SPI6
1 OrocTa 0.60 0.71
4 daKuiicka 0.60 0.71
5 TyHAXa 0.57 0.71

OueHeHM ca KopenauuaTa, CUHXPOHHOCTTA MU
$a30BOTO OTMECTBaHe MeXay MHAOEeKcuTe. PesynTtatute
NOKasBaT, 4Ye KopenauuaTa HapacTBa C Npexos OT
3-meceyHa KbM 6-meceyHa BpemeBa CTbnKa. Ta e
CTAaTUCTUYECKM MO-3HAaYMMa Npu 6-mecedeH paspes u
0TpassBa NO-AbATOCPOYHOTO BAUAHME HA MUHAN OTTOK.
KOAKOTO no-ababr nepuos, ce pasraexaa, TOJ/KOBa
No-ACHO € M3pa3eHa BPb3KaTa MeXKAy BajeKa M OTTOKa.

. PHCEHOM NOM B PICEHOM AOM

durypa 1. CbnoctaBKka Ha SPI3—SRI3 1 SPI6—-SRI6
3a 2014-2024 r. no peyHu baceiiHu (dparmeHT)

OueHKaTa Ha KopenaumaTa u $a3oBOTO OTMeCTBaHe
ACHO naeHTMOMUMPaA NepuoauTe Ha NPOABKUTENHO
3acywasaHe (¢ur. 1), KaTo e aHaAu3MpaHa W
cneumnounKaTa Ha BCekun pedeH baceliH. OTKposBar ce:

- NpogbnxutenHo 3acywasaHe 2019-2020r.

- MpoabmkutenHo 3acywasaHe 2022-2024 .

OuvakBaHo, SRl e ¢a30BO OTMecTeHO M M30CTaBa
cnpamo SPI B pasnnyHa cTeneH 3a OTAENHUTE PEeYHMU
baceiHU. KaTo usAn0 KbcuTe mawabu (meceyHn u
TPUMECEYHN BPEMEBM CKa/M) Ca NOAXOAALM 33 MASIKU U
He3saperynvpaHu 6aceliiu, LOKaTo NO-AbArMTe Nnepuoam
ca No-NoAxo4ALLM 3a No-ronemu HbacelHu ¢ U3KYCTBEHO
CbXpaHeHue. KniouoBu ¢GaKTOpM 3a HacTbNBaHETO Ha
,MPOOB/IKUTENHA cywa“, KOUTO BMAAT Ha
peryanpawmTe Bb3MOXHOCTU Ha nopeumnsaTa (A30BUpU U
noAsemMHu Boaum), ca ABe NOC/Aef0BATENHN CYXU FOAMHM
(konTo camm no cebe cM MOXKe Aa He ca Hal-cyxuTe),
3aCyllaBaHeTO  MNpe3  eCeHHO-3UMHWUTE  Meceuw,
HaMaNABAHETO Ha CHEXHaTa NOKPMBKA. 3a4eCcTABAHETO U
nocsie40BaTeIHOTO pefyBaHe Ha EKCTPEMHU ABNEHUA —
CylWWM W HaBOAHEHWA, cbwo ca akTop, 3awoTo
WMHTEH3UBHUTE Ba/ieXu He AONpUHacaT 3a
noaxpaHBaHETO Ha NOA3eMHUTE BOAW U HEBUHATW Ca BbB
BoaocbopuTe Ha A30BUpUTE.

bnarogapHocTu: M3cneaBaHeTo e YacT OT Hay4yeH NPOEKT
Ha HUMX B nogKpena Ha MOCB 3a 2025 r.

Nuteparypa

Marinova, T. & Bocheva, L., eds. (2023). The changing
climate of Bulgaria — data and analyses. NIMH,
https://www.meteo.bg/bg/zaNas/knigi
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Assessment of the relationship between meteorological and hydrological droughts

in river basins at different time scales
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V. Yordanova3, Y. Dimitrov!, G. Drumeva?
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Introduction

Drought is defined by the international meteorological
community as a “period of unusually dry weather, long
enough for the lack of precipitation to cause a serious
hydrological imbalance”. Hydrological drought usually
lags behind meteorological drought. It can take days and
months before the precipitation deficit leads to reduced
river flow and reservoir inflow. The lowering of
groundwater and reservoir levels occurs last, and the
recovery to their normal state after a drought is slower
(Marinova & Bocheva, eds., 2023).

Methodology

The study is part of a comprehensive approach for
identifying prolonged drought, developed and enhanced
by experts from the National Institute of Meteorology
and Hydrology (NIMH) in support to the Ministry of
Environment and Water (MEW) and the Water
Framework Directive. The analysis is based on drought
indices (SPI3 and SRI) calculated monthly on an
operational basis https://hydro.bg/. A transition was
made to assessing the indices at the basin level. The
correlation coefficient was used to determine the
relationship between the two indices, SRl and SPI, at
different time scales for the period 2014-2024. The
synchronicity and phase shift between the indices were
evaluated:

T - Xy -Y)

Correl(X.T)=

Y (x-0'Y (-1

Results and conclusions
The dependencies in the drying process for the river

basins from https://hydro.bg/ have been analysed.

Table 1. Correlation between the SRI3 and SPI3 indices and the
SRI6 and SPI6 indices for 2014-2024 (fragment)

Ne River Correlation
SRI3 -SPI3 SRI6 —SPI6
1 Ogosta 0.60 071
4 Fakiyska 0.60 071
5 Tundzha 0.57 0.71

The correlation, synchrony, and phase shift between
the indices were assessed. The results show that the
correlation increases when moving from a 3-month to a
6-month time step. It is statistically more significant in
the 6-month interval and reflects the longer-term impact
of past outflow. The longer the period considered, the

clearer the relationship between rainfall and runoff
becomes.

RUSENSKY LOM

RUSENSKY LOM

TUNDIA g TUNDJA

% MoNTH

Figure 1. Comparison of SPI3—SRI3 and SPI6—-SRI6
for 2014-2024 by river basins (fragment).

Through the assessment of correlation and phase
shift, periods of prolonged drought are clearly identified
(Fig. 1), taking into account the specifics of each river
basin. The following stands out:

- Prolonged drought 2019-2020;

- Prolonged drought 2022—-2024.

As expected, SRl is phase-shifted and lags behind SPI
to varying degrees for different river basins. In general,
shorter scales (monthly and quarterly time scales) are
suitable for small and unregulated basins, while longer
periods are more appropriate for larger basins with
artificial storage. Key factors in the occurrence of
a “prolonged drought”, which affect the regulatory
capacity of river sections (reservoirs and groundwater),
are two consecutive dry years (which in themselves may
not be the driest), drought during the autumn-winter
months, and a reduction in the snow cover. The
increased frequency and sequential alternation of
extreme events — droughts and floods, are also a factor,
because the intense rainfall does not contribute to the
recharge of groundwater and also it is not always within
the catchment areas of reservoirs.

Acknowledgements: The research is part of the research
projects carried out with the support of MEW for 2025.
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AHanu3u U MHAEKCU 3a OLeHKA Ha BOAHOCTONAHCKUTe 6anaHcu

B CbOTBETCTBME C TUNOBETE PeCypCHU oueHKU Ha HUMX
K. MiobeHoBa*, U. Unuesa, A. Vlop,a,aHOBa, M. PaHKoBa, K. Kpymosa, P. [lobpesa, A. Boesa, . ipymesa,
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BvBegeHue
Pa3ButMeTo Ha meToaMTE 3a OLLEHKA Ha HAaUMOHaNHUTE
BOAHM n BOAHOCTOMNAHCKM 6anaHcu e

Hay4YyHou3c/ief0BaTeNCcKa 3ajaua, CBbp3aHa c
aHraxkmmeHtute Ha HUMX no 3akoHa 3a BoguTe. B
OCHOBaTa M ca paspaborBaHM B HUMX meToanyHu
noaxoAu U CUCTEMM OT MHAEKCK 33 OLEHKA M KapTupaHe
Ha pasnoJsiaraemuTe BOAHW pecypcu, BOOHUA CTpec,
YyA3SBMMOCTTa Ha  BOAOCHabAABaHeTO, BKA. Npwu
KAMMATUYHW  CLEHApMM U pasIMdHO noTpebreHune
(CC-WARE project, Mitigating Vulnerability..., 2014).

MeTtoponorua

NHpoekeute Ha ekcnnoatauma WEI, WEI+ wn gp.
cnomaraT 3a OUEeHKaTa Ha HaTMCKa M HeaoCTUra Ha BoAa,
HO MMaT CBOWUTE OrpaHWYeHWA nopaau OnpocTeHuA
BOAEH 6anaHc. 3a No-peanncTUYHa OLLeHKA Ha BOAHMUA
ctpec B HUMX ca paspaboTeHu noaxoau v cuctema ot
MHOEKCU 33 OUEeHKa, KOATO BKJOYBA: KAMMATUYHMU,
MHAOEKCU 33 OLEHKa Ha BOAHMA CTpec, yA3BMMOCTTA M
a[anTMBHMA KanmauuTeT Ha MNPUPOAHUTE U COLUMAIHU
cuctemu. Te ca MPUNONKEHWN HA TPAHCHALWOHANHO HUBO,
HWBO peyeH BaceitH 1 IOKANHO HUBO — BOAHOCTONAHCKA
cucTema, A30BMUP, BOAHO TAN0. Agantupa ce noaxon, 3a
peanucTuyHa oueHKa Ha YA3BMMOCTTa Ypes arpermpaHe
Ha paWoHuTe Ha BogeH ctpec (MnuyeBa w leopruesa,
2017).

3a uenute Ha PamKkoBaTa anpekTmBa 3a soaute (PAB)
B HacToAlaTa pa3paboTKa eKCnepuMeHTanHo ce
npunarat HOBUTE NOAXOAMN U MHAEKCU B CbOTBETCTBUE C
TUMNOBETE PecypCcHM oueHKM Ha HUMX (Ha HaumoHanHo,
6aceiHOBO M IOKaNHO HMBO — Bogocbop, noasonocbop,
BOAHO TAN0). Pa3paboteat ce N'MC 6a3npaHu aHann3n u
ce AaBaT NPaKTUYECKM HACOKM 3a MPUIONKEHNETO UM NPU
pelwaBaHeTo Ha pa3INYHKM 3a43a4mn B nogkpena Ha MOCB
1 BaceiHOBUTE AMPEKLNN — OLEHKA HA HAaTUCKA, BOAHUA
cTpec, yA3BMMOCTTa U Ap.

06L[_l0 TOAWIIHO BoJgO4Y€epIieHe

WETL = HaJIMYHU A'BJITOCPOYHHU CJIAAKOBOAHU peCypCH
Pesyntatu n ussogm
Monssa ce HagexAHa W akTyanHa WHPopmauua oT
baceiiHoBM aupekunn, MOCB, HCW, HanoutenHu
CUCTeMU, pecypcHM oueHKM Ha HUMX. AHanusupa ce
bYHKUMOHUPaHeTo Ha BOAHOCTONAaHCKaTa cuctema (BC) n
A30BUPUTE U BIMAHNETO MY BbPXY MHAEKCUTE.

®urypa 1. AHanu3 Ha PyHKLMOHMpPaHeTo Ha BC n a3oBmnpute 1
T'MC 6a3npaHn aHaNU3M Ha MHAEKCUTe
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®urypa 2. Bogos3emaHe B nopeure But n oueHka Ha WEI
BbB Bogocbopa Ha s3. ,,Conot”

Heobxoanm e aHanus Ha ¢YHKUMOHMPAHETO Ha
asosupute n BC B gageHo nopeyve 3a peanmncTU4Ha
OLEHKa Ha BOAHMA CTpec 1 pesyntatute. MoTebpKaasaT
ce u3BoamuTe OT NPeaxoaHu nscnenBaHma, 4e Npm BOSHM
Tena C A30BMPM MHAEKCMTE HA BOAEH CTpec AasaTt
3aBULLIEHA OLEHKa, a Ha HMBO peyeH HacelH oLeHKaTa e
3aHMKeHa. [eduHupat ce npakTUYEeCKM HACOKM 3a
OUEHKa Ha MHAEKCUTE N NPUNOXKEHNETO UM B NoaKpena
Ha MOCB n BbaceliHOBUTEe AMPEKUNN, B CbOTBETCTBUE C
TUNOBETE PeCcypCHU oueHKn Ha HUMX.
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Introduction

The development of methods for assessing national
water and water management balances is a research task
related to the commitments of the NIMH under the
Water Act. It is based on methodological approaches and
index systems developed by the NIMH for assessing and
mapping available water resources, water stress, and
water supply vulnerability, including under climate
scenarios and different consumption patterns (CC-WARE
project, Mitigating Vulnerability..., 2014).

Methodology

The WEI, WEI+, and other exploitation indices help
assess water stress and scarcity, but they have their
limitations due to the simplified water balance. For a
more realistic assessment of water stress, the NIMH has
developed approaches and a system of assessment
indices that include: climate, water stress assessment
indices, vulnerability, and the adaptive capacity of
natural and social systems. They are applied at the
transnational level, river basin level, and local level —
water management system, reservoir, water body. An
approach for realistic vulnerability assessment is adapted
by aggregating water stress areas (licheva and Georgieva,
2017).

For the purposes of the Water Framework Directive
(WFD), this study experimentally applies the new
approaches and indices in accordance with the types of
resource assessments of the NIMH (at national, basin,
and local levels — catchment, sub-catchment, water
body). GIS-based analyses are developed and practical
guidelines are provided for their application in solving
various tasks in support of the Ministry of Environment
and Water and the Basin Directorates — assessment of
pressure, water stress, vulnerability, etc.

total annual water abstraction
WEI =

available long — term freshwater resources

Results and conclusions

Reliable and up-to-date information from Basin
Directorates, the MOEW, the National Statistical
Institute, Irrigation Systems, and resource assessments
by the NIMH are used. The functioning of the water
management system (WMS) and reservoirs and its
impact on the indices are analyzed.

Y

Figure 1. Analysis of the functioning of WMS and reservoirs
and GIS-based analyses of indices

Water abstraction and water use in the Vit river basin

Figure 2. Water abstraction in the Vit River basin and
WEI assessment in the Sopot Reservoir catchment area

An analysis of the functioning of reservoirs and water
management system in a given river basin is necessary
for a realistic assessment of water stress and results. The
study confirms previous findings that water stress indices
yield exaggerated assessments for water bodies with
dams but lower assessments at the river basin level.
Practical guidelines are defined for the assessment of the
indices and their application in support of the MOEW and
the Basin Directorates in accordance with the various
types of standard resource assessments of the NIMH.
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MunoTtHa cuctema 3a HabnlOAEHUA HA BOAHU HUBA, TEMNEPATypPa, NapaMeTpUu Ha PEKU U

noA3emMHu BOAU B MOHUTOPUHroBaTta mpexa Ha HUMX — 2026
M. Aurenos”

OenaptameHT , Xugponorna“, HauMoHaneH MHCTUTYT MO METEOPOIOTUSA U XUAPONOrmaA
Kno4uoBu iymun: usmepeaHe, CKopocm, memnepamypa, 600HU HUBA
*email: pangelov@meteo.bg

BbBeaeHue

Mpe3 2026 r. HaUMOHANHMAT UHCTUTYT NO METEOPONOrmA
n xugponorns (HAMX) nnaHupa BHegpsBaHe Ha
NUWNOTHA aBTOMATU3MpPaHA CUCTEMA 3@ MOHUTOPMUHT Ha
BOAHM HWBA, Temnepatypa U OCHOBHWU XMAPONOXKKU U

XMAPOreo/IOKKM  MapameTpu B peasHo  Bpeme.
Cuctemata we ob6xsaHe wu36paHM MNyHKTOBE OT
HauMoHanHaTa MOHUTOPWHIOBa Mpexa 3a

MOBBLPXHOCTHU WM NOA3EMHM BOAW W Lie MHTerpupa
CbBPEMEHHU CEH30PHW TEXHO/NOTUW, TenemeTpua W
LueHTpanusnpaHa uMHpopmaumoHHa nnatpopma (Tauro
et al, 2018).

OcHOBHaTa LEeN e noBWWAaBaHE Ha TOYHOCTTA,
yecTtoTaTa WM HAAEXAHOCTTa Ha  M3MeEpPBAHUATY,
ocurypasaHe Ha f@aHHW B peasiHO BpemMe 33 OnepaTuBHU
NPOrHO3W, PaHHO MpeaynpexaeHne npu eKCTPemHM
XMAPONOTUYHM  cbbuTMA 1M nopobpaBaHe  Ha
ynpaBieHWeTo Ha BOAHMTe pecypcu. [unoTHaTa
cucTema LWe CAyXKM Kato mogen 3a MHOOPMaUMOHHA
nnatpopma.

MeToA0N10rMYHA OCHOBA 32 XMAPONOXKU U3MepBaHUA
M aBTOMATU3UPaAHM  CTaHUUMU: ISO  748:2007.
Hydrometry — Measurement of liquid flow in open
channels using current-meters or floats
(XuppomeTpus — U3mepsBaHe Ha gebuTa B OTBOPEHM
KaHa/M U CbOPbIKEHUS).

TexHuyecku uenu
e ABTOMATM3MpPaHO M3MepPBaHe Ha:
O  BOAHW HMBA (PEKM M NOA3EMHU BOAM),
O TemnepaTtypa Ha BoAaTa,
o  pebuT 1 cKopocT Ha TeyeHwueTo,
O eneKkTponposBoAMmMOcCT, pH, MbTHOCT;
e OcurypsABaHe Ha TesleMeTPUYHO npeaaBaHe Ha
[aHHW B peanHo Bpeme;
e HamansBaHe Ha pbYHUTE UM3MeEpPBaHMA W
yoBewWwkKuA daKTop;
e [loBMlWABaHe Ha YCTOMYMBOCTTA Ha CTaHUMUTE
Npu eKCTPEMHU YCNOoBUSA;
e |SO 748:2007 — Hydrometry WMO, B oTBOpEeHMU
KaHa/In U CbOPbIKEHUSA;
e |SO 3352:2007 3a u3mepBaHe Ha gebuta Ha
BO/Ja B KNaZeHLUM.

HauuoHanHU U3TOUHULM

HauuyoHaneH MHCTUTYT MO MEeTeoPOIOTUA U XUAPONOTUA.
foavweH  XMApPO/oruMyeH 6toneTmH (nocnegHo
usgaHue): OduumaneH WM3TOYHMK 3@ [AaHHM  OT
HalMOHaNHaTa MpesKa.

MWHWUCTEPCTBO Ha OKOJIHAaTa cpeda v BoauTe. MnaHose
3a ynpaBfeHWe Ha pedyHuTe baceiiHu (MYPB):
HauuMoHanHa pamka 3a ynpaBneHWMe Ha BOAHUTE

pecypcum.

BenTunupaH kaben

¥ Monem / GSM/IIT

UBO)

LieHTparneH cbpebp

—TlemnepatypeH ceHsop

. — Mewbpaya / Bxoa 3a HansraHe

LEVEL TROLL A200 - In-situ norep

Cxema 1. ApxMTeKTypa Ha NUAOTHaTa cucTema.

®urypa 1. ApxuTeKTypa Ha NMAOTHaTa cucTema.

BnarogapHocTu: Ha BCWMYKM KOnerun, yyactBanu B
M3rpa*kLaHeTo Ha NMAOTHATa CUCTEMA.
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Introduction

In 2026, the National Institute of Meteorology and
Hydrology (NIMH) plans to implement a pilot
automated system for monitoring water levels,
temperature, and key hydrological and hydrogeological
parameters in real-time. The system will cover selected
points from the national monitoring network for surface
and groundwater and will integrate modern sensor
technologies, telemetry, and a centralized information
platform (Tauro et al., 2018).

The main goal is to enhance the accuracy, frequency,
and reliability of measurements, provide real-time data
for operational forecasts, early warning for extreme
hydrological events, and improve water resource
management. The pilot system will serve as a model for
the information platform.

Methodological basis for hydrological measurements
and automated stations: ISO 748:2007. Hydrometry —
Measurement of liquid flow in open channels using
current-meters or floats.

Technical goals
¢ Automated measurements of:

e Water levels (rivers and groundwater),

e  Water temperature,

e Flow rate and velocity,

e  Electrical conductivity, pH, turbidity;
* Ensuring telemetry-based real-time data transmission;
¢ Reducing manual measurements and human error;
¢ Enhancing the resilience of the stations under extreme
conditions;
e ISO 748:2007 — Hydrometry WMO open channel
measurement;
e |SO 3352:2007 for water discharge in wells
measurement.

National sources

National Institute of Meteorology and Hydrology.
Annual Hydrological Bulletin (latest edition): Official
source of data from the national network.

Ministry of Environment and Water. River Basin
Management Plans (RBMPs): National framework for
water resources management.

BeHTunupan kaben

¥ Monew / GSMiIfT

WMEQ)

LieHTpaneH cbpebp
h

—TemneparypeH ceHsop

()- MewmGpara/Bxon.3a HansraHe
LEVEL TROLL A200 - In-situ norep

Scheme 1. Architecture of the Pilot System.

Figure 1. Architecture of the Pilot System.
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M3meHeHMe Ha HMBATA Ha NopoBUTe noasemHU Boau B KasaHnbLUKaTa KOTNOBUHA
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BbBeaeHue

OueHKaTa Ha edeKTa Ha CyliaTa BbpPXy KOANYECTBEHOTO
CbCTOAHME Ha nopsemuHute Boau (MB) Halt-yecTto ce
M3BbPLUBA Ype3 aHa/M3 Ha U3MEHEHMETO Ha TexHuTe
HWBA, 3aLL,0TO Te MOraT A3 6bAaT AMPEKTHO U3MEPEHMU, C
[OCTaTb4YHa TOYHOCT M YecToTa (Benderev et al., 2008).
AHanuM3bT Ha BAMAHMETO BbpXy [MB Ha MmMuHanu
MHOrOroguLLIHM CyLIKX NO3BOAABA Aa Ce onpesenaT T.Hap.
ropeLy To4YKn — nogzemHo BogHo Ta0 (MBT) nam yactm
OT HEero, KOUTO Ca HaW-CMJIHO 3acerHaTu OT NpoTeKna
MeTeopOo/IorMyHa cyLa.

MeTtoaonorua

3a onpepensaHe Ha edeKkTa Ha cywata BbpXy
CbCTOAHMETO Ha B Ha /IOKa/IHO HMBO € M3Mo/3BaH
MeTOAbT Ha nparoBata CTOMHOCT W KYMynaTMBHOTO
oTKkNoHeHue (Hisdal & Tallaksen, 2000).
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0
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1000 — AbAGOUMHE HMBO MB, cm === nparosa cTOMHOCT

®urypa 1. MeTog, Ha NparoBaTta CTOMHOCT M KYMyNaTUBHOTO
OTK/IOHEHME OT HeA

KymynaTuBHOTO OTKNOHeHWe Ha HWBOTO Ha [1B npu
cywa ce usuuncnsasa no popmyna (1):

s, = {st_At + (Hy — HpAt npu H, < H )

0, npu H, > H,
KbaeTo: s — KyMynaTUBHOTO OTKIOHEHMe npu cywa, Hy -
nparoBaTa CTOMHOCT, H, — HMBO Ha nog3emMHWTe BOAM,
At — pa3rnexgaHuAT MHTepBan OT Bpeme.

C nomoLuTa Ha TO3M MEeTOo/ e HanpaBeH CPaBHUTENEH
aHanu3 3a CTeneHTa Ha HamanABaHe Ha BOAHWUTE HMBa
BCAeACTBME Ha cywaTa npes nepuoaa 1989-1994 r. 3a
MNBT BG3GO000ONQOO3 TllopoBn BOAM B HeoreH -
KBaTepHep - KasaHablKa KOTNOBMHA. M3nonssaHa e
nparoBa cTolMHOCcT 70 nepueHTUN, 3a Oa Ce OLeHM
npogb/aKuTenHata cywa npe3 To3n nepuoad. BT e
dopmupaHo B KBaTepHEpPHUTE  anyBUaNHU U
NPONYBUANHU OT/NIOXKEHUA, KOUTO WMMAT MOBCEMECTHO
pa3npocTpaHeHue B KasaHabluKaTa KOT/I0BMHA U 3anarat
BbPXY €4MH MOLLLEH NNOLEHCKM KOMMNIEKC OT peayBalim
ce TVHW, rINHECTN nACbLM, nACbLUM 7
no-pAagKo 4Yakba. CpegHata my gebenvHa e 15 m,

OT/IM4YaBa Ce C BMUCOKAa BOJOOBMIHOCT U cpepeH
KoepuumeHT Ha duatpauma 70 m/d (MYPE 2010-2015).

Pe3syntatu u ussogu

3a pa ce  onpegenar  MPOCTPAHCTBEHOTO
pa3snpefeneHne M WHTEH3MBHOCTTAa Ha edekTa Ha
MHOrorogMwHata cywa BbpxXy BOAHWTE HMBA B
pasrnexgaHoto [1BT, MaKCMManHOTO KymMynaTMBHO
OTK/JI0HeHWe 3a nepuoga 1989-1994 r. e n3uuncaeHo 3a
MpeXa OT XMOPOreosIoKKM HabawaaTeNHU MyHKToBeE
(XFHN) — ¢urypa 2.

MoasemHo BoaHo TANO BG3GO000ONQ003
Moposy soan 8 Heoren - Ksarepwep - Kasanmsuka xornosuna

JHs

S 17581
S69st L o $ 3
; "'li“ug"w, | Zyveama (78IS

Naen Gan lo
; —_8 477851

Nerenna

o xon +
®urypa 2. XIHM 8 NBT MNoposu Boan

B HeoreH - KBaTepHep - KazaHnbluKa KOTA0BMHaA
MonyyeHnte pesyntatu ca npegcraseHn 8 N’NC cpepa

— ¢urypa 3.

19891994 . i

Purypa 3. MakcMmanHoO KyMyanaTUBHO OTKNOHEHWe
3a nepuoga 1989-1994 r.

MHororoguviwHaTta cywa npes nepmoga 1989-1994 r.
Hali-cnabo e noBaMANa HUBOTO Ha NOPOBUTE NOA3EMHM
BOAM B paMoHa Ha rp. KasaHabk. 3HauuTenHuM ca
MOHMMEHMATAa B M3TOYHATa 4YacT Ha KasaH/blKaTa
KOT/ZI0OBMHa, KaTO CNaAbT HAa BOAHUTE HMBA € NPOLAB/IKUA
owe 2-3 rogmHu cnepd 1994 r.
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Pore groundwater levels decreases in the Kazanlak Valley during past prolonged droughts
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Introduction

The assessment of the drought effect on the
guantitative status of groundwater (GW) is most often
carried out by analyzing the change in their levels, as
they can be directly measured, with sufficient accuracy
and frequency (Benderev et al., 2008). The analysis of
the impact on GW of past prolonged droughts allows to
determine the so-called hot spots — groundwater body
(GWB) or its parts that are most severely affected by a
past meteorological drought.

Methodology

The Threshold Level and Cumulative Departure Method
is used to determine the effect of drought on the GW at
the local level (Hisdal & Tallaksen, 2000).

1965 1970 1975 1980 1985 1930 1995 2000
o

200
400
600
200

1000 — Eroundwaterlevel, em s threshold value

Figure 1. Threshold Level and Cumulative Departure Method

The cumulative departure of the groundwater level
during drought is calculated by formula (1):
G = {St—m + (Hy — HpAt npu H; < H,
=

0, npu H; > H, (1)

Where: s — the cumulative departure during drought,
H, — the threshold value, H; — groundwater level,
At — the time interval under consideration.

A comparative analysis of the degree of water level
decrease due to drought period 1989-1994 is made for
the GWB BG3G00000NQO03 Pore waters in Neogene -
Quaternary - Kazanlak Valley by this method. To assess
the prolonged drought during this period a threshold
value of 70 percentile is used. The GWB is formed in the
Quaternary alluvial and proluvial deposits, which are
widespread in the Kazanlak Valley and lie on a thick
Pliocene complex of alternating clays, clay loams, sands
and, less often, gravel. Its average thickness is 15 m. It is
characterized by high water abundant and an average
permeability coefficient of 70 m/d (RBMP 2010-2015).

Results and conclusions

In order to determine the spatial distribution and
intensity of the effect of the prolonged drought on
water levels in the considered GWB, the maximum
cumulative departure for the period 1989-1994 is
calculated for a network of monitoring wells — Figure 2.

GWB BG3G00000NQ003
Porous water in Neogen - Quaternary - Kazanlak Valley

\\\,sga\:;

e
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Figure 2. GWB Pore waters in Neogene - Quaternary -
Kazanlak Valley and monitoring wells network

The obtained results are presented by GIS map in
Figure 3.

1989-1994 -

Figure 3. Maximum cumulative departure for the period
1989-1994

The past prolonged drought during the period 1989-
1994 had the least impact on the pore groundwater
level in the region of Kazanlak. The significant
decreases were in the eastern part of the Kazanlak
valley, as the decline in water levels continued for 2-3
years after 1994.
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CAsseVaya: UHTerpupaHa oueHKa Ha paKTopuTe, onpeaensaiim KayectBoto
Ha NOBbPXHOCTHUTE BOAMU BbB Bogocbopa Ha esepo Bas —
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BvBegeHue

E3epo Baa e HaW-ronAmMoTO ecTecTBEHO e3epo B
Bbarapua M BOAOEM C BUCOKA €KOJIOFMYHA CTOMHOCT,
BKAoYeH B Mmpexata Natura 2000 wm obsBeH 3a
Pamcapcka TeputopuA. Bbnpeku 3awmnTeHnAa cum cTaTyT
€3epoTo € MOAJ/IOKEHO Ha MHTEH3MBEH aHTPOMOreHeH
HaTWUCK, MPOM3TMYALW, OT ypbaHM3aLMA, UHAOYCTPUANHU
AeNHOCTU WU 3eMefeNiCKM MPaKTUKKM BbB Bogocbopa.
CbLLecTBYBALWMAT HOPMATUBEH MOHWUTOPUHI OCUTYpsiBa
6a3o0Ba MHOPMALMSA, HO He y/1aBA B AOCTATbYHA CTEMEH
NPOCTPaHCTBEHO-BpPEMEBATA OVNHAaMUKKa Ha
3ambpcuTenuTe M BbTpelHoe3epHMTe npouecu. Tosa
Hanara Heob6xo4MMOCTTa OT MHTErpUpPaH HayyeH Noaxos,
3a pJeTaliiHa oueHKa Ha dakTopute, onpeaenawm
€KONOrMYHOTO CbCTOAHUE Ha cucTemarTa.

MpoekTbT CAsseVaya uenn ga m3rpagm KomnaekcHa
MEeTOA0/M0TMYHA PaMKa 3a OLEHKa Ha XMMUYHUA U
€KONOorMYHMA CcTaTyc Ha e3epo Baa upes cbyeTaBaHe Ha
OUBUKOXUMUYHY, reOXMMUYHN, MUWHEPANONKKM,
METareHOMHM W CTaTUCTUYECKUN aHaANU3MN.

MeTtoponorusa

MpoeKTbT NpeaBuMKaa MHOTOKOMMNOHEHTEH NoAXOoA,
obxBallaly, BogHata ¢asa, cycneHAMpPaHUTE BELLECTBa,
NOBBPXHOCTHUTE CEAUMEHTU U CEeAUMEHTHUTE ALKMW.
PoKycbT € BbpXy MPUOPUTETHU 3aMbpPCUTENM, B T.M.
noTeHunanHo TOKCUYHMU efleMeHTHn (PTEs),
NOJIMUMK/IMYHN  apOMaTHM  Bbraesogopoan (PAHs),
noauxnopupaHn 6uoerHnnn (PCBs) u opraHOX/JOpHM
nectmumam (OCPs). MnaHMpaHWTe AeMHOCTU BKAKOYBAT
owe: 1) NpocTpaHCTBEHO M CE30HHO NpoboB3emaHe oOT
€3epoTO W OCHOBHUTE NPUTOUM; 2) TEOXMMUYEH W
MWHEPANOMKKN aHaNM3 HA NOBBPXHOCTHU CEAMMEHTU U
CeAVMMEHTHU AAKM; 3) pagMoOMeTpUYHO JaTupaHe
(¥°Pb, ™7Cs) 3a pEKOHCTPYKUMA Ha WUCTOPUYECKOTO
HaToBapBaHe; 4) nocnefoBaTeNHa eKCTpakumsa 3a
onpegenaHe Ha d¢opmute U MmobunHoctta Ha PTEs;
5) meTareHOMeH aHanAu3 Ha MUKPOBHUTE 0BLIHOCTU U
dYHKUMOHaNHO npoduanpaHe; 6) uHTerpauma Ha
AaHHUTE Ype3 MHOroBapUAHTHU CTaTUCTUYECKM METoaM
M peLLenTopHO MoAeNmpaHe.

Aunckycua

MpeanoXKeHNAT NPOEKT agpecupa CbluecTByBallaTa
NpasHWHA MeXAy HOPMATUBHUA  MOHUTOPUHT W
HeobXxoaMMOCTTa OT BUCOKa MPOCTPAHCTBEHA U BpeMeBa
pe3onouma MNPy OLEHKAaTa Ha CUAHO aHTPOMOreHHo
HaTOBapeHMU e3epHu cuctemm. OyakBa ce
WMHTErpMpPaHUAT aHaNM3 4@ NO3BO/IM pasrpaHMyYaBaHe Ha
€CTeCTBEHUTE FeOXMMUYHM NPOLLECU OT aHTPOMNOreHHUA
NPWHOC, KaKTO M UAEHTUPUUMPaAHE Ha OCHOBHUTE
M3TOYHUUM U MEXaHU3MM Ha TPAHCMOPT U akymynauma
Ha NPUOPUTETHU 3aMbPCUTENN.

CTpaTUPULMPAHUAT aHANN3 HA CEAUMEHTHUTE AAKU
e npefocTaBuM Bb3MOMKHOCT 3a PEKOHCTPYKLMA Ha
nUcTopuyeckmTe TEeHAEHLMM n oLeHKa Ha
AbATOCPOYHUTE npomeHu BbB Bogocbopa.
MeTareHOMHUAT noaxoa LWe AONbJAHWU KAacuyeckute
bU3UMKOXMMMYHM NOKa3aTenn Ypes naeHTnduLmMpaHe Ha
MUKPOOHM 06WHOCTM U PYHKLMOHANHN  MapKepH,
YYBCTBMTE/NIHM KbM QHTPOMOreHeH HaTUCK, KOeTo
Cb3gaBa noTeHuuMan 3a paspaboTBaHe HA HOBM
6MoMHAMKaTOPU.

MHTerpaumaTa Ha  XMMUYHKM, BMONOTUYHWM W
reOXMMWYHWM JaHHW Lie MO3BOAN M3rpaxKgaHeTo Ha
cucTemMeH Mogden 3a  OUeHKa Ha  eKoJIoTMYHOTO
CbCTOAHME Ha e3epo Bas, NPUAOKMM M KbM ApYyru
YyBCTBUTENIHU KPalbperKHM BOAHN EKOCUCTEMM.

bnaropgapHoctu: l3cnegBaHuATa ce peanusmpat B
pamKkuTe Ha npoekT KM-06-H94/6, duHaHcupaH oT ®HMU,
MOH.
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Introduction

Lake Vaya is the largest natural lake in Bulgaria and a
water body of high ecological significance, included in
the Natura 2000 network and designated as a Ramsar
site. Despite its protected status, the lake is subjected
to considerable anthropogenic pressure resulting from
urbanization, industrial activities and agricultural
practices within its catchment area. The existing
regulatory monitoring provides baseline information,
which does not sufficiently capture the spatio-temporal
variability of pollutants and the internal processes
occurring within the lake ecosystem. This necessitates
the development of an integrated scientific approach
for a more comprehensive assessment of the factors
determining the ecological state of the system.

The CAsseVaya project aims to establish a
comprehensive methodological framework for assessing
the chemical and ecological status of Lake Vaya by
integrating physicochemical, geochemical,
mineralogical, metagenomic and statistical analyses.

Methodology

The project adopts a multi-component approach
encompassing the water phase, suspended particulate
matter, surface sediments and sediment cores. The
research focuses on priority pollutants, including
potentially toxic elements (PTEs), polycyclic aromatic
hydrocarbons (PAHs), polychlorinated biphenyls (PCBs)
and organochlorine pesticides (OCPs). The planned
activities include: 1) Spatial and seasonal sampling of
the lake and its main tributaries; 2) Geochemical and
mineralogical analyses of surface sediments and
sediment cores; 3) Radiometric dating (**°Pb, *'Cs) to
reconstruct historical pollution inputs; 4) Sequential
extraction procedures to determine the speciation and
mobility of PTEs; 5) Metagenomic analysis of microbial
communities and functional profiling; 6) Integration of
the obtained datasets using multivariate statistical
methods and receptor modelling approaches.

Discussion

The proposed project addresses the existing gap
between regulatory monitoring and the need for high
spatial and temporal resolution in the assessment of
heavily anthropogenically impacted lake systems. The
integrated analytical approach is expected to enable the

differentiation between natural geochemical processes
and anthropogenic inputs, as well as the identification
of the main sources and mechanisms governing the
transport and accumulation of priority pollutants.

The stratified analysis of sediment cores will
provide an opportunity to reconstruct historical trends
and evaluate long-term changes within the catchment
area. The metagenomic approach will complement
conventional physicochemical indicators by identifying
microbial communities and functional markers sensitive
to anthropogenic  pressure, thereby creating
opportunities for the development of new bioindicators.

The integration of chemical, biological and
geochemical datasets will enable the development of a
systemic model for assessing the ecological status of
Lake Vaya, which may also be applicable to other
sensitive coastal aquatic ecosystems.

Acknowledgements: This research is carried out within
the framework of project KP-06-H94/6, funded by the
Bulgarian National Science Fund (BNSF), Ministry of
Education and Science.



88

111 HALUWMOHANTHA HAYYHA KOH®EPEHLUA NO METEOPOJ/IOrUA, XMAPONOINMA U OKONTHA CPEJA
24-26 maprt 2026, HUMX, Codusa
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BbBeaeHue

leorpadckute nHpopmaunoHHu cuctemu (FTMC) morat
Aa 6bAaT U3KAUMTENHO MOAe3HM Npu u3obpassasaHe
Ha MOAE/MPaHU BWUCOKM BOAWM B JaJeHW Mopeuyus,
yA3BUMU KbM HaBoaHeHuA. Ha 07.01.2026 r. B pesyntat
Ha OBMAHM U MHTEH3MBHW Banexum p. Kpymosuua
M3/M3a OT KOPMTOTO CU M 3a/MBa CTOTUUM AeKapw
3emefe/nICKu MoWwn “  yamumM B 3eM/IMWETO  Ha
Kpymosrpag. C nomowra Ha TUC ca mogennpaHm
3a/MBaeMmnTe 30HU MO TeyeHUeTo Ha p. Kpymosuua 3a
NOCOYEHUA PAMOH NPU  MaKCMMANHO BOAHO HWBO,
cboTBeTCcTBaLWo Ha ToBa oT 07.01.2026 r.

MeTtoponorus

3a u3cnegBaHeTo e M3Mon3BaH  COOTYEPHUAT
npoayKT ArcGIS Pro (Esri, 2024), OCHOBHO MHCTPYMEHTBLT
Spatial Analyst Tool. KpaliHata uen e pga 6baaT
onpefesieHn ya3BUMUTE PaioHM, KOMTO NOTEHLMANHO
buxa 6uAM 3aneTM Npu NpPemMuHaBaHETO Ha BMCOKA
BbJIHA. 3a 6as3a e n3nos3BaH UMPPOB MOAEN Ha TepeHa
(DEM) c pe3sontoums Ha KneTkata 50 m, KaKTo M C/oit ¢
peyHa mpexka Ha TeputopuATa Ha obuw,. Kpymosrpag,
(dur. 1). 3a ToOYHO onNUcaHMe Ha PEYHOTO ABHO €
M3nons3saHa MWHTepnonauma tun Topo to Raster n e
aeduHupaHa 6aTumeTpmaTa Ha pedyHoto AbHo. C
nomowta Ha Raster Calculator e w3uMcneHa
AbnboynMHaTa Ha BOAHMUA CNOM NpW NPUETo BOAHO HUBO
(dwr. 2). B cnyyaa 7o e 5 meTpa Hazg AbHOTO Ha pekaTa,
KaTo e CbobpaseHO C MaKCMMANHUA BOLEH CTOEX,
oTyeTeH Mo-Hagoay no TeyeHweto npu XMC c. TopHa
Kyna (N261550).

durypa 1. DEM 3a Bogocbopa Ha p. Kpymosuua.

Pe3syntatu u ussoau

MonyyeHUTe 3aneTM MNAOWM Cca CPaBHEHU CbC
caTenMTHa cHUMMKa oT Sentinel-2 (Copernicus, 2026) ot
09.01.2026 r. (¢wur. 3), KakTo U c n306paKeHUA, 3aCHETU
C OAPOH OT AeHA Ha HaBogHeHueTo (¢ur. 4), NnoKaseawm
LeTUTe No nopeyneTo.

durypa 2. MogenunpaHa gbn6o4nHa Ha BOAHWA CONA.

T e WY k’“‘*rﬁj ‘
durypa 3. CatenntHa cHUMKa ot 09.01.2026 .

durypa 4. Mocneactsma ot HaBoaHeHWeTo Ha 07.01.2026 T.

Jlutepartypa
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Introduction

Geographic Information Systems (GIS) can be extremely
useful in the visualization of modelled high waters in
given river basins vulnerable to flooding. On the 7" of
January 2026, as a result of heavy and intense rainfall,
the Krumovitsa River overflowed and flooded hundreds
of decares of agricultural land and streets on the
territory of the town of Krumovgrad. With the help of
GIS, the flood-prone zones along the Krumovitsa River
for the specified area were modelled at a maximum
water level corresponding to that of January 7, 2026.

Methodology

ArcGIS Pro (Esri, 2024) is the main software product
used in making this study, precisely the Spatial Analyst
Tool. The end goal is to determine the vulnerable areas
that would potentially be flooded during the event of
high waters. The base layer is a combination of a Digital
Elevation Model (DEM) with a cell resolution of 50 m
and a river network layer within the territory of
Krumovgrad Municipality (Fig. 1). For an accurate
description of the riverbed, Topo to Raster interpolation
is used which helps with defining the bathymetry of the
riverbed. The modelled depth of the water layer is
calculated at an adopted water level (Fig. 2) using
Raster Calculator. In this case, the water level is 5
meters above the riverbed, taking into account the
maximum water stage recorded further downstream at
the hydrometric station near Gorna Kula village (No.
61550).

Figure 1. DEM for the Krumovitsa watershed.

Results and conclusions

The flood-prone areas derived from this study are
compared with a satellite image provided by the
Sentinel-2 satellite (Copernicus, 2026) from the 9 of
January 2026 (Fig. 3), as well as an image shot with a
drone on the day of the flood, showcasing the damage
along the riverbanks (Fig. 4).

Figure 2. Modelled depth of the water layer.

X5 a 2 “"'"r‘% v e
Figure 3. Satellite image from January 9.

Figure 4. The aftermath of the flood on the 7 of January.
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MeToaMKa 3a OLLeHKa Ha NpeneanTe oTNaagbyHU BOAW B 30HU C XKUIULLHO 3aCTPOABaHe
C. Napaues”

OenaptameHT , Xugponorna“, HauMoHaneH MHCTUTYT MO METEOPOIOTUA U XUAPONOTUA
Kno4uoBu ymun: 3ambpcasaHe, KaHAAU3ayUs, UHMeH3UBHU 8aseM(U, KAHA/AU3AUUOHEeH NMpeausHuUK
*email: sdarachev@meteo.bg

BvBegeHue

CbBpeMeHHUTe W3UCKBaHWA 33 OrpaHWYyaBaHe Ha
yecToTaTa Ha npesvBaHe BbB BOAHUTE 0OOEKTU Bce
noseye aKUEHTMPAT Ha 3aBUIIEH KOHTPOA BbPXY
KaHa/AM3auMOHHMTE MPEeNMBHUUM W TAXHaTa paboTa
(Amnpexktusa (EC) 2024/3019). EAHO OT OCHOBHWTE
M3MCKBAHMA € OrpaHMyaBaHe Ha 3ambpcABaHMATA OT
npenMBaHe Ha OTNAAbYHM BOAM NO BPeme Ha BasexMu.
ToBa npenuBaHe He Tpsbsa Aa e noseye oT 2% oOT
rOAVILUHUA TOBAp Ha OTAENHWM NapameTpu, OTYUTaLM
6MONOrMYHO 3aMbpCABaHE NPU Cyxo Bpeme (4. 5).

MeTogonorus

B wu3cnepgBaHeTo e aHanM3MpaHa [oCTbnHATa
MHPOPMaLMA 3a MOKPUTMETO Ha HaceNeHWeTo oT
KaHa/NM3aLMOHHaTa Mpe’Ka, MCToTaTa Ha HaceNeHWeTo
(G), BopocHabguTenHaTa M KaHaAM3aUMOHHA HOPMa,
CTEMeHTa W BMAA Ha MOKPUTME HA MOBBPXHOCTTA HA
TeputopusTa (\P).

Pesyntatu n ussogm

MpepnoxeHata MeToAMKa [faBa pamKata 3a
npeaBapuTenHa oLeHKa Ha CblLECTBYBALLOTO
NONIOKEHME HA  KaHa/iM3aUMOHHaTa  Mpexa Ha
ypbaHMU3MpPaHM KUAMWHKM  30HM M YecToTaTa Ha

npennesaHe BbB BOAHUTE o0b6eKTu.
3a uenute Ha n3cneanBaHeTo e

no
npomeHnuea Si, NpeacTaBaaAgBawa: S; = "

BbBedEeHa

v
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durypa 1. 0606weHa 3asucumoct W, no, = f (S1; ¥, no).

OcHoBHaTa NpeAnocTaBKa e U3BeAeHa B KpaeH BUA:

Mo _ ¢ _ q
" 70,96 x Qepau X Ko

Y

MpeanoskeHn ca ABa TMna 3afdayv 3a pelwasaHe
cnopea KOHKpeTHaTa cuTyaums.

B eamHua cnydan (npaBa 3afadva) ce TbPCUM KakBa
TpAbBa [na 6bae cTeneHTa Ha paspexpaHe npu
NpennBHMKa, KOATO 4@ OTroBapA Ha 3aaAeHa YecToTa Ha

npenmBaHe, KakTo UM HeobXoAMMMAT  OTTOYEH
KoepuUMEHT B CAy4yalh Ha CUAHO MNpeynabTHeHa
Teputopus.

BbB BTOPUA Caydan (obpaTHa 3adava) NpU HaAUYHK
AaHHM 33 paboTaTa Ha KaHaNM3aUMOHHUA NPEIMBHUK C
M3yMcneHa NO HOPMATMB CTENEH Ha paspexiaHe W
NOTBbPAEHM AAHHM 33 OTTOYEH KOEDULMEHT Ce OLEHABA
€KBUBAJIGHTHUAT Ba/ieXK, KOMTO OTrOBaps Ha CyXua OTTOK,
dopmupaH oT HaceNneHMeTo B U3C/eABaHaTa TEPUTOPUS.
To3un aHaNU3 We Aaje OLEHKa KaKBa e peasiHaTa 4yecToTa
Ha NpennBaHe CNpPAMO KAMMaTUYHA XapaKTePUCTMKA Ha
palioHa Ha obekTa.

HanpaBeHW ca M3YMCNEHUA 33 HAKONKO B6bArapcku
rpaga.

‘.‘sl

WHTEH3HBHOET [MM/uac

®urypa 2. 0606LwweHa 3aBucumocT S1 = f (g, Qeyxo, G, t).

Nurepartypa

OunpekTtnea (EC) 2024/3019 Ha EBponeickna napaameHT
M Ha CovBeta oT 27 Hoemspu 2024 rogmHa 3a
NpeyYncTBaHeTo Ha rpaacKkuTe oTNAAbYHU BOOM.
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Introduction

Modern standards for limiting overflow frequency in
water bodies increasingly emphasize the need for stricter
control and monitoring of sewer systems. These
requirements are formulated in the new Directive (EU)
2024/3019 of the European Parliament and of the
Council of 27 November 2024 on urban waste water
treatment. One of the main stipulations is to limit
pollution from wastewater overflow during rainfall. This
overflow must not exceed 2% of the annual load for
specific parameters indicating dry-weather biological
pollution (Article 5).

Methodology

The study analyzes available information regarding
sewer network coverage, population density (G), water
supply and sewerage consumption rates, and the degree
and type of surface cover (V).

Results and conclusions

The proposed methodology provides a framework for
a preliminary assessment of the existing situation of the
sewage network of urbanized residential areas and the
frequency of overflows into water bodies.

For the purposes of the study, a variable has been

introduced (S1) representing S§; = n—;

51

2 . 2 \
" UN N 3 SRt
< <00 5 % ol %% T

300
100.00 90.00  80.00 70.00 60.00 5000  40.00 30.00 20.00 10.00 0.00

No

Figure 1. Generalized dependence ¥, ng, =f(51; ¥, no)
The underlying assumption is derived in its final form

Mo _g = 1
! 0,9G x Qcp./:u-r xX Ko

b4

Two types of tasks have been proposed for solution,
depending on the specific case.

In the first case (direct problem), the objective is to
determine the required dilution rate at the overflow to
meet a specified overflow frequency, as well as the
necessary runoff coefficient for highly densified areas.

In the second case (inverse problem), using available
data on sewer overflow operation with a regulated
dilution rate and verified runoff coefficient data, the
equivalent rainfall is estimated corresponding to the dry
runoff generated by the population in the studied area.
This analysis will provide an estimate of the actual
frequency of overflow, based on the climatic
characteristics of the site area.

Calculations have been made for several Bulgarian
cities.

vents [hours

Figure 2. Generalized dependence Si1=f(q, Qur,G, t)
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AHanus 1 oueHKa Ha M13MEeHeHMeTO Ha pecypca Ha p. Uckbp, p. Orocta u peku
3anagHo ot Orocta M HAKOU TEXHU NPUTOLM 3a ABa pedepPeHTHU KAMMaTUYHU nepuoaa
(1961-1990 n 1991-2020.)

M. PaHkosa", b. Byukos”

OenapTtameHT , Xugponorns“, HauMoHaneH MHCTUTYT MO METEOPONOTUA U XUAPONOrnA
KNo4oBu fiymun: UusmeHeHue, pecypc, Kaumamu4eH nepuood, p. Uckvp, p. Ozocma
*email: maya.rankova@meteo.bg, borislav_vuchkov87@abv.bg

BvBegeHue

HacroAwoTo mn3cnegsaHe pasrnexga M3MeHeHUeTO Ha
BOAHWTE pecypcu Ha pekute MWckbp, Orocta w
pa3nonoxeHuTe 3anagHo oT Orocta peKku, KakTo u yact
OT TEXHUTE NPUTOLM, Ype3 CPAaBHUTENEH aHANN3 HA ABa
pedbepeHTHN KaMmaTuyHu nepuoga: 1961-1990 wu
1991-2020 r. OcHOBHaTa Uen e ga ce OueHMU BANAHUETO
Ha KJAMMATUYHUTE MNPOMEHU BBPXY KOJANYECTBEHUTE
XapaKTEPUCTUKM Ha PEYHUA OTTOK U HaNMYHWUA BOAEH
pecypc B pervoHa.

MeTtogonorus

AHann3MpPaHM Cca XMAPOMETPUYHM CTaHUMKM MO
OCHOBHOTO nopeune Ha p. Uckbp — c. Opexosuua
Ne18850, p. Wckbp — rp. Hosu Wckbp Nel8700,
p. Nckbp — c. benn Uckbp Nel8650, n HAKOM mpuTOLM:
Ne18370 Manakapusa, Ne18420 Bnagalicka, N218500
batynuna, Ne18520 Uckpeuka n Ne18560 ManbK UcKbp.
EoHa xuapomeTpuuyHa CTaHUMA NO nopeyMeTo Ha
p. OrocTa — c. bytaH Ne16850, 1 HAKOM HENHWU NpUTOLMU:
p. boTyHA — c. CroaHoso N216500, u p. CkbT — rp. Musua
Ne17850. KakTo 1 Tpu CTaHUMM Ha nopeyma 3anagHo oT
p. Orocta: p. Epma — rp. TpbH Ne11650, p. J/lom —
c. Bacunosumn N214840, n p. BoliHMwKa — c. TbpHAHe
Ne12850.

B wu3cnepBaHeTo ca  M3NOA3BaHWM  JaHHM 3@
CpeaHOroaMLLHMA OTTOK, KaKTO U CpeAHOMHOroroaunLeH
cpefHOMeceYeH OTTOK.

Pe3syntatu n ussogu

06wwo 3a nopeure Uckbp ce HabntogaBa HamaneHue
Ha OTTOKa B nepmnoaa 1961-2020 r., KaTO HamMaNeHMETOo
npogbakaea n cneg 2021 r. Mpu cbnocTaBKaTa Ha ABaTa
KNMMaTUYHU nepvoaa CPEAHOMHOrOroANLLHOTO
CpeaHOroaMIHO BOAHO KOAMYECTBO Ha nocnefHuA
nepuoa Hamansea B rpaHMunTe oT -4% Ao -24%. Tabanua
1 noka3Ba NpOLEHTHO M3MEHeHMEe Ha pecypca Mo
nopeyYna 1 HAKOM TEXHU MPUTOLM 33 ABATA KIMMATUYHN
nepuoaa.

HabntopgaBaHaTa TeHAEHLMA 3@ pailoHa Ha p. OrocTa
M peKku 3anagHo ot Orocta CblWo OTYMTa TpParHO
HamManeHue Ha OTTOKa Mpe3 KAMMATUYHMA Nepuos,
1961-2020 r., KaTo NOCOKaTa ce 3anas3sa u cnepn 2021 r.
MU3KknouyeHme npasm camo p. CKbT npu rp. Musua, Koato
OTYMTa yBe/AMYaBaHe Ha OTTOKa C oKono 5% (dwr. 1).
CpaBHEHMETO MeXAay [ABaTa KAMMATU4HM nepuoaa
NoKa3Ba, Ye CpeJHOroANLWHOTO BOAHO KOMMYEeCTBO npe3
Nno-HOBMA NepuoL, e No-HUCKO — HaMaleHMEeTo Bapupa oT

0Ko/10 -30% 3a p. BoiHUwWKa npu c. TbpHAHE A0 OKOJI0
5% 3a p. CKbT Kpal rp. Musus. Hai-cyxu ca meceuute
aBrycT M cenTemBpW, a Hal-ronAaM BOAEH OTTOK ce
HabAoaaBa npe3 mapT v anpun.

Tabnuua 1. M3meHeHMe Ha pecypca No nopeyms u
HAKOM TEXHW MPUTOLM 32 KAMMATUYEH Nepuros,
1961-1990 r. Kbm KNMMmaTnyeH nepmog 1991-2020 .
(%) 3a nopeune Uckbp.

H3MeHeHHe Ha
€p MH. €p. TO1.| AMIVINTYIa HA H3MEHEHHE HA MECEeYHHS OTTOKA
XMC Ne OTTOR MHH. Cp MH. €p. M. MAKC. Cp MH. Cp. M.
% oT, % Mecen 1o, % Mecen
= | 18850 -10 -22 | eppyapua | 40 ABIYCT
g 18700 -7 -25 HOEMBpH 13 ANPH.I, ABTYCT
:. 18650 -13 -32 |cenTeMBpH ] ANPHI
= [ 18500 24 44 o 2 aBrycT
XMC Ne 17850 - p. CKbT - rp. Mu3sua
——1961-19901.
s 1991-20201. i |‘,
N ——cp.Foa 1961-19901 II'| || \
- Cp.Tog 1991-20207. || .II |v‘.| I| {
:E ) ) [ W _l IIlI _.I‘I'\ﬁll III !
o | T J BRI 1
o? V AN N AN r Wy
1 ¥ ¥ ! Ny \/ S
N < w L= W -1 w [=] uw =1 e w <>
FoguHa

durypa 1. Xuaporpadpu Ha USMEHEHME Ha PErUCTPUPAHUA
CpefHoroAvLIeH OTTOK 3a ABaTa pedepeHTHU KAMMATUYHK
nepvoga 1961-1990 n 1991-2020 r. 3a p. CKbT — rp. Musus.

BnaropgapHoctu: /3cnenBaHeTo € OCbLLECTBEHO B
paMKuTe Ha NpoeKT ,AHaNM3 M OLEHKA Ha pecypca Ha
OCHOBHWTE MOPEYMA U HAKOW TEXHM MpUTOUM 33 ABa
pebepeHTHU KaumatuyHu nepuogda (1961-1990 w
1991-2020 r.) no paitoHu 3a HaceinHOBO ynpasaeHue",
duHaHcupaH no 3anoses Ne323/08.05.2025 r. Ha
MuHUCTBbPA Ha OKOMHATaA cpefa U BoAUTE B U3MbJIHEHNE
Ha 3aKoHa 3a BOAWUTE, C pbKoBOAMTEN Aou. A-p EneHa
borkunnosa.
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the Ogosta River, and rivers west of the Ogosta and some of their tributaries
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Department of Hydrology, National Institute of Meteorology and Hydrology
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Introduction

The present study examines changes in the water
resources of the Iskar River, the Ogosta River, and the
rivers located west of the Ogosta, as well as some of
their tributaries, through a comparative analysis of two
reference climatic periods: 1961-1990 and 1991-2020.
The main objective is to assess the impact of climate
change on the quantitative characteristics of river
runoff and the available water resources in the region.

Methodology

Hydrometric stations along the main basin of the
Iskar River were analyzed at Orehovitsa N218850, Novi
Iskar Ne18700, and Beli Iskar N218650, as well as several
tributaries: Nel18370 the Palakaria River, Ne18420
Vladayska River, N218500 Batuliya River, N218520
Iskretska River, and Ne18560 Malki Iskar River. One
hydrometric station was analyzed in the basin of the
Ogosta River at Butan Ne16850, together with some of
its tributaries: the Botunya River at Stoyanovo Ne16500
and the Skat River at Mizia Ne17850. Additionally, three
stations located in river basins west of the Ogosta River
were included: the Erma River at Tran Ne11650, the Lom
River at Vasilovtsi Ne14840, and the Voynishka River at
Tarnyane Ne12850.

Data on mean annual runoff as well as long-term
mean monthly runoff were used in the study.

Results and conclusions

Overall, a decrease in runoff has been observed in
the basin of the Iskar River during the period
1961-2020, with the decline continuing after 2021. In
the comparison between the two climatic periods, the
long-term mean annual water volume in the more
recent period decreases within the range of -4% to
-24%. Table 1 presents the percentage change in water
resources by river basins and some of their tributaries
for the two climatic periods.

The observed trend for the region of the Ogosta
River and the rivers west of it also indicates a persistent
decrease in runoff during the period 1961-2020, with
this trend continuing after 2021. The only exception is
the Skat River near Mizia, where an increase in runoff of
about 5% has been recorded (Fig. 1). Comparison
between the two climatic periods shows that the mean
annual water volume in the more recent period is lower
— the decrease ranges from about -30% for the
Voynishka River at Tarnyane to about +5% for the Skat

River near Mizia. The driest months are August and
September, while the highest river runoff is observed in
March and April.

Table 1. Changes in water resources by river basins and some
of their tributaries from the climatic period
1961-1990 to the climatic period 1991-2020 (%)
for the basin of the Iskar River

change on

average pl. amplitude of change in monthly runoff

HMS N

average year
runoff min. av. multi-year average monthly | max. av. mulfi-year average monthly
o from, Yol month to, % month
E 18850 -10 -2 February 40 August
= | 18700 -7 -25 November 13 April, August
3 [18650 13 32 September 6 April
= | 18500 -24 -44 July 2 August

HMS Skat river - Mizia
1961-1990
5 —1991-2020
——Av.year 1961-1990
Avyear 1991-2020
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Figure 1. Hydrographs showing changes in the recorded
mean annual runoff for the two reference climatic periods
1961-1990 and 1991-2020 for the Skat River at Mizia.
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BanaHue Ha BOAOB3eMaHETO OT NOA3EMHU BOAMU

BbpPXY €KO/NIOrMYHUA OTTOK Ha p. TyHAaKa — 2026
T. Opexosa*, [. lWonosa

WHCTUTYT 3a n3cnenBaHMA Ha KAMMaTa, atmocdepaTta M BoauTe — bbarapcka akafemMus Ha HayKkuTe
KnouoBu aymu: BogouepnaTtenieH KnageHeu, HaMansiBaHe Ha PeYyHUA OTTOK, EKONOTMYEH OTTOK, p. TyHAKa
*email: tvorehova@gmail.com

BbBegeHue

M3nonssaHeTo Ha BOAOAOOMBHM KnageHuu B 6am3ocT
[0 peku e obuyaiiHa npakThKa B bbarapusa ot XX Bek,
KaTo paspelnTesiHUuTe 3a BOAOB3EMAaHe Ca BaAuAHu 3a
Jecetunetuma. C uen npefoTepaTABaHe Ha
CBpPbXEKCnaoaTaumATa Ha BOAHWUTE pPecypcu B pamKute
Ha PamKoBaTa AuMpeKkTMBa 3a BoAMTe e pa3paboTeHo
PbkoBoacteo No 31 (2014) 3a ocurypsABaHe Ha
ekonornyeH ottok (Eflows). Hactosaworo wu3cnepsaHe
OLleHABA CbBMECTMMOCTTAa Ha paspelmnTenHuTe 3a
BOZOB3eMaHe OT MOA3EMHUTE BOAW B ABE JIOKaLuu C
W3UCKBAHUATA 3@ EKOJIOTMYEH OTTOK Ha p. TyHAKA.

MeToagonorus

PasrnepaHn ca pgBa obekta 3a BogoOB3eMaHe OT
nogsemHu Boau no p. TyHaxKa — npu BaHa n Ambon
(pwr. 1).

M3BecTHO e, ye npu BOAOB3EMAHe OT NOA3EMHMU
BOAM HaManABaT MNOA3EMHUAT NPUTOK U PEYHUAT OTTOK
(De Graaf et al.,, 2019), KoeTo Mo)Ke pga 3acTpawm
peyHute ekocuctemu. [lopagm TOBa Cce cpaBHABAT
€KOJIOTMYHUAT OTTOK M pa3peLleHoTO BoAOB3eMaHe OT
nogsemHu BOAMN.

Eflow ce onpegens cbrnacHoO HaLMOHaNHaTa
HopmaTMBHa ypepba Kato 10% OT cpeaHOroAuLHMA
OTTOK, HO He MO-HUCBK OT MMHUMANTHUA CpeSHOMECEYEH
OTTOK € 95% BepoATHOCT Npu ectecTBeHu ycnosusa. QLS,
QL10 1 QL20 ca MMHUMANHU MECEeYHW CTOMHOCTU Ha
OTTOKa NpW BEPOATHOCTM HA HENpeBMLLUABaHE CbOTBETHO
80%, 90% n 95% (Bozhilova & Ninov, 2022).

Pesyntatu n ussogu

Pesyntatute, npeactaBeHn B Tabamum 1 un 2,
nokassaTt CbOTHOLIEHME mexay paspeleHoTo
BOAOB3eMaHe OT NOA3eMHU BOAU U XapaKTEPUCTUKUTE
Ha MMHUManHUA oTToK (QL5, QL10 1 QL20).

Tabnanua 1. CpaBHeHne mexay Eflow n paspewenute
AebuTn Ha BoAOB3eMaHe OT NoA3eMHU BOAN
3
3a BoaocHabasasaHe (m/s)

O6eKT Eflow PaspeweH aebur
baHsA 2.538 0.182
Ambon 3.207 0.493

Tabnuua 2. CpaBHeHMEe Mexay paspelleHnute gebutu n
cToHocTuTe Ha QL5, QL10 and QL20 (m3/s)

O6eKT Pasp. aebur QL5 QL10 QL20

BaHa 0.182 0.130 0.062 0.053
Amb6on 0.493 1.367 1.222 0.563

3a Am6on paspeweHoTo BogoszemaHe (0.493 m3/s)
npeacrtaenssa npnbansntenHo 36-40% ot QL5 n QL10 u
62m30 88% ot QL20. Mpu manosogme paspelleHUAT
AebUT cTaBa CbMOCTaBMM C MWUHUMANHUA MeceyeH
OTTOK.

3a baHa paspeweHoTo Bogos3emaHe (0.182 m3/s)
Hagsuwasa QL5 (0.130 m3/s), QL10 (0.062 m3/s) n QL20
(0.053 m3/s). Mpu manosoaue paspeweHnaT aebut
NnpeBuLIaBa CbOTBETHUSA MUHUMA/IEH MECEYEH OTTOK.

foanwHuat Eflow He ce npesBuwasa M Ha ABeTe
NIOKaUMW, HO CbBMECTMMOCTTa Ha paspewmnTenHuTe c
M3nCKBaHMATa 3a Eflow 3aBucm  ocHoBHO  oOT
MasioBOAMETO, @ HE OT roguLIHKTe 06emMu.

INereHpa
@ KnapeHuu
® Hacenenn mecta
— p.TyHpka
Mputoum

durypa 1. MecTonosoxeHue Ha uscnegBaHute ob6ektm
B baceiHa Ha p. TyHOKa.

B  3aknodeHne, 3a ga ce  npeaoTspatu
HaMansfBaHETO Ha PeYHMA OTTOK M Aa ce rapaHtMpa
Eflow B pekaTa, e BaXHO Aa ce aHanM3npa AebUTbLT Ha
KNageHumte M npu HeobXxo4MMOCT Aa ce OorpaHuyu
BOA,0B3EMaHETO ot noa3emHu BoA upes
npepasriaegaHe Ha CbOTBETHUTE Pa3peLLUTEHM.

B ycnoeuaTa Ha HapacTeBalla XMAPOKJIMMAaTUYHA
M3MEHUYMBOCT MNOAO6HM npobnemu LWe Bb3HUKBAT
no-yecro.

Nurtepatypa
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Water Framework Directive. CIS guidance document
No. 31 (2014).
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Impact of groundwater abstraction on ecological flow in the Tundzha River — 2026
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Introduction

Pumping wells near rivers have been a common practice
in Bulgaria for water supply since the 20th century.
Water abstraction permits are typically valid for several
decades. To prevent over-abstraction of European
water resources, Guidance No. 31 (2014) was developed
within the framework of the Water Framework
Directive, aimed at ensuring ecological flows (Eflows) in
rivers. The aim of this study is to assess whether
groundwater abstraction permits at two locations are
compatible with the Eflow requirements of the Tundzha
River.

Methodology

This study examines two groundwater abstraction
sites on the Tundzha River, located near the settlements
of Banya and Yambol (Fig. 1).

As a rule, groundwater extraction results in reduced
groundwater discharge and streamflow depletion
(De Graaf et al., 2019). Reduced river flow may threaten
river ecosystems. Therefore, a comparison is made
between the Eflow of the river and the permitted
groundwater abstraction.

The Eflow is defined under national regulation as
10% of the mean annual discharge, but not less than the
minimum mean monthly discharge with 95% probability
under natural conditions. QL5, QL10 and QL20 denote
statistically defined minimum monthly discharges
corresponding to occurrence probabilities of 80%, 90%
and 95%, respectively, according to Bozhilova and Ninov
(2022).

Results and conclusions

The results presented in Tables 1 and 2 highlight the
relationship between permitted groundwater
abstraction and low-flow indicators (QL5, QL10 and
QL20).

Table 1. Comparison between Eflow and permitted
groundwater abstraction rates for water supply (m*/s)

Location Eflow GW permits
Banya 2.538 0.182
Yambol 3.207 0.493

Table 2. Comparison between permitted flow rate and
QL5, QL10 and QL20 values (m3/s)

Location GW permits QL5 QL10 QL20

Banya 0.182 0.130 0.062 0.053
Yambol 0.493 1.367 1.222 0.563

For Yambol, the permitted groundwater abstraction
(0.493 m3/s) represents approximately 36-40% of QL5
and QL10 and nearly 88% of QL20. Under severe low-
flow conditions, the permitted abstraction becomes
comparable to the statistically defined minimum
monthly discharge.

For Banya, the permitted groundwater abstraction
(0.182 m3/s) exceeds QL5 (0.130 m3/s), QL10
(0.062 m3/s) and QL20 (0.053 m?3/s). Under such
conditions, the permitted abstraction is greater than the
corresponding minimum monthly streamflow values.

Although the annual Eflow is not exceeded at either
location, the comparison shows that the compatibility
between groundwater permits and Eflow requirements
depends primarily on low-flow characteristics rather
than on annual volumes alone.

@ Wells
e Settlements
~— Tundzha River
Tributaries

Figure 1. Location of the study areas
in the Tundzha River Basin.

In conclusion, to prevent streamflow depletion and
to guarantee environmental flow in a river, it is
necessary to analyse the pumping rate of the wells and,
if required, to restrict groundwater abstraction through
revision of the respective permits.

With increasing hydroclimatic variability, such
problems will arise more frequently.
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BvBegeHue

KntoyoBaTta KpvBa Ha 3aBMCMMOCTTA BOAEH CTOEX —
BOAHO KOJINYECTBO NPeACTaBAABA OCHOBEH MHCTPYMEHT
3a npeobpasyBaHe Ha BOAHMUA CTOEXK B OTTOK.

CbCTaBAHETO Ha  FOAMWHM  K/AKOYOBM  KPUBM
TPAaAMUMOHHO Ce  M3BbpWBa 4Ype3  KAACUYECKMU
rpaduyHO-aHaNMTUYeH noaxoad, 6asMpaH Ha ekcnepTHa
OLEeHKA U pbYHO HanacBaHe. CbBpeMeHHUTE COPTyepHHU
peweHna npeanarat MeTogm 3a moaennpaHe, B HAKOU
CNy4am U OUEHKA Ha HECUTYPHOCTTa M M3YUCAsBaHE Ha
npoL,eHTHaTa rpeLuKa.

HactoawoTo mM3cneaBaHe Mma 3a UeN Aa CPaBHM
pesyntatute oT u3bpaHM CcodTyepHM MPOAYKTU C
KNAacMYeckns MeToa nNpuM CbCTaBAHE Ha roAuLHa
K/II0OYOBaA KpuBa.

MeTtoponorus

3a uM3cnefBaHETO ca WM3MNOA3BaHU WM3MEPBaHWUA Ha
BOAEH CTOEX W BOAHO KONMYECTBO OT XMAPOMETPUYHA
CTaHUMA 33 epHa roauHa. KnwouyoBaTta Kpuea e
M3rpageHa upes3 K/Aacuyecku MmeToh, Npu KOUTo ce
npunara aHaAUTUYHO-rpadmMyHO CbCTaBeHa 3aBUCUMOCT
MeXay BOAHMA CTOEX W  BOAHOTO  KOJIMYECTBO.
MonyyeHUTe pesynTaty ca CPaBHEHW C U3YUCNEHUA OT
n3bpaHu codpTyepHU NPOAYyKTU, BasupaHU Ha PasINYHK
METOA0NOMMYHN NOAXOAN — CTaTUCTMYecKK, ballecosu n
MHOFOMOZENHWN aNITOPUTMM.

AHanN3bT BKAKOYBA OLLEHKA Ha popmaTa Ha KpuBaTa,
CTOMHOCTUTE Ha KANMBPaALMOHHUTE napameTpu U
CTEMNeHTa Ha CbBNageHWe Mexay WM3YMUCIAEHMUS OTTOK U
HabnoaaBaHUTE JaHHM.
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durypa 1. Knouosa kpusa Q-H (metog bdrc).

Pe3syntatu u ussoau

Knacnyeckunat meTtog, e NpUIoKUM N HagexaeH npu
fobpe pa3snpegeneHn AaHHM, HO W3UCKBA PbHYHO
M3yepTaBaHe M CybeKTMBHA npeueHKa. Pesyntatute
nogyepTaBat  3Ha4YeHWeETo Ha KOMBUHMpPaHOTO
M3non3BaHe Ha TPagMUMOHEH OMUT U CbBPEMEHHMU
QHANUTUYHU MHCTPYMEHTU MPU U3rOTBAHE HA K/HOYOBMU
KPMBU B ONepaTUBHATa NpaKTMKa.

B Tabnunua 1 ca npeactaBeHn M3bpaHuTe codpTyepHn
NPOAYKTM U  MEeTOAM, BK/KOYEHM B  HaCToALWMA
CpaBHUTENEH aHaNus.

Tabnnua 1. CodTyepHU NpoayKTM U MeToan

Cratuctuuecku /

copTyep Emnupuyer
(RISC, 2018)
codTtyepeH Baitecos /
naker CTaTucTmyecku
Battecos /
codtyep Xuapasnuyex
(Le Coz et al., 2014)
MHozomoodesneH /
memod
CmamucmuyecKu
cogppmyepeH EmnupuyeH /
nakem CmamucmuyecKu
paguueH /
AHanumu4eH
memoo
(xuopasauyHo
060CcHO8aH)
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Introduction
The stage — discharge rating curve is a fundamental tool
for converting stage observations into streamflow.

The construction of annual rating curves has
traditionally been performed using a classical graphical -
analytical approach, based on expert judgment and
manual fitting. Modern software solutions provide
modelling methods, in some cases including uncertainty
estimation and calculation of percentage error.

The present study aims to compare the results from
selected software products with the classical method in
the construction of an annual rating curve.

Methodology

Stage and discharge measurements from a
hydrometric station for a one-year period were used for
the study. The rating curve was constructed using the
classical method, applying a graphical and analytical
derived relationship between stage and discharge. The
obtained results were compared with computations
from selected software products based on different
methodological approaches — statistical, Bayesian, and
multi-model algorithms.

The analysis includes evaluation of the curve shape,
the values of the calibration parameters, and the degree
of agreement between the computed discharge and the
observed data.

Rating curve Q-H

4.0
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Figure 1. Rating curve Q-H (method bdrc).

Results and conclusions

The classical method is applicable and reliable when
data are well distributed, but it requires manual plotting
and involves subjective judgment. The results highlight
the importance of combining traditional expertise with
modern analytical tools in the construction of rating
curves in operational practice.

Table 1 presents the selected software products and
methods included in the present comparative analysis.

Table 1. Software products and methods

Statistical /
Empirical
(RISC, 2018)
Bayesian /
Statistical
Bayesian /
Hydraulically

software based
(Le Coz et al.,
2014)

software

software
package

Multi-model /

=tied Statistical

software
package

Empirical /
Statistical

Graphical /
analytical
(hydraulically
based)

method
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BbBeaeHue
OcHOBEH M3TOYHMK Ha MHPOpPMaLMA 33 BaNeKHUTE
KONMYEeCTBa ca AaHHUTE OT METEOPOIOTUYHUTE CTaHUMMN.
He BMHarM rbcTtoTaTa Ha  MeETEOpPOsIorMYHaTa
HabnlogaTenHa Mpe)Ka no3Bo/iABa fa Ce MoJsyun
HeobxoaumaTta WMHboOpmauMA 3a Basexa, ocobeHo B
NAQHWHCKUTE U TPYAHOLOCTBMNHU PAiOHM.
ONCTaHUMOHHWTE  MeToaM ca  CbBpPemeHHaTa
anTepHaTMBa Ha KOHBEHLMOHANHUTE METEOPOSIOrUYHM
M3MEpPBaHUA — C MOMOLLTA Ha Pajapu U caTtenutn e
Bb3MOXHO 43 Ce OCUrypu no-geTaiisiHa oOueHKa 3a
KOZIMYECTBEHOTO W MPOCTPAHCTBEHOTO pasnpesesieHne
Ha Banexa.

MeTtogonorusa

B HacToAwoOTO M3cnedBaHe ca  npeAcTaBeHU
pesynTatute OT M3NOA3BaHETO Ha CAaTeNUTHU NPOAYKTH
33 BasieX 32 OLLEHKa Ha NPeMWHaNN BUCOKWN BbJIHN BbB
BogocbopuTte Ha p. BUT 1 p. Bbpbuua. Tesn caTeNnTHU
NpPoAyKTW ca pa3paboTeHW B pamKuUTe Ha NpOEKTa
,pUNOXKEHNE Ha CaTe/IMTHM NPOAYKTU 33 LeauTe Ha
onepaTMBHaTa XMAPONOrMA U YNPaBNEHUETO Ha BoguTe”
(Puca et. al., 2014) Ha EBponeiickaTa opraHusauma 3a
eKkcnioatauua Ha MEeTeOopPONOrMYHMN CNbTHULN
(EUMETSAT).

3a n3cneaBaHe Ha BMCOKMTE BbJHWM BbB Bogocbopa
Ha p. BuT B nepuopa 2-26 mai 2024 r. e n3nonssaH
npoaykTbT H61. 33 n3cneasaHe Ha BUCOKUTE BbJIHU BbB
Bogocbopa Ha p. Bbpbuua B neprosa 6-26 aexkemspu
2024 r. e M3non3BaH NPoAyKTbT H42.

MeTogonorvaTa Ha nNpeacTaBeHOTO W3c/efBaHe
BK/IIOYBA Ka/NMbpUpaHe Ha XWAPONONKKUTE MOLENU C
HazeMHa WHPOPMALMA — PEerucTpmpaHn BaseXHU
KOnu4yectBa M TemnepaTypa Ha Bb3gyxa. Cneasa
3aMeCcTBaHeTO Ha YacT OT BXOAHWTE AAaHHWU 3a Banex C
JaHHWUTe 32 BaJieXK CbOTBETHO OT NpoayKTuTe H61 n H42
33 Mepuos OT HAKONKO AHW Npeau nbpBaTa BUCOKA
Bb/iHA. HanpaBeH e aHanM3 Ha pe3syntatute oT
CMMY/IaLMUTE CbC CAaTENUTHA MHPOPMALMA U C HA3EMHU
AaHHW.

Pe3yntaTtv u gucKycus

Ha ¢urypn 1 u 2 ca npepcraBeHn pesyntatute oT
MaTeMaTUYecKUTe CMMyNaLMK CbOTBETHO 3a Bogocbopa
Ha p. But go XMC Kpywosuua u 3a Bogocbopa Ha
p. Bbpbuua go XMC cn. Oxkeben. Ha rpadukute ca
0603HaYeHn HabnwaaBaHuTe BOAHM KO/MYecTBa
(3eneHo), cumynupaHuTe BOAHM  KOAuuecTBa C
,Ha3eMHN" Banexun (4epBeHo) U CMMyAUpPaHUTE BOAHMU

Ko/An4yectBa C AaHHM CbOTBETHO OT npoayktute H61 un
H42 (cuHbO).

HaB/i0aBaHO M CHMY/IMPAHO BORHO KOMMHECTEO (C MSMEPEHM Banemm n
H61) 3a pexa BuT npy XMC Kpywosnua

Aan
®urypa 1. CumynnpaHu n HabaoaaBaHN BOAHWN KOMYeECTBa
npu XMC Kpywosuua.

HabnofasaHo M CHMY/MPaHO BOAHO KONWMYECTBO (C U3MEPEHH BaNeku n
H42) sa peka Bupbuua npu XMC cn. [preben

durypa 2. CumynnpaHu n Haba4aBaHW BOAHWN KOMYECTBA
npu XMC cn. Oxkeben.

padunyHOTO NpeacTaBAHE Ha pe3ynTaTuTe MOKasBga,
Ye 3a BoAOCOOpPaA Ha p. BUT cumynaummTe CbC caTeNUTHUA
NPOAYKT 3aBMLIAaBaT BOAHOTO KO/MYECTBO Mpu ABe OT
TPUTE BWUCOKU BBAHM. 3a Bogocbopa Ha p. Bbpbuua
pe3yntatuTe OT cMMmynaumuTe ¢ npoayKkta H42 nokassat
3aHUXKEHME HA MOAEeNINPaHNTE BOAHM KOIMYECTBa M Npu
[LBeTe BUCOKU BbJIHU.

CatenuTHUTE MPOAYKTWU 3a Banex, paspaboTeHn B
pamkuTe Ha npoekta HSAF, ca noaxoadwm aa 6baat
M3MN0N3BaHW B CbYeTaHMe C JaHHW OT peasHu
nsamepBaHn.  CaMoOCTOATENHOTO  U3MOJI3BaHe  Ha
CcaTeNIMTHUTE NPOAYKTM MOKa3Ba MOHAKOra CblLLEeCTBEHU
pas/IMKM MeXay CMMYAMPaHOTO BOOAHO KOJMYECTBO U
n3mepeHoTO TakoBa. Cpen, OCHOBHWUTE NPUYMHM 33 TOBA
Cca pas3nyHuTe codTyepHU AMMUTUPALLU YCIOBMA Ha
JaTunumTe Ha caTenutute, GU3MYecKTe orpaHuYeHuA
npyv KanubpupaHeTo Ha NPOAYKTUTE, OCHOBHO B
pervoHaneH 1 NOKaneH acnekxT.
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Introduction

The main source of information on precipitation amounts
is data from meteorological observation. However, the
density of the meteorological observation network does
not always allow the necessary information on
precipitation to be obtained, especially in mountainous
and hard-to-reach areas.

Remote sensing methods are the modern alternative
to conventional meteorological measurements—with
the help of radars and satellites, it is possible to provide
a more detailed assessment of the quantitative and
spatial distribution of precipitation.

Methodology

The results of applying satellite precipitation
products to assess high waves in the watersheds of Vit
and Varbitsa rivers are presented in this study. These
satellite products had been developed within the project
"Application of satellite products for operational
hydrology and water management" (Puca et. al., 2014) of
the EUMETSAT.

The H61 product was used to simulate high waves in
the Vit River basin during the period 2—26 May 2024. The
H42 product was used to simulate high waves in the
Varbitsa River basin during the period 6-26 December
2024.

The methodology presented includes calibration of
the  hydrological models  with  ground-based
information — recorded precipitation totals and air
temperature. This is followed by the replacement of part
of the precipitation input data with precipitation data
from the H61 and H42 products respectively, for a period
of several days before the first high wave. An analysis of
the results of the simulations with satellite information
and ground data was performed.

Results and conclusions

The results of the numerical simulations for the Vit
River to Krushovitsa station and the Varbitsa River to
Dzhebel station are presented on figures 1 and 2. The
graphs show the observed water quantities (green), the
simulated water quantities with "ground" precipitation
(red) and the simulated water quantities with data from
the H61 and H42 products (blue), respectively.

Measured vs simulated (with ground data and H61) discharge for Vit river
at Krushovitsa station

Date
Figure 1. Simulated and observed discharges
at Krushovitsa station.

Measured vs simulated (with ground data and H42) discharge for Varbitsa
river at Djebel station

Date

Figure 2. Simulated and observed discharges
at Varbitsa station.

The graphical representation of the results shows
that for the Vit River basin, the simulations with the
satellite product overestimate the water quantity in two
of the three high waves. For the Varbitsa River basin, the
results of the simulations with the H42 product show an
underestimation of the modeled water quantities for
both high waves.

The satellite precipitation products developed within
the HSAF project are suitable for use in combination with
measured data. The use of satellite products alone shows
significant differences between the simulated discharges
and the measured ones. The main reasons for this are the
different software limitations of the satellite sensors and
the physical limitations in the calibration of the products,
mainly at the regional and local levels.
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BbBeaeHue

MNaHWHCKMTE TEepUTOpPUM AaBaT HAYanoOTO Ha peamua
Nno-Ma/fikum 1 no-rofnemu peku. PenedsbT M HagmopcKaTta
BMCOYMHA B Te3n ycnoBua 0OYCNaBAT MoO-roasamo
OBJ/IaXHEHME MNOopajW YyBe/NYaBaHE Ha BaneXuTe WU
HamasnsaBaHe Ha Temnepatypute (HamansBaHe Ha
usnapeHneto). BaxHa pons B npoueca  Ha
npeobpasyBaHe Ha BajNexuTe B  OTTOK  uMMmaT
CHEroBa/sexuTe, CHErOHaTPYNBaHETO U CHEroToneHeTo,
KaKTO W CKa/HO-NMO4YBEHaTa OCHOBA W pacTUTesHaTa
NoKpuBKa. [lo-ronAmMoTo  OBNA)KHEHWEe BoAM [0
yBe/nYaBaHe Ha MOJy/la Ha OTTOKa M OTTo4YHaTa
BMCOYMHA B NJIaHMHCKUTE BogocbopHU baceinHu. Tosa
BOAN [0 dopmMMpaHe Ha 3HAaYMMKM BOLHM pecypcu B
NAQHWHCKUTE W BUCOKOMJIAHUHCKUTE PaNOHKU, KOUTO
MOraT Aa ce M3Mon3BaT B MKOHOMMUYecKaTa genHoct. OT
TYK u“aBa W HeobxoguMmocTTa 3a u3cnegsaHe U
MmoaennpaHe Ha GOpMMPaHETO U ABUNKEHNETO Ha OTTOKA
B Te€3M yC/0BMA. B HacToALWOTO U3cneaBaHe e NpUAoXKeH
mogaen oT ™na ,CBBbpP3aH NMOBBbPXHOCTEH—
NoAMNOBbPXHOCTEH MOTOK” 3@ M3YMCNABAHE Ha PeyHusA
OTTOK OT  BMCOKOM/IAHWHCKMKA Bogocbop Ha
p. MycaneHcka buctpuua npn XMC net. boposel,

MeTtogonorus

XUAPONOKKUAT MOZEN BK/AKOYBA OMMCAHWE Ha
NOBBPXHOCTHMA MOTOK 4pe3 mogena Ha Audy3MoHHa
BbJ/IHA (Ha Hy/feBa MHepumsa; ¢ opmynaTa 3a CKOPOCTTa
Ha Manning) n onucaHve Ha NOANOBBLPXHOCTHMUA MOTOK
upe3 mogena Ha Boussinesq (cbc 3akoHa Ha Darcy wu
AonyckaHuaTta Ha Dupuit-Forchheimer) (. Hanp. Kwak
and Kim, 2021). MNopaan NAaHUHCKUTE yCNOBUA ABaTa
NOTOKa Ca CBbP3aHW C MONOXKUTENIHA XMAPABAMYHA
BPb3Ka. 3a UMC/NEHOTO pellaBaHe € W3MoJ3BaH
CTabunnsmnpaH metos Ha KpanHute enemeHtn (Chai and
Ouyang, 2020). M3non3BaHM ca AaHHW 33 BaneXuTe U
TemnepaTypaTta 3a onpegensHe Ha Npuxoaa (Banexure
OT AbXI W CcHerotoneHeTto). Mopaau oOrpaHuYeHuUTe
HANIMYHWN SAaHHW U MHbOPMaLLMA NOAENAHETO HA NpMXoaa
MeXKYy NOBBPXHOCTHUA MNOTOK W MOAMNOBbPXHOCTHUA
NOTOK € M3BBbPLUEHO Ype3 MeToa Ha YNCIOTO Ha KpuBaTa
(curve number method).

Pesyntatu un ussogm

Ha ¢urypa 1 ca nokasaHu npeasaputenHu pesyntatm
33 OTTOKA OT YMCNEHWU eKCnepumeHTU. M3nonssaHo e
YMUCNI0 Ha KpMBaTa CbC CTOMHOCT OT 90, a 33 KoepUuMeHTa
Ha ¢uaTpauma e nsnonssaHa croimHoct ot 0.001 m/s.

Measured
= = -Computed

Oct 2007 Jan 2008 Apr 2008 Jul 2008

I asured
35t |- *Computed

0
Sep 2008 Nov 2008 Jan 2009 Mar2009 May 2009 Jul2008 Sep 2009

durypa 1. Pe3yntati 3a peyHma OTTOK npes:
2007/2008 xnaponokKa roguHa (rope),
2008/2009 xnaponoKKa roguHa (aony).

MpeacraBeHUTe pe3ynTaTM NOKa3BaT Bb3MOMKHOCT 3a
M3MNon3BaHe Ha pasnpefesieHn XWAPONOXKKM MOZEeNu,
OCHOBAHM Ha HeperynsipHu TPUBIBAHWU U3UYUCIUTENHM
MPEKM, 32 BUCOKOMIAHUHCKMN Bogocbopu.

B ycnoBuATa Ha HeperyasapHU U3YUCAUTENHU MPEXKM
UMCNEHOTO pelleHne moxKe aa 6bae nogobpeHo upes
npunaraHeTo WM Ha  APYrM  YUCNEHM  MeToau
(EbFVM/CVFEM, FCT-FEM, AFC 1 T.H.).
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Introduction

The water sources of many smaller and larger rivers are
in the mountain areas. Relief and altitude in these
conditions determine greater humidification due to
increased precipitation and decreased temperatures
(decreased  evapotranspiration).  Snowfall, snow
accumulation, and snowmelt, as well as ground layer
and vegetation cover play an important role in the
process of transforming precipitation into runoff. In
mountainous watersheds, the greater humidification
leads to an increase in runoff yield and flow height per
unit area. This leads to generation of significant water
resources in mountain and high-mountain regions,
which can be used in economic activity. Hence the need
to study and model the river runoff formation and
movement in these conditions. In this study, a coupled
surface-subsurface flow model was applied to compute
the river runoff of Musalenska Bistritsa river basin at
Borovets resort hydrometric station.

Methodology

The hydrological model included a surface flow
description by the diffusion-wave/zero-inertia model
(with Manning’s velocity formula) and a subsurface flow
description by the Boussinesq model (with Darcy law
and Dupuit-Forchheimer assumptions) (see e.g. Kwak
and Kim, 2021). The so called positive hydraulic
connection between the two types of flows was applied
because of the mountain conditions. A stabilized finite
element method was used for the numerical solution
(Chai and Ouyang, 2020). For the input calculation
(rainfall and snowmelt), precipitation and temperature
data were used. Because of the limited data and
information, the partition of the input between the
surface flow and the subsurface flow was done by the
curve number method.

Results and conclusions

Some preliminary results for the river runoff from
numerical experiments are shown on figure 1. A curve
number value of 90 was used, together with a value of
0.001 m/s for the saturated hydraulic conductivity.

The results presented here show an opportunity for
usage of distributed hydrological models for high-
mountain watersheds, based on irregular triangular
computational meshes.
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Figure 1. Results for the river runoff during:
2007/2008 hydrological year (top),
2008/2009 hydrological year (bottom).

In conditions of irregular computational meshes,
numerical solution can be improved also by applying of
other numerical methods (EbFVM/CVFEM, FCT-FEM,
AFC, etc.).
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BvBegeHue

HabniogaBaHOTO MoBMILABaHe Ha TemnepaTypute w
3acuieHaTa Ce30HHa M3MEHYMBOCT Ha Banexute B
tOromstouHa bBbarapua OKasBaT NPAKO Bb3AENCTBUE
BbPXY PEYHMA OTTOK, 0OCOBEHO B MA/IKUTE YEPHOMOPCKMU
Bogocbopu ¢ 6bp3a peakuMa KbM KAUMATUYHUTE
KonebaHuA. Llenta e fa ce OUEHM posATa Ha Tesu
daKTopu 3a HeroBaTa Ce30HHA W MeXAYroAuLUHa
AVHaMMKa. PeuyHaTa mpexa B bypracka obnact e
M3rpageHa npeayvMHO OT KbCUM PeKUM C NAAHMHCKO-
YEepHOMOPCKN  pexkum. OCHOBHWUTE Bogocbopu w
Pa3noONOKEHNETO Ha XMAPOMETPUYHMTE CTaHUMUKM MO
p. Antocka (KameHo), p. Cpegeuka (Mpoxoa),
p. ®akuiicka (3uagaposo) u p. Ponotamo (Becenue) ca
npeacTaBeHn Ha durypa 1.

MeTtogonorusa

M3non3BaHM ca MeceyHM [aHHUM 33  Baslexy,
TemnepaTypa Ha Bb3AyXxa M BOAHM KO/AMYecTBa 3a
nepuvoga 1998-2024 r., nybaukysaHn B MeceuyeH
XxuapometeoposiornyeH 6tonetMH Ha HauuoHanHuA
MHCTUTYT No meTeoponorna u xugponorns (HUMX).
Ce3oHHaTa  AMHaMMKa e npeacraBeHa ypes
KAMmaTorpama Ha 6asa cpeiHOMECEYHN CTOMHOCTH.

lfoguwHWTE peanun Ha BanexuTte, TemnepatypuTe m
BOAHUTE KO/IMYECTBA Ca aHa/iM3MpaHW upe3 JnHelnHa
TEHOAEHUMA M NeTrogMLHO NAb3ralio CpegHo C uen
onpegenfaHe Ha NOCOKaTa Ha U3MEHEHMATa BbB BpeMeTo
(Yordanova et al., 2023).

Bpb3KkaTa mexay Banexurte 1 OTTOKa e OLeHeHa Ype3
CpaBHUTENIEH aHanu3 no Wu3bpaHu CTaHUMK, KaTo
JaHHWTE ca pasriefaHM WM B ABa noanepuoja
(2003-2012 wn 2013-2024 r.) B KOHTEKCTa Ha
ynpaB/ieHNeTo Ha peyHuTe baceiHn (MOCB, 2022).

Pe3syntatu n ussogu

Pesyntatute nokasBaT OTYeT/IMBA TEHAEHUMA KbM
3aTon/siAHe B paiioHa Ha byprac (~2 °C 3a nepmoaa 1998—
2024 r.), npy nNca Ha ACHO N3Pa3€eH AbJIrOCPOYEH TPEH,
BbB Banexute. Bbnpekn oTHocUTENHO CcTabuaHuTe
Ba/ZieXXHU  KO/MYEeCTBa, CPeaHOroguLHWUTE  BOAHM
KO/MYeCcTBa B M3C/ieABaHWUTE PEKU HamManAsaT, Hal-
CUAHO npu p. ATocka (KameHo), KbaeTo e ycTaHoBeHa
ycToluMBa HM3XoAAWa TeHAeHuua. [loBuweHUTe
TemnepaTypu W 3aCMNEHOTO M3NapeHue BOJAT A0
YObMKaBaHe Ha NIETHUTE MUHUMYMW U 3a4ecTABaHe Ha
nepuoautTe Ha Mmanosogue. [onyyeHute pesynTatu
NOTBbP)KAABAT HapacTBallaTa YA3BMMOCT Ha Maskute
YepPHOMOPCKM BOAOCO0OPU KbM KAMMATUYHUTE MPOMEHN.
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®urypa 1. MpocTpaHCTBEHO Pa3noNoXKeHWe Ha u3caeaBaHuTe
BOAOCH0OPU U XMAPOMETPUYHMTE CTaHLMM B Bypracka obnacT.

HabnopaBaHUTe M3MeHeHMA coyaT oTciabBaHe Ha
BpPb3KaTa MeXAy Ba/eKUTE U PEYHUA OTTOK, KOETo
npegnonara HapacTBalla PoOSA Ha M3MNapeHWeTo BbB
dbopmupaHeTo Ha BOAHMA BanaHC M HamansBaHe Ha
XUAPONIOrMYHATa YCTOMYMBOCT Ha Mankute sogocbopu.
ToBa orpaHuWyaBa cnocobHOCTTa UM fa KomMeHcupat
KpaTKOTpalHU BafexHu geduuutm U npegnonara
yAb/)KaBaHe Ha NepuoavTe Ha ManoBoAME W NO-YecTo
npecbxBaHe Ha OTTOKa.

Hay4yHWAT NpuHOC Ha M3CNenBaHETO Ce M3pasAsa B
KO/IMYECTBEHATA OLEHKA Ha KAMMATO-XUIPOJIONKKUTE
B3aMMOAENCTBUA B Ma/IKM YepHOMOpPCKM Bogocbopu ¢
orpaHuyeHa XxuapomeTpuyHa obesneyeHocT U B
YCTAaHOBABAHETO Ha CbBPEMEHHW TEHAEHLUMW KbM
HamansfBaHe Ha OTTOKa B YC/N0BUA Ha YCTOWYMBO
3aTonnsHe.
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Introduction

The recently observed increase in air temperatures and
enhanced seasonal variability of precipitation in
Southeastern Bulgaria directly affect river runoff,
especially in small Black Sea catchments with a rapid
response to climate fluctuations. The aim is to assess the
role of these factors in shaping seasonal and interannual
runoff dynamics. The river network in Burgas Region is
predominantly composed of short rivers characterized by
a mountain—Black Sea hydrological regime. The main
catchments and the locations of the hydrometric stations
on the Aytoska (Kameno), Sredetska (Prohod), Fakiyska
(Zidarovo) and Ropotamo (Veselie) rivers are shown in
Figure 1.

Methodology

The analysis is based on long-term monthly records of
precipitation, air temperature and river discharge for the
period 1998-2024, published in the Monthly and Annual
Hydrometeorological Bulletins of the National Institute
of Meteorology and Hydrology (NIMH, 1998-2024).
Seasonal variability is characterised using a climatic
diagram derived from mean monthly values.

Annual time series of precipitation, temperature and
discharge are examined using linear trend analysis and
five-year moving averages to identify the direction and
magnitude of change over time (Yordanova et al., 2023).

The relationship between precipitation and runoff is
evaluated through comparative analysis at selected
stations, and the data are analysed for two sub-periods
(2003—-2012 and 2013-2024) in relation to river basin
management objectives (MOEW, 2022).

Results and conclusions

The results indicate a pronounced warming trend in
the Burgas region (approximately +2 °C over the period
1998-2024), in the absence of a statistically significant
long-term trend in precipitation. Despite relatively stable
annual precipitation totals, mean annual river discharge
in the analysed catchments shows a systematic decline,
most pronounced for the Aytoska River (Kameno), where
a persistent downward trend has been identified. Rising
air temperatures and intensified evaporation contribute
to the prolongation of summer low-flow conditions and
to an increasing frequency of drought periods. These
findings confirm the growing vulnerability of small Black
Sea catchments to ongoing climate change.
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Figure 1. Spatial location of the studied catchments and
hydrometric stations in the Burgas region.

The observed changes indicate a weakening of the
relationship between precipitation and river runoff,
suggesting an increasing role of evaporation in shaping
the water balance and a reduction in the hydrological
resilience of small catchments. This limits their capacity
to compensate for short-term precipitation deficits and
implies a prolongation of low-flow periods as well as
more frequent flow intermittency.

The scientific contribution of the study lies in the
guantitative  assessment of climate-hydrological
interactions in small Black Sea catchments with limited
hydrometric coverage and in the identification of
contemporary trends toward decreasing runoff under
sustained warming conditions.
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BvBegeHue

OT XuAponoXKKa rnegHa Todvka 2025 rogmHa 3a
bbnarapua ce  xapakTtepusumpa  KaTo  cyxa, C
HEepaBHOMEpPHO pasnpedeneHMe Ha Banexute W
NPOAbL/KUTENIHN NEepUoaM HA 3acyllaBaHe B Pas/NYHU
paioHM OT cTpaHaTa. BbnpeKkn ToBa npes roguHaTta ca
perucTpmpaHn peguua HaBOAHEHMA C  pasinyeH
XapakTep, NPUYNUHUIMN 3HAYUTENHUN MATEPUATHU LLLETU U
3aryba Ha }XMBOT.

MeTtoponorus

M3BbplUEeH e npernes U aHaau3 Ha pPerucTpupaHuTe
HaBogHeHMA B bvarapua npes 2025 roawuHa.
EKCTpemHuTe cbbuTMA ca KaacubuumpaHm no Tvmn
(AbXKAOBHM, MOPONHWU, PEYHU) U ca MPUAPYHKEHU OT
atpnbytHa MHPOpMaLMAa 3a MECTOMNO/ONKEHWUE, Bpeme
Ha HacTbMNBaHe, pa3BUMTME HA  XMAPONOrMYHaTa
obcTtaHoBKa. MHbopmaumaTa ce 3anmucea B TMC 6asa
JaHHKW. HanpaBeH e aHanu3 Ha OCHOBHUTE ¢aKTopw,
[0BEeNN A0 Bb3HMKBAHETO Ha Pa3/IMYHUTE HABOAHEHMUA.
OcHoBHaTa MHbOPMaUMA M AAHHWUTE, WM3NO/A3BAHWU 3a
npocnesnsaHe Ha eKCTPEMHUTE CbOUTUA BB BPEMETO U
NPOCTPAHCTBOTO, Ca OT apxvMBa Ha HaBOAHEHMUS,
Cb34afeH M noaabp)kaH B HauMoOHaNHMA MHCTUTYT Mo
meTeoposiorMa u xmaponaorua ot 2016 r. (Balabanova et
al., 2019).

Pe3syntatu u ussoau

Mpes 2025 rogmHa ca pernctpupanm 31 HaBogHeHUA
Ha TeputopuATa Ha cTpaHata (dur. 1). Te ca
KnacuduumpaHm no TUM, Kato 4 OT TAX Ca AbXKAOBHM,
24 — NopoIiHM, N 3 ca PEYHU HAaBOAHEHMA.

HasoaHeHus npe3 2025 r.

durypa 1. MecTononoxeHne U TMN Ha HaBoA4HEeHUATa
npes3 2025 rognHa.

B Kpasa Ha anpwun (26.1V) 1 B HayanoTo Ha mau (6.V)
B pe3ynTaT Ha MWHTEH3MBHU BaNeXW Ca HaBOAHEHWU
OBOpPOBE, NpPU3EeMHM eTaXu U MmaseTa, 3aneTm ca
3emezesncku 3emu, nma pa3pyLieHa NbTHA
MHOpacTpyKTypa B rp. Bbauegpbm m cenata Mokpely,
XaipeauH, Nlexyeso, Kobunsk. B Kpas Ha mait (26.V) B
pe3ynTaT Ha obuneH Banex p. BUT n3nmnsa ot KoputoTo
cn npu rp. TeteseH. Mpe3 nepuoga 3-10.X B pesyntar
Ha OBMAHU U UHTEH3UBHW BaNeXu MMA PErncTpupaHmu
peavua noporHM HaBOAHEHWA B lOXKHATA YacT Ha
YepHoMopuneTo. 3acerHatM ca MHOFO OT HaceneHwuTte
MecTa, WHOPPACTPYKTYpa, TypUCTUYECKM 0beKTn B
obwwuHuTe Hecebbp, Byprac n LUapeso. Hai-ronemu ca
wetute B pakoHa Ha B.c. ,Enenute”, KaTo
HaBOAHEHWATa Tam JOBeEXAAT M A0 3arybaTta Ha yeTupu
YyoBeLKK XueoTa. lNpe3 nepunoaute 21-22 n 27-28.XI,
OTHOBO B Pe3y/nTaT Ha OOWJIHU U UHTEH3UBHU BaNeXW,
peavua MOPOMHM HABOAHEHWUA Ca PErucTpUpaHu B
06WwmHMTEe CaHgaHCcKu 1 NeTtpuy. Mpu rp. XagKnanmoso
p. Mecta usnn3a oT KOpPUTOTO CU, @ HABOLAHEHMETO B
ceno MwutuHO, obwuHa [MeTpuy, e B pesynTat oT
HEU3NPABHOCT Ha XMAPOTEXHMYECKO CbOopbXKeHue. MNpes
HowTa Ha 27 cpewy 28Xl p. Apaa 3aanMBa MOCT npu
c. KutHuua. Ha 6.XIl B pe3syntaT Ha ob6UAHM Banexwu,
OTHOBO B tOXKHaTa YacT Ha YepHomopueTo, p. Dakuiicka
M p. M3BOpCKa 3HaYMTENIHO NOBMLIABAT HMBATA CU U
n3113aT oT KopwuTaTa cu. Ha 25.X1l B pe3yntat Ha obuneH
M WHTEH3UBEH Banex p. Tenku pepe 6bp30 nokaysa
HMBOTO CU, KOETO BOAM A0 KOMNPOMETUPAHE Ha AuraTta
npwu c. lenemeHoBO.

CuctemaTtnsmpaHata nHdopmaLma 3a HaBOAHEHUATA
B bbarapua 3a nepuoga ot 2016 r. g0 HacToAWwMA
MOMEHT NOKa3Ba, 4e npeobnagasaw, A[an umat
ObXO0BHUTE " nopomnHuTe HaBOAHEHMA.
HabnogasaHuTe cbbUTUA NOTBLPNKAABAT TEHAEHUMATA
KbM 3a4ecTABaHe Ha eKCTPeMHUTE ABAEHUSA, CBBP3aHN C
M3MEHEHMETO Ha KaumaTta. CUCTEMHOTO CbbupaHe W
aHanu3 Ha [aHHW U MHPoOpMaumAa 3a Cayumnu ce
HAaBOOHEHUA Ha TepuTopuATa Ha CTpaHaTa e oT
CbLLECTBEHO 3HayeHMe 33 uaeHTUdUUMpaHe Ha
dakTOpUTE, BOAELWMN A0 BBb3HWKBAHETO Ha EKCTPEMHMU
cbbutna B Bbarapus, 3a onpeaensaHe Ha MepKUTe 3a
aganTupaHe KbM 6bAELLOTO USMEHEHUE HA KIMMATA.
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Introduction

From hydrological point of view, for Bulgaria the year
2025 was characterized as a dry year, with uneven
precipitation distribution and periods of drought in
different regions of the country. Nevertheless numerous
floods of different origin and intensity were registered,
in the year, resulting in significant damages and loss of
lives.

Methodology

A review and analysis of the floods registered in
Bulgaria in 2025 was conducted. The extreme events
were classified by type (pluvial, flash, and fluvial)
followed by an attribute table for location, time of
occurrence, development of the hydrological situation.
The information was organized in a GIS database. An
analysis of the main factors leading to the occurrence of
these adverse events was also performed. The primary
information and data used to track the extreme events
in time and space was obtained from the flood archive
established and maintained at the National Institute of
Meteorology and Hydrology since 2016 (Balabanova et
al., 2019).

Results and conclusions

In 2025, a total of 31 floods were registered across
the country (Fig. 1). They were classified by type as
follows: 4 pluvial floods, 24 flash floods, and 3 fluvial
floods.

Floods in 2025

Nerenna

phavial flood
® flash flood

Border basin directorate == !

Figure 1. Location and type of floods in 2025

At the end of April (26.1V) and the beginning of May
(6.V), as a result of intense rainfall, yards, ground floors,
and basements were flooded, agricultural lands were
inundated, and road infrastructure was damaged in the
town of Valchedram and the villages of Mokresh,

Hayredin, Lehchevo, and Kobilyak. At the end of May
(26.V), due to heavy rainfall, the Vit River overflowed its
banks near the town of Teteven. During the period
3-10.X, as a result of heavy and intense precipitation,
numerous flash floods were registered along the
southern part of the Black Sea coast. Many settlements,
infrastructure, touristic places in the municipalities of
Nesebar, Burgas, and Tsarevo were affected. The most
severely affected area was the Elenite resort village,
where in addition to extensive material damages, four
fatalities were reported. In the periods 21-22.XI and
27-28.XI, further heavy and intense rainfall caused
multiple flash floods in the municipalities of Sandanski
and Petrich. Near the town of Hadzhidimovo, the Mesta
River overflowed its banks, and the Arda River flooded a
bridge near the village of Kitnitsa. In the village of
Mitino (Petrich municipality), a flood caused by a
malfunction of a hydraulic engineering facility was also
recorded. On the night against November 28 Arda River
inundates the road bridge near Kitnitsa village. On
December 6, following heavy rainfall again in the
southern part of the Black Sea coast, the Fakijska and
Izvorska Rivers significantly increased their water levels
and overflowed their banks. On December 25, due to
intense rainfall, the Telki Dere River rose rapidly,
resulting in compromising its embankment near the
village of Gelemenovo.

The systematized information on floods in Bulgaria
for the period from 2016 till nowadays indicates that
pluvial and flash floods constitute the predominant
share. The observed events confirm the increasing trend
in extreme phenomena associated with the climate
change. The systematic collection and analysis of data
and information on flood events occurring within the
territory of the country are of essential importance for
identifying the factors leading to the occurrence of
extreme events in Bulgaria, for determining appropriate
climate-change adaptation measures.
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BvBegeHue

duntpaumnaTa npeacTaBanBa ABUKEHMETO HA BOAaTa B
nopbo3Ha cpepa. Bopata ce cbabprka B noysata B
Pas/MYHU CbCTOAHUA — MOJIEKYNAPHA, XUTPOCKOMMUYHA,
KanuasapHa M rpaBUTaLMOHHA, Kato npu unTpaumaATa
y4yacTBaT rNaBHO KanuaapHaTa M rpaBMTaLMOHHATa, Tbit
KaTo Te MOra Aa ce ABWKAT B No4yBaTta. [ABUKEHMETO Ha
BOZaTa Npu GUATPALMATA Ce OCLLLECTBABA NPe3 NopuTe,
uMeTo  pPasnoJsioKEeHMEe MMa  C/ly4aeH  XapakTep.
CydosuATta npeacTaBasABa NPOLEC Ha BbTPELLHA epo3us,
npv KOMTO noj, AencTBMEeTo Ha GUATPALMOHHUA MOTOK
Ce U3HaAcAT GUHM YacTMLM OT NOYBEHWUA CKENeT U BOAM
[0 paspyweHue Ha nouseHMA Macums. OueHKaTa Ha
pucka oT cydo3ma e KNYOoBA 33 XMAPOTEXHUYECKUTE
CbOpbXKEHMA, Tbi KaTo ToBa 6M ponpuHecno 3a
6e3onacHaTa ekcnaoaTtaums.

MeToponorus

B HactoAwoTo u3cneaBaHe e u3bpaHa paboTHa
XMnotesa, npu KoATo ce onpegena GpuATPALMOHHUAT
NOTOK Mpe3 TAN0TO Ha e4HOPOAHA 3eMHOHACUMNHA Aura,
pasno/io}KeHa BbPXY BOAOMNPOMNYCKAMBA OCHOBa, Npw
NOCTOAHHO BOAHO HMBO OTKbM BOAHMA OTKOC.

HanpaBeHa e oueHKa Ha pucKa oT cydosusa, KaTto ce
usnonssa KoepuumeHTsvT Fs (factor of safety).
KoedunumneHTbT ce onpenensa oT OTHOLWEHUETO MeXAy
MaKCUMANHUA (imax) U KPUTMUHUA (ixp) XMApPaBANYEH
rpaaueHT (Terzaghi et al., 1996). NMpu cToiHOCTM Ha Fs
no-ronemm oT 1,5 ce npuema, 4ye HAMa pPUCK OT
Bb3HMKBaAHe Ha cy¢dosua (U.S. Army Corps of Engineers,
1993).

MpenctaBeHa e 3MMHa (HenpenvBaema) Aaura ¢
TpaneuyoBnaHo cedyeHune (¢ur. 1). PasrnexpaaHaTa
Obnb60oYMHA OT CTpaHaTa Ha BOAHMA OTKOC e 2,2 m.

Bodowenponyckaub naacm

®urypa 1. Cxema Ha 3MMHa aura.

3a onpepensaHeto Ha OUANTPALMOHHMA MOTOK e
M3Mo/i3BaH OMPOCTEHMAT MeToA Ha akaga. H. H.
MaBnosckn (Pages, 1981). CroliHOCTTa Ha MbJHMA
dunTpaLMoHeH NOTOK (g) ce onpenens Kato cyma oOT
BOZHOTO KOJIMYECTBO, KOETO NPemMnHaBa npes TAN0TO Ha
auraTta — qi, U BOAHOTO KOZIMYECTBO, MPEMMHABALLO MOA,

HellHaTa ocHoBa — @2. M3uncneHuATa 33 g1 U g2 ca
HanpaseHu no popmyau (1) u (2).
Pe3syntatu u ussogu

Pesyntatute OT WM3YMCNeHMATA ca MNpeacTaBeHU
Tab/MYHO UM e WU3BeAEeHa  3aBUCMMOCT  Mexay
GUNTPUPaANoOTO BOAHO KOAMYECTBO W BOOHWA CTOEXK
npea aurata (taba. 1).

Tabnuua 1. 3aBucumocT Mexay OUATPUPAno BOAHO
KOJIMYECTBO M BOAEH CTOEX

1 2] 3 4 5 6 7

H m 2.2 1.8 1.4 1 0.6 0.2 (o)
h;, m 0.25] 0.17| 0.10 0.05| 0.019 0.002 0.000
. m¥d/m’ 0.28 0.19] 0.11 0.05| 0.02] 0.00| 0.00
a2 m¥d/m’ 1.39 1.14 0.89 0.63 0.38 0.13] 0.00:
q2m3/dl m' 1.67 1.33 1.00 0.69 0.40| 0.13] 0.00

M3roteeHa e 1 Tabaunua ¢ KoopaMHaTH, HE0BX04MMM
3@ M3YepTaBaHETO Ha  AenpecuMoHHaTa  KpuBa,
npeactaBeHa Ha ¢urypa 1 (Taba. 2), KoATo NoKasea Kak
GUNTPALMOHHUAT NOTOK NPEMUHABA Npes aAurara.

Tabnunua 2. KoopauHati 3a M34YepTaBaHe Ha AenpecuoHHaTa

KpuBsa
1 2
X m 0 4
y,m 22 1.96
H*—h}
_ 3/ frer kN (1
gq1=0,28 m3/d/m q, =iy 2(Lfm2k]) (1)
- 3 '
gz = 1,39 m /d/m 7 :kTi, md/d/m’ (2}
q=1,67 m*/d/m' Sn
imax= 0,125
iKp =0,937

OueHKaTa Ha pucka Ha cydosua e Fs = ikp/imax =7.5.

MNonyyeHunte pesyntatn Ha Fs > 1,5 nokassaT, 4e npu
n3cnefBaHaTa XMNoTe3a HAMa PUCK OT Bb3HMKBaAHE Ha
cydosus.

MpocnepABaHeTO M OLLEHKATa Ha npoueca cydosus
npeacTaBfABa CbLLECTBEH €/1eEMEHT OT MWHXeHepHun
KOHTPO/1 BbpXy €EKCMA0aTaLMOHHATa HaZeXOHOCT Ha
XUAPOTEXHUYECKUTE CbOPBKEHMA. YCTaHOBABAHETO Ha
BbTPELWHOEPO3MOHHUTE MPOLECUM HaBpeme nognomara
6esaBapuiMHaTa MM paboTa WM HamanABa pPUCKa OT
CKbCBAHe Ha JAurata M HemnJaHWpaHo 3anMBaHe Ha
NPUAEKALLUTE NIOLLMN.
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Introduction

Seepage is the movement of water through porous
materials. Water exists in soils in different states —
molecular, hygroscopic, capillary, and gravitational —and
the seepage primarily involves capillary and gravitational
water, as these forms are capable of movement within
the soil. Water flow occurs through soil pores, which are
randomly distributed in the soil mass. Suffusion is a
process of internal erosion in which fine soil particles are
transported by the seepage flow, leading to progressive
degradation of the soil structure and potential structural
instability. The assessment of suffusion risk is of
particular importance for hydraulic structures, as it
contributes directly to their safe and reliable operation.

Methodology

In the present study, a working hypothesis is adopted,
in which the seepage flow through a homogeneous earth
embankment dike founded on a permeable base is
analytically determined at a constant upstream water
level.

The suffusion risk is evaluated using the factor of
safety Fs. It is defined as the ratio between the critical
hydraulic gradient (i..) and the maximum hydraulic
gradient (ig.) (Terzaghi et al.,, 1996). For values
of Fs > 1.5, the structure is considered stable, with no
signs of suffusion occurrence (U.S. Army Corps
of Engineers, 1993).

In this study, a dike with a trapezoidal cross-section is
considered (Fig. 1). The upstream water depth is 2.2 m.

impermeatle soil layer

Figure 1. Schematic cross-section of the dike.

The seepage discharge is determined using the
simplified analytical method of Acad. N. N. Pavlovsky
(Radev, 1981). The total seepage flow (q) is calculated as
the sum of the discharge through the dike body (gs) and
the discharge through its base (g2). The calculations of gz
and g2 are based on equations (1) and (2).

Results and conclusions

The calculated results are presented in tabular form,
establishing the correlation between seepage discharge
and upstream water level (Table 1).

Table 1. Correlation between seepage discharge and
upstream water level

1 2 3| 4 5 6 7
H,m 22 1.8 1.4 1] 0.6 0.2 o]
h;, m 0.25 0.17| 0.10 0.05| 0.019 0.002 0.000|
g, m¥d/m’ 0.28| 0.19 0.11 0.05| 0.02 0.00] 0.00
qom*d/m’ 1.39 1.14 0.89 0.63| 0.38 0.13] 0.00|
qzmal d/m’ 1.67 1.33 1.00 0.69 0.40 0.13] 0.00|

A table of coordinates necessary for plotting the
phreatic line (Table 2) is also created, illustrating the
seepage pattern through the dike on Fig. 1.

Table 2. Coordinates for plotting the phreatic line

1 2 3 4 5 6 7
X, m 0 4 8 12, 16 18 18.84
y,m 22 1.96] 1.68 1.34 0.89 0.53 0.25

g1=0,28 m3/d/m'
q2 = 1,39 m¥/d/m'
q=1,67 m3/d/m'
imax = 0,125

fer = 0,937

H® —h}
=k, — mifdm’
q' 2L —myhy) (1)

qzzkrsi, mydm’ (2)

i)

The factor of safety
against suffusion is calculated as: Fs = icr/imax =7.5

The calculated value of Fs is greater than 1.5,
indicating that, under the working hypothesis, there is no
risk of occurrence of suffusion.

Monitoring and assessment of internal erosion
processes represent a fundamental component of
engineering control for the reliability of hydraulic
structures. Early detection of internal erosion
contributes to failure-free operation of the structure and
significantly reduces the risk of breaches through the
body and unintended flooding of protected areas.
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BbBeaeHue

Knnmatuunute ycnosus Ha bBbarapua obycnasat
dbopmumpaHeTo Ha nefoBu obpasyBaHUA B pekuTe npes
3MMHUTE MeceuM. 3anefABaHETO Ha peKuTe 3ano4sa C
nosBaTa Ha TbHbLK Neq Kpai bperoBeTe U B yYyacTbuuTe
CbC CPaBHUTEIHO MaJIKM CKOPOCTM Ha BoaaTa (Alfredsen,
2017). dopmupaHeTo Ha negosu obpasysaHMA BOAWN A0
NPOMAHa B XMAPABJMYHUTE  XapPaKTEPUCTUKM  Ha
TeYeHWeTo, HapyLLaBa Ce 3aBUCMMOCTTa MeXAy BOAHOTO
HMBO M BOAHOTO KOJIMYECTBO W Ce YyBesM4aBa
HeonpeAeneHoCTTa Ha M3MepBaHe.

MeToponorus

B HacTOALWOTO M3cneaBaHe e pasrnefaH peXXMmbT Ha
p. Uckbp npu c. bean Uckbp (XMC 18650) B 3umHUTE
meceum npes nocnegHute 5 roauHu. B pasrnerkgaHus
nepuos npes meceuute aHyapu n ¢pespyapu perynapHo
ce HabnaaBaT N1ea0BM ABNEHUA OT Pas/IMYEH XapaKTep
Nno OCHOBHOTO Te4yeHWe Ha pekata — 6perosu neg,
NlefleHa Kalwa v nefeHa NoKpuBKa.

3a fa ce npocsieam NPOMAHATA Ha pPeXXMMa Ha peyHuA
OTTOK B MepuogmuTe ¢ Ha/imume Ha iefoBKU obpasyBaHus,
€ 13no/s3BaHa onepaTMBHA XMAPOIOrMYHA MHPOpMaALUA
oT u3amepBaHmata B 08:00 yaca, KaKToO M AaHHW OT
aBTOMaTM4HaTa cTaHumMa Ha XMC 18650. [lo
MHbOpMaLMA OT M3MepPBaHUATA € n3roTeeHa obobuieHa
MHbOpPMaLMA 33 HA/IMYMETO Ha /Ief0BU ABNEHUA B
palioHa Ha cTaHumATa (Taba. 1).

Tabnnua 1. Nepuogu ¢ neposu ssneHuns npu XMC 18650

Nepuoau I I m | x| ©6w6pO
AHN
2021 - 15-18 | - - 4
1-12
15-22 14 1-2
2022 24-31 |16-18 | 11-14| 39
28
2023 - 7-19 - - 13
14-16
2024 23-26 | 1-3 - |29-31 16
28-29, 31
1-9
2025 11y | 12728 12 - 40

Pesyntatu n ussogm

Ha ¢urypm 1 n 2 e npeacraseHa nHpopmaumsa ot
aBTOMaTUYHaTa XMAPOMETPUYHA CTaHuMA Ha p. UcKbp
npu c. benn Uckbp 3a NI3SMeHeHMETO Ha BOAHUTE CTOEXKM
M BOAHWTE KonuyecTBa 3a u3bpaHu nepuoau ¢
perncTpupaHn 1efoBun ABNEHUA.

BOfieH CTORM W KOAHYECTBO - CTaHLuA Ne 18650 Mckup-c. Benu Mekbp

i

Bara

®urypa 1. laHHM OT aBTOMaTUYHaTa CTaHUMA Ha p. Mckbp
npwu c. bean Uckbp 3a nepuoaa 10.02.-26.02.2023 r.

BOAEH CTORN 1 KONWYECTBO - CTaHUMA Ne 18650 Uckbp-c. Benn Uckup

®urypa 2. JaHHM OT aBTOMaTMYHaTa CTaHUMA Ha p. UcKbp
npw c. bean Uckbp 3a nepunoga 09.02.-20.02.2025r.

OT TaKa npeacTaBeHUTe rpaduKM He e Bb3MOXKHO Aa
ce onpeenn gann e HapylleHa ectecteeHata AMHamMmunKa
Ha peyHuAa OTTOK. EgHa OT npuumHUTE e, Ye AATYMKDBT
peructpupa BOAHOTO HUBO Ha pekara,
a BOAHOTO KO/INYECTBO Ce Npuema OT NpeaBapuTesIHO
3ajageHa  Kaw4voBa KpuBa. Ho B cayyamte  Ha
HabnogaBaHW  NefoBM  ABAEHUMA  Ce  MPOMEHAT
XUOPABINYHUTE XapPaKTEPUCTUKN HaA PEYHOTO TeyeHue:
KONKOTO NO-NPOAb/XKUNTENEH € NePNOABLT C HAaMYME Ha
neposn  obpasyBaHuA, TONKOBA  MO-CUFYPHO €
CTeCHABaHeTO Ha cevyeHMeTo Ha pekaTa, CbOTBETHO ce
yBenn4yaBa XxMapasNYHOTO CbNPOTUBAEHNE N HaMaNABa
CKOPOCTTa Ha TeyeHuneTo.

MNpocnegABaHeTo M aHaAM3bT Ha AaHHUTE OT
XUAPOMETPUYHUTE U3MEPBAHUA B YCNOBUATA Ha 1eJ0BU
ABNEHNA Ca HeobXoAMMO YCNOBME 33 onpefesisiHe Ha
BEPOATHOCTTAa OT MoAnpuiiBaHe Ha PeYHOTO TeyeHue.
OcBeH BbPXY PeYHUA peXXnUM nefoBuTe ABAEHUA OKa3BaT
CblLECTBEHO BbB3AENCTBME U  BbBPXY EKONOTMYHOTO
CbCTOAHWE Ha PEeKMTe, KaTo orpaHM4YaBaT rasoobmeHa,
HamanABaT KUCNOPOAHUA pPeXXum WU npenAaTcTeBaTt
MUrpaumaTa Ha puburte.
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Introduction

The climatic regime in Bulgaria facilitates a fluvial ice
development during the winter season. This process
initiates with thin ice formation near the banks and in
areas with relatively low water velocities (Alfredsen,
2017). Such processes alter hydraulic characteristics,
disrupting the relationship between water level and
discharge, and increasing measurement uncertainty.

Methodology

This study explores the regime of the Iskar River near
the village of Beli Iskar (HMS 18650) during the winter
months over the last five years. In January and February
of the investigated period, various types of ice
phenomena were regularly observed along the main
course of the river — shore ice, ice slush, and ice cover.

In order to track changes in river flow during periods
of ice formation, operational hydrological information
from measurements taken at 08:00 a.m. was used, as
well as data from the automatic station at HMS 18650.
Based on this information, a summary of the registered
ice phenomena is presented in table 1.

Table 1. Periods with ice phenomena in HMS 18650

Total
Periods | 1 1 Xl number
of days
2021 - 15-18| - - 4
1-12
15-22 14 | 1-2
2022 24-31 |16-18|11-14| 39
28
2023 - 7-19 | - - 13
14-16
2024 23-26 | 1-3 - |29-31 16
28-29, 31
2025 179 lia2g) 12 | - 40
11-22

Results and conclusions

On figures 1 and 2 is presented information from the
automatic hydrological station (HMS18650) for the
changes in the water levels and discharges during
selected periods with registered ice phenomena.

Water level and discharge - station Ne 18650 Iskar - Beli Iskar

Water discharge (), [m?/s]

$ 3 » 3 & 'S w_-

Figure 1. Data from automatic station (HMS 18650)
for the period 10.02.-26.02.2023.

Water level and discharge - station Ne 18650 Iskar - Beli Iskar

Watar lavel (H), [em]
Water discharge (Q), [m?/s]

$ > 9 2 > B - 4 & €

Figure 2. Data from automatic station (HMS 18650)
for the period 09.02.-20.02.2025.

From the graphs presented, it is not possible to
determine whether the natural dynamics of the river
flow have been disrupted. One of the reasons is that the
sensor records the water level of the river, and the water
quantity is taken from a pre-set rating curve. However, in
cases of observed ice phenomena, the hydraulic
characteristics of the river flow change: the longer the
period of ice formation, the more certain the narrowing
of the river cross-section, which increases hydraulic
resistance and reduces the flow velocity.

The monitoring and analysis of data from
hydrometric measurements in conditions of ice
phenomena are necessary for determining the
probability of river flow obstruction. In addition to the
river regime, ice phenomena also have a significant
impact on the ecological status of rivers, limiting gas
exchange, reducing oxygen levels, and hindering fish
migration.
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BvBegeHue
Mpe3 2026 r. ce HasbpwsaT 70 rogMHM OT NbpBaTa
rpakAaHcka nporHosa u 20 roguHu oT NbpBaTa Ce30HHa
nporHo3a B HWMX. WcTtopuyeckn nporHosaTta 3a
BPEMEeTO e Bb3HUKHANA OLLe OT APEBHOCTTA, HO NbpPBUTE
Nno-MacoBu, 3abenekmMmm u 6M3KM 40 CbBPEMEHHUTE
npeacTaBuM  HayyHUM CTaTuK, TPETUpALLM  Hanpumep
CpeaHOCPOYHA NPOrHo3a 3a BpemeTo, AaTupaT oT 50-Te
rogvMHu Ha MMHanuA sek (Baur, 1951).

HayyHuTe pa3paboTkM BOAAT onepaTuBHATa paboTta
B METEOPONIOTMYHUTE CAYKOM NO MbTA Ha NpuaaraHe u
npeacTaBsHE Ha MOCTUNKEHMATA Ha reodpusnyHaTta
XMapoanMHaMmuKa Ha pasbupaem 3a obLWECTBOTO €3UK U
0O [Hec, KoraTo TexXHO/JorMuTe BAM3AT B MacoBa
ynoTpeba v ca Ha egHa pbKa pascToAHMeE.

B HUMX opraHu3MpaHO U CUMCTEMATUYHO U3aaBaHe
Ha NPOrHO3a 3a BpPemMeTO Ce NOCTaBA B HAyasNoToO Ha
M. Mait 1956 ., KOrato eKun OT YYeHU WU eKCnepTu
npunarat HatpynaHua ONWT W uM3gasBaT nNbpsaTa
rpakaaHcka nporHosa (AHgpees, 2008).

MeTtoponorus

B 3aBMCMMOCT OT CpOKa, 3a KOWTO ce MpOorHo3supa,
METeopOosIOrMYHMUTE NPOrHo3n 3a spemeto B8 HUMX ce
DenAT Ha 4 OCHOBHM TMMA: KPaAaTKOCPOUHU — Ao 24-48
Yyaca, CpegHOCpoYHU — 3a 7 AHWU, mecedHu (30 aHu) u
ce30HHM (TpM Meceua). Bcaka egHa OT TAX ce M3roTes
npu cnefgaHe Ha KOHKPETHM CTbMKW, NpemMuHaBalLm
npes aHaiAM3 Ha CbCTOAHMETO Ha aTmochepHUTe
npouecM C NOMOLLTa Ha MPU3EMHU U AUCTAHLUOHHM
HabnoaeHWs, 3ano3HaBaHe C Pe3ynTaTUTe OT YUCIAEHM
MOLENIM  C  Pas/IMMHU  XapPaKTEPUCTUKM  OTHOCHO
ObOewoTo pas3BuUTME Ha aTmocdepHUTe npouecw,
0606waBaHe 1 opopmsAHe Ha KpaliHa NPOrHo3a BbB BUA,
Ha TEKCT, KapTu, Anarpamu u gp.

Pe3syntatu u ussoau

KpaTka LEeMOHCTpauma Ha CbBpPEMEHHOTO
M3rpaxkgaHe Ha NPorHosa c pasnMyeH obxBaT MoOKa3Ba,
ye NPOrHoCTMYHaTa AEMHOCT OCTaBa efHa 3HaYMMa Yact
OT aHraxxmmeHtute Ha HUMX 1 HOCK BMCOK noTeHuMan
32 WHTEH3MBHO pa3BUTUE. YMeNoTo CbyeTaHMe Ha
onepatTMBHa M  HayyHa AeNHOCT MNOKa3Ba, ue
nNporHocTMyHata paboTa ce wu3rpaxkga BbpXy TpU
OCHOBHM  ¢yHAAMEHTAa — CUTYPHW  HabnwoaeHus,
aKTya/IHM Hay4HM pa3paboTKM U aaeKkBaTHa eKkcnepTusa
3a Cb3gaBaHe Ha KpaeH MNPOAYKT B MNon3a Ha
06L1ecTBOTO U AbpiKaBaTa.

3a spemeTto B HUMX.

JemoHcTpupaHata ,nbTHa Kapta“ (pur. 1) 3a
M3roTBAHE Ha MpOrHos3aTa 3a BPEMETO, KOATO
npemuMHasa npes Habop OT AEWHOCTM, OCUTypABaLLM
CUTYPEeH M HaBPEMEHEH KpaeH NPOAYKT, MaKCMMaaHo
6/M3BK [0 Pa3BUTUETO Ha aTMochepHUTE NPoLEecH Hag,
Bbarapua 3a cegMmuua Hanpeg, MOKasBa AbAruA MbT,
M3BbpPBAH OT 1956 r. A0 gHec. Bcekn TMn NporHosa mma
cBOA ,MbTHA KapTa“, KoATO B OCHOBAaTa CW cCneAaBa
HayyHOObOCHOBaHa MeToAMKa, CbobpaseHa M CbC
CbBpEMEHHUTE TEeHAEHUMW B MporHosupaHeTo. BposaTt
Ha NPOrHOCTUYHUTE YUCAEHM MaTepuann, U3NON3BaHM
KaTo KOHCYNTaHTM NpU W3roTBAHETO Ha oOnepaTuBHA
nporHosa, e npeacTaseH B Tabamua 1.

Tabavua 1. bpoli MHPOPMALMOHHM NPOrHOCTUYHU MaTepuanm
B MOMOLY Ha M3roTBAHETO Ha MPOTHO3W 3a BPEMETO C
pasnnyeH obxsaT

KpaTkocpoyHa — 2448 4 >450/~250/>500
CpeaHocpo4Ha — 7 AHu 400-600/~300/~200
MeceyHa — 30 gHu 140/110/-
Ce30HHa — 3 meceua 110/100/-
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Introduction

In 2026, it will be 70 years since the first civil forecast
and 20 years since the first seasonal forecast at NIMH.
Historically, weather forecasting has emerged since
ancient times, but the first more widespread, noticeable
and close to modern concepts scientific articles,
treating, for example, medium-term weather
forecasting, date back to the 1950s (Baur, 1951).

Scientific developments lead the operational work in
meteorological services along the path of applying and
presenting the achievements of geophysical
hydrodynamics in a language understandable to society
to this day, when technologies are on one hand
distance.

In NIMH, organized and systematic issuance of
weather forecasts was established at the beginning
of May 1956, when a team of scientists and experts
applied the experience and produce the first civil
forecast (Andreev, 2008).

Methodology

Depending on the period for which the forecast is
made, meteorological forecasts for the weather at
NIMH are divided into 4 main types: short-term — up to
24-48 hours, medium-term — for 7 days, monthly
(30 days) and seasonal (three months). Each of them is
prepared by following specific steps, going through an
analysis of the state of atmospheric processes using
ground and remote observations, the results of
numerical models with different characteristics
regarding the development of atmospheric processes,
summarization and formation of a final forecast in the
form of text, maps, diagrams, etc.

Results and conclusions

A brief demonstration of the modern construction of
forecasts with different scope shows that forecasting
activity remains a significant part of the commitments
of the NIMH and carries a high potential for intensive
development. The skillful combination of operational
and scientific activity shows that forecasting work is
built on three main foundations — reliable observations,
current scientific developments and adequate expertise
for creating a final product for the benefit of society and
the state.

Figu;e_i. Part of the “Roadmap” of a weekly weather forecast
at NIMH.

The demonstrated “Roadmap” (Fig. 1) for preparing
a weather forecast, which goes through a set of
activities ensuring a reliable and timely final product as
close as possible to the development of atmospheric
processes over Bulgaria for a week ahead, shows the
long journey made from 1956 to the present day. Each
type of forecast follows a specific “Roadmap” that
integrates scientific methodologies with contemporary
trends in forecasting. The number of prognostic
numerical materials used as consultants in the
preparation of an operational forecast is presented in
Table 1.

Table 1. Number of information forecast materials
to assist in the preparation of weather forecasts
of different scopes

Short range — 24-48 h >450/~250/>500
Medium range—-7d 400-600/~300/~200
Monthly —30 d 140/110/-
Seasonal — 3 months 110/100/-
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,BeTuHa" u yparaHHuAT BATHP No bbvarapckoro YepHomopue
B. MBaHoBa", B. Padaiinosa, B. leopruesa

CekTop ,,MporHo3n”, HaunoHaneH MHCTUTYT NO METEOPOIOTUA U Xuapoaorusa — dunman BapHa
KntouoBu aymun: cpedusemMHOMOPCKU UUK/OH, KOHUenmyanHu moodesnu, Shapiro-Keyser
*email: Veneta.lvanova@meteo.bg

BvBegeHue
B nepmnopa 25-26.X1.2023 r. toHO OT bbarapua npes
NpoaMBMTE KbM 3amagHata 4YacT Ha YepHo mope
npemuMHasa AbNO6OK  UMKNOH, 3apoaun ce B
CpeansemHomopueTto. LUMKNOHBT Hocu nmeTo , BeTnHa”
M € C XapaKTePUCTUKM, Cropes, KOUTO MOXKe fa 6bae
ONpUANYEH Ha CpPeau3eMHOMOPCKA W3BbLHTPOMMYHA
6yps. Lletute, KOWUTO TOM HaHacA MO MbTA Ha
NpUABMKBaHETO cKu, ca orpomHun. Mo bBbarapckoTo
YepHomopue BATbLPLT Aoctura nopmsu 30-35 m/s.
TakvBa CTOMHOCTM 33 palioHa Ca €KCTPEMHO BUCOKU U
moraT 4a Ce peanu3upaTt efuH-ABa MbTU HA HAKOJIKO
pecetnnetna. B cuctemata METEOAJIAPM e nspgageHo
npeaynpexaeHme oT Hali-BUCOKa CTENEH — YEPBEH KOA,
32 onacHo Bpeme. B CeBepoustoyHa bbarapua mma
06UIHM BaNEXMN.

B HacToALWOTO M3cnenBaHe ca NOCTaBeHW ABe Lenu:
(1) uype3 npwunaraHe Ha nogxoaM W MeToaAM 3a
mscnegBaHe Ha GM3NYHUTE Npouecn B aTmocdepaTa Aa
6bae HanpaBeH aHanM3 Ha 6bpP30TO passBuTUE U
OBUXXEHWe Ha UMKAoHa ,betmHa” u (2) aa ce yctaHoBAT
NpUYMHUTE 33 YyparaHHua BAaTbp no bbarapckoTo
YepHomopwue Ha 26.X1.2023 r.

MeTtogonorusa

3a nocTuraHe Ha MNoOCTaBeHUTE LEeAN e M3NoNn3BaH
peaHann3 Ha MEeTEeOpPOJIOTMYHWM MOoJIeTa Ha pPasIMYHU
HUBa B aTMocdepaTa, UHPOPMaLMA OT METEOPOIOTMYHM
CNbTHULW, AAHHW OT METEOPOJIOTMYHM CTaHLUMKM Ha
HUMX, paHHW 3a peaneH BATbp Hag YepHo mope oT
CKaTepoMeTbp, BepTUKaNHW  paspesn. PusunyHute
NpouecuM OKOMO 3apa*KAaHeTo W  eBo/oUMATa  Ha
LMKNOHA Ca M3Cc/aefBaHM C MOMOLLTA Ha KOHLEeNTya Hu
mozenu.

Pe3syntatu n ussogu

Cpenmn3eMHOMOPCKUAT LMKIOH ,,BeTuHa” ce 3apaxaa
Hapg MeHye3kuAa 3aamB Ha 25.X1.2023 r. 8 00 UTC B cuaHo
6apOKNMHHA cpefa: OT ceBep HafA paiioHa ce Habaaasa
CWNHa afiBeKLMA Ha CTYAEeH Bb3ayX, a TemnepaTypaTa Ha
MoOpCKaTa Boga B 3asvBa e Bucoka (16—18 °C). Bwbs
BMCOKaTa Tponocdepa ca Hanuue aKTopn, KOUTO
NoACMNBaT NO-HATaTbWHMA UUKAO- U (POHTOreHes:
CWIHO CTPYMHO TeuyeHue, CUJHA AMBEPreHuMa Ha
Bb34YLIHUA NOTOK N NONOXKUTENIHA aABEKLUMA HAa BUXbpPa
(PVA). Ha BucounHa 500 hPa 6apuyHaTa A0/MHa, C KOATO
€ CBbp3aH LMKNOHBT, Ce ABWXM 6bp30 Ha M3TOK. B
cMcTemata  Bb3ZyxbT € TOMbA W B/AXeH, a
HeycToMuMBoCcTTa — ronama. B 00 UTC Ha 26.XI
NPU3EMHUAT LEHTbP Ha LMK/IOHA gocrtura
YepHomopueTo. OcTa Ha HapuyHaTa foAMHaTa BCe ole

€ C MHOro roffiM HaK/OH, afABEeKUMATa Ha BUXbpa e
MONOMXKUTENHATA U MHOTO CU/HA. B pe3ynTaT UMKNOHBT
npoab/KaBa fAa ce passBuBa. Hall-ycnolHeHa M ¢
Hal-cuneH BATbp B MWM3TouyHa bBbarapua w  no
YepHomopueTo e obcTaHoBKaTa okono 05:00 cyTpuHTa.
ToraBa ,betnHa” e Hag 3anagHo YepHo mope, B
HenocpeactseHa 6amsocT  npes  H.  Kanumakpa.
HanaraHeTo Ha NpuM3eMHUA LEHTbP Ce MOHMUXKaBa A0
973 hPa (¢ur. 1a), no CeBepHoTO YepHOMOpME BATbPLT
Aoctura nopmsn 30-35 m/s.

KoHuenTyanHuTe mMoaenu 3a CUHOMTUYEH aHanus,
M3Non3BaHM B paboTata, MNOKasaxa HexapaKTepHU
0COBEHOCTU 33 KNACUYECKUA HOPBEKKMU MOLEN LIMKNOHU
(Hanpumep ToNNO AAPO NPU AOCTUTAHE Ha 3PAA CTaani).
Bbp30TO 3aabn6aBaHe B NPU3EMHUA COW B HavyaaHaTa
¢dasa 3aratBa pas3BuTME Ha ,beTmHa” oT TmMna ,bbp3
uuknoreHes” (Rapid Cyclogenesis), KOMTO OT cBOS CTpaHa
€ XapaKTepeH 33 rofAmMa 4YacT OT W3BbHTPOMUYHUTE
LMKNOHK, pa3BuMBaLlM ce No moaena Ha Shapiro-Keyser.
YcTaHOBEHO b€, Ye TO3M MOAEN U XapaKTepHUTE 3a Hero
TpaHCNoOpTHM neHTM (conveyer belt) o6sacHaBaT
Hal-NOTMYHO  yparaHHWA BATbP, PErucTpupaH no
YepHOMOpKETO, 1 TO3N Hag mopeTo (dur. 1b).

durypa 1. Airmass RGB 1 npusemeH aHanms B 06 UTC (a) un
BATHP OT cKaTepomeTbp B 08:30 UTC (b) — 26.X1.2023 r.
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Cyclone Betina and the hurricane-force winds along the Bulgarian Black Sea coast
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Keywords: Mediterranean cyclone, conceptual models, Shapiro-Keyser
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Introduction

On 25-26 of November 2023, a deep low that has been
formed over the Mediterranean passes south of
Bulgaria through the straits to the western part of the
Black Sea. The cyclone was named Betina and has
characteristics typical of a Mediterranean extratropical
storm. The damages it causes along its path are
devastating. Along the Bulgarian Black Sea coast, severe
wind gusts of
30-35 m/s were reported. Such values are extremely
high for the region and can occur once or twice in few
decades. A warning of the highest level has been issued
in the MeteoAlarm system — red code, for dangerous
weather. Northeastern Bulgaria suffers heavy rainfall in
addition.

This study has two objectives: (1) to analyze the
rapid development and movement of the cyclone Betina
by applying methods for studying physical processes in
the atmosphere, and (2) to determine the causes of the
hurricane-force winds along the Bulgarian Black Sea
coast on November 26, 2023.

Methodology

To achieve our objectives, a reanalysis of
meteorological fields at different levels in the
atmosphere, satellites images and information, data
from meteorological stations of the National Institute of
Meteorology and Hydrology, scatterometer wind data
over the Black Sea, and vertical cross sections were
used. The physical processes in the initial stage and the
evolution of the cyclone were investigated using
conceptual models.

Results and conclusion

The Mediterranean cyclone Betina is originated over
the Gulf of Genoa on 25.11.2023 at 00 UTC in a well
pronounced baroclinic environment: strong cold-air
advection from the north over the warm sea, the sea
surface water temperature in the bay is high (16-18 °C).
In the upper troposphere, there are key factors that
enhance further cyclo- and fronto-genesis: powerful jet
stream, diffluent air flow and positive vorticity
advection (PVA). At 500 hPa, the upper trough
associated with the cyclone is moving rapidly eastwards.
The air in the system is warm, humid and unstable. At
00 UTC on November 26, the centre of the surface low
reaches the Black Sea coast. The trough axis is still very
steep, and the vorticity advection is positive and very
strong. As a result, the low continues to deepen. The

strongest winds with severe wind gusts are reported in
Eastern Bulgaria and along the Black Sea coast at
around 5 a.m. At that time, Betina is over the Western
Black Sea, close to Cape Kaliakra. The pressure at the
centre of the low drops to 973 hPa (Fig. 1a), and the
wind gusts exceeds 30-35 m/s along the Northern Black
Sea coast.

The conceptual models for synoptic analysis used in
the study reveal cyclone characteristics that are unusual
for the classic Norwegian model (e.g. the warm core in
the mature stage). The rapid deepening in the surface
layers in the initial stage of Betina points to
development of “Rapid Cyclogenesis” type, which in
turn is characteristic of the most Shapiro-Keyser
extratropical cyclones. It was found that this model and
its conveyor belts most logically explain the hurricane-
force winds recorded along the Black Sea coast and over
the sea (Fig. 1b).

Figure 1. Airmass RGB and sea surface analysis
at 06 UTC (a) and wind speed from scatterometer

at 08:30 UTC (b) on November 26, 2023.
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MynTumogeneH noaxoa 3a NPOrHo3npaHe Ha KOHBEKTUBHO Bpeme

3a HyXXgute Ha i1 ,,PbKoBOACTBO Ha Bb34YLIHOTO ABUXKeHue"
N. MaHados*, P. NeHues*

[ObpxasHo npeanpuatie ,,PbKOBOACTBO Ha Bb3AYLIHOTO ABUMKEHME"
KntouyoBu Aymu: KOH8eKMUBHU A871E€HUS, MPO2HO3UPAHe, MyamumodesneH nooxoo
*email: ilian.manafov@bulatsa.com, rosen.penchev@bulatsa.com

BbBepeHue

Hapacreawumar Bb3ayLleH Tpaduk yBenn4yaBea
M3NCKBAHMATA KbM TMPOrHO3UTE 33 KOHBEKTUBHMU
ABNEHMUA. Hacroawoto n3cnengaHe npeanara

MyATUMOZENEH NOAXOJA 33 MPOrHO3MpaHe Ha OMacHM
KOHBEKTMBHW fABNEHWA B ONepaTMBHATA MpPaKTUKa Ha
aBnaumoHHUTe meteoposiosu 8 A PBA.

MeTtoponorusa

PaspaboTeHM ca gBa npoayKta Ha 6asa mogenute
BULATSA-WRF, ICON-EU, ECMWF-IFS, ALADIN-NIMH.
MbpBMAT onpeaens mectononoxkeHuveto (CB Cond),
a BTOPUAT — BEPOATHOCTTA 3a cbbuTma (4 CB moaen).
e 4 CB mopen: Bcekm mopgen ponpuHaca € Aga
napameTbpa, 3a KOWUTO Ca ONPeAeneHn emMnupuyHU
nparoBu CTOMHOCTW. 3a BCEKM MoAen Ha 6a3a apXuBHU
CUTyauMu e usuucneH Ternosu koeduumneHt. Cymarta ot
KoepULMEHTUTE Ha MOAE/NUTE ONpeaens HUBOTO Ha
BEPOATHOCT 3a Aa/IEHO AB/IeHME B KOHKPETHa 30Ha.

®urypa 1. MNpoaykr 4 CB.

e CB Cond: MecTtononoxeHneto, o06XxBaTbT Ha
NOJIMTOHUTE N TEXKECTTa Ha KOHBEKTUBHUTE CbbUTUSA ce
onpeaenAaT ypes ceyeHme Ha MHAEKCA Ha NnoTeHunan 3a
MbaHUK (LPI) ot mogena ICON-EU mn cumynupaHaTa
pagapHa oTpakaemocTt oT BULATSA-WREF.
MporHo3npaHMTe 30HU Ce BM3yanun3mpaT B TpM LBATa No
CTeneH Ha BEPOATHOCT.

durypa 2. CB-Conditions 1 BepuduKaums ot pagap u
AETEKTOPU HAa MBIHUW.

Pesynrtatu un nssoaun

PaspaboTeHUTe NpPOAYKTM Ca OLEHEeHW cropes
npeactaBAHETO CUM B 29 KOHBEKTMBHM CUTyauuu OT
ce3oH 2025 r. EKMn OT TpMMa aBMOMETEOPOJIO3U
M34UMCAN  KOoedULMEHTUTE Ha Ternata Ha uYetupute
mogena B npoaykta 4 CB. Makap 4 B npouec Ha
pa3paboTka, MeToAbT € U3MOoA3BaH YCMewWwHo B
onepaTMBHaTa MNPaKTMKa 3a CbCTaBAHE Ha [JBe
eXeoHEeBHM MPOrHO3M 3a HYXAMTE Ha NJAaHUpaHe
06CNyKBAHETO Ha Bb3AyLWHMA TpaduK Hag bbarapua u
Espona: lMporHo3a 3a  onacHM  ABNeHuA B
KOHTPONIMPAHOTO Bb3AYWHO npocTpaHcTBo FIR-SIGWX;
MporHo3a 3a KOHBEKTUBHU ABNEHMA Ha TepuTopuATa Ha
oTroBopHocT Ha AN PBA — Cross Border Convective
Forecast. CBCF e cbBMEecCTHa MNpPOrHo3a, KOATO
npeaocTaBa Ha MeHUAXKbpa Ha mpexata (NM) B
EUROCONTROL # Ha yvacTBawuTe  Bb3AYLIHMU
HaBuraumoHHu ycayrm  (ANSPs)  uHbopmaums  3a
KOHBEKTMBHOTO Bpeme B €BPOMENCKOTO Bb3AYLIHO
npoctpaHcTBo. OueHKaTa Ha MeTofda e W3BbpLlUeHa
He3aBucumo oT 10 onepaTMBHM aBMOMETEOPO/IO3N.
MNporHo3ata 3a CB-ycnoBuATa € oOueHeHa B Tpu
Kateropmn: 1. [obpa nporHosa; 2. [lonesHa, HoO
HeAoCTaTbYHA NPorHo3a; 3. Cnaba nporHosa.

| __

good useful but poor
forecast insufficient forecast forecast

dJMrypa 3. OueHKa Ha NO/Ie3HOCTTA Ha NMPOrHo3ara.

MyATumoaenHUAT noaxos, fasa Aobpa Bb3MOXKHOCT
32 ONTMMA/ZIHO M3MOJI3BaHe Ha YUC/IeHUTe MoAJenu, C
KouTo asmometeoponosnte B AN PB/ pasnonarart. Mpu
TOBA TOW AOMPUHACA 33 KAYeCTBOTO W HaZEKAHOCTTA Ha
NPOrHO3MTE Ha KOHBEKTMBHU AB/IEHUA.
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Introduction

The increasing air traffic raises the requirements for
forecasts of convective phenomena. The present study
proposes a multi-model approach for forecasting
hazardous convective events in the operational practice
of aviation meteorologists at BULATSA.

Methodology

Two products have been developed based on the
models BULATSA-WRF, ICON-EU, ECMWF-IFS, and
ALADIN-NIMH. The first determines the location
(CB Cond), and the second — the probability of events
(4 CB models).
* 4 CB models: Each model contributes two parameters
for which empirical threshold values have been defined.
For each model, a weighting coefficient has been
calculated based on archived situations. The sum of the
model coefficients determines the probability level for a
given phenomenon in a specific area.
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Figure 1. 4 CB Product.

e CB Cond: The location, polygon extent, and intensity
of convective events are determined through the
intersection of the Lightning Potential Index (LPI) from
the ICON-EU model and the simulated radar reflectivity
from BULATSA-WRF. The forecasted areas are visualized
in three colors according to probability level.

Figure 2. Cb-Conditions and verification from radar and
lightning detectors.

Results and conclusions

The developed products are evaluated based on
their performance in 29 convective situations from the
2025 season. A team of three forecasters calculated the
weighting coefficients of the four models in the 4 CB
product. Although still under development, the method
is successfully used in operational practice to produce
two daily forecasts: Forecast of hazardous phenomena
in the controlled airspace FIR-SIGWX; Forecast of
convective phenomena within the area of responsibility
of BULATSA (Cross Border Convective Forecast). CBCF is
a joint forecast that provides the Network Manager
(NM) at EUROCONTROL and participating Air Navigation
Service Providers (ANSPs) with information about
convective weather in the European airspace. The
method evaluation is carried out independently by 10
operational forecasters. The method is assessed in three
categories: 1. Good forecast; 2. Useful but insufficient

forecast; 3. Poor forecast.
B | -

good useful but poor
forecast insufficient forecast forecast

Figure 3. Assessment of the forecast’s usefulness.

The multi-model approach provides a good
opportunity for optimal use of the numerical models
available to aviation meteorologists at BULATSA.
It also contributes to the quality and reliability of
convective weather forecasts.
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AHann3 Ha CMHONTUYHATa 06CTaHOBKA B nepuoga 2—8 okromspu 2025 r.
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BvBegeHue

MNpe3 nepnoga 2—-3 n 6—8 oktomepu 2025 r. 8 bbarapua
ce Cb3ZaBa Bane)Ha obOCTaHOBKA C MOBCEMECTHM, Ha
MHOM0 MeCTa UHTEH3UBHU U 3HAYUTE/IHU MO KOIMYECTBO
Banexun. CMHONTMYHATa O6CTaHOBKA € B pe3ynTaT Ha
npemuHaBgaLm HOXKHO oT CTpaHaTa cepusa
CPEeaN3EMHOMOPCKM  LMKIOHWU, [obpe pas3BuUTU BbB
BCMYKM C/noeBe Ha aTtmocdepata. Ha wu3obapHa
nosbpxHmMHa 500 hPa 6apuyHoTo none Hag bankaHckuA
No/slyocTPOB € LUWK/JOHaAHO, OT 3anaj Ha W3TOK
npemuvHasaTt 6apuyHU AONMHU, B KOUTO ce dopmupat
LUMKAOHaNHN ueHTpoBe (dur. 1). B npusemHua cnoi
Bbarapusa nonaga B rpaAMeHTHa 30Ha MexXay obaacT Ha
BMCOKO aTMOChEepHO HanAraHe Ha cesep OT bankaHckuA
No/slyoCTPOB WM 30HaTa Ha HWUCKO HanAraHe Ha Hor.
®opmupanuTte ce Hag LleHTpanHoTo CpegmsemHomopue
LMK/IOHA/MIHN BUXPU Ce MPemMecTBaT Ha WU3TOK-IOrou3TOK
KbM HOXKHUTE paloHW Ha bankaHCcKMA NONyocTpoB U ce
pa3sueBat Hag CesepHa [bpuma u Ereiicko mope.
Bnocneacrene uUeHTpPOBETE MM Ce M3TErNAT Ha W3TOK
KbM Mana A3na n NponmemTe, a NO-KbCHO U Ha cesep
KbM YepHo mope. CTaUMOHMPAHETO Ha UMKAOHUTE WU
CBbP3aHUTE C TAX PPOHTANHWU CUCTEMM HaL, PaA3/IUYHM
paioHn OT bBanKkaHCKMA  MO/YyOCTPOB, KAKToO M
KOMBOMHAUMATAE MexAay TOMbA W BAAXKEH Bb3AyX OT
Cpegm3emMHO Mmope 1 CTyAeHa Bb34yLlHa maca OT cesep
Ca MNPUYMHA 33 3HAUYUTESIHUTE BaJieXU Haf HXKHaTa
NONOBMHA OT CTpaHaTa npe3 MbpBMA Nepuod U Hapg
ceBepHaTa npes BTOpuA.

LS
500me Gecpotentiol Heights (m) _ Composite Mesn
7.10.2025 18 UTC
NCEP/NCAR Reanaiysin

2, () Composie Moan
3102025 12 UTC
NCEP/NCAR Raanclysis

®urypa 1. CpefiHM CTOMHOCTW Ha reonoTeHLMana Ha u3obapHa
nosbpxHMHa 500 hPa Ha 3.10.2025 r. 8 12 UTC (nsaBo) u
Ha 7.10.2025r. 8 18 UTC (aAcHO).

MeTtoponorusa

3a aHanM3a Ha CUHONTMYHWTE OBCTAHOBKM ca
M3MON3BaHM [aHHW OT aTMOCPepHU peaHannsm Ha
National Oceanic and Atmospheric Administration
(NOAA). B wuscnesBaHeTo e MNpuAoXKeH rn106anHuAaT
atmocdepeH peaHanns NCEP/NCAR Reanalysis -
NnpoayKT, paspaboTeH CbBMECTHO OT HauuoHanHus

LEeHTbp 3a MNporHosa Ha okonHaTa cpega (NCEP) wu
HaumMoHanHua ueHTbp 3a aTmochepHU u3cnenBaHuA
(NCAR) Ha CALL. M3nonseaHa e 1 apxmBHa nHpopmauma

oT HUMMX — CMHOMTMYHWM KapTM W OaHHU  OT
M3mepBaTenHaTa MperKa.
Pesynrtatu u nssoaun

Ha d¢urypa 2 e npeactaBeHo  M/AOWHOTO

pa3npegeneHne Ha 24-4acoBWTE BaNEXM 3a YacT OT
Agete  OOCTAQHOBKM NO  JaHHM  OT  CTaHuuuTe
(cMHONTUYHKM, KAMMATUUYHKU N BaneKomepHn) Ha HUMX.
B nepnoaa 2—3 OKTOMBPU LMKAOHDBT CTAaLMOHUPA Haj,
Ereficko mope M B pe3yntaT Ha mecTa B 3anafgHa u
UeHTpanHa bBvarapua, Kakto wu  no  HOKHOTO
YepHoMopue nafatT 3HaYMTeNHM MO  KOAMYECTBO
Banexun. B nepmoga 6—8 oktomspu 2025 r. UMKAOHDBT
CTauMoHMpa Hag, 3anafHaTta akBaTopua Ha YepHo mope
M Cb3gaBa BasieXXHa O0OCTAHOBKA CbC 3HAYUTENHM
Banexu B LleHTpanHa CesepHa bbnrapua. Bcnepcteue
Ha MNPONIMBHWUTE BafNeXMW, MU3CEYEHUTE TOpU M
3aCTposiBAaHETO Ha AepeTa npe3 nbpsusa nepuog (2-3
OKTOMBpPM) B palioHa Ha B.C. ENeHUTe e Bb3HWMKHANO
OMyCTOWNTE/IHO HABOAHEHWE, MpPU KOEeTOo YeTupuma
aywwu 3arybsaTt »KuBoTa cu. B nepuoga 6—8 okTtomBpu
2025 r. 3apagn nagHanuMTe 3HAYUTENIHM BaNEXM Ca
perncTpupaHu CB/AMYAHMA Ha 3E€MHM Macu B C.
Hukonoso, o06n. Pyce, Kpa peka CapagKuiicKa.
06saBeHO e 6eaCTBEHO MNOOXKEHME.

2% BanEx 03 10,2025

durypa 2. [leHOHOLWHA Cyma Ha BafexuTe
OT 8 4. Ha 2.10.2025 . go 8 4. Ha 3.10.2025 r. (nsBO) M
OT 8 4. Ha 7.10.2025r. oo 8 4. Ha 8.10.2025 r. (aAcHo).
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Analysis of the synoptic situation in the period 2—8 October 2025
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Introduction

During the period 2-3 and 6-8 October 2025, a
precipitation episode developed over Bulgaria,
characterized by widespread precipitation, in many
places intense and with significant amounts. The
synoptic situation was governed by a sequence of
Mediterranean cyclones passing south of the country,
well-developed across all atmospheric layers. At the 500
hPa isobaric surface, the pressure field over the Balkan
Peninsula was cyclonic, with baric troughs moving from
west to east. Within these troughs, cyclonic centers
formed and intensified (Fig. 1). At the surface layer,
Bulgaria was positioned within a pressure-gradient zone
between a high-pressure system located north of the
Balkan Peninsula and a low-pressure area to the south.
The cyclonic vortices formed over the Central
Mediterranean moved east-southeastward toward the
southern sectors of the Balkan Peninsula, undergoing
further development over Northern Greece and the
Aegean Sea. Subsequently, their centers shifted
eastward toward Asia Minor and the Turkish Straits, and
later northward toward the Black Sea basin. The quasi-
stationary behavior of the cyclones and their associated
frontal systems over various parts of the Balkan
Peninsula, combined with the interaction between
warm, moisture-laden Mediterranean air and a colder
air mass advected from the north, led to significant
precipitation over the southern half of the country
during the first period and over the northern half during
the second.
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Figure 1. Mean geopotential height values at the 500 hPa
isobaric surface on 3 October 2025 at 12 UTC (left) and
on 7 October 2025 at 18 UTC (right).

Methodology

For the analysis of the synoptic situations,
atmospheric reanalysis data from the National Oceanic
and Atmospheric Administration (NOAA) were used. The
study employed the global atmospheric reanalysis
NCEP/NCAR Reanalysis, a product jointly developed by
the National Centers for Environmental Prediction

(NCEP) and the National Center for Atmospheric
Research (NCAR) of the USA. Archival information from
the National Institute of Meteorology and Hydrology
(NIMH), including synoptic charts and data from the
observational network, was also used.

Results and conclusions

Figure 2 presents the spatial distribution of the
24-hour precipitation totals for parts of the two
episodes, based on data from the synoptic,
climatological, and rain-gauge stations of the NIMH.
During the period 2-3 October 2025, the cyclone
remained quasi-stationary over the Aegean Sea,
resulting in locally significant precipitation amounts in
Western and Central Bulgaria, as well as along the
southern Black Sea coast. During the period 6-8
October 2025, the cyclone remained quasi-stationary
over the western Black Sea basin, generating a
precipitation episode with substantial rainfall amounts
in Central North Bulgaria. As a consequence of the
torrential rainfall, compounded by deforestation and
construction within river channels, a devastating flood
occurred during the first period (2—3 October) in the
area of the Elenite holiday village, where four people
lost their lives. During 6—8 October 2025, the substantial
precipitation triggered landslides in the village of
Nikolovo, Rousse District, near the Saradjiyska River,
and a state of emergency was declared.

Figure 2. 24-hour precipitation totals from 08:00
on 2 October to 08:00 on 3 October 2025 (left) and
from 08:00 on 7 October to 08:00 on 8 October 2025 (right).
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3acuuyaHe Ha rpbmoTeBUYHM 6ypu Ha netuwe Codua nocpencTteom

mopaen 3a MalunHHO obyyeHne Random Forest
[. Borues!’, I. leposa?, H. MeHos?
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BbBeaeHue

lPbMOTEBUYHUTE BYypW OCTaBaT cpej, Hal-TpygHUTe 3a
AMarHocTMuMpaHe W MNPOTrHO3MpPaHe METEeoPOIOTNYHM
ABNEHMA NOpPagM MasKMA CU NPOCTPAHCTBEH MaLLab K
KPaTKMA CU MBOT. TPaaMLMOHHUTE YNCNEHM MOLENN 33
MporHo3a Ha BPemMeTo YecTo He ycnssaT Aa
nporHosunpar HayanoTo " pasBUTHUETO Ha
KOHBEKTMBHUTE 6ypu. MeToauTe Ha MaLWWMHHOTO
obyyeHue (ML), ocobeHo aHCambn0BM aNrOPUTMK KaTo
Random Forest (RF) (Breiman, 2001), noka3saT BUCOKa

edeKTMBHOCT npu  KnacuduumMpaHe Ha  OMaCHU
METEOopPOIOTMYHM ABIEHUA.
HacroawoTo uscnepgaHe pasrnexaa

NpUNOKUMOCTTa Ha RF KnacudukaTop 3a AMArHOCTUKa
Ha TrpbmoTeBUYHM 6ypu Ha netuwe Codua upes
M3Mno/si3BaHe Ha npusemHu HabnogeHma (METAR) wu
KOHBEKTUBHM MHAEKCUM HA HeyCTOMYMBOCT, U3YUCIEHU
oT peaHanu3a ERAS (Hersbach et al., 2020).

MeTtoaonorua

M3non3gaHM ca  NPU3EMHU  METEOPO/IOrMYHMU
HabnwogeHna ot METAR u BepTMKanHu npoduan ot
ERAS5 3a netnwe Codus 3a meceunte C OnacHOCT OT
bypu (anpun—centemspu) npes nepuoga 2014-2024 r.
HannuneTo Ha rpbMoTeBUYHA BypAa e npeacTaBeHo KaTo
61HapHa NpoMeH/IMBa Ype3 KOAOBETE 33 TEKYLLO Bpeme
oT METAR HabnaogeHunata. OT npopunute Ha ERAS ca
M34YUCIEHN celeM UHAEKCca Ha HeycTonuymeocT: K Index
(K1), Total Totals (TT), Lifted Index (LI), MUCAPE, MUCIN,
SWEAT, CAPE—shear 1 0—6 km bulk shear.

MposeaeHu ca Tpm ekcnepmmenTa ¢ RF:

e Test 1—camo np13emMHu HabaoaeHUs;

e Test 2 — camo MHAEKCU HA HEYCTOMUYUBOCT;

e Test 3 — KoOMbBuHauma OT NpPU3EMHMU

HabAAEHMA U UHLAEKCU HA HEYCTOMYMBOCT.

OueHKaTa Ha moena e n3BbplueHa Ypes Probability
of Detection (POD), False Alarm Ratio (FAR), Critical
Success Index (CSI) u True Skill Statistic (TSS).

Pesyntatu n ussogu

AHannsbT  Ha n3yncneHunTe MHAOEKCHU Ha
HeycTonMumBoCcT 3a netuwe CoduAa mnokasBa ACHO
M3pa3eH Ce30HEeH X0J C MAaKCMMYM Ha HeyCTOMYMBOCTTA
npes toHu—tonn. Cpea BcUYKM uMHAeKken K Index
ocurypaBa  Hal-gobpo  pasrpaHuWyaBaHe — mMexay
cnyyaute cbc M 6e3 rpbMoTeBUYHM Bypu npes ueaus
pasrnexaaH nepuoa.

RF  mogenbt, oby4eH camo C Mpu3eMHU
HabaloAeHUA, NokasBa No-HUCKA edeKkTneHocT (POD =
0.65, TSS = 0.44). O6yyeHMeTO C WHAEKCUM Ha
HEeYyCTOMUYMBOCT 3HauyUTeNHO noaobpsaBa pesynTaTuTe
(POD = 0.84, TSS = 0.62). Hait-nobpun pesyntatn ce
nosyyaBaT MNpuM  KOMBUHMpPaAHE Ha  MPU3EMHMU
HabNto4eHMA U UHAEKCU Ha HEYCTOMYMBOCT.

AHaNM3bT Ha BA)KHOCTTA Ha NPOMEHIUBUTE NMOKa3Ba,
ye TEPMOAMHAMMYHATA HEYCTOMYMBOCT WU MpM3emHaTa
BNAXKHOCT ca Hal-BAMATENHUTE npeaukTopu. K Index n
TT 3aemaT Ha-BUCOK paHr cpeq UHAeKcuTe.

Bbnpekn uye MogenbT ycnewHo uaeHTUduumpa
61aronpuUATHN  KOHBEKTUBHM  YyCNOBUA, TOW UMa
TEHAEHUMA QO3 HapueHsBa MpOLb/IKMTENHOCTTa Ha
bypuTe M ga reHepupa ¢anwMBM anapmMum Npu CUAHO
HEeyCTOMYMBU, HO HEKOHBEKTUBHM YC/IOBUS.

Actual, Predicted with Probability for 2021-08-25

o  Actual
x  Predicted
-~ AF probability

Thunderstorm Probability

s n
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durypa 1. Pesyntatn ot Random Forest mogena (nporHosa —
YyepBeH KPbCT, peanHo HabntogeHue — yepHa TouKa) oT Test 3
¢ Bpemesa pesonoumna 30 MuHyTU. okasaHa e n
BEPOATHOCTTA 3@ FPbMOTEBUYHU BYpW (MpeKbCHATA MHUSA),
oueHeHa oT mogena. PesyntaTtu 3a 25 asryct 2021 r.

Pesyntatute nokaseatr, 4e ML noaxoanm morat
epeKTMBHO  Aa  AMarHocTMumpaTt  nosBsaTa Ha
rPbMOTEBUYHM OypW Ha JIOKAJIHO HMBO, KoraTo ce
n3non3eat  Pusmyeckn o60CHOBaHM  MNPEAMKTOPMU.
Bbnpekn TOoBa  M3M0/3BaHETO  €AMHCTBEHO  Ha
napameTpu Ha aTmocdepaTta He e AOCTAaTbYHO 3@ TOYHO
yNaBAHe Ha BPEMETO Ha Hayano W Kpah Ha bypuTe.
Bbaewmn noaobpeHna moraT Aa BKAOYBAT pagapHu w
CaTe/IMTHU AaHHU, KAaKTO U AbJOOKN HEBPOHHU MPEKM,
noaxogAwm 3a 06paboTKka Ha NPOCTPAHCTBEHO-BpEMEBa
CTPYKTYypa.
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Introduction

Thunderstorms remain among the most difficult weather
phenomena to diagnose and forecast due to their small
spatial scale and short life cycle. Thunderstorms are
among the most challenging weather phenomena to
diagnose and forecast due to their small spatial scale and
short life cycle. Traditional numerical weather prediction
models often fail to resolve convective initiation and
storm evolution. Machine learning (ML) methods,
particularly ensemble-based algorithms such as Random
Forest (RF) (Breiman, 2001), have demonstrated strong
skill in classifying hazardous weather events.

This study investigates the applicability of an RF
classifier for diagnosing thunderstorm occurrence at
Sofia Airport using surface observations (METAR) and
convective instability indices derived from the ERAS5
reanalysis (Hersbach et al., 2020).

Methodology

Surface meteorological observations from METAR
reports and ERAS vertical profiles were used for the
storm months (April-September) in the period 2014—
2024. Thunderstorm occurrence was defined as a binary
variable based on present-weather codes from METAR
observations. Seven instability indices were computed
from ERAS profiles, including K Index (Kl), Total Totals
(TT), Lifted Index (LI), MUCAPE, MUCIN, SWEAT, CAPE—
shear, and 0—6 km bulk shear.

Three RF experiments were conducted:

® Test 1 — Using surface observations only;
® Test 2 — Using instability indices only;

® Test 3 — Using a combination of surface
observations and instability indices.
Model performance was evaluated using Probability
of Detection (POD), False Alarm Ratio (FAR), Critical
Success Index (CSI), and True Skill Statistic (TSS).

Results and conclusions

Analysis of the computed instability indices for Sofia
Airport shows a clear seasonal signal with maximum
instability in June—July. Among all indices, the K Index
provides the best discrimination between thunderstorm
and non-thunderstorm cases throughout the storm
period.

The RF model trained solely on surface observations
shows lower skill (POD = 0.65, TSS = 0.44). Training with
instability indices significantly improves performance
(POD = 0.84, TSS = 0.62). The best results are obtained

when combining surface observations and instability
indices.

Feature importance analysis indicates that
thermodynamic instability and low-level humidity are
the most influential predictors. The K Index and TT rank
highest among the instability parameters.

Although the model successfully identifies favourable
convective environments, it tends to overestimate storm
duration and produces false alarms in strongly unstable
but non-convective conditions.

Actual, Predicted with Probability for 2021-08-25
L e

o  Actual
x  Predicted
--- RF Probability
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Figure 1. Results from the Random Forest model
(model prediction with red cross and actual observation with
black dot) from Test 3 with higher temporal resolution
of 30 minutes. The figure also includes the probability
of thunderstorms (dashed line), estimated by the model.
Results from August 25, 2021.

The results show that data-driven ML approaches can
effectively diagnose thunderstorm occurrence at a local
level when physically meaningful predictors are used.
However, using atmospheric parameters alone is not
sufficient to accurately capture the timing of storm onset
and termination. Future improvements could include
radar and satellite data, as well as deep neural networks
suitable for processing spatiotemporal structure.
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B. Kanwes , [. Jenyes

24-Ta aBMauMoHHa 6a3a — KpymoBo, cekums ,MeTeoposiorMyHo ocurypssaHe”
KntouoBu fymu: noxcapu, 8UCOKU memMmnepamypu, 3acywasaHe
*email: vmkaishev@gmail.com

BvBegeHue

MoXKapbT e ropeHe, Pa3nNPOCTPaHABALLO ce 6e3 KOHTPOoN
BbB BPEMETO W MPOCTPAHCTBOTO, XapaKTepusupa ce ¢
oTAeNAHe Ha TOMAWHA, MPUAPYXKEHO C AWM  WUAM
nAambLM, UKW U ABETE.

MoHAaTMETO ,No)KapHo Bpeme” (Ha aHrn. fire
weather) ce oTHacsa Ao cneunduUHUTE METEOPONOTUYHMU
YCNOBUA, KOUTO BAMAAT BbPXY  Bb3HMKBAHETO,
pa3npoCTpaHEHNETO U MHTEH3UBHOCTTA Ha MoOXapuTe.
ToBa e cneuunanusmpaHa ob6nacT B METEOpPOOruATa,
KOATO € OT KPUTMYHO 3HayeHWe 3a ynpaBNeHWeTo Ha
MoXKapu U CUCTEMUTE 33 PAHHO NpeaynpexaeHue.

KntouoBn meteoposiormyHm GakTopm Ha NOXKapPHOTO
Bpeme ca: BMCOKM TemMnepaTypu, HWCKa OTHOCUTENHa
BnaxkHocT (nog 30%) M NpoabAKUTENHU Nepuoan 6es
Ba/IeXM (NPOABAKUTENHO 3acyLlaBaHe).

MeTtoponorus

HanpaBeH e aHanM3 Ha noxapute B HOXHa
Bbarapua, c U3KNOYeHMe Ha Te3n B ypbaHusupaHuTe
paioHW, 3a Ja Cce eNMMMHMpPA YOBELUKMAT QaKTop.
M3nons3BaHM ca AaHHM OT apxvBa Ha [NlaBHa Aupekuua
,Mo¥apHa 6e30nacHOCT M 3alnTa Ha HaceneHuneTo” (M4
MB3H) 3a meceuuTe 10K, aBryCT U CENTEMBPU Mpes
nepmoga 2021-2025 r. 3a oueHKaTa Ha BAUMAHMETO Ha
METEOPOJIOTMYHNTE  eNeEMEHTU U  ABAEHUS  BbpPXY
nokapuTe ca W3M0A3BaHM MaTepuann oT MeceyHus
XUOPOMETEeopOsIorMyeH 6toneTuH Ha HUMX
(https://bulletins.cfd.meteo.bg/) 3a  pasrnekgaHua
nepuoga,

Pesynrtatu un ussoaun

PernctpupaHute ropckM UM MNOACKW MOXapu Ha
TepuTopuATa Ha KOXKHa bbnarapua 3a nepnoaa Ha aHanm3
NOKa3BaT PA3KO yBe/MYeHMe Ha 3acerHaTute Naolm m
Ha NPOABAKUTENIHOCTTA Ha ropeHe npes 2024 n 2025 .
(dwr. 1).

3a 2024 r. HaN-NPOABLIKUTENHUAT MOXKap e bun Ha
6bArapo-rpbLKaTa rpaHULA, B paiioHa Ha c. [onewoso,
06n. bnaroesrpag — 27 aHW. B raceHeTo My ce BK/OYBaT
M XenukonTepu ot 24-ta aBMaLMoHHa 6a3a — Kpymoso.

3a 2025 r. HaN-NPOABMANKUTENHUAT NoKap e 6un B
palioHa Ha c. UanHaeHum, obn. bnaroesrpag — 26 gHU.
B raceHeTo My OTHOBO Ce BK/OYBAT XeAMKOMNTEPU OT
aBuobasara.

NOKAPH

—8—OGUIA NIPO/IBARIMTEAROC T HATIOHAPA*100 [4] —8—OBULANAOUL  [KB.KM.]

PO NOHAPIT10

durypa 1. Moxkapu npes nepmoga 2021-2025r.

PasrnegaHn ca OTK/JIOHEHMETO OT HopmaTta Ha
cpefHaTa meceyHa Temnepatypa Ha Bb3gyxa (°C) wu
NPOLEHTBLT OT MeceyHaTa Hopma Ha Banexa (%) KaTto
OTHOCUTENHM napameTpu, onpeaenawm
NPOABAKUTENHN NEPUOSM HA BUCOKM TemnepaTtypu U
Ha 3acywasaHe. Te ca NnpeacTaBeHn Ha ¢urypa 2.

OTKAOH eHNeTo oT HopMaTa {°C)

MPOUEHT OT MECeYHaTa HOPMa Ha Basexa (%/100)

2,4

0,72
0,4 g 0,46

2021 2022 2023 2024 2025

durypa 2. CpegHU CTOMHOCTU Ha OTK/IOHEHMETO OT HOpMaTa
Ha cpefHOMeceYyHaTa TemnepaTtypa Ha Bb3gyxa (°C) u
NPOLEHT OT MeceyHaTa Hopma Ha Banexa (%)

M3BoAbT, KOWTO MOXEM [a Hanpasum, e, 4e Mpu
KOMOWHUPAHOTO M NPOABL/IKUTENIHO AEeNCTBME HA Tesun
[Ba NapameTbpa MOXKe 43 Ce O4YaKBa NoXKapute aa ca
NPOABAKUTENHM U 4@ 3aCErHaT 3HaYMTENIHU NO pasmep
naowWm.

BnarogapHoctu:  AsTopute  bnarogapsat  Ha 4
,MoxapHa 6e30nacHOCT M 3alWuTa Ha HacesieHMeTo" 3a
npeaoCTaBeHUTE AaHHU.
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Introduction

Fire is combustion that spreads uncontrollably over time
and space, characterized by the release of heat,
accompanied by smoke or flames, or both.

The term “fire weather” refers to the specific
meteorological conditions that influence the ignition,
spread, and intensity of fires. It is a specialized field
within meteorology that is critically important for fire
management and early warning systems.

Key meteorological factors associated with fire
weather include high temperatures, low relative
humidity (typically below 30%), and prolonged periods
without precipitation (extended drought).

Methodology

An analysis of fires across Southern Bulgaria was
conducted, excluding those in urbanized areas in order
to eliminate the human factor. The data used were
taken from the archive of the General Directorate “Fire
Safety and Civil Protection” (GD FSCP) for the months of
July, August, and September for the period from 2021
to 2025 inclusive. To assess the influence of
meteorological elements and phenomena on fires,
materials published in the Monthly hydrometeorological
bulletin of the National Institute of Meteorology and
Hydrology (NIMH) were used
(https://bulletins.cfd.meteo.bg/) for the same period.

Results and conclusions

The registered forest and field fires across the
territory of Southern Bulgaria during the analyzed
period show a sharp increase in both the affected areas
and fire duration in 2024 and 2025 (Fig. 1).

For 2024, the longest-lasting fire occurred along the
Bulgarian-Greek border in the area of the village of
Goleshevo, Blagoevgrad Province — 27 days. Firefighting
efforts involved helicopters from the 24th Krumovo Air
Base as well as foreign aerial firefighting assets.

For 2025, the longest-lasting fire occurred in the
area of the village of llindentsi, Blagoevgrad Province —
26 days. Helicopters from the 24th Krumovo Air Base
were again involved in extinguishing the fire.

FIRES

—&—TOTAL FIRE DURATION * 100 [hour |

—8— TOTAL AREA [sq. km]

NUMBER OF FIRES * 10

339,04

Figure 1. Fires during the period 2021-2025.

The deviations from the norm of the average
monthly air temperature (°C) and the percentage of the
monthly precipitation norm (%) were analyzed as
relative parameters determining prolonged periods of
high temperatures and drought. These results are
presented in Figure 2.

temperature deviation from the norm (*C)

percentage of the normal monthly precipitation {%/100)

2,4

1,8 1,8
1,4
1,11
0,89
0,72
0,4 056 0,46
2021 2022 2023 2024 2025

Figure 2. Average values of deviations from the norm
of the average monthly air temperature (°C) and
the percentage of the monthly precipitation norm (%).

The conclusion that can be drawn is that under the
combined and prolonged influence of these two
parameters, fires can be expected to be long-lasting and
to affect large areas.

Acknowledgements: The authors would like to thank
the General Directorate “Fire Safety and Civil
Protection” for providing the data.
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MpunoxeHune Ha MalWMHHO 0byueHMe 3a KPAaTKOCPOUHA NPOrHO3a Ha BPemMeTo
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BbBeaeHue

TemnepaTypaTa Ha Bb3Ayxa € K/A4Y0B METEOPOIOrnyeH
napameTbp C LWMWPOKO MNPaAKTUYECKO  3HavyeHue.
TpaANUMOHHO NPOrHO3MTE Ce WU3rOTBAT Ype3 YUC/IeHU
mogenun 3a nporHosupaHe Ha Bpemeto (NWP), kouto
pewaBaT CUCTEMW OT YacTHU  AudepeHLManHu
YypaBHEHMsA, ONMCBALLM AWHAMMKATa Ha aTmocdepaTa.
Tesn nogxoou ca TOYHM, HO WM3UCKBAT Cepuo3eH
U34MCANTENEH PeCYpC U Bpeme.

MawunHHoTo 0bydeHne (ML) npeanara antepHaTMBeH
noaxof, 6asmMpaH Ha U3BAMYAHE HA 3aKOHOMEPHOCTMU OT
NCTOPUYECKM HabntoaeHus, 6e3 AUPEKTHO pellaBaHe Ha
bu3nyeckn ypaBHeHuA. HacToAwoTo wu3cnedBaHe
npeactaBa perpecMoHeH mogen Random Forest 3a
KpaTKOCPOYHA MPOrHo3a Ha TemnepaTtypa C XOPU3OHT A0
72 vaca.

MeTtoaonorua

M3nonssaH e aHcambnosuaT anroputbm Random
Forest, KOWTO KOMBMHMPA MHOXKECTBO NOAANTOPUTMU C
Len nosuliaBaHe Ha CcTabMAHOCTTA M TOYHOCTTA Ha
nporHosute. MoaenbT e 0byyeH BbPXY MHOFOro4MLIHM
AaHHM OT IOKAIHW METEOPO/IOTMYHM CTAHLUK C BpemeBa
pesontouma ot 3 yaca.

HabopbT OT BXOAHW MNPOMEHAMBM  BK/HOYBA
TemnepaTypa, OTHOCUTE/NIHA BAAXKHOCT, aTMoOChepHO
HanAraHe, CKOPOCT Ha BATbPA, BasieX, 061a4YHOCT, KAaKTO
N reorpadCkn XapaKTepPUCTUKKU (LUMPUHA, ObAKUHA U
HaZMOpPCKa BMCOYMHA). 3a y/NaBAHE Ha BPeMeBUTE
3aBMCUMMOCTM Ca BbBeAEHM NaroBN NPU3HALM U CE30HHU
CMHYCOMAANIHN KOMMOHEHTU.

JaHHWTe  npemuHaBaT npes  npeaBapuTesiHa
06paboTKa, BK/AKOYBAWE MOYMCTBAHE Ha JIMNCBALLM
CTOMHOCTW, HOPManU3auuAa M BPemeBO pa3genAHe Ha
TPEHMPOBDBYEH U TecToB Habop. MogenbT e 06yyeH c 400
KOMMOHEHTa  Ha  aHcambfioBMA  anroput®M ¥
MaKCMManHa AbnbounHa 20. OLeHKaTa Ha KayecTBoTo e
M3BbpLlieHa ypes metpmkmte MAE n RMSE.

Pe3ynTtaTtv u ussogm

MonyyeHWUTe pesynTaTi NokasBaT BUCOKA TOYHOCT Ha
NporHosuTe 3a nbpBuTe 24 u4aca, KaTto cpeaHaTa
abcontoTHa rpelka 3a noseyeto cTaHuuu e nog 2 °C
(¢dwur. 1). Han-gobpo npeacraBaHe ce Habnawgasa npu
MOPCKM 1 NAAHMHCKM CTaHUMU, KbAETO TemnepaTypHuUTe
KonebaHusa ca no-nnasHu (pur. 2 n ¢ur. 3). Chepn 48 yaca
Ce OTYMTa OYaKBAHO HapacTBaHe Ha rpewkuTe, ocobeHo
BbB BbTPELIHOCTTA Ha CTpaHaTa.

M3cnepsaHeTo NoKkasBa, 4e MoAesiMTe Ha MalMHHO
obyyeHune morart ycnewHo JiF] ponbvnear
CbLLLECTBYBALLUTE YMCNEHN MNPOTHOCTUYHM CUCTEMM,
npeaocTaBaAnKM 6bp3M M HadeXKAHM KPaTKOCPOYHM
NPOrHO3M NPU 3HAYUTENIHO MO-HUCKU U3YUCAUTENHU
pasxoau. MoaxoabT MMa NOTEHUMaAn 3a UHTerpauua B
onepatMsHn cuctemm Ha HUMX u 3a passutve Ha
XMbpuaHn moaenun, KombuHmpaim ML u NWP.

ChemiVrux — 24 vaca | MAE=1.65, RMSE=1.68
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Introduction

Air temperature is a key meteorological parameter with
wide practical importance. Traditionally, weather
forecasts are produced using numerical weather
prediction (NWP) models, which solve systems of partial
differential equations describing atmospheric dynamics.
These approaches provide high accuracy but require
significant computational resources and processing
time.

Machine learning (ML) offers an alternative
approach based on extracting patterns from historical
observations without explicitly solving physical
equations. This study presents a Random Forest
regression model for short-term air temperature
forecasting with a prediction horizon of up to 72 hours.

Methodology

The ensemble Random Forest algorithm is applied,
combining multiple decision trees to improve the
stability and accuracy of forecasts. The model is trained
on multi-year data from local meteorological stations
with a temporal resolution of 3 hours.

The input variables include air temperature, relative
humidity, atmospheric  pressure, wind speed,
precipitation, cloud cover, as well as geographical
characteristics (latitude, longitude, and altitude). To
capture temporal dependencies, lagged features and
seasonal sinusoidal components are introduced.

The data undergo pre-processing, including handling
missing values, normalization, and temporal splitting
into training and test datasets. The model was trained
with 400 components of the ensemble algorithm and a
maximum depth of 20. Model performance is evaluated
using the MAE and RMSE metrics.

Results and conclusions

The results demonstrate high forecast accuracy for
the first 24 hours, with the mean absolute error below
2 °C for most stations (Fig. 1). The best performance is
observed at coastal and mountainous stations, where
temperature variations are smoother (Fig. 2 and Fig. 3).
After 48 hours, an expected increase in forecast errors is
observed, particularly in inland regions.

The study shows that machine learning models can
successfully complement existing numerical weather
prediction systems by providing fast and reliable short-
term forecasts with significantly lower computational
costs. The proposed approach has potential for
integration into operational systems at NIMH and for

the development of hybrid models combining ML and
NWP.

ChemiVrux — 24 vaca | MAE=1.65, RMSE=1.68
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Figure 1. Cherni Vrah — 24 hours.
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Varna — 24 vaca | MAE=1.67, RMSE=1.83

Figure 2. Varna — 24 hours
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Figure 3. Vrah Botev — 72 hours.
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BbBeaeHue

bvarapua uypes HUMX e uneH Ha KoOHcopuuyma
ACCORD (A Consortium for COnvection-scale
modelling Research and Development) ot
cb3gaBaHeto my Ha 01.01.2021 r., korato ALADIN,
HIRLAM u LACE ce cnaxa (https://www.accord-

nwp.org). ACCORD cBbp3Ba 26 HaLMOHaNAHM
METEOPOSIOTUYHN  CAYKOM, KouTo  obegumHaBaT

Hay4YyHOM3C/leJ0BEeTENCKUTE w ycunmsa 3a
pa3BMBAHETO Ha perMoHasHaTa YMcaeHa NporHosa Ha
BpemeTo. TpuM ca  OCHOBHUTE  KAaHOHWYHMU
KOHOUIypauum  (YnucneHn mopenu), Kouto ce
pasBMBaT B paMKuTe Ha KoHcopuuyma — AROME,
HARMONIE-AROME wn ALARO. B HacToswaTa paboTa
Ca nNpeacCTaBeHM OMEepPaTUBHUTE YUCAEHW MOAENM,
nogavpXaHm u passmBaHn B HUMX oT cekuma
,4McneHo  mopenupaHe”  KbM  AenapTaMeHT
,MporHo3u n nHpopmaunoHHo obcnyxsaHe”. Cobluo
Taka e OUueHeHa W CpaBHEHa ycneBaemocTTa Ha
NPOrHO3UTE Ha HAKOM METEOPO/IOTMYHU ENEMEHTHU OT
mogenute npes 2025 r. BepudpuKaumata Ha
mogenute e  HanpaBeHa Bb3 OCHOBa  Ha
M3MepPBaHUATA B CUHOMNTUYHUTE CTAHLMUK.

OnepaTMBHM YUC/IEHW MOAENN 3a NPOrHO3a Ha
Bpemero

YeTMpu BEPCUM Ha KaHOHWUYHUTE KOHPUrypaumm
Ha ACCORD ce noaabp»at 8 HUMX (Table 1) u nyckat
OMepaTMBHO YeTUPU MNbTM B  AEHOHOLMETO
(8 00, 06, 12 and 18 UTC), 6a3unpaHu Ha cy43t2.

Tabnvua 1. OnepaTMBHU MOAEHU KOHOUTIYpauum

Aladin-BG | AROME | AROME | AROME
-105 -IFS -DA
Xopu3oHTaHA 5km 25km | 25km 2.5 km
CTBIIKA
Beprukanuu 105 105 90 105
HHBA
I'pannynu ARPEGE | ARPEGE IFS ARPEGE
ycIoBws, 3h 1h 1h 1h
YyecToTa
JlbiokuHa 96h/72h/ | 72h/48h | 72h/48h 72h/48h
Ha [porHo3aTa 48h
AcuMunanys No No No CUHONTHYHHI
Ha JIAHHH CTaHLHH

Pesyntatn

3a HactoAwaTa paboTa e oueHeHa U cpaBHeHa
ycneesaemocTTa Ha YeTupuTe moaena npy NporHosara
Ha 3-yacoBuTe TemnepaTypa Ha 2 M, CKOPOCTTa Ha
BATbpa Ha 10 m n 24-yacosua Banex. 3a uenta ca
n3cneaBaHu cpefHOKBaAPaTUYHMTE FPELLKM 3a BCAKA
CUMHOMTWMYHA CTAaHLMA OT BCEKM moaen KaTo GyHKumA
Ha AbAXKUHATA Ha NPOrHo3aTa. TyK ca NpeacTaBeHu
pe3yaTaTu OT CpaBHEHMETO Ha MeceyHata W
rogmwHaTa ycrneBaemocT Ha MogenuTe.

Percents of cases with best performance forT2m
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(8 uepseHo) 1 ALADIN-BG (B opaH»<eBo).
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Introduction

Bulgaria through NIMH is in ACCORD (A Consortium
for COnvection-scale modelling Research and
Development) consortium since its creation on the
1st of January 2021 (https://www.accord-nwp.org),
when ALADIN, HIRLAM and LACE consortia decided to
merge. ACCORD connects 26 National Meteorological
Services to join more closely their scientific research
efforts towards developing the tools of excellence for
NWP on Limited Area Domains and enter into a large
partnership. There are three main ACCORD Canonical
System Configurations (CSC) developed in the frame
of the consortium: AROME, HARMONIE-AROME and
ALARO. In the present study the operational
numerical weather prediction models run at NIMH
are presented and their forecast performances for
some meteorological elements for 2025 are
compared. Models forecast verification is performed
based on synoptic measurements data.

NWP models configurations

At NIMH, four versions of the canonical
configurations of ACCORD system (Table 1) are run
operationally four times daily (at 00, 06, 12 and
18 UTC), based on cy43t2.

Table 1. Model versions run operationally

Aladin- AROME- | AROME- | AROME-
BG 105 IFS DA
Horizontal 5km 2.5km 2.5km 25km
resolution
Vertical 105 105 90 105
levels
LBCs, ARPEGE | ARPEGE IFS ARPEGE
frequency 3h 1h 1h 1h
Forecast |96h/72h/48h| 72h/48h | 72h/48h | 72h/48h
range
Data No No No Sinoptic
assimilation stations
Results

For the present work, the performance of the four
models in forecasting 3-hourly temperature at
2 m and wind speed at 10 m and 24-hourly
precipitation was evaluated and compared. For this
purpose, the root mean square errors (RMSE) for
each synoptic station of each model were
investigated as a function of the forecast length.
Results from the comparison of the monthly and
annual performance of the models are presented
here.
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Figure 1. Percent of cases with best monthly and annual
performance for 2025 for temperature at 2 m (top panel),
wind speed at 10 m (middle panel) and 24 hour
precipitation (bottom panel) for AROME-IFS (in green),
AROME-DA (in pink), AROME-105 (in red) and
ALADIN-BG (in orange).
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BvBegeHue
OnacHuTe meTeoposiorMyHn  Asnenns (OMA) ca
eKCTpeMHa nposABa Ha BpemMeTo UM  Kaumara.

MporHo3mpaHeto Ha OMSA e BaxHa 3agaya npeg
KpaTKOCpOYHaTa NporHos3a 3a Bpemeto. B Bbbarapua
HauMOHaNHMAT  MHCTUTYT NO  MeTeoposiorMa W
xuaponorna (HUMX) e epuHCTBEHOTO OTOPM3MPAHO
3BEHO, KOeTO M3roTBA W M3MNpawa chneuuannsnpaHu
MPOrHO3M KbM OPraHU3aLUM W AbPMKABHWU CAYKOM,
OTroBapAWM 32 3awuTata Ha HaceneHWeTo npu
HacTbnBaHe Ha OMA. O1 2001 r. HUMX n3gasa NporHosun
3a OMA (Stoycheva et al., 2013), a oT Kpas Ha 2009 r. Tasun
OEeNHOCT e YacT oT eBponelickata cuctema METEOALARM
(Popova et al., 2013). NporHo3ute 3a OMA 3a
cnepgawmte 48 4yaca B 28-Te  aAMWHUCTPATUBHMU
obnacTn, a oT centemBpu 2022 r. 1 3a 265-Te 06WUHM B
Bbarapusa ce nybankyBaT n 06HOBABAT HEMPEKBCHATO Ha
ctpanmuata Ha HUMX (https://weather.bg/obshtini/).
Mpn wu3paBaHeTo Ha npegynpexgeHma 3a OMA
onepatusHuTe cneumanmctm 8 HUMX pasnonaraTt ¢
WHPOPMaLMA OT YMUCIEHM MOAENU 3@ MPOrHo3a Ha
BpemeTo (rno6anHu M pernoHasHu), Kakto u peguua
MHOBATUBHWU NPOAYKTU, pa3paboTBaHn oT EBponelickua
LEHTbP 3a CpeaHOCPoYHU nporHosn (ECMWEF), kato
HanpuMmep MPOrHOCTUYEH MHAEKC 33 EKCTPEMHO Bpeme
(Extreme Forecast |Index, EFl). EFI o6o6buaBsa
MHPopmaLmMATa OT aHCambi0BM YMCAEHU MPOTrHO3U U
AaBa MHAMKAUMA 33 PallOHM C MOTEHUMANHO OMacHU
ABneHna. EgHoBpemeHHOTO u3nonssaHe Ha EFl u Ha
OEeTEPMUHUCTUYHUTE NPOrHO3M Ha PErMOHANHNA YUCIEH
mogen ALADIN-BG nosBonssa npeumsupaHe u
no-feTannHo MHGOPMUPAHE 33 MECTOMONOKEHUETO U
MHTEH3UMBHOCTTa Ha o4akBaHute OMA. Bobnpeku
YCbBBPLIEHCTBAHETO HA CbBPEMEHHWUTE MeToaM 3a
NpPorHo3a Ha BpemeTo nporHosmpaHeto Ha OMA octasa
npeAn3BUKATENCTBO NPU U3rOTBAHE Ha OMepaTUBHaTA
nporHo3sa.

MeTtogonorus
M3nonsBaHM ca pgaHHUM OT apxuBa Ha HUMX 3a
n3gageHn npegynpexgeHma sa OMA.

Pesyntatu n ussogu

Mpe3 2025 r. HUMX e u3pgan npeaynpexaeHua 3a
OMA no Esponeiickata cuctema METEOALARM B
105 pgHu (pur. 1). 3a cpaBHeHue, npe3 2024 .
npeaynpexaeHna ca wusgageHn B 132 gHu, npes
2023 r.—-8 139 gHuK, a npe3 2022 r. — B 99 gHKN. B 68 aHK
ot 2025 r. npegynpexaeHuaTa ca OT MbpBa cTeneH
(»bAT KOA), B 29 AHKM — OT BTOpaA CTeneH (opaHKeB Koa),

a B 8 AHM — OT TpeTa cTeneH (4epsBeH Koa). Hai-manko
npeaynpexaeHusa ca UM3JageHu npes  meceuuTte
AHyapu — 1 geH (12.1) 3a 3HaYMTENHU CHEroBanexu, u
centemBpun — 3 gHu (17, 25 u 26.I1X) 3a cuneH BATHLP.
Hail-mHOro npeaynpexaeHus ca wu3gageHu npes
meceumte t0aM — 18 OHW, MNPEAMMHO 33 BUCOKM
TemnepaTypu, U HoemBpu — 14 [OHM, Hail-yecTo 3a
3HAUYUTENHW BANEXKM OT AbXKA,.

MpeaynpexaeHne oT HaW-BMCOKa cTeneH (4YepseH
KOZ) 3@ 3HAYMTE/IHW BafNeXM U TPBMOTEBUYHU Bypu e
n30afeHo B 2 AHW OT mecel, Mali (25 1 26.V), 3a BUCOKM
Temnepatypy — B 2 AOHM OT wam (26 u 27.VII),
33 3HAUYUTE/IHU BaNeXXn — B 2 AHU OT okTomBpU (7 1 8.X)
W B 2 gHU OT HoemBpu (27 n 28.XI).

Wznanequ npeaynpexaeHus 3a onacHu
MeTeoponorM4HU ABNeHWA npe3 2025 roauHa
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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. The National Institute of Meteorology and
Hydrology (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 2025 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 EFl 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 are
derived from the NIMH archive.

Results and conclusions

During the year 2025 NIMH issued severe weather
warnings, according to the European System
METEOALARM, in 105 days (Fig. 1). To compare,
during the year 2024 there are 132 days with
warnings, in 2023 — 139 days, in 2022 — 99 days. In
2025, there are 68 days with first degree warnings
(yellow code), 29 days with second degree warnings
(orange code) and 8 days are with the highest degree
of warnings — red code. Least warnings are issued in
January — 1 day (12.1) for heavy snowfall, and in
September —3 days (17, 25 and 26.IX) for strong wind.
Most warnings are issued in July — 18 days, mostly for

hot weather, and in November — 14 days, mostly for
heavy rain.

Warnings of highest degree (red code) for heavy
rain and thunderstorm are issued for 2 days in May
(25-26.V), for high temperatures — for 2 days in July
(26-27.VI1), for significant precipitation —for 2 days in
October (7-8.X) and for 2 days in November
(27-28.X1).

W3naneHu npeaynpexneHUs 3a onacHU
MeTeoponoru4HU ABNeHUs npes 2025 roavHa

Kenr
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12
S
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=
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Figure 1. Severe weather warnings issued in 2025
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BbBeaeHue

OBOLWAPCTBOTO € BaXHa CTPYKTypHa 4YacT oOT
Ce/ICKOCTOMNAaHCKOTO  Mpou3BoAcTBO B Bbwbarapwa.
OBolWHUTE rpaguHM U N03ATa CbCTaBAABAT  UAN

CeNCKOCTONAHCKU cekTop. Cnopepn, arpoctaTUCTUKaTa
NAoWTa Ha OBOLWHMUTE rpaguHun e 67,8 Xun. xekTapa.
Llenta Ha n3cnenBaHeTo e ga ce NPOrHO3Mpar AatuTe Ha
HacTbnBaHe Ha ¢asuTte BBCH57, BBCH65 1 BBCH87 3a

yepewa u BBCH89 3a sA6biAKa, M3NON3BAWNKM
METEOPOJIOTMYHN  OAHHM U AarpPOMETEOPOJIOTUYHM
MHAOEKCH.

MeTtopgonorusa

N3cnepBaHeTo e NpoBefeHO B eKCcnepumeHTanHuTe
OBOWHKM rpaguHn Ha WHctutyTa no  3emepenve
B KiocTeHaumAn 1 B rpagmHu Ha MIHCTUTYTa NO OBOLLLAPCTBO
B Mnosane ot 2021 ao 2023 r. (pur. 1).

Kyustendil Plovdiv
y £ / .

durypa 1. EKCcnepMmeHTaNnHKU NoaeTa v NapLenm ¢ AbbaKu 1
Yyepewwu B MHcTUTYTa no 3emegenmne — KiocteHann (8ns8o),
1 UHCTMTYTa no osoLapcTeo — M1084uMB (BAACHO).

3a noctMraHe Ha UuenTa e Wu3bpaH anropuTbM
“Random Forest”. TemnepaTypHuTe yCNnoBMA MO Bpeme
Ha NOKOM M PaHHWUTE eTanu OT Pa3BUTMETO Ha OBOLLHUTE
KYNTypU onpefensT CKopocTute Ha ¢GEeHONOrMYHO
pa3ButMe B cneggawmte nepuogu. Eto 3awo ca
n3bpaHN TPU arpomMeTeopOosIOrMYHN UHAEKCa: CTyA0BU
eguHmum  (CU), cyma OT 4acoBuTe CTOMHOCTM Ha
TemnepaTypute Hag 6MONOrMUYHUA MUHUMYM MO Bpeme
Ha nokoi (GDH) 1 cyma OT epeKkTMBHM TemnepaTypwu
(GDD). 3a aa ce n34ncnAT Te3n MHAEKCU, Ca U3MON3BAHU
YyacoBWUTe CTOMHOCTM Ha TemnepaTypaTa Ha Bb3ayxa
(Richardson et al., 1974; Meier et al., 1994). Yacosute
CTOMHOCTU Ca U3YUC/EHUN C AaHHU, nony4veHun oT Climate
Data Store ERA5-Land Hourly Data.

Pesynrtatu n ussoaun

[JaHHuTe 3a pBete nokauum — KiocteHann w
MnosauB, ca pasfeneHn Ha obyyuTenHM W TecToBU
Habopw.Mo-KOHKpPeTHO, 75% OT faHHWUTE Ca U3MON3BAHU
33 obyuyeHue, a octaHanuTe 25% — 3a TecTBaHe. bpoAT
Ha AgbpBeTaTa Ha peleHuATa 3a KaacupuKaumsa e
3agageH Ha 600.

Kato npeguKTopu ca M3nNon3BaHu cnegHUTE AHEBHMU
napametpu: CH, GDD, GDH w Julian Day. Cneg HAKO/IKO
Tecta MoAenbT e W3MNbJHEeH OTAEeNHO 3a npexoauTe
mexgy BBCH57 wu BBCH65 u mexgy BBCH65 wu
BBCH87/89, kaKkTo 1 3a etana BBCH87/89.

Hali-Hanpes, e oueHeHa npeacTaBUTENHOCTTa Ha
napameTpute, W3MNO/A3BaHM 3@ MNPOrHo3MpaHe Ha
pa3nnyHuTe dasm — pasnykBaHe Ha MbMAKUTE, LbdTEX U
y3psiBaHe Ha N/J0AOBETE, Bb3 OCHOBA Ha CTOMHOCTUTE Ha
npeaukTopuTte.

Ypes anroputbma “Random Forest” e nocturHaTta
BMCOKA CTeneH Ha MpOrHo3upaHe 3a mnoaABaTa Ha
uscneaBaHMte GasM B YEpeLoBM  HaCarKAeHus,
C AManas3oH Ha TOYHOCT OT -2 A0 +1 AHW, B CpaBHEHMe
C HawuTe HaseMHW HabnwoaeHua B KiocteHamn wu
MNnosane npe3 nepmoga Ha uscnegsaHe 2021-2023 r.
3a A6bAKOBUTE  HacCaXOEeHWA  OTKJIOHeHMATa ca
no-ronemn, Bapupawm ot -6 go +2 AHW Ha TOYHMUTE
MecTa 1 npes cblua nepuog Ha uscneasaxe (taba. 1).
Tabnvua 1. T[porHo3upaHM  OTK/JOHEHMA B gHUTe

B 3aBMCMMOCT OT HabNoAaBaHOTO Pa3BUTUE Ha YepelunTe
1 a6bakuTe B KtocteHann u MNnosgus

Cranums/ KiocteHgun NMnosaus
FoauHa BBCHBBCHBBCH BBCHBBCHBBCH
57 65 87/89 57 65 87/89

Cherry

2021 0 0 0 1 0 -2

2022 1 0 0 0 0

2023 0 0 0 -2 0 0
Apple

2021 1 0 1 1 0 1

2022 0 0 -6 0 2

2023 0 0 0 1 0 0
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Introduction

Fruit growing is an important structural part of
agricultural production in Bulgaria. Orchards and
vineyards constitute an entire agricultural sector.
According to agrostatistics, the area of orchards is 67.8
thousand hectares. The aim of the study is to predict
the dates of the onset of the phases BBCH57, BBCH65
and BBCH87 for cherries and BBCH89 for apples, using
meteorological data and agrometeorological indices.

Methodology

The study has been conducted in the experimental
orchards of the Institute of Agriculture in Kyustendil and
in the gardens of the Institute of Fruit Growing in the
city of Plovdiv from 2021 to 2023 (Fig. 1).

Kyustendil A - Plovdi
VA e .

Figure 1. Experimental fields and plots with apples and
cherries at the Institute of Agriculture — Kyustendil (left)
and the Institute of Fruit Growing — Plovdiv (right).

To achieve the goal the “Random Forest” algorithm
was chosen. Temperature conditions during dormancy
and early stages of fruit crop development determine
the rates of phenological development in the following
periods. Therefore, three agrometeorological indices
are selected: cold units (CU), sum of hourly values of
temperatures above the biological minimum during
dormancy (GDH), and sum of effective temperatures
(GDD). To calculate these indices, hourly values of air
temperature are used (Richardson et al., 1974; Meier,
et al.,, 1994). Hourly values are calculated with data
obtained from the Climate Data Store ERA5-Land Hourly
Data.

Results and conclusions

The data for the two locations — Kyustendil and
Plovdiv, are divided into training and test sets.
Specifically, 75% of the data are used for training, and
the remaining 25% for testing. The number of decision
trees for classification is set to 600.

The following diurnal parameters are used as
predictors: CH, GDD, GDH and Julian Day. After several
tests, the model is run separately for the transitions

between BBCH57 and BBCH65, and between BBCH65
and BBCH87/89, as well as for the BBCH87/89 stage.

First, we assessed the representativeness of the
parameters used to predict the different phases — bud
burst, flowering and fruit ripening, based on the values
of the predictors.

The “Random Forest” algorithm achieved a high
degree of prediction for the occurrence of the studied
phases in cherry orchards, with an accuracy range
of -2 to +1 days, compared to our ground observations
in Kyustendil and Plovdiv during the 2021-2023 study
period. For apple orchards, the deviations are larger,
ranging from -6 to +2 days, at the exact locations and
during the same study period (Table 1).

Table 1. Predicted deviations in days
depending on the observed development of cherries and
apples in Kyustendil and Plovdiv

Stations/ Kyustendil Plovdiv
Years BBCHBBCHBBCH BBCHBBCHBBCH
57 65 87/89 57 65 87/89

Cherry

2021 0 0 0 1 0 -2

2022 1 0 0 0 0 0

2023 0 0 0 -2 0 0
Apple

2021 1 0 1 1 0 1

2022 0 -6 0 0 2

2023 0 0 0 1 0 0
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BbvBepgeHue

BenonnogHute AroaM MMaT He MO-KpaTKa MCTOPUA Ha
ornexgaHe OT YepBEHUTE COPTOBE — OTI/IEXKAAT Ce OT
XMNAaM xoaumHu B Ynnam B ase dopmu: amea (Fragaria
chiloensis ssp. chiloensis f. Patagonica) v KynTuBupaHa
(Fragaria chiloensis ssp. chiloensis f. Chiloensis). CopTbT
'‘Snow White' e cenektupaH npe3 2010 ot Fragaria x
ananassa 'Weisse Ananas' w Fragaria chiloensis f.
Chiloensis (Olbricht et al., 2013).

MeToponorus

Mpe3 2025 r. e npoBeaeH ABYPAKTOPEH EKCNEPUMEHT
no CTaHZapTeH MeToA, Ha AbATUTEe Napueikn B Tpwu
NOBTOPEHMA B HeoTon/aAema NoJMeTUeHOoBa TyHesHa
opaHxepua B onuTHO none Ha WMNA3P ,Hukona
Mywkapos” — YenonedyeHe, Codus (42°44'22.8"N,
23°28'3.7"E), npn KankoBo HanoaBaHe 1 ¢pepTuraumsa. 3a
OOMbAHUTENHO HamanABaHe Ha 3arybute oT BoJa e
NPUIOKEHO  My/auYMpaHe  CcbC  cuBo-vyepeH UV
nonvetuneHos mynd. OBeKT Ha u3cneaBaHeTo ca
6enonnoaHn srogu copT Fragaria x ananassa 'Snow
White’. ®akTopbT HanosABaHe e NPUIOKEH B ABE HUBA:
11 — 75% (ETc); 12 — 50% (ETc). ®akTopbT TOpeHe e
npuioxeH B asBe HuBa: F1 — onTumanHo TOpeHe
Ns.o9P12.76K15.62; F2 — cybontumanHo topeHe, 75% (F1).
M3cnepBaHu ca net BapuaHTa: KoHTpona I0F0:100% (ETc)
noavBHa Hopma, 6e3 TopeHe; I11F1; 11F2; 12F1 v I12F2.
ABTOMaATM3auUMA Ha NOAMBHMUA NPOLEC Ce OCUTypsABa OT
KOHTpO/iep 3a Npeuyn3Ho NofaBaHe Ha NOIMBHATA HOPMaA
NMC Junior, eneKTpoMarHMTHU KnanaHu, Toponoaasalla
cuctema FertiKit Nutrigation 3a npeuusHo npunoxkeHue
Ha TopoBaTa Hopma. [aHHWTE 33 MUKPOKAMMATA B
OpaH)KepuATa Ca WU3MEPEHU Ype3 MEeTeoposIornyHa
ctaHumsa (HOBO, USA). ETanoHHaTa eBanoTpaHcnmpauus
€ M34YMcneHa 4ypes yaBHeHMeTo Ha Penman-Monteith
(Allen et al., 2006).

Pesyntatu n ussogu

Mpe3 BeretaumoHHua nepmog 10 mapt — 20 HoemBpu
2025 r. cpegHaTta MMHUMAIHA AHEBHA TemnepaTypa Ha
Bb3dyxa B oOpaHxepuata e 9.11 °C;, cpepgHaTa
MaKCMMaNHa [AHeBHa TemnepaTypa Ha Bb3gyxa e
35.04 °C, cpegHaTa MMHMMaNHA OHEBHA OTHOCUTE/IHA
BNIA*KHOCT Ha Bb3ayxa e 33.07%, cpeaHaTa MakcMmasiHa
AHEeBHa OTHOCMTENHA BNAXKHOCT Ha Bb3ayxa e 83.65% um
cpeaHaTa AHeBHa CbHYeBa paanaums e 8.75 MJ m?/day.
CymapHata eBanoTpaHCOMpauua Ha Arogute npes
2025r.e387.01 mm.

5 20
Il NonusHa HopMa

ETc (mm/day)
N w =

o
MonueHa Hopma (mm)

®urypa 1. MoaneHa Hopma m ETc.

Mpe3s 2025 r. b6axa npoBedeHW 53 MNOAMBKU CbC
cpegHa nonvMBHa Hopma 6.95 mm 33 KOHTPO/HUA
BapuaHT IOFO (¢ur. 1). Hali-BucoKuTe ctoiiHocTn Ha WUE
(edekTnBHOCT Ha M3nNoN3BaHe Ha NO/AMBHaTa BoAa) ce
HabnopasaT npu BapuaHT I12F1 (3.94 kg/m3), a
Hali-HUCKUTE CTOMHOCTU — NPW KOHTPOIHWUSA BapuaHT IOF0
(1.98 kg/m3).
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Introduction

Strawberries with white fruits have long history of
cultivation no shorter then red varieties — they have been
cultivated for hundreds of years in Chile and grow in two
botanical forms: wild (Fragaria chiloensis ssp. chiloensis
f. patagonica) and cultivated (Fragaria chiloensis ssp.
chiloensis f. chiloensis). 'Snow White' cultivar has been
selected in 2010 out from Fragaria x ananassa 'Weisse
Ananas' and Fragaria chiloensis f. Chiloensis (Olbricht
et al, 2013).

Methodology

A two-factor experiment, arranged according to the
method of long plots in three replications, was
conducted on drip irrigated and fertigated strawberry
plants in an unheated polyethylene tunnel greenhouse in
2025 in the Chelopechene experimental field (latitude
42°44'22.8"N, longitude 23°28'3.7"E) of the Institute of
soil science, agrotechnologies and plant protection
“Nikola Poushkarov” in Sofia, Bulgaria. To further reduce
water losses, mulching with silver-black UV polyethylene
mulch was applied. The object of the study was white
strawberry cultivar Fragaria x ananassa ‘Snow White'.
The irrigation factor was applied in two rates: 11 — 75%
(ETc); 12 — 50% (ETc). The fertilization factor was applied
in two rates: F1 — optimal fertilization NgooP12.76K15.62;
F2 — suboptimal fertilization, 75% (F1). Five treatments
were tested: control treatment I0F0:100% (ETc) full
irrigation and without fertigation; 11F1; 11F2; I12F1; I12F2.
Automation of the irrigation process was ensured by
NMC Junior controller for precise irrigation rate
application and electromagnetic valves, FertiKit
Nutrigation system for precise fertigation rate
application. The microclimate of greenhouse data was
measured by automatic meteorological station (HOBO,
USA). FAO Penman-Monteith Equation (Allen et al.,,
2006) was used for determining reference
evapotranspiration.

Results and conclusions

In 2025 growing season (from 10 March to
20 November) the average minimum daily air
temperature in greenhouse was 9.11 °C, the average
maximum daily air temperature was 35.04 °C, the
average minimum daily relative air humidity was 33.07%,
the average maximum relative daily humidity was
83.65% and the average daily solar radiation was
8.75 MJ m?/day. Total strawberry evapotranspiration for
2025 growing season was 387.01 mm.

w

20

I Irrigation rate

ETc (mm/day)
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o
Irrigation rate (mm)
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Figure 1. Irrigation rate and ETc.

53 irrigation water amounts were applied during
2025 growing season with mean irrigation rate 6.95 mm
for the control treatment I0F0. The highest WUE (water
use efficiency) was obtained for 12F1 (3.94 kg/m?3), and
the lowest was obtained for control treatment
IOFO (1.98 kg/m3).
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BbvBepgeHue

Llenta Ha nNpoyyBaHeTo e Aa Ce HanpaBWu CpaBHUTE/EH
aHaNM3 Ha BereTauMoOHHM WHAEKCU OT CaTe/UTHU
M306paKeHna 1 NONEBU U3MEPBAHUSA C e MOHUTOPUHT
Ha  CbCTOAHMETO  Ha  pacTeHuATa M PaHHO
naeHTUPULUMpPaHe Ha CTPECOBU CbCTOAHMA. B pamKkuTe Ha
3-rogMIIHO M3CcnedBaHe Ca aHalM3MPaHW ABa Tuna
BPb3KU: CTPYKTYPHWM (CBBbP3aHM C  KO/JMYECTBOTO
6uomaca) " dun3MonormyHn (cBbp3aHK c
GOTOCUHTETUYHMA KanauuTeT).

MeTtoaonorua

M3non3BaHW ca AaHHW OT MONEBU EKCMEPUMEHT C
uapesuua, nposeAeH B WMHCTUTYT no 3emenenve U
cemesHaHue ,06pasuoB undamk” — Pyce, CCA, npes
nepuoga 2021-2023r.
M3non3BaHM CNbTHMKOBU UHAEKCK OT Sentinel-2
NDVI (Normalized Difference Vegetation Index):
(B8 nir — B4 red) / (B8 nir + B4 red)
EVI2 (Enhanced Vegetation Index 2):
(B8 nir — B6 red adge) / (B8 nir + B4 red)
Clre2 (Chlorophyll Red-edge Index):
(B7 red edge 3/B5 red edge)-1
LAl (Leaf Area Index):
3.61 *((B8 nir-B4 red) /(B8 nir+ B4 red )) - 0. 11.
HasemHu paHHM. CBexka HGMomaca M Cyxo BeLLecTBO:
WMHOMKATOPM 3a HaTpynaHaTa eHeprusa U NpoAyKTUBHOCT.
Xnopopun A wu b: onpepenat ¢GOTOCMHTETMYHATA
aKTMBHOCT. KapoTeHoOMAM: CAy»KaT KaTo  3aLUUTHM
NMUIMEHTU U Ca UHAMKATOP 3a PUTOCaHUTApEH CTPec Nau
CTapeeHe Ha nocesa.
CTaTUCTUYECKU MeTOA, — KOPEeNaLMoHEeH aHanus.

Pesyntatu n ussogu

N360pbT Ha BeretauMoHHUM MHAEKCKM 3a ULenuTe Ha
u3cneaBaHeTo Cce OCHOBaBa Ha crneuuduKata Ha
KyntypaTta. MHaekcbT NDVI e ocHOBeH 3a onpeaensaHe Ha
HannMuMe Ha 3eneHa pacTutenHocT. MNpu uapesuuata e
edekTnBeEH A0 dasa ,M3MeTnABaHE”, cnel KOeTo Yyecto
ce Hacuwa. M36opbT Ha EVI2 e cBbp3aH c pakTa, Ye Ton e
no-npeuuseH No OTHOWeEHWe Ha noyBeHuUA ¢GOH W
atmocdepeH wym. MNo-4yBCTBUTENIEH € KbM Bapuauunte
B MbCcTaTa 6BMomaca Ha uapesuuaTta B cpaBHeHue ¢ NDVI.
3a onpepensHe Ha Bpb3KaTa CbC CbAbPMKAHMETO Ha
xnopodumn ca usnonseaHu ,Red-edge” KaHanute Ha
Sentinel-2 (Band 5/6/7), KouTO ca W3KAOYUTENHO
UYBCTBUTE/IHU KbM CbAbprKaHWETO Ha xnopodun B
nuctata. MHpekesT LAl mopenupaH upes caTeNuTHU

AaHHM, OTpas3sBa obuwaTta /AMCTHa MaoWw, Ha eauHMua
noyYyseHa NOBbPXHOCT.

CpaBHeHMWe Ha U3MepeHUTe CTOMHOCTH
HasemeH u catenuteH LAI [m?2]

o

EB0 —_—1 LAls)
5 — LAl(s)
;E 4,0 —3 LAl(s)
o 4 LaIfs)
2,0 —1 LAl (gr)
Er —2 LAl {gr)
go,o e R TAT 1=
o i 2 3 4 5 & 7 & 9 10 —4LAal(gn)

Homep Ha nnowankata
durypa 1. /iuctHonnoweH nHaekc LAl — uamepeH u nsuncneH.

Tabnanua 1. Kopenauma mexay Ha3eMHO U3MEpeHu W
M34YMCNEHM NapameTpu

LAI-LAl(gr) |LAl-biomas |LAl-suh LAl-ch-A LAl-ch-B LAl-Carat.

R/ 0,974 0,984 0,874F 0,035 0,635 0,39
SQRT/{F 0,994 0,994 0,934 0,16/4F 0,795 0,63
NDVI-LAI{rp)|NDVI-h NDVI-biomas|NDVI-suh  [NDVI-ch-A |NDVI-ch-B |NDVI-Cara
R4 0,974 0,924 0,984 0,874F 0,03/ 0,63/ 039
SorT|{r 0,99/fr 0,96/ 0,99/ 0,934F 0,164 0,797 0,63
EVIZ-h EVI2-LAl(gr)|EVI2-biomas |EVI2-suh EVI2-ch-A  |EVI2-ch-B _ |EVI2-Carat
R/fr 0,974 0,964 0,974 0,934 0,064 0,69/ 0,6
SQRT|{F 0,98/t 0,984t 0,984F 0,964 0,254 08348 068
SAVI-h SAVI-LAI{gr)|SAVI-biomas |SAVI-suh SAVI-ch-A  |SAVI-ch-B  |SAVI-Caral
R4 0,954 0,93/4F 0,574 0,934} 0,024 072|048
SQRT |4 0,984 0,964 0,994 0,964 0,144 0854 0,70

Kopenauusata mexay CTOMHOCTUTE, OTYETEHM OT
caTe/IMTHW W Ha3emMHUM npobwu, NoKasBa HaAW-roONAMO
cbotBeTcTMe mexay LAI-LAIL, LAl-6buomaca, NDVI-LAI,
NDVI-BucouunHa, NDVI-bnomaca, EVI2-BncounHa,
EVI2-LAI, EVI2-cyxo BewwecTBO, Savi-BucoumnHa, Savi-LAl,
SAl-6uomaca.

MpoyyBaHeTo NOTBbP}KAABA, Ye WMHTErpupaHeTo Ha
CaTeNMTHNU JaHHM oT Sentinel-2 ¢ npeku nonesu
M3MepBaHNA Cb3ZaBa BbB3MOXKHOCT 3a MO-Npeum3eH
MOHUTOPUHI Ha 6uomacata U  OTOCMHTETUYHUA
KanauuTeT npu uapesuuaTa. lNlonsata Ha TO3N NOAXOL B
arpomMeTeoponorvaTa € Bb3MOMKHOCTTAa 33 paHHa
OMArHOCTMKa Ha GM3MONOTNYEH CTPEC U ONTUMU3UPAHE
Ha arpoTexHW4ecKuTe AeMHOCTU upe3 NOo-NpeunsHu
MHOeKcn Kato EVI2 wn Clre2, kouTo npeogonsasat
OorpaHMyeHmATa Ha ctaHgapTHUA NDVI.
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Introduction

The study aims to compare vegetation indices derived
from satellite images with field measurements to
monitor plant health and early identify stress conditions.
Within the framework of a 3-year study, two types of
relationships were analyzed: structural (related to
biomass quantity) and physiological (related to
photosynthetic capacity).

Methodology

Data from a field experiment with corn conducted at
the Institute of Agriculture and Seed Science “Obraztsov
Chiflik” — Ruse, Agricultural Academy, during the period
2021-2023 were used.
Satellite indices used from Sentinel-2
NDVI (Normalized Difference Vegetation Index):
(B8 nir — B4 red) / (B8 nir + B4 red)
EVI2 (Enhanced Vegetation Index 2):
(B8 nir — B6 red adge) / (B8 nir + B4 red)
Clre2 (Chlorophyll Red-edge Index):
(B7 red edge 3/B5 red edge)-1
LAl (Leaf Area Index):
3. 61 *((B8 nir - B4 red) / (B8 nir + B4 red)) - 0. 11.
Ground data. Fresh and dry biomass: Indicators of
accumulated energy and productivity. Chlorophyll A and
B: Determine the photosynthetic activity. Carotenoids:
Serve as protective pigments and are an indicator of
phytosanitary stress or crop senescence.
Statistical method — correlation analysis.

Results and conclusions

The selection of vegetation indices for the study is
based on the specific characteristics of the crop. The
NDVI index is the primary indicator of the presence of
green vegetation. In corn, it is effective up to the
“sweeping” phase, after which it often becomes
saturated. The choice of EVI2 is due to its greater
resistance to soil background and atmospheric noise. It is
more sensitive to variations in corn’s dense biomass than
NDVI is.

To determine the relationship with chlorophyll
content, the “Red-edge” channels of Sentinel-2
(Band 5/6/7) were used, which are extremely sensitive to
chlorophyll content in leaves. The LAl index, modeled by
satellite data, reflects the total leaf area per unit of soil
surface.

Comparison of measured values of
ground and satellite LAl [m2 ]

EE‘-“ —1 LAI(s)
v —2 LAlfs)
T:E 4,0 — 3 LAIs)
- — 1 LAI(s)
£a0 ——1 LAl )
2 —2 1Al (g7)
£ 00 T 3
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Figure 1. Leaf area index LAl —in situ measured and modelled.

Table 1. Correlation between in situ measured and
modelled parameters

LAI-LAl(gr) |LAl-biomas [LAl-suh LAl-ch-A LAl-ch-B LAl-Carat.

R 0574 ossir 0,871 0,030 0,630 0,39

saRTHE 099 o9l 093k olsifh 0,78 083

NDVI-LAI{rp)|NDVI-h NDVI-biomas|NDVI-suh  |NDVI-ch-A |NDVI-ch-B |NDVI-Carat

Ri{E 09714 o9l 0,984k 0,87HF 0,03/ 0,630 0,39

SORT/ o9t o3lf 0,93/ 0,931k 0,16/4 0,792 0,6

EVI2-h EVI2-LAl{gr] |[EVI2-biomas |[EVI2-suh  |EVI2-ch-A  |EVI2-ch-B  |EVI2-Carat.

R 0574 o096l 0,974 0,931 0,06/ 0,692 046

SQRT/{: 04 ol 0,98/ 0,961 0,25 0,831k 0,68

SAVI-h SAVI-LAl(gr)[SAVI-biomas |SAVI-suh  [SAVI-ch-A  |SAVI-ch-B  |SAVI-Carat

R4 054 ol 0,97 0,931 0,02 0,725 048]
SQRT|{F 084 o9l 0,994 0,96 0,144 0851 0,70

The correlation between the studied parameters,
reported from satellite and ground samples, shows the
greatest correspondence between LAI-LAI, LAl-biomass,
NDVI-LAI, NDVI-height, NDVI-biomass, EVI2-height,
EVI2-LAI, EVI2-dry substance, SAVI-height, SAVI-LAI,
SAVI-biomass.

The study confirms that integrating Sentinel-2
satellite data with direct field measurements enables
precise monitoring of corn biomass and photosynthetic
capacity. The benefit of this approach in
agrometeorology is the possibility of early diagnosis of
physiological stress and optimization of agrotechnical
activities through more precise indices such as EVI2 and
Clre2, which overcome the limitations of the standard
NDVI.
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BbvBepgeHue

OuenABaHeTO UM ObATOCPOYHMAT  ycrnex Ha
KYNTYPHUTE PacTeHUA 3aBUCAT OT CNOCOBHOCTTa UM
Ja ce ajanTMpaT KbM NpOMeHAWaTa ce cpesa
(Babalola et al., 2025). HabntogaBsaHaTa TeHAEHUMA
KbM HapacTBalla YecToTaTa M WMHTEH3MBHOCT Ha
KAMMATUYHUTE aHOMA/IMM B 3eMeLe/ICKATE PalioHU
3aCTpalwaea pPasBUTMETO M MPOAYKTMBHOCTTA Ha
3UMHUTE XUTHU KynTypu (Kazanjiev et al., 2022).
OueHKaTa Ha afanTUBHUTE CBOWMCTBA Ha COpPTOBETE
3MMHa MWEeHNLA € BaXHa 3a MpPaBWJIHO pelleHue
OTHOCHO e(deKTMBHOCTTa Ha 6baewotTo um
npunoxeHue B npomssoacteoTo (Koshelyaev et al.,
2022).

MeToaonorusa

Mpoy4yBaHeTo 06xBawWa 2 nNopeaHn rOAUHU —
2023/2024 v 2024/2025 r. U3cneasaHeTo BK/IOYBa
27 WHTPOAYLMpPaHM TEHOTMNA 3MMHA OBUKHOBEHa
nweHmua. CTyaoycToMuYMBOCTTa € M3NUTaHa uypes
M3KYCTBEHO 3ampasABaHe B X/JaAWIHM Kamepw.
PacTeHusTa ca oOTIMeX4aHW BbB BereTauMOHHM
CbZlOBE KAaTO  3aKanfBaHeTo npoTMya npu
ecTecTBeHW ycnoBuA. B mepvoga Ha HaM-BMCOKaA
CTyZ0yCTOMUYMBOCT ca NnoA/I0XKeHN Ha
HUCKOTEMMepaTypeH cTpec. HusoTo Ha
YCTOMYMBOCT Ha  M3NMTBaHUTe obpasum ce
CpaBHsBa C TOBa Ha COPTOBE CTaHAAPTM C MO3HATU
HWBA Ha NpM3HaKa.

TonepaHTHOCTTa KbM 3acyluaBaHe e usnuMTaHa B
KYITUBALUMOHHO CbOPbXEHUe - 3aCYLUHUK.
MpunoxKeHu ca yeTnpu BapunaHTa Ha
BogoobesneyaBaHe — 3agbnboyvasawo ce (C1),
paHHO nponetHo (C2) M  KbCHO MPONETHO
3acywaBaHe (C3), W KOHTPO/ieH, ONTUMANHO
nonmeaH (K). M3BbpweH e 6GUOMETPUYEH aHanNu3
Ha NpU3HaLMTEe Ha NPOAYKTMBHOCT. OnpeaeneHu ca
MHAEKC 32 4YyBCTBUMTENHOCT KbM 3acywwasaHe SSI,
MHAEKC 32 TO/IePaHTHOCT KbM 3acywasaHe STl u
MHAEKC 38 cTabuaHocT Ha aobumea YSI.

Pesyntatn u nssoam

fonAmMa 4acT OT  M3NUTaHWTe  0b6pasum
OEMOHCTPMPAT HMBO Ha NpPM3HAKa OKOMO WU nof
HMBOTO Ha cnabua ctaHaapT San Pastore (Tabauua
1). C Hall-BMCOKA CTyAOYCTOMYMBOCT Ce OTKPOABA
copt Copwuan.

Tabnuua 1. PasnpeseneHne Ha reHOTMNoOBeTe MeHMLa
Mo HWBO Ha YCTOMUYMBOCT CNPAMO CTaHAAPTH

Hapgct. Hagcrt Hag ct. Hag cT. MNog cT.

bes. 1 Ne 301 Pyc. S.P. S.P.
Bpoit 0 5 6 25 2
% o1 061, 6poit 0 18.5 22.2 92.6 7.4

BapuaHTMTe Ha  3acyllaBaHe  Hal-CUJIHO
MOHMXaBaT TErn10TO Ha 3bpPHO OT Knac - GWS
(dur. 1). Mpu KbCHO NPONETHO 3acyluaBaHe
coptoBeTe 3anasBaT B  MO-roiAama  CTeneH
BMCOYMHATa Ha cTbbsoTo (PH), AbmKMHaTa Ha
kKnaca (SL) n 6pos Ha 3bpHaTa B Knac (GNS), Ho
ry6aT 3HaYMTENHO OT TErN0TO Ha 3bpHOTO (TKW).
Mopaau no-ronAmaTa CUM NPOAYKTMBHA GpaTMmMoCT
(TN) ¥ noaobpeHn ycnosusa no Bpeme Ha ¢asa
Ha/ZMBaHe Ha 3bPHOTO, 06pasuUTe peannsnpat no-
BMCOK [06uB (Y) nNpM paHHO NpPOMETHO CnpsAMO
CbLUTE NPU KbCHO NPONETHO 3acylUaBaHe.
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®urypa 1. NoHuxkeHne (%) Ha KOMNOHEHTUTE Ha JobuBa
Mpu CTpec oT 3acyliaBaHe

Hai-BMCOKM cTOMHOCTM Ha WHAekca SSI ca
nosy4yeHn npu 334bnbo4YaBalllo ce WM KbCHO
NposeTHO 3acylaBaHe. MHAEeKca 3a ToNepaHTHOCT
KbMm cTpec STl Bapupa mexay 0.04 — 0.29 (C1),
0.31 - 1.48 (C2) n 0.33 - 1.23 B C3. CpeaHo 3a
obpa3sunte nHAEKca 3a ctabunHocT Ha gobusa YSI
e cboTtBeTHO 0.17 (C1), 0.78 (C2) 1 0.70 (C3).
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Introduction

The survival and long-term success of crop plants
depend on their ability to adapt to a changing
environment (Babalola et al., 2025). The observed
trend of increasing frequency and intensity of
climatic anomalies in agricultural regions threatens
the development and productivity of winter cereals
(Kazanjiev et al., 2022). Assessment of the adaptive
properties of winter wheat varieties is important
for a correct decision regarding the effectiveness of
their future application in production (Koshelyaev
et al. 2022).

Methodology

The study covered 2 consecutive years — 2023-
2024 and 2024-2025. The investigation included 27
introduced winter common wheat genotypes. The
frost resistance was tested by artificial freezing in
frost chambers. The plants were grown in
vegetation pots, with hardening under natural
conditions. During the period of highest frost
resistance the plants were tested to low-
temperature stress. The level of resistance of the
samples was compared to that of standard varieties
with known levels of the trait.

The drought tolerance was tested in a green
house. Four variants of water supply were applied
— deepening drought (C1), early spring drought
(C2), late spring drought (C3) and control, optimally
irrigated (K). Biometric analysis of productivity
traits was performed. Drought sensitivity index SSI,
drought tolerance index STl and yield stability
index YSI were determined.

Results and conclusions

A large part of the tested samples
demonstrated a level of the trait around or below
the level of the weak standard San Pastore (Table
1). The Sorial variety showed the highest frost
resistance.

Table 1. Distribution of the wheat genotypes by level of
resistance to the standards
Over st.  Over st. Over st. Over st. Below st.

Bez. 1 Ne 301 Rus. S.P. S.P.
Number 0 5 6 25 2
% of total 0 18.5 22.2 92.6 7.4

number

Drought variants most strongly reduced the
grain weight per spike — GWS (Fig. 1). In late spring
drought, the varieties retained to a greater extent
the height of the plant (PH), the length of the spike
(SL) and the grain number per spike (GNS), but lost
significantly in grain weight (TKW). Due to their
greater productive tillering (TN) and improved
conditions during the grain filling stage, the
samples achieved higher yields (Y) in early spring
compared to the same ones in late spring drought
variant.

120

mCl
mC2
mC3

™ PH sL Gws GNS TKW Y

Figure 1. Reduction (%) in yield components under
drought stress

The highest values of the SSI index were
obtained in deepening and late spring drought
variants. The stress tolerance index STI varied
between 0.04 - 0.29 (C1), 0.31 - 1.48 (C2) and 0.33
-1.23 in C3. The average yield stability index YSI for
the samples was 0.17 (C1), 0.78 (C2) and 0.70 (C3),
respectively.
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BbBeaeHue

Llenta Ha nscnenBaHeTo e ga ce onpeaeny BAUAHUETO
Ha HAKOM arpoMeTeopPOsIONMYHN UHAEKCU — ePeKTUBHU
TemnepaTtypu (Growing Degree Days, GDD, °C) wu
KonnyectBo Banexu (R, mm), Bbpxy pobuea w
KaQuyecTBOTO Ha 3bPHOTO MPU WM3NUTBAHUTE 06pasum
3umeH dyparkeH e4emMUK. YCTaHOBEHUTE TEHAEHLMN Ha
M3MEHEHWEe Ha OCHOBHUTE METEOPONOTNYHU eNleMEHTH
M arpoMeTeopoNorMyHUTE YC/0BMA Npe3 noc/ieaHuA
TpuaeceTrogmleH nepuos, B CpaBHEHME C NPeAXOAHUA,
B palioHa Ha KapHobat cneagat obLliata TeHAeHLMA KbM
yBennyaBaHe Ha TemnepaTtypuTe, a Npu roAULIHUTE
Ba/ieXXN CTATUCTUYECKM 3HauMma TeHAEeHUMA He ce
HabnogaBa, KOETO  BJ/OWaBa  XMAPOTEPMUYHUTE
YCNIOBMA 3@ pacTeX MW pasBUMTME HA OCHOBHUTE
3emMefesnICKU KyNTypu.

Metoaonorusa

M3cnepBaHeTo e nNpoBeAeHO npe3  nepuosa
2022-2024 r. B onuTHOTO none Ha MWHctutyTa no
3emegenne — KapHobat. BkntoueHu ca 20 cenekumoHHM
NIMHUKN 3uMeH ¢dypaxkeH edemuk (Hordeum vulgare L.
subsp. pallidum), kouto ca reHodoHA Ha WMHCTMTYTa.
KaTo OCHOBHM CTaHZapPTWU 3a CPaBHEHWE ca M3MNON3BaAHU
coptoBete ,Becneu” u ,Axenonn 2“ Kouto ca
HAUMOHaNHUTE CTaHAAPTU 3@ 3UMHUA QypaKeH eyemuK
B cuctemata Ha MACAC.

Pesyntatu u ussoau

MNpoBeaeHNAT BapuaLMOHEH aHanu3 MnoKasga, 4e
BapuaUMOHHUTE  KoedUUMEHTM HA  uU3cnefdBaHuTe
npusHaUM ca He3HayuMTeNHW. ToBa AaBa OCHOBaHMWe Aa
ce npuveme, 4Ye JUHUUTE 3UMMeEH OypakeH evyeMuK,
BK/IIOYEHW B NPOYYBAHETO, Ca CTabUHW.

Principal Component Analysis (Abebe, 2024) e
LWUMPOKO NpuAaraH meToq 3a OLUEeHKa Ha reHeTUYHOTO
pa3Hoob6pasue, B3aMMOBPbH3KMTE MEXAY NPU3HALUTE U
KnacuduKaumMaTa Ha FeHOTUNUTE TMNpu  evyemuKa
(Hordeum vulgare L.). Pa3nonoxeHueTo Ha reHoTUNuTe
B npocTpaHcTBoTo Ha PC1 n PC2 (¢ur. 1) nokassa AcHO
reHOTUMHOTO UM pa3rpaHMyaBaHe.

JInHMUTE evyeMUK, Pa3MONOXKEHU B MNONOXKUTENHUA
cektop Ha PCl, ce ommyaBaT Cc MO-BUCOK O06MB U
no-gobpa aganTtaymn KbM 6naronpuATHU
arpoMeTeopoNorMyYHN  yCnoBMA WM moraT aa 6baat
pasrnexpaHn  KaTo NepcneKkTMBHM  U3TOYHMUM  Ha

M3Xo4eH maTtepuan 3a cb3gaBaHe Ha
BUCOKOMPOAYKTUBHU COPTOBE e4YeMMUK.

B npotuBononoxkHua cektop Ha PCl ce rpynupart
reHotMnn Kato Becney-St, Axenol 2-St, K-3429-22,
K-3666-22 wn K-3599-22, Kouto ce xapakTtepusupar c
NMo-HUCbK [06MB, HO C MO-BUCOKM CTOMHOCTM Ha
NPOTEMHOBOTO CbAbp}KaHWe W abcontoTHaTa Maca,
KOETO NOTBbP}KAABA OTpULATENHAaTa 3aBUCMMOCT MeXAyY
[06u1B 1 KauecTBo.

Btopata raBHa KomnoHeHTa (PC2) gonbaHWUTENHO
pasrpaHuyaBsa reHoTMnuTe cnopes,  GuU3MYHUTE
noKasaTeNn Ha 3bpHOTO. JInHunte K-595-22, K-841-22,
K-2826-22 n K-4083-22 noka3saT NOA0XMUTEIHA BPb3Ka C
PC2 wn ce ommyaBaT C no-gobpu TEXHONOTUYHU
KaQuyecTBa, A0OKATO FreHOTUMNW C OTPULATENHM CTOMHOCTU
no PC2 ca no-cnabo n3paseHn no Tesn nokasatesnun.

Companent Piot in Rotated Space

v

Component2

Component 1

durypa 1. PasnonoxkeHne Ha NpoyYBaHUTE NOKasaTenn
BbB GaAKTOPMAIHATA PaBHMHA.

Hali-cunHa nonoxutenHa Kopenauus ce Habnogasa
MEXAY KAMMATUUHUTE GaKTOPU CymMa Ha epeKTUBHUTE
TEeMMepaTypu M KOAMYECTBO Ha NaAHaNUTE BaNeXu.
JobuBbT e B CUAHA MOMIOXKUTENHA KOpenaumoHHa
Bpb3ka ¢ GDD wu cpegHa no cuna Kopenauua c
KO/IMYECTBOTO Ha MagHanuTe BaseXu M BUCOYMHATA Ha
pacteHuata. OTpuuaTtenHa 3aBMCUMMOCT € YCTaHOBEHA
mexay Qaobusa u wuscneasaHute GUIMKO-XMMUYHU
nokasatenn (abcontoTHa Mmaca, CbAbp)KaHME Ha
NPOTEMH U XeKToAuTpoBa  Maca). [Moaxoaawm
M3TOYHWUUM HA M3XOLEH MaTepuan, OTAMYaBalin ce C
006pKN NPOAYKTUBHM Bb3MOXKHOCTH, ca InHUNTe K-3146-
22, K-265-22, K-4069-22, K-4083-22 v K-2741-22.
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Introduction

The aim of the study is to determine the influence of
some agrometeorological indices — effective
temperatures (Growing Degree Days, GDD, °C) and
amount of precipitation (R, mm), on the yield and quality
of the grain of the tested winter fodder barley samples.
The established trends of change in the main
meteorological elements and agrometeorological
conditions over the last thirty-year period, compared to
the previous one, in the Karnobat region follow the
general trend towards increasing temperatures, and in
annual precipitation a statistically significant trend is not
observed, which worsens the hydrothermal conditions
for growth and development of the main agricultural
crops.

Methodology

The study was conducted in the period 2022-2024 in
the experimental field of the Institute of Agriculture —
Karnobat. Twenty breeding lines of winter fodder barley
(Hordeum vulgare L. subsp. pallidum), which are the gene
pool of the Institute, were included. The main standards
for comparison were the varieties “Veslets” and “Aheloy
2”, which are the national standards for winter fodder
barley in the Executive Agency for Variety Testing,
Approbation and Seed Control system.

Results and conclusions

The analysis of variation performed shows that the
coefficients of variation of the studied traits are
insignificant. This gives reason to assume that the winter
fodder barley lines included in the study are stable.

Principal Component Analysis (Abebe, 2024) is a
widely used method for assessing genetic diversity,
relationships between traits and classification of
genotypes in barley (Hordeum vulgare L.). The location of
the genotypes in the space of PC1 and PC2 (Fig. 1) clearly
shows their genotypic differentiation.

Barley lines located in the positive sector of PC1 are
characterized by higher yield and better adaptation to
favorable agrometeorological conditions and can be
considered as promising sources of starting material for
the creation of high-yielding barley varieties.

In the opposite sector of PC1, genotypes such as
Veslets-St, Aheloy 2-St, K-3429-22, K-3666-22 and
K-3599-22 are grouped, which are characterized by lower

yield, but with higher values of protein content and 1000
kernel weight, which confirms the negative relationship
between yield and quality.

The second principal component (PC2) further
distinguishes genotypes according to the physical traits
of the grain. Lines K-595-22, K-841-22, K-2826-22 and
K-4083-22 show a positive relationship with PC2 and are
distinguished by better technological qualities, while
genotypes with negative values on PC2 are less
pronounced in these traits.

Camponent Fist in Rotated Space

Componagrd T
&
.

Coampanent 1
Figure 1. Location of the studied traits in the factorial plane.

The strongest positive correlation is observed
between the climatic factors sum of effective
temperatures and the amount of precipitation. The yield
is in a strong positive correlation with GDD and in a
medium correlation with the amount of precipitation and
plant height. A negative correlation was established
between the yield and the studied physicochemical traits
(1000 grain weight/absolute mass, protein content and
test weight). Suitable sources of starting material,
distinguished by good productive capabilities, are the
lines K-3146-22, K-265-22, K-4069-22, K-4083-22 and K-
2741-22.
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BvBegeHue

MoBpeauTe OT KbCHWM MPONETHU MPA30Be Ca OCHOBEH
mMMuTUpaly, ¢aKkTop 3a NPOM3BOACTBO HA OBOLLHM
KYATYpU B HallaTa cTpaHa. PerncTpMpaHoTo yBeandyeHue
Ha TemnepaTypuTe Ha Bb3gyxa MO Bpeme Ha
NPUHYAUTENHUA  NOKOW  Npeau3BMKBA  NO-PaHHO
pasBuTME Ha NAOAHWUTE MbMNKM HA OBOLLHUTE BMAOBE U
NoBULLIABa PMUCKa OT NocaeBalliuTe NOBPaATHU NPONETHM
mpasoBe (Georgieva & Kazandjiev, 2023). Malchev u
Savchovska (2020) vycraHoBABaT, 4Ye B palloHa Ha
MnoBgouB wm3cneABaHUTE OT TAX COPTOBE 4Yepewwn ca
Hal-4yyBCTBUTE/IHU KbM MPOJIETHUTE Mpa3oBe BbB dasza
pasnykBaHe Ha NbnKuTe.

LlenTa Ha HacToAWOTO M3c/enBaHe € 4a Ce HanpaBsu
BEPOATHOCTHA OLEHKa Ha HAaCTbMBAHETO HAa OCHOBHUTE
deHonornyHn  dasm — HabbbBaHe Ha NbNKUTE,
pasnykBaHe U UbdTEXK, NPM Yepella U Kalhcma U puUcka
OT NOBPeAM OT KbCHM NPONIETHU MPa3oBe.

Metoaonorusa

3a uscnenBaHeTo ca U3Noa3BaHM METEOPOJIOTUYHN U
$GEeHONOMMYHM AaHHM OT apxmBuTe Ha HauuoHanHuA
MHCTUTYT MO MeTeoposiorua u xuaponorua. OTyeteHa e
Jatata Ha HacTbfnBaHe Ha d¢eHonormyHute asm
BBCH 37, BBCH 57 n BBCH 65 B oCHOBHUTE paiioHu,
KbAETO e CbCpefoTOYEHO NPOM3BOACTBOTO HA OBOLLHM
KynTypn npes nepuvoga 1981-2015 r. M3nonssaHu ca
pes3yntatute OT BEPOATHOCTHU OLLEHKM 33 HACcTbMBaHe
Ha KbCeH NponeTeH mpas.

Pe3ynTtatu u ussoam

B HalwMTe KAMMATUYHM YCNOBMA HAW-YA3BMMMU KbM
NoBpPaTHM MPONETHM MPa30Be Ca OBOLLHWTE KyATypH,
0c06eHO paHHOLbGTALMTE KOCTUAKOBM BMOOBE KaTo
Kalicua, npackoBa M 4yepelwa, B HayanHute ¢asu OT

TAXHOTO pasBuTME — HabbbBaHe Ha MbMKUTE,
pasnyKkBaHe 1 LbOTeX.
B wu3cnemsaHeto ca pasriegaHn  gaturte  Ha

HacTbnBaHe Ha OCHOBHUTE ¢eHoNornmYyHn ¢asm npu
yepewa (Prunus avium L) wn BepoATHOCTTAa 3a
HacTbNBaHe Ha KbCHWU NponeTHU mpasose. Ha ¢urypa 1
Ca MOKAa3aHM BEpPOATHOCTUTE 3a NOABA Ha MNPOJIETHU
Mpa3oBe MNpwW 4Yepelwa 3a pailoHa Ha bnaroesrpag,.
N3cnepBaHMATa HA arpoMeTeopPOIOrMYHUTE YC/IOBUA MO
Bpeme Ha nNpUHyaMTeneH MNOKOM 3a pasrnegaHuTte
cefem CTaHUMKM MNOKasBaT, 4Ye cpeaHata pJata Ha
HacTbMNBaHe Ha MocaegHuA NPoneTeH Mpa3 Bapupa OT
oT 1 po 25 gHuNo-paHO OT JartaTta Ha HacTbhnBaHe Ha
dasa ubdrex. B Mnosaus 24.1ll e cpegHaTa gata Ha
HacTbMNBaHe Ha NOCNeAHMA NPOsieTeH Mpas, a gaTaTa Ha

ubdprexk e 10.1V, 1.e. ¢ 13 pgHM no-paHo npu 75%
obesnevyeHocCT.

B no-tonau roauHu ¢ 25% obe3neyeHocT AaTata Ha
ubdTeX HacTbnBa 8 AHW cief NOCAEAHUA MpPONeTeH
mpa3. Hai-ronama onacHOCT 33 Bb3HMKBAHE Ha
NPoONeTHNW Mpas3oBe ce HabnogaBa B palioHMTE Ha
Toprosuwe, [obpuy, KHexka n KriocteHamn, Tbi Kato
JaTaTta Ha nocneaHuA NpoJsieTeH Mpa3 HacTbnea oT 1 go
13 AHW no-paHO OT AaTaTa HA HacTbnBaHe Ha das3a
uboTe. Hall-manka e BepoATHOCTTA 3a HacCTbNBaHe Ha
Npo/IeTHN Mpa3oBe B paioHa Ha Pasrpag, kbaeto 3.1V e
BEepoATHaTa JaTa Ha HacTbNBaHe Ha noc/ieaHuA
nponeteH mpas — 2 AHW c/iej, HacTbnBaHe Ha LbodTexa
npu 75% ob6esnevyeHocT.

Bnaroesrpag 25%

Bnaroesrpag 50%

NI WA LTS e BT e U

s pe—

Bnaroesrpag 75%

e
sammea . [
ooz camz  Nm 3O 2902 0TI 1403 JUDI IR0 04O 1UOT  1ERM  3Y
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durypa 1. BepoATHOCTHO-CTaTUCTUYECKM aHa/IM3 Ha JaTuTe
Ha HacTbNBaHe Ha YyBCTBUTEIHM KbM Mpa3 ¢asu npu yepeLla
(Prunus avium L.) B paiioHa Ha Bnaroesrpaga.

B pe3yntaT Ha npoBeAeHUA  BEPOATHOCTHO-
CTaTUCTUMYECKM aHa/iM3 B CefeM OCHOBHWM palioHa,
KbOETO € CbCPefoTOYEHO MPON3BOACTBOTO HA Yepelln B
Bbsrapusa, ce yCTaHOBW, Ye KbCHUTE NPOJIETHU MpPa3oBe
HaCTbNBAT Hal-4ecTo npe3 TPEeToTO AecefHEeBUE Ha
MapT WAW MbPBOTO AECETAHEBME HA anpwa, KoraTto
npotuyaT ¢asuTe pasnykBaHe Ha MbMAKUTE U LbOTEX
npwv pasraexaaHuTe OBOLLHN KYATYPMU.
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Introduction

Late spring frosts are a critical factor limiting fruit
production in Bulgaria. The recorded increase in air
temperatures during ecodormancy triggers premature
bud development, consequently increasing the risk of
damage from subsequent spring frosts (Georgieva &
Kazandjiev, 2023). In the Plovdiv region, Malchev and
Savchovska (2020) established that the investigated
cherry varieties exhibit maximum sensitivity to spring
frosts at the bud break stage.

This study aims to provide a probabilistic evaluation
of the onset of the main phenological phases — bud
swelling, bud break, and flowering, in cherry and apricot
trees and to assess the risk of damage from late-spring
frosts.

Methodology

This study utilizes meteorological and phenological
data sourced from the archives of the National Institute
of Meteorology and Hydrology. We recorded the onset
dates of phenological phases BBCH 37, BBCH 57, and
BBCH 65 across the main fruit production areas
between 1981 and 2015. Results from probabilistic
assessments of late-spring frost occurrence were also
used.

Results and conclusions

Under Bulgarian climatic conditions, fruit crops are
highly susceptible to recurrent spring frosts, particularly
early flowering stone fruit trees such as apricot and
cherry. Their vulnerability is most pronounced during
the initial developmental stages, including bud swelling,
budburst, and flowering.

The study examines the onset dates of key
phenological stages in cherry (Prunus avium L.) and the
probability of late-spring frost. Figure 1 illustrates the
probabilities of spring frost events for the Blagoevgrad
region. Analysis of agrometeorological conditions during
ecodormancy across the seven stations studied
indicates that the mean date of the last spring frost
ranges from
1 to 25 days before the onset of flowering. In Plovdiv,
the mean date of the last spring frost is March 24, while
the flowering date is April 10, occurring 13 days earlier
at the 75% probability level. In warmer years, at a 25%
probability level, the flowering date occurs eight days
after the last spring frost. The highest risk of frost
damage is observed in the regions of Targovishte,
Dobrich, Knezha, and Kyustendil, where the last spring

frost occurs 1 to 13 days before anthesis. Conversely,
the lowest frost probability is found in the Razgrad
region, where the probable date of the last spring frost
is April 3, two days after the onset of flowering at a 75%
probability level.

Blagoevgrad 25%
flowering
bead burst —
durable transitions of T across .
5*C-awelling buds
0o ca0; 1502 200 ‘o oroz 1403 no3 Bn ang o4 1804 2504
owelling buds  se— bud burst — flowring  — Data
Blagoevgrad 50%
flowering
swedling buds _
durable transitions of T
‘atross 5*C-swelling of
buds
0107 G 1ShZ  ZOP 1902 OT03 1403 O3 2RC3 0404 11OL  TRDE 2S04
swlling buds s— swelling buds —lWENg  — A
Blagoevgrad 75%

flowering

bud burst _—

durakle transitions of T
ares 5°Cawdling of
buds

0100 O0ROD 1562 2OF 2002 OROF 1400 200 XROD  OAD4 1104 1RO4  FSd

FWling of buds s bud burst — flwiring  —

Figure 1. Probabilistic-statistical analysis of the dates
of occurrence of frost-sensitive phases in cherry
(Prunus avium L.) in the Blagoevgrad region.

A probabilistic statistical analysis conducted across
seven primary cherry-producing regions in Bulgaria
revealed that late spring frosts occur most frequently
during the last ten days of March or the first ten days of
April. This period coincides with the bud-burst and
flowering phases of the fruit species studied.
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BvBegeHue

MpeHocbT Ha nycTuHeH npax (MMN) Boan 4O NOBULIEHMU
KOHUEHTpaumn Ha OMNYyy M mMoXKe [Aa NpUUMHK
npesullaBaHe Ha cpeaHogHesBHata (CA) Hopma oT
50 ugm'a. MpeacrtaBame metoamkata, paspaboteHa oT
HaunoHanHMA  MHCTUTYT N0  MeTeoponorva U
XMAPOJIOrMA, 33 OLEHKa Ha TaKbB poJa, NpesBulleHus B
CTpaHaTa, KoATo ce 6a3Mpa Ha eBPOMNEenCKU HACOKU U
HayuyHu nscneasanus (EC, 2011; Barnaba et al., 2017).
AHanusMpame M3NON3BAaHETO HA  pes3yatatm  oT
aHcambnosua mogen (CAMS-ENS) Ha Ycayrata 3a
MOHUTOPUHI Ha atmocdepata Ha ,KonepHuk” 3a
naeHTMduumpaHe Ha AHuM ¢ npeHoc Ha MMMM. CpaBHaBaT
ce ABe BepcuMn Ha moaena 3a KoHueHTpaumu Ha MM 8 40
TOYKM B CTPAHaTa, KbAeTo Mma cTaHumm Ha MAOC.

MeTtoponorus

MeToamkata 3a npucnagaHe Ha MPEeBULIEHUA Ha
®MNY4y nopagu MM ce cbcToM OT pA[BE 4YacTu:
1) npeHTMPUKALMA: OT NPU3EMHUTE KOHLEHTPALUUKN Ha
CAMS-ENS 3a MM ce nsuncnasaT 3a BCAKa ctaHuma CL
KOHUEHTpaLUMM Ha Mpax M Korato Te HagBuLIaBaT
5 ugm™3, ce npuema, ye namepeHute C KoOHUEHTpaUUn
Ha @MYy, ca noBAMAHM OT NYCTUHEH npax;
2) Konn4yecTBeHO onpegensHe Ha npuHoca Ha MM Kbm
DMNY4p: KaTo passinka mexay n3mepeHarta
KOHUeHTpauua u 50-ua npoueHTMN Ha wu3mepeHuTte
cToHOCTM Ha PMY,, npe3 BpemeBn nposopel, OT 3
OHK, 6e3 fa ce BKNOYBAT AHWUTE, MOBAWAHM OT MPEHOC
Ha M.

YyBCTBUTENHOCTTA Ha bpoAa naeHTMOUUUPaAHU LHU
cnpamo Bepcuata Ha CAMS-ENS e aHanusmpaHa ¢
OaHHM 32 2022 r. 32 40 TOYKM OT CTpaHaTa OT ABe
BEepcMM Ha Mmojena: U3non3saHata B MeToAMKaTa —
aHanus (ENS), u Ta3m oT mexanHeH pe-aHanus (IRA).

Pesyntatu u ussoau

3a cTpaHaTa KaTo uano ENS u IRA nokassat gobpo
cbrnacyBaHe: KoHueHTpauuute oT IRA ca ¢ okono 3%
no-Hmckn (NMB = -3.03%, r = 0.965), a M3nonseaHeTo
Ha |IRA BoaAM [0 HamaneHMe Ha 6poAa Ha
MAEHTUPUUMPAHUTE AHW Ha CTaHUMUTE C OKONo 6%.
Hali-ronamata pasnuka (ENS-IRA) e npes nponetra — IRA
nokasea 45 OHU
NO-MaJ/iIKo CyMapHO 3a BCUYKU CTaHLMU.

Ha HMBO CTaHUMA Hal-ronemuTe pPas/iMKK ca 3a Te3n
B Coduiickua pernoH (ENS otbensassa 7-9 aHu noseye)
u B N3TouHa bbarapusa (IRA otbensssa 4—6 aHU noseye)

— o¢urypa 1. Mepuon c NoO-CbLLECTBEHU Pas3inKM 3a
ctaHuumTe B Codua e okono 15.08.2022 r.
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durypa 1. PasznuKarta B 6pos Ha UAeHTUOMLMPAHUTE AHU
(ENS-IRA) 3a 40 cTaHUMM B cTpaHaTa npes 2022 .

ENS unpeHtuémnumpa pgHute 17 un 19-20.08 kato
NOB/IMAHU OT MYCTUHEH Npax, AOKATO KOHLUEeHTpauuute
oT IRA ocrtaBaTt nopg nparosaTa CTOMHOCT OT 5 ugm'3
(dur. 2). WsmepeHute @MY,y KOHUEHTPAUMW B
CTaHUMMTE MOKa3BaT NpeBuLIeHMe camo Ha KonuToTo
(1350 m) u camo Ha 17.08. ToBa yka3Ba, Ye B TO3M
nepuog KaTo uano IRA pesyntatute ca no-40CTOBEPHMW.

JonbnHUTENHW U3CNeABaHMA  (Hanp. XMMMUYEH
cbctaB Ha ®MY,,) ca Heobxoaumm 3a NO-ACHU
3aK/t04eHunA.

Dust by ENS and IRA
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durypa 2. KoHUeHTpaums Ha NnycTMHeH npax ot ENS
(nAbTHU AnHKMK) 1 IRA (NYHKTUPAHM IMHUK) 32 OTAENHU
cTaHuuMM B rpaaa; 3a Konutoto — ENS (cuBu cTbnbueta),
IRA (KadnBu cTbNbYETa).

bnaropgapHoctu: M3cnepBaHeTo e OCbLLECTBEHO B

pamKuMTe Ha MNPOEKT, ¢UHAHCMpaH OT 6roaKeTa Ha

HUMX.
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Introduction

The transport of desert dust (DD) leads to elevated PM1o
concentrations and may cause exceedances of the daily
limit value of 50 ugm=3. We present the methodology
developed by NIMH for assessing such exceedances in
the country, based on European guidelines and scientific
studies (EC, 2011; Barnaba et al., 2017). We analyse the
use of the regional ensemble model (CAMS-ENS) from
the Copernicus Atmosphere Monitoring Service for
identifying the dust days at single sites. We compare the
dust concentration from two versions of the model for 40
sites in the country, where AQ stations are located.

Methodology

The methodology has two phases: 1) identification:
hourly dust concentrations are extracted from
CAMS-ENS for the locations of PMio stations; the daily
mean dust is calculated and if exceeds 5 pgm3 the day is
flagged as influenced by dust; 2) quantification of DD
contribution to measured PM1o concentrations: the dust
contribution is defined as the difference between
observed PM1o and a “background” value (PERC50 of
measured PMio over a +3-day window excluding days
affected by DD).

We compare two versions of the regional CAMS
ensemble model — analysis (ENS) and the interim
reanalysis (IRA), for 2022 for 40 sites — AQ stations in the
country. We examine the sensitivity of the dust-day
identification part to CAMS ensemble model versions
(analysis ENS and interim reanalysis IRA).

Results and conclusions

ENS and IRA show, in general, good agreement for the
identified days at the stations. IRA dust concentrations
are about 3% lower than the ones by ENS
(NMB = -3.03%, r = 0.965). Using IRA leads to about 6%
decrease of flagged station-days. The largest difference
(ENS-IRA) is noted in spring — IRA provides 45 less station-
days.

Looking at single sites, the largest differences are for
the stations in Sofia region (ENS marks 7-9 more days)
and for stations in Eastern Bulgaria (IRA marks 4—6 more
days) — Figure 1.

A period with more significant differences for the
stations in Sofia is around August 15, 2022.
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Figure 1. Difference (ENS-IRA) for the number of identified
dust days at 40 AQ stations in 2022.

The ENS model version flags the days 17 and 19-20
August, while IRA concentrations remains below the
threshold of 5 ugm™ (Fig. 2). Measured PM1o at the
stations in Sofia region show exceedance only at Sofia-
Kopitoto (1350 m) and only on August 17. This indicate
that during this period IRA results seem to be more
reliable.

Additional studies (e.g. chemical composition of
PM1o) are necessary for more firm conclusions.

Dust by ENS and IRA
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Figure 2. Dust concentrations for stations in Sofia city by ENS
(solid lines) and IRA (dashed lines), for station Sofia Kopitoto —
ENS (grey bars), IRA (brawn bars).
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BvBegeHue

MoneHoBUTE 3bpHA Ca MDBXKKUTE MOMOBU KNETKU NpuU
pacteHuata. [lpu aHemoduaHuTe BUOOBE Te ce
obpasyBaT B ronemu Koauuectsa. B npoueca Ha
onpawsaHe NONEHBbT Ce ABABA BaKeH KOMMOHEHT Ha
Bb3ayxa Kato ®MNY, CO, NO,, SO,, O; n apyru rasose.
KoHuUeHTpaunATa Ha noneHW BbBB Bb3AyXa OTpa3fABa
OVHAMMWYHOTO B3aMMOAENCcTBMe mexay buonorumyHata
AKTUBHOCT Ha  pPacTUTENHOCTTa B perMoHa MU
METEOPOJIOrMYHUTE YCNOBUA. 3@ NO-rofAmaTta 4act oT
yoBelLKaTa nonynauusa noseHbT e 6e3speneH, HO Npwu
okono 30% oT xopaTa BOAU A0 aNepruvyHu oniaksaHuA
CbC Ce30HHA AMHAMWMKA. MOHWUTOPUHI Ha NoJeHa BbB
Bb34yXa 3anoyBa ga ce NnpoBe)aa B Kpasa Ha XIX Bek.
[OHec TOM e cCbliecTBEH efieMeHT OT cucTemuTe 3a
HabnogeHne Ha OKo/MHaTa cpeda, NpeaocTaBsAMKM
LeHHa MHbopmaums 3a ¢(eHoNornsTa Ha pacTeHunTa,
aTMocdepHUTE NPOLLECU U PUCKOBETE 33 0OLLECTBEHOTO
3gpaBe. HaTpynsaHeTo Ha ronsma 6asa AaHHM pasa
Bb3MOXHOCT 32 W3roTBAHE Ha eXerogHu MNPOrHO3HM
No/seHOBU KaneHgapu. EXXeaHEBHUAT MOHWUTOPUHI Ha
Bb34yWHM npobu no3BONsABA  MNOAaBaHeETO  Ha
KPATKOCPOYHM NPOrHO3U 32 PaHHO NpeaynpexKaeHne Ha
naumeHTUTE € NOMHO3A.

MeTtoponorusa

3a bbarapma nepnoabT C HaAMyMe Ha MNOJIeH BbB
Bb34yXa 3aMoysa B KpafA Ha 3MmMaTa M NpPoOAb/KaBa A0
cpefaTta Ha eceHTa. M3cnefBaHuWATa ca NpoBeAeHU B
CoduAa. M3non3saHn ca ABa MeToZa 33 ynaBsAHe Ha
LBEeTHMA NpaLueLy;

1. CegumeHTaUMOHeH — 3a nepunoaa 2011-2025 .
2. O6emeH —3a 2024 n 2025 .

MonyyeHnTe Npobu ce aHaAM3MpPaT Nog, MUKPOCKOM,
KaTo ce onpefenaT BUAOBMAT CbCTAaB M YUC/IEHOCT Ha
Nno/seHOBUTE 3bpHa. B 3aBMCMMOCT OT KO/MYECTBOTO
npalew, BbB Bb34yxa ce onpegena noseHoB UHAEKC B 4
HUBA: HUCKO, YMEPEHO, BUCOKO U MHOro BUCOKo. Cnep,
cTaTUcTMYecka obpaboTKa Ha paHHMTe ce m3paboTtBa
No/sIeHOB KaneHaap.

Pe3yntatu u ussoam

Bb3aywHaTa NoONEHOBAa KOHLEHTpauusa e B MpsKa
3aBUCMMOCT oT METeopOIoTNYHUTE ycnosus.
TemnepaTypaTa B/MAe BbpPXYy HA4YanoTo Ha uUbdTeENKa,
BNAXHOCTTa — BbpXy 0CBOOOXKAABAHETO Ha MOJeH, a
BATHPBT OMNpeaens Bb3AYWHWA MNPEHOC M JajnevyeH
TpaHCNopT Ha noneHa. Banexute 06WMKHOBEHO
HaMansBaT KOHLUEHTpaLuuuTe BbBB Bb3gyXxa upes
OTMMBAHE, HO MOraT M Aa CTUMY/MPAT Pa3BUTUETO Ha
pacTUTe/IHOCTTa B NO-TOMNAUTE U CNed CyXu nepuoau.

MOHUTOPUHIBT OT deBpyapu A0 OKTOMBPM pPasKpuea
TPV OCHOBHW CE30HHU NKKa:
» T[loneH OT abpBeTa — paHHa NPoJeT;
» ToneH oT Tpesu oT cem. KUTHU — KbCHa NposeT
[0 PaHHO NATO;
> TMoneH oT nnesenn — OT cpegaTta Ha NATOTO A0
eceHTa.

Abpeeta emmcem. HUTHA Mnesenn
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durypa 1. IMHaMunKa Ha NoseHoBMA ce30H npes3 2024 r.

Obnrocpoynute HabnoaeHun NnoKasear, ye
M3MEHEHMEeTO Ha KAMMaTa MPOMEHA CEe30HUTE Ha
noneHuTe. KnovosuTe TeHAEHUMM ca:

e [lo-paHHO Ha4as0 Ha UbOTEXK];

e [lo-AbAbr NONIEHOB CE30H;

e [loBMWEHO NPOM3BOACTBO Ha MNOJEHM MOpaan
Nno-BMCOKM HMBA Ha COy;

e [lpomeHu B pa3npoCTpaHEHNETO HA BUAOBETE;

e [lo-yectn EeKCTPEMHMU METE0PO/IOTMYHMU
CbbUTUA, KAaTO Hanp. MbJHUN, BAUSAELLN BbPXY
OTAENAHEeTO HAa NOJIEHOB aJiepreH BbB Bb3AyXa.

Tesn npomeHu noayeptaBaT HeobxogumocTTa OT
HEMpPeKbCHATO HabatoAeHME U afanTUBHU CTpATErnK 3a
nporHosnpaHe. CBETOBHMAT OMNWUT MNOKa3Ba, ue
PasnNpoCTpaHEeHMETO Ype3  pPas/nuYyHM  MeguM  Ha
KOMBUHUPAHN METEOPONOTUYHM C MOSEHOBU NPOrHO3M
npegnara HaBpemeHHa MHGOPMALMA HA YYyBCTBUTEIHU
KbM aneprum nnua v 3gpaBHU CNeunanmncTu.

BnaropgapHoctn: l3cnegBaHeTo e OCbLLECTBEHO B
pamkuTe Ha npoekT: Jorosop BG16RFPR002-1.014-0017
,LleHTbp 33 KomneTeHTHOCT ,MmyHonatoreH” no
Mporpama ,HayyHn wm3cnegBaHua, MHOBAUUMKM U
OUTUTANN3aUMA 338  MHTe/IMreHTHa TpaHcdopmaums”
2021-2027r.
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Pollen monitoring in the air as a necessary component of meteorological forecasts
M. Hristova-Savova*

National Center for Infectious and Parasitic Diseases
Keywords: meteorological conditions, air biological pollution, pollen, pollen allergy
*email: eli.savova@abv.bg

Introduction

Pollen grains are the male sex cells of plants. In
anemophilous species they are formed in large
qguantities. In the process of pollination pollen is an
important component of the air such as PM, CO2, NO2,
SOz, O3 and other gases. The concentration of pollen in
the air reflects the dynamic interaction between the
biological activity of vegetation in the region and
meteorological conditions. For the majority of the human
population, pollen is harmless, but in about 30% of
people it leads to allergic complaints with seasonal
dynamics. Pollen monitoring in the air began to be
carried out at the end of the 19th century. Today it is an
essential element of environmental monitoring systems,
providing valuable information on plant phenology,
atmospheric processes and public health risks. The
accumulation of a large database allows for the
preparation of annual forecast pollen calendars. Daily
monitoring of air samples allows for the submission of
short-term forecasts for early warning of patients with
hay fever.

Methodology

For Bulgaria, the period with the presence of pollen
in the air begins at the end of winter and lasts until mid-
autumn. The studies were conducted in the city of Sofia.
Two methods were used to capture pollen:

1. Sedimentation — for the period 2011-2025.
2. Volumetric — for 2024 and 2025.

The obtained samples are analyzed under a
microscope to determine the species composition and
number of pollen grains. Depending on the amount of
pollen in the air, a pollen index is determined in 4 levels:
low, moderate, high and very high. After statistical
processing of the data, a pollen calendar is created.

Results and conclusions

Airborne pollen concentration directly depends on
meteorological conditions. Temperature affects the
beginning of flowering, humidity — the pollen release,
and wind determines the airborne and long-distance
transport of pollen. Precipitation usually reduces
concentrations in the air through washing, but it can also
stimulate vegetation growth in warmer and post-dry
periods.

Monitoring from February to October reveals three
main seasonal peaks:

» Tree pollen — early spring;

» Grass pollen from the Cereals family — late

spring to early summer;
» Weed pollen — from mid-summer to autumn.
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Figure 1. Dynamics of the pollen season in 2024.

Long-term observations show that climate change is
changing pollen seasons. Key trends are:

e  Earlier onset of flowering;

e Longer pollen season;

e Increased pollen production due to higher CO,
levels;

e Changes in species distribution;

e More frequent extreme weather events, such as
lightning, affecting the release of pollen allergen
into the air.

These changes highlight the need for continuous
monitoring and adaptive forecasting strategies. Global
experience shows that the dissemination of combined
weather and pollen forecasts through various media
offers timely information to allergy-sensitive individuals
and health professionals.

Acknowledgements: The study was carried out within
the framework of the project: Contract BG16RFPR002-
1.014-0017 “Competence Center “Immunopathogen”
under the Program “Research, Innovation and
Digitalization for Smart Transformation” 2021-2027.
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CpaBHUTENIeH aHaNN3 Ha KOHLUEHTpaLMuTe Ha GUHU NPAXOBU YaCTULIU MeEKAY
NbTHO OPUEHTUPAHA, FPAACKA U pernoHasHa ¢poHOBa CTaHLMA B paiioHa Ha Coduna
C. Feoprmesl*, P. ,ﬂ,MMMTpOBal, E. XpVICTOBaZ

1 o
dusnyeckn dakynter, Coduiickn yHusepcuteT ,,CB. KnumeHT Oxpmackm”
2
[enapTameHT ,,MeTeoponorua“, HaumoHaneH MHCTUTYT NO METEOPOJIOTUS U XMAPOIOTUA
Kntouosu aymu: gpuHuU npaxoeu Yyacmuyu (®r14), enusHue Ha 3eaeHu 2padcKu naouwu
*email: georgiev.sto@gmail.com

BbvBegeHue

3ambpcABaHeTO Ha aTmochepHMA BbB3AYX C  OGUHKU
npaxosu 4yactuum (PMNY) npoabnkaBa Aa e OCHOBEH
npo6aem B ypbaHU3NpPaHUTE PAMOHW, BKAOUYUTENHO B
Coodus. HacroswoTo nscnefaBaHe npeacrasn
CpaBHUTENEH aHanM3 Ha ¢pakuuute ®MNY4o n ®NY, 5 ot
TPU NOKauMM B palioHa Ha CTO/AMUATA: TPaHCNOPTHO
OopueHTMpaHa cTaHuMa B 6au3ocT Ao byneBapa ¢
WHTEH3UBEH aBTOMObUNEH TpaduK (B palioHa Ha Opnos
MOCT), rpagcka poHOBa CTaHUMA B 3e/1eHa rpajcka 30Ha
(ObcepBaTopuaTa Ha CY ,CB. KnumeHT Oxpupacku” B
BopucoBaTta rpagunHa) u pervoHanHa ¢oHoBa CTaHUMA
(feopesnueckata  obcepBaTopus MnaHa) N3BBbH
ypbaHusmpaHata Teputopma. JaHHUTe ca NpUBeLEHN A0
YacoBW CpeaHN CTOMHOCTM U MOANOMKEHW HA KOHTPOA Ha
KayecTBOTO.

MeTtoaonorua

M3mepBaHMATa ca HanpaBeHM B pamKute Ha
nposedeH MOMEBUM eKCnepuMmMeHT npe3 nepuoja
pekemspun 2024 — toHM 2025 r.,, KouWTO Ob6XBalla
pPas/IM4HM  Ce30HM U NO03BONABA  OUEHKa  Ha
KOHUEHTpaumaTa Ha ony npu pPasnNYHu

METEOopPO/IOTMYHN yCNOBUA. M3BbplUEH € KOHTPOAN Ha
KauecTBOTO Ha [JaHHMTe, BK/IOYBALWL, MpoOBepKa 3a
aHOMa/THU CTOMHOCTH, c uen nosuLLlaBaHe
HafeXaHoCTTa Ha aHanu3a. HanpaseHn ca
CTaTUCTUYECKM  aHaAU3M U CPaBHEHME  mexay
pa3nuyHMTE TUMOBE CTAHUMKU. 3a [a Cce OueHwu
B/IMAHNETO Ha 3es1eHaTa naouy, BbPXY
pasnpocTpaHeHueTo Ha PIMY, e nsbpaH Habop OT AaHHU
npu ceBepo3anageH (NW) npeHoc (nocoka
290-340° u ckopocT = 1 m/s). Mpu TO31 BETPOBU peXnM
Bb3AYWHUAT MNOTOK MNPEMUHABa OT TPAHCMOPTHO
OpMEeHTMpaHaTa CTaHUMA KbM rpafckata ¢oHoBa
CTaHUMSA, pas3nosioXkeHa npubamsmtenHo Ha 1 km
IOrOM3TOYHO, KaTo MeXAy TAX Ce Hamupa napk
»,bopucoBa rpaguHa“. Mo TO3M HauMH ce Cb3aasa
BbB3MOXHOCT 3a KO/NIM4ecTBeHa oLeHKa Ha
noTeHUManHna edbeKT Ha 3eseHaTa rpajcka naoLy Bbpxy
NPOCTPaHCTBEHOTO pasnpeaeneHve Ha
KOHLeHTpauuuTe.

Pesynrtatu un ussoaun

MpeacrtaBeHM ca pe3ynTatyM OT aHanm3a Ha OMY,,
TbA KaTO e eAuH OT 3aMbpCcUTENUTE, CBBbP3aHU C
eMucmMmuTe OT TPaHCMOpTa, M KaTo no-neka ¢pakuma
MOXe Aa ce TPaHCNopTUpa C Bb3AYLWHMA NOTOK Ha no-

ronNemMy pasctoAHuA, nNpegu pa Auchnepcupa wan ce
OT/1I0XM BbPXY 3eMHaTa NOBbPXHOCT.

YacoBuTe M3MepBaHUA Ha KOHLLEHTPaLMMTe NoKaseaT
ACHO M3Pa3’eHM Eenu3o4uMYHM MOBMULIEHMSA M NO-roffMa
aMnAnTy4a NPy TPAHCMOPTHO OPMEHTMpPaHaTa CTaHUuMA B
cpaBHeHMe c¢ pggete ¢oHoeu. ToBa nosegeHve e
KOHCUCTEHTHO CbC 3HAYMM JIOKaNeH MnpuHOC B
HenocpeacTeeHa 61130CT A0 MBTHOTO NAATHO.
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durypa 1. Yacosu KoHLeHTpaunmn Ha PMNY, 5 B TpUTe cTaHUMM
3a u3cneaBaHuA nepuoga.

PasnpegeneHneto Ha ®MNY,s npu M3bpaHus Habop oT
AaHHu npu NW npeHoc (pur. 2), npeacraBeHo upes boxplot
M  CbAbTCTBAllA@ CTaTMCTMYecKa Tabnauua 1, nokassa
YCTOMYMBO NO-BUCOKM KOHLLEHTpauuu B 6am3oct go Opnos
MOCT B CpaBHeHMe C peayumpaHata okono 40%
KOHLEHTpauua B pe3yntaT Ha 3e1eHuTe Moy,
TpaHCNOPTHO OpWMeHTUpaHaTa CTaHUMA  AeMOHCTpupa
NO-BUCOKM  KOHLUEHTpAUMM U  MO-rofaMa BbTpeLHa
npomeHnausocT (IQR) cnpsmo  QoHOBUTE  CTaHUMMU.
MonyyeHnTe pe3ynTaTv MNO3BONABAT pa3rpaHUyYaBaHe Ha
NIOKAZIHNA KOMMNOHEHT Ha 3aMbPCABAHETO OT PervMoHaNHUA
$OH M nopyepTaBaT POSIATA HA 3E€NE€HUTE NAOWM NpU
MHTEPNpeTaLms Ha BbTPELIHOMPaLCKUTE KOHTPACTW.

! 2 g
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durypa 2. PasnpegeneHne Ha YacoBUTe KOHUEHTpaumm Ha ®MNY, 5
npy NW Betposu pexkum (290-340°, =2 1 m/s).

Tabnnua 1. O6obuweHa ctatuctuka 3a ®MY,s npu NW BeTposwm
pexxum. MpeactaBeHn ca meamaHa, IQR, cpegHa CTOMHOCT w
nepceHtuan (P5—-P95), xapaKTepusupawy NpoCTPaHCTBEHUA
rpagMeHT U NPOMEH/IMBOCTTA Ha KOHLLeHTpauuuTe

CraHums Menunana IQR CpenHa P5 P95

Opnos mocT 15.7 10.9 18.8 37 47.6
(0bcepsaTopus 8.8 72 11.0 27 283

Mnaxa 8.0 7.9 9.7 13 214

bnarogapHocTtu: M3cnenBaHeTo e OCbLLEeCcTBEHO B paMKuTe
Ha NpoekT, GuHaHcmMpaH oT ®HU, Ne KM-06-H54/2, 2021 r.



148

11l NATIONAL SCIENTIFIC CONFERENCE ON METEOROLOGY, HYDROLOGY AND ENVIRONMENT

24-26 March 2026, NIMH, Sofia

Comparative analysis of fine particulate matter concentrations
at a traffic-oriented, urban and regional background station in the Sofia area
S. Georgiev'", R. Dimitrova?, E. Hristova?

'Faculty of Physics, Sofia University “St. Kliment Ohridski”
2Department of Meteorology, National Institute of Meteorology and Hydrology
Keywords: fine particulate matter (PM), influence of green urban areas
*email: georgiev.sto@gmail.com

Introduction

Air pollution with fine particulate matter (PM) continues
to be a major problem in urbanized areas, including the
city of Sofia. The present study provides a comparative
analysis of the PMio and PMas fractions from three
locations in the capital region: a traffic-oriented station
located near a boulevard with intensive vehicle traffic
(Orlov Most area), an urban background station situated
in a green urban zone (the Observatory of Sofia University
“St. Kliment Ohridski” in Borisova Gradina Park), and a
regional  background station (Plana  Geodetic
Observatory) outside the urbanized territory. The data
were converted to hourly mean values and subjected to
quality control.

Methodology

The measurements were conducted as part of a field
experiment carried out during the period December
2024 — June 2025, covering different seasons and
allowing for the assessment of PM concentrations under
varying meteorological conditions. Data quality control
was performed, including checks for anomalous values to
enhance the reliability of the analysis. Statistical analyses
and comparisons between the different types of stations
were conducted. To assess the influence of the green
area on PM dispersion, a dataset corresponding to north-
westerly (NW) transport conditions was selected (wind
direction 290-340° and wind speed > 1 m/s). Under this
wind regime, the airflow passes from the traffic-oriented
station toward the urban background station located
approximately 1 km to the southeast, with Borisova
Gradina Park situated between them. This setup enables
a quantitative evaluation of the potential effect of the
green urban area on the spatial distribution of
concentrations.

Results and conclusions

The results presented focus on PMzs, as it is one of
the pollutants associated with traffic emissions and, due
to its smaller size, can be transported over longer
distances before dispersing or depositing on the ground
surface.

Hourly concentration measurements show clearly
pronounced episodic peaks and greater amplitude at the
traffic-oriented station compared to the two background

stations. This behavior is consistent with a significant
local contribution in the immediate vicinity of the
roadway.
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Figure 1. Hourly PM, s concentrations at the three stations
within the common time window.

The distribution of PM2s under the selected NW
transport conditions (Fig. 2), presented through a boxplot
and the accompanying statistical parameters in Table 1,
indicates consistently higher concentrations near Orlov Most
compared to an approximately 40% reduced concentration at
the urban background station, likely influenced by the presence

of green areas.
The traffic-oriented station demonstrates
concentration and greater internal variability

higher
(IQR)

compared to the background stations. The obtained results
allow for distinguishing the local pollution component from
the regional background and highlight the role of green

areas in interpreting intra-urban contrasts.
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Figure 2. Distribution of hourly PM; s concentrations
under NW wind regime (290-340°, 2 1 m/s).

Table 1. Summary statistics for PM,s under NW wind regime.
Presented are median, IQR, mean value, and percentiles (P5—
P95), characterizing the spatial gradient and variability of

concentrations

Site Median IQR Mean P5 P95
Orlov most 15.7 10.9 18.8 3.7 41.6
Observatory 8.8 Tl 11.0 2.7 28.3
Plana 8.0 7.9 9.7 1.3 21.4

Acknowledgements: The study was carried out within

a project, funded by the National
No. KP-06-H54/2, 2021.
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*email: emilia.georgieva@meteo.bg

BvBegeHue
MpeBuwWweHMATa Ha cpefHogHeBHATa Hopma 3a PMY,,
(50 ugm'a) ca pesynTaT oT KOMBMHUPAHO BAMAHME Ha
MHOeCTBO MpoLecH, CBbP3aHW C eMUCUM, MPEHOC U
TpaHchOpMaALMA Ha 3aMbPCUTENN U TAXHOTO OYUCTBAHE
oT atmocdepata. MeTeoponorMyHM napameTpu CbeC
CbLULECTBEHA PONA 33 AMCNEPCUATA HA 3aMbpPCUTENN Ca
CKOPOCT Ha BATbpPa, Ba/feX W YCTOMYMBOCT Ha
aTmocdepaTta. BnaxHOCTTa, CABHYEBOTO rpeeHe U
TemnepaTtypata BAMAAT MHAMPEKTHO 4pe3 yc/i0BMA 3a
npeobpasyBaHe Ha 3aMbpPCUTEINTE, KaKTO M 3a
yBe/nnYaBaHe Ha eMMCUUM OT BUTOBO ropeHe.

HanpaBeH e cbBMecTeH aHanM3 Ha MNpeBULLEHUATA
Ha ®MYyy M MeTeoposorMyHM AaHHWM OT CTaHAAPTHWU
M3MepBaHMA 33 [ABe CTYAEHM MNONYroAuA: OKTOMBPM
2023 — mapt 2024 r.  okToMBpK 2024 — mapT 2025 T.

MeTtoponorus

M3non3BaHM ca  JaHHM 3@ aHOManuMM B
TemnepaTtypata W BaneXuTe Hagh CTpaHaTa 3a ABaTa
nepuoaa, KakTo W OMNucaHMe 3a Tuna Bpeme npes

oTAENHM 3UMHU meceum (MeceueH
XxuapometeoponoruyeH 6ronetnH, HUMX).
CpefHOOHEBHUTE KOHUeHTpauum 3a PMYy, ca

aHanmsmpaHu 3a 16 craHumm Ha WMAOC, Kkbaeto ca
perucTpmpaHun 3HadyMm 6pon gHWM C NpPeBULIEHUS npe3
3uMHUA ce30H 2024-2025 r.: Copua — 167 gHu obuwo
(MaBnoBo, Hagexaa, Xunogpyma, Mnagoct, [pyxb6a n
rapa fHa), MepHuk — 90 (LleHTbp m Lbpkea), [LonHu
BoaeH — 37, MNnoegue — 98 (Kamenuua u Tpakus),
XackoBo — 47, Pyce — 48, lopHa Opsaxosuua — 48,
BuamH — 48, 1 MoHTaHa — 55. 3a 7 rpaga cbC CTaHUMn
Ha HWMX e HanpaBeH CcbBMecTeH aHanAM3 Ha
Habt04aBaHN MECEYHWN NPEBULLEHNA U CPefHOMECEYHa
TemnepaTypa, CKOPOCT Ha BATbPA U MECEYEH Banex.

Pesyntatu n ussogm

MpeBuweHusaTa npes 2024-2025 r. ca 6amn3o agga
NbTW NoBeye, OTKOAKOTO npes3 2023-2024 r. (tabn. 1).
Mpe3 aHyapu u despyapu 2025 r. npesBUlIeHUATa ca
O0K0JI0 2.7 MbTW NOBeYe CNpsAMO CbluMTe Meceuu Ha
2024 .

Tabnuua 1. CpaBHeHMe Ha 6poit AHM € NpeBULIEHUA

Mepuog/ O6wo Xl | ]
mecel,

2023-2024 355 117 101 42
2024-2025 638 69 250 131

flHnyapyu 2025 r. e Hall-cyxuAT mecel, fHyapu OT
2021 r. Hacam, C MeCeYHW CYMW HA BaNexuTe nog
KNMMaTU4YHaTa Hopma (3—80% ot Hes). AHyapu 2024 . e
no-AbXXA0BEH, C BaNeXW OKONO M nog HopmaTa. U 3a
ABeTe roAuHW AHyapu € CbC CpeaHOMEeceyHu
TemnepaTypu Hag HOpmMaTa, KaTo MO-TOMbA € AHyapu
2025 r. deBpyapun U 3a aBeTe roguHU € OTHOCUTEJNIHO
cyx (Banexu nop HopmaTta). Hal-xapakTepHo 3a
¢deBpyapu 2025 r. e cTyaeHOTO Bpeme: TOBa € HaW-
CcTyaeHuaT mecer, ¢espyapu ot 2013 r. Hacam
(oTKNOHEHME oT HopMaTa
no -5 °C). 3a cpaBHeHue, pespyapu 2024 r. e eauH oT
Hal-TonnuTe (OTKNOHeHMe OoT HopmaTta oT +3.0 go
+7.6 °C).

3a AHyapu u desBpyapu 2025 r. ca XapaKTepHW U
NPOAB/IKUTENHN NEePUOAU C aHTULMKAOHANHO Bpeme n
YCNOBMSA 32 MBI/, KOETO H1AronpuATCTBa 3a4bpPKaHETO
Ha 3aMbpPCUTENN BbB Bb3ayXa.

MoapobHUTe aHanusM 3a BCAKA OT CTaHuuuTe
(Coduna, NMnosame, MepHuK, Xackoso, Pyce, BuawuH,
MoHTaHa) noKassar, ye pasnukuTe mexay
npesuweHMATa B [ABeTe CTyAeHW noayrogua ca
CBbP3aHM C PaA3/IMKM B HAKOW METEOPOJIOrMYHM
napameTpu - Hal-yecTo TOBa ca
NO-HUCKU CKOPOCTU Ha BATbPa M MO-MAJKM KOAMYECTBA
BaJieXk npes ce3oHa 2024-2025 r. cnpamo 2023-2024 r.

Hanpumep 3a ctaHuua Pyce (¢ur. 1) pasnukute B
npesBuLeHUATa npe3 AHyapu-pespyapu ce acoummpart ¢
pa3nnKM B CKOPOCTTA Ha BATbPa M Temnepartypara.
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®urypa 1. Pyce — 6poit npesuwenna Ha ®MY,, 1 TemnepaTypa,
CKOPOCT Ha BATbPaA M BajieX 3a CTyeHUTe Noayroamna
2023-2024 1.1 2024-2025r.

BnarogapHocTu: M3cnepBaHeTo e OCbHLLECTBEHO B
pamMKuTe Ha MpoeKkT, ¢uHaHcMpaH OT brogKeTa Ha
HUMX.
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Introduction

The exceedances of PMy, daily limit value (50 ugm™) are
result of the combined effects of multiple processes
related to emissions, transport and transformation of
pollutants, and their removal from the atmosphere.
Meteorological parameters with a crucial role for the
dispersion of pollutants are the wind speed,
precipitation, and atmospheric stability. Humidity,
sunshine, and temperature have an indirect influence
through conditions for transformation of pollutants and
for increasing of emissions from residential heating.

A combined analysis is carried out of PMy,
exceedances and meteorological data from standard
observations during two cold seasons (October 2023 —
March 2024 and October 2024 — March 2025.

Methodology

Data for the temperature and precipitation
anomalies (deviations from the monthly climate norms)
over the country are used. In addition, the synoptic
situations and weather during the single months was
consulted (Monthly hydrometeorological bulletin,
NIMH).

PMy, daily mean concentrations are analyzed at 16

air quality stations of the Executive Environment
Agency, where significant number of exceedances were
recorded during the cold season 2024-2025: in Sofia —
167 total days (Pavlovo, Nadezhda, Hipodruma,
Mladost, Druzhba and Gara Yana), Pernik — 90 (Centre n
Tsarkva), Dolni Voden — 37, Plovidv — 98 (Kamenitsa and
Trakia),
Haskovo — 47, Ruse — 48, Gorna Oryahovitsa — 48, Vidin
— 48, and Montana — 55. For 7 cities with NIMH stations,
a combined analysis is carried out for the monthly
number of exceedances, temperature, wind and
precipitation.

Results and conclusions

The number of exceedances in 2024-2025 are
almost two times more than in 2023-2024 (Table 1). In
January and February 2025 the exceedances are about
2.7 more than in the same months of 2024.

Table 1. Comparison for number of exceedances

Period/ Total Xi | ]
month
2023-2024 355 117 101 42
2024-2025 638 69 250 131

January 2025 was the driest January since 2021, with
monthly precipitation amounts below the climate norm
(3-80% of it). January 2024 was wet, with precipitation
around and below the norm. For both years, January
monthly temperatures were above the norm, with
January 2025 being warmer. February in both years was
relatively dry (below average precipitation). The most
characteristic feature of February 2025 was the cold
weather: it was the coldest February since 2013
(deviation from the norm of up to -5°C). February 2024,
on the other hand, was one of the warmest (deviation
from the norm by +3.0 to +7.6 °C).

January and February 2025 were characterized by
prolonged periods of anticyclone weather and days with
fog, which favor the accumulation of pollutants in the
air.Detailed analyses for each of the stations (Sofia,
Plovdiv, Pernik, Haskovo, Ruse, Vidin, and Montana)
showed that the differences between the exceedances
in the two cold seasons are related to differences in
certain meteorological parameters — most often these
are lower wind speeds and lower precipitation amounts.

For example, in Ruse the differences in exceedances
in January-February are associated with differences in
the wind speeds and temperatures (Fig. 1).

Ruse Vazrajdane Ruse

» 2023-2024 W 2024-2025 2023-2024 = 2024-2025
D —_—
o [&]
c o
34 N
8 510 ’
o ©
> =
W 5 o 5
a— [=%
b I i 5o

5 0 &

No

Oct Nov Dec Jan Feb Mar Oct Nov Dec Jan Feb Mar

Ruse Ruse

2023-2024 = 2024-2025 2023-2024 = 2024-2025

s)
w
o
m)

£
E 100

§2.5 .5

#2.0 2 50

2 =

£ 2 v
215 2

0
Oct Nov Dec Jan Feb Mar Oct Nov Dec Jan Feb Mar

Figure 1. Ruse — number of PM;, exceedances and
temperature, wind speed and precipitation for the months
of the cold seasons 2023-2024 and 2024-2025.
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Texxkn metanum BbB P42 5 B Byprac: cesoHHa gUHaMMKa U OLLeHKa Ha 34paBeH PUCK
X. MytayY, /. ToHcansew™", B. Feopruesa?, C. HaitaeHosa?, E. Xpuctosa?

ldakynTeT No npMpoaHKN Hayku, Bypracku gbpaseH yHusepcuteT ,Mpod. a-p AceH 3natapos”
2[lenapTtameHT ,MeTeoponorma“, HaumoHaneH MHCTUTYT N0 METEOPOIOIUA U XMAPONOrMA
Kntoyosu aymun: mexku memanu, @14, ce3oHHa OUHAMUKQ, 30paseH pucK
*email: lenia_gonsalvesh@abv.bg, lenia gonsalvesh@uniburgas.bg

BvBegeHue

®uHuTe npaxosu Yactnum (PMNY25) ce yTBbPKAABAT KATO
KNHOYOB WMHOMKATOP 3a KAYeCcTBOTO Ha aTtmocdepHua
Bb34yX NOpPaau 3HAYMMOTO MM BbB3AEWNCTBME BbPXY
ekocuctemuTe " obuecteHOTO 34pase. B
ypbaHU3npaHUTE TEepUTOPUM TPAHCNOPTLT, OUTOBOTO
OoTON/MIEHWE W MHAYCTpUMANHaTa [AeNHOCT ca cpes
OCHOBHWTE M3TOYHULM Ha E€MWUCUW, KOUTO BOJAT [0
NOBULIEHM KOHLLEHTPALMM HA YCTOMUYMBM U NOTEHLUMANHO
TOKCMYHM  MeTanu B aTtmochepHusa  aeposon.
HatpynBaHeTo Ha Te3n enemeHTn BbB PlNY25 cb3pasa
npeanocTaBkKM 33 MOBULIEHA  eKCno3uuMa  Ha
HaceseHMeTo U CBbP3aHM  34paBHUM  PUCKOBE.
HacrtoAwoTto m3cnegsaHe vMma 3a uen ga aHaausupa
OMHAMMKATa M U3TOYHUUWUTE Ha TEXKM MeTanun BbB
®NY25 B rp. byprac, KakTo U Aa oOUeHU Bb3PacTOBO-
cneunduUHMA NHXaNaLMOHEH 34paBeH PUCK.

MeToponorus

Mpobu ot PMY2.5 ca cbbupaHu npes eceHTa Ha 2022 .
M 3umarta Ha 2023 r. Ha TepuTopuATa Ha byprackua
ObpyKaBeH yHuBepcuteT ,Mpod. a-p AceH 3natapos”
(42.314° N, 27.264° E, 30 m HagMOpCKa BWCOYMHA B
pamknte Ha npoekta CARBOAEROSOL. TpuHagecet
meTana (V, Cr, Mn, Fe, Ni, Co, Zn, Cu, As, Cd, Pb, Ba, Bi) ca
onpeaeneHn ypes ICP-MS cnes  MMKPOBBAHOBA
KUCENMHHA MWHepanusauma. 3a ugeHTuduMKauma Ha
M3TOYHMUMTE Ca WM3MNOA3BAHM OMUcCaTesIHa CTAaTUCTUKA,
OTHOCUTEJTHO CTAaHZAPTHO OTK/IOHEHMe (RSD),
KOpenauuoHeH aHanm3 Ha Pearson u iepapxuueH
KNbCTepeH aHanu3. MHXanauMoHHUAT 34paBeH PUCK e
OUEHeH cbrnacHo metogonormata Ha U.S. EPA, upes
M3uncnABaHe Ha HekaHueporeHeH puck (Hazard Index,
HI) n kaHueporeHeH puck (Total Cancer Risk, TCR) 3a
KbpMayeTa, Zeua v Bb3pacTHu (U.S. EPA, 1989).

Pe3syntatu n ussogu

YcTaHoBeHa e ACHO n3paseHa Ce30HHa
BApMabWAHOCT, KATO KOHLEHTpauuuTe Ha MosevyeTo
MeTann ca Mo-BUCOKWU Mnpe3 3MMHUA nepuosd. Tosa ce
CBbp3Ba C MWHTEH3MdUUMPaAHE HA aHTPOMOreHHUTe
emucun (6UTOBO OTONNEHME), OrpaHMYeHa aTMochepHa
ancnepcus u cneundrUyHM MeTeopOosIOrMYHN YCN0BUA,
6naronpuATCTBALLM aKyMy/IMPaHe Ha 3aMbpCUTENN.

Hali-BMCOKM cpefHM KOHLEHTpaALMKM ca OTYETEHU 3a
Fe, Zn, Cu, Pb n Ba. KopenauyMoHHUAT aHaAN3 NoKasBea
CUHN BPB3KK Mexay oTAeNHU eNleMeHTH
(Hanp. Zn-Cu-Ba-Pb npe3 3uMmara), KoeTto npeanosara
0o6WM U3TOYHUUM HA EeMUCUM, CBBP3AHU C TOPUBHMU
npouecM M TpaHCNoOpT.  KAbCTepHWMAT  aHanu3

NOTBbP!KAABA HA/IMUYMETO Ha 0BYCNOBEHM OT U3TOUYHMKA
rpynu metanm.

OueHKaTa Ha 34paBHMA PUCK MOKa3Ba Bb3PacTOBO-
3aBUCUMU pasinuma. Hain-BMcoku cToiHocTn Ha HI ca
OTYETEHM NPU KbpMayeTa, OCHOBHO NOPaLN eKCNo3nums
Ha Mn M As, HO BCMYKM CTOMHOCTM OCTaBaT nof
KpUTUYHaTa rpaHunua ot 1. KaHueporeHHUAT puck (TCR) e
OOMUHMPaAH OT NpuHoca Ha As, cnegBaH ot Cd u Ni, KaTo
npu feuaTa CTOMHOCTUTE ce A06AuMKaBaT A0 WU JIEKO
HagsuwagaT pedepeHTHaTa rpaHmua 1x10™, ocobeHo
npes sumara.

Pesyntatute nogyepTaBaT 3HAYEHMETO Ha CE30HHUTE
daKTOpM U Bb3paCTOBO-CNeundUYHaTa eKCnos3nums npum
OLEeHKa Ha pucka B ypbaHM3unpaHa cpesa.
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durypa 2. KopenaunmoHeH aHanms Ha MUbPCHH NO CE30HMU.
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Introduction

Fine particulate matter (PM,s) has become a key
indicator of air quality due to its significant impact on
ecosystems and public health. In urban environments,
traffic emissions, residential heating and industrial
activities represent major sources contributing to
elevated concentrations of persistent and potentially
toxic metals in atmospheric aerosols. The accumulation
of these elements in PM,s increases population
exposure and may pose substantial health risks. The
present study aims to analyze the dynamics and
potential sources of heavy metals in PM, ;s in the city of
Burgas, Bulgaria, and to assess age-specific inhalation
health risks.

Methodology

PM, s samples were collected during autumn 2022
and winter 2023 at the site of Burgas State University
“Prof. Dr. Asen Zlatarov” (42.314° N, 27.264° E, 30 m
a.s.l.) within the framework of the CARBOAEROSOL
project. Thirteen metals (V, Cr, Mn, Fe, Ni, Co, Zn, Cu,
As, Cd, Pb, Ba, Bi) were determined using ICP-MS
following microwave-assisted acid digestion. Source
identification was performed using descriptive statistics,
relative standard deviation (RSD), Pearson correlation
analysis and hierarchical cluster analysis. Inhalation
health risk was assessed according to the U.S. EPA
methodology by calculating the non-carcinogenic risk
(Hazard Index, HI) and the carcinogenic risk (Total
Cancer Risk, TCR) for infants, children, and adults (U.S.
EPA, 1989).

Results and conclusions

A pronounced seasonal variability was observed,
with higher concentrations of most metals during the
winter period. This trend can be attributed to
intensified anthropogenic emissions (mainly residential
heating), limited atmospheric dispersion and
meteorological conditions favourable for pollutant
accumulation.

The highest mean concentrations were recorded for
Fe, Zn, Cu, Pb and Ba. Pearson correlation analysis
revealed strong associations among several elements
(e.g., Zn-Cu-Ba-Pb in winter), suggesting common
emission sources related to combustion processes and
traffic activities. Cluster analysis further confirmed the
presence of source-related groups of metals.

Health risk assessment revealed age-dependent
differences. The highest HI values were observed for
infants, mainly due to exposure to Mn and As. However,

all values remained below the critical threshold of 1.
The carcinogenic risk (TCR) was dominated by the
contribution of As, followed by Cd and Ni. For children,
the values approached or slightly exceeded the
reference limit of 1x10™, particularly during winter.

Overall, the results highlight the importance of
seasonal factors and age-specific exposure in health risk
assessments within urban environments.
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Figure 1. Mean concentrations (ng/m3) and relative standard
deviation (RSD, %) of heavy metals in PM, 5 by season.
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BvBegeHue

3ambpcABaHETO Ha  Bb3dyxa OCTaBa eguH  oOT
Han-3HAYMMUTE EKONOTMYHU W 34PaBHU nNpobremn B
Bbarapua, Kato CoduAa 4YecTo OTYMTa MOBMLLUEHMU
KOHUEHTPauun Ha asoteH pguokcng, (NOz) u duHM
npaxosu yacTuum (ony). BbBexpgaHeTto Ha
HUCKOEMUCUOHHU 30HM (HE3) oT CTonuyHa obwmHa
uenM Aa  HamaaM  3aMbpCABAHETO, CBbp3aHO C
TpaHCNopTa B Hall-HaTOBAapEeHUTE LLeHTPa/IHW PalioHN Ha
rpaga. HacroAwoTo nscnenBaHe npeactaBa pesyntaTu
OT UYWUCNEHW CUMyNAUMKM  4Ype3 KOMBMHMpaHe Ha
PErMoHanHO W JIOKAaJIHO MOJenMpaHe C BMCOKa
pesonouMa WM  M3BbPLWIBA OLEHKA Ha edekta oT
npunaraHeto Ha HE3.

MeTtopgonorua

PaspaboteHa e nogpobHa WHBEHTapu3aumMa Ha
TPAHCMOPTHUTE EMUCUMN 3@ OCHOBHUTE YAULM U MbTHU
aptepun B Codpusa 3a Tpu roanHn: 6asosa 2018 (Brezov
& Burov, 2023), cueHapuit 3a manbk puHr (2022) u
cueHapui 3a roaam  puHr (2026). Emwucunte ca
usumcneHn ypes EMIT, Kato Heobxogumute BXOLHM
OaHHM Cca noayyYyeHW 4pe3 aHcambbn mogenu 3a
MaLWMHHO obyyeHne, N3No0A3BaKM AaHHM 33 aBTOMapKa
Nno eBpoOKaTeropuu, NapameTpyu Ha YAUYHWUTE KaHbOHM,
HAAbKHU HAaKNOHU U TpaduK (dur. 1).

Moaea wa Tpadpuka - Brezoy, D; Buroy, A. Ensemble Learning Traffic Model for Sofia: EMIT nixoa
A Case Study, Appl. Sci. 2023, 13, 4678,
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durypa 1. MoeTtaneH npouec 3a U3rotesHe
Ha MHBEHTapU3aumATa Ha TPAHCMOPTHUTE EMUCUN.

MogaenvMpaHeTo Ha KayecTBOTO Ha Bb3ayxa e
n3BbplweHo 4pe3 Multi-Model Air Quality System
(MAQS), KoATO CBBbp3Ba PErnmoHasHOTO MoAe/MpaHe
WRF-CMAQ (1 km) c nokanHua mogen ADMS-Urban
(100 m), kKaTto npepoTBpaTABa ABOMHOTO OTYMTAHE Ha
emncun. PesynTtatute ca BaAuAMPaHWU C AaHHM OT
M3mepBaHMA B oduumanHute ctaHuum Ha WMAOC un
noseTa c BUCOKa pe3sontouma ot npoekta EXPANSE (Shen
et al., 2022).

PesynTtatu n nssogu

BbBexgaHeto Ha HE3 BogM [0 CblecTBEHO
HamansaBaHe Ha KoHueHTpaumunte Ha NO, Mo OCHOBHUTE
byneBapaM M KpbcToBULWA. MaKCMMaNHUTE TOAULLIHM
cpeaHu ctoriHoct Ha NO, HamanagaTt ¢ okono 25% 3a
Mankua puHr (2022) n 35% 3a ronemusa puHr (2026)
cnpsamo 2018 r. Hait-ronemun Hamanerus (ao 30 pug/m3)
ce Haba[aBaT Mo CUMAHO HAaTOBAPEHUTE TPAHCMOPTHU
Kopuaopu npes 3MMHUTE meceuu. 3a pasaMKa OT ToBa
KOHUgHTpaumnte Ha ®MNYy n ®MNY,.5 nokassat camo
He3HauuTeNHM  HamaneHua  (3-5%), Tbi  KaTto
TPaAHCNOPTLT JOMPUHACA NO-MAJIKO 33 TO3M 3aMbpcuTeN
B CpaBHeHWe C 6MTOBOTO OTOM/JIeHME U Apyrn
M3TOYHUUKN. Bbnpekn nogobpeHusTa CUMyAMpaHUTE
ctoiHocth Ha NO, B 64AM30CT A0 HaTOBapeHwu
KPbCTOBMLLA OCTaBaT Hag npeactoawmte Hopmu Ha EC
3a 2030 r.,, KoeTo nmnopacKasBa HeobxogMmocT OT
OONBIHUTENTHU MEPKMU.

183500 179500 17500 -1
xm

durypa 2. KapTu ¢ U34UMCNEHUTE CpeaHN KOHLEeHTpauum
(3a pekemspwu, AHyapu 1 pespyapu) Ha NO; 3a 2018 r. (a),
MasbK PUHT (6), ronam puHr (B) M pasnnkute mexay 6asosaTta
2018 r. u cueHapua ronam puHr 2026 (r).

bnarogapHoctTn: M3cnepBaHeTo e OCbLLECTBEHO
B paMKuTe Ha MpoeKT, JuHaHcupaH oT @HMU,
Ne KM-06-H54/2, 15.11.2021 .
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Introduction

Air pollution remains one of the most significant
environmental and public-health challenges in Bulgaria,
with Sofia repeatedly experiencing high levels of NO, and
particulate matter (PM). The introduction of
low-emission zones (LEZs) by the Sofia Municipality aims
to reduce traffic-related pollution in the most congested
parts of the city centre. This study presents results from
numerical simulations by combining regional and high-
resolution local modelling and evaluates the effect of
implementing the LEZs.

Methodology

A bespoke traffic emission inventory was developed
for major streets and national roads in Sofia for three
years: baseline 2018 (Brezov & Burov, 2023), small-ring
LEZ scenario for 2022, and large-ring LEZ scenario for
2026. Emissions were calculated using EMIT,
incorporating fleet composition by Euro standards, street
canyons, gradients, and machine-learning-derived traffic
volumes. The output from EMIT was then used as the
local emission inventory input for ADMS-Urban
dispersion modelling (Fig. 1).
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Figure 1. A stepwise process of the traffic emission inventory
for the major streets and roads.

High-resolution  air-quality  simulations  were
performed with the Multi-Model Air Quality System
(MAQS), which couples regional WRF-CMAQ modelling
(1 km) with ADMS-Urban dispersion modelling (100 m)
without double-counting emissions. The results have
been validated with data from measurements at the
official stations of the ExXEA and high-resolution fields
from the EXPANSE project (Shen et al., 2022).

Results and conclusions

The introduction of LEZ measures leads to substantial
reductions in NO, along major roads and intersections.
Maximum annual mean NO, decreases by approximately
25% in the 2022 small-ring scenario and 35% in the 2026
large-ring scenario relative to 2018. The greatest
reductions (up to 30 pug/m?3) occur on boulevards with
heavily traffic during winter months. In contrast, PMyo
and PM,.s show only minor decreases (3-5%), as
transport contributes less to particulate pollution
compared to domestic heating and other sources.
Despite improvements, simulated NO, concentrations
near major intersections remain above forthcoming 2030
EU limit values, indicating that LEZs alone are insufficient
without additional measures.

iim T ae
167500 163800 187500 18300 17900 17800 1TIS00 167800 163600

Figure 2. Maps with calculated average concentrations
(for December, January, February) of NO, for 2018 (a), small
ring (b), large ring (c) and differences between concentrations
for the base year 2018 and the large ring 2026 scenarios (d).
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BbvBepgeHue
KnvMmaTuyHaTta Kprsa, M34epnBaHeTo Ha pecypcuTe
M 3arybata Ha 6uopasHoobpasme U3UCKBAT

cUCTEMHa TpaHchopmaumsa B Espona.
EBponelickata 3eneHa caenka WM MaKeTbT
,MoaroTseHn 3a uen 55“ onpeaenat

yCTOﬁHVIBOCTTa KaTo CTpaTern4eckn noJIMTUHECKU U
MKOHOMMYECKN NPUNOpPUTET. 3a AbpXXaBu KaTo
anrapMﬂ TO3U npexon € CBbp3aH CbC 3aBUCUMMOCT
OT W3Konmaemum ropmBa WU BUCOKa EHepFMVIHa
WHTEH3UBHOCT.

U3cnepgaHeTo pa3rnexga WUHTEerpupaHeTo Ha
€KOo/10rnmyHaTa yCTOl’I‘-IVIBOCT B CTpaTern4ecKoTto
ynpasaeHue Ha OpraHM3aynoHHO HUBO B
CcboTBETCTBUE C EBpOHEl‘/'ICKMTe KIMMATUYHN
NONNUTUKMN.

MeTtoponorusa

M3cnepgBaHeTo  pas3paboTBa  KOHUENTyaseH
mozaen 3a €KOJIOTMYHO OpPUEHTUPAHO
CTpaTerMyecko  ynpaB/ieHWe, HACOYeH  KbMm

npunaraHe Ha uenute Ha EC 3a ycToliumMBocT B
OpraHM3auMoHHUTE cTpaTerm. MogensT BKAOYBA
ner KOMMOHEHTa:
(1) cTpaTernyecko nnaHupaHe, cbobpaseHo ¢
€KOJIOTUYHU Lenu; (2) eKONOrMYHU WMHOUKATOPW;
(3) opraHusaumoHHa KyATypa MW AUAEPCTBO;
(4) 3eneHn wuHoBauuu; (5) aHraxkupaHe Ha
3aMHTepecoBaHUTE CTPaHM.

MeToaon0rMyHaTa pamKa cbyeTaBa aHaAM3 Ha
HayyHa AuTepaTypa, aHaAM3 Ha MOJUTUKU MU
eMNUPUYHa MpPOBepKa Ype3 aHKETHO Mpoy4YBaHe
cpefs opraHusauuu B bbarapusa. CTaTUCTUYECKUAT
aHanM3 u3cnefBa BpPb3KaTa MeXAy YCTOMYMBO
opueHTMpaHaTa cTpaTerma W OpraHW3auMoHHaTa
edeKTUBHOCT.

Pe3yntatu u ussoam

Pesyntatute nokasBaT, 4Ye oOpraHM3auuuTe,
KOUTO  MHTErpMpaT  eKONIOFTMYHWM  uenm B
CTpaTerMyeckoTo NaaHupaHe, NOCTUraT No-BMCOKA
pecypcHa edeKTUBHOCT M No-aAobpa aganTMBHOCT
KbM perynatopHu npomexu. AcHo aeduHupaHuTe
€KONOTMYHM MHOMKATOPU YKPEenBaT MexaHUsmuTe
33 MOHWUTOPUHTI U OTYETHOCT.

YcTaHOBEHA € MO/OMKMUTENHA BpPb3Ka Mexay
OpraHuM3aLMoHHATa KyATypa, OpPMEHTMpaHa KbM
YCTOMUYMBOCT, M KanauuTeTa 3a 3e/IeHN MHOBALMMU,
OpraHusaummuTe, KOUTO Bb3NpMUemaT eBPONencKuTe
€KONIOTMYHM  MONMTUKM  KaTo  CTpaTeruMyecka
Bb3MOHOCT, AeMOoHCTpumpaT no-BMCOKa
KOHKYPEHTOCNOCO6HOCT.

EMNMpMYHUTE  OaHHM  NOTBbLPXKAABAT, 4e
CUCTEMHaTa MHTerpaums Ha YCTOMYMBOCTTa B

CTpaTern4yeckoto ynpasseHue nosuiaBa
OpraHM3aunoHHaTa edJEKTMBHOCT n YCTOVI‘-IMBOCT.
MpepnoxkeHnAat mogen npeacrasnAaga

ynpaB/iieHCKa pamKa, CBbp3Balla LenuMTe Ha
eBponeickaTa  KAMMaTMYHA  MOJAMTUKA  CbC
CTPaTerMyeckoTo ynpas/JeHMe Ha opraHusauuuTe.
HeroBata npuWAOXKMMOCT B ObArapcku ycnoswus
nogyepraBa HeobxogMMOCTTa OT Cbl/1acyBaHOCT
MeXay eKoNornyHute ambuumum Ha EC M
HauMOHaNHaTa ajanTaums.

Tasn ycTOMYMBOCT cnefBa Aa ce pasrnexsga
KaTo asuraten Ha MKOHOMMYEecKaTa
MOAEepHU3aLuUs. MN3cnepBaHeTo npegnara
eMNVPUYHO Ba/MAMPAHA pPamMKa B MNOAKpena Ha
npegnpuaTMa U Ny6AWYHU  UHCTUTYLUUKW  MpU
OCbLUECTBABAHE Ha Npexos Kbm AekapboHusauus
M KPpbroBa MKOHOMMKa.
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Introduction

The accelerating climate crisis, resource depletion
and biodiversity loss require  systemic
transformation across Europe. The European
Green Deal and the “Fit for 55” package redefine
sustainability as a strategic political and economic
priority. For EU Member States such as Bulgaria,
this transition creates challenges related to fossil
fuel dependence and energy intensity.

This study examines the integration of
sustainability into  strategic
management at organizational level, aligning
practice with European climate policies.

environmental

Methodology

The research develops a conceptual model for
environmentally oriented strategic management
designed to operationalize EU sustainability
objectives within organizational strategies. The
model integrates five core components:
(1) strategic planning aligned with environmental
targets; (2) environmental performance indicators;
(3) organizational culture and leadership; (4) green
innovation and technological transformation; and
(5) stakeholder engagement.

The methodological framework combines
literature review, comparative analysis of
European environmental policy instruments, and
empirical validation through a structured survey
conducted among Bulgarian  organizations.
Statistical analysis was applied to test the

relationship between sustainability-oriented
strategy and organizational performance
indicators.

Results and conclusions

The findings demonstrate that organizations
integrating environmental objectives into strategic
planning achieve higher levels of resource
efficiency and improved adaptability to regulatory
change. The presence of clearly defined
environmental indicators significantly enhances
monitoring and accountability mechanisms.

Results also show a positive correlation
between sustainability-oriented organizational
culture  and green innovation  capacity.
Organizations perceiving EU environmental policies
as strategic opportunities rather than regulatory
burdens exhibit stronger long-term
competitiveness.

The empirical evidence confirms the central

hypothesis: systematic integration of
environmental  sustainability into  strategic
management contributes to enhanced

organizational effectiveness and resilience in the
context of EU climate transition.
The proposed conceptual model provides a

structured governance  framework linking
European climate policy objectives with
organizational strategy implementation. Its

applicability in the Bulgarian context highlights the
importance of policy coherence between EU-level
environmental ambition and national strategic
adaptation.

From a  politico-ecological  perspective,
environmental sustainability should be treated as a
core strategic driver of economic modernization
and institutional stability rather than a peripheral
compliance requirement. The study offers an
empirically  tested framework  supporting
enterprises, public institutions and policymakers in
implementing sustainability transitions consistent
with European decarbonization and circular
economy goals.
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BvBegeHue

Aneprvata e eauH OT  HaW-4yecTo  cpellaHuTe
34,0aBOC/IOBHU Npobnemun B cBeToBeH Mawab. Ta ce
onpegensa KaTo UMYHONOTNYHO obycnoseHa
CBPBXYYBCTBUMTENIHOCT HA OpraHM3ma KbM uyXAMu,
6e3BpegHM 3a opraHu3mMa BelyecTtsa. [poABABa ce KaTo
XPOHWMYHO 3abonABaHe, KoeTo adekTupa mexay 25 u
40% OT HaceneHUeTo B Pas3NYHUTE CTpaHu. bpoAaT Ha
3acerHaTuTe NOCTOAHHO HapacTBa — MO MHOIO MPUYUHM,
BK/IHOUYUTENIHO M NOpPagM MU3MEHEHMETO Ha KauMmaTta u
ypbaHuzaumaTta. [AuarHocTMKata W NIeYeHUEeTo Ha
aneprmyHute  3a60NABaAHMA  M3UCKBAT  CEPUO3HMU
¢burHaHcoBM pecypcu.

Halt-uecto anepruAta e B OTFOBOP Ha KOHTAKT C
LBETHWA Mpalley, Ha BeTpoonpalwsawmMTe ce BUAOBE
pacteHuA. MNoneHoBaTa aneprua ce xapakTepmsnpa cbe
ce30HHoCT. Mpu nauMeHTUTe ¢ NOAMHO3a ce HabatoaaBa
KaKTO Ppun3nyecko cTpafaHme — 3acAraT ce o4nTe, HOCHT,
rppaoto wu/mam  6enute papobose, Taka Cbwo WU
NCUXMYECKO HanperkeHMe npu  HabaukaBaHe Ha
nepuoga Ha ubdTtex n obocTpaHe Ha cumnTomuTe. ETo
3allo 3a Te3M MNauMeHTU e OocobeHO Ba)XHO A3 umat
HaBpeMEeHHa W TOYHa MONeHoBa WHPopMaLms.
HecnyyaiHo MNporpama KonepHuK (Copernicus
Atmosphere Monitoring Service, CAMS) yBenuyasa
bposa Ha HabniogaBaHuTe dakTopu OT atmocdeparta ¢
HebnaronpuaTeH edeKkT BbPXy 34pPaABETO, BK/IOYBAWKM
T.Hap. NO/NIEHOB UHAEKC.

MeTtoponorus

Hanuuneto Ha noneH BbB Bb3AyXa 3aBUCKU OT
pasnuyHM GaKTopu: pPacTUTENIHOCTTa B palioHa, pened,
Kammat. C Hal-ronama TexecT e B/AWAHMETO Ha
MeTEeOopO/IOTMYHNTE YC/0BMA Npeau WM Mo Bpeme Ha
ubdTeXHMA nepuon. ETO 3awo Bce noseye CTpaHu
BbBEXK/AAT NOAaBaHe Ha NONEeHOBA NPOrHO3a CbBMECTHO
C MmeTeopoJsiorMyHaTa. [bArocpoyHutTe  NONEHOBU
nporHosn ce 6asmpaT Ha UuudposuM moaenu ot
HaTpynaHM BbB BPEMETO JaHHU OT eXeAHeBeH
MOHWTOPUHI Ha Bb3AYLWHW NPOObU M OT HANMUYHU
NPOrHO3HW MONIEHOBU KaneHAapu. KpaTKocpouHuTe
NPOrHO3M ca No-TOYHW, 0cOBeHO Korato ce M3nos3Bat
peanHn AaHHW OT aepobuonornyHu nabopatopun B
OTAENHUTe pervoHu. B pasnnyHu meauun no ceeTa OT
AeceTuneTva ce Nonyaapusnpa noseHoBaTa NPorHosa ¢
Len HamasnaBaHe Ha BPeAHOTO Bb3AENCTBME Ha
anepreHnTe B Ce30Ha Ha UbdTea Ha pacTUTenHUTe
Bugose. OT ¢eBpyapu 2020 r. ctapTMpa CbBMECTEH
npoekt Ha bTV Bpemeto u HU3MB 3a perynspHo
nojasaHe Ha KOmMbBMHMpaHa nporHosa. 3a uenta ce
M3non3BaT:

1. TekctoBa 15-gHeBHa M cegMmuMyHa MeTeOpPOsIOTMYHA
nporHosa Ha HWMMX Kato KoHcynTaHT Ha bTV Media
Group 3a TemnepaTtypa, AHW C BETPOBUTO Bpeme MU
BaJIeXKM.

2. CbbupaHe Ha MOJIEHOBM AaHHW 33 aneprusmpaiim
BMAOBE pacTeHMA Ype3 ABa MeToAa: CeAMMEHTALMOHEH
(o1 2011 oo 2025 r.) M 06bemeH (3a 2024 n 2025 T.).

3. AHanu3 oT cneumanncT no noaeHuTe.

Mpu ycTaHOBABaHE Ha TEHAEHLUMUTE B NOBULLIEHNETO
WAM  MOHWMXEHMeTO Ha  Bb34yllHAaTa  MOJIeHOBA
KOHLLEHTpauMA B KOMOMHAUMA C MeTeoposorMyHaTa
nporHosa Ha HWMX ce wu3rotBaT cneunanmsmpaHm
7-AHEBHU NPOrHO3M, KOUTO Ce NOoNynapu3npaT B edupa
M UHTepHeT naatpopmute Ha bTV Media Group.

Pe3syntatu u ussoau

3a nepuoga 2020-2025 r. 4ype3s TeNeBM3UOHHU
M3MBbYBAHUA U UHTEPHET cTpaHuuaTa Ha bTV HosuHUTe
ca nopageHn 148 cegMMYHM  METEOPOJIOTUYHU
NPOrHO3M B KOMOWHaums C nosfeHoBa. B TAXHOTO
Cb3aaBaHe y4acTear pa3nn4HU cneunanmncTum:
METEeOopPOsI03U, KAUMATON03K, OMON03K, CTAaTUCTMLM,
NporpamucTu. BusyanHoTto obopmneHue Ha
NONEHOBUTE TMPOFHO3M cnefBa fACHUA WU JIeCHO
pa3nosHaBaeM LUBAT Ha KoAOBeTe OT eBponelicKaTta
cucTema METEOALARM 3a METEOPO/IOTUYHM

npeaynpexaeHus (3e0eH, bAT, OPaHKEB M YepBeH) u
aHaNOrMYHM KaTeropmm — HUCKa (b6esonacHa), ymepeHa,
Bb3ayLIHA

BUCOKa M MHOro
KOHUEHTpaumnAa.

BUCOKa noneHosa

CHumKa 1. MeTteoponoruyHute kogose Ha METEOALARM.

KOHUEHTPAUWSA HA NOAEHU .

ABPBETA CEM. XKMTHU

CHuMKa 2. NoneHoBa NporHosa.

Mpe3 2026 r. HMUMATMBATA NPOAB/NKABA, KAaTO
3ano4Ba 7-a nopeaHa rogMHa Ha NosieHoBaTa NPOrHo3a
B edumpa u nnatdopmuTe Ha bTV.
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Introduction
Allergy is one of the most common health problems
worldwide. It is defined as an immunologically mediated
hypersensitivity of the body to foreign substances that
are otherwise harmless. It manifests as a chronic disease
affecting between 25 and 40% of the population in
different countries. The number of affected individuals
continues to rise for many reasons, including climate
change and urbanization. The diagnosis and treatment of
allergic diseases require significant financial resources.
Most commonly, allergies occur in response to
contact with pollen from wind-pollinated plant species.
Pollen allergy is characterized by seasonality. Patients
with pollinosis experience not only physical suffering —
affecting the eyes, nose, throat, and/or lungs — but also
psychological stress as the flowering period approaches
and symptoms worsen. Therefore, timely and accurate
pollen information is especially important for these
patients. For this reason, the Copernicus Atmosphere
Monitoring Service (CAMS) has expanded the number of
monitored atmospheric factors with adverse health
effects by including the so-called pollen index.

Methodology

The presence of pollen in the air depends on various
factors: local vegetation, topography, and climate.
However, the most significant influence comes from
meteorological conditions before and during the
flowering period. Therefore, more and more countries
are introducing pollen forecasts alongside
meteorological forecasts. Long-term pollen forecasts are
based on numerical models built from accumulated daily
air-sample monitoring data and available predictive
pollen calendars. Short-term forecasts are more
accurate, especially when real data from aerobiological
laboratories in different regions are used. For decades,
pollen forecasts have been promoted in various media
worldwide to reduce the harmful impact of allergens
during the flowering seasons of different plant species. In
February 2020, a joint project between bTV Weather and
the National Center of Infectious and Parasitic Diseases
was launched to provide regular combined forecasts. The
following were used:
1. A 15-day and weekly textual meteorological forecast
from the National Institute of Meteorology and
Hydrology (NIMH), acting as a consultant to bTV Media
Group, including temperature, windy days, and
precipitation.

2. Collection of pollen data for allergenic plant species
using two methods: Sedimentation method (from 2011
to 2025) and Volumetric method (for 2024 and 2025).

3. Analysis by a pollen specialist.

After identifying trends in increasing or decreasing
airborne pollen concentrations, and in combination with
the NIMH meteorological forecast, specialized 7-day
forecasts were prepared and disseminated through
television broadcasts and the online platforms of bTV
Media Group.

Results and conclusions

Between 2020 and 2025, a total of 148 weekly
combined meteorological and pollen forecasts were
delivered through television broadcasts and the bTV
News website. Various specialists contributed to their
development, including meteorologists, climatologists,
biologists, statisticians, and programmers. The visual
design of the pollen forecasts followed the clear and
easily recognizable color codes of the European
meteorological warning system Meteoalarm (green,
yellow, orange, and red), corresponding to similar
categories: low (safe), moderate, high, and very high
airborne pollen concentration.

Picture 2. Pollen forecast.

The initiative continues in 2026, marking the seventh
consecutive year of pollen forecasting on air and across
the platforms of bTV.
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FeonpocTpaHCTBEH aHaNN3 Ha 3aMbPCABAHETO Ha Bb3AyXa U 34paBHUA PUCK

¢ T'UC 1 reonsKycTBeH UHTENEKT Ha Esri
K. NBaHoB

ESRI Bvarapua OO0/,
KnouoBu Aymun: 2eonpocmpaHcmeeH aHanu3, 3aMbpcisaHe Ha 8b30yxa, 30paseH puckK, ArcGlS Pro, MawuHHO
obyyeHue
*email: k.ivanov@esribulgaria.com

BvBegeHue

3aMbpcABAHETO Ha Bb3AyXa € BOZEL, EKONOTMYeH
pUCKOB $aKTop 3a YOBELWIKOTO 34paBe, MPUYMHABAMNKM
Hag 7 MUAMOHA NpeXAeBPEMEHHW CMBPTHU cCiyyan
roguwHo (WHO, 2022). B rpaacku cpeau Kato Codusa
KOHLEHTpauuMmMte Ha  GMHM  MpPaxoBM  4YacTuum
(PNY,5, ®MYq0), a30TeH AMOKCMA, M 030H Bapupar
3HaYMTENHO B MPOCTPAHCTBOTO W BPEMETO, KOETo
3aTpyAaHABa OLEHKaTa Ha peajsHaTa eKcnosuuua Ha
HaceneHueTo. TpaaMUMOHHMUTE noaxoan, 6asupaHu
€4MHCTBEHO Ha AaHHW OT M3MepBaTe/IHM CTaHUMM, He
no3sonsfBaT  MbAHOLEHHO KapTorpadupaHe  Ha
3aMbPCABAHETO U MHTErPUPaHETO My C Aemorpadcku u
34paBHM  gaHHW. HacToawarta pabota npeanara
MEeTOA0/M0TMYHA PaMKa, KOATO cbyeTaBa reorpadcku
nHoopmaumoHHn cuctemm (FTUC) Ha Esri ¢ meTogm Ha
reounskyctseHma uHtenekt (FfeolM) 3a yanocTHa oueHKa
Ha 34paBHUA PUCK OT 3aMbpCcsiBaHe Ha Bb3ayXa.

MeTtoponorusa

MogxoabT BKAOYBA YETUPU CTbNKU. [BPBO, AaHHU
OT u3mepBaTenHun craHuum — WAOC, caTennTHu
oueHkn — Living Atlas, Sentinel-5P (Living Atlas Team,
2025), n aemorpadckun nokasartenu ce obeauHABaT KaTo
npocTtpaHcTBeHn cnoese B ArcGIS Pro. Btopo, upes
NPOCTPaHCTBEHO-BPEMEBA WMHTEPNONaUmMa (eMnUpuYHO
ballecoBo KpurupaHe) M aHaAM3 Ha NPOCTPAHCTBEHO-
BpemeBu KyboBe ce M3rpaxaaT HenpeKkbCHaTU KapTu Ha
KOHUEHTpauunTe M ce uaeHTUGUUMpaT YyCcTonumsm
061acTN € NOBULWEHO 3aMbpcsABaHe. TpeTo, npunarat ce
MOJENN Ha Teou3KYCTBEH WHTENeKT (cnyyaHa ropa,
rpafneHTHo yCUNBaHe), KOUTO cBbp3BaT
KOHLLEHTpauMMTE Ha 3aMbpcuUTENM C AemMmorpadcku wm
KOHTEKCTHU MPOMEHIMBK (rbCcToTa Ha TpaduKa, 3eeHn
naowmM, TWN 3acTposBaHe) 3a MNPOrHO3WpaHe Ha
34paBHUA PUCK NO panioHU. YeTBbpPTO, pesyaTaTute ce
BM3Yya/IN3NPaT Ype3 MHTEPAKTUBHU yeb npunoxeHuns m
pa3KasBaTtesiHu KapTu (Esri).

1. faHHn 2.TUC aHanus

CraHumn, catennti, aemorpadus WHTepnonaums, ropewy TouKk1

3. N'eoU mopenn

4. Busyanusauus

~
willll =

MalumHHO 06yyeHue, NPOrHosH

Yeb npunoxeHus, kaptu

Purypa 1. MeTogonormyHa pamka: ot AaHHu npes NMC aHanus
N reou3KyCTBEH MHTENEKT 40 BU3yanm3aumna
Ha 3 paBHUA PUCK

Pe3syntatu u ussoau

KaTo untoctpauusa Ha noaxoda e naaHupaH aHanaus
3a rp. Codua ¢ gaHHM 3a PMYq oT mpekaTa Ha MAOC.
OuakBaHUTe pe3ynTaTu BKAOYBAT UAEHTUDULMPAHE Ha
YCTOMYMBM 30HM C MNOBULIEHW KOHUEHTpPAUUM B
LEeHTpasHUTE TPaACKM YAacTU WM OKOJI0 HATOBApPeHU
NbTHWM apTepuu, HacnareaHe ¢ Aemorpadcku AaHHU 3a
OLLeHKa Ha W3/1I0XKEHOTO HaceneHue W npunaraHe Ha
MOZE/IN Ha FTeOU3KYCTBEHWNA MHTEIEKT 3@ NPOrHO3MpaHe
Ha 34paBHMA pucK. MogxoabT € Bb3NPOM3BOAUM W
malabupyem 3a Apyrv rpascku cpeay n 3ambpcuTenu.
Mogaenute Ha TreOU3KYCTBEHUA WHTENEKT nocTurat
BMUCOKa obacHuUTenHa ctoiHoct (R? > 0,75), KaTo BoZeLm
dakTopu ca KoHueHTpauuaTa Ha PMYqo, 6aM30cTTa A0
MarucTpann v AnMncaTa Ha 3e1eHN NIoLM.

JNlntepartypa
Living Atlas Team (2025). Air Quality Layers
Documentation. Esri, Available online:

https://livingatlas.arcgis.com
WHO (2022). WHO global air quality guidelines. Geneva:
WHO.




160

11l NATIONAL SCIENTIFIC CONFERENCE ON METEOROLOGY, HYDROLOGY AND ENVIRONMENT
24-26 March 2026, NIMH, Sofia

Geospatial analysis of air pollution and health risk using Esri GIS and GeoAl
K. lvanov”

ESRI Bulgaria LTD.
Keywords: geospatial analysis, air pollution, health risk, ArcGIS Pro, machine learning
*email: k.ivanov@esribulgaria.com

Introduction

Air pollution is a leading environmental risk factor for
human health, causing over 7 million premature deaths
annually (WHO, 2022). In urban environments like Sofia,
concentrations of fine particulate matter (PMzs, PM1o),
nitrogen dioxide, and ozone vary significantly in space
and time, complicating population  exposure
assessment. Traditional approaches based solely on
monitoring station data fail to fully map pollution
patterns and integrate them with demographic and
health data. The present work proposes a
methodological framework combining Esri Geographic
Information Systems (GIS) with GeoAl methods for
comprehensive health risk assessment from air
pollution.

Methodology

The approach comprises four steps. First, data from
monitoring stations — Executive Environment Agency
(EXEA), satellite estimates — Living Atlas, Sentinel-5P
(Living Atlas Team, 2025), and demographic indicators
are unified as spatial layers in ArcGIS Pro. Second,
spatio-temporal interpolation (Empirical Bayesian
Kriging) and spatio-temporal cube analysis generate
continuous concentration maps and identify persistent
high-pollution areas. Third, GeoAl models (random
forest, gradient boosting) link pollutant concentrations
with demographic and contextual variables to forecast
health risk by district. Fourth, results are visualized
through interactive web applications and narrative
maps (Esri).

1. AaHHK 2.TUC aHanus

ViHTepronauyts, ropewiy Touk

CraHumu, catenuty, aemorpadms

3.Teoli Mmopenn 4. Busyanusauus

il :

MaluHHHO 06y4eHue, NPOrHOSH Ye6 NpunoxeHus, KapTu

Esri TUC + Neokn

Figure 1. Methodological framework: from data through
GIS analysis and geo-artificial intelligence to health risk
visualization.

Results and conclusions

As an illustration of the approach, analysis is
planned for Sofia city using PMy data from the
ExEA network. Expected outcomes include
identification of persistent high-concentration
zones in central urban areas and near roads with
heavy traffic, overlaid with demographic data to
assess exposed population, and application of
GeoAl models for health risk forecasting. The
approach is reproducible and scalable for other
urban settings and pollutants. GeoAl models
achieve high explanatory power (R? > 0.75), with
leading factors being PMj, concentration,
proximity to highways, and lack of green spaces.

References
Living Atlas Team (2025). Air Quality Layers
Documentation. Esri, Available online:

https://livingatlas.arcgis.com
WHO (2022). WHO global air quality guidelines. Geneva:
WHO.
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EKOIOrMUYHa yCTOMUYMBOCT M CTPATErMyecKko ynpasjieHne B KOHTEKCTA Ha NoAUTUKUTe Ha EC
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BvBegeHue
KnMmatuuHaTta Kpusa, M34epnBaHeTo Ha pecypcuTe
M 3arybata Ha 6GuopasHoobpasvMe W3MCKBAT
cucTemHa TpaHcpopmaums B Espona.
EBponelickata 3eneHa cAeska M NaKeTbT
,MoaroTeeHu 3a uen 55“ onpegenaT yctonynmsoctra
KaToO CTpaTermyeckm noanMTUYECKN U MKOHOMUYECKU
npuopuTeT. 3a AbpKaBu KaTo bwarapua Tosu
npexos, e CBbP3aH CbC 3aBUCUMMOCT OT U3KOMaemMu
ropvsa v BUCOKA EHEPruiiHa MHTEH3MBHOCT.
M3cnepBaHeTo pasriexkaa WHTErpuMpaHeTo Ha
€KoJIorMYHaTa YCTOMYMBOCT B CTPATErMyeckoTo
yrnpaB/iieHNWe Ha  OpPraHM3auMOHHO HMBO B
CbOTBETCTBME C  €BPOMENCKUTE  KAMMATUYHM
NOJINTUKW.

MeTtogonorusa

M3cnepBaHeTto  paspaboTBa  KOHUeENTyaneH
MOZEN 33 eKOJIOTMYHO OPUEHTUPAHO CTPATErMYECKO
ynpaB/eHne, HACOYEH KbM NpuaraHe Ha LenTe Ha
EC 33 yCTOMYMBOCT B OpPraHU3aLLMOHHUTE CTPATEMUN.
MogensT BK/IOYBA net KOMTMOHEHTA:
(1) ctpaTernyecko nnaHuWpaHe, cbobpaseHo C
€KO/IOrMYHU Lenu; (2) eKonorndHu uHamukaTopu;
(3) opraHusaumoHHa KyATypa W AMAEPCTBO;
(4) 3eneHn wuHoBaumu; (5) aHraxkmpaHe Ha
3aMHTEPECOBAHUTE CTPAHMU.

MeTogon0rMyHaTa pamka cbyeTaBa aHaaM3 Ha
Hay4yHa AUTepaTypa, aHaAu3 Ha MNOJUTUKU W
eMMMpPUYHaA MPOBEpPKa Ype3 aHKeTHO npoy4yBaHe
cpes opraHusauumn B Bbarapus. CTaTUCTUYECKMAT
aHanM3 u3cnepBa Bpb3KaTa MeXAay YCTOMYMBO
OpueHTMpaHaTa cTpaTerna M OpraHM3aLMOHHaTa
edeKTUBHOCT.

Pesyntatu u ussogu

Pesyntatute nokasBaT, 4e oOpraHusauuure,
KOUTO  MHTerpupat  eKONOTM4HM  Leam B
CTPATernyeckoTo MNiaHUpaHe, NOCTUraT Mo-BMCOKa
pecypcHa edeKTMBHOCT M no-gobpa aganTMBHOCT
KbM perynaTopHu npomeHun. AicHo aedpuHupaHuTe
€KONOMMYHU UHOMKATOPU YKPensaT MexaHu3mute
33 MOHWUTOPUHT N OTYETHOCT.

YCTaHOBEHA € MONOXUTE/HA BPb3Ka Mexay
OpraHW3auUMoOHHATa Ky/aTypa, OPMEHTMPAHa KbM
YCTOMYMBOCT, M KamnauuTeTa 33 3e/eHN UHOBaLuMU.
OpraHu3aumuTe, KOUTO Bb3NPUEMAT eBPONencKuTe
€KOJIOTMYHM  MOAUTMKM  KaTo  CTpaTernyecka
Bb3MOXKHOCT, AeMoHCTpupaT Nno-BMCOKa
KOHKYPEHTOCNOCOOHOCT.

EMAMpUYHUTE  JaHHM  MNOTBbPXKAABaAT, ue
CUCTEMHATa WHTErpaumMa Ha ycTolumBoCTTa B

CTpaTernyeckoTo ynpassieHue noBuLwaBa
opraHusaumoHHaTa eheKTUBHOCT U YCTOMYMBOCT.
MpeanoxKeHnaT mogen npeacraBnABa

ynpas/jieHCKa pamKa, CBbp3Balla UenuTe Ha
eBponeinckata  KAMMaTM4Ha  MOJMTMKA  CbC
CTPaTerMyeckoTo ynpasJeHWe Ha opraHusauuuTe.
HeroBata NpWAOKMMOCT B OBATApPCKM yCN0BUSA
nogyepTaBa HeobXxoAMMOCTTa OT CbracyBaHOCT
MEXIy eKONOoTMYHWTe ambuumm Ha EC wu
HauMoOHaNHaTa agantauus.

Tasu yCTOMUYMBOCT CleaBa Aa Ce pasriexaa Kato
ABuraTesl Ha WMKOHOMMYECKaTa MOAEPHMU3aLMS.
M3cneasaHeTo npeasiara eMNUPUYHO BaavAaMpaHa
pamKa B MogKkpena Ha NpeanpuaTMa U Ny6ANYHK
WMHCTUTYLMN NPU OCbLLECTBABAHE HA NPEXos KbM
AeKapboHM3aLMA U KpbroBa MKOHOMMKA.
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Introduction

The accelerating climate crisis, resource depletion
and biodiversity loss require  systemic
transformation across Europe. The European Green
Deal and the “Fit for 55” package redefine
sustainability as a strategic political and economic
priority. For EU Member States such as Bulgaria, this
transition creates challenges related to fossil fuel
dependence and energy intensity.

This study examines the integration of
environmental  sustainability into  strategic
management at organizational level, aligning
practice with European climate policies.

Methodology

The research develops a conceptual model for
environmentally oriented strategic management
designed to operationalize EU sustainability
objectives within organizational strategies. The
model integrates five core components:
(1) strategic planning aligned with environmental
targets; (2) environmental performance indicators;
(3) organizational culture and leadership; (4) green
innovation and technological transformation; and
(5) stakeholder engagement.

The methodological framework combines
literature review, comparative analysis of European
environmental policy instruments, and empirical
validation through a structured survey conducted
among Bulgarian organizations. Statistical analysis
was applied to test the relationship between
sustainability-oriented strategy and organizational
performance indicators.

Results and conclusions

The findings demonstrate that organizations
integrating environmental objectives into strategic
planning achieve higher levels of resource efficiency
and improved adaptability to regulatory change.
The presence of clearly defined environmental
indicators significantly enhances monitoring and
accountability mechanisms.

Results also show a positive correlation between
sustainability-oriented organizational culture and
green innovation capacity. Organizations perceiving
EU environmental policies as strategic opportunities
rather than regulatory burdens exhibit stronger
long-term competitiveness.

The empirical evidence confirms the central

hypothesis: systematic integration of
environmental  sustainability into  strategic
management contributes to enhanced

organizational effectiveness and resilience in the
context of EU climate transition.

The proposed conceptual model provides a
structured governance framework linking European
climate policy objectives with organizational
strategy implementation. Its applicability in the
Bulgarian context highlights the importance of
policy coherence between EU-level environmental
ambition and national strategic adaptation.

From a  politico-ecological  perspective,
environmental sustainability should be treated as a
core strategic driver of economic modernization
and institutional stability rather than a peripheral
compliance requirement. The study offers an
empirically  tested framework  supporting
enterprises, public institutions and policymakers in
implementing sustainability transitions consistent
with European decarbonization and circular
economy goals.
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BvBegeHue

OCHOBEH NPUHOC KbM MbPBUYHUTE GUHM NpPaxoBu
yactuum (PNY) mma cekTopbT GUTOBO OTOMNEHUE C
TBbPOM  TOpMBa, KOETO CBbp3Ba  HaUMOHaNHWA
€MUCUOHEH npodun c aepo3sonute oT
usrapsaHe/KoHBepcus Ha Buomaca. butosute ®MNY HocAT
OPraHUYHU eKCTPaKTU (Hanp. NOMULMKANYHM apOMATHU
Bbrnesogopoan, MAB), acouuMmMpaHu C OKCUAATUBEH
CTPEC U LUTOTOKCMYHOCT B eNUTENHU MoAenu Ha 6an
Apob. HepoctatbyHa e MHbOPMALMATA OTHOCHO
XMMUYHMA cbcTaB Ha PMNY, reHepupaHu Npu n3non3BaHe
Ha 6wuoropmBa c pasanyeH npomsxod. MmeHHO Ha
XMMWYHUA CbCTaB Ce AbJXM BPeSHOTO Bb3aenctsue
BbPXY 34,paBETO Ha YOBEKa.

XemooKkcureHasa-1 (HO-1) e MMKpo30oMmaneH eH3um,
KOWTO Ce MHAyuupa B OTFOBOP HA KNETbYeH CTpec u
Pa3nMYHM  OKCMOATMBHM cTumyan. HO-1 moxe paa
Hamanu OKCMAATUBHUA cTpec, ha oTcnabum
Bb3NasMTe/IHATE peakuMy M Aa MOHMXKM CKOPOCTTa Ha
anonTo3a. 1o To3m HauMH eKcnpecuATa Ha reHa HMOX1,
OTroBOpeH 3a cnHTe3a Ha HO-1, e apyr paHeH mapkep 3a
KNeTb4yHO u3naraHe Ha OKCMAATUBHMU
npeanssuKkartencrtea (Vasileva et al., 2024).

MeTtoaonorusa

B xoma Ha HacToAWOTO M3CneagBaHe e M3BbpLUEH
KONNYECTBEH aHaNN3 Ha 16 NPUOPUTETHU MNONNLUKANYHU
apomaTtHu Bbrnesogopoga (US EPA 16) uypes rasoso-
XpomaTtorpadcku aHanu3 Ha net suga buomaca/nenetu
(MweHMYHa cnama, KOCTUNKM OT Yepelun, CabHYornes,
Kade W NouepHa), NONYYEeHU FNABHO KaTo OTNagbyHu
NPOAYKTU OT CENCKOTO CTOMAHCTBO WM XPAaHWUTENHO-
BKycoBata npomuuwneHoct (Naydenova et al., 2020).
MNpobute oT 6GMOmaca ca M3ropeHu nNpu MOAESHMU
YCNOBMA,  U3MOA3BAWKM  KOHTPO/AMPAH  MeToh B
nabopatopwus, onucaH B Naydenova et al. (2023).

Cnepn U3BbPWEHUTE XMMWYHU aHaNU3M ca M3bpaHu
ABa BMaa bvomaca (NweHWyHa cnama M KOCTUAKKU OT
yepelwn), KOUTO ca MOAJIOKEHM Ha in Vvitro
OXapaKTepu3MpaHe Ha paHHUTE eTanun OT OKCUAATUBHUA
CTpec BcneacTBue ekcnoHupaHa Ha ®MY: 6enoapobHa
KneTbyHa Kyntypa A549.

Pesyntatu n ussogm

OT u3cnepBaHuTe net BuAaa buomaca ce mM3mepsa
KonnyecTBoTo (ug/mg) Ha 16-Te npmoputeTHn NAB.

Mpu ®NYo.2s ce HabnoaaBaT NO-BUCOKU U3MeEPEHU
CTOMHOCTU Ha nonynetavsu NAB npu npobute 6uomaca

OT KOCTUAKU OT uepewwm, nocneasaHu ot cnabo
netnusute MAB KaTo KaHueporeHHUa 6eH3o[alnupeH m
6eH30[g,h,ilnepuneH.

[JokaTo npu ®MNY1ce Habaogasa 06paTHOTO, HO NpwU
npobute  6Momaca OT nNWEHUWYHA cnama -
npeobnagasalum ca cnabo netansute NAB
6eH30[a]nupeH n 6eH30[g,h,ilnepnnen, nocneasaHu ot
nonyneTnnsuTe (NUpPeH n GayopaHTeH).

EkcnpecuaTa Ha reH HMOX1, KolTO Koanpa cuHTe3a
Ha eH3nma HO-1, yCTaHOBABA [OKa3aHuTe
UMTONPOTEKTMBHM edekT Ha HO-1 wu  Herosute
KaTaboNUTHM NPOAYKTU KaTO GYHKLMOHANIHO 3HAa4YMMM B
paHHMTE afdanTMBHW pPeakuuu, npoTUYaWM npeau
HAYya/I0TO HA K/IeTbYHaTa CMbPT.

24-yacoBaTa ekcrno3muma Ha ®MNY < 1um, nonyyeHu
OT rOpeHeTo Ha ABaTa BMAA BMomaca, BbPXy K/JeTbuyHa
KynTypa A549 oka3Ba aKTMBUpPAHE Ha reHHaTa ekcnpecua
Ha HMOX1, KaTo npu Te3un OT YepeLoBU KOCTU/IKM e C No-
BMCOKM OTHOCUTE/IHM HMBA HA EKCMNPEeCUs B CPaBHEHUE C
npou13xoAa UM OT MIEHMYHA Cnama.

BnarogapHocTu: HacTtoAwoTo n3cneasaHe e NpoBeAeHO
BbB Bpb3Ka C M3Nb/IHEHMETO Ha HauuoHaneH NpoekT
,AEPO30/11, nony4yeHn npmn KoHBepcusaTa Ha buomaca u
TEXHU OPraHWYHU EeKCTPaKTU — ULWUTOTOKCUYEH M
OCKMOATMBEH OTFOBOP HAa MOZENHW CUCTeMWU  OT
6enogpobHu Knetkn”, Oorosop NoKM-06-H44-5/13 ot
14.07.2021r., ogobpeH oT doHg, ,,HayyHun nscneasaHmns”
npy MUHUCTEPCTBO Ha 06Pa3oBaHMETO M HayKaTa.
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Introduction

The main contributor to primary particulate matter (PM)
is the domestic solid fuel heating sector, which links the
national emission profile to aerosols from biomass
combustion/conversion. Domestic PM carries organic
extracts (e.g. polycyclic aromatic hydrocarbons, PAHSs)
associated with oxidative stress and cytotoxicity in lung
epithelial models. There is insufficient information on the
chemical composition of PM generated when using
biofuels of different origins. It is the chemical
composition that is responsible for the harmful effects on
human health.

Heme oxygenase-1 (HO-1) is a microsomal enzyme
that is induced in response to cellular stress and various
oxidative stimuli. HO-1 can reduce oxidative stress,
attenuate inflammatory responses and reduce the rate
of apoptosis. Thus, the expression of the HMOX1 gene,
responsible for the synthesis of HO-1, is another early
marker of cellular exposure to oxidative challenges
(Vasileva et al., 2024).

Methodology

In the course of the present study, a quantitative
analysis of 16 priority polycyclic aromatic hydrocarbons
(US EPA 16) was performed by gas chromatographic
analysis of five types of biomass/pellets (wheat straw,
cherry stone, sunflower, coffee and alfalfa), obtained
mainly as waste products from agriculture or the food
industry (Naydenova et al., 2020). The biomass samples
were burned under model conditions using a controlled
method in the laboratory described in Naydenova et al.
(2023).

After the chemical analyses, two types of biomass
(wheat straw and cherry stone) were selected and
subjected to in vitro characterization of the early stages
of oxidative stress due to PM1 exposure in A549 lung cell
culture.

Results and conclusions

The amount (ug/mg) of the 16 priority PAHs was
measured from the five biomass types studied.

At PMo.2s, higher measured values of semi-volatile
PAHs were observed in cherry stone biomass samples,
followed by low-volatile PAHs such as carcinogenic
benzo[a]pyrene and benzol[g,h,i]perylene.

While at PMs, the opposite was observed, but in
wheat straw biomass samples — low-volatile PAHs

benzo[alpyrene and benzo[g,h,i]perylene predominated,
followed by semi-volatile ones (pyrene and
fluoranthene).

The expression of the HMOX1 gene, which encodes
the synthesis of the enzyme HO-1, establishes the proven
cytoprotective effects of HO-1 and its catabolic products
as functionally significant in the early adaptive reactions
occurring before the onset of cell death.

24-hour exposure to PM < 1um, derived from the
combustion of both types of biomass on A549 cell
culture, showed activation of HMOX1 gene expression,
with those from cherry stone having higher relative
expression levels compared to those from wheat straw.
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oxidative response of model lung cell systems”, Contract
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BanuaupaHe Ha moaenHN AaHHU 3a CKOPOCT Ha BATbpa B Naosaus
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BbBegeHue

MeTeoponormyHmMTe ycnoBmsa B Fpafcka cpeda mmat
0cobeHOCTM, KOUTO ca OT CbLLECTBEHO 3HayeHue 3a
aucrnepcuaTa Ha 3amMbpCcUTENIM M 33 KayecTBOTO Ha
atmocdepHua Bb3ayx (KAB) B HaceneHuTe mecTa. Ha
NMbpBO MACTO, TOBA € BJ/IMAHMETO Ha 3acTPOABAHETO
BbpPXy BATbpa W TypOy/NeHTHUTE XapaKTepPUCTUKM.
PermoHanHuTE METEOPONOTMYHM MOAENIN He OoTyYuTaT
[EeTalIM Ha rpaZcKaTa cpesa U moaenunpaHata CKopocT
Ha BATbpa OOMKHOBEHO € 3HAauYUTEe/IHO MO-BMCOKa OT
HabntoaaBaHata. PasrniegaHa e CKOpocTTa Ha BATbpa B
MNnosave no nsmepsaHua B agete ctaHumn Ha MAOC B
rpaga, no mogena AROME-BG n cnep, Kopekuma Ha
pes3ynTaTuTe OT MOAena 3a rPafcKoTo 3acTpoABaHe.

MeTtogonorusa

M3non3BaHM ca AaHHWUTE 32 CKOPOCT Ha BATbpa OT
ANC KameHuua (KoopauHatn 24.726539, 42.142889,
¢doHoB TMN) M oT AUC Tpakua (24.787952, 42.141186,
TpaHcnopTeH Tun). JaHHute oT moaena AROME-BG 3a
CKOpOCTTa Ha BATbpPa HA MPU3EMHO HUBO Ca WM3BEAEHMU
33 MecTaTa Ha ZBeTe CTaHUWMW — NOYacoBM CTOMHOCTYM 3a
2024 .

Pa3spaboTteHa e cxema 3a OTYUTAHE Ha BIMAHMETO HA
3aCTPOABAHETO BbPXY BATbPA. B ocHOBaTa ca gaHHM OT
KaJacTbpa 3a NABTHOCTTA Ha 3acTPOsABaHEe M BUCOYMHATA
Ha CcrpaguTe, OT KoOUTO ce JeduHWpa BepTUKaNeH
npodua Ha 3acTPOABAHETO B OKOJIHOCTTA Ha CTaHLUMUTE.
HamaneHuneTo Ha moaenmpaHata CKOpPOCT Ha BATbpa ce
npuema Ja e MponopuMoOHaNHO Ha npoduna Ha
3acTposBaHe.

BanaHveTo Ha KopeKuuAaTa e u3cnedBaHo 3a
CpefHOYacoBM,  CPEeAHOLAEHOHOLIHM  CKOPOCTU B
pasnnyHM meceum Ha 2024 r., KAaKTO U 33 OCpPeaHEHMU
[EHOHOLWHM U3MEHEHMUA.

Pe3ynTtaTtv u ussoam

MogenHute pesyntat (6e3 M c Kopekuusa 3a
3aCTposABaHe) ca CpaBHEHW C AaHHM OT M3MepBaHMATa
Ha gsere  cTaHuumu.  OCHOBHM  CTaTUCTUYECKM
WMHAMKATOPM 3a CPeaHOAEHOHOLWHUTE CTOMHOCTM Ha
BATbPaA ca NpeAcTaBeHu B Tabauua 1.

Tabnnua 1. CKoOpocT Ha BATbpa — CPeAHOAEHOHOLWHMU
ctoiHoct (m/s), oTknoHeHne (NMB%) n kopenauus R
33 2024 . ,K“ — C KOPEKLUMM 3a IPaacKo 3acTposiBaHe

2024 Ha6bn. Moa. Mog.-k NMB-K R-K

Kam. 0.55 2.26 0.67 211 0.83

Tpa. 0.73 2.32 0.68 -6.6 0.72

KopenaunmoHHUAT KoebuumeHT 6e3 1 C KopeKuusa e
WAEHTUYEH, Tbl KAaTO KOpEeKLUMATa € NponopLMOHanHa
Ha NPOrHo3MpaHaTa OT MOJAeNa CTOMHOCT Ha BATbpa.
NMB cnaga gpactmyHo ot okono 300% po 21% 3a AUC
KameHwnua n ot okono 215% go -7% 3a AUC Tpakus.

®urypa 1 pemoHcTpupa edekTa OT rpajckaTa cpesa
BbpXy CpeaHOAEeHOHOLLHa CKOPOCT Ha BATbpa 3a AUC
KameHuua npes AaHyapu v tonn. Bugum e pesyntatst ot
KOpeKLMATa 3a rpafCKoTO 3acTposABaHe.

t CpeiHO,eHOHOLIHA CKOPOCT Ha BATbpa Mnosgue
Kamenuua- Anyapu 2024

8 4 peHa Mogen s Hop.3acTpodsaHe
6
a
2
1]
1 6 11 16 21 26 31
AEH 0T MECEL3
s CpeHOAEHOHOLHA CHOPOCT Ha BATbPa Mnosgue

Kamenuua- KOnu 2024

4 peHa Mogen Hop.3acTpoasaqe

L ARSI A
o
1 6 11 16 21 26 31

AEH 0T MECEL3

®urypa 1. CpeaHoAEHOHOLWHA CKOPOCT Ha BATbPa (mM/s)

B AUC KameHunua — cpaBHeHWe Ha U3MepPeHU C MOAENHM
cToHOCTM (6€e3 1 ¢ KopeKuma) 3a 2 mecela.

MoNoXuTeneH pesynTaT oT HanpaBeHUTe NOAPOOHM
aHaNM3n U 3a ApYyrn meceum ca BUCOKUTE Kopenauuu
MeXay MoAeNnHUTE U KOPUIMpaHu 3a 3acTposaBaHeTo
pe3ynTatv, OT efHa CTpaHa, U U3MEpPEHUTE CTOMHOCTU
Ha CKOpOCTTa Ha BATbpa, OT Apyra cTpaHa. ToBa e OT
CbLLECTBEHO 3HayeHMe 3a nporHo3a Ha KAB B
rpagosete. BaxkHa npeacroAlla 3afaya € HaMUpPaHeTo
Ha pelleHue 3a HacesleHN MecCTa, 32 KOUTO He e HaIMYHa
KagacTpanHa WHbopmauma, KoeTo e obuyaiHata
CUTyaLMA Npu U3roTBAHE Ha Nporpamu 3a nogobpssaHe
Ha KAB B 6b/rapckuTe rpagose.

BnaropgapHocTu: M3cnegBaHeTo € OCbLWECTBEHO B
pamMKUTE Ha NpPOEKT, ¢GWHaHCMpaH OT bloa)KeTa Ha
HUMX.
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Introduction

Meteorological conditions in urban environments have
specific characteristics that are essential for pollutant
dispersion and for air quality (AQ) in populated areas.
First and foremost is the influence of urban
development on wind and turbulent characteristics.
Regional meteorological models do not account for
details of the urban environment and the modelled
wind speed is usually significantly higher than the
observed. Wind speed in Plovdiv was examined based
on measurements at the two regulatory air quality
stations in the city, on the AROME-BG model data and
upon correction of the model results for urban built-up.

Methodology

Data for wind speed from AQ station Kamenitsa
(coordinates 24.726539, 42.142889, background type)
and from AQ station Trakia (24.787952, 42.141186,
traffic type) were used. AROME-BG model data for wind
speed at surface level were extracted for the locations
of the two stations — hourly values for 2024.

A scheme for accounting for the influence of urban
morphology on wind speed has been developed. The
basis consists of cadastral data on building density and
building height, from which a buildings profile in the
vicinity of the stations is defined. The reduction of
modelled wind speed is assumed to be proportional to
the buildings profile.

The effect of the correction was investigated for
mean hourly and mean daily wind speeds in different
months of 2024, as well as for averaged diurnal
variations.

Results and conclusions

The model results (with and without correction for
built-up areas) were compared with measurement data
from the two stations. Main statistical indicators for
daily mean wind speed values are presented in Table 1.

Table 1. Wind speed — mean daily values (m/s),
deviation (NMB%) and correlation R for 2024,"c" — with
correction for urban built-up

2024 Obs. | Mod. | Mod.-c | NMB-c R-c

Kam. 0.55 2.26 0.67 211 0.83
Trak. 0.73 2.32 0.68 -6.6 0.72

The correlation coefficient with and without
correction is identical, since the correction is
proportional to the model wind speed value. NMB
drops dramatically from around 300% to 21%
for AQ station Kamenitsa, and from around 215% to -7%
for AQ station Trakia.

Figure 1 demonstrates the effect of the urban
correction on daily mean wind speed for AQ station
Kamenitsa in January and July. The urban correction
provides results close to observation.

% Daily mean wind speed Plovdiv- Kamenitsa
January 2024
)
Obs Mod Mod with correction

mfs

Daily mean wind speed Plovdiv-Kamentisa
July 2024

Obs Mod Mod correction

N INA

1 6 11 16 21 26 31

(=D

day

Figure 1. Daily mean wind speed (m/s) at AQ station
Kamenitsa — comparison of measured with model values
(without and with correction) for 2 months.

A positive result from the detailed analyses,
performed also for other months, are the high
correlations between the model results without and
with urban correction and the measured wind speed.
This is essential for air quality forecasting in cities. An
important upcoming task is finding a solution for
populated areas for which cadastral information is not
available, which is the usual situation when preparing
programs for air quality improvement in Bulgarian
cities.

Acknowledgements: The study was carried out within
the framework of a project funded by the NIMH budget.
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Bapuauumm Ha KOHLEeHTpauMATa Ha npax B Copua npes nocnegHute gBe geceTuneTms
E. Benesa, E. MoppaHosa*, E. Xpucrosa
JenaptameHT ,,MeTeoponornsa“, HauMoHaneH MHCTUTYT MO METEOPOIOTUA U XNAPOIOTUA
KntouoBu fymu: kavecmeo Ha 8v30yxa, cycneHoupaHu Yyacmuyu, TSP
*email: eyordanova@meteo.bg

BbvBepgeHue
MpaxbT WAW cycneHaAupaHW npaxoBu dactuum (MNY)
3aeHO C ApYyrM OCHOBHW rasoobpasHU U BbIEPOAHM
3ambpcutenn (NO2, SOz, Os, PAH, BC n ap.) ca eguH ot
OCHOBHWUTE 3aMbPCUTENM HA TPaACcKuAa atmocdepeH
Bb3ayX. KoHueHTpaumaTta Ha MY ce namepsa OTAABHA,
owe npeau pJa bObaaT pas3paboTeHM TEXHWKM 3a
M3MEpPBaHUA Ha ApyrM ©Gpakuunm nNpaxoBu YacTUum
(PM10 1 PM2.5), BaxkHW 3aMbpcUTENM, KOMTO cera ca
CTPOro peryavpaHy oT HaUMOHANHOTO M EBPOMNENCKOTO
3aKoHogaTencTso 1 CeeToBHaTa 34paBHa opraHM3auma.
3ambpcaABaHeTo Ha Bb3gyxa B Codua c npax ce
ObMXKM Ha ABa OCHOBHM ¢akTopa: 1) HanuumeTo Ha
MHOrobpoiHM n pasHoobpasHM Mo BWUAO M MOLLHOCT
M3TOYHMUM U 2) MECTHW/NIOKANHN METeoPOIOrMYHM
yCnoBua n MUKpokanmat. Codua e pas3nosioXKeHa B
KOTNOBWHA, KbAETO Mpe3 3HaYMTeNHa YyacT OT roguHaTta
ce HabnwopasaT  AHTUUMKIOHANHM  yCioBUA WU
TemnepaTypHu UHBepcun. Pesyntatute, npeacraBeHn B
HacToslaTa paboTa, ce OCHOBaBaT Ha M3MepBaHWA B
HUMX, pa3nonoreH B U3TOYHATa YacT Ha rpaja.

MeTtoponorua

Mpobute ot MY (Mam TSP — total suspended
particulate) ce cmeHAT Bcekn aeH B 6:00 UTC (24 yaca)
BbpXy OUATPU (HUTPOLLENYNO3HM, aueTaT LenynosHu,
CTbK/IEHO-BNIAaKHECTM) Ha BMCOYMHA 2 M Hapg, 3aTpeBeHa
niow, no eaHa M cbla meTtogonorma. MacosaTa
KOHLEHTPaLMA Ha Mnpax ce onpeaena rpaBUMETPUYHO.
O6embT Ha npemuHanuMa Bb3AyX npe3 Gpuatbpa ce
msmepBa ¢ aebutomep. Tasm cuctema nNO3BOASABA
nony4yaBaHeTO HA  AbATOrOAMLWIHW  CPeAHOLHEBHMU
CToMHOCTU Ha MY 6e3 gpyr aHanor B 6bArapcku pegmum
OT AaHHM 3a KauyecTBOTO Ha Bb3ayxa (Benesa, 2006;
Xpuctoea w©n  Benea, 2012). Mpes 2026 .
MEeTOL0N10rNATa U MECTOMNOJ/IOKEHMETO Ha YCTPOMCTBOTO
33 B3emMaHe Ha npobu ca nNpPOMEHEeHW, TaKa ue
XOMOTeHHOCTTAa Ha AaHHUTe We 6bae HapyLueHa.

Pe3syntatu u aHanusu

KauectBoTo Ha Bb3gyxa B EBpona ce e nozobpuio
3HAYMTENIHO nNpe3 NocneaHUTE HAKOJIKO AeceTuneTua 3a
noBevyeTo 3amMbpcuTenM nopaguM HamanaBaHe Ha
emucunte (AQeR). Ha do¢urypa 1 e nokasaHa
cpegHorogulHaTa KoHueHTpauma Ha 14, 3aegHo ¢
roguMwHaTa cyma Ha BajaexuTe 3a nepuoga 2005—
2025 r. HabnopgaBa ce TeHAEHUMA Ha HamanABaHe Ha
KOHUEHTpauMaTa Ha npax. Tasu TeHAaeHUMA e B
CbOTBETCTBME C TEHAEHUMUTE B KOHLEHTpauuuTe Ha
PM10, otyeteHn oT EBponenckaTa areHuua no oKosHa
cpena (EEA report). OTcTpaHsABaHeTO Ha 3aMbpcUTeNUTE
OT Bb3AyXa Ypes3 BaNeXu e BaxkeH npouec, sBoaew, A0

HAKOM BapuMauuMM B  KOHUEHTpauuAaTa Ha npax.
Bna)KHOCTTa Ha noysaTa, CBbp3aHa C pexuma Ha
BaJieXUTe, € OCHOBeH aKTop, KOHTpoAupaly
NOBTOPHOTO CyCNeHAMpPaHe Ha Npax oOT 3eMATa.

TeHOeHUMATA 3a HaManABaHe Ha KOHLeHTpauuATa
Ha Mpax MOXe f4a Ce OnuwWe KaTo ypaBHeHWe Ha
eKCnoHeHumnanHa perpecus: y = 44,253*exp(-0,049x),
(R? = 0,624), kbaeTo x e 6poaT roanHu. MNonyueHa e
TeHaeHUMA oT okono 2,1 ug.m> Ha HamanaBaHe Ha
KOHLEHTpaLMATa roauLHO.
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Purypa 1. CpegHoOroaMLWHA KOHLEHTPALMA Ha Npax
B NpusemHuma sb3ayx 8 HUMX u cpegHoroamiiHa cyma Ha
Banexute B Copusa, 2005-2025r.

Pasnukata mexay TONAMA U CTyAeHuA nepuog, Ha
roavHaTta B KOHUeHTpauuaTa Ha M4 (TSP) e otyetausa,
C MMHMMYM npe3 nepuoaa HHU-cenTeMBPU U Mo-
BMCOKM CTOMHOCTM npe3 3umHUTe meceum (tabn. 1).
Hait-Bucokata cpegHomeceyHa CTOMHOCT B
nscnenBaHua nepuog ce Habnilogasa npes AeKemspw
2024r.

Tabnvua 1. CpefHM MeceyYHU KoHLeHTpauum, 2005-2025 .

Meceu, ny /TSp Meceu, ny /TSP
pg/m ng/m3
[ekemspu 27.29 Onun 15.30
AHyapwm 20.27 ABryct 15.62

BnarogapHocTu: ABTOpUTE M3Ka3BaT 61arogapHoOCT KbM
BCUYKWN CNYXUTENN npes3 roguHuTe B PagmnomeTtpuyHa m
pasnoxnmmyHa nabopaTtopms Ha HUMX.
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Introduction
Dust or total suspended particulate matter (TSP) in the
atmosphere is one of the main pollutants of the urban air
together with other major gaseous and carbonaceous
pollutants (NO2, SOz, O3, PAH, BC etc). TSP was measured
for years, before techniques and measurements of other
particulate matter fractions — PM10 and PM2.5, the
important pollutants that are strictly regulated now by
national and European law and WHO, were developed.
The pollution with dust in Sofia city is due to two main
factors: 1) the presence of many and various types and
capacity sources, and 2) local meteorological conditions
and microclimate. Sofia is situated in a mountain valley,
where stagnant weather, calm conditions and
temperature inversions are observed during the
considerable part of the year, in particular in winter. The
results discussed in the present work are based on the
measurements near the NIMH headquarters, placed in
the eastern part of the city.

Methodology

TSP samples are collected on a 24-hour basis at 6:00
UTC on filters (nitrocellulose, cellulose acetate, glass
fiber) at a height of 2 m above grass-covered ground.
Over the years, there has been no change in the location
of sampling points or in the sampling methodology, and
the number of missing values is very low (only for the
period March 1989 — January 1990 and without data for
weekends and holidays since 2009). The volume of air
passing through is measured with a flow meter and the
dust concentration is determined gravimetrically. This
system allows for the collection of long-term series of
daily values, which have no analogue in other Bulgarian
air quality databases (Veleva, 2006; Hristova and Veleva,
2012). In 2026, the methodology and location of the
sampling device were changed, which will disrupt the
homogeneity of the database.

Results and analyses

In general, air quality in Europe has improved
significantly over the past few decades for most
pollutants, due to emissions reduction (EEA report,
2025). The yearly averaged TSP concentration together
with annual sum of precipitation for the period of 2005—
2025 is illustrated on Figure 1. There is a clear trend
towards a decrease in dust concentration. This trend is
consistent with trends in PM10 concentrations as
reported in the AQeR. The pollutants removal from the
air by precipitation is important process, leading to some
variations in dust concentration. The soil moisture,

related to the rainfall regime, in addition is a factor
controlling dust resuspension from the ground.

The tendency of decrease in dust concentration can
be written as an exponential regression equation:
y = 44,253*exp(-0,049x), (R? = 0,624), where x is number
of years. A trend of a decrease in concentration by about
2.1 ugm3 per year was observed.
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Figure 1. Yearly mean concentration of dust in the surface air

and annual sum of precipitation in NIMH — Sofia, 2005-2025.
The difference between the warm and cold period of
the year is well distinguished with a minimum during the
period June-September and higher values in winter
months (Table 1). The highest mean monthly value
during the studied period is observed in December 2024.

Table 1. Averaged monthly concentrations, 2005-2025

Month TSP Month TSP
pg/m ug/m3
Dec 27,29 Jul 15.30
Jan 20.27 Aug 15,62

Acknowledgements: The authors would like to express
their gratitude to all employees of the Radiometric and
Radiochemical Laboratory of the NIMH over the years.
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BauaHue Ha 6baewmuTe KAMMATUYHN NPOEKLUN NPU onpeaenaHe

Ha ycelwaHeTo 3a TonimHeH KomdopT B bbarapus
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BvBegeHue

bbaewoTo M3MeHeHWe Ha KAMMmaTa LWe OKaxke
CbLLECTBEHO BAMAHME HE CaMO BbPXY MKOHOMUKUTE Ha
CTpPaHWTE, HO W BbBPXY KAYeCTBOTO Ha XMUBOT W
yoBeLWKoTo 3apaBe. OCHOBEH acMeKT Ha BAMAHMETO Ha
M3MEHEeHMEeTO Ha KJIMMaTa BbpXy YOBELIKOTO 34pase e
ycewaHeTo 3a TOM/MHA W cTyh (nperpssaHe w
M3Mpb3BaHe).

OueHKa Ha 6bAewy KAMMATUYHM TMPOMEHMU ce
OCbLLECTBAABA Ype3 YMCAeHO mogaenupaHe. MnobanHute
MoZenn 3a uscneABaHe Ha KaMmaTa [asBaT OUeHKa Ha
napameTpute, onpegenAwn TOMJAMHHOTO YycellaHe, B
rpyba pesontoumsa. ToBa Hanara 3agbnbouyeHu
n3cnenBaHUA U aHaN3U Ha KAMMATUYHUTE NPOEKLUN C
peroHanHM KAMMATUYHM  MoAenn, C€ MO-BUCOKaA
pe3ontouun, B onpeseneHnTe paioHu Ha UHTepec.

Lenta Ha HacToAWOTO u3cnenBaHe e Aa ce OLeHM
BAMAHMETO Ha ObAewmnTe KAMMATUYHU MPOEKLMU Npu
onpeaensaHe Ha ycelaHeTo 33 TOM/MHEH KomdopT B
Bbarapua upes YHuBepcanHus tonamHeH nHgekc (UTCI).

Metopaonorusa

YHMBEPCANHUAT  TOMNJIMHEH  MHAEKC  OTpasABa
ycewaHeto 3a TOM/AMHEH KOMGOpT npu Pas/inyHuU
METEOPOIOTUYHMU ycnosus BC/aeacTeune Ha

$13MONOTrMYHNTE peakumm, CBbp3aHM CbC cMcTemaTa 3a
Tepmoperynaumsa Ha Tanoto. Tolh ce onpegens oT
TemnepaTypaTa Ha Bb3AyXa, BNAa*KHOCTTA M CKOPOCTTA Ha
BATbPA B OKO/MHATa cpena, OT CAbHYEBOTO rpeeHe W
TOMJIMHHOTO M31bYBaHE  OT  OKOJIHUTE  Tena.
KoMnoHeHTUTe, KOMTO y4acTBaT B M3YUCNABAHETO Ha
UTCI, ca cumynmpaHu ¢ PerMoHanHuma KanmmatuyeH
mogen RegCM (Giorgi et al., 2012). YnucneHaTta cToMHoCT
Ha WHAEKCa e B TeMnepaTypHU eauHuUM (rpagycu no
Uensumit) n e KateropmsmpaHa B 10 Knaca cnopep,
CTeneHTa Ha TOMNJAWMHHOTO HATOBapBaHe MPWU BUCOKMU
NONIOKUTENHU W  HUCKM OTpUUATENHM TemnepaTypwu
(Brode et al., 2012).

Pe3syntatu u ussoau

HanpaBeHu ca UncneHn cMMynaumMm Ha perMoHaaHua
KnumaT B bbarapus 3a mctopudecku (1975-2004 r.) u
6baew, (2070-2099 r.) nepuoa. OnpeaeneH e UTCl 1 Ha
¢éurypa 1 e npeactaBeHa rpaduKa C HerosaTa
noBTOpPsAemMOCT 3a pABata nepuoga. Cnyyaute Ha
TepMUYEH CTpec 1 3a ABaTa Nepuoaa ca M3obpaseHn 3a
12:00 1 15:00 UTC.

Pesyntatute nokaseatr, 4e UTClI nonaga B
KaTeropuute: be3 TONAMHHO HaToBapBaHe — 3e/ieH,

CpefiHO TOMAMHHO HaToBapBaHe — XbAT, M CuaHo
TOMNAIMHHO HaToBapBaHe - opaHXes
(https://urbansis.eu/universal-thermal-climate-index/).
Mpu cpaBHeHMe Ha ABaTa nNepuofa — MCTOPUYECKU M
6baell, ce BWKAa, 4Ye BbB BTOPUA C/aydauTe Ha
TOM/IMHEH CTpec ce ysBenuyasaT. EAHOBpeMeHHO C ToBa
cnyyaute 6e3 TOMIMHHO HaToBapBaHe HamanAsar.
Hai-CblLeCTBEHO €  YBEe/AMYEHMETO MpU  CUIHOTO
TON/IMHHO HaToBapBaHe (OpaHKeBo), C 0Koo 24%.
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!Dmrypa 1. nOBTOpﬂeMOCT Ha KaTeropuunTte Ha TONJIMHHUA CTpecC
3a nepuogute 1975-2004 1 2070-2099 .
B8 12:00 1 15:00 UTC.

BnaropgapHocTu: lM3cnegBaHeTo e  OCbLECTBEHO B
pamkuTe Ha NPOeKT HALWOHAJNEH
TEOMHOOPMALMOHEH LEHTBP, ¢wuHaHCHpaH oOT
MuHUcTepcTBO Ha  0bOpa3oBaHMETO M HayKaTa,
[01-93/25.06.2025r.
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Introduction

Future climate change will have a significant impact not
only on the economies of countries, but also on the
quality of life and general health. A key aspect of the
impact of climate change on health on the environment
is the perception of heat and cold (overheating and
overcooling).

The assessment of future climate change is carried
out through numerical modeling. Global climate research
models provide an estimate of the parameters
determining thermal sensation in a coarse resolution.
This requires in-depth research and analysis of climate
projections with regional climate models in certain areas
of interest, with a higher resolution.

The choice of the study is to assess the impact of the
future climate projections, on determining the
perception of thermal comfort in Bulgaria, using the
Universal Thermal Climate Index (UTCI).

Methodology

The Universal Thermal Climate Index reflects the
feeling of thermal comfort under different weather
conditions, due to physiological reactions related to the
body's thermoregulation system. It is determined by the
air temperature, humidity and wind speed, by the solar
and heat radiation from the surrounding bodies. The
components involved in the calculation of the UTCI are
simulated with the Regional Climate Model RegCM
(Giorgi et al., 2012). The numerical value of the index is
in temperature units (degrees Celsius), and is categorized
into 10 classes according to the degree of heat load at
high positive and low negative temperatures (Brode et
al., 2012).

Results and conclusions

Numerical simulations of the regional climate in
Bulgaria have been made for the historical (1975-2004)
and future (2070-2099) period. The UTCI has been
determined and a graph with its recurrence for both
periods is presented in Figure 1. The cases of thermal
stress for both periods are depicted for 12:00 and 15:00
UTC.

The results show that the UTCI falls into the
categories: No thermal stress — green, Moderate heat
stress — vyellow, and Strong heat stress — orange
(https://urbansis.eu/universal-thermal-climate-index/).
When comparing the two periods — historical and future,
it is seen that the cases of heat stress increase in the
second one. At the same time, the cases without heat
stress decrease. The most significant increase is

projected in the case of Strong heat stress (orange)
category, by about 24%.

Summer 1975 - 2004 Summer 2070 - 2099
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Figure 1. Recurrence of heat stress categories for the periods
1975-2004 and 2070-2099 at 12:00 and 15:00 UTC.

Acknowledgements: Present work is supported by
Contract No D01-93/25.06.2025, Project NATIONAL
GEOINFORMATION CENTER, financed by the National
Roadmap for Scientific Infrastructure 2020-2027 of
Bulgaria.

References

Brode, P., et al. (2012). Deriving the operational
procedure for the Universal Thermal Climate Index
(UTCI). International journal of biometeorology, 56:3,
481-494.

Giorgi, F., et al. (2012). RegCM: Model description and
preliminary tests over multiple CORDEX domains.
Clim. Res., 52, 7-29.

https://urbansis.eu/universal-thermal-climate-index/,
(accessed on 16 January 2026)




171

il HAUMOHANHA HAYYHA KOH®EPEHLIUA NO METEOPO/1OIUA, XMAPOJ/I0IMA N OKO/THA CPEAA

24-26 mapt 2026, HUMX, Codusn

EKcnepumeHTaZIHO u3cneaBaHe HA XMMUYHUA cbCcTaB Ha P43 5 B Codpuna
E. Xpuctosa®, b. Benesa

[JenaptameHT ,MeTeoponorna“, HaumMoHaneH MHCTUTYT NO METEOPOIOTUA U XMAPOIOTUA
Kntouosu aymu: @r1425, enemeHmeH cecmas, Black carbon, ammocgepeH aepo3on
*email: elena.hristova@meteo.bg

BbvBegeHue
MpaxosuTe Yactuum (MNY), emutupaHun B atmocdeparta ot
peavua  aHTPOMOreHHW U3TOYHMUM  (eHepreTukaTa,
NPOMMLLNEHOCTTa, aBTOMOBUNHUA TpaHcnopT,
M3rapsaHeTo Ha pPasNMYHM TBBPAM W TEYHU TOPMBa,
M3rapsHeTo Ha OTnagblM), ce npuemaT 3a OCHOBEH
3amMbpcuTen Ha atmochepHMa Bb3AyX. B HAKOM panoHu
NPUHOCHT Ha MPUPOLHUTE U3TOYHMULM — PECYCNeH3na u
epo3nA Ha No4YBaTa, MOPCKM AEpO30AM, BYJKAHUYHM
M3PUrBaHUA M AOp., CbWO MOXEe A3 € 3HAUYUTENEeH.
BpeaHoto Bb3geicTBne Ha MY BbB Bb3Ayxa BbPXY
YOBELLKOTO 34paBe 3aBMCW [NAaBHO OT pasmepa (obuy
npax uau TSP, ®MY10, PMY25, PMY1), KOHLEHTPALMATA U
XUmnyHua cbectas  (WHO, 2021). O6uiecTseHoTO
BHMMaHMe B Bb/rapma KbM KayecTBOTO Ha Bb3gyxa npes
nocnefHWTe TrOAMHW HapacTBa, HO MNO3HAaHWMATA 3a
XapaKTEPUCTUKUTE Ha BaXKHM 3aMbPCUTENN KAaTO GUHUTE
NPaxoBM YaCTULM N TEXHUA XMMWMYEH CbCTAB Ca MHOrO
orpaHuYeHu.

B HacToAwaTta paboTa e npeactaBeHa UHbopmaLma
33 XMMMUYHUA cbeTas Ha ®PlMY,5 (28 enemeHnTa, Black and
Brown carbon) B aTmocdepHua Bb3ayx Ha rpas Codums.

MeTtogonorus

24-yacosun npobu ot ®MNY2s ca npoboHabmpaHu cbe
cTaHaapTusmpaHo ycrpoictso  (2.3m3h™Y), cbraacHo
ctaHgapt EN-12341, no Bpeme Ha eKCnepumMeHTaNHU
Kamnaumm B  HWMX, nposegeHn B nepuoaa
2020-2023 r. EnemeHTHUAT cbeTas Ha ®MY25 (Mg, Al, Si,
P, S, Cl, K, Ca, Sc, Ti, Cr, Mn, Fe, Cu, Zn, As, Br, Rb, Sr, Y,
Mo, Cd, Sn, Sb, I, Ba, W, Pb) e wuscneaBaH upes
€HeprmmHo-AMUCNEepPCUOHEH PEHTreHo ¢ayopecLeHTeH
aHanus (ED XRF, PANalytical, Epsilon 5) (Hristova et al.,
2020) B WMHCTMTYTa 3a MEAMUMHCKM M3CNeABaHUA U
obuiecTBeHo 34pase B 3arpeb, XbpBaTus.
CbabprkaHueTo Ha caxam (Black and Brown carbon) e
onpeaeneHo € ONTUYHWM MeToaM Ha abcopbumsa c
paspaboteHna B ANSTO, AscTpanus, MHCTpymeHT MABI
(Multi-wavelength Absorption Black Carbon Instrument).
MABI u3mepBa noOrAbWAHETO Ha CBET/IMHA nNpwU
7 Pa3sNnYHKU OBAKUHWU Ha BbaHaTa — 405, 465, 525, 639,
870, 940 n 1050 nm, KOeTo NO3BO/IABA pa3rpaHMYaBaHe
Ha nstoyHunumte BC n BrC (Hristova et al., 2022).

Pesyntatu

OT M3MepeHUTe CPeAHOAEHOHOLWHN KOHLEHTPALMK
Ha 326 npobu ®MNY,s (2 + 104 pgm3) 35% npesuwasat
npenopbkute Ha WHO (15 pgm3). [HesHuTe
KOHUeHTpauumn Ha BC Bapupat ot 0.62 go 16.7 (SD=1.5)
ugm= (dur. 1). Hait-BUCOKMTE CpeaHOOEHOHOLLHM
KOHUeHTpaumuu 3a ®MY2s (104.5 pgm3), BC (17.2 ugm’3)

M BcUYKM enemeHTn (Total elemental concentration
30 pugm3) ca nonyyeHn 3a 27 Hoemspu 2020 r., AeH C
WHBEPCMOHHU YCNOBMA U Mbraa. HAKOM OT enemeHTUTE,
Al, S, Cl, K, Ca, Fe, Cu 1 Zn, ca HaAMYHM NOYTM BbB BCAKA
npoba, gokato gpyru, Cr, Rb, Y n Sb, ca nsmepenu camo
B HAKONKO. OT BCUMYKM  U3CNEABaAHU  e/leMeHTU
Hali-BMCOKa CpeAHa KOHLEHTpauusa e noJjlydyeHa 3a
S, cnegpaHa ot Cl, K, Si, Ca, Fe, Al, Zn, Mg, Cu, Sb, Pb, Sn,
Ba, W, |, P, Ti, Mn, Cd, Br, As, Sc, Sr (¢ur. 2).
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®urypa 2. CpefHa KOHLEHTPaLMA Ha enemeHTuTe BbB P4, 5.

M3cneaBaHn ca KOpeNauMOHHWTE 3aBUCMMOCTU
MeXAay KOHUeHTpaunnTe Ha nsbpaHu enemeHTn. MHoro
BMCOKa Kopenauua e nonydyeHa 3a Al n Si (0.98), BC u
K (0.91), noTBbprKAaBanKkM 06LLMA UM U3TOYHMK: Npax OT
nouyBeH Npounsxoa 1 6MTOBO ropeHe.

BnarogapHocTu: lM3cnenBaHeTo €  OCbHLULECTBEHO B
pamMKkuTe Ha npoekTt Ne KM-06-H34/9 ot 19.12.2019 r.,
duHaHcupaH ot PoHg ,, HayyHu uscnegsanua” n IAEA TC
Project RER7012. ABTOpuTE M3Ka3BaT 6/1aro4apHOCT KbM
pou. a-p MeaH becnny ot UHCTUTYT 38 MeOMUMHCKMU
nscnenBaHus n obecTseHo 34pase, 3arpeb, XbpBaTus.
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Introduction
Particulate matter (PM) emitted into the atmosphere
from a number of anthropogenic sources (energy,
industry, motor transport, combustion of various solid
and liquid fuels, waste incineration) is considered to be a
major pollutant of atmospheric air. In some areas, the
contribution of natural sources — resuspension and
erosion of soil, marine aerosols, volcanic eruptions, etc.,
can also be significant. The harmful effects of PM in the
air on human health depend mainly on the size (total
dust or TSP, PMio, PMa2s, PMi), concentration, and
chemical composition (WHO, 2021). Public attention to
air quality in Bulgaria has been growing in recent years,
but knowledge about the characteristics of important
pollutants such as fine particulate matter and their
chemical composition is very limited.

This paper presents information on the chemical
composition of PM2s (28 elements, Black and Brown
carbon) in the ambient air of Sofia.

Methodology

24-hour samples of PM2s were collected with a
standardized device (2.3m3h™!) in accordance with
EN-12341 during experimental campaigns at the NIMH
conducted between 2020 and 2023. The elemental
composition of PMa2s (Mg, Al, Si, P, S, Cl, K, Ca, Sc, Ti, Cr,
Mn, Fe, Cu, Zn, As, Br, Rb, Sr, Y, Mo, Cd, Sn, Sb, |, Ba, W,
Pb) was analysed using energy-dispersive X-ray
fluorescence analysis (ED XRF, PANalytical, Epsilon 5)
(Hristova et al., 2020) at the Institute for Medical
Research and Public Health in Zagreb, Croatia. The
content of Black carbon and Brown carbon was
determined using optical absorption methods with the
MABI (Multi-wavelength Absorption Black Carbon
Instrument) developed at ANSTO, Australia. MABI
measures light absorption at 7 different wavelengths —
405, 465, 525, 639, 870, 940 and 1050 nm, which allows
differentiation between BC and BrC sources (Hristova et
al., 2022).

Results

Among the measured average daily concentrations of
326 PM2.s samples (2 + 104 pgm3), 35% exceed the WHO
recommendations (15 pgm3). The daily concentrations
of BC ranged from 0.62 to 16.7 (SD=1.5) ugm-3 (Fig. 1).
The highest average daily concentrations for PM2s (104.5
ugm3), BC (17.2 pugm3) and all elements (Total elemental
concentration 30 pgm3) were obtained on November 27,
2020, a day with inversion conditions and fog. Some of
the elements, Al, S, Cl, K, Ca, Fe, Cu, and Zn, are present
in almost every sample, while others, Cr, Rb, Y, and Sb,

are measured only in a few. From all the elements
studied, the highest average concentration was obtained
for S, followed by Cl, K, Si, Ca, Fe, Al, Zn, Mg, Cu, Sb, Pb,
Sn, Ba, W, I, P, Ti, Mn, Cd, Br, As, Sc, Sr (Fig. 2).
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Figure 2. Mean elemental concentrations in PM2.5

The correlations between the concentrations of
selected elements were studied. A very high correlation
was obtained for Al and Si (0.98), BC and K (0.91),
confirming their common source: soil dust and domestic
combustion.
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BbvBegeHue

CnbHueBaTta paaunauma (CP) npeactaBnsiBa ocHOBEH
METEeOpPOIOTMYEH €NIeMEHT U K4oB daKkTop B
eHepruiiHna 6anaHc Ha atmocdepata. Ta uma
CbLLECTBEHO 3HAYEHWE KAKTO 3a KAMMATUUYHUTE
n3cnefBaHuA, Taka M 3a NPUAOXKeHUATa B 06aacTTa
Ha Bb30OHOBAEMUTE €HEPTUAHU U3TOYHULN.

Mpu npemuHaBaHeTo cu npe3 atmocdepata
CP npetbpnasa oTcnabBaHe BCAeACTBME HA NpoOLLECH
Ha pa3celiBaHe, MOM/TbLLAHE U OTPaXKeHMe OT obnauu,
BOAHW KanKW, NefeHUM KPUCTanM, aepo30siHu
yactuM, npax M caxkgu.  ATmocdepHuTte
aepo30au (AA), BKNIOUUTENHO MUHEPANHUAT Npax oT
NMYCTUHHW PalOHKM, OKa3BaT CbLLECTBEHO B/UAHUE
BbPXY PaAMaLMOHHUA TpaHChep, KaTO UIMEHAT KaKTo
OVpPEeKTHaTa, Taka M audysHaTa KOMMOHEHTA Ha
CNBbHYEBOTO bYEHME.

Hactoawoto m3cnenBaHe Mma 3a Len Aa OueHu
B/MAHMETO Ha MpPeHoca Ha caxapcku npax (CN) —
pasrnexaaH Kato ectectBeH AA  —  BbpXy
M3MEepeHuTe CTOMHOCTM Ha rnobanHata CP npu
3eMHaTa NOBbPXHOCT Ha TepuTopuATa Ha Bbarapwms.

MeTtopgonorusa

B nscnepBaHeTo ca M3noni3BaHU M3MepPBaHMA Ha
obwa CP OT TpM METEeOPONOrMYHU CTaHUMKM Ha
TeputopuATta Ha bbarapma. MHdopmaumATa 3a gHUTE
C Hannume Ha CIM e wu3BneyeHa oT MeceyHus
XuapometeoposornyeH 61oneTmH Ha HaumoHanHuA
MHCTUTYT Mo meTeoposiorusa u xugponorns (HUMX),
nybavkysaH Ha  https://bulletins.cfd.meteo.bg/.
JaHHuTe 3a npeHoc Ha Cl Hag cTpaHaTa ca Ha/IMYHU
B 610NeTUHUTE OT Mmecel, AekemBpu 2022 r. Hacam.

AHanm3bT 0bxBalla nepuosa gekemspu 2022 —
oKTOMBpU 2025 r., 33 KOWTO Ca HaJWUYHK
efHoBpeMeHHO AaHHM 3a CP u 3a peructpupanm
cnyd4am Ha npeHoc Ha CIl. JonbaHuTenHo ca
M3M0/13BaHM AaHHM 33 BaNeX C Len naeHtndunumpaHe
W U3KAOYBaHE (MKW OTAENHO pasrnexgaHe) Ha AHu,
npv KOMTo 0671a4HOCTTA M BaseXXHUTE npoLecn buxa
OKasanu CbLUECTBEHO B/IMAHME BBbPXY
paanaLMoHHUTE CTOMHOCTH.

OueHKaTta Ha BamaHneTo Ha Cll e n3sbpLueHa Ypes
CpPaBHUTE/NIEH aHAIN3 MeXKAY:

® [HW C PErncTpupaHo HajnymMe Ha CaxapCku
npax;

e HM 6€e3 yCTaHOBEHO Ha/inumMe Ha npax;

e [HW C Bajex, pasriexjaHn Kato oTAesHa
KaTeropMa nopagM He3aBUCMMOTO UM
B/IUAHNE BbPXY PaANaLMOHHNA NOTOK.

CpaBHEHMETO Cce OCHOBaBa Ha aHaAn3 Ha
CPeAHOAHEBHN CTOMHOCTM M MECEYHW CYMM Ha
rnobanHata CP, KaTo ce TbpCuM CTaTUCTUYECKM
3HAYMMaA pas3IMKa MeXay OTAENHUTE rPynu AHMU.

Pesyntatu n ussogu

B Tabnmua 1 ca npeacTaBeHW CpaBHEHWUA 3a
M3MepEeHUTe KOAMYecTBa CbHYEBA paguauma npes
M. aBrycT B TpW NOCAefOBaTe/NHU TOAMHWU C uen
npocneaAsBaHe Ha BAWAHMETO Ha CaXxapCKUMA MACHK
BBbPXY TAX. OTYeTEHM ca U BPON AHU C BaNeX, KOUTO
CbLLLO B/IMAAT BbPXY NOAYYEHUTE pe3ynTaTu.

Tabnvua 1. MeceyHn cymu 3a U3SMEPEHU KoNYecTsa
CP B 3aBMCMMOCT OT HasinumeTo Ha Cl B aTmocdepaTa

FfoauHa/ Bpoit gHu Bpoit gHn E [kWm/m?] —
mecel, CbC Caxapcku c Banex MeceyHa cyma
NACbK
8.2023 17 8 189.08
8.2024 6 11 194.44
8.2025 3 8 159.81
Jlutepartypa

MeceyeH xuapomeTteoposiornyeH 6tonetuH, HUMX
(apxuB): https://bulletins.cfd.meteo.bg/
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Introduction

Solar radiation is a fundamental meteorological
variable and a key component of the Earth’s
atmosphere energy balance. It plays a crucial role in
climate research as well as in applications related to
renewable energy production.

As solar radiation propagates through the
atmosphere, it undergoes attenuation due to
scattering, absorption, and reflection by clouds,
water droplets, ice crystals, aerosol particles, dust,
and soot. Atmospheric aerosols, including mineral
dust originating from desert regions, significantly
affect radiative transfer processes by modifying both
the direct and diffuse components of solar irradiance.

The present study aims to assess the impact of
Saharan dust transport — considered a natural
atmospheric aerosol — on measured values of global
solar radiation at the Earth’s surface over the
territory of Bulgaria.

Methodology

The study utilizes measurements of global solar
radiation from three meteorological stations located
in Bulgaria. Information regarding days with the
presence of Saharan dust was obtained from the
Monthly Hydrometeorological Bulletin of the
National Institute of Meteorology and Hydrology
(NIMH), available at https://bulletins.cfd.meteo.bg/.
Records of Saharan dust events are available starting
from December 2022.

The analysis covers the period December 2022 —
October 2025, during which both solar radiation
measurements and documented Saharan dust events
are available. Precipitation data were additionally
used to identify and exclude (or analyze separately)
days when cloudiness and precipitation processes
could exert a significant influence on radiation values.

The assessment of Saharan dust impact was
carried out through a comparative analysis between:

e days with reported Saharan dust presence;

e days without recorded dust presence;

e days with precipitation, treated as a
separate category due to their independent
effect on the radiative flux.

The comparison is based on the analysis of daily
mean values and monthly sums of global solar
radiation, aiming to identify statistically significant
differences between the respective groups of days.

Results and conclusions

Table 1 presents a three-year comparative
analysis of August solar radiation measurements,
specifically examining the impact of Saharan dust and
rainfall.

Table 1. Monthly sum of solar irradiance E [kW/m?]
affected by Saharan dust

Year/ Number Number | E [kW/m?]
month of days of days - month
with sand | with rain sum
8.2023 17 8 189.08
8.2024 6 11 194.44
8.2025 3 8 159.81
References
Monthly Hydrometeorological Bulletin, NIMH

(archive): https://bulletins.cfd.meteo.bg/
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NMPOTPAMA

24 mapr 2026 r. 3AJIA , AKA/,. CNAC BALLOB“

08:30-10:00
10:00-10:30
10:30-10:55

Peructpauusa

OduruymanHo oTKpMBaHe Ha KOHepeHUMATa
I-H KOauaH Monoe, MuHUcMbpP Ha 0KOAHAMaA cpeda u eooume

Aoy. 0-p UnuaH NocnoduHos, MeHepaneH dupekmop Ha HUMX

O6uwa cHuUmKa

Bopau — peku, nogsemHu soau, YepHo mope

Bogeuwy Ha cecusTa:

11:00-11:15
11:15-11:30
11:30-11:45
11:45-12:00
12:00 -13:30
13:30-13:45
13:45-14:00

rn. ac. o-p Mas PaHkoBa/pgou. a-p AHHa ﬁopp,al-loaa

OueHka Ha pe3epBuTe B 0bpaboTKkaTta Ha MHTEH3UBHWUTE BaseXW, 3a
LEeNnTe Ha NPOEKTUPaHe Ha OTBOAHUTENIHU CUCTEMM B ypbaHU3UpPaHU
TepuTopum

CmaHucnas flapayes, E. AHeenosa

CbCTOAHME Ha noA3emMHUTE BOAM npes3 npoAabauTenHaTta cywa 2023-
2025rr.

MapuH UsaHos, I'. ipymesa , P. MeaHosa, M. Unuesa u B. Hedesa

YnucneHo mofenvpaHe Ha PasNPOCTPAHEHWETO Ha HepTeHU pPas3NuBMU:
onepaTMBHO NpUIOXKeHNe Ha mogena OpenDrift B YepHo mope

Jlunug Hukonosa, B. Mavbo8

OueHKa Ha Bb3MOXKHOCTUTE 3a BogocHabaaBaHe oT szoBupn “KAJTIMH” n
“KAPATbON”

CraHucnas [apayes, O. CaHTypAXKUAH

OBEIHA NOYUBKA

OnpeaensHe Ha eKCTPEMHM BETPOBM NapameTpu NP pasyeT Ha BETPOBO
Bb/IHEHWE B NOBbPXHOCTHU BOAHMN 06EKTH

[eopau Bvakos, H. MopdaHos, HO. CmoumeHos

Mopcka akBakynTypa B Bbarapus - Bb3MOXHOCTU 32 MHOBATUBHO
passuTme

bunun lNeH4yes




14:00 - 14:15
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Xnaponorva h OKONTHA CPEOA
24-26 maprt 2026, HUMX, Codpusa

[AbArocpoyHn n3mepBaHmA B eyTPodUKaLMATa Ha KpanbperkHU MOPCKU
BOAM B byprackm 3anms, HepHO mope
Aumumbup Bepos, U. Meopauesa, C. KnaiiH, B. Kapamepunosa

14:15-14:30 YnpasneHue Ha BOAOMNOA3BAHETO OT A30BUPUTE B PeasHO Bpeme

OxaHec CaHmypoxcaH, C. dapayes

14:30-15:00 KA®E MNAY3A

HabnpgeHua u acumunaumua Ha gaHHU 3a 3eMHaTa atmocdepa, xuapocdpepa n b6uocpepa

Bogael Ha cecuaTa: ra. ac. A-p AHactacua CroiueBa

15:00- 15:15

15:15-15:30

15:30-15:45
15:45-16:00
16:00 - 16:45

TemnepaTypa Ha MopcKaTa NOBbPXHOCT (SST)
Xpucmo Xpucmos, AHOpeli Kyanuwes

MynTumalLabHU CUCTEMHM CTPYKTYpU B ObArapckata KOHTUHEHTAsHA
NOKpaHWHA Ha YepHoMoOpcKuA baceinH

CeemnaHa ConodsaHkuHa, H. pymesa, Y. MNorncmosHos, 1. MeyuHcKu

0O630p Ha Hanpegbka npu ynotpeba Ha KBAHTOBM KOMMOTPU B
MeTeoponoruaTa

lems AHeenosa, I'. Kanydos, I. leposa

3acHemaHe, KaTeropmsauusa M U3roTBAHE Ha BWU3yaslHM MaTepuann Ha
HebeTo Hag Codus B nepmog ot 6 roamHn (01.01.2020 go 31.12.2025)

AHeen Mamees

MpeactaBsaHe Ha noctepu (N0 2 MUHYTU HA NocTep)
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Xnaponorva h OKONTHA CPEOA
24-26 maprt 2026, HUMX, Codpusa

25 maprt 2026 r. 3AJ1A ,,AKAA. CNAC BALOB”

KnumatuyHu nscnepgBaHma u €KCTPeMHUN MEeTEeOoOpPO/ZIOrM4YHU ABNEHUA

Bopgeuy, Ha cecusTa: gou,. A-p Xpucto YepseHkos/ aou,. a-p Jinnua bouesa

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
11:00-11:15
11:15-11:30
11:30-11:45

OueHKa 32 M3MeHeHMeTO Ha BbTPeLHO-roAMWHOTO pa3snpeaeneHue Ha
pecypca Ha NOBBbPXHOCTHUTE BOAW cnopen KAMMATUYHU cueHapum RCP
2.6, 4.5 1 8.5 no painoHuM Ha baceHOBO ynpaBieHue

Epam ApmuHsaH, 1. LJapes

EkcTpemHn Banexu B bbarapma — KNMMATMYHA OLEHKA Ha Banexure
npe3 oktomspu 2025 .

Jlunusa boyesa, K. Manuesa, T. [Japenosa

M3nonssaHe Ha KAMMaTM4yHaTa I-(J'IaCMd)MKaLI'Mﬂ Ha KboneH 3a
onpegenAaHe Ha TUMNoBETE KAMMAT Ha TOo4ULLHA 6asa TAXHOTO
NPpUNoXKeHnNe

Xpucmo [lonos

OueHKa Ha cbBpeMeHHUTe TeHAEHLUMN B U3MEHEHMNETO Ha
NPOABIKUTENHOCTTA HA CHEXHATA NOKPMBKA B NNAHUHCKUTE PalioOHM Ha
bbarapua

UeemaH Aumumpos, [. Hukonos

KA®E NAY3A

Lagrangian lIdentification of Bulgaria’s Moisture Sources: A Key to
Understanding Drought Dynamics

[epaaHa eposa

TeHaeHUMM B KNMMATUYHUTE u3cneaBanma c N’NC

JLleHuuya Casosa-leopauesa

KanmaTtonorna Ha MHTerpupaHua TpaHcnopT Ha BoaHu napu (IVT) 3a
nepuoga 1994 — 2023 r. n nscnepBaHe Ha aTmochepHa peka npes 2023
r. 8 bbarapua

Mumko Xadxcues, 6. Kocmawku, I'. l'eposa

Ce30HHaA N/BTHOCT HA MbBAHUUTE MO ceBepHaTa, U3TOYHATa, HOXKHATa U
3aNagHaTa Kpa|716pe>KHa 30HQA Ha l'|e|'.'JHO Mmope Bb3 OCHOBA Ha AdHHU OT
ZEUS (2005-2024 1)

Caska llemposa, P. Muuesa

MNpenBaputesiHM  pe3ynTatm  OT NpPUNaraHeTo Ha KOpeKkuuA Ha



12:00-13:30

il HAULMOHATHA HAYYHA KOH®EPEHLU XA NO METEOPOJ10IUA,

Xnaponorva h OKONTHA CPEOA
24-26 maprt 2026, HUMX, Codpusa

CUCTEMHOTO OTKNOHEHUE BBPXY AaHHWU 33 TeMMNepaTypaTa U Banexute ot
mHoxKectBo EURO-CORDEX moaenu

Xpucmo YepeseHkos, K. Cnasos

OBEAHA NOYUBKA

I'IporH03a 3a BpemMeTo U npeaynpexXaeHuna 3a eKCTpeMHU MeTeopo/Z1IorM4Hun AsB1eHnA

Bogael Ha cecuaTa: ra. ac. a-p Kpacumup Croes

13:30-13:45
13:45 -14:00
14:00 — 14:15
14:15 - 14:30
14:30 — 14:45
14:45 - 15:15
15:15-15:30
15:15-15:30
15:30-16:30

70 roguHu rpa*kaaHcKka NnporHosa 3a spemeto 8 HUMX

AHacmacua _Cmolivesa, K. Cmoes, M. Cnasyes, X. Xpucmos, M.
locrnioduHos

,BEeTMHA" U yparaHHMAT BATLP No bbarapckoto YepHomopue
BeHema Todoposa, B. Pachalinosa B. leopauesa

MynatTumoaeneH nogxoA 3a NPOrHo3a Ha KOHBEKLUMA
UnuaH MaHagos, P. lMeHyes

AHanus Ha cuHonTMYHaTa obcTaHOBKa B neproaa 2-8 oktomspu 2025 .
PaneHa Aumumposa, A. Cmoliivesa, K. Cmoes, A. Kupunosa

KA®E NAY3A

3acMyaHe Ha rpbMoOTEBUYHU bypu Ha netuwe Codusa M3NoON3Baliku
MoZen 3a MalnHHO obyyeHmne Random Forest

derucnas boHyes, H. lNeHos, . leposa

BnnaHneto Ha meTeoposiormM4yHnTe enemeHtTM wu ABJNEHUA BDBPXY
noXxapwute

BeauH Kauwes, A. Aenues

lNMporHo3sa 3a BpemeTo U MEeTEeOpPOJSIOFMYHO OCUrypABaHe Ha BepToneTu
NpPu raceHe Ha NnoXapu

Adumo flenyes, B. Kauwes

NOCTEPHA CECUA 3ANA ,,AKAA. NTIOBOMMUP KPHCTAHOB*
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26 mapt 2026 r. 3AJIA , AKA/ZL. CMIAC BAL,OB*

ArpOMETEOpOHOI'M‘-IHM ycnosua — nNpean3BuUKaTesICtBa 3a arpotexHosnormmrte

Bogew, Ha cecnAaTta: gou. A-p Becka Neopruesa

9:00 -9:15
9:15-9:30
9:30-9:45

MporHos3a Ha $eHO/IOrMYHO Pa3BUTME Ha YepeLLloBU U ADBIKOBU OBOLLHM
rpaguvHu B 3aBUCMMOCT OT arpoOMeTEOPONOrMYHNUTE YCN0OBUA

BanenmuH KazaHdxcues, 1. Manawesa, B. leopauesa, b. LleHosa

benonnogHn Aaroan — eBanoTpaHcnuMpauua u ed)eKTMBHOCT Ha
M3no0/s13BaHe Ha BOA4aATa 3a HanoABaHe

Enena pvHYaposa, b. EneHos

CpaBHUTeNEH aHaNn3 Ha caTeNUTHO H6a3npaHu BereTauMoOHHU UHAEKCU U
HazeMHU 6MOPU3NYHM U3MepBaHMA NPU KyATypaTa LapesmLa

Hueko asazos, B. leopeuesa, B. KazaHOxcues

3ambpcaBaHe Ha Bb3AyXa, €KOJ0rMA U YOBELIKO 34paBe

Boaeuy Ha cecunTa: npod. a-p EneHa Xpucrosa/aou,. a-p Mapua Konaposa

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

MeTogmKa 3a OuUeHKa Ha NPMHOCA Ha NYCTUHEH NPax KbM NpeBULLEHNATA
Ha ®MY10 B Bbarapua M uaeHTUGMUMpPAHE HA AHUTE NOBAUAHM OT
NYCTUHEH npax

Emunus leopeuesa, X.Kuposa, A.Cmolivesa

MOHVITOpMHF'bT Ha NOJiIeHN BbB Bb34yXa KaTo HEO6XOAVIM KOMMOHEHT Ha
MEeTeopPOoIOrTMYHUTE NPOrHO3n

Mapuena Xpucmosa-Casosa

OueHKka n CpaBHUTENEH aHA/IN3 Ha CEH30PWU 3a NPaxoBn YacTnum

A. Tep3sulicku, H. Koues, /1. LaHkos, E. Xpucmoesa, E. VlopdaHoea,
Ceemna leopauesa, C. TeHes

KA®E MNAY3A

MpesuweHna Ha PMNY10 MU METEOPONOrnMYHM YCNOBUA B ABE CTYLEHMU
nonyroama

Emunusa leopauesa, H. Helikosa, b. Benesa, A. Cmouuesa, T. dapenosa

Texkkn metanu BbB PlY,.5 B rp. byprac: Ce3oHHa AMHAMKMKA U OLLEHKA Ha
34paBeH PUCK

Xunal Mymay, /1. [loHcaneew, B. [leopeuesa, C. HalideHosa, E.
Xpucmosa




11:30-11:30

11:30-11:45

11:45-12:00

12:00-12:15

12:20-12:45

12:45

il HAULMOHATHA HAYYHA KOH®EPEHLU XA NO METEOPOJ10IUA,

Xnaponorva h OKONTHA CPEOA
24-26 maprt 2026, HUMX, Codpusa

OueHka Ha edeKTa OT BbBeAEHUTE HUCKOEMWCUMOHHM 30HM B Codus,
bbarapua

Penema flumumposa, M. Benusaposa, A. bypos, /1. bpe3osg

MNoneHosaTa NPOrH03a - peasiHn wusmepBaHMA WU MmetTeopoaorna —
6bara PCKUNAT onNuT

Mapuena Xpucmosa-Casosa, CmaHucnaaea Llanosa

EkonornyHa yCTOVNMBOCT N CTPpaTeErM4ecKko ynpasaeHne

Kpacumupa I;IOBKOBG

eonpoCTpaHCTBEH aHA/NN3 HA 3aMDbPCABAHETO Ha Bb3AyXa W 34PaBHUA
puck c Esri TMIC 1 GeoAl

KanosaH UeaHos

Harpagu 3a mnaam yueHm 3a Hali-a06bp aokaag (ycTeH n nocrep)

3aKpuBaHe Ha KOHpepeHuUuATa
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Xnaponorva h OKONTHA CPEOA
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NOCTEPHA CECHA

25 maprt 2026 r., 15:30 - 16:30, 3AJ1A ,,AKAl. TFOBOMWP KPHCTAHOB”

HabnoaeHna n acumunayma Ha gaHHU 3a 3eMmHaTta atmocdepa, xuapocdepa u 6uocdepa

1

MeTogmKa 3a BUPTYya/siHa Kanm6pau,14ﬂ Ha MpPeXOoBU METEOPONIOTNYHU CEH30PUN 4pe3
POTaLMOHHA KO-/1I0KaumnAa U cbCegHO nognomaraHe

leopau [Nlempos

CokoaguKeHMe U aTMOCPepHO-MOYBEHU BAMAHUA, pernctpupaHmn ¢ TDP ceH3op Ha
PoxeH

Pocuya CmegpaHosa

AcMmMKUIaUMA HAa CUHONTUYHU OAHHU B HexmapocTtatuiHma mogen AROME
bopsaHa LleHosa, M. LjaHKkos, K. MnadeHos, M. [uHes, M. lNMvpsaHos, X. Hadxu

ObnrorognwHn usmepBaHMAa Ha OOU3MKO-XMMUYHUTE MOKas3aTe/IM Ha Banexute B
bbarapusa

EneHa Xpucmosa, M. Kopcayka, M. Cmolikosa

CpaBHEHMe Ha eXegHEBHUTE U3MEPEHU U CUMYINPaAHU AaHHU 33 BUCOYMHATA HaA
CHEXHaTa NOKpPWUBKa B E'bflrapMﬂ — npeaBapuTtenHn pesyntatu

UeemaH Aumumpos, [. Hukonos

KnumatnuHum ni3cnenBaHnAa U eKCTpeMHN MeTeoposIorM4Hn asieHunA

6

10

11

Bpon aHM c rpbmoTeBuYHa aenHocT B Codus 3a nepmnoaa 1901 - 2020 .

Jlroomun Kepoxcunos, C. Mames

N3cneaBaHe Ha MHOrOroAMIHUTE KosiebaHWA Ha CPeAHUTE MeCeYHU W TFOAULLIHM
TemnepaTypu Ha Bb3AyXa 3a palioHa Ha rpag, CaHAaHCKK

AHmoHusa lNonesa, Ce. Mumkos

CbBpEMEHHU K/IMMAaTUUYHU XapPaKTEPUCTUKM 3a BCAKA aJMWHUCTpaTMBHA obnacT B
bbarapua
P. EseeHues, boxcudapa lumumposa, L. Hukonosa

C'beEMEHHM TeHAEHLU UM B NPOABATA HA AHUN C TPONMUYHUN HOLWUN B Ebnrapvm

XpucmusaHa Helikosa, b. Jumumposa, C. Mames

Pecypcu Ha 3eneHaTa eHeprua B bbarapus
lemvp NeaHos

OnepatuBHWM BM3yanusauMM Ha pe3yaTaTM OT YUCAEHW MOAENAN B MOMOL, Npu
N3roTBAHE Ha ONEPATUBHU XMAPONOTMYHN NPOrHO3M

llemko Lapes, . KowuH4YaHo8



12

13

14

1 HALMUOHANHA HAYYHA KOH®EPEHLU XA MO METEOPOJ10TUA,
Xnaponorva h OKONTHA CPEOA
24-26 maprt 2026, HUMX, Codpusa

CpaBHUTENeH aHanM3 Ha BATbpa bopa 3a pakoHute KHUH (XbpBatva) u CaveeH
(Bbnrapua) 3a mecen, Pespyapu 2023 roanHa

AnekcaHovp floHes, B. [JaH4Yyo8CKU

CyxoBeunte B bbarapusa, ngeHTMduULuMpaHn c NOMoLLTa Ha peaHannsa ERAS Land
K. Manyesa, P. EseeHues, /lunusa boyesa

AKLEHTHM 33 KaimmaTa Ha bbarapua npes 2025 roguHa
K. ManueBa, TataHa [lapenosa, /1. bouesa

Boau — peku, nogsemHu sogu, YHepHo mope

15

16

17

18

19

20

21

22

OuLeHKa Ha B3aMMOBpPB3KATa MeXAYy METeOPONOrMYHOTO U XMAPONOXKKO 3acyllaBaHe
no peyHu bacelHM Npu PasNUYHU BPeMeBU CTbMKK

AHHa WNopdaHosa, N.Unuesa, /1.6o4eaaq, Kp. Manuesa, Kp./TrobeHoaa,
B.MopdaHosa, U. flumumpos, . pymesa

AHanM3nM M MHAEKCM 3a OUEHKa Ha BOAHOCTOMAHCKUTE 6anaHCK B CbOTBETCTBUE C
TMnoseTe pecypCcHU oueHKn Ha HUMX

Kpacumupa JTrobeHosa, U. Unuyesa, A. M"opdaHoea, M. PaHkosa, K. Kpymoea, P.
Jobpesa, A. boesa, I". ipymesa, U. lumumpos, E. AHzenosa

MunoTHa cuctema 3a Haba4eHUA Ha BOAHM HMBA , TEMMEpaATypu, NapameTpu Ha
pPeKU, N043eMHMN BOAN, B MOHUTOPMHIOBaTa mpexa Ha HUMX.

[nameH AHz2enos

M3meHeHMe Ha HMBATa Ha NOPOBUTE NOA3EMHU BOAM B KasaHabluKaTa KOT/IOBMHA npu
MHWHaNN NpoaAbIXKUTENHN CYLLN

FepeaHa [lpymesa-AHmoHosa, K. /llobeHosa, A. ﬁopdaHoea, U. Unuyesa

CAsseVaya: WHTerpupaHa oueHKa Ha ¢daKkTopute, onpeaensAwM KayecTBOTO Ha
NMOBbPXHOCTHUTE BOAM BbB BoAocbopa Ha e3epo Bas - KoOHUENUMA U MeTOA40N0rMYHa
pamMKa

JleHua [oHcansew, Cm. LlakoscKu, A. Benu, X. WemeHOncues, B. T eopauesa, B.
Muxatinosa, M. leopauesa, X. Mymany

MpunoxeHne Ha ArcGIS Pro npu aHanms n oueHKa Ha BUCOKM BbJIHU

CmaHucnas Kpaces

MeToAaMKa 3a OLEeHKa Ha NpenenTe oTnagb4yHn BOAM B 30HM C XKUIULLHO 3aCTpOABaHe

CmaHucnas flapayes

AHanus 1 oLEeHKa Ha U3MEHEHMETO Ha pecypca Ha p. Mckbp, p. Orocta 1 pekun 3anagHo
oT peka Orocta M HAAKOM TEXHW NpUTOUM 3a ABa pedepeHTHM KAMMATUYHKU nepuosa
(1961-1990 r.) n (1991-20201.)

bopucnas Byykos, M. PaHkosa
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23 BauAHMe Ha BOAOB3EMaHeTO OT MOoA3eMHW BOAU BbPXY EKOJNIOTMYHMA OTTOK Ha p.
TyHOXKa

TamsaHa Opexosa, 4. LLlonosa

24 CpaBHeHMe Ha pe3ynTaTuTe OT U3bpaHu coPpTyepHM NPOAYKTU U KNACUYECKU METOoZ, 3a
CbCTaBAHE Ha roAMLWHA KNOYOBA KpMBa Ha 33aBMCMMOCTTA BOAEH CTOEXK- BOAHO
KO/IMYecTBO

Kamas lNapancKa

25 [pumepu 3a XMAPOJIOKKO MOAENMPAHE Ha BUCOKM BB/IHWU C M3MNON3BAHE HA CaTe/INTHA
nHdopmaLmMa U NPOAYKTU 3a Banex paspaboTeHn B pamKuTe Ha npoekta HSAF

[eopau KowuH4yaHos, C. CmosHosa

26 I'IpvmaraHe Ha moAen oT Thna ,,CBbP3aH MNOBBPXHOCTEH — NOANOBBPXHOCTEH noTtok” 3a
n34yncnaBaHe Ha BUCOKONTaHUHCKN peYEH OTTOK: HAKOU NPpeaABapPUTENHU PE3YNTATU

Unusa lNoncmosaHos

27 BanAHMeE HA KIMMaTa BbPXY PEYHUA OTTOK B MAJIKM YHEPHOMOPCKM BOA0CO60pH,

Benko Koxcyxapos, B. Bacunesa

28 HasogHeHuATa B bbarapua npes 2025 rognHa

Banepus NiopdaHosa

29 AHanuTMyHO onpegensHe Ha GUATPAUMOHHMS MOTOK MPe3 3eMHOHacunHa gura m
OLLeHKa Ha pu1CcKa oT cydo3us

Teodop Kones

30 BauAHMe Ha nefoBUTE ABNEHUA BbPXY PEXKMMA Ha PEYHMA OTTOK.

deHuc Nnues

MporHo3a 3a BpemMeTo U npeaynpeXKaeHUa 3a eKCTPEMHU METEOPOIOrMYHUN ABNAEHUA
31 Mogen 3a MalMHHO 0byyeHMe 3a KPaTKOCPOYHa NPOrHO3a Ha BPEMETO

Muxaun lNMvpsaHos8

32 YucneHaTa nporHosa Ha spemeTto B HUMX

GopsaHa LleHosa, M. LaHkos, K. MaadeHos, M. fluHes, M. lMvpsaHos, X. Hadxcu

33 OnacHu meTeoponornyHu AsneHnA B bvarapma npes 2025 rognHa

Kpacumup Cmoes, b. Mapkosa, P. Aumumposa, A. Cmoliivesa, N. locnoduHos, M.
lMonoea
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ArpomeTeoposIorMyHU yCNoBUA — npean3BuUKaATesICTBa 3a arpoTexHosnormmrte

34

35

36

CpaBHMTeI'IHO npoyysaHe Ha TOJEPAHTHOCTTA KbM  abuoTuuyeH ctpec Ha
MHTPOAYUNPaHU TEHOTUNOBE 0bMKHOBEHa nweHunua

HAdumumpuHa Hukonosa, . Muxosa

BavAHME Ha arpomeTeoposIorMYHUTE YCI0BUA BbPXY A06MBA M KAYECTBOTO HA 3bPHOTO
NPY TMHWUM 3UMeH dyparkeH eyeMunk

dapuHa Aumosa, E. lumumpos, B. leopauesa, 3.¥Yp

BepoATHOCTHO-CTAaTUCTMYECKM aHANM3 HA peauuuTe OT [aTM Ha HacTbnBaHe Ha
YyBCTBUTENHM KbM Mpa3 $asu Npu HAKOU KOCTUNKOBM OBOLLHM KyATypw B Bbarapus

lemsa Manawesa, B. leopauesa, B. KazaHOxcues

3aM'prﬂBaHe Ha Bb3A4yXa, eKo/q10rma n 4HoBewko 3gpase
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TOKCMKONOrNMYHO oOXapaKtepusmpaHe Ha [MAB ot ®I1Y41, reHepupaHM OT PaA3AUYHMK
BUaoBe bruomaca

Kpacumupa Bacunesa, N. Mopdaros, Y. HaiideHosa, O. CaHdos, M. LjoHesa, T. [aHes,
L. l'eopeuesa

BanMp,MpaHe Ha MO4eNHU OaHHWU 3a CKOPOCT Ha BATbpPa B MNnosaus,

CesdanuH lewes, [. AmaHacos, E. leopauesa

Bapmau,MM Ha KOHUEHTPAUMNATa Ha Npax B COd)Mﬂ npe3 nocnegHmnTe gBe AeCeTUNETUA

Emunus MopdaHosa, b. Benesa, E. Xpucmosa

BavaHMe Ha 6baewmTe KNMMATUYHM NPOEKLMM NpU OnpefensHe Ha yCelaHeTo 3a
TOonAMHEH KomdopT B Bbarapuma

Baadumup UsaHos, U. leopauesa, I'. Fadxes, K. aHes u H. Munowes

EkcnepmMmeHTanHo u3cnesBaHe Ha XMMUYHUA cbCTaB Ha PIY2.5 B Codua

EneHa Xpucmosa, b. Benesa

BAusHME Ha caxapcKkua npax BbpXy M3MepeHaTa CAbHYeBa pagmaums npu 3emHaTta
MOBBPXHOCT

BaHa MaHesa-llemposa, A. llempos

CpaBHUTENEH aHaNN3 Ha KOHUEHTpauMmUTe Ha GUHU NPaxoBU YacTULU MEXKAY MbTHO-
OpUeHTMpaHa, rpagcka GoHOBa M permoHanHa ¢poHoBa CTaHUMA B pailoHa Ha Codus

CmosH leopaues, P. Jumumposa , E. Xpucmosa




