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TemnepaTtypa Ha MOpCKaTa NOBbPXHOCT (SST)
X. Xpuctos®, A. Kynuwes

JenaptameHT ,MporHosu n nHdopmaumoHHo obcayxkeaHe”, HaunmoHaneH MHCTUTYT NO METEOPO/IOTUA U
Xnaposorua
Kniouosu aymn: memnepamypa, MopcKa 800Ha nosvpxHocm, SST
*email: hristo.hristov@meteo.bg

BvBepgeHue

MHoOro rpaskgaHu M3MNon3BaT pas/MyHa Mo  BuUA
uHPopmauma oT yebcanToBeTe Ha HaumoHanHuA
WMHCTUTYT Mo meTeoposorua u xugponorusa (HUMX), Ho
nmnceawe MHPopMauumsa 3a TemnepaTypa Ha MOPCKaTa
BOOHa MOBBPXHOCT, KOATO e 0cobeHo nonesHa 3a
noTpebuTenuTe Npes NETHUA CE30H, CBbP3aH C OTMYCKU U
noumsku. Mpe3 ¢espyapu 2024 r. Gewe nycHaT B
onepaTMBEH PEXMM HOB NPOAYKT 33 BM3yanusauma Ha
TemnepaTypaTta Ha MOpCKaTa BoAa B palioHa Ha YepHo u
CpeansemHo mope — Sea Surface Temperature (SST). OT
Hero noTpebuTenuTe moraT ga noayyat MHPopmauma
KaKBa e TemnepaTypaTta Ha MOPCKaTa BO4A Ha MACTOTO,
KbOETO Ca, UM 33 MACTOTO Ha NIaHMPaHaTa NOYMBKA.

MeTtoponorus

3a cb3gaBaHeTo Ha npoaykta SST e um3nonssaHa
CNbTHMKOBA MHbOPMALMA OT 4 NOAAPHU CNBTHUKA. [lBa
oT TAX ca Ha European Organisation for the Exploitation
of Meteorological Satellites (EUMETSAT) n pgBa Ha
National Oceanic and Atmospheric Administration
(NOAA), cbotBeTHO — Metop 1 NOAA. Te3n cnbTHUUM
NPeMMHaBaT CPaBHUTENIHO HUCKO Haj, eBpOnencKus
palioH (BKNKOYMTENHO W Haj HalwaTta cTpaHa). B 10 n 20
UTC npemuHaBaT cnbTHMUMTe Metop n 8 01 1 12 UTC —
cnbTHUUMTE Ha NOAA.

3a nonbaBaHe Ha AaHHM OT 3a061a4eHnTe palioHn e
usnonssaH M umcneH moaen Near Sea Surface
Temperature (NSST), KoiTo e yacT ot NCEP-GFS (National
Centers for Environmental Prediction — Global forecast
system).

[JaHHuTe ca B reopedepupaHa Mpexa CbC CTbIKa
2 km, Kato B mecTata c obnauM W Hag cywara
TemnepaTypuTe ca MapKMpaHU KaTo HeBaANAHU. Bcuukn
CTOMHOCTU OT MpeXKaTa ce M306pas3snBaT KaTo LBETHU
NMUKCEeNN, CbINMACHO MasINTPa B PacTEPHM CNOeBe.

Cb3aaaeH e U CKPUNT, KOMTO B 95 TOUKKM (NonynapHK
MecCTa M rpafoBe) M3BAMYA AaHHWUTE 33 TemnepaTypaTta
OT NocNAeAHNA NPEMUHAN CMbTHUK OT NPEeAXOAHNA AeH —
Metop B 20 h. Mpu Hanuume Ha obnauym nuncea
MHbOpMaLMA U ce B3eMaT AaHHUTE OT NPeaXOoAHUA —
NOAA B8 12 h u T.H. Mpn Annca Ha JaHHWU M OT YeTUpuTe
CMbTHMKA Ce U3N0N3BaT AaHHU OT YUCNEHUA Moaen.

CnoeBete ce HacnareaTt 3aeg4HO C KOHTUMHEHTa/NHaTa
nog/10Ka B 061 KapTuHa.

MocnepHaTa CTbNKa € NOCTaBAHETO HA reHepupaHuTe
KapTW Ha eAuH OT HaluTe CbPBbPU U BU3yanusaumaTa
MM Ha yebcaiTa weather.bg.

Pe3syntatu u nssoau
Pesyntatute, KOUTO ce MmosyyaBaT cnep, onucaHaTta
no-rope npoueaypa, ca ABe KapTu:

TemnepaTypa Ha MOpCKaTa BoAa

©2026 EUMETSAT, 0S| SAF

durypa 1. TemnepaTtypa Ha MOpPCKaTa NOBBPXHOCT.

TemnepaTypa Ha MopcKaTa noBLPXHOCT (SST) ot 22.02.2026

© 2026 EUMETSAT, OSI SAF

durypa 2. TemnepaTtypa Ha MOpcKaTa NOBbPXHOCT:
No-roNsam AOMeiH 1 No-BUCOKa Pe3otoLus.

Ha cb3gageHuTe KapTu OcBeH TemnepaTypaTa Ha
MOpPCKaTa NOBbPXHOCT Ce BUMKAAT U TEYEHUATA, KaKTo U
edekTn Kato coastal upwelling.

Mpeacton nogobpssaHe Ha SST NpoayKTa yYpes:

1. 3amaHa Ha MHPOpPMaUMATA OT NONAPHUTE CMBTHULM C
uHpopmauma or MTG (Meteosat Third Generation).
Mon3ute OT TOBa Ca MHOrO: MO-TONAMA pe3otoums,
HaMaNeHO 3aKbCHeHMe Ha MHbOopMaUMATa, NO-rofAma
4ecToTa Ha reHepMpaHe Ha KapTUTe M Bb3MOXKHOCT Aa ce
ns3bepat Yacose, NPU KOUTO HAMA 06NaALM, U T.H.

2. 3amsaHa Ha uucneHua mogen NSST c apyr uucneH
mogen. Mpeacton ga ce pewun danv ToBa ga Obae
nHoopmaumsa ot IFS-ECMWF nan apyr uncnen mogaen.
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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 conclusions
The two maps below represent the results obtained
after the described procedure.

Temnepatypa Ha MOpcKaTa BoAa

Figure 1. Sea Surface Temperature.

Temneparypa Ha MopcKaTa noBBPXHOCT (SST) oT 22.02.2026

© 2026 EUMETSAT, OSI 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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MyAnTMmaw,abHn CMCTEMHM CTPYKTYpU B 6bArapckata KOHTUHEHTANIHA NOKPAUHUHA

Ha YepHomopcKua baceitH
C. ConoasHkmHa*, H. Apymesa, U. MoncTtoaHos, M. MeumHCKn

MHCTUTYT No okeaHosorua ,Mpodecop @Pputbod HaHceH”, Bbarapcka akagemmnsa Ha HayKknuTe
KntouoBu aymu: saHowaghm, eeonoxncka cmpykmypa, sodocbopHu b6aceliHu, 6uonokpumue
*email: solodyankina@io-bas.bg

BbBeaeHue

NaHawadTbT € MHOTOKOMMOHEHTHa M MHOrodaKTopHa
CMCTeMa C BWCOKA CTeneH Ha CNOMKHOCT, KOEeTo
3aTpyAHABa NPOrHO3MpaHeTo Ha HelHaTa AMHaMMKa U
eBotouna, 0COBEHO B KOHTEKCTA Ha KAMMAaTUUYHUTE
npomeHu. To3n npobnem ce agpecvpa nocpencTsom
Cb3f@aBaHe Ha KOHTEKCTHO-cneuuouyHu moaenu wu
noaxoan. TeopeTMyHaTa pamKa Ha M3CnenBaHeTo ce
OCHOBaBa Ha: CcMCTeMHaTa Teopusa, TeopuATa 3a
MHOrocTeneHHaTa camoopraHusauua Ha naHgwadTa u
KOHLeNuMATa 3a napareHesnc Ha CyXO3eMHM U MOPCKM
NaHawadTy.

MeTtopgonorus

ColuecTBEHa  XapaKTEPUCTMKA Ha  NpuaaraHua
cucTemMeH NOAXO4 e CTpeMexbT fJa ce  OTpasAar
HeaaAUTMBHUTE CBOMCTBA Ha cucTemaTa. leocuctemuTe ca
OTBOPEHW AMHAMMUYHU CUCTEMM, KOUTO B YCIOBMA Ha
6bp3u TpaHcHOPMaLUKM U/UAK HAANParoBY Bb3AENCTBUSA
Mmorat ga 6bAaT MHTepnpeTMpaHuM KaTo CTOXACTUYHMU.
CTOXaCTMYHOCTTa 06UKHOBEHO ce moaenupa
nocpeacTBOM  BEPOATHOCTHW  pasnpejeneHns w
CpaBHUTENHU METOAM Ha U3cnesBaHe.

O6eKT Ha n3cneaBaHeTo (¢ur. 1) e KOHTUHEeHTaNHaTa
noKpaiHWHa Ha YepHo mope B NpeaenuTe Ha bbarapus,
obxsawawa naow, oT 16 500 km?2 TlpaHuuata e
onpeaenieHa no rNaBHUA BOAOAEN HA PEYHO-AO0NMHHATA
MpeXKa, rpaBuTUpalla Kbm YepHOMOPCKUA 6BacenH.
M3cnenBaHUAT paioH npeacTaBnsaBa 061acT ¢ AUPEKTEH
OTTOK KbM YepHO Mope M BK/IOYBA AEHYAALMOHHM
NOBbPXHMHU — BOA0COOPU U PeYHU AOAMHM OT MbPBU A0
wecTtn nopaabk (Kones u gp., 2002).

Pe3yntatu n ussogm

3a moaenvpaHe Ha BepPOATHOCTHU pa3npesenieHnsa n
CpaBHABAHE HA reocUCTemMM € CbCTaBEH MHOrOM/acTos
npocTpaHCcTBeH npoekT B TUC cpepa (npoekuma UTM;
30Ha 35N), cbabprKaly, 85 pacTepHM U BEKTOPHM €10A 3a
nscnenBaHaTa Teputopua. MbpBUYHUTE JAHHWU BKAKOYBAT
TPU OCHOBHMU rpynu.

MbpeaTa rpyna cbbrpa aHHW OTHOCHO reo/1I0XKKaTa 1
TEKTOHCKaTa CTPYKTypa, pasnosioKeHa B C/OW OT
10 km pgo 40 km M moxe pa b6bae cmATaHa 3a
OTHOCUTENHO cTabunHa. CpesHaTa NAOL, Ha NOJIMFOHA Ha
TEKTOHCKUTE CTPYKTypu e okono 300 km?2. B obcera Ha
ABaTa cu ¢naHra — CeBepobBArapcKOTO M3auraHe U
CTpaHa)KaHcKMA 610K, rpaHuuata ce npubaunkasa
NAbTHO Ha 15-20 km go mopcKua b6aceitH, a B npegenute
Ha [MpoBaAMNCKO-KaMUMIMCKOTO NOHMMXKEeHWe, M3TouyHa

CTapa nnaHuMHa M ByprackoTo CTPYKTYPHO MOHUMKeHWe
BOAOAENDBT 3a/MBOBMAHO HaBAM3a B Cywata Ao
135-140 km (Kones u ap., 2002).

BtopaTa rpyna npeacrasn eK3oreHHaTa
TpaHcdopmaums, CBbp3aHa C BOAHWUTE, Bb3AyLIHUTE U
nMTocybCcTpaTHUTE NOTOLM, KOMTO Ce MPOoABABAT B C/0M
OT KMIOMETbP A0 AecCeTKU KunomeTpu. Mpossasa ce B
CbYeTaHMA Ha pasHomnopAabYHU reobacelrtHu. MHoro
€KOCUCTEMHM MPOLLECU Ce OCbLLECTBABAT Ha HUBO
BogocbopeH 6aceitH.

TpeTata rpyna e Hal-AMHAMWMYHA W BKKOYBA
nHpopmaLmMsa 3a NOYBEHO-PACTUTENHATA NMOKPMBKA U ce
KOHLLEHTPMPA B C/101 A0 AeceTKn meTpu. CpegHaTa naoLy,
Ha MOAMIOHA HA pacTUTenHUTe CcboblecTBa e
8 km2. B rpaHMumTe Ha obnacTTa Ha u3cneasaHe ca
pa3npoctpaHeHu [MoHTuiickn ctenn (1%), BankaHcku
cmeceHn ropu  (84%), WM3TOYHOEBPOMEMCKM TOPCKM
ctenun (8%), POAONCKM NAAHUHCKKU cmeceHn ropu (6%),
EBKCMHCKO-KONXUAOCKN  LUMPOKOAUCTHM  ropu  (1%)
(Dinerstein et al., 2017). BbTpelwHaTa gudepeHumaums e
0b6ycnoBeHa OT a30Ha/IHM M MHTPA30OHa/IHU MPUPOAHU
baKTopu M OT YoBelKaTa AelHOCT. CbbpaHUTe AaHHM
No3BONABAT M3uMcaeHMeTo Ha Meorpadcku npeterneHa
perpecus (GWR), MHaeKc Ha pasHoobpasneTo Ha LLaHbH
M onpesensiHeTo Ha eKOTOHHM 30HM.

durypa 1. Undpos mogen Ha peneda
Ha M3cnepBaHuA 06eKT.

BnarogapHoctu: W3cnegBaHeto e ¢dMHaHCMpaHO Mo
npoekt HIUL, Ha MOH, Ne101-321/30.11.2023.

Nnteparypa

Kones, b. u ap. (2002). leorpadusa Ha bBbarapus:
du3nyecka n coumanHo-MKoHomMYecKa reorpadus.
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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.
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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 and conclusions

A multilayer spatial project in a GIS environment
(UTM projection, Zone 35N), containing 85 raster and
vector layers for the study area was/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 km?2.
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 km?2.
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.

Figure 1. Digital elevation model of the study area.
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KoHuenuuATa 3a KBAHTOBM KOMMIOTPU 3aMoyBa Aa ce
odopma npes 80-Te rogMHM Ha MWUHANMA BEK U
3HaUUTeNHO HanpeaBa npe3 MNOCAeAHUTE TFOAUHM.
KBaHTOBUTE KOMMNIOTPM NOCTENEHHO NPemMuHaBaT oT
TEOPEeTUYHM KOHLENUUM KbM PeasHo CbLLeCTBYBaLLM
cmcTemu, KOUTO 6usar YCbBbpPLIEHCTBaHU
HenpeKbCcHaTo. KBaHTOBMTE M3YMCAEHWMA U3NoAn3Bat
byHOameHTaNnHN npUHLMIN OT  KBaHTOBaTa
MeXaHWKa, KaTo Hanpumep cynepnos3numaAta, KoATo
MMa KJ/KYOBA PpoOaA M HAMA MPAK aHaaor B
Knacuyeckute KomnoTpu. KeaHTOBMAT 6UT, uan
KIO6bUT, e OCHOBHaTa eauMHWUA B KBaHTOBaTa
nHoopmauma (our. 1).

1)

durypa 1. BusyanmsmpaHe Ha cbcrosHue |0)
Ha KBaHTOB 6UT upe3 Cdhepa Ha Brox.

EAMH OT OCHOBHUTE MOZE/NN, KOMTO Ce U3MoA3Ba
npn wns4yncneHna, € TO3U C KBAHTOBU remtose
(onepauun), Kouto ce npwunarat BbPXy KOOUTU
(dur. 2). Kak eguH npobnem we 6bae npeacTaBeH w
peweH 4pe3 KBaHTOBU U3YUCNEHUA, € KOMMNIEKCEH
NnpoLec, KOWTO M3MCKBa paboTa B TPU HACOKU — Kak
KNnacn4yeckunte AaHHU Oa ce npeacTtaBAT B KBAHTOBa
Bepura, KakBM TOYHO 06paboTKM Za ce npuaoxaTt
ypes KBaHTOBW reilToBe, KOra M Kak Aa ce oTyuTart
JaHHUTE M Ja ce NoAanaT 06paTHO KbM K/acUYecKM
dopmar.

QO—n (@
o B
I, 7T,

®urypa 2. OnpocTeHa KBaHTOBA Bepura
C ABa KlobuTa.

2
meas =

KBaHTOBUTE W3UMCAEHWA BCe MO-YeCTo Cu
NPONpPaBaT NbT B EKCNepUMEHTW, CBbP3aHM C
atmocdepHn  uscnegBaHua.  HabnwpgasaT  ce
PasNUYHM  MOAXOAM, BapupalM OT  MOAYAW,
M3NON3BAHM KaTO [JOMbJAHEHMA KbM  K/IACUMYECKM
MeToAM, A0 ONUTKU 33 3aMAHA Ha LLe/IM airopUTMMU.

To3sn o0630p npeactaBA [ABe UM3c/eABaHus,
CBbP3aHM C onacHW atmocdepHu aBnaeHus. NMbpeoTo
M3cnegBaHe e Ha rpyna, M3Mnonssalla KBaHTOBA
HEeBPOHHA MpE)Ka 3a KPATKOCPOYHa NPOrHo3a Ha
CKOPOCTTa Ha BATbPA B palioHa Ha bawua, Bpasuaus
(Pires et al.,, 2025). KBaHTOBMAT mogen, KoWTo e
M3non3eaH, MNOKasBa J06poO reHepanvanpaHe u
nocTura pesynTaTv, CPaBHUMMU C  KNacUYecKute
MeToaM. CnepBawmatr  npumep pasrnexaa
ynotpebata Ha XxuMbpuaeH KBaAHTOBO-KNaCMYeCKM
anropuTbm. HanpaseH e napanen mexay xmbpuaeH
M U3LANO KNACMYECKM METOZ, 32 NPOrHO3a Ha OMNacHM
MEeTeoponornyHn nasneHunsa (Canot et al., 2025).
PesyntaTute noKaseaT pJobpa YCTOMYMBOCT Ha
NPeafioKeHNa KBAaHTOB METOA, M MOAKPENAT uaenTa
3a A06BbP NOTEHLMAN 32 U3NOI3BAHETO HA KBAHTOBM
KOMMIOTPY B METEOPOIOTUATA.

Jiutepartypa
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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).
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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 —n A
. fﬁb»
2, 0 ﬁ 1
meas

Figure 2. Simplified two-qubit quantum circuit.

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, KaTerop13auusa U U3roTBiHe Ha BU3yaJlHU MaTepuanu
Ha HebeTo Hag Codua B nepuogp, ot 6 roguHmn (01.01.2020-31.12.2025)

AHren MaTtees*

KntouoBn aymu: Hebe, homoepagpus, uHgo2paguKa
*email: angel.mateev@gmail.com

BvBegeHue
MpoeKkTbT nNpeacTaBnsfABa  €XeAHEBHO  BMU3yasiHO
HabnoaeHne Ha HebeTo Hag Coduma ot 1 aHyapu 2020
r. A0 HacToAwMA MOMeHT. Tol MMa KakKTo
XYOO0XKEeCTBEHO-BM3YaneH, TaKa W U3C/ef0BaTe/ICKU
xapaktep. OcHoBaBa e Ha nocsefoBaTeNHO
3aCHeMaHe Ha HebeTo BCEKU AeH B NOCTOSAHEH YaCOBM
OManasoH M Npu  CTaHAAPTU3UPAHU  TEXHUYECKM
YCNIOBMA C LN Cb3faBaHe Ha AbArocpodeH BU3yasieH
apxve. T[pOeKTbT WMa [f[BEe OCHOBHM Uenu: Ja
OOKYMeHTUpa  aTmocdepHuTe  Bapuaumm U Aa
u3cnenBa BM3yasHUTE MOAENU, KOUTO MoraT Aa 6baaT
CBbP3aHUN CbC CE30HHWU, METEOPOIOTUYHU U CBETIMHHU
npomeHu B atTmochepata Ha ypbaHu3mpaHa cpesa.
Ypes cuctemaTnyHoTo Nyb6anKyBaHe B Instagram ce
Cb3faBa OTBOpeHa, nybsanyHa 6Hasa paHHM 33
BM3Ya/IHUTE XapPaKTEPUCTUKM Ha HebeTo B rpascka
cpega. ToBa MO3BOJIABA KaKTO LWMPOK obuiecTBeH
40CTbN, TaKa " camocToATe/Ha BM3YyasiHa
MHTepnpeTaums.

MeTtoaonorua
MpPOeKTbT BKAKOYBA €XXEeAHEBHM 33aCHEMAHMA Ha

HebeTo Hag Codua, NpoBeseHU NO CTaHAAPTU3MPAHA

npoueaypa:

e OuKcMpaH YacoBM  AMANA30H M
KOMMO3MLMA 33 BCAKA CHUMKA.

e [lybnnMyHO nNybAMKyBaHE Ha BCEKM Kaabp B
OUTUTaNHU BU3yanHU naathopmu.

o [OANWHM KaneHaapw, B KOUMTO BCUYKM CHUMKMK Ca
apaHXK1paHu XPOHO/IOTUYHO, bopmumpaiikm
BM3yasiHW, UBETOBM U TeHAEHUMaNHW KapTU Ha
HebeTo.

e 33 BCEeKM KaneHaapeH AeH Ce U3YMCAABA CpeaeH
usetoBn npodun (“average color”), Konto ce
M3MoN3Ba KaTo MNpeacTaBuTesNieH MapKep 3a
BM3YaNIHOTO CbCTOAHUE HA HebeTo.

e AHanormyeH LBETOBM aHa/AM3 ce npaBu 3a
ceAmMULM, Meceum, roguMHM UM AHU OT CeamuuaTa,
KOETO MO03BOJIABA OCPeAHsABaHe Ha JaHHWUTE Mo
pas/iMyHU BPEMEBM CKaN.

e M3roTBAT Ce  MEXAYrOAMWHW  CPaBHUTENHU
KaneHaapu, KOUTO noanomaraT OTKPMBAHETO Ha
NOBTAPALLM CE MOAENN U aHOManuK (dur. 1).

e [lpe3 nocnegHuTe roAMHU € BbBEAEHO M3MO0N3BaHE
Ha Al MHCTPYMEHTM 32 aBTOMaTM3MpPaHe Ha aHaNM3a
W CTPYKTYpUpaHe Ha AaHHUTE.

NOCTOAHHA

Pe3ynTtatu u ussogm
BusyanuMsauumute B pamKuTe Ha MNpoeKTa moraT Aa
CAyXaT KaTo MHCTPYMEHT 33 MeTeoposiornyHa
nHTepnpetauma.  OcpefHsABaHETO  Ha  LBETOBU
CTOMHOCTM NpPeaoCTaBA anTEpPHAaTUBEH, CUHTETUYEH
MHAMKATOP 32 aTMOCHEepPHOTO CbCToAHWE. MaKap aa He
3amecTBa KNacuyeckute MHCTPYMEHTaHU
M3MepBaHuA, TO3N NOAXOA AEMOHCTPMpa NoTeHuman
3a JOMNbAHUTENEH BM3yasHO-aHANUTUYEH METOL Mpu
uscneaBaHe Ha rpagckata atmocdepa.

durypa. 1. MexayromiueH cpaBHUTENEH KafeHaap.

MPOEKTLT OCUTYPU TPW KAKOYOBM FPyNu Pe3ynTaTu:
Ce30HHM 1 UBETOBM TEHAEHLMUMN:

MHTEH3MBHOCTTA, XPOMATMYHOCTTAa W  TOHa/HUTE
BapuaumMu Ha cpeaHua LUBAT Ha HebeTo ACHO oTpasAsaT
CE30HHUTE UMKAN U aTMOCHEePHUTE YCNOBUS.
[MoBTOPSAEMOCT 1 BapuabuaHocT:

CpaBHEHMETO Ha efiHa U Cblia KaneHpapHa JaTta npes
PasANYHM TOAMHU UAEHTUOULMPA KAKTO MOBTOPAEMMU
CE30HHM MOAENWN, TaKa M 3HAUYMMMU MEXAYTOAMLLHM
BapuaumMu, KoOWTO MoraT ga 6bgaT CBbp3aHM C
KOHKpPETHU aTMocdepHM ABNEHUA nnm
METEOopPOIOTMYHM YCIOBUA.

PasnosHaBaHe Ha 061a4HM M aTMOCHEPHUN ABNEHUSA:
AbnrocpoyHoto HabnoaeHWe NoBULWKM CNOCobHOCTTa
32 uaeHTMdMKauMa Ha  cneumduyHM  BU3YaNHU
METEOPOJIOTUYHN WHOMKATOPW, KaTo CTPyKTypaTta Ha
obnayHoctta M ¢deHomeHn Kato Halo, Kouto
NPoAb/KABAT a Ce JOKYMEHTMpaT.

HaTpynaHuAT LecTrogueH apxvMB NpeaocTaBs
OCHOBA 3a 6bAELLM aHANN3K, BKAIOUMTENHO Kopenaumsa
c opunuManHu MeTeopPOoIOTNYHU [OaHHW,
aBTOMaTM3MpaHa Knacudukauma Ha 06aayHOCT U no-
3a4bn604YeHO M3cnefBaHe Ha LBETOBM WHAMKATOPU
KaTo NPOKCK 3a aTMOCdEepHU MpoLLecH.
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Six years of sky imaging and visual data classification over Sofia (2020-2025)
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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.

e  C(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.

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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MeTtoauka 3a BUpTyasHa Kanu6pau,uﬂ Ha MpeXoBU MeTeopo/ZIorM4Hun CeH3opu

ypes poTaLMOHHA KONOKaLMA U CbCeAHO NoAnomaraHe
r.Netpos”

HoB 6brapcku yHMBEPCUTET, AenapTameHT ,, TeneKoMyHUKaumm“
Kntouosun Aymu: pomayuoHHa, supmyanHa, Kaaubpayus
*email: gpetrov@nbu.bg

BvBepgeHue

MNpeanarame MKOHOMWYHA METOAMKa 3a BMPTyasiHa
Kannbpauma Ha bCTU TPaACKM U CENICKOCTOMAHCKU
MPEXKM NOoCpencTBOM pPOTaUMOHeH co-location Ha
,3NaTHN" pedepeHTHM yCTPOoICTBa M MepapxmyeH
TpaHchep Ha ToyHocT. Llenta e nocturaHe Ha
ekcnnoataunoHHo RMSE < 3-5%.

Metoaonorusa

MoaxoabT ce 6asvMpa Ha onepaTMBHA BEPUNKHA
WHTep-Kanmbpauma. MpouechbT 3ano4Ba C KONOKaUuA
Ha mobuneH Bb3es CNpPAMO eTafoH, nocneaBaH oT
POTAaLMOHHM BU3UTU 33 CUMHXPOHM3AUMA Ha MeLl-
CTPYKTypaTa. KntoyosuTe MHOBALMM BKKOYBAT:
ApanTMBHO HenUHeliHO pa3buBaHe: 3amAHA Ha
CTaTUYHUTE UHTEPBaANN C GUINYECKU OPUEHTUPaHU
cermeHTH (Hanp. 9-18 °C, 18—-33 °C) 3a BCEKM CEH30p.
Perynapusauma no Ckopoxoa: W3nonssaHe Ha
meTpukata Ha Ckopoxog (dS) Kato AuHamuueH
WHAMKATOP 3a HanacBaHe Ha TpaekTopuute. TA
NO3BO/IABAa KOMMEHCAuMA Ha MPOCTPAHCTBEHO-
BPEMEBOTO W3MeCTBaHe Ha MeTeopPOsIornyYHUTe
CcbbUTUA Mexay pasganedeHuTe ceHsopu (2 1 km):

ds(f,9) = inf maX{Sltlp [A(t) - ﬂ,m;p [£(8) — g(A(@®)[}

XubpugHu nparose: ®PopmupaHe Ha JIOKaJHU
rpaHULM  4Yype3 KOMOMHAuuMs OT  amMnMTyAHa
éuntpauma (tun  [AywKo) W AWCKOHTUHYWUTETEH
aHanus no Ckopoxoga,

OntumaneH TtpaHcnopt: [lpunaraHe Ha Sinkhorn
anroputebM, perynapusupaH 4pes Ckopoxogosute
OTK/IOHEeHMSA, 3a duHo HanacsaHe Ha
KanmbpaLmoHHUTe Kp1BM KbM NIOKanHuTe
OTMecTBaHuA.

Mogpgen 3a BepudpuKauyusa

CraHpaptHa (RMSE): 3a 6a3oBa HafeXaHOCT Ha
06LlWmMTe NHPOPMALMOHHM CUCTEMM.

AyrmeHTUpaHa (KGE): M3nonssaHe Ha
Kling-Gupta Efficiency 3a loT cuctemu, rapaHTMpaLw,o
NPeuM3HOCT MpPU Ce30HHM aHOMa/MM U  Pe3KM
JIOKa/IHK ,,CKOKOBE" (AMCKOHTUHYUTETH), Pa3no3HaTH
ypes dS.

OuyaKBaHu pe3ynTaTu
Cnep 12-mecevyeH UMKbA Ce O4YaKBa MbjHA
XOMOFeHM3aLMA Ha MpexKaTa:
e  YHuBepca/iHa HageXaHoCT;
e  [InHaMW4Ha NpPeum3HOCT.

Dunamuano sexTopue nanaceane (Skorokhod Mapping}

Temneparypa ‘C

@yHkuun na hasoso wanacsane Alt) [Warping Path]

HAC BT REHOHOWMSTS (M)

durypa 1. BepukHa UHTep-Kanubpaums.
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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 max{sgp [A() — t\,s?p [f(t) — g(A(E)}

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 alighment 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.

Awnamuuno sexTopno Hanacsane (Skorokhod Mapping)

Teunepatypa ‘C

@yukuun ua hasons uanacsaue At) [Warping Path]

1 N o [ Y S

Figure 1. Chain Inter-calibration.
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BbBepeHue

TpaHcnMpaumaTa Ha ropckaTa pPacTUTE/IHOCT e K/IH4YoB
efleMeHT OT BOogHMA 6anaHC Ha  NAAHUHCKUTE
Bogocbopn UM onpegens B3aMMOAEUCTBUETO MeXAy
atmocdepa, noyBa M pacTuTenHa MNokpueka. MetoabTt
Ha TON/AIMHHO pa3cenBaHe (Thermal Dissipation Method,
TDM) e WUPOKO M3MNON3BAH 3a EKCMepUMEHTAsIHO
uscnefBaHe Ha COKOABUMKEHWETO B AbPBECHU CTbbNa M
33 OUeHKa Ha TpaHCnNUpauuoHHWTe notoun (Granier,
1985; 1987). BbnpeKkn ToBa Ha4ya/HMAT Nepuog, crep,
MHCTaMpaHe Ha CeH30pUTe 4YecTo € CbMbTCTBAaH OT
BBMPOCK, CBBP3aHN C HALEKAHOCTTa Ha M3MepBaHMATA
M UHTEepnpeTaLmATa Ha NONYyYeHUTE JAHHM.

MeTtopgonorusa

M3cnepBaHeTo e npoBeAeHO B palioHa  Ha
HauunoHanHaTa acTpoHomuyecka obcepsaTopusa PorkeH
(HAO). UHcTanupaHn ca Tpu TDP ceH3opa Bbpxy ABa
AbpBecHN Bnaa — cmbpd (Picea abies) n 60p (Pinus sp.).
AHanN3bT HA U3MepBaHUATA MOKA3Ba, Ye CaMo eAWH OT
ceH3opuTe (MOHTMpaH Ha 6op) ocurypsasa cTabuneH u
dU3NYECKM WHTEpPnpeTUpyem CUrHan, nopagu Koeto
No-HaTaTbLUHMAT aHa/M3 € OrPaHMUYEH A0 Te3U AaHHW.

COKOABWM)KEHMETO €  U3YMc/ieHo Ha  basa
TemnepaTypHaTa pas/iMka Mexay HarpsaT u pedbepeHTeH
patumk (AT, °C), KaTo HoWwHaTa MaKCMMasiHa CTOMHOCT
(AT_max, °C) e usnonssaHa 3a HOpManM3aLMA CbrAACHO
meTtoaa Ha Granier. [JaHHUTE 3a COKOABUMKEHWETO,
M3paseHo upe3 HerosaTa nabTHOCT (Js, g m™2 s7),
NbPBOHAYANHO ca C Bpemesa pesoaouma 10 min u ca
npvBeaeHu KbM 30-MUHYyTeH MHTepBan 3a
CbNoCcTaBMMOCT c MWKPOMETEOPONIOTUYHUTE
HabnogeHua. M3nonssaHn ca AaHHW 3a TemnepaTypa
Ha Bb3ayxa (T_air, °C), oTHocuTenHa BnaxHocT (RH, %),
Banexu (P, mm), GOTOCMHTETUYHO aKTMBHa paguauma
(PAR, umol m™2 s™') u nouseHa Bnara (6, m®> m™3) Ha
Abn6ouynHM 8 cm mn 40 cm. JednumnTbT Ha HanAaraHeTo
Ha BoaHa napa (VPD, kPa) e wusuucneH Ha 6asa
CTaHAAPTHW 3aBUCUMOCTH.

Pe3syntatu u ussoau

Habnopasa ce ACHO M3pa3eH AEHOHOLWEH X044 Ha
COKOABUXKEHMETO C MaKCMMyMU Npe3 AHEeBHUTE YacoBe
M MMHWMAHW CTOMHOCTK Npe3 HowTa. B cyxu nepuoam
OVHaMMKaTa Ha COKOABUXKEHMEeTO cneABa OCHOBHO
npomeHute B  aTMochepHUTe  YCNOBMUSA, KaTo
nosuweHuTe cToitHocTn Ha VPD 1 PAR ca cbnpoBoaeHu
OT YyBe/nMYeHO coKoaBuxeHue. [lo Bpeme wu cnep
Ba/IEXKHU CbOUTUA Ce PErncTpMpa NpomsHa B AHEBHWA
X0, CbrnacyBaHa C HapacTBaHeTO Ha MOYBeHaTa Bfara,
0Cc0ob6€eHO B NOBBbPXHOCTHUA NOYBEH C/IOM.

PesyntatuTe NnoKassaT, Ye AOPU B HAYa/HUA Nepuos
cnep HCcTanupaHe Ha TDP ceH3op moraT ga ce nony4yar

HaZeXAHW JaHHWM Npu  BHMMATENHa OLUEHKa Ha
KQyecTBOTO Ha CcurHana. M3cnegaHeTo nopg4veptasa
CMEHALWATA Ce PO/ Ha aTMOCHEPHUTE U MNOYBEHUTE
daKTopn 3a GOpPMMUPAHETO Ha COKOABUMKEHMETO W
Cb3JaBa OCHOBA 3a Obgewo WHTerpuMpaHe Ha
€KCMepMMEHTaNHUTE [AaHHWM B MOAEAM Ha 3emMHaTa
nosbpxHocT (Boone et al., 2017).

Ha ¢urypa 1 e nokasaHa oT4eTIMBA AHEBHA peakums
Ha  COKOZBWMKEHWETO, KaKTo M  MpomMaHa B
OTHOCUTENIHOTO  BAMAHME Ha  aTMochepHUTEe U
noyseHuTe GakTopu cnes Banex.
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durypa 1. leHOHOWHa AMHAMMKA HA COKOABUMXKEHUNETO
(Js, g m2s7), peduunTa Ha HanaraHeTo Ha BOAHaA napa
(VPD, kPa), Banexute (P, mm) 1 GpOTOCMHTETUYHO aKTUBHATA
paamaumsa (PAR, umol m=2s™) 3a npeacrasuTeneH aeH
(29.09.2025 r.).

BnaropgapHocTu: M3cnenBaHeTo €  OCbHLECTBEHO B
paMKuTe Ha NpoekT ,EKcnepMmeHTanHO M3mepBaHe M
MOJENHO CUMMyNMpPaHe Ha eBanoTpaHCnMpauuaTa U
MHOUATPALMATA B 30HATA HA UFNOAWUCTHA ropa B paiioHa
Ha meTeoposiornyHa obcepBatopua — MO PoxkeH”,
duHaHcnpaH 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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BvBepgeHue

OT okTtomBpM 2024 r. e BKAKOYEHA AOMbJIHUTENHA
onepatMBHa BepcmAa Ha AROME 3a bbarapua
(HapeyeHa AROME-DA), wu3nonsBawa HoeaTa
nogobpeHa Bepcus 3a ONTUMANHA WMHTepnonaums
CANARI (Code for the Analysis Necessary for Arpege
for its Rejects and its Initiation), 3a acumunmpaHe Ha
OaHHUTe 3a TemnepaTypa U OTHOCUTE/IHA BAAXKHOCT
OT BCMYKM OBArapCKM CUHOMTUYHU CTaHUMM, KaTo
aHA/NM3BT Ha TemnepaTypata W BAAXKHOCTTa Ha
noysata ce onpegens Bb3 OCHOBA Ha BPbB3KUTE
MeXay nouysBata W napameTpute B 6AM30CT A0
3eMHaTa NOBbpxXHOCT. To3M npouec BKAKOYBA
HabNloAeHNS 32 KOHTPO1 Ha KayecTBOTO, aHa/IU3 Ha
TemnepaTtypaTa U BAAXKHOCTTa Ha 2 M U KopuUrnpaHe
Ha MapameTpuTe Ha MOBBPXHOCTTA M MOYBATA, KaTo
TemnepaTypa v Baara.

B  HactoAwoTO M3CcneABaHe e  OueHeHa
ycneeaemoctta Ha AROME-DA npu nporHo3npaHeTo
Ha TemnepaTypata Ha 2 m, BATbpa Ha 10 m u
24-yacoBuA Banex, B CpaBHeHWe C Tasu Ha
AROME-105, ¢ uen pga ce oueHW BAUAHUETO Ha
ACUMMNAUMATA Ha AAHHW OT MOBBPXHOCTTA BbHPXY
TOYHOCTTA Ha NPOrHo3aTa.

Cxema 32 acMMUAMPaAHE Ha NPU3EeMHU AaHHU
Cb3pafeH e 6-4acoB LUMKbBA 33 acCMMUANPaHe Ha
WU3MEepeHUTe AaHHWU 33 TeMnepaTypa U OTHOCUTE/IHA

BNA)XHOCT BbB BCUYKM  CUMHONTUYHM  CTaHUWUMU
B bbarapua. [llpoueaypata e cxemaTtusmMpaHa B
Tabnnua 1.
Tabnunua 1. Cxema 3a aCMMUIMpPaAHE Ha JaHHU
00uUTC 06UTC 12UTC 18UTC
Hawanunu | ARPEGE | ARPEGE | ARPEGE | ARPEGE
TPaHUYHH ot 18UTC ot 0OUTC ot 06UTC ot 12UTC
ycaoBus

Acumunupanu | BG synop B | BG synop B | BG synop B | BG synop B
JIAHHU 21UTC 03UTC 09 uUTC 15UTC

ITspBO DA 18UTC | DAOOUTC | DA0BUTC | DA 12UTC
npubIIKeHHe 3a 3a 3a 3a
21UTC 03 UTC 09 UTC 15 UTC

JIbKuHA Ha 51h 75h 51h 75h
MporHo3ara | (3amouBaiiky | (3amo4Baiiky | (3aMOYBaiKy | (3am04BaiiKu
or 21UTC) | or 03UTC) | or 09UTC) | ot 15UTC)

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

IMpouenypu

Pesyntatm

3a HacTosAwaTa paboTa ca OUEHEHW U CPaBHEHMU
ycnesaemoctta Ha AROME-DA n Ha AROME-105 npwm
NporHo3aTta Ha 3-4acoBUTe TemnepaTtypa Ha 2 M U
CKOpPOCT Ha BATbpa Ha 10 m 1 24-yacosuna Banex. 3a
LesTa ca uscaenBaHu cpefHOKBaAPATUYHUTE FPeLLKn
33 BCAKA CMHONTUYHA CTAHLUMA OT BCEKM MOAEN KaTo
dYHKLMA Ha AbAXKMHATA Ha NpPoOrHosaTa. Tyk ca
npeacTaBeHW pes3ynTaTM OT  CPaBHEHWETO Ha
MeCeYyHUTe U roanlLuHaTa YCNeBaeMocCT Ha MoAe nnTe.
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®urypa 1. MNpoueHTH Ha caydam ¢ fobpa mecevHa u
roguwHa 3a 2025 r. ycnesaemocT 3a TemnepartypaTa
Ha 2 M (ropeH naHen), BATbPa Ha 10 m (cpeaeH naHen) u
24-yacosus BasiexX (foneH naHen) 3a ABaTa moaena.



24

1l NATIONAL SCIENTIFIC CONFERENCE ON METEOROLOGY, HYDROLOGY AND ENVIRONMENT
24-26 March 2026, NIMH, Sofia

Surface data assimilation in the non-hydrostatic model AROME
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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

00UTC 06UTC 12UTC 18UTC

run run run run
LBC ARPEGE | ARPEGE | ARPEGE | ARPEGE
from from from from
18UTC oouUTC 06UTC 12UTC
run run run run

Assimilated | BG synop | BG synop | BG synop | BG synop
surface data | at21 UTC | at03 UTC | at09 UTC | at 15 UTC

First guess DA DA DA DA
18UTC 0oUTC 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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Ha BaJieXXute B B'bnrapun
E. Xpucrosa®, M. Kopcauka, M. CTalikosa

[JenapTameHT ,MeTeoponorna“, HaumMoHaneH UHCTUTYT NO METEOPOOTMUA U XNAPOAOTUA
Kntouosu aymu: pH Ha eanexca, XUMUSA Ha eanexcume, 0erno3uyus
*email: elena.hristova@meteo.bg

BbvBepgeHue

BanexuTte MrpasaTt Kaw4voBa ponsa B OTCTPAHABAHETO Ha
pa3TBOPUMU CbeANHEHUA U aTMOCEPHM 3ambpcUTenu
ypes npouec nsmmusaHe (Scavenging/Washout), kato no
TO3W HauMH noaabpkKaT banaHca B CbCTaBa Ha
atmocdepaTta. CbCTaBbT MM 3aBUCM OT BMAA Ha
nocTenuMAuTe B aTtmocdepata 3ambpcuTenn ot
QHTPOMNOreHHU nnu npupoaHu N3TOYHULY,
OMHAMUYHWUTE npouecn B aTmochepaTa U XMMUYHUTE
peakuuu, KOUTO Bb3HMKBAT KAKTO MO Bpeme Ha
obpasyBaHeTo UM, TaKa M NPU TPAHCNOPTa UM Ha ObATU
pascToAHMA.

Lenta Ha HactoAwaTa pabota e Aa ce NpeacTaBAT
pe3yaTaTv OT AbATOrOANLWHUTE U3MEPBAHNA HA GU3NKO-
XMMUYHUTE NMOKasaTenn Ha Banexute 8 HUMX, Kakto u
[a Ce KOMEHTMpAT B [AeTalIM HAKOW OT MoyyYeHuTe
eKcnepumeHTanHu pesyntatu 3a Codus.

MeTtogonorusa v pesyntatm

MpekaTa 32 MOHUTOPUHI Ha XMMMUYECKMA CbCTaB Ha
BanexuTe, msrpageHa m nogavpxaHa ot HUMX ot
1998 r., BkawuyBa 35 cTaHuMW. B uAnata mpexaTa
onepaTuBHO ce u3mepsa pH Ha BanekuTe, a B 5 ctaHunmn
ce usmepsa u enektponposoaumocT (EC). MonyyeHute
JaHHKW ce nybaMKyBaT meceyeH M roguweH 6toneTuH
(https://bulletins.cfd.meteo.bg/). Ha d¢urypa 1 ca
NnoKasaHW MHOTOTrOAMLIHUTE CPeHU CTOMHOCTM Ha pH Ha
Banexute 3a BcuykM 35 cTaHuMM 33 nepuofda
2011-2025r.
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durypa 1. MHOroroAuWHU cpesHU CTOMHOCTU Ha pH
Ha BanexwuTe 3a nepmnoga 2011-2025r.

B ponbnHeHue, B LeHTpanHata meTeoponorvyHa
obcepeatopus — Codwus, onepaTMBHO ce U3BbLPLUBA
npoboHabupaHe Ha 24-4acoB Banex C Len onpesensaHe
Ha XMMUYECKMA My CbCTaB. [peacTaBeHn ca pesyntaTv ot
eKCNepuMeHTaIHM KaMnaHuK, NpoBeAeHn B nepuoaa
2015-2019 r. Bcuuku npobu ca mamepeHu 3a pH, EC
(inoLab pH7110 w inolab Cond 7110, WTW)

B JlabopaTtopuATa No xumua Ha Banexute B HUMX —
CodumAa. AHann3 3a OCHOBHU €/1EMEHTU € U3BBPLUEH B
aKkpeguTMpaHa nabopatopua c lon Chromatograph
(ICS 1100, DIONEX) 3a SO4%, NO*, CI'; ICP OES (Vista MPX
CCD Simultaneous, VARIAN) 3a Na, K, Mg, Ca, Fe, Si, Cu,
Zn u Spectrophotometer S-20 — NH4".

MPUHOCHT Ha BCEKW OTAENEH efleMeHT KbM obLaTta
Mmaca Ha efleMeHTUTe BbB BanexHUTe Nnpobu 3a nepmosa
2015-2019 r. e npeactaseH Ha ¢urypa 2. Hali-ronam
npuHoc wumaT cyndatute SO4%, cneagaHu  OT
NOs > Ca > ClI'> K> NHs* > Na > Si > Mg > Fe > Zn.

Si Zn NH4

Fe 5.1% 0.3% 6.8%
Na 0.3% |

6.1%
Mg —

9.2%

13.5%

S04
31.4%

®urypa 2. MpUHOC Ha aHAaAN3UpPaHUTE eNEMEHTU
KbM 0buiaTa Mm maca 3a 2015-2019r.

JInHelHaTa perpecus Mexay cymapHaTa
KOHUEHTpaumua Ha aHuoHuTe (SO4%, NOs, ClI) un Ha
efleMeHTU Ha HeyTpanusauma (Mg, NHs*, Na, Ca, Fe) cbe
3HAaYMM KopenaumoHeH KoedpuumeHT 0.81 nokasea
Ba)KHOCTTA Ha e/IeMEeHTU HA HeyTpaau3aLma No Bpeme Ha
HeyTpanu3upaHe Ha KUCeNUHUTE.

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

Sum(+) [2-95% conidence.
durypa 3. Bpb3ka mexkay cymata Ha aHuoHuTe (S04, NOs', CI)
1 eNIeMeHTU Ha HeyTpanusauma (Mg, NHs*, Na, Ca, Fe).

BnarogapHocTu: ABTOpUTE M3Ka3BaT 61arofapHoOCT KbM
BCMYKM HabnogaTenn oOT Mpexata Mo XMMWUA Ha
Basiexute. Yact oT M3c/iedBaHETO € OCbLLECTBEHO C
¢duHaHcoBaTa noakpena Ha MOCB 1 npoekT Ne H 04/4
o1 15.12.2016, ®oHz, ,,HayyHun nscnepsaHuna”.
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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 inolLab 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 SO4%, NO¥, CI'; ICP OES (Vista MPX
CCD Simultaneous, VARIAN) for Na, K, Mg, Ca, Fe, Si, Cu,
Zn and Spectrophotometer S-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
SOs* have the largest contribution, followed by
NOs > Ca > Cl"> K > NHs" > Na > Si > Mg > Fe > Zn.

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

mE %~

1.5%

Si  Zn NH4

sS04
31.4%

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

The linear regression between the sum of anions
(SO4%, NO3', CI) and neutralization elements (Mg, NH4*,
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(+) 5. 95% confidence
Figure 3. Relationship between the sum of anions

(SO4%, NO3;, CI) and the neutralization elements
(Mg, NH4*, Na, Ca, Fe).
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Research Fund.
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BvBegeHue

CHerbT e BaXKeH METEOPONOTNYEH €/IEMEHT U UHAMKATOP
33 NpomeHAWMA ce Kaummat. [peauluHK  Hawu
n3cneaBaHUA OCBET/IMXA CbBPEMEHHUTE TEHAEHUUW B
pEeKMMA Ha CHEXHaTa NOKpPUBKA B Bbarapus, ctoneaiku
BbPXY aKTya/IHW AaHHU OT METEOPOIOTMYHUTE CTaHLUN
Ha HauuoHanHMA MHCTUTYT NO MEeTeoposiorMa MU
xugponorna (HUMX). Mpexkata Ha HUMX obauye He
NOKpMBa NJILTHO TEPUTOPUATA HA CTpaHaTa, 0cobeHo B
NNaHWUHCKUTE paloHU. ETo 3awo 6e peweHo Ja
NpPoOBEPUM BbB3MOXKHOCTTA Aa M3Mo/i3BaMe JaHHW OT
peaHanusa Ha ERA5-Land 3a no-To4yHa oLeHKa Ha cHera.

MeTtogonorus

N3cnepgBaHeTo M3M0A3Ba €XeAHEeBHWM [JaHHM 3a
BMCOYMHATAa HA  CHeXHaTa nokpuBka ot 35
METEOpPOJIOTMYHM CTAHUMW B CTpaHaTta € HaAMOpPCKa
BMcoYnHa ot 34 go 2376 m 3a nepuoga 1961-2020 r.,
KOUTO Ca CPaBHEHM CbC CbOTBETHUTE JaHHU OT
peaHanusa Ha ERA5-lLand 3a cbwma nepuog. OT
ERA5-Land ca u3BneYyeHU exeaHEBHUTE [JaHHM 3a
BMCOYMHATA Ha CHEeXKHaTa MOKPMBKAa OT Han-6au3ko
Pa3no/IoKEeHNTE TOYKM OT Mmpexata Ha mogena. 3a
OUEeHKAa Ha TOYHOCTTa Ha CUMY/AMPAHUTE JaHHU e
M3MoN3BaHa CcpeAHOKBaZpaTUYHaTa rpewka (RMSE),
KOATO 33 CPaBHMMOCT e CTaHZapTu3MpaHa (stRMSE) upes
AeneHue Ha CTaH4APTHOTO OTKJIOHEHMe.

Pesyntatu n ussogm

Hann-manka e RMSE B CeBepHa Bbarapua. Tyk ca
npeacTaBeHun ABa npumepa — 3a cTaHumu Jlom n FeHepan
Toweso. B cTaHUMA JTOM OTKNOHEHUATA Ca CPABHUTENHO
ronemu n oTpuuaTesiH1, Ho Npes3 roAnHUTEe HamanAaeaT U
cnep 2000 r. 3HaKbT UM ce obpbLua. B ctaHuma MleHepan
ToweBO OTK/JIOHEHMATA Ca KAaKTO OTpuuaTesIHW, Taka U
NoNOXKUTENHU. [0NSMOTO OTK/JIOHEHMEe npe3 deBpyapu
1999 r. ce Ab/IKU Ha MHTEH3MBHA CHeXKHa 06CTaHOBKa U
M3NCKBA AOMbAHUTENIHO M3C/NeABaHe M MNpoBepKa Ha
NbPBUYHUTE OAHHW.

Nom

m

®urypa 1. CpefHOMECEUYHM Pa3IVKU MEXKIY U3MEPeEHa U
OL,eHEeHa BUCOYMHA HA CHEXXHaTa NOKPUBKa 3a CTaHumA Jlom.

lenepan Toweso

®urypa 2. CpegHOMeECEUYHM PA3NIKN MEXAY N3MepeHa n
OLEeHeHa BUCOYMHA Ha CHeXHaTa MOKPUBKA 3a CTaHLMA
leHepan Toweso.

B HennaHuHcKMTe paioHn B HOxHa Bbarapus
npeobnagaBat  OTPULATENHWUTE  OTKNOHEHWA. B
NAAaHWUHCKUTE PalioHM OTKNOHEHUATA ca Npeobnagasallo
nonoxutenHu. Hain-manku ca npes aHyapu n pespyapm.
a Hali-ronemu npes HOeMBpW, AEKEMBPU U MaApT.

Tabnmua 1. O606weHn pesynTatm 3a cpeaHaTa
BMCOYMHA Ha CHeXHaTa NOKPMBKa,
cpeaHOKBagpaTuYHaTa rpewka (RMSE) 7
CTaHZapTU3MpaHaTa Takaea (stRMSE)

CraHuuAa CpeaHa BucounHa RMSE stRMSE
Ha CM, cm
Hoso ceno 13.0 10.5 0.89
BugmH 13.7 4.7 0.38
lpamaga 14.4 7.8 0.55
OpAaxoBo 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
Xucapsa 9.8 5.6 0.58
PalikoBo 14.4 16.3 1.16
Kbparkanu 10.9 7.9 0.71
3natorpag, 11.6 6.2 0.56
Mypraw 29.7 35.5 1.39
PoxxeH 46.5 313 0.83
YepHu BpbBX 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

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 144 7.8 0.55
Oriahovo 11.1 5.6 0.45
Razgrad 11.0 4.5 0.40
Silistra 12.4 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 144 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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BvBegeHue

MHOKecTBO M3C/aeaBaHUA Ha edeKkTa Ha KAMMATUYHUTE
M3MeHeHUA BbpXy BogHUTe pecypcy npe3 XXI Bek covat
yBe/NnYaBaHe Ha MHTEH3MBHUTE BasieXu, yBe/NM4aBaHe
Ha NPOAB/IKUTENHOCTTA Ha CyXMA CE30H M HaMasleHMe Ha
BasieXXUTe OT CHAT U CbOTBETHO HA CHEXHATA MOKPUBKa.
3a bbarapua NpPorHo3MTe OTHOCHO W3MEHEHWETO Ha
roguuHaTa cyma Ha OTTOKa ca GYHKUMA OT KAMMATUYHMA
cueHapuii 1 paioHa 3a baceliHoBo ynpasneHue (PBY).
B ToBa nscneasaHe ce Gokycnpame Bbpxy U3MeEHEHMATA
Ha OTTOKA cnopeg, KnmmatmnyHu cueHapmmn RCP 2.6, 4.5 n
8.5 BbB BbTPELHOroAULWHOTO pa3npeseseHme Ha OTTOKa
3a yetupute PBY B bBbarapma 3a TpuTe KAMMATUYHKU
nepuoga 2011-2040, 2041-2070 n 2071-2100 r.

MeTtoponorua

Bb3 ocHoBa Ha gaHHuTe oT npoekta EURO-CORDEX ca
M3BeAeHN CpeiHO MHOFOroAMWHUTE MECEYHU CYMM Ha
oTToKa (Copernicus Climate Change Service, Climate Data
Store, 2021) 3a Bceku 30-roguweH nepuog M 3a
pedepeHTHMA nepuos 33 MPaBObIbJEH PaloH,
BKAOYBAL, TepuTopuAata Ha bbarapua. [aHHute oOT
KNMMaTUYHUTE aHa/IM3M M MPOrHO3M ca npeobpasyBaHu
OT OpuUrMHaNHaTa mpexa c KneTka 5x5 km kbm cpesHu
CTOMHOCTM 33 BCEKM OT u4eTtupute PBY 3a Tpute
KNMMaTUYHU nepuoaa U TpuTe cueHapua. MoaenHute
AaHHU HA TOAMLWHUTE CYMM HAa OTTOKA 3a pedepeHTHUA
nepuog (1971-2000 r.) OoT BCUYKM KOMOBUHAUUN Mexay
rnobaneH, perMoHaneH u XuaponoxKkm mogen (TFPXM) ca
CpaBHeHM C AaHHuMTe Ha HUMX 3a cbwma nepuog
(tabn. 1). B pe3syntat Ha ToBa CpaBHeHWe ca noabpaHu
Tesn KombuHauum ot NPXM, KouTo ca Hali-6au3Kku go
DaHHUTe Ha HUMX.

Tabnuua 1. U3bpaHuTe KombUHauum ot FPXM

Bace#H FnoBaned mogen PervoHaneH Xugponoxuu | mogen [mm] |HUMX [mm]
4epHOMOPCKM HadGEM2-ES SMHI-RCA4 E-HYPEgrid 102 100
AyHascku HadGEM2-ES KNMI-RACMO22E| E-HYPEgrid 114 17
WatouHoBenomopekr|  HadGEM2-ES | KNMI-RACMOZ22E| E-HYPEgrid 165 164
3anagHo6enoMopCKH HadGEM2-ES SMHI-RCA4 VIC-WUR 241 240

Kakto ce Bmxaa oT Tabauua 1, 3a yetnpute PBY e
n3bpaH eauH rnobaneH Mmopjen, cbyeTaH C  ABa
pervoHas Hn moJena u ABa XUAPOJIOKKN Mmoaena, KaTto
3a Tpu PBY e wusbpaH mogenvt E-HYPEgrid, a 3a
3anagHobenomopckus PBY - wmogenst  VIC-WUR.
Bbnpekn ye e no-geTalsieH U U3UCKBA NOBEYE BXOAHM
OAHHW, NOCNeAHUAT WMMa MO-HUCKM  CTAaTUCTUYECKMU
pe3yntatu. HesaBucumo OT TOBa EAMHCTBEHO TOW
cumynnpa 6amnskun oo gaHHUTe Ha HUMX rogmuwHm cymu

3a pedepeHTHUA nepuod. B cnepgall etan ca cpaBHEHM
BbTPELIHOrOAMWHWUTE pasnpefesneHnss Ha OTTOKa Ha
pedepeHTHMA  nepuos € BbTPELWHOTOAULWHMUTE
pasnpeneneHunn 3a BCEKM CLEEHAPUI U 3a BCEKM OT TpUTe
nepuoga 2011-2040, 2041-2070 n 2071-2100 .

Pe3syntatu u ussogu

KaTo uano BbTPELHOrOANWHOTO pasnpeaeneHne Ha
OTTOKa 3a TpUTe CLeHapua U 3a TpUTe nepmMoaa NokKasea
yBeNMyaBaHe Ha 3UMHUA OTTOK (dur. 1) 3a cmeTKa Ha
NPONeTHMA U NeTHMA. ToBa ce OTHacA 3a TpuTte PBY —
MN3TouHobenomopckn  (MBP), AyHasckn  (OAP) wu
YepHOMOpCKH (4P), 7 €4MHCTBEHO 3a
3anagHobenomopcku panoH (36P) cueHapuute aasat
OTHOCUTE/IHO YBENIMYEHME Ha NPOSIETHUA OTTOK.
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®urypa 1. MPOorHo3HO BBLTPELLIHOrOAMLIHO pa3npeaeneHme
32 2011-2040 r. 3a yetnpute PBY n 3a Tpute cueHapms,
CpaBHEHO C TOBa 3a pedepeHTHUs nepmog 1971-2000 .
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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 u7
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.

100%
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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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BbBeaeHune

M3cnepBaHuATa NOKasBaT, Ye Ha roguwHa 6asa He ce
HabatoA4aBaT 3HAUUTENIHUN U3MEHEHWUA Ha cpefHuTe 3a
CTpaHaTa Basnexu npes nocnegHute 60 rognHun. Bce nak
cnep 1990 r. B bbarapua ce yCTaHOBABAT KaKTO MPOMEHU
B MECEYHOTO pasnpefesieHne Ha BaJeXWUTe, TaKa U
TeHAEHUMA 33 HapacTBaHe Ha NPUHOCA HA NOTEHLMANHO
OnacHUTE BaNeXM KbM CyMapHMA roguiueH Banex. Tyk
npasum o6obLLeHNE Ha pe3ynTaTuTe OT aHaIM3UTE HU OT
nocnegHuTe roguHu BBbPXY yecToTaTa "
pa3npeaeneHneTo Ha eKCTPeMHUTe Basiexn B bbarapuma.
MpeactaBeHa € U KAMMATMYHA OLEHKA Ha BanexuTte oOT
NbpBOTO AeceTAHEBUE HA Mecel, OKTomBpu 2025 T.

MeTtoaonorua

HanpaseHo e o06obweHne Ha pesyntatuTe,
npeactaBeHn B Bocheva & Malcheva (2020), Malcheva
et al. (2020) n Malcheva et al. (2026). NMoKasaHu ca u
pesynTatM OT KAMMATUYHUTE OLEHKU Ha EeKCTpeMHuTe
BaJIeXKM Npes3 nbpBaTa geKada Ha oktomspu 2025 r.,
[0BEeNW 0,0 HABOAHEHUA B PAa3/IMYHM PAaliOHM Ha CTpaHaTa
M 0o 6eacTtBeHO MoJsioKeHue B obwWMHUTE Hecebbp U
LlapeBo. Te3n OUEHKM Ca M3rOTBEHM MO WCKaHE Ha
MUWHUCTEPCTBOTO Ha OKO/MHaTa cpega W BoguTe W
baceHoBa  gupekuua  ,YepHOMOpPCKM palioH”.
MN3uncneHn ca nepuoaute Ha cayyBaHe Ha nagHanuA
MaKCUMaseH 24-4acos Banex 3a BCUYKM
METEOPOJIOrMYHM CTAaHLUMKN Ha HauMOHANHWUA MHCTUTYT MO
meTeoposiorua M xuagponorma B 6auM3ocTt 4o
Kpalbpexmeto Ha YepHo mope. KaTto ekctpemHu ca
OLEeHEeHN BCMYKKM Banexmn = 60 mm/24 h, koeto e 61130
[0 rpaHuuata 3a ob6sBaABaHe Ha 4epBeH Kog 3a
npeaynpexieHve 3a ONAacHO Bpeme, CblacHO
cuctemata  Ha  METEOALARM. 3a oueHKa Ha
BEPOATHOCTTa Ha npesuweHune (P) e wu3nonssaHo
0606L1eHOTO pa3npesesieHne Ha eKCTPEMHM CTOMHOCTU
(GEV) KaTo BepoATHOCTEH MOAeN Ha MaKCMMaHUA
24-4acoB Banex. BcMyKM NpoCTpaHCTBEHW aHanAU3K ca
peanusmpann B R- n QGIS-cpega upe3 cneuunanHo
HanMcaHW cKpunToBe.

Pe3ynTtaTtu u ussogm

M3cneaBaHuAaTa MoKasBaT, 4e Hal-4yectm U
Hal-rolemMmm KaTo KOJIMYecTBa Ha cpefHa roaviuHa 6asa
ca EeKCTpeMHWTe BajeXu B palioHa Ha Pogonurte,
CTpaHasKa 1 pailoHuTe B 6AM30CT A0 YepHO mope Ha tor
ot byprac. YecToTaTta Ha Te3u BajieXKu e 4OCTa BUCOKa U B
KpaiHWUTe CeBepOM3TOUYHM PaitloHM Ha CTpaHaTa.
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durypa 1. NnowHM OLEHKN HA Banexute
npes NbpBOTO AeceTAHeBME Ha M. OKTOmBpK 2025 r.
CNPAMO MeceyHaTa KIMMaTUyHa HOpMa.

BanexuTe npes NbpBOTO AeceTAHEBUE HAa OKTOMBPU
2025 r. HagBMLWABAT Mece4YyHMUTe HOpMM 33 MO-ronAamaTa
yacT oT cTpaHaTta (¢pur. 1). UasmepeHusT Ha 03.10.2025 r.
Bafelx B c. Koctu e abcontoteH makcumym 3a
MaKCMManeH roauweH 24-4yacoB BaneX 3a Uuenud
nepuvon Ha usmepsaHe oT 1948 r. Hacam — 250.7 mm,
W Cce OLeHABA KaTo BaJIeXKHO KOJIMYECTBO C Nepuop Ha
NnoBTOPEeHMe BeAHbXK Ha 255 roguHu. 3a ocrtaHanute
CTaHUMW WU3YUCNEHUTE NepuogM Ha noBTOpeHWe ca
3HAUYUTE/IHO MO-MaJjIKK, KaTo 3a paloHUTe Ha Hecebbp 1
H. EMWHe Te ca OKO/10 BeAHDbXK 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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BvBegeHue

KnnmatuuHata KnacuduKkaumsa Ha KboneH (Koppen,
1918) e egHa OT nMbpBUTE, Cb3gafdeHa Ha 6asata Ha
KOHKPETHU EMMUPUYHU CTOMHOCTM Ha KAMMATUYHUTE
enemeHTU. [Jopa3Buta OT HAKOW aBTOPU Npe3 roaAnHuUTE,
B Ha4yas0To Ha 80-Te roanHM Ha XX BeK Brisse et al. (1982)
npeanaraT BapuaHT Ha M3cnefBaHe Ha KAMMaTUTe Ha
HalaTa niaHeTa Ypes U3nosi3BaHe Ha roAULWHN UHAEKCH,
onpeaeneHun Ha 6asata Ha Knacuoukaumata Ha KooneH.
3a TepuTOopuAaTa Ha bbarapuAa nogobHO wm3cnenBaHe
npasu Popov (2022).

MeTtoaonorua

B HactoAwarta cratMAa e Wu3MN0A3BaH roAUWHUAT
KAMMATUYEH MHAEKC OT Knacudukaumata Ha KboneH. Ha
6a3a Ha Hero e npeasioXkeH HOB MOATWMM 3a BTOpaTa
6yKkBa, KOMTO Ja oOMMCBA YCNOBMA nNpe3 roguHaTa,
CBbpP3aHN C PUCKOBM MNPOLECU KaTo 3acyllaBaHuUA U
HaBOAHEHMUA.

Tabnuua 1. Kputepun 3a onpesgensHe Ha BTopaTa byksa
OT MHAEKca cnopej, KAMmaTuyHaTa KaacuduKaumsa Ha
KboneH (DSM — Hali-cyx meceL, Npe3 Tona0To noayrogue,
WSM — Hail-BanexKeH mecel, npes TonJoTo noJjyroaue,
DWM — Hall-cyx mecel, npe3 CTyAeHOTO nosayrogue,

WWM — Hal-BanexeH mecel, npe3 CTyYAEHOTO
nonyrogue)
MHpekc  OnucaHue Kputepuii
S Cyxo narto DSM nog 40 mm um
3 NbTM NO-Manko
ot WWM
w Cyxa 3uma DWM 10 nbtn
no-manko ot WSM
f bes cyx He oTtroBapa Hasuw
Ce30H
d Puck OTroBapAa M Ha s, M HA W

Pesyntatu n ussogu

Pesyntatute OT W3MON3BaHETO Ha  roauweH
KAMmaTtnyeH MHAEKC eMnUpUyHO AO0Ka3BaT Ha/IMYUETO
Ha CpeAn3eMHOMOPCKO BavAHWe B bbarapua. Tosa
B/IMAHWE € PErNCTPUPAHO HE CaMO B Hal-torosanagHuTe
YacTM Ha CcTpaHaTa, Kbaeto obxBawa po 50% ot
u3cneaBaHuA Nepuos, HO A0pU U B HaW-CEBEPHUTE B
KpalayHaBCKUTE HU3MHU. B n3cneaBaHnTe TepuTOpum ca
perucTpupaHmM roAvHU C WM3pa3eHO 3acyllaBaHe Ha
rogvwHa 6a3a. OcBeH TMNUYHUTE 33 KNacuduKaumaTa Ha

KboneH cyxo JfATHO noayroauve (xapakTepHo 3a
CpefM3eMHOMOPCKMA KIMMAT) U CyX0O 3MMHO noayrogue
(xapaKTepHO 3a MYCOHHWUTE PEXMMU), W3MON3BANKMK
FOAMILHUA KAMMATUYEH MHAEKC, OTKPMBaMe M TakuBa,
KOWTO OTroBapAT M Ha ABaTa TMMa U CbOTBETHO npes
BCAKO OT MO/IYroAMATa € Bb3MOMHO KaKTO CyX mecel, C
M3paseHo 3acylwaBaHe, Taka W [ObXKAOBEH Mecel,
C YCNOBUSA 33 HABOAHEHUSA.

e P I

durypa 1. 1an Ha roAMILHUTE KAMMaTUYHU UHAEKCK
cnopea, moamouumMpaHaTta Knacuoukauma Ha KooneH.
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Introduction

The Koppen climate classification (Képpen, 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 Koppen 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
Koéppen classifications of dry summer (Mediterranean)
and dry winter (monsoon) half-years, using the Annual
Climate Index (ACl) 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 Koppen classification.
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BvBegeHue

CHerKHaTa MOKPMBKA TbPMNU CbLLECTBEHO U3MEHEHUEe B
nocnegHUTe rOAVHW NOA BAUAHUE Ha U3MEHALWMA ce
Knumat. lNpeauiiHo Halle u3ciefBaHe Ha Ce30HHUTE M
MaKCMMYMM B NAAHMHCKMTE pPalOHM HaA CcTpaHaTa
M3HEeHaABalWo He MOoKasa CblLLEeCTBEHO U3MeHeHWe Ha
TasWn XapaKTepMUCTUKa OCBEH 3a Hali-BUCOKMUTE y4yacCTbLM.
3aToBa cera ce GpOoKycMpame BbPXy NPOAB/IKUTENHOCTTA
Ha CHeXKHaTa NOKPMBKA B TE3U PaliOHM.

MeTtogonorus

N3cnepsaHeTo M3non3Ba OaHHU oT 21
METEOpPOJIOTMYHM CTaHUMU C HAZMOPCKa BUCOYMHA OT
600 pgo nouytm 3000 m 3a nepuoma 1961-2020 r.
MN3cnepBaHa e OCHOBHO MNPOABL/IKUTENHOCTTA Ha
CHEe)KHaTa MOKpPWBKA KaTo 6poi p[HM C  TaKasa.
M3nonsBaHm ca TecTbT Ha MaH-KeHAba 33 oueHKa Ha
3HaKa M CTaTUCTUYECKaTa 3HAYMMOCT Ha TPpeHAa M TeCcTbT
Ha [leTUT 3a OTKpMBaAHE Ha TOYKM Ha pa3puB Ha
XOMOTeHHOCTTa Ha peauumre.

Pe3syntatu n ussogu

YcTaHoBeHa e obwa TeHAeHUMA Ha HamansaBaliu
TpeHgoBe Ha 6posA AHM CbC CHEXXHA MOKPUBKA 3a MOYTU
BCMYKM CTAQHUMKM, C W3KAKOYEHME Ha Hal-BUCOKUTE
paiioHn (YepHu BpbX, Bp. boTeB, PoXeH, KaKTo u
BopoBel), KbOeTO M3MEHEHMETO € He3HauYuTenNHo.
Hali-cunHo n3paseHo e HamansABaHeTo Ha
NPOABL/IKUTENIHOCTTA Ha  CHEXHaTa MNOKPUBKA B
No-HUCKKTe YacTm Ha PogonuTte n Ctapa nnaHWHa — Hanp.
CTaHUMK BenuHrpag, XBoWMHa, Kakto u  Yenenape,
Konpuswuua n ap. 3HauutenHo no-cnabo e B Pwuna.
Mo-pony ca [JajeHn Kato npuMepu  HAKOUM  OT
CbOTBETHUTE FPadUKK.

BenuHrpapn,

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

®urypa 1. bpoli AHWN CbC CHEXKHA NOKPUBKA
3a cTaHumA BennHrpaa.

Yenenape

1961

®urypa 2. BpoWi AHM CbC CHEXHA NOKPUBKa
3a cTaHuua Yenenape.

boposel,
180
160
140
120

80
60
40
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1961
1964
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1970
1973
1976
1979
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1985
1988
1991
1994
1997
2000
2003
2006
2009
2012
2015
2018
2021

®urypa 3. bpoit AHM CbC CHEXKHA NMOKPUBKA
3a cTaHumA boposel,

Pesyntatute oT MaH-KeHabn TecTa 3a uM3bpaHu
CTaHLMM ca NpeacTaBeHn B Tabamua 1.

Tabnuvua 1. Pesyntatv ot MaH-KeHabn TecTa 3a bpos
OHU CbC CHEXHA MOKPMBKA NPU HMBO HA 3HAYMMOCT
0.05: ,—“ — HamanABaHe, CTaTUCTUYECKM HE3HAUYNMO;

,-Sign“ — HamanaBaHe, CTATUCTUYECKM 3HAYMMO
CraHuma Hapamopcka MK
BUCOYMHA, M  Cn.
AparomaH 715 -sign
TpbH 706 -sign
BenuHrpag, 743 -sign
BaHcko 917 -
PaiikoBo 868 -sign
Konpuswmua 1045 -sign
Yenenape 1150 -sign
boposey, 1264 -
Mypraw 1687 -
PoxxeH 1750 -
YepHU BpBX 2286 -
Bpbx botes 2376 -
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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.

Velingrad

1961
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1973
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1988
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2015
2018
2021

Figure 1. Number of days with snow cover
for Velingrad station.
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Chepelare
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for Chepelare station.
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Figure 3. Number of days with snow cover

for Borovets station.
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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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MerToa Ha 06paTHM TPaeKTOpUM 3a onpeaensaHe Ha U3TOYHULM Ha Bnara B bbarapua:

K/IIO4 KbM AMHAaMMKATa Ha 3aCyllaBaHeTo
P. Copul, M. CtoaHosuul, I'. TepoBa?, A. Nepes-AnapkoH34, M. Baskes!, . EpHcTl, P. Huetol>, /1. XumeHol®
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BvBegeHue

MN3meHeHNeTo Ha BafieXUTe Hagh KOHTUHEHTUTe e OoT
CblLECTBEHO 3HaYeHue 3a pasbupaHeTo Ha eBOOLMATA
Ha KAMMaTM4yHaTa cuctema. [nobanHoTo 3atonnsHe
yBeanyaBa cnocobHocTTa Ha aTmocdepaTta ga 3aabpka
BNara 1 BOAM 0 NPOMEHU B OMACHUTE METOPOJIOTMYHHM
AB/IEHUA KaTo CyWwW U HaBoAHeHuA (Seneviratne et al.,
2021). OCHOBHWTE W3TOYMHMUM Ha Bnara 3a Espona
BK/IIOYBAT MPUNEKALWNUTE KOHTUHEHTANHM obnacTw,
CesepHa AdpuKa, CpegusemHo mope, YepHo u
Kacnuiicko mope, Kakto MW 4actu oT CeBepHusA
ATNaHTMYECKM OKeaH. Mpoab/iKUTENHUAT AeduumT Ha
Ba/sieXXn BOAM [0 Cylla, KOATO NPUYMHABA 3HAYUTENHM
MKOHOMMYECKM 3arybu B TOPCKOTO  CTOMAHCTBO,
3emefenneTto U KMBOTHOBBACTBOTO. B  Bwbarapusa
oTpUUATeNHUTE AaHOMANUW Ha BajnexKuTe yBenuM4yaBaTt
BEPOATHOCTTA OT MO-YEeCTU U WMHTEH3MBHM CyLUW, KaTo
OKa3BaT B/MAHME BbPXYy BOJHUTE pecypcu U
3emefenckata npogykuusa. CrpaHata e ocobeHo
yA3BMMa KbM HapacTBawaTa YectoTa Ha cywute U
CBbp3aHUTE C TAX  EKOJIOTUYHM, COUManHU U
MKOHOMMWYECKM nocneacTeua. [loKato npeaxoaHute
uscneaBaHmMa  ce  GOKycMpaT  OCHOBHO  BbpXY
nocneacTsuATa oT onacHuTe ABNEHNA,
naeHTUdUUMpaHeTo Ha NPUYMHHO-CNeACTBEHUTE
MexaHM3MM OcCTaBa KA4YOBO 3a nogobpsaBaHe Ha
TAXHaTa NporHo3a. CKOPOLWHN NPOyYBaHMA MOKa3BgarT, ye
HaMaNleHUAT NpeHoc Ha Bnara ot CpeansemHO Mope e
OCHOBeH aKTOop 3a Bb3HMKBAHETO HA CylM Ha
bankaHute (Gimeno-Sotelo et al.,, 2024). Llen Ha Tasu
paboTa e ga ce onpeaenu NPUHOCHT HA U3TOYHMLM Ha
BNA*KHM Bb34YLIHW Macu, KOUTO ONpeaenaT BaiexuTe B
bvarapwma.

MeToponorus

B  HacToAWOTO  wu3c/neABaHe — OKeaHCKUTe U
KOHTUHEHTaNHUTe Bb3AYWHM Macu 3a bbarapua ca
MAeHTUPUUMPAHM C NMOMOLLTA Ha MOAEeNa 3a 06paTHM
Tpeaktopun FLEXPART, KoeTo nosBonsBa AeTaniHa
OLEeHKa Ha npousxopa M daKTopute, onpepenawm
M3MEHUYMBOCTTA Ha Banexute. M3nonssaHu ca rnobanHu
noJsieTa Ha pas/iMkaTta Mmexay usnapeHue v sanex (E - P),
WMHTErpupaHn no BepTUKanHMA aTmochepeH cTbnb, 3a
npocnegAsaHe Ha Bb3AylWHUTE macu Hag bbvarapua go
10 pHWM Haszag BbB BPEMETO, B CbOTBETCTBME CbC
CpeaHOTO BpemMe Ha MpecTol Ha BOAHWUTE napu B
atmocdepara.

Pesyntatu

Pesyntatute 3a nepuoga 1980-2018 r. (dwur. 1)
MoKa3BaT, Ye BNaraTa Hag bbarapma NpousxorKaa KakTo
OT KOHTMHEHTa/IHM, TaKa M OT OKEAHCKU PEervoHu:
EBpona (26%), CeBepHa AdpuKa (17%), bBanTuiicko mope
(3%), YepHo mope (7%), Kacnuiticko mope (2%),
CpegmzemHo mope (30%) n CeBepeH ATNaHTUYECKMU
oKeaH (16%). Bbnpekn ye CpeagmseMHO Mope ocurypsisa
Hal-ronam AAn OT BnaraTa, NOTBbPXKAABANKM KNtoYoBaTa
My POAs B XUOPOKAMMATUYHUA PEXMM HA CTpaHaTa,
NMPWHOCHT HAa OCTaHANNTE U3TOYHULM CbLLO € CbLLeCTBEH
n He 6uBa aa 6bae npeHebpersaH.

durypa 1. PernoHn — M3TOYHMLM Ha Bnara 3a bbarapus.

Pe3syntatuTe noKasear, ye 57% ot obuwaTa 3aryba Ha
Bnara Hag bbnrapma ce ocblLECTBABA OT Bb3AYLIHM Macu
C OKeaHcKu npowusxog (¢owur. 2), kato CpeamsemHo mope
N KOHTUHEHTANHUAT pervoH, obxsaliaw, LleHTpanHa u
M3TouHa EBpona, ce OTKPOABAT KAaTo HaW-3HAYMMMU
U3TOYHMLN.

PLO
=PLT

57%

(e)

o
durypa 2. FloguweH UMKbA Ha BanexuTe Hag bbarapua
(4epHa NMHUSA) M OKEAHCKU (CUHWM KOJTIOHU) U KOHTUHEHTA/IHU
(KadpaBM KONOHM) M3TOUHULM (NABO). O6LLY, NpUHOC B % Ha
B/laraTa OT OKEaHCKM U KOHTUHEHTAIHW U3TOUYHMUM (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.

ENATL EENeas EEENAF [T0eis @WIMEDS [Tcas [ EUR (b)

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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BbBeaeHue

MN3cnepgBaHeTo Ha KAMMaTa M HacTbhBalMTE MPOMEHM
M3MCKBA aHa/u3, MHTepnpeTauus M BMU3yanMsaumsa Ha
6bp30 NpomeHAWM ce U o0beMHM MPOCTPAHCTBEHMU
OaHHU. B TO3M KOHTEKCT reorpadcknute MHGOPMaLMOHHMU
cuctemn  (TUC) ce yTBbPXKAABAT KATo  K/HO4YOBa
TEXHO/MIOTMYHA nnathpopma, KOATO NpeaocTaBs  Ha
YYeHUTE W U3cnepoBaTeNMTe  Bb3MOXHOCTM 33
MHTErpaumMs Ha pasHopogHa MHpopmauusa, npunaraHe
Ha CbBPEMEHHU TEXHONOTMU 3@ MPOCTPAHCTBEH aHAN3 U
TpaHchOpMMpaHe  Ha  HayyHUTe  pesyaTaTm B
NPaKTUYECKU MPUNONKUMU 3HAHUA. HacToAawmAaT o63op
pasrnexaa CbBPEMEHHUTE TEHAEHUMN B KNMMATUYHUTE
uscneaBaHma € GOKyc BbpxXy A06pute npumepu oT
npakTUKaTa.

MeTtogonorusa

O630pbT Ce OCHOBaBa Ha CUCTEMATUMYEH Mperneg v
aHaNN3 Ha Hay4HU Ny6MKauMm, TEXHONOTUYHM AOKNA4M,
nAaTGoOpPMU U NPaKTUYECKU NPUNOKEHNA B 06a1acTTa Ha
KNMMaTuuHuTe uscneasaHma c WNC. MopbopbT Ha
M3TOYHULM € U3BBPLUEH C Len 0b6XBallaHe Ha aKTyasHU
pa3spaboTKM W YTBBbPAEHM MPAKTUKKM, OTpas3aBalLm
CbBpeMeHHUTe TeHAeHuuu B u3nonssaHeto Ha [UC
TEXHONOMMM 3a aHanus, mogenupaHe (Hawchar et al.,
2020) ¥ BM3yaAM3auMAa Ha KAMMATUYHKW NpOLEecH.
AHanN3bT Ha W3TOYHULMTE BKJIHOYBA KAKTO HAy4yHWU
u3cneaBaHuA, Taka U NpUMepu oT npaktuKkarta (GIS for
Climate, 2026), KOMTO AEMOHCTPUPAT NPUNONKEHMETO Ha
TMC B peanHn wu3cnefoBaTeNCKM U ONEPATUBHMU
KOHTEKCTW.

B pamkuTe Ha o0630pa ca pasrnegaHu TeMaTU4HU
HanpasieHWA, CBbP3aHM C aHaIN3 U MOHMUTOPWHT Ha
3amMbpcABaHe C eMUcuK, uscnegsaHe Ha NPUPOLHU
6eACTBMA U EKCTPEMHU SBAEGHWA KaTo pesyntat oT
KANMATUYHUTE NPOMEHMU, KaKTO N NpUNoKeHna Ha FTNC B8
0Ona3BaHeTo M YMpaBJeHWETO Ha OKONHATa cpeaa.
CneuunanHo BHUMaHUeE e OTAENEHO HA U3MON3BAHETO Ha
MHOFOMEPHU AaHHK, yeb KapTorpadCcKkM MNpUoXKeHUA
(dwur. 1) u nnatdopmu, NPOCTPAHCTBEHM CUMYAALMUM U
MeTOAM Ha MALWMHHOTO O0bOy4YyeHWe W U3KYCTBEHMUA
MHTENEKT 3a OTKpMBAHE Ha 3aKOHOMEPHOCTU W
nognomaraHe Ha WMHTepnpeTauuATa Ha KAMMaTUYHUTE
npowecu.

Water Balance App | Ciek amwhero on asrth 1o see how the watsr bianc s hanging aver tme @

durypa 1. Water Balance App — yeb TMC npunosxkeHue 3a
MCTOPUYECKO NpocsiefsaBaHe Ha BOAHMWTE 3aMacy Ha NiaHeTaTa.

Pe3syntatu n ussogu

CbBpEMEHHUTE  KAMMATUYHW  U3CNenBaHMA  BCe
no-4yecto pasumTaT Ha T’MC KaTo uHTerpmupaHa nnatdopma
338 MopgenunpaHe, WHTepnpeTauMs W BMU3YyasHO
npeacTaBAHE Ha KOMMJIEKCHU KIMMATUYHM Mpouecw.
OuepTaBaT Ce ACHO M3PaseHM TeHAEeHUMM KbM paboTa c
ronemm obemn AaHHM BbB BPEMETO U MPOCTPAHCTBOTO,
KOMOWHUPaHe Ha WHPopmMaLmAa OT AUCTAHLMOHHM
uscnegBaHUA WM HaseMHUM HabnoaeHWa, KakTo MU
npunaraHe Ha MHOromMepHM NoAXoAMu.

HapactBa “ ponAta Ha MalUMHHOTO obydyeHue u
n3KycTBeHus MHTenekT B MC cpeaa 3a OTKpMBaHe Ha
3aKOHOMEPHOCTH, KnacuduKauma M nognomaraHe Ha
NPOrHO3HM OLEeHKW. MpeacTaBeHUTe f06pK Npumepn oT
NpaKTMKaTa NOTBbp)KAaBaT eBoaoumaTa Ha [UC ot
MHCTPYMEHT 3a KapTtorpadcka BM3yann3aumsa Kbm
aHa/IMTMYHA M NpPOrHo3Ha nnatpopma C BMCOKA

npaKkTUyecKka MPUAOKNUMOCT B KAMMaTUYHNUTE
nscneaBaHus.
Nureparypa
GIS for Climate (2026): https://climate-arcgis-

content.hub.arcgis.com/ (accessed on 16 February
2026).
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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 wuse 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

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 AeceTunetTMa ce  Habnoaasa
HapacTBaHEe Ha 4ecToTaTa U MHTEH3UTEeTa Ha onacHuUTe
METEOPO/IOTMYHU  ABMIEHWA, KAaTO HABOAHEHuA U
eKCTpPeMHW Banexun. EAMH oT OCHOBHUTE MexaHM3MM 3a
nNpeHoC Ha roseMn Konu4yectBa atmocdepHa Bnara ca
T.Hap. atmocdepHu pekun (Atmospheric rivers, AR). Te
npeacTaBaAABaT TECHW W AbATU 30HM C WMHTEH3MBEH
XOpU30HTasleH NpeHoc Ha BogHa napa. AR ca pobpe
n3cnenBaHu B perMoHn Kato 3anagHa Espona n CesepHa
AMepuKa, HO ponATa MM 33 EKCTPeMHWUTE BaJIeXu B
HOromnstouHa EBpona u no-cneumanHo B bbarapuma ocrasa
cnabo npoyyeHa. MHTErpnpaHUAT NpeHoc Ha BOAHa napa
(Integrated vapour transport, IVT) e Kawo4yoB
OMAarHoCTMYEH NapameTbp 3a MAEHTUOMKALMA U aHanu3
Ha aTmMocdepHUTe peku. HacToAwoTo nscneaBaHe nma
3a uen Aa U3roTeM NbpBaTa AbArOCPOYHA KAMMATONOTUA
Ha IVT 3a bbarapua 1 Aa aHanM3npa KOHKPETHO ONacHo
MeTeopOo/IOrMYHO ABNeHne npe3 Hoemspu 2023 r.

Metoaonorusa

M3nonssaH e atmocoepeH peaHanu3 ERA5 3a
nepuoaa 1994-2023 r. IVT e wu3uncneH Ha 6asa
cneumduyHa BNAXKHOCT U KOMMOHEHTW Ha BATbpA Ha 10
n3obapHuM Huea (1000-50 hPa) M e npocTpaHCTBEHO
ocpefHeH 3a TeputopuATa Ha bbarapua. AHanmsnpaHu
Ca K/AMMATO/IOTMYHUTE CTOMHOCTM M aHOManuuTe npes
2023 r. UN3bpaHO e onacHO aTmMocdpepHO fB/MEeHMEe Ha
4 HoemBpu 2023 ., 33 KOETO Ca pasrnefaHn NO4Yacosm
aHomanmn Ha IVT wn paHHM oT Katanora EDARA
(Mo, 2024).

Pe3syntatu n ussogu

IVT Hag Bbbarapma nokasBa ACHO M3pas3eH Ce30HeH
LMKB/ C NeTeH MAKCUMyM U 3MMeH MUHUMYM. [pes
2023 r. ce HabnwopaBaT 3HAYUTENHU MNONOXKMUTENHU
aHomanun, ocobeHo npes eceHTa.

Cbbutmeto ot 4 Hoemspu 2023 r. e cBbP3aHO € A0b6pe
aeduHMpaHa aTmocdepHa peka, npeHacsawa Baara or
ATnaHTMyeckmMa okeaH u Cpegu3emMHO Mope KbM
bankaHute. [onyyeHute pesynTatu noayveprasaT
3Ha4YeHMeTO Ha aTMOChEepHUTE PEeKM 3a EeKCTpemHuTe
BaNieXXM M noTeHumana Ha IVT KaTo AuarHoctuyeH
WMHCTPYMEHT B ONEepaTUBHOTO NporHosunpaHe. MoapobHo

onuWcaHWe Ha  UM3CNeaBaHeTo e
nybankaumaTa Ha Kostashki et al. (2025).

HanpaBeHO B
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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 ERAS5 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 IVTas a
diagnostic tool for operational forecasting. A
comprehensive description of the study is provided in
Kostashki et al. (2025).
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BbBepgeHue
M3cnepBaHeTo Ha pasnpeaeneHneTo Ha MbJIHUUTE Hag,
KpalbpeXKHUTe 30HWM e OT CbLLECTBEHO 3HauyeHue 3a
pasbupaHeTo Ha AMHAMMKATa Ha PbMOTEBUYHUTE
06/1aLM B NPexofHUTE Cylla—Mope PErMoHMu.

3aflaya Ha HacTosAwaTta paboTa e Aa ce M3BbLPLWK
pernoHaneH aHanu3 Ha NPOCTPAHCTBEHOTO U BPEMEBOTO
pasnpegeneHne  Ha  MbAHUMMTE  Hag  YeTupute
KpalbperKHM 30HM Ha YepHo mope — ceBepHa
(kparbpexkneTo c YKpaitHa n Kpum), natouHa (c Pycma u
Mpy3ua), toxkHa (c Typums) u 3anagHa (c Bbarapus u
PymbHMA). U3cnenBaHeEToO e HaCOYEHO KbM onpeaensaHe
Ha TrOAMILUHMWA, CE30HHUA U [AEHOHOWHUA Xoh, Ha
NABTHOCTTA HAa MbBAHUUTE Hag Te3n 061acTM U KbM
M3BbPLIBAHE Ha CPaBHEHWE MeXay MNABTHOCTTa Ha
MbBJIHUMTE HAL OTAENHUTE KpanbpexkHW 30HM C uen
paskpuBaHe Ha  XapakTepHuWTe  ocobeHOCTM B
rPbMOTEBMYHATA aKTUBHOCT HaZ, Pas/IMYHUTE YacTM Ha
YepHOMOPCKOTO KpaibpeKue.

MeTtogonorusa

MN3non3saHu ca AaHHM 33 MbaHUKUTE 3a 20-roaunlieH
nepuog (2005-2024) ot eBponeicKaTa Ha3eMHa Mpea
ZEUS, ynpaBnsBaHa oT HauuoHanHaTta obcepBatopua B
ATnHa. YepHOMOPCKOTO Kpalibpexkme e YCAOBHO
pa3aeneHo Ha YeTMpU 30HN — ceBepHa (KpalbpexuneTo ¢
YKpaliHa u Kpum), nstouHa (c Pycua un Mpysus), toxKHa
(c Typumsa) n 3anagHa (c Bbarapus M PymbHMA), KaTo
BCSIKa BK/tOUYBA KpanbpexkHa neunua ot 25 Ao 50 km Kbm
cywaTa v Kbm mopeTo. MNopagn pasnmyHata njaow, Ha
30HUTE AMPEKTHOTO CpaBHEHWe Ha uYecToTaTa Ha
pPerucTpupaHnTe MbAHUKN He e NpeacTaBMTeNIHO, 3aTOBa
3a BCAKA 30Ha € WM3YMCNeHa MABTHOCT Ha MbJIHUUTE,
n3paseHa Kato 6poii MbAHMM Ha KBaAPaTEH KMIOMETbP
32 CbOTBETHWA BPEMEBW WHTEPBaA. AHaAU3bT e
HanpaBeH 3a roAMLEH, Ce30HEH M 3-4acoB AEHOHOLEH
BpemeBn maw,ab.

Pesyntatu n ussogu

AHanuM3bT Ha roAuWwHaTa NABTHOCT HAa MbJIHUUTE
(dbur. 1, ropeH naHen) NOKasBa  U3paseHu
NPOCTPAHCTBEHM pasnnuua Mexay — oTAenHuTe
KpalbpeXKHNW 30HM, KaTO HaM-BMCOKA MIBTHOCT Ha
Mb/HUUTE ce oTyYuTa Hag WM3TouHoTOo YepHomopcKo
Kpalbpexune, cnegsaHo ot KOXKHOTO M 3anagHOTO, a Han-
cnaba rpbmoTEBMYHA AKTUBHOCT ce HabaogaBa Hajg
CeBepHaTa 30Ha.

AHanM3bT Ha Ce30HHaTa MABTHOCT Ha MbJHUUTE
(dbur. 1, poneH naHen) paskpuBa, 4Ye 33 BCUYKM

KpPanbpexHN 30HU NATOTO € MepuoabT C MaKCUMaiHa
NABTHOCT Ha Mb/IHUMTE, @ NPE3 3MMaTa MbIHUK MOYTU He
ce Habnopasar.

Period 2005-2024 years
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®urypa 1. FlopeH NaHen — roauLwHa NIBTHOCT HA Mb/IHUUTE
(6p. mbAHUK/km?2) 33 20-roamnwen nepuog, 2005-2024 r.,

W [0NeH NaHeN — Ce30HHA NABLTHOCT Ha MbHUUTE
(6poit mbaHMn/km?) 3a yeTnpuTe palioHa Ha YepHOMOPCKOTO
Kpaibpexune: CeepHoTo — North (U_C) — CMHM KONOHM,
M3TouHOTO — East (G_R) — 3eneHun KonoHu, KOXHoTo —
South (B_R) — opaH:keBu KonoHM, n 3anagHoTto — West (B_R) —
YKbTU KOJIOHM.

CpaBHABAKM NABLTHOCTTA HAa MbAHUUTE npes
NpexogHNTe ce3oHM — NPOoJeT U eceH, ce Habnogasat
pervoHanHM pasnuumna. 3a M3TOYHATa WM loXKHaTa 30Ha
NABTHOCTTa Ha MbJ/IHUMTE NPE3 eCeHTa e Mo-BUCOKa OT
Tasu npes nposeTTa, 3a CeBepHaTa 30Ha Ce pasKpuea
obpaTHaTa  3aBMCMMOCT, [OKaTo 3a  3anagHoTo
Kpanbpexune pasnmKka noyTu Hama.

KpaibpeHUAT perMoH ¢ MakCMMaaHa NAbTHOCT Ha
MbAHMUTE Cropes Ce30Ha Ce NPOoMeHs; Npes nponerTta
ToBa e 3anagHoTo YepHOMOPCKO Kpailbpexwue, npes
NATOTO ¥ 3UMaTa e M3TOYHOTO, a npe3 eceHTa — KOXKHOTO.

Tesu pesynTtatu noacKasear, ye  ocseH
WMpOoKoMalLabHUTe aTMochepHU MPOLLECH JIOKasHUTE
atmochepHn  ycnosua, oporpadckute  ocobeHocTw,
KOHTPACTbT Cylla—MOpe MmoraT ga OKasBaT CWUIHO
BAMAHME BbPXY CE30HHATA AMHAMMKa Ha YyecToTaTa Ha
MbAHMUTE.
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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.

Period 2005-2024 years
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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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BvBepeHue

B MHOro wuscnegBaHusa, CBbpP3aHWM C  KAMMATAa,
pernoHanHMTe KAMMaTUYyHKM moaenun (PKM) ce
M3MON3BAT YEeCcTo KaTo (GU3MYECKM CbAbPrKATE/HM
WHCTPYMEHTM 33 Te/IeCKONMu3aums Ha JaHHWTe OoT
rnobanHuTe KAnmatuuyHu mogenu (F’KM) po no-
MajsIkKM  MNpPOCTpaHCTBEHM  Mawabu ¢ orneg
npefocTaBsHe Ha  No-noApobHa  perMoHasnHa
uHbopmauma. Pesyntatute ot cumynaummte ¢ PKM
obaye moraT Aa CbAbp)KaT roNemMU CUCTEMATUYHM
OTK/IOHEHUA CMPAMO HabopuTe OT f[aHHM  OT
HabnogeHWn, NpuMeTn Kato pedepeHTHU. [lpes
nocneaHute  gecetmnetva  bAxa  cb3gafdeHu
aNropUTMM 32 MMHUMM3UPAHE U KOPUTMPAHE Ha Te3un
OTK/IOHEHMA KaTO WU3TOYHWULUM HA T[PelKku B
rnocneagalinuTe BEPUTrM Ha MOLE/IMPAHE, BbMPEKM
HAKOW KpuTUKK (Teutschbein and Seibert, 2012).
MpoBeLeHOTO OT MHOTO M3C/1Ie40BATE/IN OLEHABAHE
Ha e(EeKTUMBHOCTTa Ha PasIUYHU  KOPEKLMOHHM
npoueaypu B yC/A0BMATA Ha NPOMEHALL, Ce Kaumar
rnokasa, Ye MeToauTe, 6asnpaHun Ha CTaTUCTUUYECKOTO
pasnpeaeneHne, NPeBb3X0XKAaT BCUUYKM OCTaHaAM
npoy4yeHun TexHuku (Teutschbein and Seibert, 2012;
ThemelRl et al., 2012).

OcHOBHa 334a4a Ha HACTOALLOTO U3C/eaBaHe e Aa
oueHn pobaBeHaTa CTOMHOCT Ha KOpeKumATa Ha
CUCTEMATUYHOTO OTK/IOHEHME 4Ype3 HOBOYCBOEHMUS
MeToZ, Ha  KBAHTWIHO  Aenta  KapTupaHe
(aHrn.: quantile delta mapping, QDM), Koito e
OCHOBaH Ha CTaTUCTMYECKOTO pasnpefesieHne Ha
KOpurupaHaTa Be/sM4MHa, NogobpeHne Ha LWMPOKO
M3M0N3BaHOTO KBAaHTUAHO KapTupaHe (aHrA.: quantile
mapping, QM) (Cannon et al., 2015).

MeTtoponorusa

QDM e npuaoxeH Bbpxy MbPBUYHUTE AAHHW 3@
OHEBHAaTa MMUHUMANHA, CpefHa M  MAKCMMaAHa
TemnepaTtypa, KakTo U Cyma Ha Banexute ot 14
KOMBuHauum ot asuxewm N’KM u PKM oT npoeKra
EURO-CORDEX 3a nepumoga 1976-2005 r. Hapg
lOromstouyHa EBpona. Hue wu3nonssame Habopa
AaHHW OT peaHanns ERA5-Land kato pedepeHTeH.

Pesyntatu n nssoam

B cbOTBETCTBME C MPeauLIHM OTKPUTUA Ha APYrU
aBTOpM, HMWe TnMoOKasBame, 4Ye KopeKuuATa Ha
CUCTEMATUYHOTO OTK/AOHeHWe ¢ QDM Hamanssa
OTK/NIOHEHMATA B MHOFOTOAMIUHUTE  CPEAHM
CTOMHOCTM  Ha  CpeaHuTe, MUHUMANHUTE U
MaKCMMa/iHUTe AHEBHM TemnepaTtypu C A0 eAuH
nopAabK. CreneHTa Ha HamansaBaHe Ha
OTK/NIOHEHMETO 338 MHOTOroAMLLIHaTa cpefiHa Cyma Ha
Ba/jie’ka e No-masika, HO BCe TaKa 3HauuTenHa. Tesn
npeaBapuTeiHM pesynTat MoraT Aa Ce OLEHAT KaTto
MHoroobellaBalliu.

bnaropapHoctu: W3cnegsaHeTo e  OCbLLECTBEHO
M3UAN0 CbC CBOOOAHO AOCTLMNHU AaHHM U NPOrPaMHM
cpeacTsa 7 3aToBa aBTopuTe n3KassaT
61arof4apHOCTUTE CU KM BCUYKU MHCTUTYLLUKN, KOUTO
rm npegoctasat (ECMWF, nbpsuiyHn [KM/PKM
cberasuTenu, Copernicus CDS, MPI-M). U3ka3same u
cneumanHu 6narogapHoctv kKbm B. T. Schwertfeger 3a
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; ThemelRl et al., 2012).

The goal of the present study is to evaluate the
newly adopted BC method quantile delta mapping
(QbM)  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

HactoAawoTto u3cneasaHe aHanusnpa exeaHeBHUTE
HabAoAeHUA Ha TPBMOTEBUYHU Bypu, PErncTpUpaHn B
MeTeopoNorMyHN  ctaHumm B Codua 3a nepuosa
1900-2025 r. [pbmoTeBMYHUTE Oypu ca cpeq,
Han-3HAYMMUTE U NOTEHUMANIHO OMAaCHM aTMocdepHMU
ABNEHUA B yMepeHuTe reorpadckum LWUPUHK, a
AbArOCpOYHATa MM U3MEHYMBOCT €  HageXaeH
WMHOMKATOP 33 NPOMEHUTE B KOHBEKTUBHWA MOTEHLMaN
Ha aTMocdeparTa.

MHoecTBO u3cnegsaHua 3a EsBpona n bankaHute
OOKYMEHTUPAT NPOMEHW B YecToTaTa M CE30HHOTO
pasnpegeneHne Ha KOHBEKTUBHUTE AB/IEHUA B KOHTEKCTA
Ha U3MeHeHMeTo Ha Kanmarta (Taszarek et al., 2019). 3a
TepuTopuATa Ha Bbarapma cucteMaTUuyHU SbATOCPOUHM
aHaNM3KM Ha FPbMOTEBMYHATA AEAHOCT Ca NPOBEXKAAHM
BbpPXy OFpaHMyeH 6poOM CTaHUMM W 33 NO-KPaTKM
nepuogu. HacroawoTo uscnefBaHe npegnara
HaW-AbATUMA [0Cera aHa/M3MpaH HenpekbCcHAT pes oT
HabntogeHua — 125 rogmuun (1900-2025), cTpyKTypupaH
no oduuymanHmte 30-rTOAUWHM  KAMMATUYHU HOPMU
(WMO, 2017) 3a patioHa Ha Codus.

MeTtogonorusa

Mog cnyyalh c rpbmoTeBMYHa bOypsa cnedpBa ga ce
pa3bupa AeHOHOLME, B KOETO € PEernMcTpupaH NoHe eauH
rpbmM, HE3aBUCMMO  OT  MNPOABL/IKUTENHOCTTA MU
MHTEH3UBHOCTTAa HA ABNEHUETO. M3xoaHUTe [AaHHM
npencTaBaAaBaT MeCceYHM CYMW Ha AHWU C IPbMOTEBUYHA
6ypa, peructpupaHu B Ae cTaHumu: ot 1900 po
Ha4vanoto Ha 1952 r. B cTaHumMA boTaHU4ecka rpagmHa, a
ot 1952 pgo 2025 r. B craHumMATa Ha HauymoHanHuA
MHCTUTYT Mo meTeoponorna u xugponorns (HUMX).
HyneBuTe CTOMHOCTM 33 faAeH MeceL, ca TPeTUPaHM KaTo
[0CTOBEPHU AaHHM 33 OTCbCTBME Ha ABAeHneTo. 3a 1951
1 1960 r. amnceaTt AaHHW.

MeTeoponoruyHaTa peguua e pasnpegeneHa B
yetupu oduumanHm, cnopesg CMO, 30-roguiiHu
nepuoga: 1901-1930, 1931-1960, 1961-1990 wu
1991-2020 (WMO, 2017). loguHute 1900 n 2021-2025
ca M3BbH Te3nM nepuoaM M ca aHanu3MpaHu KaTo
JonbnHeHue. Mopaan ecTecTBOTO Ha ABNEHUETO — Aa ce
cay4ysa npes TONN0TO nonyrogue, MHTepec
npencTaBasaBa NPOABAEHMETO My Mpe3 OCTaHa/saTa yacT
OT roguHaTa M TOBa HaNOXW BbBexgaHeTo Ha WUCTA —
MHAOEKC Ha CTyAeHOCEe30HHa FPbMOTEBMYHA AKTUBHOCT,
obxBalllall, meceunTe OKTOMBPU—MapT. TeHaeHumATa e

OLEHEeHa Ypes3 JIMHelHa perpecus, a cTaTUCTMYecKaTa
3HAYMMOCT — Ypes ABYCTpaHeH t-TecT npu HMBO p < 0.05.

Pesyntatu u ussogu

3a 125-roagmwHus nepmog 1900-2025 r. B Codusa ca
pernctpmpaHmn obwo 4267 AHM C rpbMOTEBUYHA Byps,
npu cpegHoroauwHa ctolHoct 34.4 agHn. MakcumanHaTa
CTOMHOCT e 64 aHu (1975 r.), a MMHUManHaTa — 5 aHun
(1948 r.). JIMHENHMAT TpeHn, € MONOXKUTENeH W
CTaTUCTUYECKM  3HaYMM UM Bb3AM3a Ha  +0.7
AHn/pecetunetue (dur. 1).

AHanusbT Ha 30-roguwHWTE nepuoau MOKasBa
Hal-mManbK OpPoM  rPbMOTEBUYHM  ABMEHUA  Npes
1931-1960 r., a Hak-ronam — npe3 1991-2020 r.
MHTepeceH ¢aKT e, 4Ye JIMHENHUAT TpeHg e
nonoxuteneH — +2.4 pHwW/pecetvnetve, camo npes
nocnefHVUA  KAMMaTMYeH nepuod, AOKato  npes
OCTaHa/NMTe TPW € OTPULATENEH.

MeceyHoTO pasnpegeneHMe NOTBbPXKAABA ACHO
u3paseH JieTeH MaKCMMyM: HOHWU, W U aBrycT
akymynmpaT Hag 60% OT BCWMYKM TPBMOTEBUYHU AHMW.
YcToliuMBO HapacTBaHe (yTposiBaHe) nokassa MCFA: oT
30 aHu (1931-1960 r.) oo 90 aHm (1991-2020 r.). Tosa
paswupsABaHe Ha ce30HA Ha rPbMOTEBUYHUTE BypU € B
CbOTBETCTBME C PETMOHANHUTE KAMMATUYHWU TEHAEHUMUU
3a bankaHute n CpeamnsemHomopueto (Bocheva et al.,
2015).

1580
fonnia

durypa 1. loguweH 6poit gHU ¢ rpbmoTeBUYHa byps B Codun
(1900-2025 r.), nMHeeH TpeHa 1 10-rogMiiHa Nab3ralla
cpepgHa. NMyHKTMpaHUTE XOPMU30HTaAM NOKa3BaT cpeaHuTe
CTOMHOCTM 33 BCEKU KAMMATMUYEH nepuoga,
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Introduction

This study analyses daily observations of thunderstorms
recorded at the Sofia meteorological station for the
period 1900-2025. Thunderstorms are among the most
significant and potentially hazardous atmospheric
phenomena in the mid-latitudes, and their long-term
variability is a reliable indicator of changes in the
convective potential of the atmosphere.

Numerous studies across Europe and the Balkans
document changes in the frequency and seasonal
distribution of convective phenomena in the context of
climate change (Taszarek et al., 2019). Systematic long-
term analyses of thunderstorm activity over Bulgaria
have been conducted for a limited number of stations
and shorter periods. The present study offers the longest
continuous observational record analysed to date — 125
years (1900-2025) — structured according to the official
30-year climatological normals (WMO, 2017) for the
Sofia area.

Methodology

A thunderstorm day is defined as a calendar day on
which at least one thunder is recorded, regardless of the
duration or intensity of the event. The source data
consist of monthly totals of thunderstorm days recorded
at two stations: from 1900 to the beginning of 1952 at
the Botanical Garden station, and from 1952 to 2025 at
the National Institute of Meteorology and Hydrology
(NIMH) station. Zero values for a given month are treated
as reliable data indicating the absence of the
phenomenon. Data for 1951 and 1960 are missing.

The record is divided into four official WMO 30-year
periods: 1901-1930, 1931-1960, 1961-1990 and
1991-2020 (WMO, 2017). The years 1900 and
2021-2025 fall outside these periods and are treated as
supplementary material. Given the predominantly
warm-season nature of the phenomenon its occurrence
during the rest of the year is of particular interest — this
motivated the introduction of the CSTA (Cold-Season
Thunderstorm Activity index), covering the months
October—-March. The trend was assessed by linear
regression and its statistical significance by a two-tailed
t-test at p < 0.05.

Results and conclusions

Over the 125-year period 1900-2025, a total of 4,267
thunderstorm days were recorded in Sofia, with a mean
annual value of 34.4 days. The maximum was 64 days
(1975) and the minimum 5 days (1948). The linear trend

is positive and statistically significant, amounting to +0.7
days/decade (Fig. 1).

Analysis of the 30-year periods shows the lowest
number of thunderstorm events during 1931-1960 and
the highest during 1991-2020. A noteworthy finding is
that the linear trend is positive (+2.4 days/decade) only
within the most recent climatological period, while it is
negative in the other three.

The monthly distribution confirms a pronounced
summer maximum: June, July and August account for
over 60% of all thunderstorm days. The CSTA shows a
steady increase — a tripling — from 30 days (1931-1960)
to 90 days (1991-2020). This seasonal extension of
thunderstorm activity is consistent with regional climate
trends for the Balkans and the Mediterranean (Bocheva
et al,, 2015).

Figure 1. Annual number of thunderstorm days in Sofia
(1900-2025), linear trend and 10-year moving average.
Dotted horizontal lines indicate the mean values
for each climatological period.
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BbBeaeHune

KnumatuyHata cuctema e C/IOXKHa, He ce Hamupa B
NMOKOW M B Tasn Bpb3Ka KonebaHuATa Ha Kanmata ca
HeM3MeHHa 4YacT OT ecTecTBEHOTO M passutue. [pes
nocnegHuUTe AeceTUneTns NHTepechT KbM TemaTta e Bce
no-aktyaneH, ocobeHo Ha ¢OHAa Ha 3HAUYUTENHOTO
NoBuLIABaHE Ha CpeaHUTe  TemnepaTypu  npes
nocnegHute 30-40 rogmHm (MapuHoBa u Boyesa, pega.,
2023). HapacTtBa YyecToTaTa Ha EKCTPEMHUTE NPOSBU Ha
BPeMeTO, KaTo Ce YCTAaHOBABAT M MO-NMPOABL/IKUTENHU
nepuoam Ha 3acywasaHe (Alexandrov et al., 2004;
Nikolova et al.,, 2012). Te3n sABNeHUA ca WCTUHCKO
npean3BUKATeNCTBO 33 JKMBOTA W AeWHOCTTa Ha
YOBELLKOTO 06LLECTBO, KAaTO OKa3BaT B/AUAHME U BbPXY
KOHUeNnuMATa 3a yCTOMYMBOTO pasBuTHe. HactoawwoTo
uscnefBaHe e MOCBETEHO Ha eguH OT  HaW-
YyBCTBUTE/NIHUTE 33 YOBEKA €/IeMeHTU Ha KaumaTta —
TemnepaTypute Ha Bb3ayxa. 3a uenTa ca npociaeneHun
KonebaHuATa B peXMMa Ha CPeaHUTE MECEYHU W
roguLWHN TemnepaTypu 3a paioHa Ha rp. CaH4aHCKMU.

MeToponorus

Ypes craTUCTMYECKM MeToAM (OCHOBHM MOMEHTH,
NbA3AWM CPeaHW, TPEHA, aHaM3 M Ap.) ca U3cneaBaHu
MHOrorogmwHuTe ocobeHocTH B xoaa Ha
Temneparypure.

CpaBHeHM ca TemrepaTypute npes nepuvoaute OT
1931 po 2025 r. (HapeyeH OCHOBEH), OoT nocneaHuTe 30

rooMin — 1996-2025 r. (nepuosd Ha CbBpemMeHeH
KAnmar), cnpamo nepuoga 1961-1990r.
CraTucTMueckaTa o06paboTka Ha  JaHHUTE e

usBbpleHa ypes Microsoft Excel.

Pesyntatu u ussogm

YCcTaHOBEHM Ca NONOXKUTENHU OTKNOHEHNA 32 BCUYKN
cpeaHn MecCeyHu Temnepatypu npe3 nocnegHus
30-rogunweH nepuoga,.

Hall-ApKu ca usmeHeHuATa B cpegHUTE TemnepaTypum
Ha Bb3ayxa 3a meceuuTte dGeBpyapu, MapT, OHW, LK,
aBryCcT U HOEMBPMU, KAaKTO U NPU rOAULLIHUTE CTOMHOCTK.
Ypes KopenaumoHeH W perpecMoHeH aHaan3 ca
YCTaHOBEHU MNPEAUMHO MOJIOKUTENHU TEeHAEHUMUKU, C
YMEPEHU [0 3HAUYWUTENHM (33 HAKOWM OT meceuuTe) u
CUMHKU  (MpU  rogMwWHUTE CTOMHOCTM) BpB3KU. Chnep,
CpaBHABaHE CbC CbOTBETHUTE TabAMYHM CTOMHOCTU
(t-pasnpepeneHune) e yctaHOBEHO, Ye U3MEHEHUATa ca
CTAaTUCTUYECKM 3HAYMMM (MPU HMBO HA 3HAYMMOCT
o = 0,05) B cpeaHUTe TemnepaTypu 3a meceuuTe au,

aBrycT, CeNnTeMBPU U AEKEMBPU, KAaKTO U NpU cpegHuTe
roguwHu ctonHoctn (Muwes u LiBeTkos, 1998).

Tabnuua 1. CpegHu MeceyHu v roguHn TemnepaTypm
Ha Bb3ayxa (°C) 3a nepuopa 1996-2025 r. n pasauKku
cnpamo nepuoga ot 1961-1990 .

1961- CpeaHu
1990 TemnepaTtypu
(1996-2025)

OTKNOHEeHuA
B CbBpeMeHHUTe
Temnepatypm (at)

| 2,4 3,2 +0,8
Il 4,2 5,9 +1,7
1l 8,6 9,5 +0,9
v 13,5 13,9 +0,4
Vv 18,6 19,0 +0,4
\"! 22,1 23,5 +1,4
Vil 24,3 26,4 +2,1
VIl 23,8 26,1 +2,3
IX 20,2 20,9 +0,7
X 14,5 14,7 +0,2
Xl 8,6 9,6 +1,0
Xi 4,2 4,6 +0,4
Cp. 13,7 14,8 +1,1
roa.
Nurtepatypa

MapuHosBa, T., boueBa, /1. (pea.) (2023). NpomeHAWMAT
ce KnMmart Ha bbarapusa — paHHu 1 aHanmsu. Codumsa:
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Mwuuwes, T., LUsetkos, C. (1998). CraTuctuKa 3a
nkoHomuctn. Copusa: CtonaHcTso.

Alexandrov, V., Schneider, M., Koleva, E., Moisselin, J.-M.
(2004). Climate variability and change in Bulgaria
during the 20th century. Theoretical and Applied
Climatology, 79, pp. 133-149.

Nikolova, N., Alieva, G., Voislavova, |. (2012). Drought
periods in non-mountainous part of South Bulgaria on
the background of climate change. Geographica
Pannonica, 16(1), pp. 18-25.
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Introduction

The climate system is complex and not in a state of
equilibrium; in this regard, climate variability represents
an inherent part of its natural development. In recent
decades, interest in this topic has become increasingly
relevant, particularly against the background of a
significant rise in mean temperatures over the last 30—40
years (Marinova and Bocheva, eds., 2023). The frequency
of extreme weather events is increasing, and longer
periods of drought are also being observed (Alexandrov
et al., 2004; Nikolova et al., 2012). These phenomena
pose a serious challenge to human life and activities,
while also influencing the concept of sustainable
development. The present study is devoted to one of the
climate elements most sensitive to humans - air
temperature. To this end, variability in the regime of
mean monthly and annual air temperatures has been
examined for the region of the city of Sandanski.

Methodology

Using statistical methods (including statistical
moments, moving averages, trend analysis, etc.), the
long-term characteristics of temperature variability have
been examined.

Temperatures for the period 1931-2025 (hereafter
referred to as the baseline period) and for the most
recent 30-year interval, 1996-2025 (the contemporary
climate period), were compared with those for the
period 1961-1990.

All statistical analyses were conducted using
Microsoft Excel.

Results and conclusions

Positive deviations were identified for all mean
monthly temperatures during the most recent 30-year
period.

The most pronounced changes were observed in the
mean air temperatures for February, March, June, July,
August, and November, as well as in the annual values.
Correlation and  regression analyses revealed
predominantly positive trends, with moderate to
considerable (for some months) and strong (for the
annual values) relationships. After comparison with the
corresponding tabulated values (t-distribution), it was
found that the changes are statistically significant
(at a significance level of a = 0.05) for the mean
temperatures of July, August, September, and
December, as well as for the mean annual values (Mishev
and Tsvetkov, 1998).

Table 1. Mean monthly and annual air temperatures (°C)
for the period 1996-2025 and their deviations relative
to the 1961-1990

1961- Mean Anomalies in

1990 temp. contemporary air
(1996- temperatures (at)
2025)
| 2.4 3.2 +0.8
Il 4.2 5.9 +1.7
n 8.6 9.5 +0.9
v 13.5 13.9 +0.4
Vv 18.6 19.0 +0.4
\'! 221 23.5 +1.4
VIl 24.3 26.4 +2.1
Vil 23.8 26.1 +2.3
IX 20.2 20.9 +0.7
X 14.5 14.7 +0.2
Xi 8.6 9.6 +1.0
Xi 4.2 4.6 +0.4
MAT 13.7 14.8 +1.1
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BbBeaeHue

HactosAwoTo v3cnegBaHe Mma 3a Len a3 NPeacTaBu
obobuieHa xapaKTepucTMka Ha reorpadckute w
KAMMATUYHUTE OCOBEHOCTM HA aAMUHWUCTPATUBHUTE
obnacTv B CTpaHaTa, KaTo ce OTKPOABAaT OCHOBHWTE
pervoHanHW pasaMuua U 3aKoHOMepHocTM. To e
6asvMpaHoO Ha pesynTaTMTe OT NbpBaTa roAMHa Ha
M3MbJHEHWE Ha HayYeH MPOEKT, WHULUMUPAH OT
M3roTBAHETO Ha HOBUTe o0bnNacTHM nnaHoBe 33
HamanfBaHe Ha pucka OT DeACTBMA 3a HyXAWTe Ha
MWHUCTEPCTBOTO Ha BbTpelwHuTe pabotn — [NaBHa
avpekumsa ,MoxkapHa 6e3onacHOCT M 3awWwmMTa  Ha
HaceneHueto”. B Tasu Bpb3Ka Ca W3rOTBEHWM HOBU
KAMMaTUYHU XapaKTePUCTUKHK 3a BCUYKM
aAMUHWCTPATUBHM obnacTu.

MeTtogonorusa

MN3cnepBaHeTo e 6a3mpaHo Ha 0606LLEH aHaNM3 Ha
reorpapckuTe U KAMMATUYHUTE XAPAKTEPUCTUKMU Ha
BCMYKM  AAMMHUCTPATUBHWM obnactv B  bbarapus.
MN3non3BaHU ca HOpMUTE, NPECMETHATK NO CTaHAAPTUTE
(WMO 1203, 2017) Ha CBeToBHaTa MeTEOPOJIOTMYHA
opraHmsauna (CMO), OT BCUYKM BaNIEKOMEPHU U
KNMMATUYHU METEOpONOrMYHM CTaHUMKM 3a nepuoaa
1991-2020 r. Ha TepuTOpUATA Ha Penybauka bbarapus.
M3BbplIEH € eKcnepTeH KOHTPO/A Ha KayecTBOTO Ha
OaHHUTe. 3a NNOWHO NpeacTaBAHe HAa pe3ynTaTuTe ce
n3nonssat QGIS v cTaTUCTMUYECKM meToaM.

Pe3syntatu n ussogu

N3cnepBaHM ca meceyHUTe cpefHU, MaKCUMasHU U
MUHUMANHU TemnepaTtypu Ha Bb3Ayxa, Cyma Ha
BafieXKMTe, BPOM AHM CbC CHEXKHa MOKPMBKA, CpeaHa U
MaKCMMasiHa CKOPOCT Ha BATbpa M 4YacoBe CAbHYEBO
rpeeHe, KakTo U UCTOPUYECKUTE EKCTPeMyMM 33 BCAKA
obnact, C LuUen OTKpoABaHe Ha AOMUHMpaLLUTE
TEeHAEHUMM U TUMOBE  KAMMATUMYHM  YC/OBMUA.
PaspaboTeHu ca cTaH4APTU3MPAHM KAMMATUYHU CNPABKK
33 BCMYKM agMUHUCTPATUBHU obnactu B Bbarapusa. Te
BK/IIOYBAT aHa/NIN3 Ha OCHOBHUTE KAUMATUYHU eIeMEeHTH
M GaKTOpM, KPUTMYHM 3@ OLEHKAa Ha perMoHanHuA
KNMMaTUYeH PUCK. M3Non3BaHETO Ha HaW-aKTyanHus
Kanmatuded nepuog  (1991-2020) rapaHTupa, ue
CNpaBKUTE OTPa3ABaT CbBPEMEHHUTE TeHAEHUUN B
M3MEHEHMETO Ha K/IMMaTa, KOWUTO Ce CbraacyBaT C
pe3ynTtatute B MapuHoBa u bouesa (pea., 2023), KoeTo e
OT CbLLLECTBEHO 3HAYEHME 3@ CEKTOPU KaTo 3emezenue,
eHepreTMKa 1 ynpaBaeHue Ha Kpu3u.
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®urypa 1. Mprmep 3a U3MEHEHWE Ha BaNeXnTe U
Temnepatypara 3a obnact [o6puu.

3a ocurypsBaHe Ha Ny6AMYHOCT M NPUAONKHOCT Ha
pesynTtatuTe paboTaTa npes cneppallata roguHa e ce
boKycnpa BbpXy Cb3AaBaHe HA UHTEPAKTMBHA KapTa Ha
Bbarapua, KOATO [Aa BM3yaAMsuMpa KAMMATUYHUTE
XapaKTePUCTMKM no obnactn. C nybanKyBaHeTo Ha
KapTaTa W CnpaBKUTe Ha oOUUMaNHMA CcalT Ha
HauMoHaAHUA MHCTUTYT NO METEOPOIOTUA U XMAPOIOTUA
ce ocblecTBABa 0b6LWecTBEH AO0CTbM 33 WHCTUTYLUM,
CNEeLMaNUCTU U TPaXKaaHu.

Nurtepatypa
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Climate Normals (2017), 20 pp., Chairperson,
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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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BvBegeHue

HactoAawoTo wu3cneaBaHe pasriexga CbBpemMeHHUTe
TEHAEHUMW B NPOABaTa Ha AEeHOHOLMA C TPONMUYHU HOLLM
B bbarapua 3a nepuoga 1961-2025 r. UHpeKcwbT
,TponunuHa How” (TN) ce aeduHMpa KaTo AeHOHOLINE, B
KOETO MWHMMANHATa Temnepatypa Ha Bb3gyxa e
no-BMcoka unm paeHa Ha 20 °C (Bnackos, 2017). Tosu
rnokasaTen e 4acT oT 27-Te OCHOBHM KAMMATUYHU
nHaeKkca Ha ETCCDI (Expert Team on Climate Change
Detection and Indices) 1 e wWWpPOKO u3NON3BaH B
MeXAyHapogHaTa NPaKkTUKa KaTo HaZeXAeH UHAMKATOP
3a 3aTON/IAHETO Ha KAuMmara.

MHOecTBO WM3CNeABaHUA B PA3/IMYHU YacTU Ha
EBpona 1 cBeTa yCTaHOBABAT YCTOMUYMBA TEHAEHLUMA KbM
yBenuyaBaHe Ha 6pos Ha TPOMUYHUTE HOLLW, KAKTO M
paswupaBaHe Ha Mnepuoaa Ha TAXHATa MPOsABa M3BBH
TPAAMLMOHHUTE NIeTHU Meceun. 3a TeputTopuaTa Ha
BbArapusa LefeHacoyeHM aHaAM3M ca MPOBEXKAaHU
BbPXYy orpaHuyeH 6poi ctaHuum (Bnackos, 2017; Mares,

2019), KaTo HacToAWOTO W3CcnedBaHe npeanara
no-gbabr  BpemeBuM 0OXBaT M aKTyanus3auusa Ha
pesyntature.
MeTtogonorus

AHanuM3bT e uM3BbpweH Ha 6asaTa Ha [aHHM OT
MU3MepBaHUATA B 0OCEM CUHONTUYHM CTaHLMM B Bbarapus
(BuamH, Noseu, Pasrpag, BapHa, Codusa, CnuseH,
CaHZaHCKM M Kbpaxkanu), obxsaliawy pasivyHu
du3nKoreorpadpCckm paMioHM U XUMNCOMETPUYHU MOACH.
HabnlopeHusTa ce u3BbplwBaT CbrNACHO M3UCKBAHMATA
Ha CBeToBHaTa MeTeoposIornyHa opraHusauma (WMO) u
Ca  CTaHZApTM3MPaHM  CNopes  MeXAYHapoaHWTe
pbKoBoacTBa Guide to Meteorological Instruments and
Methods of Observation (WMO-No. 8).

MuHuManHata Temnepatypa (Tmin), M3anonseaHa 3a
M3unCNABaHe Ha MHAEKca ,TPOMWYHa HouL”, ce oTumTa
upes MUHUMANEH TEPMOMETBP, KaTO METEOPONOTUYHNUTE
JAHHW €A NOJMyYeHU OT HaAUMOHANHATa CUMHONTMYHA
MpeKa Ha HaumoHanHWA MHCTUTYT MO METeopoaorna u
XMAPOAOrUA.

Pe3syntatu n ussogu

Pe3syntatute oT aHanu3a 3a nepuoaa 1961-2025 r.
NOKa3BaT ACHO M3pa3eHM MPOCTPAHCTBEHU Pa3/iMyuunA B
6poA Ha TPOMWYHWUTE HOLWM HA TepuTopuAaTa Ha
u3cneaBaHUTe ocem CTaHumK B Bbarapua. Hai-Bucoku
CTOMHOCTW Ca perncTpupaHmn B cTaHumMA BapHa (1362 o6y,
6poli gHu), cneapaHa ot cTaHuma CaHgaHcku (1288).
Hal-manbk 06w, 6poii e otyeTeH B cTaHuua Copus (76),
KOeTO MOTBbP)KAABa 3HAYEHMEeTO Ha HagMopcKaTta

BMCOUYMHA KaTO OCHOBEH KanmaTtoobpasysaw, dakTop.
MpoABaTa Ha TPOMMYHA HOW, 3a TepuTopuATa Ha
Bbsrapua e Bb3MOXKHa npe3 nepnoaa MapT—OKTOMBPMU U
ce cayysa npu  CNeUUPUYHM  CUHOMTUYHU WU
dusunkoreorpadckm ycnosusa 7] aHTPOMOreHHn
Bb3gencTeus. Npes nocnegHute 5 roguHn ce Habnogasa
CKOKODOpasHoO yBesMyaBaHe Ha TO3M MOKasaTes, KaTo 3a
MHOFO CTaHUMW Ca OTYETEHM PEKOPAHO BMUCOK 6HpoW
TPOMWYHM HOLWM 33 roAMHaTa.
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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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Pecypcu Ha 3eneHaTa eHeprua B B'bnrapml
M. UBaHOB
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*email: ptivis1944@gmail.com

B moHorpaduata ,Pecypcu Ha 3eneHaTa eHeprus B
Bbarapua“  (MBaHoB, 2023) Ha 6asata Ha
eKcnepumeHTasHM  HabAloAeHUA U TEOPeTUYHM
uscnegBaHus, NPoBeXaaHn B HauMOHaNHMA WMHCTUTYT
Mo MEeTeOpPO/IOrMA U XMAPOJIOTUA B MPOAbB/KEHME Ha
MHOIO TOAMHM, KaKTO M MO W3CNeABaHUA Ha Apyru
WMHCTUTYLMM B CTpaHaTa, ce pasrnexaar pecypcuTe Ha
3e/1eHaTa eHeprua y Hac (KoJIMYecTBO Ha C/AbHYEBaTa U
BATbpPHATa EHeprus, XWAPOEHEeprusaTa, eHepruata oT
6uomaca, reotepmasHata eHeprMa M eHepruata Ha
MOPCKWUTE Bb/HKM). Pasrnexaatr ce CbWoO Taka #“
nprvMepw 3a TAXHOTO M3MO/3BaHE Y HacC U B YyXKOUHa.

CnbHuyeBa eHeprua. M3nonssaHeTo Ha CabHUETO 33
€HEeprMHN LUenAn e Mo3HAaTo OT JApeBHOCTTa. To e
Hal-ronemumsT, HanbAHO Bb30OHOBAEM pecypc 3a
NPOU3BOACTBO HA €/1eKTPO- U TONN0EeHeprna Ha 3emaTa.
CnbHYeBaTa eHeprMa He e MacoBO W3MNON3BaHa B
eHepreTMKata npe3 MUHANUA BEK, HO B Kpaa My U
B HAYa/IOTO Ha HACTOALWMA TA BCE MO-LUMPOKO HaBAM3A
B rpa)KAaHckuTe cdepun. ToBa e cBbp3aHO C JABa
M3BEeCTHM daKTa: HepocTMra Ha KOHBEHLUMOHaNHWUTe
eHepropecypcu u npupoaocbobpasHOTO NPoM3BOACTBO
Ha  efleKTpoeHeprMa  OT  Pa3/IMd4HU  C/IBHYEBMU
nmHcTanaumm. CymapHUMAT WHCTanuMpaH KanauuteT Ha
$OTOBONTAUYHUTE €NEKTPOLEHTPanM y Hac e 5000 MW.

BATbpHaTa eHeprua e Bb306HOBAEM BUA EHEPIUA U
npeacTaBasfBa KUHETUMYHA €Heprya Ha Bb34yLlHUTE
macu B atmocdepata. Ta ce npesBpblwa B nonesHa
dopma Ha eHeprva, HaM-4ecTo B EeIeKTpPUYecKa Wau
MexaHu4YHa. EnekTpuyeckute reHepatopu npeobpasysat
cMnata Ha BATbpa B  eflekTpuyectso. BaATbpHaTa
eHepreTnka e BypHO pa3BMBall, ce OTPacbs Yy Hac, 3a
KoeTo cBuaeTenictBa GpaKTbT, Ye B Kpad Ha 2025 roguHa
06bWMAT KanauuTeT Ha BeTporeHepatopuTe e 714 MW.

BopHaTta eHeprua e KWUHeTUYHa eHeprua Ha BoaaTa u
ce n3nons3sa LMPOKO B npakTuKara.
BoaHoenekTpuyeckure LeHTpanu npeobpasysar
KMHETMYHATa eHeprMa Ha BOAaTa B eJIeKTPMYEeCcTBO.
CymapHaTta MWHCTaAMpaHa MOLWHOCT Ha BOAHUTE
eneKkTpoueHTpanum y Hac e 3000 MW, ot Kouto 864 MW
nomneHo akymyaumpawu, 2080 MW BEL, n 56 MW
Ma/IKM1 BOOHU LLeHTpanu.

EHeprua ot 6uomaca. Mpu GoToCHHTE3a pacTeHMATa
pacrtaT u cb3gasaTt buomaca. buomacarta e 6GuMonorMUHO
pasrpakgala ce 4acT OT OTnagbuUM M OCTaTbLM OT
6uonormyeH  npousxon, OT  CENCKOCTOMAHCKOTO
nNpou3BOACTBO, BK/IIOYUTENTHO pacTuTenHu "
YKMBOTUHCKM, OT FOPCKOTO CTOMNAHCTBO WM CBbpP3aHUTe C
TAX npomuwaeHoctn. Buomacata moxke pa 6bae
M3Mnosa3BaHa OMPEKTHO KaTo ropuMBo 3a AobuBaHe Ha
6uoropumea KaTo 6uoamnsen n 6UoeTaHo.

FeoTepmanHa eHeprua. ToBa e ToNAMHATA, MABALLA
OT 3eMHuTe Hegpa. TA € EeKONOrMYHO YUcTa MU
noctosHHa. [eoTepmanHaTa eHeprua ce W3Mon3ga
LUIMPOKO B peamua CTpaHu 3a OTOMJIEHUETO Ha crpaawm,
KaKTO M 32 NPOU3BOACTBOTO Ha e/IeKTPUYECKa eHeprus.

EHeprma Ha MoOpcKUTe BbJAHU. 3a OUEHKa Ha
€HeprumHMA NOTEHLMAN HA MOPCKUTE BbAHU Ce
M3Mo0/a3Ba HOPMUPaAHaTa Ha IMHEEH MEeTbP OT Bb/IHOBUA
bpoHT  mowHocT Ha MOpPCKUTE BbJIHU B
AbnbokoBoAHaTa 30HA. [lo  eKcnepTHU  OUEHKM
CTOMHOCTTA Ha TO3M MOKasaTen B y4yacTbUM OT
Kpainbpexkmeto Ha CALL n AnoHna e 40 KW/m, kpait
bperosete Ha AHrnva e
60 KW/m, a 3a paitoHa Ha YepHOMOPCKOTO
Kpanbpexkme — 35 KW/m. Tosa noKassa, yYe HallLeTo
Kpalbperkme Mma CbLLECTBEH eHeprueH noTteHunan Ha
MOPCKUTE BBJIHMU.

Jlntepartypa
MBaHoB, M. (2023). Pecypcu Ha 3eneHaTa eHeprusa B
Bbvarapua. Codpusa. 154 c.
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In the monograph “Green Energy Resources in Bulgaria”
(lvanov, 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.

References
Ivanov, P. (2023). Green Energy Resources in Bulgaria.
(In Bulgarian) Sofia. 154 p.



58

111 HAUMOHA/THA HAYYHA KOH®PEPEHUMUA NO METEOPONIOIUA, XMAPONOIMUA U OKOJTHA CPEOA
24-26 maprt 2026, HUMX, Copumsa

OnepaTMBHU BU3yaIU3aLMM HA PE3yATaTU OT YUC/IEHU MOAENN

B nomoul npu n3roreAaHe Ha onepaTtusHn XmMapoaorM4HU NPOorHo3un
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BvBegeHue

33 HyXAWTE NpU CbCTABAHETO Ha XWAPOAOTUYHMU
NPOrHO3M, B YaCTHOCT BHE3aMHM HaBOAHEHWSA, aKTyaNHO
M HeobX0AMMO € U3MO0/I3BaHeTO B KBA3W peasiHO Bpeme
Ha MPOrHO3M OT uucneHo mogenmpaHe. B HUMX
ycnewHo ca pa3paboTeHW HAKOMKO YMCNEeHU MoLEeNa
(Stoycheva et al., 2025) c npunoxkeHa acMmunaums Ha
Ha3eMHM UM3MepBaHMA B YeTUPUM YaCoBM  CPOKa.
HeobxoaAMMOCTTa OT crneuManmsnmpaHa Bu3yanamsauma e
060CHOBaHa OT Hy)KAaTa [a ce onpeaensT nepuoau ot
NPOrHo3aTa CbC 3HAYMM TEYEH BajeX C NPeAnoCTaBKM
32 MOPOMHO  M/MAM  peyHo  HaBoAHEHVWe B
npeaBapuTeIHO onpeaesieHn BogocbopHu obnactu.

MeTtoponorusa

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
ACYMMUNAUMOHEH LIMKbBA Ha MPU3EMHN U3MEePBaHNA BbB
¢dopmat SYNOP, ocurypsiBalkKM HayanHW yCl0BMA 3a
TemnepaTypaTa " BNA*KHOCTTA Ha Bb3ayxa.
MpepBaputenHo  aeduHUpaHuTe  Bogocbopu  ce
nogsarat Ha AOMbAHUTENHA 06paboTKa, NMpu KOATO OT
4YacoBMA NPOrHO3EH BasieX Ce M3YMCNABA MAKCMMaHa
MbA3AWAa cyma 3a 6-4yacosu nepuodu. PaboTHaTa Bepura
3a 06paboTKa Ha cypoBUTE AAHHM OT YNC/IEHUA MOAEN e
peanusMpaHa  4Ype3  CKpPUNTOBa  aBTOMATU3aLMA,
M3non3Bawa exkocuctema OT 6ubanmoTeknm B Python
cpepa. ObpaboTkaTta Ha METEOPOSOrMYHUTE MONETa U
roemMn MacuBm OT AaHHM ce 6a3mpa Ha MHCTPYMEHTUTE
xarray, numpy, pandas u geopandas, KOUTo no3BosABaT
6bp3a BeKTOpHa 06paboTKa Ha BaneXHWUTE CyMWU MO
Bocbopu. Pesyntatute ce 3anucBaT B MPOCTPAHCTBEHO
reopedepupaH JSON dopmaT, Nno3BosABaLL AMHAMUYHA
BM3yanmnsauma B yeb cpepa upe3 cbBpemeHHM GIS
MHCTPYMEHTM KaTo bubnuotekaTa Leaflet. MeToabT Ha
aHanu3 e NPUIoKeH n npu nporHosn ot DestinE Digital
Twin 33 eKCTPeMHN MeTeopoIorMyHu ABneHnA B EBpona
c pa3sgenutenHa cnocobHocT nog, 1 km
(plovdiv.meteo.bg/maritsa/flash/liquid precip.html).

Pesyntatu n ussogm
Busyanmsaummute ca [OCTbMHM BbB BbTpeLIHATa
mperka Ha HUMX Ha agpec:

plovdiv.meteo.bg/maritsa/flash/liquid precip AROME

DA.html,reopedepupanu json paiiioBe ca AOCTbNHM Ha

aapec: plovdiv.meteo.bg/maritsa/flash/.

AROME-DA
1 | 1

430N —

e

durypa 1. AKyMmyanpaH Banex oT AbXA, NporHosa 48 u.

Caraca 2 Oltenta eeeGalsras

Alexandria  Pyse Cymcmp

far
SToniil A Mang

: Wagurele

gaeh RY Pawpan’
g e ey
< Vuprogatue

Crpywia fyo Bopoc6op No: 1073
T Bpemesn nepnog; 05/0212026, 02:00:00 —
B 0510212026, 08:00:00

esrennja spdpa ’
Eppec Maxc. cyma 3a 6h: 71.1 mm

Y Aeka
a pelt Cxana (mm/6h)
[ Hama panun
B Bes nntenansnu Banexu < 5 mmi6h
15 - 30 mm/6h
[ 30-45mmih
B > 45 mmi6h

Nepaia

Katepivn  Néa'Mouavia

durypa 2. Bogocbopu c onpeaeneH 6-4acos Banex OT LbKA,
(MakcmanHa nbassAwa cyma).

Jlutepartypa

Stoycheva, A., Gospodinov, I., Tsenova, B. (2025). Using
ECMWF Forecasts in the Weather Forecasting Room
at NIMH, Bulgaria. UEF 2025, 15-18 September
2025, Bologna, Italy.

Tsenova, B., Mladenov, K., Tsankov, M., Bogatchev, A.
(2022). Verification of the lightning probability
forecast scheme based on AROME-BG. ACCORD
Newsletter, No. 2, February 2022, pp. 43-49.



59

111 NATIONAL SCIENTIFIC CONFERENCE ON METEOROLOGY, HYDROLOGY AND ENVIRONMENT

24-26 March 2026, NIMH, Sofia

Operational visualization of numerical model outputs
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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:

AROME-DA
| — I _ | | 1

ey —f o -

4N — . } —

a2°90'N —|

arn —f . y -

RETTE

2re e

08 1 5 10 E £ 50 o0 10

Figure 1. Accumulated rainfall forecast for 48 h.
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(maximum running sum).
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BvBegeHue

BaTbpbT 60pa e npumep 3a KatabaTuueH BATHP,
XapaKTepeH 3a Kpahbperkuata Ha AgpuaTuyecko Mope,
HO CbLLUO TaKa MOXe Aa ce Habnogasa M B pailloHa Ha
CnmBeH. Toli npepcTaBnsaBa CTyAeH W MOPUBUCT
Bb34YLUEH NOTOK, KOMTO Ce CMyCKa C BUCOKA CKOPOCT OT
BMCOKMTE MNAHMHCKM  XpebeTn KbM  MO-HWUCKUTE
KpanbperKHM MM pPaBHUMHHM paloHU. XapaKTepHo 3a
Hero e, 4ye ce NPUYMHABA OT MPABUTALMOHHOTO CMyCKaHe
Ha NNbTeH, CTYAEH Bb3AyX, HAaTpynaH 3a4 oporpadcka
nperpaga, KoOWTO ,npenvea” npes npoxoguTe nog
OEencTBMeTo Ha cuneH bapuyeH  rpaguMeHt U
AOMbAHUTENTHO ce ycuiBa oT edekTa Ha BeHTypu. 3aToBa
JNIokanHuTe pusmnkoreorpadckn ocobeHoCTM ChLLEeCTBEHO
noBaMABaT MosfBaTa WM XapaKTepucTukute Ha 6Hopata
(Jurcec, 1989; Bervida et al., 2019).

MeTtopgonorusa

N3cnepBaHeTo ce ¢okycMpa BbpXy ABa enusosa Ha
6opa npe3 ¢espyapu 2023 r., U3M0A3BANKM AaHHU OT
CERRA (The Copernicus European Regional ReAnalysis),
KaTo e HanpaBeHO cpaBHeHMe mexay bopaTta B CaneeH
(Bbnrapua) wn  KHuH (XbpBatua). Pasrnexkgat ce
CbnbTCTBAWATa 6bopaTa  CMHOMTMYHA  ODOCTAHOBKA,
BPEMEBMAT XO4 HA MPU3EMHOTO HajnAaraHe u
TemrepaTypaTa Ha Bb3AyXa, KaKTO U PO3UTE Ha BATLPA.

Pesyntatu n ussogu

CuHONTMYHaTa 06CTaHOBKA B Ha4yanoTo Ha deBpyapu
2023 r. (enusom 1, B CMBO) € [AOMMHMPaHa oOT
CpeanseMHOMOpPCKMA UMKIOH ,Bapbapa“, dopmupan ce
Hag LeHTpanHoTo CpegusemHomopue v NpUAaBUNKBaALL,
ce Ha M3ToK KbMm Mbpuma n Typuuma. MNpes cobwma nepmog,
Hag CesepHa u UeHTtpanHa EBpona e pa3snosoxeH
0o6LWKNPEH aHTULMKNOH. Taka CAvBeH nonaja B 30Ha Ha
ronam 6apuyeH rpaguveHT 1 ce NpoaBABa CWIHa 6opa,
AoKato B KHWH BauAHMeTo Ha ,bapbapa“ e no-cnabo.
B nbpBMA enuson 1 B ABeTe CTaHUUM UMaMe PA3BbK cnaj
Ha TemnepaTypaTa Ha Bb3gyXa, CBbp3aH ¢
npemmMHaBaHeTo Ha pJobpe u3paseH CcTyaeH OGPOHT
(He e nokasaHo). Mpwu BTOPUA enunsos (6erkoBo) nmame
QHTULUMKAOH Hag CKaHAMHABCKMA NONYOCTPOB U LIMK/IOH
B paMoHa Ha [eHye3kus 3anuB. KaTto pesyntaT Hag
bankaHuTe HaxnyBa CTyZAeH Bb3AyX WM Ha/NAraHeTo ce
nosuwasa (¢pur. 1).

OT po3uTe Ha BATbPa Ce BUXKAa, Ye bopaTa B CanseH
ce e nposBW/Ia KaTo BATbP OT CeBep CbC CKOPOCT
10-15 m/s (¢ur. 2). 3a KHKH po3aTa Ha BATbpa B Kpas Ha
meceua (25-27 d¢eBpyapu) nokasBa TUMMYHATa 3a

palioHa ceBepou3ToyHa nocoka (NE), obycnoseHa oT
opueHTaumaATa Ha JuHapckute Annu (pur. 3).

ATwoctbepno wanarane (sp) - Geapyapn 2023

_,‘""/‘ Vaaa WA "\\\me\

A v
At ) A"

®urypa 1. NpusemHo atmocdepHo HanaraHe B CAMBEH U
KHuH. MepuoamnTe c 6opa ca MapKMpaHu B CMBO M HeKoBo.

CPBHNTHIGH SHETHS HB BATIE: CHBEH (BHEEYIEH

&

tinm
nonnm
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®urypa 3. Po3u Ha BATbPA 33 KHWH (N8B0 — LeauaT nepuog,
AACHO — Camo enu3og 2).

Makap “ aBeTe /JOKauuu fga ca NoAaJ/IoKEeHU Ha
naeHtTuyeH oéusnyeckn npouec, 6opata B KHMH e ¢
TUNWMYHATa 33 pailloHa CEBEPOU3TOYHA NOCOKA, AOKATO B
CnunBeH € ceBEPHa U C NO-TO/IEMWU CKOPOCTY.
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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).

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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BvBegeHue
BHe3anHWTe 3acywaBaHWA ce CAy4yBaT BCE MO-4eCTO
nopagy KAMMaTUYHWUTE MPOMEHW W MOBULIABAHETO Ha
TemnepaTtypute. KoraTto ca npeamsBMKAHU OT CyXu
BETPOBE, TE MOTaT Aa Ce Pa3BMAT U3KAUYNTENHO 6bpP30
(camo 3a HAKOMKO 4aca WAM AOHU), NPUUUHABANKK
Cepuo3eH BereTaumoHeH CTPec U yBeanYaBankn pucka ot
rOPCKM No¥Kapu. M3nonsBaHeTo Ha MEeTEeOopOsIorMYHU
JaHHW B rpuA, C BUCOKA PE30/IOUMA € OT CbLLECTBEHO
3HaYyeHue 3a CBOeBPEMEHHO OTKPUBAHE U pearMpaHe Ha
Ta3W HapacTealla 3annaxa.

fiBneHmeTo cyxoBei B Bbarapus e mMscneaBaHo Bb3
OCHOBA Ha AAaHHW OT CPOYHU KNMMATUYHM HabloLeHUs B
nepuoaa 1961-2000 r. (Gocheva et al, 2010).
HanpaseHa e pernoHanMsauma Ha NMOTEHLMANHUA PUCK
OT NosBaTa Ha CyXOBel No afiMUHUCTPATMBHM obracTu.

MpencrtaBeHOTO TyK M3cneABaHe Mma 3a Uen Aa
npoy4n Bb3MOXKHOCTUTE 33 M3MOA3BaHe Ha peaHanusa
ERA5-Land 3a ngeHTMdMUMpaHe Ha ToBa KOMMIEKCHO
ABJIEHWE B PalOHU C Pas/inieH KAMmart u Tonorpadus.

MeToponorus

CyxoBeAT ce xapakTepu3upa C TemnepaTypa Ha
Bb3ayxa =25 °C, oTHocuTenHa BnarKHocT < 30% 1 ckopocT
Ha BATbpa = 5 m/s (Gocheva et al., 2010).

B HacToALWOTO M3cneaBaHe € W3MN0A3BaH MPOAYKT,
KOMTO wu3BAMYa BpemeBu cepun oT ERA5-Land 3a
AeduHupaHn ot noTpebutena nokauum (C3S, 2025).
N3bpaxme 10 cTaHUMM OT MNPEAULLHOTO W3c/esBaHe,
Pa3noNOoXKeHN B PalOHM C Pa3fiiYeH PUCK OT CyxXOBel U
pa3HoobpaseH pened (¢ur. 1). OT U3TerneHmTe AaHHM 3a
TemrnepaTypaTa Ha Bb34yxa M TOYKATa Ha OpocABaHe Ha
2 m, KOMMNOHEHTUTE Ha CKOPOCTTa Ha BATbpa HAa 10 m u
KOZIMYeCTBOTO BNara B noysaTa Ha AgbnbounHa 0-7 cm ca
M3YMCNEHWU YacOBWUTE CTOMHOCTM Ha OTHOCMTENHaTa
BNAXHOCT Ha Bb34yXa, CKOPOCTTa M NOCOKATa Ha BATLPA,
KaKTO M aHOManuMATa Ha No4YyBeHaTa BJA)KHOCT. 3a
CbracyBaHe Ha [AaHHWTE 3a CKOPOCTTA Ha BATbpa OT
ERA5-Land (1-yacoBo ocpegHsiBaHe) c HabnwoaeHuATa
(2-MMHYTHO oOCpeaHsABaHe) e W3No/A3BaH NOAXOAALL
KOPEKUMOHEH KoepULMEHT W MO-HUCBK npar 3a
CKOpOCTTa Ha BATbpa npu cyxosei (4 m/s), HO npwm
yCcnoBue aHOManMATa Ha BAAXKHOCTTa Ha noyBaTa Aa
6bae nog, -1.

Pesyntatu u ussogm

MNpe3 nepuoga 1950-2025 r. Hag 98% oT cyxoseute
ce NoABABAT MEeXAy MeceuuTe Mail U cenTemspHu, € MUK
npes asryct (uaum tonum). Mexay 34 n 59% ot cayyauTe ca
C NPOAB/IKUTENHOCT 4 Yaca UM NoBeye, JOCTUrANKM [0
10-15 yaca B otgenHu cutyaumm (¢ur. 1). B n3ToyHaTta

YacT Ha CTpaHaTa Te3u BeTpoBe AyxaT No-4YecTo OT ceBep-
CeBepomnsToK (MM U3TOK), AOKATO B 3anafHaTa 4yacT ca
npeayMHO OT 3anaj-torosanag, (uau tor).
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durypa 1. OTHOCUTE/IHA HECTOTa Ha CyXOBeuTe C pasnndHa
npoAabAKUTENHOCT (B YacoBe, h) 3a nepmnoaa 1950-2025 .
B Hal-61M3KNTe A0 n3bpaHute ctaHumm (P1-P10) Toukm
oT rpuaa. bpoaTt Ha naeHTUdUUMpPaHUTE cayyam
€ NnokKasaH B CKobu.

foguMwHMAT O6poM vacoBe Bapupa 3HAYUTENIHO —
OT Hyna fo Hag 200-300 B oTAENHW FOAUHWU N MecTa.
CyxoBeuTe ca No-4ecTu B HayanoTo Ha 50-Te roanHu u ot
2000 r. Hacam.

Mo OTHOLEHME HA PUCKa OT CYXOBEWN MMa 3HAUUTE/THN
Pas/INKM MeXAY MNOJlyYeHUTe Pe3ynTaTv U NpeguwHoTo
uscnegBaHe, 0cobeHo nNpwW CTaHUMW B PaAMOHU CbC
CN0XHa Tonorpadusa. Bbnpeku ye gaHHuTe ot ERA5-Land
NMOKa3BaT BMCOKA TOYHOCT, €4HO CKOPOLIHO U3cnesBaHe
YCTaHOBABA, Y€ peaHa/n3bT MOXe Ja NoAueHu
CKOPOCTTa Ha NPU3eMHUA BATHP € noseye oT 11% B HAKon
pervoHu, Kato rpeLlkaTa ce yBesn4aBa npu no-CcAoXxKHM
TepeHu (Zuo et al., 2025). Hawara paboTa we NpoabaXu
¢ mn3bop Ha nogxoAAw,a TEeXHMKA 33 CTAaTUCTUYECKO
HamManABaHe Ha Mawaba, 3a Aa ce pa3paboTn HagexaHa
KIMMATON0rUA HA ABNEHNETO CyXOBE.
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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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BvBepgeHue
2025 r. e TpeTata Hal-TonJa roguMHa OT HA4Yas0TO Ha
WHCTPYMEHTaNHUTE  METEOPO/IOrMYHM  HabnoaeHus,

cnen 2024 v 2023 r. (C3S, 2025). CpepgHata rnobanHa
Temnepatypa e ¢ 1.47°C no-BucoKa OT cpepgHaTa
CTOMHOCT 3a nNpeguHaycTpuanHua nepuoa 1850-1900 r.
Mpe3 2025 r. cBeTbT NPEXKMBABA EKCTPEMHU Kern W
CyWwu, KaTacTpodasiHW TOPCKU MOXKapu U TPOMUYECKU
LMKNOHU C PEKOPAHU KO/IMYECTBA BANEXKM.

2025 . e eaHa OT Hall-TONINTE FOAMHU OT HAYaN0TO
Ha MeTeopoSIornMYHUTE U3MmepBaHnA n B bbarapua. Mpes
NOYTN BCUYKM MECeLM B Pa3IMYHM PaioOHM HA CTpaHaTa
Ca  PerucTpupaHuM  eKCTpPeMHW  MEeTeOpPOIOMUYHM
ABNEHNA. 3HauMTeNHUTe BaJfieXuM B HAYanoTo Ha
OKTOMBPM MNpPeausBUMKBAT MOPOMHM HaBOAHEHUA Ha
MHOIO MecTa B CTpaHaTa, KaTo Hal-3HauMTenHu ca
wetmte no KOXXHOTO YepHOoMmopuMe.

MeTtoponorus

M3non3BaHM ca [aHHW OT BCUYKU CUHOMTUYHM,
KAMMATUYHN " BaNIeXXOMepPHMU CTaHUUM oT
MeTeoposiorMyHaTa mpexa Ha HaunmoHanHuA UHCTUTYT
no meteopoJsiorua u xugponorus (HUMX). OueHkaTa Ha
EKCTPEMHUTE TeMMEepPaTypu, BaNeXKM U METEOPOSOTUYHM
asneHna npe3s 2025 r. e u3rotBeHa NO MeTOAMKA 3a
KAMMATUYHN aHanusn, M3MNon3BaHa B HUMX.
NHdopmaumaTa e npegocrtaBeHa M Ha MUHUCTEPCTBOTO
Ha OKONHaTa cpesa u BoauTe.

Pe3syntatu u ussoau

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

MN3mnHanaTa rogmMHa ce xapaKTepusmpa C ropeLlo
NATO — TpeToTo Han-tonno ot 1930r. Hacam, cnep
nAaToTo Ha 2024 r. 1 Ha 2012 r. MNMpe3 3umaTa, npoaeTTa n
eceHTa CpeHUTe Ce30HHM TemnepaTypu CblUo Ca Haj,
KAMMATUYHUTE HOPMW, HO C MO-MajsKM MO CTOMHOCT
OTK/IOHEHMA. 3HAYUTENHO HaZ KAMMaTUYHUTE HOPMM ca
cpeaHUTe MecedyHu Temnepatypu npes saHyapu (+3.1 °C),
mapT (+3.3 °C), toHu (+2.4 °C), onn (+2.8 °C), HoemBpHU
(+3.2 °C) n pekemspu (+2.1 °C) — purypa 16.

CpegHuTe meceyHu TemnepaTypu ca noj HopmaTta
npes ¢pespyapu (—2.4 °C), anpun (—0.3 °C), maii (1.0 °C)
n oktomspu (—1.1 °C).

*  [laHHMTe ca no onepaTMBHa  MHbopmauua  OT

MeTeoponorMyHata mpexa Ha HUMX. OKoHuyaTenHute
pe3ynTatM M aHanu3u we 6baaT npeactaBeHn B [ogmwwHUA
XxuapomerteoposiornyeH 6tonetmH Ha HUMX.

MpenBapuTenHWTE OLLEHKM COYaT, 4e CpefdHo 3a
CTpaHaTa rogywHaTa cyma Ha Banexute npes 2025r.ec
oKoMo 7% noa KAMMaTMYHaTa Hopma, KaTo npe3
OTAEe/NHUTE MeCeuu Ba/lexuTe BapupaT B LUMPOKM
rpaHuum — purypa 1s.
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®urypa 1. OTKNOHEHMe OT HopmarTa (1991-2020) Ha cpeaHuTe
rofMLWHK (a) M MeceyHu (6) TemnepaTypu 1 Banexu (B)
B bbarapua 3a nepnoaa 1930-2025r.

EceHTa e Hal-abKaosHata oT 2014 r. Hacam, a
OKTOMBPU € Hal-AbXA0BHMUAT oT 1930 r. JlIatoTo 0baue
e Hau-cyxoto 3a nepuoga 1930-2025r. [pes
OCTaHanMTe Ce30HM BajJeXUTe ca OKONO0 W Hapg
KNMMaTUYHUTE HOPMW.

3a pasnuka oT TonauAa meceu, despyapu Ha 2024 .
(Havi-Tonbn ot 1930 r.) B nepuopa 16-24.11.2025r.
CTpaHaTa e 06xBaHaTa OT NPOAB/IKUTENHO 3aCTyAABAHE,
kato B CeBepou3ToyHa bbarapua ca perncrtpupaHm
MUHUManHu Temnepatypu nog —20 °C.

Mpe3 natoto Ha 2025 r. ropewmHUTE ca C NO-ManKa
NPOABL/KUTENHOCT OT Te3n npe3 2024 r., KaTo OTHOBO
Hal-MacoBM ca nNpe3 mecel, t0Au. B cblioTo Bpeme npes
tonm 2025r. no-4ectTo M Ha nMoBeye MmecTa ca
perucTpupaHun TemnepaTypu Ha Bb3gyxa Hag 40 °C.

M3mnHanata 2025 r. e nopegHaTa roguHa Ha
KNMMaTUYHM KOHTPACTM OT HA4yaNoTO Ha BeKa, KOATO
noctaBa BbNPOCA [AOKOJAKO CMe MNOAroTBEHW f[a ce
cnpaBsame C nocneguumTe oT UISMEHEHUETO Ha KAMMaTa.
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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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OueHKa Ha pe3epsute B 06pa60'rKaTa Ha MUHTEH3NBHUTE BaNeXn

3a uenunte Ha NPOoeKTupaHe Ha oTBOAHUTENTHU CUCTeMU B ypGaHM3upaHM TeputTopun
C. Napayes’, E. AHrenosa
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BbvBepgeHue

MNpy nNpoekTMpaHeTo Ha CeNULHW KaHaAU3aLUUOHHMU
MPEXKU 33 OCHOBEH M3YNCAUTENIEH MOAEeN € U3NoAN3BaH
PaumoHanHuat metos. OCHOBHa NpeAnOCTaBKa NpuU Hero
€ NpUMemaHeTo tor = tg (BpeMeTo Ha OTTUYaHe B MpeaTa
€ PaBHO Ha BPEMETO Ha AbXAa). 3a Ta3u Luen ce npunara
06paboTBAaHETO HA peanHUTe OTYETEHU BaJIEXKHM
cbbutnAa no MeToga Ha npepenHata WHTEH3UBHOCT.
OpasmepuTtenHaTa MHTEH3MBHOCT Ha AbXAa B TO3MU
nepuos 3a AafeH KaHaAn3aunoHEH y4acTbk ce 0T4MTa oT
KPpWBM, OaBally Bpb3KaTa MeXAy WUHTEH3UBHOCTTA Mpwu
33Ja4eHo0  BpemeTpaeHe 3a npueT nepuos Ha
nosTopeHue (Intensity-Duration-Frequency, IDF).

MeTtogonorus

B n3cnepBaHeTo ca 06paboTeHn NbpBUYHUTE AAHHU
OT camonuuwewuTe abKagomepu. Cb3aaZeH e aAropuTbm
33 06paboTKa Ha MHTEH3MBHUTE BajsieXKM, OTFOBAPALL Ha
npeanocTaBkUTE, 3a/I0KeHU B PaumoHanHuA MeToa.
CeneKkTupaHu ca peasiHo OTYETEHUTE MHTEH3UBHOCTM 3a
HENPEKbCHATO BPEMETPAEHE OT BAJIEKHOTO CbbUTUE.
Taka oTyeTeHUTe CTOMHOCTU Ca CTAaTUCTUYECKUN OLEHEHMU
M ca usBegeHn HosBu IDF KpuBM (3a aHanusupaHus
nepuoa), KOMTo ca CpaBHEHM C MOJyYyeHMTe TaKuBa Mo
MeToga Ha npegenHaTa WHTEH3MBHOCT. PassivKaTta
MeXay Taka M3BedeHUTe 3aBUCUMOCTU Ce ABABA pe3eps
unn  aeduunT, 3anaraH npuv opasmMepsABaHETO Ha
OTBOAHUTENHWN CUCTEMM B YPOAHU3UPAHU TEPUTOPUM.

Pesyntatu n ussogu
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®urypa 1. XapaktepucTuka Ha Banex B bnaroesrpag,
o7 28.06.2013 r., t =475 min, h =5.70 mm.

Ob6paboTeHnTe gaHHM ca 3a nepuog oT 10 roanHu
(2010-2019), 3a craHuua bnaroesrpag — oT 8 roguHu
(2011-2018). MpaKTUYECKU BCUYKK pe3yaTaTv BOAAT A0
u3Boda, 4Ye B MeToga 3a obpaboTKa, npwunaraH 4o
MOMEHTa, e npeHebperHaTa nocnefoBaTENHOCTTA OT
WHTEH3WBHOCTU, KOWUTO 33 UenUTe Ha XMAPO/OrMATa U
nscnefaBaHeTo Ha Bogocbopu C BpemeoTTMHaHe Hapg,
60-120 MWH. He ce OTpas3ABaAT 3HAYMMO, AOKATO Npu
Masiku TepUTOpuUn, KaTo rPafcKM apeanu, ce HaTpynsa
rONSIMO OTK/IOHEHWE M NPaAKTUYECKM B CTaTUCTUYECKaTa
obpaboTKa yyacTBaT CbOUTMA, KOMTO HUKOra He ca ce
C/y4BanM, KoOeTo npesanacABa oOpasmepsBaHaTa
KaHaNM3aUMOHHa Mpeska.

f

OTknoHenue (%]

durypa 2. U3uncneHun uHTeHsmsHocTu (IDF)
3a JafeHO BpemeTpaeHe.

TasM oueHKa MOXKe [Ja MOCAYXM 3a OTroBop B
CbBPEeMEeHHUTE YCA0BUA, NPU KOMUTO 3a OpasmepABaHe Ha
KaHa/NM3aUMOHHN MPEXKM MMaMe IMHENHa 3aBUCUMOCT:
Q=q.F.¥, KbaeTo g € MHTeH3MBHOCTTa, F — NJOLLTa HA
Bogocbopa, u ¥ — oTTodeH KoedUUMEHT, M3passaBaly,
OTHOLWEHMETO Ha OTTeK/IMA Ce B KaHaAM3auMOHHaTa
Mpexa BasieXX Kbm MagHanua sbpxy sogocbopa. Taka
npu cnab KOHTPON BbPXYy OYpHO pasBuBalmUTe ce
rpafloBe C yBe/MYyaBaHe Ha oTBOAHABaHaTa naou (F) u
npesactponasaHeTto (V) umame 3HauMTeIHO yBENNYABaAHE
Ha opasmMepuTe/IHOTO KoanMyecTBo Q Npu 3anassallo ce
WA  yBENMYaBaWO ce ¢, AOKAaTo B HACTOAWOTO
nscnepsaHe ce 40OKa3Ba M3HayasHo.

BnaropgapHocTu: lM3cnenBaHeTo €  OCbHLULECTBEHO B
pamKkute Ha npoekt ,MeTtons 3a o6paboTka Ha
WHTEH3UBHUTE BaJIeXXM 3a Le/MTe Ha MpPOeKTUpaHe Ha
OTBOAHUTENHU CUCTEMM B YpOaHM3UPAHU TepuTopumn®,
duHaHcnpaH 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
*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

Storm in
Blagoevgrad
28.06.2013r,
t=475min,
h=5.7mm
Real rainfall
intensity curve

h [mm]
Cyma h [mm]

—— Total Precipitation

0 130 180 230 280 330 380 430 480
t [min]
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.

q [I/s/ha

deviation [%]

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=q.F. ¥, where g —intensity, F—area of the watershed,
and ¥ - 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
(W) 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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CbcTOAHME HA NOA3EeMHUTE BOAMU Npe3 Npoab/KUTeNHaTa cywa 2023-2025r.
M. UBaHoB", T. Opymesa-AHTOHOBA, P. MBaHoBa, M. MUanesa, B. Hegesa

[enaptameHT ,Xugponorna“, HaumoHaneH MHCTUTYT MO METEOoPOJIOrnA U XMAPONOTUA
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Kntouos 0pOI0XCKA cywa, noo3e 800 00bAXCUMeEsIHA cywa, 3anac
*email: marin.ivanov@meteo.bg

BbvBepgeHue

MpoabnKuTenHuTe cywn BOAAT A0 MOHUXKABaHe Ha
HMBaTa Ha noA3emMHWTe BOAM, HamanABaHe Ha
KO/INYeCTBOTO Ha NOA3EMHUA OTTOK KbM PEKU U U3BOPY,
3aTpygHABaAHE Ha eKcnnoatauuAaTa M HamanaBaHe Ha
£ebuTa Ha BOAOB3EMHUTE CbOPbKEHUA.

MeToponorus

BAnAHMETO Ha npoab/KUTEeNHaTa cylwa npes
nocnegHuTe TpW TOAWMHW BbPXY KONMYECTBOTO Ha
noA3emMHuUTe BOAM € OLEHEHO B HaLMOHaneH malab no
HaMa/ABAaHETO Ha HMBATa Ha KnageHuuTe M Aebuta Ha
M3BOPUTE, BKAKOYEHU KaTO MYHKTOBE B HaLMOHaNHaTa
XUAPOTe0oN0XKKa MpeXKa, KakKTo U No TeHAeHuuuTe B
M3MEHEHWETO Ha 3amnacuTe Ha NoA3eMHM BOAN.

Pesyntatu n ussogu

OTK/IOHEHWETO CcnNpsMO  NpeaxofHa rogvHa Ha
CPefHOroaUILIHUTE HUBA U Ae6UTM NO NOA3EMHU BOAHM
Tena (MNBT) ¢ XMAPOreoNoKKn Hab4aTeNHN NYHKTOBE
€ nokasaHo Ha ¢urypa 1.

a) 2023 r. cnpsamo 2022 . 6) 2024 r. cnpamo 2023 .

®urypa 1. OTKNOHEHMA HA HMBaA U AebUTK
CNpsMo NpeaxonHa roguHa.

Mpe3 2024 r. 67% OT N3BOPUTE UMAT NOHUKEHMNE HaA
nebuta cnpamo ctoliHocTute um npe3 2023 r., KaTo
Hal-3acerHatute paWoHn ca ,KapctoBu Boau B
3anagHua bankaH, Ffogeykusa macue 1 B MNpegbankaHa“;
HMBAaTa Ha M/MTKO3anArawmutTe noAsemMHW  BOAM
Hamanagat npu 71% ot nyHKToBeTe (4o 105 cm), a B
Abnboko-3anarawmre KapCToBM XOPU30HTH
CpeaHOroAMIIHNUTE HMBA HaManABaT BbB  BCUYKM
MOHUTOPUHIOBM MNYHKTOBE, AOCTUramkm 14-46 cm B8
bapem-antckmMa U 18-411 cm B ManM-BaNaHKCKUA
BOZLOHOCEH KOMMEKC.

OTKNOHEHWETO Ha CPeAHOroAMLLIHUTE HUBA M
£ebutn cnpsamo HOpMUTE MOKasea, Ye ce Habnwoaasa
cnag 3a 35-36 BT, cvbotBetHO 3a 2023 u 2024 r.
(dur. 2). Hait-3HauUMTENHM Ca NOHUMKEHUATA B TepacuTe
Ha pekute [yHas, Uckbp, AHTpa, Kamuma, Mapuua u
TyHAKa, B NOBEYETO KOTNOBWMHW, KAaKTO M B 4acT OT
CapMaTCKM BOAOHOCEH XOpu30oHT B CeBepou3TOYHa
bbarapusa, ¢ oTknoHeHnAa o 560 cm nog HopmaTta npes
2024r.

6) 2024 r. cnpamo nepuoaa
1991-2020 .

a) 2023 r. cnpamo nepuoaa
1991-2020 .

durypa 2. OTKAOHEHUA Ha HUBA U AeBUTU CNPAMO HopMUTe.

0606uleHa OUEHKa Ha HamanABaHETO Ha 3anacute
Ha pasAnYHU BUOOBE MNOA3EMHWM BOAM — TOPOBU,
NMYKHAaTUHHW, KapCTOBM M CMECEH TUMN, KAaKTO WU MAUTKO,
cpefHO w abnboKosanAarawm — 3a TepuTopuATa Ha
UAnaTa CcTpaHa Bb3 OCHOBA Ha OTK/IOHEHMETO Ha
perncTpmpaHnTe HMBa U AebUTU CNPAMO HOPMUTE UM 33
CbOTBETHWA Mecel, e NpeacTaBeHa Ha ¢urypa 3.

®urypa 3. TeHAEHUUN HA HaMmanABaHe Ha 3anacuTe
Ha noA3emHu Boau 3a nepnoga 2019-2025r.

M3BOgMTE, KOMTO MOraT ga Cce HanpasAT, ca, 4de
KNto4oB (aKTOp 3a HACTbNBAHETO Ha XMAPONOXKKA
,NPOABMKUTENIHA CcywWwa“ ca ABe Noc/iefoBaTe/IHU Cyxu
roguHu, Kato camu no cebe cu Te mMoXe A3 He ca
Hali-CyxuTe TrOAVMHWM B MHOroroguweH acnekT. [pyr
OCHOBeH ¢$aKTOp € HeAoCTaTbyYHOTO MoAXpaHBaHe Ha
noa3emMHuUTe BOAMW MNpe3 eCeHHO-3UMHUTE Mmeceuun OoT
ObXAOBE M TOMEHe Ha CHeXHa MNoKpuBKa. Te3sn ase
rNaBHU NPUPOAHU NPUYNHMU BOAAT no
,NpoabaAKUTEeNHaTa cywa” 2019-2020 r., Habaoaasat
ce ot4actn 3a 2023 r. 1 B MHOro rondAma cteneH 3a
2024 r. MNpe3 eceHHO-3UMHUTE Meceumn Ha 2024-2025 r.
enBa 10-15% ot obwma 6polt HabntoaaBaHU KnageHum
M U3BOPUM HE Ca perncTtpupany cnaj B HMBaATa M
nebutute cu. 2025 r. e TpeTa nopeaHa roAmHa c
nspaseHa npeobiagaeawia TeHAEHUMA Ha HamansBaHe
Ha 3amacuTe Ha NOA3EMHMU BOAM B HaUMOHaNeH Mmallab.
B HeWHWAT Kpalh obaye ce HabnwogaBa ONTUMWUCTUYHA
TeHAEHUMA Ha NMOKayBaHe Ha HWMBATa B KNageHuuTe m
£ebutnuTe Ha U3BOpPUTE BBB BCE MoBeye HabaogaTenHu
MyHKTOBE.
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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 conclusions

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.

EEEEE EEEE. VIV X KV MWK K LIV VI K L W Y VI

2018-2020 PROLOMGED DAGUGHT \ /\I‘ '“l
- - 20217022 WeT PERIOD \
— 2003 2025 prOLONGED DROUGHT /
0%
gy WSS —_—

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 mogenmpaHe Ha pasnpocTpaHEeHUETo Ha HepTeHU pa3nuBK:

onepaTMBHO NpuioXeHue Ha moaena OpenDrift 8 YepHo mope
N. Hukonosa®, B. Mabbos

JenaptameHT ,,MporHo3n n MHGopPMaLMOHHO 06cyKBaHe", HauMOoHaNeH MHCTUTYT MO METEOPOJIOTUSA U
xuaposorus
KnouoBu aymu: modenupaHe Ha HeghmeHu pasausu, 3aMbpcasaHe Ha Mopckama cpeda, YepHo mope,
OpenDrift
*email: lilia.nikolova@meteo.bg

BbvBepgeHue

3ambpcABaAHETO Ha MOPCKATa cpefa C HepTONpPOAYyKTU
npeacraBaaBa Cepuo3eH €eKOoNorMYeH W coumanHo-
MKOHOMMYECKN npobnem, ocobeHO 3a Moay3aTBOpPEHU
mopeTta Kato YepHo mope. [lporHosmMpaHeTo u
MOHUTOPUHIBT Ha HedpTeHWTe pasauMBM ca  OT
CbLLECTBEHO 3HaYeHUe 3a orpaHnYaBaHe Ha HeraTUBHUTe
Bb3JENCTBUA BbPXy OKONMHATA Ccpena, Kakto M 3a
nogobpsBaHe Ha peakuuATa NpuU  UHUMAEHTU B
KpalbpexkHuTe palioHu.

MeTtogonorusa

MpenctaBeHO € MPUIOKEHUETO Ha HOPBEXKUA
mogen OpenDrift 3a cumynupaHe Ha gpeinda Ha 06eKTH,
CcybCTaHUMKM U 3aMbpPCUTENN KaTO NETPONHUTE NPOAYKTU
Ha MOpCKaTa MOBBLPXHOCT 3a paiioHa Ha YepHo mope
(Dagestad et al.,, 2018). MogenbvT e BHeapeH mnpes
2025 r. B onepaTMBHATa M Hay4yHa MPAKTUKA Ha CeKkuus
»,MOpPCKM ¥ cneunannsmpaHm nporHosn”. B npeguiuHo
uscneaBaHe  mogensbT  bewe  M3NoA3BaH  3a
npocneassaHe Ha €BONOUMATA BbB BPemMeTo Ha
pa3npocTpaHEHNETO Ha HeDTEHU Pa3NMBU M 33 OLLEHKA
Ha yA3BMMOCTTAa Ha 3a/MBUTE MpPU  Pa3IUYHK
xugpometeoposiorndHu ycnosus (Nikolova & Galabov,
2025).

Hactoawarta pabota npeactaBA cumMyfiaumMa Ha
pa3npoCTPaHEHUETO Ha XMNOTETUYEH HedTEH pPasnue oT
TaHkepa ,Kalipoc”, 3acegHan Ha 5 gekemspu 2025 r.
Kpan bperosete Ha Axtonon. CumynauuAta obxsalua
nepuoga 8-12.12.2025r. (¢pur. 1).

M3non3BaHW ca MEeTeopONOrMUYHN U OKeaHorpadCKm
AaHHu ot Black Sea Waves Analysis and Forecast, Black
Sea Physics Analysis and Forecast Ha nporpamata
,KonepHuk” n GFS, KaTo cKopocT Ha BATbpa Ha 10 m
BMCOYMHA, 3HAYMMaA BMCOYMHA HA BBJIHATA, CKOPOCT Ha
NOBbPXHOCTHUTE TEYEHWA, CONEHOCT, TemnepaTypa Ha
MOpCKaTa BoAa, KakTo u ApendbT Ha CTOKC. NeTponHnAaT
NPOAYKT, MU3MON3BaH 3a CUMy/NauMATa, € TeXbK CypoB
neTpon. B cumynaumaTa ca BK/AOYEHUM W PA3AUYHM
ecTecTBeHN GU3UKO-XMMUYHU U BUONOTMYHM NpoLecH,
KaTo aasekuma, audysus, usnapeHwe, emynrmpaHe u
6MOXMMMYECKO pa3fiaraHe, KOMTO MPOMEHAT CBOMCTBaTa
Ha NeTpona cnes pas/iMB U BAUSAAT BbPXY HEroBOTO
pasnpocTpaHeHue.

Pe3yntatu u nssogm

CumynaumaTa nokasea, 4Ye HedpTeHMAT pasaus oT
TaHKepa ,KaWpoc” e wman noTeHuMan Jda ce
pasnpocTpaHM Ha tor oT AXTOnoaA M Aa NPUYMHMU
3aMbpcABaHE Ha HAKOW UYBCTBUTENHWU KpanbpexkHu
palloHW, KaTo ceBepHMA Niax Ha CMHemopew, — Naax
Beneka (¢ur. 1). Cnopeps pe3yntatute pasiMBbT € MOMKEN
0a [OCTUTHE U TYPCKOTO Kpanbpexkme Ha 12.12.2025 r.
CucTtemaTa 3a MOAE/NMpPaHe Ha PasnpoCTPaHEHWMETO Ha
HedTeHn pasnmeu OpenDrift ce goka3Ba KaTo NnoaxoaALy,
WHCTPYMEHT 3a 6bp30 M3roTBAHE Ha CUMYyAALUKU MpU
aBapuiiHM  pasaMBM MNOpaauM CBOATA TOYHOCT W
6bp30oaencTene.

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

22.45°N W 42.45°N

423N azaN

i
1Y
42.15°N \\ 42.15°N

41.85°N AL5'N

27.45°F 21.6° 27.75°1 21.9°

durypa 1. Cumynauma Ha pa3npocTpaHeHNeTo
Ha xMnoTteTnyeH HedpTeH pasane Kpa AxTonos.
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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 hypothetical 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 - Open0il (GENERIC HEAVY CRUDE)
2025-12-08 12:00 to 2025-12-12 18:00 UTC (103 steps)
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Figure 1. Simulation of a hypothetical oil spill near Ahtopol.
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BbvBegeHue

,Kannu“ " ,Kaparbon“ ca Han-BMCOKO
pPa3no/ioXKeHUTe A30BUPU  Ha bBbarapua ©  CbCTasAT
HaYyanoTo Ha Kackaga ,Puna“ c4 BoaHOENEKTPUYECKM
LeHTpanun. [lBaTa A30BMpPa Ca CBbP3aHM MOMEXKAY CU C
HanopeH TyHen, KaTto A3. ,KanuMH” e no-BUMCOKO
pPa3no/oKeH U MOXe Aa Nb/Hu s3. ,,Kaparbon“. A3o8up
JKanmu“ e cbc3asupern obem 1,02 mMAH. m3,
a a3. ,Kaparbon” — c 2,2 maH. m3. NlochegHUAT ce MbHK
OT ecTecTBeHus cu Bogocbop, oT A3. ,Kanunn“, a cbwo n
C BOAM, U3NOMMNBAHM OT A0NHUA u3pasHuTen Ha MABEL,
LKanun“.

Mop, A30BMpPUTE € Pa3noJioXKeHa Kackaga OT YeTupw
BOAHOENEKTPUYECKM  LEHTpaAn C  TPU  Majku
M3paBHUTENA U HAKOMKO CbbupaTenHM KaHana 3a
OOMbAHUTENHWN BOAHU KONNYECTBA.

OT HayanoTo Ha XXI| BEK OT OCHOBHMA U3MNYCKaTeN Ha
a3. ,,Kaparbon“ ce nogasat BoaM 3a BogoCHabasBaHe Ha
[ynHuua, Korato Ha/IMYHUAT BoAeH 0bem B Hero e Haz
1.10° m3. OT wusTMyanoto Ha BEL, ,Kamennua“ ce
nosasaTt BOAW M 33 NUTEMHO-6MTOBO BOAOCHabAsABaHe
(NBB) 3a rpagosete Puna, KoyepuHoBo, bobolweso u
cenvwa (rpyna ,Puna“). ToBa npaBu S30BUpUTE
MHorouenesn ¢ eHepruinHo u MNBB BogononssaHe. 3a
ocurypsBaHe Ha npuoputeta Ha (BB TpabBa aga ce
BbBeAAT NpaBwu/a 3a ynpasaeHue.

MeTtoaonorua

N3cnepBaHeTo € W3BBLPLIEHO MO YKasaHuATa W
codTyepa RESERVOIR1 Ha MeToauKa 3a pasnpeaeneHume
Ha BOAMTE Ha A30BMPUTE M U3MON3BaHE Ha BOAHUTE UM
pecypcy (HUMX, 2023 ). I3oBupuTe ca CBbP3aHU U Npu
BOA06aNnaHCOBUTE OLEHKM Ce OTYMTA OOLLMAT UM 0bem.
Mpuema ce, 4e OT A30BMpPUTE YepnAT BoZa Tpwu
He3aBucumKn Bogononssatenda — 3a 6B Ha [ynHuua wm
Ha rpyna ,Puna“ u 3a He3aBucMM eHeproaobus upes
MABEL, ,KanuH“. 3a wuenta nonesHuatr obem Ha
A30BMpPUTE Ce pa3gena Ha TPU HaAacToAwm 30HW. Mpwn
HanbneaHe B 30Ha 1 ce nNogasa Boga camo 32 rpyna
,Puna“, B 3oHa 2 — 3a rpyna ,,Puna“ u 3a QynHuua, a B
30Ha 3 — 3a BCUYKKM BogonoassaTenn. OueHaBa ce Cbllo
KaTo TpeTa OnuuA C ABe 30HW Ha BOAOMO/3BaHe, He3
BoAa 3a [lynHuua.

BogononseaHeTo 3a rpyna ,Puna“ e npueto Kato
paBHOMepHO pa3snpegeneHo npu Onuma 1 — no 0,2.108,
n Onuma 2 — 0,25.10° m3/mec., a Tosa 3a AynHuua —
no 0,2.10° m3 oT 1oHKN A0 OKTOMBPU, KOraToO HaNYHUAT
BoZeH obem B A308ump ,Kaparbon” e Hag 1,0.108 m3. Mpwn
Onuma 3 3a rpyna ,,Puna“ ce nogasar no 0,3.10° m3/mec.

PasmepuTe Ha 30HMTE ce MoAay4yaBaT cneq,
UTepaTUBHM U3UNC/IeHUA Ha BanaHca Ha A30BUpUTE NpuU
NPUTOK, aHANOrMYeH Ha To3n B nepmoga 2015-2024 r.,
33 KOMTO Mma gaHHW. ToBa ce nNpaBu 40 AOCTUraHe Ha
6nn3o 100% obesneyeHocT Ha BB 3a rpyna ,Puna“ u
no Bb3MOXKHUSA MaKCUmym 3a OdynHuua.
CpeAHOroANWHUAT NpuToK e 4,97.108 m3 npu Cy = 0,12.
XapaKTepHO 3a NpUTOKa e, Ye TON e KOHLIEHTPUpaH B
nepuoga Mai—OKTOMBPM.

Pe3ynTtatu n ussogm

Ha ¢wurypaTta ca nokasaHu meceyHuTe rpadumkm B
10-rogMWHMA Nepuoa, Ha cumynauus Ha banaHca Ha
Aasosupute npm Onuma 1.

C OMH1 (TbmHOoYepBeHM Tounum) 1 OMH2 (nunaBa
NABbTHA /IMHMA) ca 0O03HAYeHW FOpPHUTE TPaHULM Ha
obemuTe Ha NbpBaM BTOPAa30H3, Ha MPUTOKa
(cBETNOCMHM KO/MOHM), Ha BOAOMON3BAHETO 3a rpyna
,Puna“ (uepBeHa nAbTHa AuMHMA), 33 [OdynHuua
(TbMHO3€eneHN NnpeKbCcHaTn KONOHM), 3a BELL
(cBETNOXBATU KONOHK).

lpyna ,Puna“ e obe3sneyeHa 61m3o 100%,
Aynuuua — 100% npy Onums 1 m 95% no obem npwm
Onuwmsa 2. Mpu Onuusa 3 Ta B3MMa BoAa OT A3. ,,[AKkoBo”.

Kpueu 3a ynpasnewne Ha si3. "Kanuh" u “Kaparson” - Onums 1

3o

n8ara s3084pa MIH. M. KYG.

06Uy o o

So¢

meceun
— Makcum. o6, — Mupras o6em —omH1 — omH2

MpaBunaTa 3a onpeaensaHe Ha MeCce4YHn AMMUTK ce
onpeaenaT oT KpMBMUTE Ha ynpaBieHWe, MOoKa3aHW Ha
durypaTta. ,KiocteHanncka Boga“ EOO[, cbBMECTHO c
MOCB Tpabea aa usbepe egHa OT oueHeHUTe 3 onuumn
33 NPUIOXKEHME.
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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 m?, 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° m3. 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 0,2.10% and
Option 2 — 0,25.10° m3/month, and for Dupnitsa —

0,2.10° m3/month from June to October, when the filling
in the “Karagyol” reservoir is over 1,0.10° m3. Under
Option 3, to the “Rila” Group supplied are
0,3.10° m3/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 4,97.10% m3 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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OMNZ1 (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
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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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BvBegeHue

BeTpoBOTO Bb/HEHWE € OCHOBHO BbHLWHO HAaTOBApPBaHe,
AeNcTBalo BbpPXYy XMAPOTEXHUYECKM CbOPBIKEHUSA KAaTo
Bb/HONIOMMW, OYyHKM, nNnaBawy nAaTGopmu, A30BUPHMU
CTE€HM, W3rpageHn B TMOBbPXHOCTHM BOAHM OBEKTM
(mopeTa, pekn, esepa). To TpabBa Aa 6bae npeumsHO
M3YMCIEHO, 3a fAa Ce rapaHTMpa CUrypHocTTa Ha
CcbopbKeHuATa. Mpu annca Ha AUPEKTHWU HabaoaeHus
BbPXY Bb/IHOBMA PEXKUM B palioHa ce M3N0/13BaT BETPOBU
[JaHHM, MO3BONABALLM 4Ype3 cTaTUCTMYecKa 0b6paboTKa
onpefensHeTo Ha EeKCTPeMHM BETPOBM CKOPOCTU C
HeobxogMmaTta MOBTOPAEMOCT 33 M34YMC/AABAHE Ha
Bb/IHEHMETO, CbINACHO HaUMOHAJIHUTE HOPMATUMBHM
M3NCKBaHUSA.

MeTtogonorus

M3cnepBaHeTo npeanara Metog 3a onpeaensHe Ha
€KCTPEMHW BETPOBM MapaMeTpu upe3 npuaaraHe Ha
BEPOATHOCTHOTO pasnpegeneHne Ha lymben (Gumbel
distribution), nssecTHo ouie KaTto Fisher-Tippett Type | —
nogxon, nNpenopbyBaH B CBETOBHATa CneLuanusnpaHa
nvTepaTtypa. Kato M3TOYHMK Ha [AHHW e W3N0/3BaHa
nnatdopmata MeteoBlue, npenocTaBAWa MOAENUPAHU
(hindcast) KnumaTUYHM QaHHKM 33 HyXHaTa reorpadcKa
nokauma. MeTtoabT BKAOYBA 06paboTKa Ha BETPOBU
JaHHW M onpefensHe Ha  KoedUUMEHTUTe Ha
l'ymbenoBoTo pasnpegeneHne 4ype3 M3uMcCAABaHE Ha
OCHOBHWUTE  CTATUCTMYECKM  XapPaAKTEPUCTUKU  Ha
M3BagKMUTE C Lesl NPOrHO3MpaHe Ha BETPOBUTE CKOPOCTU
Nno MOCOKM 3a 3ajafeHa MHOTOroAmLWHA NOBTOPAEMOCT
(20, 50, 100 roguHM), B 3aBMCMMOCT OT KJjaca Ha
CbOpPBKEHMETO.

3a NpPOrHO3MpaHeTo Ha OpasMepuTeNHUTE BETPOBMU
napameTpu ca M3Mo/3BaHW CTAaTUCTUUECKM METoaMu U
paspaboteHn ad hoc wsuncauTenHu nporpamu. B
npoueca Ha 06paboTka Ha JaHHWUTE BETPOBUTE CKOPOCTH
ce pasnpegenaT no  nocoku (no 8  uam
16-pymboBaTa cKana), cbobpasHO TeKecTTa Ha BCAKa
noarpyna B usBagKarta. M3uncneHmaTa ca oCbLLECTBEHM
upes cobcTBEH cOdTyeEp, peannsmpaH B iBe Bepcum — Ha
MS Excel v Ha Python, onpegensu, KoeduumeHTUTe Ha
l'ymbenoBoTo pasnpepeneHne 3a BcAKa reorpadcka
NMOCOKa, Bb3 OCHOBA Ha KOWUTO ce M34YWUCAsABa BETpoBaTa
CKOPOCT C Hy)XHaTa obe3neyeHocT — nociegHaTa ce
ABABA OCHOBEH daKTOp MpuW reHepupaHe Ha BETPOBO
BbJ/IHEHME.

Pe3syntatu u ussogu

3a TecTBaHe Ha MeToga e wu3bpaH s30BUP
,OrHAHOBO". BXOA4HWUTE AaHHU Ca BETPOBUTE CKOPOCTU B
palioHa, npeacTaBeHM nog ¢opmaTa Ha posa Ha
BETpoBeTe, TIPYNUPaAHM MO CKOPOCTHU Trpynn mu
NPOABL/KUTENHOCT. OnpeaeneHn ca  eKCTPemMHUTe
CKOPOCTM MO MOCOKKW 3a Nepuoay Ha MoBTOPSAEMOCT OT
1 po 100 roAMHM M Cca W3YNCNEHU HOPMATUBHO
WU3UCKyemMuUTe BbBJAHOBM MapaMeTpu 3a pasyeTa Ha
BMCOYMHATa Ha Nb/A3eHE Ha Bb/IHUTE MO BOAHMA OTKOC Ha
A30BMPHATA CTEHA.

®urypa 1. BeTposu pasroH B A308up ,,OrHAHOBO".

Pa3paboTeHUAT NPOrHOCTMYEH MeToh M3MoA3Ba
CTaTUCTMYECKM aHanM3 Ha AOCTbMHU MEeTeopONOrnyHU
OaHHW, KaTo Npeanara Ha XMAPOUHKeHepUTe HadexaeH
WMHCTPYMEHT 3a onpeaensaHe Ha BETPOBUTE NapameTpu C
HY)HaTa MHOroroguvLHa nosTopAemoct. To3un nogxon e
NPUAOXMM 33 LWMPOK CNeKTbp OT Cheuuanunuctu,
pabotewm B obnactta Ha  XMAPOTEXHWYECKOTO
CTPOUTENCTBO W YMNpaBJeHUETO Ha BOAHW pecypcu B
bbarapuma.

Nurtepartypa

Hopmu 3a HaToBapBaHMA W  Bb3AEUCTBMA  Ha
XUAPOTEXHUYECKMU CbOPDBKEHUA OT BbAHU, /ed U
nnasatenHu cbaose (1988).

Hopmu 3a npoeKkTMpaHe Ha HACMMHU SA30BUPHU CTEHM
(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.

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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BbvBegeHue

MopckaTa akBakynTypa B bbarapua octaBa cnabo
pa3BuTa BbMNPEKN 61aronpuATHUTE EKONOTUYHU YCNOBUSA
W OBATOFOAMWHWTE  TPAgULUMM B aKBaKYyATYPHOTO
Npou3BOACTBO. MCTOPUYECKM CEKTOPBT € JOMUHMPAH OT
CNagKoOBOAHM BWOOBE, [AOKAaTO MOPCKUTE BUAOBE,
OCHOBHO 4epHa muga (Mytilus galloprovincialis),
npeacTaBnABaT Manbk Aan oT npoayKkuuaTta. [pes

nocnefHuTe  AeceTMNeTMs  MOpCKaTa  aKBaKyATypa
NoKasBa Bb3Xo4AWaA TeHAeHUuMs, noakpeneHa ot
nogobpeHa HOpMaTMBHA ypenba, HapacTBall,

MHBECTUTOPCKU MHTEPEC U CbOTBETCTBME C MONUTUKUTE
Ha EC 3a ycTtolumB pacTe). B TO3M KOHTEKCT e
HeobxoaMMa OLEHKa Ha NPOU3BOACTBEHUTE TEHAEHUNM,
NPOCTPAHCTBEHUTE OrPaHWYEHUS UM MPUTOAHOCTTa Ha
pasnyHK BUAO0BE C Len 6baeLlo passuTme. HactoswoTo
uscnefBaHe nMpeacTaBA eBOMOUMATA Ha MoOpPCKaTa
aKBaKyNTypa B Bbarapua Bb3 OCHOBA Ha CTAaTUCTUYECKM
JaHHKW, UMHOOPMAUMA 33 pPeryiatopHua pexmm W
NPOCTPAHCTBEHOTO NJAHMPAHE, KaKTO W  EeKCNepTHU
CTAHOBMLLA HA 3aMHTEpPEecOoBaHWUTE CTpaHu. MpoyyeH e
NoTEHUMANbT 3a TEXHONOTMYHO  pasBUTME  ypes
MHTErpupaHn MyntutpoduuHu akesakyatypu (IMTA) u
peLMpKyNaLMOHHN aKBaKYATYpHU cucTemm (RAS).

MeToponorus

MeTogonornata  uHTErpMpa  CTaTUCTUYECKU U
NPOCTPaHCTBEHM NOAXOAM 32 OLEHKA Ha NOoTeHLMana 3a
pa3BUTME Ha MOpPCKaTa aKBakyntypa B bwbarapwua.
[aHHuTe 33 nponsBoAcTBO 3a Nnepnoga 1960-2024r. ca
QHA/IM3MPAHN  4Ype3  HAUMOHa/HU  CTaTUCTUYECKU
M3ToYHMUM M 6as3ata gaHHM FAO FishStat), ¢ aKueHT
BbPXYy BUAOB CbCTaB, PacTeXX U CTPYKTYPHU NMPOMEHMU B
cektopa. WM3BbpweH e nperneg Ha perucTbpa Ha
dbepmunTe M NPOCTPAHCTBEHMTE NIAHOBE C Lie/1 OLEeHKa Ha
pPa3noNOKEeHMETO Ha OOeKTUTE UM Ha KA4oBUTE
OorpaHuyeHuna 3a passutne Ha IMTA n RAS.

M3BbpweH e N’MC aHanus Ha npurogHocTTa 3a IMTA 1
RAS c uen naeHTuduumpaHe Ha NOTEHLMANHN BULOBE OT
PasNNYHM TPODUYHM HUBA, MOAXOAALM 33 OTINEXKAAHE.
M3non3saHM ca napameTpu KaTo TemnepaTtypa Ha
MOpCKaTa BOAa, CONEHOCT, Xx/N0podun-a, BbAHEHWE WU
KOHONMKTU CbC 3aLUUTEHN TEPUTOPUM U APYTU AEUNHOCTU
(zaharia, 2017). AJaHHK OT 3aMHTEpecoBaHWUTE CTPaHU
6axa cbbpaHu Ypes paboTHM CpeLLm U KOHCYATaLMu.

Pesyntatu n ussogu

Mpon3BOACTBOTO OT MOPCKA aKBaKy/nTypa MOKa3Ba
pacTex, NpeAMMHO 33 YepHa MMAa, HO OCTaBa MoJ, CBOA
noteHuuan. AGMUHUCTPATUBHM NPOLLEAYPU, OFPAaHNYEHU
060CO6EHN MOPCKM 30HM M NUMCA HAa TEXHONOTMYHM

MHOBaLMK ca NAEHTUOULMPAHU KaTo KAOYoBK Bapuepu.
EKONOrMYHWUTE XapaKTEPUCTUKM HA YepHo mope MU
HaTPyNaHWAT ONUT B OTI/IEKAAHETO Ha MUAM Cb3aaBaT
6naronpuATHU yC0BUSA 3a BbBeXaaHe Ha IMTA u RAS.

PesynTaTuTe MokassaT, Ye 30HMPAHETO 33 KPbrosa
AKBAKYNTypa MOXe Aa Hamain KOHQAMKTUTE MeXKay
nonssaTe/MTeé Ha MOPCKOTO MPOCTPAHCTBO M [Aa
noAnomorHe BHEApPABAaHETO Ha WHOBATUBHMU
NPOM3BOACTBEHN Mogenu. YepHata mMupga ocTaBa
AOMUHMPALL, BMZ, NOKAa3BalKW €KOMIOTMYHA NPUro4HOCT
M nasapHo TbpceHe (Massa et al., 2021). EBponelickaTta
cTpuaa (Ostrea edulis) nokasea noTteHumMan, nogxkpeneH
OT UCTOPMYECKOTO M PasnpoCTpPaHeHMEe U eKONorM4YHa
cbBmectumocT (Nenciu et al., 2020).
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durypa 1. Bogelm BuaoBe B akBaKkyATypaTta B bbarapus
no o6em Ha NPon3BOACTBO.

BnarogapHocTtu: NscnepBaHeTo e cbPpuHaHcupaHo ot EC
no nporpama ,HayyHu wu3cnegBaHuA, MHOBAUMKU M
OMTUTANM3auMA 33  WHTEIMTEeHTHA TpaHchopmauma
2021-2027“, npoekt ,bny Kpwuctran“, pgorosop
Ne BG16RFPR002-1.014-0016-CO01.
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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 Dbarriers. 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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[ bArocpoyHn nsmeHeHus B eyTpopuKaumuaTa Ha KpanbpexkHU MOPCKKU BOAMU

B8 byprackua 3anus
[. Bepos”, . Feopruesa, C. KnaitH, B. Kapamdunos
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aKagemus Ha HayKuTe
Knoyosu aymun: YepHo mope, bypaacku 3aaus, eympoguKkayus, buozeHu, xa0podun-a
*email: dimitar.berov@iber.bas.bg

BvBegeHue

Mexay Kpaa Ha 70-Te n HayanoTto Ha 90-Te rogmMHM Ha
XX Bek YepHo mope e npeTbpnano cepua OT
€KOCUCTEMHWN ,CpUBOBE” U ,pEXMMHU NpomeHn”,
npeaMsBuMKaHM OT KOMOWHMPAHOTO Bb3AeNCTBME Ha
aHTponoreHHaTta eyTpoduKauma, CBPbXy/oBa Ha puba n
WMHBA3MBHMU BMAOBE. Te3n n3meHeHna ca 0cobeHo CUaHU
B MAUTKUTE KPanbpeXHW 30HW CbC 3aCUIEHO JIOKANHO
Bb34ENCTBME U 3ambpcABaHe M caba UMpPKynauma Ha
BOAHWUTE macu, BKA. n byprackua 3anms. OT Kpasa Ha
90-Te roanHu Ha XX BeK ce HabnaaBa TeHAEHUMA KbM
HamanABaHe Ha  KOHLUEeHTpauuute Ha buoreHu,
nogobpsBaHe Ha KAayecTBOTO Ha BOAWUTE M HA 06uWOTO
CbCTOAHWE Ha eKocUcTeMMUTE B pavoHa. Llenta Ha ToBa
u3cneaBaHe e ga npocaean U aHanusnpa guMamukaTa B
KOHUEHTpaunnTe Ha BUoreHn n xnopodun-a, Kakto u
NPOMeHUTE B EKOJNIOTMYHUA CTATyC Ha KpanbpexkHaTta
30Ha Ha byprackua 3anms B nepuoga mexay 1984 u
2024 .

MeTtoponorusa

B nepuoga mexay 1984 n 2024 r. Ha cTaHAapTHa
CTaHUMA 33 mM3cnenBaHMA B paioHa Ha Co3ononckuA
3anme (LTER Site LTER_EU_BG_06) ca npoBeaeHu
pefoBHU CE30HHM M3MepBaHMA Ha KOHUEHTpauuu Ha
6uorenn (NH4*, NOs3, and PO.*, Ninorg., N tot.), chl-a n
cycneHAMpaHa NapTUKyAsapHa maTepusa. B gonbaHeHue,
B nepuogute 2009-2011 n 2021-2024 r. e npoBeaeH
Ce30HeH MOHWUTOPWHI Ha MOPCKaTa BoAa B 7 CTaHUUK No
IOKHOTO Kpalhbperkme Ha bByprackua 3anme, MeXAay
Kpanmopue n MacneH Hoc. Mexay 2021 n 2024 r. Te3n
u3cneaBaHMA  €a  AONBAHEHW € WHCTPYMEHTAHU
M3MepPBaHUA Ha Npoduan Ha TemnepaTypa, CONEHOCT,
pH, Kucnopog u chl-a (NKE Instruments
MHOronapameTpuyHa CoHAa).

Pesyntatu

3a BpemeTo Ha M3CNenBaHETO KOHUEeHTpauuute Ha
6uoreHn un xnopodun-a B Co30MONCKMA 3a/iMB Ca
Han-BMCOKM B nepuoga 1984-1990, cnepBaHW oOT
NOCTENEHHOTO MM HamanssaHe pgo 2000-2005 r. u
CTabUNHO HUCKM KOHUeHTpauuu cneg 2010 r., Korato
ekonornyHumAat cratyc (EC) Ha KpalbpeHOTO BOAHO
TANO TpaliHO Aoctura ,n06bp‘-,0TAmMdeH’. U3KAYeHus
Ca nepuoauMTe Ha eXerogHuTe 3MMHO-NPOJIETHU
ubdTEXKM HA GUTONNAHKTOH M NepuoauTe C NOBULLEHU
Ba/ieXKu B pailoHa (Hanp. 2014, 2015 1 2018 r.).

W B gBaTta nepuopa Ha nscneasaHeto, 2009-2011 wm
2021-2024 r., € YyCTAaHOBEHO Ha/IMYMETO Ha cTabuneH
rpaguMeHT Ha eyTpoduKauua B Kpanbpexuneto Ha

Byprackma 3anvmB. Hal-BUCOKM KOHLEHTPaUuM Ha
6MOreHn U CbOTBETHO HUCBK EKOJIOTMYEH CTaTyc ca
OTYeTeHW B pailloHa Ha Kpalimopwue, ¢ nocTeneHHo
nogobpeHne B MNOCOKA KbM HOC ATMA W MNOCTOAHHO
,0006bp’-,0TInYeH’ EC Ha BoAUTE HOXKHO OT HOC AKUH. B
paiioHa Ha Kpalimopune mexagy 2009 u 2021 r. e
YCTAHOBEHO 3HAYMMO MOHMWXKEHWEe Ha MaKCUMaJHU Wt
CPefHOrOOMILIHN  KOHUEHTpaumMmM Ha buoreHn w
xnopodun-a, UHAMKUPALLO 3HAYMMO MOHUMKEHWE Ha
BTOKa Ha OMOreHM M 3amMbpcuTeENN BbB BbTPELIHMA
bypracku 3anus 3a nepuoaa.
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durypa 1. [JUHaMMKa HA KOHLLEHTPALUN Ha aMOHWUI U
xnopoopun-a mexkay 1984 n 2024 r. 8 Co30M0NCKUS 3a7MB.
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®urypa 2. MpagneHT Ha eyTPodUKaLMA NO KHOTO
Kpaibpexue Ha byprackua anms (2009-2024 r.).
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(AQor.c MOH No D01-320/23.11.2023).
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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 (NHs*, NOs, 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 2024, indicating

a significant decrease in nutrient inputs in the Inner
Burgas Bay in that period.

9 NH4 [ug.I-1]
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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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ynpaBneHue Ha BOAONO/Q3BAHETO OT A30BUPUTE B peasZIHO Bpeme
O. CantypaxusaHn, C. lapadves

[JenapTameHT ,Xugponaorna“, HaumoHaneH UHCTUTYT MO METEOPOIOTMA U XMAPOAOrMA
KntouoBu gymu: A308upu, npuopumemHo 30HUpaHe, Kpusu Ha yrpasaeHue

LenTta Ha BOAOXpaHUAMLLATA € a peryanpaT Bpemesute
KonebaHMs Ha nNpUTOKa M Jda ro npveesat B
CbOTBETCTBME C PEXMMA Ha BOAOMNON3BaHe. B HopmaneH
Cayd4ait 06eMBT MM, KAKTO U PErYANPaAHUAT pasmep Ha
NPUTOKa He ca [AO0CTaTbyHKM, 33 ga ocurypat 100%
obe3neyeHOCT Ha BCMYKM BodononssaTenu. MNepuogute
Ha HWCbK NpPUTOK BOAAT A0 W3MpasBaHe Ha
BOZOXPAaHWIMLLETO M B pPe3yiTaT Ha TOBAa A0 HeJoCTur
Ha BOJA 3a 334,0BO/IABAaHE HA TEXHUTE HYXKAWU. B cnyyain
Ha MHOrouenesn A30BMPU  Pa3AUYHUTE  BUAOBE
BOLONON3BATE/NIM  CA  OCUTYPEHMU C  pas3nnyHa
obe3sneyeHoct. [llocnegHata e cBbp3aHa C TAXHOTO
YKM3HEHO 3HayeHue, OTpa3eHo M B 3aKOHa 3a BoAUTE Ha
Penybnvka bbarapusa, u onpefpena pefa Ha TexHWUTe
npuoputetn. Te Tpabea Aa 6bAaT B3eTM Npeasua npu
pa3snpefeneHneTo Ha BogaTa Ha BOLOEMWUTE MO Bpeme
Ha nepuvoaAM Ha HepoCcTUr, KOEeTO O3Ha4yaBa, ue
BOL0MON3BAHETO OT TAX TPA6BA A3 6bAe ynpasasasaHo.

Mpe3 2012 r. no nopb4yka Ha MOCB B HUMX e
paspaboTeHa OpWrMHaNHA WHXXEeHepHa MeToAMKa 3a
ynpasneHWe Ha BOAWTE Ha A30BUPUTE, KOATO npe3
2022 r. e fONb/IHEHA C MHOTO NPAKTUYECKU NPUMEPU U
3aBbplleHa noA HauMmeHoBaHueTo MeToamka 3a
pasnpeseneHve Ha BoAMTE Ha A30BMpPUTE M U3N0ON3BaHE
Ha BOAHUTE UM pecypcu. TA pasrnexza UANOCTHO
npobnemuTe Ha YyNpaBNEHWETO Ha S30BUPUTE U
BKAOYBA cOodTyep 3a CMMyNMPaAHE Ha MEeCeYHUA UM
BogeH 6anaHC Npw PasnnyHKU BapuMaHTU Ha ynpaB/eHue.
OCHOBHMAT WHCTPYMEHT 33 TOBa € pa3fenaHeTo Ha
onepaTMBHUA MM 06em Ha 30HM Ha BOAOMON3BaHE
cnopef, TexHUTe NPUOPUTETU, KaTO HaW-HUCKATa 30Ha e
3a BO4OMNON3BaTeNA C HaW-BUCOK npuoputeT. Obemute
Ha 30HWUTE, ocUrypsaBalLM HeobxoanmaTa obesneyeHoCT
Ha noTpebuTennte, ce onpeaenaT Ypes MmeceyeH BoAeH
6anaHc Ha A30BMpa Mpe3 MHOroroAuweH nepuog ¢
Ob/KMHA cnopes, Buaa Ha BOAONOAN3BAaTeNa wan
HaAWYyHWUTE [AHHW 3@ NpPUTOKA. [paHWMYHWUTE AWHWUK
MEKAY 30HUTE B FOAULLEH NEPUOA Ce HAPUYAT KPUBM Ha
ynpasneHune. Korato nb/HEHETO Ha A30BMpPa e B AajeHa
30Ha, BOZaATa Ce NoJaBa Ha BOAOMNO/M3BATENA Ha 30HATA
M Ha BCUYKM OCTaHa/ M BOAOMNOAN3BATENM C MO-BUCOK
npuopwTerT.

KaTo npuvmep e ualoCTpMpaHo onpeaensHeTo Ha
npaBW/aTa 3a ynpasaeHne Ha A308uMp ,lopHM ObOHUK",
KOWTO e YacT oT cnoxHa BC cucrtema B baceiHa Ha p. Bur,
C 2 ronemu 1 3 Masiku A30BUpPa U HANOUTENHUTE NoneTa
fonama Butcka n Manka Butcka HanoutesiHa cuctema.
MaKcumanHmaTt my obem e 130 maH. m3, HO e 3anbaHeH
40 85 MmAH. m3 nopagy He3aBbPLWEHO CTPOMUTESICTBO.

Bogute My ce w3non3sat 3a oOcCurypABaHe Ha
€KONIornYeH OTTOK B PEYHOTO KOPWTO, 3axpaHBaHe Ha
LIAXTOBUTE K/MaZeHUM Ha BOAOCHabauTenHaTta rpyna
npwu c. KpywosuLa, 3a NpoMuLLIEHO BOAOCHabaABaHe B

MneBeH, 3a HanosBaHe Ha lonAma BUTCKa HanowuTenHa
cuctema (FBHC) M 3anbsiBaHe Ha Masikute S30BUPU
yaonen AvbHMK” u ,KpywoBuua®“. 3a nocnegHute age
Lenu Bogarta ce ocurypsasa npes KaHaamte M2 n M2-1.
Te moraT fa ce Hanb/JHAT NPU BOAHO HWBO Ha S30BMpa
Hag 40.10° m3.

MNoTpebutennte Ha BoAa ca pasfAeseHn Ha TpU rpynu
no npuoputetn: MpuoputeT 1 BKAOYBA EKOJOTMYHUSA
NOTOK, MOAXPAHBAHETO Ha LIAXTOBWUTE KAAZEHLM MNpu
c. Kpywosuua u 3arybute oT TeuyoBe W MU3MNapeHUE;
Mpuoputet 2 — BOAONON3BaHE 33 NPOMULLIEHU LLeAw,
HanoasaHe Ha [BHC, nbaHeHe Ha asosupute ,JoneH
Ob6HUK” n ,Kpywosuua®; MpuoputeT 3 — Npon3BOACTBO
Ha eneHeprua upes MBEL, ,lopeH [ObOHUK” 1
LXnapomua”. EKCNaoaTaumoHHUAT obem Ha A30BMpa €
CbOTBETHO pa3fenieH Ha TPW 30HM, PaA3NOJIOKEHN B ABa
BapuaHTa — W TPWUTe 30HWM HaZh CaHWUTAapHMA obem OT
40 mnH. m3 nan nbpsaTa 30Ha Noj, Hero.

OueHeHW ca M ABa BapuaHTa 3a BOAOMON3BaHE —
BapuaHT 1 crnopes peanHo uv3non3saHMTe obemn wm
BapuaHT 2 cnopeg paspeweHute ot MOCB anmutu.
MocnegHUAT BapUaHT e NO-MaTbK.

MpPUTOKBT KbM A30BMpPa WMABa OT BOAOXBALLAHE
,b0as3a“ Ha p. But. [laHHuTe 3a nepuoga 2007-2023 r.
Cca W3BNEYEeHM OT MeceyHuTe 6anaHcKM Ha A30BUPA,
usumcnssaHu ot EAL] ,,HanoutenHu cuctemu”. CpegHuat
roAviLeH NPUTOK e paseH Ha 42,3.10% m3,

M3BbplieHn ca cumynauum Ha MeceyHusa BOAEH
6anaHc M e oueHeHa obe3sneyeHOCTTa Ha TpwUTe rpynu
BOZOMO/N3BaTENIM NPW NocTaBAHe Ha 30Ha 1 Haa wu nop,
40.10° m3. BapuaHTbT cbc 30Ha 1 nog To3m obem
BOZOMNO/I3BAaHE cropes paspeweHnTe obemun e cyeTeH
33 NpuemnauB 3a ynpaBieHMeTo Ha n308up ,[OpHM
ObbHuK”. 06woto BOAononssaHe e 42,6.10° m3.
fognwHaTta obesneyeHOCT 3a rpynaTta ¢ npuoputet 1 e
100%, a 3a Ta3u ¢ npuoputet 2 e 70,6%. PasmepuTe Ha
30HMTe ca: 3oHa 1 — 7.10° m3, 3oHa 2 — 40.10° m?3,
1 3oHa 3 —5.10° m3. CanutapHuat obem e 33.10° m3.

Rule curves for * Gorni Dabnik” reservoir - Option 1.8

rent iling in min.m.cub.

— Mac. 0. — Car. oten — omt —omrz

MpaBunaTta 3a BogoNoAaBaHe cnopes Hanb/IBaHETO ca
1. B 30Ha 3 ce noaaBa Bo4a 3a BCUYKKM NOTpebuTenN.
2. B 30Ha 2 BogaTa ce noAaBa Ha NoTpebuTenu c Nbpeu
1 BTOpPM NpuopwmTer.
3. KoraTo nb/aHeHeTo Ha A308Mpa nagHe nog, 40.10% m3,
T.e. B 30Ha 1, BOAa ce nogasa caMo Ha noTpebutenu ot
rpyna 1 n Ha npomuLneHoTo BoAocHabasABaHe.
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Real-time reservoirs water allocation
O. Santurdjiyan, S. Darachev

Department of Hydrology, National Institute of Meteorology and Hydrology
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The purpose of reservoirs is to regulate the time variation
of the inflow and bring it in accordance to the water use
regime. In the normal case, their volume, as well as the
regulated size of the inflow, are not sufficient to provide
all water users with 100% reliability. Periods of low inflow
lead to the lake being emptied and as consequence to
water shortage to meet their needs. In the case of multi-
purpose reservoirs the different types of water users
ought to be provided with different reliability. The latter
is related to their vital importance, also reflected in the
Water Act of the RB, and determines the order of their
priorities. They must be taken into account in reservoirs
water allocation during periods of water shortage, which
means that the water use from them should be ruled.

In 2012, ordered by the Ministry of Environment and
Water (MEW), an original engineering methodology for
dam water management was developed at the NIMH,
which in 2022 was supplemented with many practical
examples and completed under the name Methodology
for dams water allocation and use of their water
resources. It comprehensively examines the problems of
reservoirs water management, including their retention
role of flood inflow and includes software for modeling
their monthly water balance under different
management options. The main tool for this is the
division of their operation volume into water users zones
according to their priorities, with the lowest zone being
for the water user with the highest priority. The volumes
of the zones ensuring the users necessary reliability are
determined by calculating the dam balance over a multi-
year period with a length according to the type of the
water user or the available inflow data. The boundary
lines between the zones in the annual period are called
rule curves. When the reservoir filling is in a given zone
water is supplied to the user of the zone and to all other
users with a higher priority.

As an example illustrated is the definition of the
management rules for the “Gorni Dabnik” dam, which is
part of a complex water management system in the Vit
River basin, encompassing 2 large and 3 small reservoirs
and the Golyama Vitska (GVNS) and Malka Vitska
irrigation fields. Its maximum volume is 130 million m3,
but it is filled up to 85 million m3, because of unfinished
construction of mentioned above irrigation systems

Its waters are used for the following purposes: to
ensure ecological flow in the riverbed; feeding the shaft
wells of the water supply group at Krushovitsa for the city
of Pleven; water supply for industrial purposes for the
“Plama” plant and other users, also in Pleven; energy
production through 2 MWPP; irrigation of the Large river
Vit Irrigation System (LVIS) and filling the “Dolen Dabnik”
and “Krushovitsa” small reservoirs. For the latter two
purposes the water is provided through the M2 and

M2-1 canals. They can completely be filled at water levels
of the reservoir filled over 40.10° m3. This requires
assuming such a sanitary volume in it.

The water users are divided into three priority groups:
Priority 1 — including the ecological flow in the riverbed,
the artificial recharge of the shaft wells at Krushovitsa for
the city of Pleven water supply and the losses from leaks
and evaporation; Priority 2 — containing the following
users: water use for industrial purposes, irrigation of the
LVIS, filling of the “Dolen Dabnik” and “Krushovitsa”
dams; Priority 3 — energy production through “Goren
Dabnik” and “Hydromid” MPP. The operational volume
of the dam is respectively divided into 3 zones located in
two options — the all three zones above the sanitary
volume of 40 million m3 or the first zone below it.

Two water use options have also been assessed —
Option 1 according to the actually used volumes and
Option 2 according to the limits permitted by the MEW.
The latter option is smaller.

The reservoir inflow comes from the “Boaza” weir on
the Vit River through the Canal M1. The data for the
monthly inflow available for the period 2007-2023 are
extracted from the monthly balances of the reservoir
being implemented by the “Irrigation Systems” State
Company. The average annual inflow is equal to
42.3.10% m3.

Water balance studies and assessments of the
reliability of the three groups of water users have been
carried out when placing Zone 1 above and below
40 million m3. The option with Zone 1 below this volume
and water use according to the permitted volumes has
been considered as acceptable for the management of
the G.D. dam. The total water use is 42.6.10° m3. The
yearly reliability for the group with priority 1 is 100%, and
for that with priority 2 it is 70.6%. The sizes of the zones
are: Zone 1 —7.10% m3, Zone 2 —40.10% m3, and Zone 3 —
5.10° m3. The sanitary volume is 33.10% m3.

Rule curves for “Gorni Dabnik” reservoir - Option 1.8

=

Zone

rent filing in min.m.cub.

Zone 1

0 1 2 3 4 5 6 7 8 9 10 u 12
Months

= Makc. o6. — Canur. obem — OMH1 — OMH2

The operation rules according to filling are:
1. In Zone 3 the demands of all users are satisfied.
2. In Zone 2 water is supplied to users with first and
second priority.
3. When the filling of the dam drops below 40.10% m3, i.e.
in Zone 1, water is supplied only to the users of group 1
plus for industrial water use.
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OueHKa Ha B3aMMOBPD3KATa MeXAy MeTeoOpO/IOrMYHO U XUAPO/NTOXKKO 3acyllaBaHe

No peyHun 6aceiiHn NPU PasNNYHN BPEMEBU CTHIKK
A. MoppaHoBsa'*, U. Unuesal, /1. bBouea?, K. Manuesa?, K. /lio6eHoBsa?,
B. MoppaHosad, M. Aumutpos?, . pymeBa-AHTOHOBA®

! NenaptameHT , Xuaponorua“, 2lenaptameHT ,MeTteoponorua“, 3enaptameHT
,»[1pOrHo3un n nHbopmaLMoHHO 0bcny:KkBaHe”, HauMoHaNeH UHCTUTYT MO METEOPO/IOTUA U1
xuaposiorusa
KNtouoBu Aymu: usmeHeHuUe Ha Kaumama, npodvaxcumenHa cywa, SRI, SPI, kopenayus, PAB
*email: AnnaYordanova@meteo.bg

BbvBepgeHue
Cywata e onpegeneHa OT  MexAyHapoaHaTa
MeTeoposiorMyHa  obLWHOCT  Kato  ,nepuoj  Ha

HeobMyaiHO Cyxo BpemMe, AOCTaTbYHO NPOLBKUTENEH,
3a @ MOMKe /IMNcaTa Ha Ba/ieXu Aa NPUYMHU CepUO3eH
xuaponornyeH gucbanaHc”. XuaponoxKKata  cylwa
0BMKHOBEHO M30CTaBa OT MeTeoposiorMyHaTta. Moxe aa
M3MUHAT OHM U Meceum, npean AeduunTbT Ha BaNeXKu
[a nosefie 40 HamMasleHWe Ha OTTOKa B PEKUTE U NPUTOKA
KbM f30BMpUTe. HamanABaHeTO Ha HuBaTa Ha
noAsemMHuTe BOAM U A30BUPUTE Ce peann3npa Hakpas, a
Bb3CTaHOBSABAHETO Ha HOPMAJIHOTO MM CbCTOAHME Cres,
cywa e no-6asHo (Marinova & Bocheva, eds., 2023).

MeTtoaonorusa

M3cnepBaHeTo e dacT OT UANOCTEH Mnogxoh 3a
naeHTMduumMpaHe Ha NPOAB/IKUTENIHO 3acyllaBaHe,
pa3paboteH M HaarpageH oT ekcrneptM Ha HUMX B
nogkpena Ha MOCB n PamKoBaTa AMpeKTMBA 3a BoAUTE
(PAB). AHanM3bT e 6asMpaH Ha MECEeYHO U3UUCAABAHUTE
B OMnepaTMBEH NOPAABK UHAEKCK Ha 3acywasaHe (SPI3 u
SRI), https://hydro.bg/. U3BbplieH e npexoa KbM oLeHKa
Ha MWHAeKcuTe Ha baceltHoBOo HMBO. WM3non3BaH e
KoepUUMEHTbT Ha Kopenauus, 3a fa ce onpeaenu
B3aMMOBpPb3KaTa mexay Asata uHaekca SRI n SPI npu
Pa3NMYHM BPEMEBMU CTBMNKK 3a nepmnoga 2014-2024 r.:

¥ (-0 -7)

Correl(X,T) = — —
V2 -0 T (-

PesynTtatv u ussogm
AHanM3MpaHuM ca 3aKOHOMEPHOCTUTE Ha NpoLeca Ha

3acyllaBaHe 3a pedyHuTe 6acenHu ot https://hydro.bg/.

Tabnnua 1. Kopenauus mexay nHaekcute SRI3 1 SPI3 u
SRI6 1 SPI6 3a 2014—-2024 (dparmeHT)

Kopenauua
Ne | Peka SRI3— SPI3 SRI6 — SPI6
1 Orocta 0.60 0.71
4 dakuiicka 0.60 0.71
5 TyHAXa 0.57 0.71

OueHeHn ca KopefnauuaTa, CUHXPOHHOCTTA W
$a30BOTO OTMECTBaHe MeXAay UHAeKcuTe. Pesyntatute
nokassaT, Ye KopenauuaTa HapacTsa C npexog OT
3-meceyHa KbM 6-meceyHa BpemeBa CTbMnKa. Ta e
CTaTUCTUYECKM MO-3HauMma npu 6-mecedyeH paspes wu
0TpasfABa NO-AbATOCPOYHOTO BANAHUE HA MUHAN OTTOK.

Ko/fKoTo no-gbabr nepuoj, ce pasrnexpa, TONKoBa
No-AICHO e U3pa3eHa Bpb3KaTa MeXAy Banexa u OTTOKa.

. PHCEHOM NOM B PICEHOM AOM

durypa 1. CbnoctaBKka Ha SPI3-SRI3 1 SPI6—-SRI6
33 2014-2024 r. no pe4Hu b6aceiiHu (parmeHT).

OueHKaTa Ha KopenauuaTa u $a3oBOTO OTMeCTBaHe
ACHO MAeHTMOMUMpPaA NepuoauTe Ha NPOABIKUTENHO
3acywasaHe (¢ur. 1), KaTo e aHa/M3upaHa U
cneumnounKaTa Ha Bcekun pedeH baceliH. OTKposBar ce:

- NpogbnkutenHo 3acywasaHe 2019-2020r.

- NpogbnkutenHo 3acywasaHe 2022-2024r.

OyvakBaHo, SRl e ¢a30BO OTMeCTeHO M M30CTaBa
cnpamo SPI B pasnnyHa cTeneH 3a OTAENHUTE PEeYHM
b6aceitHM. Kato usano KbcuTe mawabum (meceyHn u
TPUMECEYHN BPEMEBM CKa/M) Ca NOAXOAALM 33 MASIKU U
He3aperynnpaHu 6aceiHun, 4OKaTO NO-AbATMTE Nepruoau
ca no-noaxogALmM 3a no-ronemm 6aceHn ¢ U3KYCTBEHO
cbxpaHeHue. Knwo4yoBu ¢aKTopu 33 HACTbMNBAHETO Ha
,NIPOAB/IKUTENHA cywa“, KOUTO BAUAAT Ha
peryanpawmTe Bb3MOXHOCTU Ha nopeymnsaTa (A30BUpKU U
noAsemMHu BoAaM), ca ABe NOCAef0BATENHN CYXU FOAMHU
(konTo camm no cebe cM MOXKe Aa He ca Hal-CyxuTe),
3aCyllaBaHETO  MNpe3  eCeHHO-3UMHWUTE  Meceuw,
HAaMaNIABAHETO Ha CHEXXHaTa NOKPMBKA. 3a4eCcTABAHETO U
nocsef0BaTeNHOTO peflyBaHe Ha eKCTPEMHU ABEHUA —
CyWM W HaBOAHEHMA, Cbwo ca daKTop, 3aloTo
MHTEH3UBHUTE BaNieXu He AONpUHacaT 3a
noAxpaHBaHeTO Ha NOA3eMHUTE BOAM U HEBUHArM Ca BbB
BogocbopuTe Ha A30BMpPUTE.

BnarogapHocTu: M3cneaBaHETO € YacT OT HayYeH NpPoekKT
Ha HWMX B noagkpena Ha MOCB 3a 2025 .

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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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 (WFD). 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, SRI and SPI, at
different time scales for the period 2014-2024. The
synchronicity and phase shift between the indices were
evaluated:

T (x=x)y-1)

Comrel(X. V)= e
T =0T -3
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 0.71
Fakiyska 0.60 0.71
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

TUNDJA TUNDJA

MONTH

Figure 1. Comparison of SPI3—SRI3 and SPI16—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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AHann3n U NHAEKCHU 3a OLLleHKA Ha BOAHOCTONAHCKUTE 6anaHcu

B CbOTBETCTBME C TUNOBETE pecypcHU oueHKU Ha HUMX
K. llobeHoBa*, U. Mnuesa, A. MopaaHosa, M. PaHkoBa, K. Kpymosa, P. [lo6pesa, A. boesa,
I. pymeBa-AHToHOBa, M. IumuTpos, E. AHrenosa
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BbvBegeHue
Pa3Butneto Ha meToauTe 3a OLEHKA HAa HAaUWOHANHUTE
BOZHMU 7 BOAHOCTONAHCKMU 6anaHcu e

Hay4YyHoM3c/ief0BaTeNCKa 3ajava, CBbp3aHa o
aHraxxmmeHtute Ha HUMX no 3akoHa 3a Bogute. B
ocHoBaTa M ca paspaborBaHM B HUMX meToanuHuM
noAaxoAu U CUCTEMM OT MHAEKCU 3a OLeHKa M KapTupaHe
Ha pasnosiaraemuTe BOAHW pPecypcu, BOAHUA CTpec,
YyA3BMMOCTTa Ha BOAOCHabaABaHETO, BKA. npw
KNMMATUYHU  CLEHAapuMW W pas/iMyHO noTtpebieHue
(CC-WARE project, Mitigating Vulnerability..., 2014).

MeTtogonorus

NHpekente Ha ekcnnoatauma WEI, WEI+ wn ap.
cnomaraT 3a OUEeHKaTa Ha HAaTMCKa M HeAoCTUra Ha BoAa,
HO MMAaT CBOWUTE OrpaHUYEeHWA NOpaaM OMNpPOCTEeHMUA
BoAeH 6anaHc. 3a No-peasnCTMYHA OLLEHKA Ha BOAHWSA
ctpec B8 HUMX ca paspaboTteHn nogxoam v cuctema ot
MHAEKCUM 33 OLEHKa, KOATO BK/KOYBA: KAMMATUYHMU,
MHAEKCM 33 OLEHKa Ha BOAHWA CTpPec, YA3BMMOCTTa U
a[anTMBHMA KanauuTeT Ha MPUPOAHWUTE U COUMANHU
cuctemun. Te ca NPUIOKEHN HA TPAHCHALLMOHANIHO HUBO,
HWBO peyeH BaceiH 1 I0KaNHO HUBO — BOAHOCTONAHCKA
cMcTema, A30BMpP, BOAHO TAN0. AganTupa ce noaxon 3a
peasncTuYHa OLeHKa Ha yA3BMMOCTTA Ypes arpermpaHe
Ha palloHWTe Ha BogeH cTpec (Mnuesa u leopruesa,
2017).

3a uenute Ha PamkoBaTa AnpeKkTmBa 3a soaute (P1B)
B HactoswaTa pa3paboTka eKcnepuMeHTasHO ce
npwuaarat HoBUTE NOAXOAM U UHAEKCU B CbOTBETCTBME C
TUMNOBETE PecypcHM oueHKM Ha HUMX (Ha HaunoHasHo,
6acelfHOBO M NOKaHO HMBO — Bogocbop, nogsoaocbop,
BOAHO TAM0). Pa3paboTeat ce NMC 6a3npaHu aHann3n u
Ce 4aBaT NPAKTUYECKM HACOKM 33 NPUIOKEHNETO UM NPU
pelaBaHeTo Ha pa3/INYyHK 3a4a4m B nogkpena Ha MOCB
1 baceHoBUTE AUPEKLMM — OLLEHKA HA HAaTUCKA, BOAHMA
CTpec, yA3BMMOCTTA U Ap.

0061110 TOAUIIHO BOJoUepIeHe

WEI = HaJIMYHU J'BJITOCPOYHHU CJIAAKOBOAHU peCypCH
Pesyntatu n ussogu
MonsBa ce HagexAHa M akTyanHa uUHbopmauma ot
baceiiHoBn aupekuymmn, MOCB, HCH, HanoutenHu
CUCTEMMU, PECYPCHM oueHKM Ha HUMX. AHanusumpa ce
bYHKUMOHUPAHEeTOo Ha BOAHOCTONAHCKaTa cuctema (BC)
A30BUPUTE U BIMAHNETO MY BbPXY UHOEKCUTE.

durypa 1. AHanm3 Ha PyHKLMOHMpaHeTo Ha BC u A3o0Bmpute 1
TMC 6a3npaHn aHaNU3n Ha UHAEKCUTE.

" B Ha p. Bur

(L@
(o
7y - oo

» *e Keywosmia =

¢ Bexanoeo

{ g Teresen
< epreh Brr

'Y °

®urypa 2. BogossemaHe B nopeure But n oueHka Ha WEI
BbB Bogocbopa Ha 3. ,ConoTt”.

Heobxoanm e aHanus Ha OYHKLMOHMPAHETO Ha
A30BupuTe n BC B fafeHO nopeuyve 3a peanucTuyHa
OLLeHKa Ha BOAHMA cTpec 1 pesynTtatuTe. [oTBbpKAaBaT
ce U3BoAUTE OT NPeAXOHU U3CAeABaHMA, Ye NPU BOLHU
Tefa C A30BUPW WHAEKCUMTE Ha BOAEH cTpec AaBsar
3aBWLLEHA OLUEHKa, a Ha HMBO peyeH HbaceliH oueHKaTa e
3aHMKeHa. [JeduHupat ce npakTUYEeCKM HACOKM 3a
OLLEHKA Ha MHAEKCUTE U NPUIOKEHUETO UM B NOAKPENa
Ha MOCB n baceliHoBUTE AUPEKLMN, B CbOTBETCTBUE C
TUNOBETE PecypCHU oLeHKM Ha HUMX.

Nurtepartypa
Mnyesa, W., Teoprueea, [. (2017). MnaHoBe 3a
ynpasneHue Ha peyHuTe b6aceiHu, Ha

BOAOCHAbAABAHETO W  EKONOTUYHMA OTTOK Mpu
3acywaBaHe. B: ToanwHuk Ha YACT, ISSN 1310-814X,
T.51, 6, pp. 95-111.

Mitigating Vulnerability of Water Resources under
Climate Change (2014). Executive Forest Agency,
Forest University, FRI-BAS, NIMH (Spiridonov, V., 1.
licheva, K. Nikolova, S. Balabanova, I. Niagolov).
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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.

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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I. licheva, K. Nikolova, S. Balabanova, |. Niagolov).
http://www.iag.bg/docs/lang/1/cat/5/index
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napameTpu Ha PeKu U NoA3eMHU BOAU B MOHUTOPUHIroBaTa mpexka Ha HUMX
M. Avrenos”

JenapTameHT ,Xugponorua“, HaumoHaneH MHCTUTYT NO METeopPOIoTUA N XMAPOA0TUA
KNlo4yoBU Aymu: usmepsaHe, CKopocm, memnepamypad, 600HU HUBA
*email: pangelov@meteo.bg

BbvBegeHue

Mpe3 2026 r. HaUMOHANHMAT NHCTUTYT NO METEOPONOTMA
um xugponorma (HMMX) nnaHuvpa BHeapsABaHe Ha
NUI0THA aBTOMATU3MPaHA CMCTEMA 32 MOHMUTOPUHT Ha
BOAHW HMBA, TemnepaTypa M OCHOBHWU XWOPOJIONKKN U

XMAPOreONOKKM  MapameTpyu B peasHo  Bpeme.
Cuctemata we ob6xeaHe wu36paHW NyHKTOBE OT
HauMoHaHaTa MOHUTOPWHIOBA Mpexa 3a

NOBbPXHOCTHM M MNOA3EMHM BOAM W Le WHTerpupa
CbBPEMEHHM CEH30PHM TEXHO/IOTUK, TenemetTpua u
LueHTpanM3MpaHa uHpopmaumoHHa nnatdopma (Tauro
et al.,, 2018).

OcHoBHAaTa Uen e MnoBMWaBaHe Ha TOYHOCTTa,
yectotata M HafeXAHOCTTa Ha  M3MepBaHUATa,
oCurypsBaHe Ha AaHHM B peasiHO BpeMe 3a OnepaTuBHU
NPOrHO3W, PaHHO NpeaynpeXaeHUe NpU EeKCTPEMHMU
XUAPONOTMYHN  CcbbUTKA " nogobpsasaHe  Ha
yNpaBNeHNETO Ha BOAHUTE pecypcu. [unoTHaTta
cUCTEMA LWEe CAYKM KaTo mogen 3a MHOOPMaUMOHHA
nnatpopma.

MeTogo0n0rMyHa OCHOBa 32 XMAPONOXKKN U3MepBaHUA
M aBTOMaTU3UPaHU  CTaHUUMU: ISO  748:2007.
Hydrometry — Measurement of liquid flow in open
channels using current-meters or floats
(Xnapometpua — UsmepBaHe Ha febuta B OTBOPEHM
KaHa/IM U CbOPBIKEHUA).

TexHUuyecku uenu
e ABTOMATM3MpaHO M3MepPBaHe Ha:
O  BOAHW HMBA (PEKM U NOA3EMHM BOAN),
O TemnepaTypa Ha BoAaTa,
o  [ebuT 1M cKopocT Ha TeyeHueTo,
O  eNleKTponpoBOAMMOCT, pH, MbTHOCT;
e OcwurypsaBaHe Ha TeNleMeTPUYHO NpeaaBaHe Ha
LaHHW B peanHo Bpeme;
e HamansBaHe Ha pbYHUTE UM3MepBaHUA W
YyoBelLlKnA dpaKTop;
e [loBMlwa@BaHe Ha yCTOMYMBOCTTA Ha CTaHUMUTE
Npw eKCTPEMHU YCNOBUSA;
e SO 748:2007 — Hydrometry WMO, B oTBOpEHMU
KaHa/In 1 CbOPbKEHUSA;
e |ISO 3352:2007 3a m3mepBaHe Ha ncOuTa Ha
BOJIa B KJIAJICHIIH.

HauuoHanHK U3TOUHULMU

HaunoHaneH MHCTUTYT MO METEOPOIOTUA U XUAPONOTUA.
fofuWweH  XMApOosorMyeH 6toneTmH (nocnegHo
usgaHue): OduuManeH WM3TOYHMK 3@ [JAaHHW  OT
HaLMOHaNHaTa Mpesa.

MWHWUCTEPCTBO Ha OKOMHaTa cpeda v BoguTe. NnaHose
33 ynpaBneHMe Ha pedyHuTe bHacenHn (MYPB):
HauuMoHanHa pamka 3a ynpaBAeHWMe Ha BOAHUTE

pecypcu.

BeHTunupaH kaben

'Moqem 1 GSM/loT

WEQ)

LlenTpaneH cbpsbp

—TemnepatypeH ceHsop

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

Cxema 1. ApxuUTeKTypa Ha IIMJIOTHATa CUCTEMA.

®durypa 1. ApxutekTypa Ha NHJIOTHATA CUCTEMA.

BnaroAapHocm: Ha Bcuukm Konerwm, y4yactBann B
N3rpaX4aHeTo Ha NI0THATa CucTtema.

Nntepartypa

Tauro, F., Selker, J., Van de Giesen, N., et al. (2018).
Measurements and observations in the XXI century
(MOXXI): Innovation and multi-disciplinarity to sense
the hydrological cycle. Hydrological Sciences Journal,
63(2), 169-196.
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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,
temperatures, 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 of 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 measurement 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 |SO 748:2007 — Hydrometry WMO open chanel
measurement;
e |SO 3352:2007 for the measurement of water
discharge in wells.

National sources

National Institute of Meteorology and Hydrology.
Annual Hydrological Bulletin (latest edition): Official
source for 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

—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.

Acknowledgements: To all colleagues who have
contributed to the development of the pilot system.
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BbBepgeHue

OueHKaTa Ha edeKTa Ha cyliaTa BbpPXy KOANYECTBEHOTO
CbCTOAHWE Ha nopsemuHute Boau (MB) Halt-yecTo ce
M3BbPLUBA Ype3 aHaNM3 Ha U3MEHEHUETO Ha TexHuTe
HWBa, 3aL,0TO Te MOraT Aa 6b4aT ANPEKTHO U3IMEPEHH, C
[0CTaTbyHa TOYHOCT U YectoTa (Benderev et al., 2008).
AHanuMsbT Ha BAMAHMETO Bbpxy [MB Ha muHanu
MHOrOroguLLIHU CyLWIKX NO3BOAABA Aa Ce onpeaenar T.Hap.
ropewy To4Kn — noazemHo sogHo ta0 (MBT) nam yactm
OT Hero, KOWTO Ca Hal-CWAHO 3acerHatM OT NpoTekna
MeTeoposiornyHa cyLua.

MeTtogonorusa

3a onpepensHe Ha edeKTa Ha cywarta BbpXy
CbCTOAHMETO Ha B Ha /JIOKaNHO HMBO € W3M0/A3BaH
MeToAbT Ha nparoBaTa CTOMHOCT M KyMy/laTUBHOTO
oTKkNoHeHue (Hisdal & Tallaksen, 2000).
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0

200
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1000 — AbAGOUMHE HMBO MB, cm === nparosa cTOMHOCT

®urypa 1. MeTtoa Ha nparoBaTta CTOMHOCT U
KYMYNaTUBHOTO OTK/IOHEHMeE OT HesA.

KymynaTtMBHOTO OTK/JIOHEHWE Ha HWBOTO Ha [B npu
cywa ce nsuncaasa no popmyna (1):

5, = {(S)t—At + (Hp — HpAt Epl’l H, < H, 1)
, pu H, > H,
Kbaerto: s — KyMynaTMBHOTO OTKNOHEHMe Npw cywa, Hy -
nparosaTta cToMHOCT, H; — HMBO Ha Nog3emHuTe BOAM,

At — pa3rnexxfaHuAT UHTepBa OT Bpeme.

C nomolLTa Ha TO3U MeTOoA e HanpaseH CpaBHUTENEH
QHa/IM3 3a CTeneHTa Ha HamanABaHe Ha BOAHWUTE HUBa
BCAeACTBME Ha cywaTa npe3 nepuoaa 1989-1994 r. 3a
MNBT BG3GO0000ONQOO3 Tlloposu BOoguM B HeoreH -
KBaTepHep - KasaHnblwKa KoTnosBuHa. M3nonssaHa e
nparoBa cToMHocT 70 nepueHTWs, 33 Ja Ce OUEHMU
npoAab/IKUTENIHATa cywa npe3 To3u nepuoa. BT e
dopmMMpaHO B KBAaTEpPHEpPHUTE  anyBUANHU U
NPONYBUANHN OT/IOXKEHWUA, KOUTO MMAT MOBCEMECTHO
pa3npocTpaHeHue B KasaHnblUKaTa KOTNOBWHA U 3aaaraT
BbPXY e4MH MOLLEH MIMOLEHCKM KOMMMIEKC OT peAyBalum
ce rVHM, rNHeCTH nAcbUW, nNACHLUMN 7
no-pAaAKo 4Yakbia. CpegHata my aebenvHa e 15 m,

OoT/AM4yaBa Ce C BMCOKAa BOJOOBUAHOCT U cpeaeH
KoedbuumeHT Ha duntpaumsa 70 m/d (MYPE 2010-2015).

Pe3yntatu n ussogm

32  pma ce  onpefenat  NPOCTPAHCTBEHOTO
pasnpegeneHve M WHTEH3MBHOCTTA Ha edekTa Ha
MHOroroguHaTa Ccywa BbpXy BOAHMTE HMBA B
pasrnexgaHoto [BT, MaKCMManHOTO KyMysaTUBHO
OTK/IOHEHMe 3a nepuoga 1989-1994 r. e M3uMcneHo 3a
MpeXKa OT XWAPOreosIoKKM HabalogaTeNHU MyHKToBe
(XFHN) — ¢purypa 2.

Mop3enmno Boano Tano BGIGO000ONQO03
Moponn oam 8 Heoren - Ksarepwep - Kasanmuuwka kotnosuna

T Jst
17581
JzeestL . o P

ol o R i (RIS

X \ =8, -~e77951

e +-
®urypa 2. XI'HM 8 NBT Noposu Boau

B HeoreH - KBaTepHep - KazaHnblUKa KOTNOBUHA.
MNonyyeHnte pesyntatu ca npeacraseHn B N'MC cpepa —

durypa 3.

1989-1994 r. i

durypa 3. MakCMMaNHO KYMyAaTUBHO OTKIOHEHUe
3a nepmoaa 1989-1994 r.

MHororoguiwHaTta cywa npes nepuoga 1989-1994 r.
Hal-cnabo e noBaAMANA HAUBOTO HA MOPOBUTE MOLA3EMHMU
BOAM B paloHa Ha rp. KasaHabk. 3HauuTenHu ca
MOHMXEHMATA B M3TOYHaTa 4YacT Ha KasaHnablKaTa
KOT/ZI0BMHA, KaTo CNaAbT HAa BOAHUTE HMBA € NPOLABIIKUA
ouwe 2-3 roanHun cnep 1994 r.
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Introduction

The assessment of the drought effect on the quantitative
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 1990 1935 2000
o

200
400
600
200

1000 — Eroundwaterlevel, €M 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):
s = {st_At + (Hy — HpAt npu H; < H
=

0, npu H, > H, (1)

Where: s — the cumulative departure during drought,
Ho — 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 BG3G00000NQOO03 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
) .
[ = S ~ )
7\ \‘( } { ) i / v
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1 77581 \¢ N\
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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 L

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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BvBegeHue

Esepo Baa e HaW-ronAmMoTO ecTecTBEHO e3epo B
Bbarapma M BOAOEM C BMCOKA EKOJIOFMYHA CTOMHOCT,
BKAlOYeH B mpexaTa Natura 2000 u obsaBeH 3a
Pamcapcka Teputopua. Bbnpekn sawmuTteHna cu ctaTtyT
€3epoTo € MOAJ/I0KEHO Ha MHTEH3MBEH aHTPOMOreHeH
HaTWUCK, Mpou3TMYaW, oT ypbaHM3aLuMa, UHAYCTPUANHU
AEeNHOCTU WM 3eMefefiCKM MPaKTUKU BbB Bojocbopa.
ChLuecTByBaWMAT HOPMATUBEH MOHWUTOPUHI OCUTYpsABa
6a30Ba MHGOPMaALMA, HO He yNaBA B AOCTaTbYHA CTEMeH
NpPOCTPaHCTBEHO-BpemeBaTa AMHaMUKa Ha
3amMbpcuTennTe U BbTpelHoe3epHUTe npouecu. Tosa
Hanara HeobxoAMMOCTTa OT MHTErPUPaH HayyYeH NOAXOL,
33 [JeTalinHa oueHKka Ha daKtopute, onpeaenawm
€KONIOrMYHOTO CbCTOAHUE Ha CUCTeMaTa.

MpoekTbT CAsseVaya uenun ga usrpagm KOMnaeKcHa
MEeTOA0N0rMYHA pPaMKa 3@ OLEHKa Ha XMMUYHMA WU
€KOJIOTMYHMA CTaTyC Ha e3epo Basa upes cbueTaBaHe Ha
OUBUKOXMMUYHU, reOXMMMUYHM, MUHEPANOXKK,
METareHOMHM M CTaTUCTUYECKUN aHA/IU3MN.

MeTtoponorus

MpPOeKTbT NpeaBuKAa MHOTOKOMMOHEHTEH NOAXOA,
obxsawaly, BoaHaTa ¢asa, cycneHAMpaHWUTe BeLLecTsa,
NOBbPXHOCTHUTE CEAMMEHTU W CEAUMEHTHUTE AOKM.
PoKyCcbT € BbpXy NPUOPUTETHWU 3aMbBPCUTENU, B T.M.
NoTeHLUANHO TOKCUYHMU efleMeHTun (PTEs),
NOAVUMKNMYHN  apomaTHM Bbraesogopoan (PAHs),
nonanxnopupaHu 6udeHunn (PCBs) M opraHox/sopHK
nectuunam (OCPs). MnaHupaHuTe AENMHOCTM BKAKOYBAT
owe: 1) NpocTpaHCTBEHO M CE30HHO NpoboB3emaHe OT
€3epoTO M OCHOBHUTE NPUTOUM; 2) TEOXMMMUYEH W
MWHEPaNOMKKM aHaNN3 Ha NOBBLPXHOCTHU CEAUMEHTU U
CeAMMEHTHU AaKKM; 3) pPagMoOMeTpUYHO AaTupaHe
(¥©Pb, ™7Cs) 3a pPEKOHCTPYKUMA Ha WMCTOPUYECKOTO
HaToBapBaHe; 4) nocfegoBaTeNHa eKCTpakumsa 3a
onpeaensaHe Ha dopmute U mobunHoctta Ha PTEs;
5) meTareHoOMeH aHanu3 Ha MMKPOBHUTE OBLLHOCTU U
dYHKUMOHANHO npoduanpaHe; 6) uWHTerpauua Ha
AaHHUTE Ype3 MHOTrOBapPMaHTHU CTaTUCTUYECKU MEeTOoAMU
W peLenTopHoO MoaenupaHe.

Aunckycua

MpeanoXKeHNAT NPOEKT agpecupa CbluecTByBaLlaTa
npasHMHA MeXay HOPMATUBHUA  MOHWUTOPUHT WU
HeobXxoaMMOCTTa OT BUCOKa NPOCTPaHCTBEHA U BpeMeBa
pesonioumMa Npu OueHKaTa Ha CUAHO aHTPOMOreHHo
HaTOBapeHMU e3epHu cuctemm. OuakBa ce
WHTErpMpaHUAT aHaNn3 4a NO3BO/IM pa3rpaHMyYaBaHe Ha
€cTecTBeHUTEe reOXMMUYHU NPOLLECU OT aHTPOMOreHHMA
NPUHOC, KaKTO W uAeHTUdMUMpPaHEe Ha OCHOBHUTE
M3TOYHULUM U MEXaHM3MM Ha TPAHCMOPT U akymynauumsa
Ha NPUOPUTETHU 3aMbPCUTENN.

CTpaTMdUUMPAHUNAT aHANM3 HA CEAUMEHTHUTE ALKN
e npefoCTaBM Bb3MOXKHOCT 3@ PEKOHCTPYKLMA Ha
NUCTOpUYECKUTE TeHAeHUMn n oLeHKa Ha
AbArOCPOYHUTE npomeHu BbB Bogocbopa.
MeTareHOMHUAT NOAXOA4 LWe AOMbJAHU KNaCMYecKuTe
OU3MKOXMMUMYHU NOKA3aTeNnn Ypes naeHTuomLmMpaHe Ha
MUKPOBHM 06WHOCTM U PYHKUMOHANHM  MapKepw,
UyBCTBMTE/NIHU KbBM QHTPOMOreHeH HaTUCK, KOeTo
Cb3faBa noTeHuuMan 3a paspaboTBaHe Ha HOBM
6uonHamMKaTopu.

MHTerpaumata Ha  XMMUYHKM, BUONOTMYHU U
reOXMMWYHN [OaHHW LWe MO03BOUN M3rparKAaHeTo Ha
cMcTemMeH MoZen 33  OUeHKa Ha  eKONOrMYHOTO
CbCTOAHME Ha e3epo BadA, mpunoxkum m Kbm aApyru
YyBCTBUTENIHU KPalbperKHM BOAHU EKOCUCTEMM.

BnarogapHocTu: W3cnepBaHuaTa ce peanusupaT B
pamkuTe Ha npoekT KM-06-H94/6, puHaHcupaH oT PHU,
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.



93

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

MpunoxkeHue Ha ArcGIS Pro npu aHann3 M oueHKa Ha BUCOKU Bb/IHU
C. KpaceB*

JenapTtameHT ,,MporHo3sun n nHpopmaunoHHo obcaykaHe ", HauMoHaneH UHCTUTYT NO METEOPOJIOTMA U
Xuaposaorus
Kniouosu aymun: N'MC, HasoO0HeHue, 8UCOKU 800U
*email: stanislav.krasev@meteo.bg

BvBegeHue

leorpadckute MHPopmaLmoHHU cuctemmn (TUC) moraT
Aa 6bAaT U3KAYUTENTHO MOJIE3HU NpU M306pasaBaHe
Ha MoOAEeNupaHM BUCOKU BOAM B JafeHW nopeyus,
YA3BMMWU KbM HaBogHeHuA. Ha 07.01.2026 r. B pesyaTtaT
Ha OOMAHM W MHTEH3UBHW Banexu p. Kpymosuua
M3M3a OT KOPMTOTO CU M 3a/MBa CTOTUUM AeKapw
3emMefeniCkKu  MaoWwM U yamuM B 3eMIMLLETO  Ha
Kpymosrpag. C nomowrta Ha TUC ca moaenunpanm
3a/MBaeMnTe 30HU NO TeyeHWeTo Ha p. Kpymosuua 3a
NOCOYEHUA pPaloH NpUM MaKCMMaNHO BOLHO HUBO,
CbOTBETCTBALLO Ha ToBa oT 07.01.2026 .

MeTtoponorusa

3a u3cneaBaHeTo € M3M0A3BaH  COGTYEPHUAT
npoaykT ArcGIS Pro (Esri, 2024), 0CHOBHO UHCTPYMEHTBHT
Spatial Analyst Tool. KpaliHata uen e pga 6baaT
onpeaeneHn ya3BUMUTE PAOHWU, KOUTO MOTEHLMANHO
6uxa 6unn 3aneTM nNpuM NpemuHaBaHETO Ha BMCOKA
Bb/IHA. 3a 6a3a e M3no/a3BaH UMOPOB MOLEN HA TepeHa
(DEM) c pesontoums Ha KneTkata 50 m, KaKTo U /ol C
peyHa mpexa Ha TepuTopusATa Ha obuwi. Kpymosrpag
(dur. 1). 3a ToYHO onMcaHMe Ha PEYHOTO AbHO e
M3nosi3BaHa wHTepnosauma Tun Topo to Raster n e
aedvHupaHa 6atumeTpuAaTa Ha pedyHoTo abHo. C
nomowita Ha Raster Calculator e w3uucneHa
AbNboYMHATA HA BOAHMUA CNOW NPW NPUETO BOAHO HMBO
(¢dwur. 2). B cnyyan 1o e 5 meTpa Hag AbHOTO Ha peKaTa,
KaTo e CbobpaseHO C MaKCUMMaJHWUA BOAEH CTOEX,
oTYeTeH No-Hagony no TeyeHueto npu XMC c. FopHa
Kyna (Ne61550).

) ;
®urypa 1. DEM 3a Bogocbopa Ha p. Kpymosuua.

Pe3syntat u nssoam

MonyyeHUte 3aneTM NAOWM Ca CPABHEHW CbC
catenuTHa cHMMKa oT Sentinel-2 (Copernicus, 2026) ot
09.01.2026 r. (¢pur. 3), KaKTO M C M306PaXKEHUSA, 3aCHETU
C APOH OT ZleHs Ha HaBogHeHueTo (¢our. 4), nokassawym
LLeTUTE MO NopeymneTo.

durypa 2. MogenvpaHa gbnbo4YMHa Ha BOAHWUSA C/ION.

®urypa 4. NocneacTena oT HaBogHeHMeTo Ha 07.01.2026 T.

Jlutepartypa

Copernicus Sentinel data (2026). Sentinel-2 imagery
processed in Copernicus Browser. European Union,
Copernicus Programme, https://browser.dataspace.
copernicus.eu

Esri (2024). ArcGIS Pro (Version 3.4). Redlands, CA:
EsriInc.
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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 7t 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).

7) e [ &
P 2

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 4. The aftermath of the flood on the 7 of January.

References

Copernicus Sentinel data (2026). Sentinel-2 imagery
processed in Copernicus Browser. European Union,
Copernicus Programme, https://browser.dataspace.
copernicus.eu

Esri (2024). ArcGIS Pro (Version 3.4). Redlands, CA:
Esri Inc.




95

111 HAUMOHA/THA HAYYHA KOH®PEPEHUMUA NO METEOPONIOIUA, XMAPONOIMUA U OKOJTHA CPEOA
24-26 maprt 2026, HUMX, Copumsa
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*email: sdarachev@meteo.bg

BvBegeHue

CbBpemMeHHUTE M3UCKBAHMA 3a OrpaHW4YaBaHe Ha
yectoTaTa Ha MpesvBaHe BbB BOAHWUTE OOEKTU BCe
noBeye aKUEeHTMpAT Ha 3aBULIEH KOHTPO/ BbPXY
KaHa/NM3aLMOHHUTE NPennBHULM W TAXHaTa paboTa
(Anpektmsa (EC) 2024/3019). EgHO OT OCHOBHMTE
M3WCKBaHWA € OrpaHW4YaBaHe Ha 3amMbpcABaHMATa OT
npesvBaHe Ha OTNaZbYyHM BOAW MO BPEME Ha BajeXu.
ToBa npenvBaHe He TpaAbBa ga e noeeye oT 2% OT
roAMWHNA TOBap Ha OTAE/HW MapamMeTpu, OTYUTaLLM
6MONOTMYHO 3aMbpPCABAHE NPU CyXo Bpeme (4. 5).

MeTtoponorua

B wu3cnepaBaHeTo e  aHanu3MpaHa [oCTbnHaTa
MHPOPMaLMA 3a MOKPUTMETO Ha HaceNeHWeTo oT
KaHa/NM3aUMOoHHaTa Mpe’Ka, rMbCToTaTa Ha HacefneHueTo
(G), BopocHabguTenHaTa M KaHanM3aUMOHHA HOpPMa,
CTeneHTa M BWAA Ha MOKPUTME Ha MOBBLPXHOCTTA Ha
TeputopusTa (\P).

Pe3yn'ra'm u n3soaun

I'Ipe,qnomeHaTa MeTOoAMKa  AaBa pamkaTta 3a
npeaBapuTesiHa OLEeHKa Ha CbulecTByBalloTo
nonoxeHune Ha KaHa/nM3auynoHHaTa MpeXxa Ha
yp6aHVI3VIpaHVI KUNMNMWHU  30HM U 4eCToTaTa Ha
npennsaHe BbB BOAHUTE ob6eKTu.

3a uenMTe Ha wu3CnedBaHeTo e
n
npomeHAuBa Si, NpeAcTaBasBawWa: S; = —;i

BbBedEeHa

1.00 0.90 0.80 0.70 0.60 0.50 0.40 0.30 0.20 0.10 0.00

300
100.00  90.00 80.00 70.00 60.00 50.00 40.00 30.00 20.00 10.00

No

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

OcHoBHaTa NpeAnoCcTaBKa e U3BeAeHa B KpaeH BUA:

Mo _g = 1
¥ T 0,96 X Qup X Ko

MpeonoxKeHn ca ABa Tuna 3ajayuv 3a peluaBaHe
crnopeg, KOHKpeTHaTa cuTyaums.

B eauHua cnyyait (npaBa 3afava) ce TbPCU KakBa
TpAbBa [na 6bae cTeneHTa Ha paspexpaHe npu
NpennBHMKa, KOATO 43 OTrOBapA Ha 3a4aAeHa YecToTa Ha
npenmBaHe, KakTo UM HeobXoAMMMAT  OTTOYEH
KoepuUMEHT B CAy4all Ha CUAHO nNpeynabTHeHa
TepuTopus.

BbB BTOpUA cnyyan (obpaTHa 3agaya) Npu HaAMYHK
AaHHK 33 paboTaTa Ha KaHAaNU3aUMOHHUA MPENUBHUK C
M3ymcneHa No HOPMATMB CTENeH Ha paspexkgaHe w
NOTBbPAEHM AAHHM 33 OTTOUYEH KOeDULUMEHT Ce OLEHABA
€KBWBAJIGHTHUAT Ba/ieK, KOMTO OTroBaps Ha CyXuma OTTOK,
dopmupaH oT HaceneHMeTo B U3CaeaBaHaTa TEPUTOPUS.
To3u aHaNU3 We Aaje OLEeHKa KaKBa e peasiHaTa yecToTa
Ha NpennBaHe CNPAMO KAMMaTUYHA XapaKTEePUCTMKA Ha
palioHa Ha obekTa.

HanpaBeHW ca M3YMC/NEHUA 33 HAKOJIKO BbArapcku
rpaga.

‘.‘sl

WHTEHIMBHOCT [MM/Hac

®urypa 2. 0606LwweHa 3aBucumoct S1 = f (9, Qeyxo, G, t).

Nurtepartypa

OupekTmea (EC) 2024/3019 Ha EBponeiickua napaameHT
M Ha CovBeta oT 27 Hoemspu 2024 rogmHa 3a
NPeYnCcTBaHETO Ha rPaACcKMTe OTNaAbYHM 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
ng

introduced (S1) representing S; = "

00 w0 =TT =T e
=08
¥=0 \\,=0706 e
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-
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Figure 1. Generalized dependence Y, no, =f (51, 'Y, no).

The underlying assumption is derived in its final form:

M _g = a
¥ ' 70,96 x Qep g mX Ko

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 S;=f(q, Qury, G, t).
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(1961-1990 n 1991-2020r.)

M. PaHkosa®, b. Byukos”

JenaptameHT ,Xugponorns“, HauMoHaneH MHCTUTYT MO METEOPONOTUS U XUAPOIOTUA
KntouoBW fiymu: UusmeHeHue, pecypc, Kaumamu4eH nepuod, p. Uckep, p. Ozocma
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BbvBepgeHue

HactoAawoTo uscnenBaHe pasrnexga M3MeHeHUeTo Ha
BOAHUTE pecypcu Ha pekute Wckbp, Orocta w
pasnonoxeHute 3anagHo ot Orocta peku, KakTo u yact
OT TEXHUTE NPUTOLM, Ype3 CPpaBHUTENEH aHaAn3 Ha ABa
pedepeHTHM KAMMaTuyHM nepuoga: 1961-1990 wu
1991-2020 r. OcHoBHaTa Uen € ga ce OueHU BAUAHUETO
Ha KAMMATUYHUTE MPOMEHW BbPXY KONMYECTBEHUTE
XapaKTePUCTUKN Ha PEYHUA OTTOK M HAINYHWUA BOAEH
pecypc B pernoHa.

MeToponorus

AHann3MpaHM ca XMAPOMETPUYHU CTaHUUK no
OCHOBHOTO nopeune Ha p. Wckbp — c. OpexosBuua
Ne18850, p. Wckbp — rp. Hoeu MWUckbp Ne18700,
p. Nickbp — c. bean Uckbp N218650, 1 HAKOM npuTOLM:
Ne18370 Manakapua, Nel8420 Bnagaicka, N218500
batynuna, Ne18520 Uckpeuka n Ne18560 ManbK UcKbp.
EoHa xuapomeTpuuyHa CTaHUMA NO NOpeymeTo Ha
p. OrocTta — c. bytaH N216850, 1 HAKOM HEMHU NPUTOLLU:
p. botyHa — ¢. CtoaHoBo N216500, u p. CKbT — rp. Musua
Ne17850. KakTo 1 Tpu CTaHUUM Ha Nopeyma 3anagHo oT
p. Orocta: p. Epma — rp. TpbH Ne11650, p. /lom —
c. Bacunosum Nel4840, u p. BolMHUWwKA — c. TbpHAHE
Ne12850.

B wu3cnegBaHeTo ca M3NOA3BaHWM  OaHHM  3a
CpeAHOroaMLLIHMA OTTOK, KaKTO U CPeAHOMHOroroauLIeH
cpegHoOMeceYveH OTTOK.

Pesynrtatu n nssogm

060 3a nopeure Uckbp ce HabntogaBa HamaneHue
Ha OTTOKa B nepuoaa 1961-2020 r., KaTo HamaneHueTo
npogbaxkasa n cnep 2021 r. Mpu cbnocTaBKkaTa Ha ABaTa
KIMMATUYHU nepuosa CpPeAHOMHOroroamLHOTO
CpeAHOrogMWHO BOAHO KOAMYECTBO Ha nocnefHuA
nepuos Hamanasa B rpaHuuute ot -4% po -24%.
Tabnunua 1 nokassa NPOLEHTHO M3MEHEHME Ha pecypca
no nopeumMa U HAKOM TeXHM nNpuToun 3a pAgaTta
KIMMATUUYHU Nepuojaa.

HabnopasaHata TeHAEHUMA 3a palioHa Ha p. Orocta
M peku 3anagHo oT OrocTa Cblo OTYMTa TpawHo
HamaneHne Ha OTTOKa Mpe3 KAMMATUYHMA Nepuos,
1961-2020 r., KaTo NOCoKaTa ce 3ana3Ba u cneg 2021 r.
M3kntoueHne npasu camo p. CKbT npu rp. Musumsa, KoaTo
OoTYMTa yBe/MYaBaHe Ha OTTOKa C okosno 5% (dwur. 1).
CpaBHeHMETO Mexay [ABaTta KAMMATMYHM nepuoja
NnoKasga, Yye CpeJHOroAULHOTO BOAHO KONNYECTBO npes3
No-HOBMA Nepuno, e No-HUCKO — HaManeHMeTo Bapupa oT

0Kos10 -30% 3a p. BoiHuWwwKa npu c. TbpHAHE A0 OKOMO
5% 3a p. CKbT Kpal rp. Mususa. Hai-cyxu ca meceuute
aBrycT W cenTemBpM, a HaM-roNAM BOAEH OTTOK ce
HabaloaaBa Npes MapT 1 anpun.

Tabnmua 1. UameHeHWe Ha pecypca Mo Nopeyms 1 HAKoOM
TEXHU nputoum 3a KNMMmaTuyeH nepuog,
1961-1990 r. Kbm KAMMaTUYeH nepunog 1991-2020 . (%)
3a nopeuue Vckbp

H3IMEHEHHE HA
€p MH. €p. T0A.| AMIINTYAA HA I3MeHEHIE HA MECeYHNA 0TTOK
XMC Ne 0TTOK MIHH. CPp MH. CP. M. MAKC. CP MH. CP. M.
kL] or, 0| mecen Ao, %0 MEC eIl
a | 18850 -10 -22 | despvapu | 40 ABTVCT
g 18700 -7 -15 | HoeMmBpH 13 ANPH.I, ABIVCT
=_ 18650 -13 -32 |cemTemspu| 6 AMPHI
= | 18500 24 44 on 2 aEryer
XMC Ne 17850 - p. CKbT - rp. Mu3sua
——1561-1950r.
s 1991-20201. i |‘,
N ——cp.Foa 1961-19901 II'| || \
- Cp.Tog 1991-20207. || .II |v‘.| I| {
:‘E : / J A\ | IlII |I\I'\ﬁl I|I v
R — 7 YA
'} A /."'. J )\/’ ~_\ ."I '} 1
1 ¥ ¥ ! Ny \/ S

1960
1975
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1985
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1980
1

FoguHa

durypa 1. Xugporpadu Ha UISMeHeHMe Ha pPerncTpupaHua
CpefHOroAuLLIeH OTTOK 3a ABaTa pedpepeHTHU KAMMATUYHK
nepnoga 1961-1990 n 1991-2020 r. 3a p. CkbT — rp. Musus.

BnaropgapHoctu: /3cnenBaHeTo € OCbLUECTBEHO B
paMKKTe Ha NpoeKT ,AHanM3 N OLEHKA Ha pecypca Ha
OCHOBHMUTE MOPEeYMA U HAKOW TeXHU NPUTOUM 3a ABaA
pedbepeHTHU KaumatuyHu nepuoga (1961-1990 w
1991-2020 r.) no paitoHu 3a HaceiHOBO ynpasaeHue",
duHaHcupaH no 3anoses Ne323/08.05.2025 r. Ha
MuHUCTBbPa Ha OKONHATa cpesia M BOAUTE B U3MbJIHEHUE
Ha 3aKoHa 3a BOAWUTe, C pbKoBoauTen pou,. A-p EneHa
boxkunosa.
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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, N218420
Vladayska River, No18500 Batuliya River, N218520
Iskretska River, and Ne18560 Malki Iskar River. One
hydrometric station was analyzed in the basin of the
Ogosta River at Butan N216850, 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 N211650, 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 climatic 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
HMS N AVerage pl amplitude of change in monthly runoflf
a " average year

runoff | min. av. multi-year average monthly [ max. av. multi-year average monthly

% from, %) month to, % month
5 | 18850 10 22 February 40 August

=

= | 18700 -7 -25 November 13 April, August
=

; 18650 -13 -32 September 6 April

= | 18500 -24 -44 July 2 August

HMS Skat river - Mizia

1961-1980 .

6.000

5.000 ——1991-2020.

Av.year. 1961-2020r.
4.000 Av.year. 1991-2020T.

3.000 M
2,000 V\J V
1000

0.000

Q[m?/s]

1960
1965
1970
1975
1980
1985
1990
1995
2000
2005
2010
2015
2020

Year

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.

Acknowledgements: The study was carried out within
the framework of the project “Analysis and assessment
of the water resources of the main river basins and some
of their tributaries for two reference climatic periods
(1961-1990 and 1991-2020) by river basin management
regions”, funded under Order No. 323/08.05.2025
of the Ministry of Environment and Water of Bulgaria in
implementation of the Water Act, with project leader
Assoc. Prof. Dr. Elena Bozhilova.



99

111 HAUMOHA/THA HAYYHA KOH®PEPEHUMUA NO METEOPONIOIUA, XMAPONOIMUA U OKOJTHA CPEOA
24-26 maprt 2026, HUMX, Copumsa

BanaHue Ha BOAOB3eMaHETOo OT NoA3eMHU BoAU

BbPXY EKOIOTMUYHUA OTTOK Ha p. TyHAKa
T. Opexosa®, [. LLonosa

MHCTUTYT 3a M3cneaBaHMA Ha KNMMaTa, aTmochepaTta U BoauTe — Bbarapcka akagemusa Ha HayKuTe
KntouyoBu aymu: sodoveprnameseH KaaoeHeu, HOMAAABAaHE Ha PeYHUA OMMOK, eKos02u4eH 0mmok, p. TyHOHa
*email: tvorehova@gmail.com

BbvBepgeHue

M3non3saHeTo Ha BoAOL06OMBHM KNageHum B 61130CT Ao
peKku e obuyariHa NpakTMKa B bbarapua ot XX Bek, KaTo
paspelmnTesHUTe 3a BOAOB3EeMaHe ca Ba/WAHW 3a
AeceTnnetus. C uen npenoTBpaTABaHe Ha
CBPbXEKCN/0aTaumMATa Ha BOAHUTE Pecypcu B pamMKuTe
Ha PamKoBaTa AMpeKTMBa 3a BoguTe e pas3paboTeHo
PbkoBoactBo Ne 31 (2014) 3a ocurypsBaHe Ha
ekonornyeH ottok (Eflows). Hacrosworo uscnepsaHe
OLEHABA CbBMECTUMOCTTA Ha paspewuTenHute 3a
BOAOB3EeMaHe OT MoA3eMHUTe BOAM B [BE JIOKaUuu C
M3WCKBaAHWUATA 3@ EKONOTUYEH OTTOK Ha p. TyHAKa.

MeTtogonorus

PasrnepgaHn ca aBa obeKTa 3a BoAOB3eMaHe OT
noAsemHu Boau no p. TyHAxa — npu baHa u Amb6on
(dwur. 1).

M3BecTHO e, ye Nnpu BogoB3EMaHe OT NOA3EMHU BOAM
HaManABaT MOA3EMHUAT MNPUTOK WU PEYHUAT OTTOK
(De Graaf et al, 2019), KoeTo MoxKe fga 3acTpawm
peyHute ekocuctemun. [lopagum TOBa ce cpaBHABAT
€KOIOTMYHUAT OTTOK M paspelleHOTo BOAOB3eMaHe oT
noa3emHu BOAMN.

Eflow ce onpegensa cbraacHo HauuoHanHaTa
HOpMaTMBHa ypepba Kato 10% OT cpefHOroguHMA
OTTOK, HO He NMO-HUCBK OT MMHUMAJTHUA CpefHOMecevyeH
OTTOK € 95% BepoATHOCT Npu ecTecTBeHun ycaosma. QLS,
QL10 n QL20 ca MWHMMANHU MeCceYyHU CTOMHOCTM Ha
OTTOKA NpU BEPOATHOCTU Ha HEMNpPeBULLABAHE CbOTBETHO
80%, 90% 1 95% (Bozhilova & Ninov, 2022).

Pesyntatu n ussogm

Pesyntatute, npeacrtaBeHn B Tabanum 1 m 2, noKkasear
CbOTHOLWIEHNE MeXAY pPa3peleHOTOo BOAOB3eMaHe OT
NoA3eMHU BOAM U XapPaKTEPUCTUKMTE HA MUHUMANHUA
oTToK (QL5, QL10 1 QL20).

Tabnnua 1. CpaBHeHue mexay Eflow n paspewenute
[ebutM  Ha BOgOB3EMaHe OT NOA3EMHM  BOAM
3a BogocHabaasaHe (m3/s)

O6ekT Eflow PaspelwieH gebur
baHsa 2.538 0.182
fAmbon 3.207 0.493

Tabnuua 2. CpaBHeHMe mexAay paspelleHuTe aebutn m
cToliHocTuTe Ha QL5, QL10 and QL20 (m3/s)

O6eKT Pa3p. gebut QLs QL10 QL20

baHa 0.182 0.130 0.062 0.053
Amb6on 0.493 1.367 1.222 0.563

3a Am6on paspelleHoTo Bogos3emaHe (0.493 m3/s)
npeacrasnsasa npubaunsntenHo 36—40% ot QL5 n QL10 n
61130 88% ot QL20. Mpu manosoaue paspeLleHuaT
Ae6UT cTaBa CbNOCTaBUM C MUHUMATHUA MECEYEH OTTOK.

3a baHa paspeweHoTo Bogos3emaHe (0.182 m3/s)
Hagsuwasa QL5 (0.130 m3/s), QL10 (0.062 m3/s) u QL20
(0.053 m3/s). Mpu manosoame paspelweHnaT aebut
npeBuLLaBa CbOTBETHUA MUHUMANIEH MECEYEH OTTOK.

lognwHuar Eflow He ce npeBuwasa M Ha AgeTe
NIOKaLMK, HO CbBMECTMMOCTTA HAa pPaspelnTenHUTE C
nm3nMcKkBaHuAatTa 3a Eflow 3aBucu  ocHoBHO  oOT
Ma/sIoBOAMETO, @ He OT roAMULHUTE 06emu.

Kano¢ep < Kasal)

JlereHpa
@ KnageHuu
® Hacenexu mecta
—— p.TyHpKa
MpuToumn

durypa 1. MecTononosKeHue Ha nscaeasaHute 06eKkTm
B H6aceitHa Ha p. TyHAXKa.

B 3akntoueHme, 3a Aa ce NpeAoTBPaTM HamMasiABaHETO
Ha peyHusa OTTOK M aa ce rapaHTupa Eflow B pekaTa, e
Ba)HO Aa Ce aHanusmpa AebuTbT Ha KnageHuuTe U npm
HeobXxo4AMMOCT 4a Ce OrpaHuyYn BOLOB3EMAHETO OT
NnoA3eMHM BOAM UYpes npepasriexgaHe Ha CboTBeTHUTe
paspeLmnTenHu.

B ycnoBuATa Ha HapacTBawa XuWAPOKAMMATUYHA
M3MEHYMBOCT NOJO6HM npobnemn LWe Bb3HMKBAT
no-yecro.

Jlnteparypa
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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 (m3/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 QLs 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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CpaBHeHue Ha pe3ynTaTtuTe oT u3bpaHu copTyepHU NPOAYKTU U
KNACUYECKU MEeTOZ, 3a CbCTaBAHE HA roAULLHA K/I0YOBa KPUBa

Ha 3aBUCUMMOCTTa BOAEH CTOEX — BOAHO KO/2in4yecTteBo
K. Mapancka”

JenapTameHT ,Xugponorua“, HaunmoHaneH MHCTUTYT Mo METeopPOIorTUA N XMAPOA0TUA
KNlo40BK AIYMU: KAH0H08A KPUBA B0OEH CMoeX — B0OHO KO/UYeCcmeo, cofpmyep 3a CbCMasAaHe HA KA4os8u
Kpusu, usyucneHue Ha peyeH OmmoK
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BbBeaeHue

KniouoBaTta KpuBa Ha 3aBMCUMMOCTTA BOAEH CTOEX —
BOAHO KONMYECTBO NpeacTaBAfBa OCHOBEH MHCTPYMEHT
3a npeobpasyBaHe Ha BOAHWUA CTOEX B OTTOK.

CbCcTaBAHETO Ha  TOAMIWIHW  K/KOYOBU  KPUBM
TPaAMLMOHHO Ce U3BbPLUIBA Ype3 KNacuyeckn rpadpuyHo-
aHanuTnyeH nogxoa, 6asuvpaH Ha ekcnepTHa OLLEHKA U
pbYHO HanacBaHe. CbBpeMeHHUTe coPTyepHU peLleHnn
npegnarat MeToaM 3a mMoAesiMpaHe, B HAKOW Cay4an U
OUEHKa Ha HecUrypHocTtTa W  U34YuC/iABaHe Ha
NPOLEeHTHaTa rpeLuKka.

HactoawoTto u3cneasaHe Mma 3a Uen Aa CPaBHU
pe3yntatute OT u36paHn codTyepHU MpPOAyKTU C
KNacuyeckma meToh npu  CbCTaBAHe Ha roAuLIHA
K/l04OBa KpuMBa.

MeTtoponorua

3a u3cneBaHeTo ca M3MNo/3BaHW M3MepBaHMA Ha
BOZEH CTOEX W BOAHO KOJIMYECTBO OT XUAPOMETPUYHA
CTaHUMA 33 eHa rognHa. KnioyoBaTta KpuBa e u3rpageHa
ypes KJacuyeckM MeToh, MpuM KOWTO ce npwuaara
QHANUTUYHO-TPAdUYHO CbCTAaBEHA 3aBUCMMOCT MeEXAy
BOAHWA CTOEX M BOAHOTO KoauuecTBo. [MonyvyeHuTe
pe3ynTaTM ca CPaBHEHUW C WM3YUCNeHUA OT m3bpaHu
codTyepHM nNpoayKTH, 6asMpaHM Ha  PasANYHK
MeTOL0N0MMYHN NOAX0AM — CTaTUCTUYECKM, baiecosu u
MHOFOMOZEIHW aNTOPUTMMU.

AHann3bT BKIOYBA OLEHKa Ha dopmaTa Ha KpMBaTa,
CTOMHOCTUTE HA KanMbpaumoHHMUTE napameTpu W
CTEMEHTA Ha CbBMALEHME MEXAY M3UMCIEHUA OTTOK U
HabnogaBaHUTE OaHHMU.

Knrouosa kpusa Q-H
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durypa 1. Knoyosa Kpusa Q-H (meTog bdrc).

Pe3yntatu n ussogm

KnacmueckuaT meToa e NpUoKUM U HaAeXAEeH Npu
[obpe pasnpeseneHn AaHHW, HO W3UCKBA PbYHO
n3yepTaBaHe W cybeKkTMBHa npeueHKa. Pesyntatute
nogyepTaBaT  3HaYeHWeETO Ha KOMBMHMPAHOTO
M3MON3BaHE Ha TPAAMLMOHEH ONUT U CbBPEMEHHMU
AHANNTUYHU UHCTPYMEHTU NPU U3rOTBAHE Ha KJ/IOYOBMU
KPMBW B OnepaTMBHATA NpaKTUKa.

B Tabnnua 1 ca npeactaBeHn usbpaHute codpTyepHU
NPOAYKTM U  METOAM, BKAOYEHW B  HACTOALLMA
CpaBHUTE/NIEH aHaNus.

Tabnuua 1. CopTyepHU NpoayKTU U MeToam

CraTucTnuecku /
copTyep EmnupuyeH
(RISC, 2018)
- codTyepeH Baitecos /
naket CraTnucTnyeckun
baitecos /
copTyep XuapasavyeH
(Le Coz et al., 2014)
- MHoz2omodeneH /
memod
Cmamucmu4ecku
cogppmyepeH EmnupuveH /
nakem Cmamucmuyecku
- =
AHanumu4eH
memod
(xudpasnuyHo
060cHO8aH)
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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
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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 /
software Empirical
(RISC, 2018)
software Bayesian /
package Statistical
Bayesian /
Hydraulically
software based
(Le Coz et al.,
2014)
Multi-model /
software Empirical /
package Statistical
Graphical /
analytical
petied (hydraulically
based)
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MHPOpMaLMA M NPOAYKTU 3a BaNeXK, pa3paboTeHn B pamKute Ha npoeKkta HSAF
I KowwnHyaHos", C. CToAaHOBa
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BbvBepgeHue
OcHOBEH M3TOYHUK Ha WHPOpMaUMsA 3a BaneKHUTE
KONMYecTBa ca AaHHUTE OT METEOPOIOTUYHUTE CTaHLUMN.
He BWHarM rbctotatTa Ha  MeTeopOoJiIorM4YyHaTa
HabnogaTenHa mpe)ka no3BoasBa Ja Ce  MoJyyu
HeobxoaumaTa MHPoOpPMauMA 3a Basexka, ocobeHo B
NAQHUHCKUTE M TPYAHOAOCTbMHM PaliOHN.
OUCTaHUMOHHUTE  MeToAM Cca  CbBpPemMeHHaTa
aNTepHaTMBa Ha KOHBEHUMOHA/IHUTE METeopPOSOrnYHMU
M3MepBaHUA — C MOMOLLTa Ha pagapu U catenuTtn e
Bb3MOXHO [a Ce OCUIypu no-AeTaliHa OueHKa 3a
KONMYECTBEHOTO W NPOCTPAHCTBEHOTO pasnpeaesneHue
Ha Basiexa.

MeToponorus

B HacTOoAWOTO M3cneaBaHe ca  NpeacTaBeHM
pe3ynTaTute OT U3NO0/A3BAaHETO HA CaTe/IMTHU MPOAYKTU
33 BaJIeX 3a OLEHKa Ha MPeMMHaANN BUCOKU Bb/IHU BbB
BogocbopuTe Ha p. BUT 1 p. Bbpbuua. Tesn caTeNiTHU
NPOAYKTM ca pa3paboTeHn B paMKWUTE Ha MpPOeKTa
,IpUnoXeHne Ha caTeIMTHM NPOAYKTU 33 LeauTe Ha
onepaTMBHaTa XMAPOAOrMA U YNPaBNEHUETO Ha BOgMUTE "
(Puca et. al., 2014) Ha EBponelickata opraHv3sauma 3a
ekcnsiioatauuna Ha MEeTEOPO/IOTUYHMU CMbTHULM
(EUMETSAT).

3a n3cnenBaHe Ha BMCOKMTE BbJHWM BbB BOoZOCHOpaA
Ha p. BuT B neproga 2—-26 main 2024 r. e usnonssaH
npoaykTwT H61. 33 n3cneaBaHe Ha BUCOKUTE BbJIHM BbB
Bogocbopa Ha p. Bbpbuua B nepmoaa 6-26 aekemepu
2024 r. e M3non3BaH NPOAYKTHLT H42.

MeTogonorvata Ha npeacTaBeHOTO WM3cnefBaHe
BK/IIOYBA KanMbpupaHe Ha XWAPONONKKUTE MOAENU C
HasemMHa WHbOPMaUMA — PEernucTpupaHn BaNeXHU
KONM4ecTBa M TemnepaTypa Ha Bb3gyxa. Cneasa
3aMeCTBAHETO Ha 4acT OT BXOAHWTE AaHHW 3a Bajex C
OAHHWUTE 3a Ba/JieXK CbOTBETHO OT NpoayKTmuTe H61 n H42
33 nepuoj OT HAKONKO AHW Npegu MbpBaTa BUCOKa
Bb/iHA. HampaBeH e aHanuM3 Ha pesyntatute oOT
CUMyNaLMuTe CbC CaTENUTHA MHOOPMALMA U C HA3EMHHU
OaHHW.

Pe3syntatu n guckycua

Ha ¢urypm 1 n 2 ca npeacraBeHn pesyntatute oOT
MaTeMaTUYeCcKUTe CMMyNaLMK CbOTBETHO 3a BoAocbopa
Ha p. But go XMC KpywoBuua u 3a Bogocbopa Ha
p. Bbpbuua go XMC cn. Oxeben. Ha rpadukute ca
obo3HaueHn HabnogaBaHUTe BOAHW KOAMYecTBa
(3eneHo), cumynupaHuTe BOAHM  Ko/AMYecTBa C
,Ha3eMHKN" Banexun (4epBeHO) U CUMYyAUpPAHUTE BOAHM

KONn4yectsa C AaHHM CbOTBETHO OT npoayktute H61 un
H42 (cuHbO).

HabnofasaHo M CHMY/MPaHO BOAHO KONWMYECTBO (C U3MEPEHH BaNeku n
H61) 3a peka But npu XMC Kpywosuua

Q, [m¥/s]

Aan
durypa 1. CumynnpaHu n HabagaBaHM BOGHWN KOAMYECTBA
npu XMC Kpywosuua.

HaB/i0aBaHO M CHMY/IMPAHO BORHO KOMMHECTEO (C MSMEPEHM Banemm n
H42) sa pexa Bup6uua npu XMC cn. [pkeGen

o4
®urypa 2. CUMyAnpPaHU M HabAOAABaHU BOAHW KONMYeECTBa
npu XMC cn. xeben.

lpadMyHOTO NpencTaBAHE Ha pe3ynTaTUTe MOKasBga,
Ye 33 BOZOCHOpaA Ha p. BUT cumynaumuTe cbC caTeNUTHUA
NPOAYKT 3aBULIABAT BOAHOTO KO/IMYECTBO Npu ABe OT
TpUTe BWUCOKW BbAHM. 3a Bogocbopa Ha p. Bbpbuua
pes3ynTaTtuTe oT cumynaummuTe ¢ npoaykta H42 nokassar
3aHUKEHME HA MoAeNNPaHNTE BOAHM KONMYECTBa M Npu
[BeTe BUCOKU BbJIHU.

CatennTHUTE NPOAYKTU 3a BasexX, paspaboteHu B
pamkuTe Ha npoekta HSAF, ca nogxogAwm ga 6bpat
M3NON3BaHM B CbY€TaHME C JAaHHM OT peasHu
nsmepsaHua. CamocToATENIHOTO  M3MNOA3BaHe  Ha
caTe/IMTHUTE NPOAYKTU NOKa3Ba MOHAKOra CbLLECTBEHU
Pa3IMKNU MeXay CUMMYIMPAHOTO BOAHO KOJIMYECTBO U
n3MepeHoTo TakoBa. Cpes, OCHOBHWUTE MPUYMHK 33 TOBA
ca pas3nyHuTE coPTyepHU AMMUTUPALLM YCIOBMA Ha
AaTynumTe Ha caTenutute, PU3NYECKUTe orpaHUYeHUsn
npyv KainbpupaHeTo Ha NpPOAYKTUTE, OCHOBHO B
pernoHaneH 1 NOKaneH acnekr.
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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 discussion

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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BbvBepgeHue

MNaHUHCKMTE TepuTOopMM AaBaT HayanoTo Ha peaumua
Nno-ma/ikKu U no-rosieMun peku. PenedsbT 1 HagmopckaTa
BMCOYMHA B Te3n ycaoBua 06YcNaBaT Mo-ronsamo
OBJ/Ia’KHEHME MNOpaaW YBE/IMYABAHE Ha BaneXuTe WU
HamanABaHe Ha TemnepatypuTe (HamansaBaHe Ha
u3napeHneto). BaxHa posnAa B npoueca  Ha
npeobpasyBaHe Ha BaneXute B OTTOK  Mmar
CHEroBa/fie}Kute, CHEroHaTPynBaHeTO U CHeroToneHeTo,
KaKTO M CKa/HO-Mo4YyBeHaTa OCHOBA W pacTUTesHaTa
NoKpuBKa. [lo-ronsimoTo  OBNa*KHEHWe BoAgM A0
yB€/MYaBaHe Ha MOZy/la Ha OTTOKa M OTTo4YHaTa
BMCOYMHA B NJAHUMHCKUTE BOAOCOOPHM DaceilHu. Tosa
BoAN A0 dopmMMpaHe Ha 3HAUMMKU BOAHM pecypcu B
NAaHUHCKUTE M BUCOKOM/IAHWUHCKUTE PalioOHU, KOWUTO
moraT A4a ce M3MoA3BaT B MKOHOMMYecKaTa geiHocTt. OT
TYK uABa M HeobxoauMmMocTTa 3a uM3c/iedBaHe MU
mozennpaHe Ha GOPMMUPAHETO U ABUKEHWETO HA OTTOKA
B T€3W YC/I0BUSA. B HAacTOAWOTO M3cNeaBaHE € NPUIOKEH
mogen oT ™na ,CBbp3aH NOBbPXHOCTEH—
noAnoBbPXHOCTEH MOTOK” 3a M3YMCNABAHE HA PeYHUA
OTTOK  OT  BMCOKOMMAHMHCKUA Bogocbop Ha
p. MycaneHcka buctpuua npu XMC net. boposeu,

MeToponorus

XVMAPONOKKMAT MOLEN BKAOYBA OMNUCAHWE Ha
NMOBBPXHOCTHUA MOTOK 4Ype3 mogena Ha AudysMoHHa
Bb/IHa (Ha HyneBa MHepuwmAa; ¢ dopmynaTa 3a CKOpOCTTa
Ha Manning) n onncaHve Ha NOANOBBLPXHOCTHUA MOTOK
uype3 mogena Ha Boussinesq (cbc 3akoHa Ha Darcy u
AonyckaHnuaTa Ha Dupuit-Forchheimer) (. Hanp. Kwak
and Kim, 2021). MNopagn nAaHWHCKWUTE ycnoBMA ABaTa
NMOTOKa Ca CBbP3aHW C MONOXKUTENHA XWAPABANYHA
BPb3Ka. 3a UMCNEHOTO pellaBaHe € M3Moa3BaH
CcTabunnsmpaH metos Ha KpaHute enemeHTtn (Chai and
Ouyang, 2020). M3non3BaHM ca AaHHW 33 BanexXuTte 1
TemnepaTypaTa 3a onpeaensHe Ha Npuxoaa (Banexute
OT AbXA W cHerotoneHeTto). Mopaau orpaHuMYeHuTe
HaZIMYHU JAaHHU U MHbOPMALLMA NOAENAHETO Ha NPUXoAa
MeXay MOBBbPXHOCTHUA MOTOK WM MOAMOBBLPXHOCTHUA
NMOTOK € M3BBPLUEHO YPEe3 METOLA HA YMCNOTO Ha KpMBaTa
(curve number method).

Pe3yntatu u ussogm

Ha ¢urypa 1 ca nokasaHu npeagapuTenHu pesyntatm
33 OTTOKAa OT YMCNEHW eKcnepumeHTu. M3nonssaHo e
UMCNO Ha KpMBaTa CbC CTOMHOCT 0T 90, a 3a KoeduumeHTa
Ha ¢puAnTpauma e n3nonssaHa croiiHoct ot 0.001 m/s.
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durypa 1. PesynTtatv 3a peuHua OTTOK npes:
2007/2008 xuaponoxkKa roguHa (rope),
2008/2009 xnaponoskKa roguHa (gony).

MNpeacraBeHUTe pe3yaTaTM NOKA3BaT Bb3MOXHOCT 33
M3non3saHe Ha pasnpeaeneHn XMApoNoXKKU Moaenm,
OCHOBaHWU Ha HeperynapHum TPpUbroiHK U3YUCAUTENHU
MpeXH, 3a BUCOKON/TAaHUHCKHA BO,D,OC60pM.

B ycnoBuATa Ha HeperynapHuU U3UYUCANTENIHU MPEXU
YNCNEHOTO peLlleHne MmoXe fa 6'b,ﬂ,e no,qo6peHo ypes

npunaraHeTo WM Ha  APYrM  UYUCNEHU  MEeToAaM

(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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BbBeaeHue

HabnogasaHOTO noBMILABaHe Ha TemnepaTypute w
3acMneHaTa Ce30HHa WM3MEHUYMBOCT Ha BanexuTe B
fOronstoyHa bBbarapusa OKasBaT MpAKO Bb3gelicTeue
BbPXY PEYHMA OTTOK, 0COBEHO B MasIKUTe YEPHOMOPCKM
BOOOCOOPM C Obp3a peakuus KbM KAMMATUYHUTE
KonebaHua. Llenta e ga ce oOuUEHU ponATa Ha Tesu
dakTopn 3a HeroBaTa Ce30HHA M MEXAYroAuLHa
AMHamMKa. PeyHata mpexka B bypracka obnact e
M3rpafieHa npeguMMHO OT KbCUM PEKM C MNAaHMHCKO-
YepHOMOPCKM  pexkum. OcHoBHMTEe Bogocbopu u
Pasno/IOKEHUETO Ha XWAPOMETPUYHMUTE CTaHUMM no
p. Altocka (KameHo), p. Cpegeuka (Mpoxoa),
p. ®akuiicka (3uaaposo) n p. Ponotamo (Becenue) ca
npeacraBeHun Ha durypa 1.

MeTtoaonorua

M3nonsBaHM ca MeCceYyHW [JaHHU 33 BaANIEXKM,
TemnepaTypa Ha Bb3gyXa M BOAHM KOAMYecTBa 3a
nepuoaa 1998-2024 r., nybaukyBaHu B MeceueH
xuapomereoponorndeH 6tnetmH Ha HauuoHanHuA
MHCTUTYT No meTeoposaorus u xugponorusa (HUMX).
CesoHHaTa  AMHAaMWMKa e  MNpeacTaBeHa  upes
KAMMaTorpama Ha 6a3a cpeiHOMECeYHN CTOMHOCTY.

FfoaAnWHNTE peanum Ha BanexuTe, TemnepaTypurte u
BOAHUTE KOJ/IMYECTBA Ca aHa/NM3MPaHM upe3 AnHeKrHa
TEHAEHUMA W MEeTTOAMWHO NAb3rallo CpegHo € uen
onpeaenaHe Ha NOCOKaTa Ha USMEHEHUATA BbB BPEMETO
(Yordanova et al., 2023).

Bpb3KaTa mexay BanexkuTe U OTTOKA € OLEHEHA Ypes
CpaBHWTENIeH aHanu3 Mo u3bpaHu CTaHUMKM, KaTo
JaHHUTE ca pasriedaHn M B [ABa noanepvosa
(2003-2012 um 2013-2024 r.) B KOHTEKCTa Ha
ynpaB/eHneTo Ha peyHuTe baceliHm (MOCB, 2022).

Pe3yntatu u nssogm

PesyntatuTe noKasBaT OTYETIMBA TEHAEHUMA KbM
3aTonnsAHe B paioHa Ha byprac (~2 °C 3a nepnoga 1998—
2024 r.), npy IMNCa Ha ACHO U3Pa3eH Ab/IrOCPOYEH TPEHA,
BbB BajeXuTe. BbMNpeku OTHOCUTENHO CTabunHute
BaJIeXKHW  KO/MMYECTBa, CPEAHOTOAMILHUTE  BOAHM
KONMYEeCTBa B M3C/eABaHWUTE PEKUM HamanasaT, Hal-
cunHo npu p. AliTocka (KameHo), KbAeTo e ycTaHoBeHa
ycTolumMBa  HM3Xo4AWwa TeHAeHuusa. [oBuWweHUTe
TemMnepaTypu M 3aCUNEHOTO W3NapeHue BOAAT A0
yAb/XKaBaHe Ha JIeTHUTE MUHUMYMM U 3a4ecTABaHe Ha
nepuogute Ha Manosogue. [lonyyeHuTe pesynTaTm
NoTBbPMKAABAT HapacTBaliaTa YA3BMMOCT Ha MajKuTe
YepPHOMOPCKM BOAOCHOPU KbM KAMMATUYHUTE MPOMEHM.

JNerenpa:

© Tlpapose
@ XMC-Ta
— Pexu

0 75

15 km

GEERD

®urypa 1. MpocTpaHCTBEHO Pa3no/oXKeHWe Ha U3caeaBaHUTe
BOA0CH0PU U XMAPOMETPUUHUTE CTaHLMM B Bypracka obnacT.

HabnogaBaHuTe M3mMeHeHMA coyaT oTc/labBaHe Ha
Bpb3KaTa MeXAY BaNeXWUTe W PeyHUs OTTOK, KOeTo
npeanosiara HapacTBalla pPoss Ha WM3MapeHMETO BbB
dopmUupaHeTO Ha BoAHMA 6afaHC MU HamansBaHe Ha
XMAPOJIOrMYHaTa YCTOMUYMBOCT Ha Masikute Bogocbopu.
ToBa orpaHuM4yaBa CNOCOBHOCTTa MM A3 KOMMeHcupaT
KPaTKOTPaliHM  BafieXXHW geduumtm U npegnosara
YOb/KaBaHEe Ha nepuoamuTe Ha MasoBOAME U NO-YECTO
npecbxBaHe Ha OTTOKa.

Hay4yHMAT npuHOC Ha M3cnenBaHeTo ce M3pasnBa B
KO/IMYEeCTBEHATa OLEHKA Ha KAMMaTO-XUAPOJIOXKKUTE
B3aMMOJENCTBMA B Ma/JlIKM YEepPHOMOPCKKU Bogocbopu ¢
orpaHuWyeHa xugpomeTpuyHa obesneyeHOCT M B
YCTAHOBABAHETO Ha CbBPEMEHHW TEHOEHUMU KbM
HamanABaHe Ha OTTOKa B YC/OBMSA Ha YCTOMYMBO
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.

A

Nerenpa:

© Tlpapose
@ XMCa
— Pexun

0 75 15km
[ —]

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 XuAponoXKa rnegHa Toyka 2025 roamHa 3a
Bbarapua ce  xapakTtepusmpa  Kato  cyxa, C
HEPAaBHOMEPHO pasnpefeneHMe Ha BaNexute w
NPOAB/IKUTEIHN NEPUOAM HA 3acCyllaBaHe B PA3/INYHU
palioHM OT CTpaHaTa. BbhnpeKku ToBa npe3 rogMHaTa ca
perucTpupaHu peguua HaABOAHEHMA C  pasinyeH
XapakTep, NPUYNHUAN 3HAYMUTENHN MATEPUANHU LLETU U
3aryba Ha KMBOT.

MeTtoponorus

M3BbplueH e npernes v aHanu3 Ha perucTpupaHuTe
HaBogHeHMA B bbarapua npes 2025 roawuHa.
EKCTpemHUTEe CcbbUTMA ca KaacubuumpaHu no Tun
(AbXKAOBHM, MOPOMHWU, PEYHM) U Ca MPUAPYKEHU OT
aTpubyTHa MHPOpMauMA 32 MEeCTOMNOJIOXKEHME, Bpeme
Ha HacTbMBaHe, pPasBUMTME HA  XMOPONOTUYHATA
obcraHoBKa. MHbopmaumsaTa ce 3anucea B TMC Hasa
AaHHW. HanpaBeH e aHa/n3 Ha OCHOBHWUTE daKTopw,
[0Benn A0 Bb3HMKBAHETO Ha Pas/IMYHUTE HABOAHEHUA.
OcHoBHAaTa WMHPOpMaLMA M [aHHWUTE, U3MO/A3BaHM 3a
npocsieanaBaHe Ha eKCTPeMHUTE CbOUTMA BbB BPEMETO U
NPOCTPAHCTBOTO, Ca OT apxuBa Ha HaBOAHEHWSA,
Cb3gageH M noaabpyKaH B HauMoHanHMA MHCTUTYT Mo
MeTeoposiorua u xmaposorma ot 2016 r. (Balabanova et
al., 2019).

Pesyntatu n ussogm

Mpe3 2025 roamHa ca pernctpmpanm 31 HaBogHeHUA
Ha TepuTopuAaTa Ha cTpaHata (éur. 1). Te «ca
KnacuduumMpaHn no Tin, Kato 4 oT TAX ca AbXKAO0BHMU,
24 — NopoliHK, 1 3 ca pe4yHN HaBOAHEHMUA.

HasoaHeHus npe3 2025 r.

durypa 1. MecTononoxeHve n TMN Ha HaBOAHEHNATa
npes 2025 roauHa.

B Kpasa Ha anpun (26.IV) n B HayanoTo Ha mait (6.V)
B pe3ynTaT Ha MHTEH3MBHM BaJieXXM Ca HaBOAHEHU
ABOpPOBe, MPU3EMHM €TaXM W MmaseTa, 3anetTu ca
3emefencku 3emu, nma pa3spyLleHa NbTHa
MHPpPacTPYKTypa B rp. Bbaueapsbm n cenata Mokpeu,
XanpeauH, NlexyeBo, Kobunsk. B Kpas Ha mait (26.V) B
pe3ynTaT Ha obuneH Banex p. BUT U3nnsa ot KOpPUTOTO
cu npu rp. TeteseH. lMpe3 nepuoga 3—10.X B pesyntaT
Ha OBWMHU W MHTEH3MBHWU BasieXXM MMa PErnCTPUPaHU
peavua MOpoOMHM HABOOHEHMA B lOXKHaTa 4acT Ha
YepHomopueTo. 3acerHatM ca MHOFO OT HaceneHute
MecTa, WHQPACTPYKTYpa, TypuUCTUYECKM obeKTn B
obwuHuTe Hecebbp, byprac n Lapeso. Hait-ronemu ca
lwetute B pakioHa Ha B.c. ,EneHute”, Kato
HAaBOAHEHUATA TamM A0BEXAAT U [0 3arybaTta Ha YeTupm
YyoBelWKK xueota. Mpe3 nepuogute 21-22 n 27-28.XI,
OTHOBO B pe3yATaT HAa OOWAHU U UHTEH3UBHU BaNEXM,
peavua MNoporHUM HaBOAHEHWA Ca PEernucTtpupaHn B
06wmHUTe CaHaaHcKM 1 MeTpuy. Mpwu rp. XagKManmoBo
p. Mecta 13nM3a OT KOPUTOTO CU, @ HAaBOAHEHWETO B
ceno MwutuHo, obwuHa [MeTpuy, e B pesyntat oT
HEeW3nNpaBHOCT Ha XMAPOTEXHMYECKO CbopbXKeHue. MNpe3
HowTa Ha 27 cpewy 28Xl p. Apaa 3aanmBa MOCT npu
c. KutHuua. Ha 6.XIl B pe3yntat Ha 0OWIHM Banexu,
OTHOBO B HO¥HATa YacT Ha YepHomopueTo, p. Dakuiicka
M p. M3BOpcKa 3HaAYMTENHO MOBMLWIABAT HMBATa CU U
M3/13aT OT KopuTaTa cu. Ha 25.XIl B pe3ynTaT Ha 0buaeH
W MHTEH3UBEH BaneX p. Tenkn gepe 6bP30 MNokauysa
HMBOTO CU, KOETO BOAM A0 KOMMPOMeTMpaHe Ha aurarta
npu c. lenemeHoBO.

CuctemaTtnsmnpaHaTta nHbopmaLma 3a HaBOAHEHMATA
B bbarapuAa 3a nepuoga ot 2016 r. g0 HacToAwwmA
MOMEHT TMOKa3Ba, 4e npeobnagasBal, Aan uMmat
ObXA0BHUTE n nopoiHuTe HaBOAHEHMA.
HabntogaBaHuTe cbbUTUA NOTBBPKAABAT TEHAEHUMATA
KbM 3a4ecTABaHe Ha eKCTPEMHUTE ABJIEHMA, CBbP3aHN C
M3MEHEHMETO Ha KAuMmaTa. CUCTEMHOTO CbbupaHe WM
aHaNM3 Ha [AaHHU U UHPOPMALMA 3@ CAYy4YMAn ce
HaBOOHEHUA Ha TepuTOopuATAa Ha CTpaHaTa e oT
CbLLIECTBEHO 3HayeHMe 33 uaeHTUPUUMpaHe Ha
dakTOpKTE, BOAELWMN A0 BHb3HWKBAHETO Ha EKCTPEMHMU
cbbuTMA B Bbbarapua, 3a onpegensHe Ha MepkuTe 3a
aflanTMpaHe Kbm B6bAELL0TO USMEHEHME HA KAUMATA.
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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 eventsin
time and space was obtained from the flood archive
established and maintained at the National Institute of
Meteorology and Hydrology since 2016 (Balabanova
etal., 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.

Legend

pluvial flood
® flash flood
® fuvial flood

® infrastractural flood
[ Border Buigaria
Border basin directorate

Figure 1. Location and type of floods in 2025.

At the end of April (26.IV) 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 lzvorska 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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AHaNNTUUYHO onpeaenaHe Ha d)VInTpaLI,MOHHMH NOTOK Npe3 3eMHOHaCcunHa gura n

OLLeHKa Ha pUcKa ot cydposusa
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BbvBegeHue

duntpaumsaTa npeacTaBanABa ABUKEHMETO HA BoAaTa B
nopbo3Ha cpena. Bopata ce cbabpka B noysata B
Pas/IMYHU CbCTOAHUA — MOJIEKYNAPHA, XUTPOCKOMMUYHA,
KanuaapHa M rpaBuUTaLMOHHa, Kato npu ¢untpaumaATa
y4yacTBaT rNaBHO KanuaapHaTa M rpaBMTaLMOHHATa, Tbit
KaTo Te MOra Aa ce ABMXKAT B No4yBaTa. [ABUKEHMETO Ha
BOZaTa Npu GUATPALMATA Ce OCLLLECTBABA NPe3 NopuTe,
yMeTo  pPasnoJsioKeHMe UMMa  C/ly4aeH  XapakTep.
CydosuaTta npeacTaBasaBa NPOLEC Ha BbTPELLHA epo3us,
npw KOMTO Nofa, AencTBUETO Ha GUATPALMOHHNA NOTOK ce
M3HacAT GUMHM YacTULM OT NMOYBEHUA CKeNeT U BOAWN A0
paspyLleHne Ha noYBeHUA macue. OLEeHKaTa Ha pUCKa OT
cydosMa e  KAo4yoBa 33 XMOPOTEXHUYECKUTe
CbOpbXKEHMA, Tbi KaTo ToBa 6OM ponpuHecno 3a
6e3onacHaTa eKcnaoaTtaums.

MeTtoponorusa

B HacToAwoTo u3cnesBaHe e u3bpaHa paboTHa
XunoTesa, NpU KoATo ce onpeaensa GUATPALMOHHUAT
NOTOK Npes TANOTO Ha e4HOPOAHA 3eMHOHaCKMNHa Aura,
pa3nonoMKeHa BbPXy BOAOMNPOMYCKAMBA OCHOBA, MpM
NOCTOAHHO BOAHO HMBO OTKbM BOZHMA OTKOC.

HanpaBeHa e oueHKa Ha pucKa OT cydosusa, KaTto ce
usnonssa KoepuumeHTsvT Fs (factor of safety).
KoedunumeHTbT ce onpeaens OT OTHOLIEHMETO MeXAay
MaKCUMANHUA (imax) U KPUTMYHUA (ixp) XMApPaBANYEH
rpaaveHT (Terzaghi et al., 1996). Mpw cToMHOCTK Ha Fsno-
ronemu ot 1,5 ce npvema, 4e HAMa PUCK OT Bb3HWKBaHe
Ha cydosums (U.S. Army Corps of Engineers, 1993).

MpeactaBeHa e 3MMHa (HenpenuBaema) gura ¢
TpaneuoBngHo ceyeHune (¢ur. 1). PasrnexpgaHaTa
ObnboYMHA OT CTpaHaTa Ha BOAHMA OTKOC e 2,2 m.

o
o

v
Bodwo wubo 3 _ _ _ _ _ e

S AL JEqu_L-N_._“_a]

Bodouenponyckaub Anacm

durypa 1. Cxema Ha 3UMHa aura.

3a onpegenAaHeto Ha OUATPAUMOHHUA NOTOK e
M3N0/3BaH OMPOCTEHUAT MeToa Ha akag. H. H.
MNasnosckn (Pages, 1981). CroliHOCTTa Ha Mb/JHMA
dunTpauMoHeH NOTOK (g) ce onpenens Kato cyma oT
BOAHOTO KO/IMYECTBO, KOETO NpeMnHaBa npes TAN0TO Ha
AWraTa — gi, U BOAHOTO KOAMYEeCTBO, MPeMMHABaLL0 Nog,
HeWHaTa OCHOBa — @z2. M3uncneHuATa 3a g:1 M G2 ca
HanpaseHu no dopmynu (1) u (2).

Pe3syntatv u ussogm

Pesyntatute OT WM3UYUCNEHUATA Ca NpeacTaBeHM
TabM4HO M e U3BedeHa 3aBUCMMOCT  MeXay
GUATPUPANOTO BOAHO KOIMYECTBO U BOAHWA CTOEX Npes,
aurata (Tabn. 1).

Tabnuua 1. 3aBUCMMOCT MeXay OWATPUPanNo BOAHO
KO/IMYECTBO M BOAEH CTOEX
1 2] 3| 4 5 6 7
H, m 2.2 1.8] 1.4 1 0.6 0.2] (0]
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
[P m¥d/m' 1.39] 1.14 0.89 0.63 0.38] 0.13] 0.00
qzmald/ m' 1.67 1.33 1.00 0.69 0.40| 0.13] 0.00

M3roteeHa e 1 Tabaunua ¢ KoopanMHaTH, He0BX04MMM
32 M3YyepTaBaHETO Ha  AOeNpecMoHHaTa  KpUBa,
npeactaBeHa Ha ¢urypa 1 (tabn. 2), KoATO NOKasBa Kak
GUNTPALMOHHUAT NOTOK NPEMUHaBa Npes aurara.

Tabnuua 2. KoopauHaTtv 3a M3yepTaBaHe Ha AenpecuoHHaTa
KpuBa

1 2 3 4 5 6 7
X, m 0 4 8 12 16 18 18.84
y,m 2.2 1.96 1.68 1.34 0.89 0.53 0.25

g1=0,28 m3/d/m'

2 2

= 3 ' o
g2=1,39 m3/d/m g =k, _H ,midm (1)
q=1,67 m¥/d/m' 2(L—myh,)
imax =0,125 H !

: =kI'—, m3dm" (2
ivp = 0,937 L= g, (2)

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

MNonyyeHunte pesyntath Ha Fs > 1,5 nokassaT, 4e npu
nscnenBaHaTa Xunotesa HAMa PUCK OT Bb3HMKBaHE Ha
cydosus.

MpocnenaBaHeTO M ougHKaTa Ha npoueca cydosua
npeacTaB/iABa CbLLECTBEH €/1eMeHT OT WHXKeHepHuA
KOHTPON BbBPXY EKCMNoaTaluMOHHATa HaAeKAHOCT Ha
XUOPOTEXHUYECKUTE CbOPDBKEHUA. YCTaHOBABAHETO Ha
BbTPELHOEPO3NOHHUTE NpoLecH Haspeme noanomara
6esaBapuitHaTa MM paboTa M HamansaBa pUCKa oOT
CKbCBaHE Ha AMrata M HenjaHUpaHo 3a/avMBaHe Ha
npuaexalmTe naoLu.
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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'

2= 1,39 m*/d/m'’ H*—h}

' =k, —1~ midim’
a=L67mejaim 4 =Kag e ()
imax = 0,125 H
icr=o,937 4, =kT —, m3/d/m’ (2)

Sn

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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BbvBepgeHue

Knumatnunute ycnosua Ha bBbarapus  obycnasart
dbopmumpaHeTo Ha neposu obpasyBaHUA B pekuTe npes
3MMHUTE MeceuM. 3anegABaHETO Ha peKuTe 3ano4ysa C
nosBaTa Ha TbHbK Jied Kpal bperoseTe U B yyacTbLuTe
CbC CPAaBHUTENIHO MaJIKM CKOPOCTM Ha BoaaTa (Alfredsen,
2017). dopmupaHeTo Ha nenoBu obpasyBaHMA BOAU 40
NPOMAHa B XWMAPABAMYHUTE  XapaKTEPUCTUKM Ha
TEYEHWETO, HApyLLABa Ce 3aBUCMMOCTTa MeXAY BOAHOTO
HMBO W BOAHOTO KOJIMMECTBO W Ce YBesM4yaBa
HeonpeAeneHoCcTTa Ha MU3MepBaHe.

MeTtogonorus

B HacToALWOTO n3cnenBaHe e pasrnefaH peXXMmMbT Ha
p. Uckbp npu c. bean Uckbp (XMC 18650) B 3MmHUTE
meceun npes nocnegHute 5 roanHu. B pasrnexgaHua
nepuoga npes meceuuTe aHyapu u Gespyapu peryasapHo
ce Habn4aBaT 1e0BM ABNEHUA OT PA3/IMYEH XapaKTep
No OCHOBHOTO TeyeHWe Ha pekaTa — bperosu nep,
nejeHa Kawa u nefeHa NnoKpuBKa.

3a pga ce npocnean NpomaHaTa Ha peXkMma Ha peyHus
OTTOK B MepuoauTe C Hanune Ha 1e0BM 0bpasyBaHus,
€ M3Mno/13BaHa OnepaTMBHa XMAPOJOrMYHA MHPOPMaLUA
oT u3mepBaHuATa B 08:00 yaca, KakKTo M AaHHU OT
aBTOMaTU4yHaTa cTaHuma Ha XMC 18650. T[lo
MHPOpMaLMA OT U3MepBaHUATa e usrotseHa obobuieHa
MHOOpPMaLMA 33 HA/NMYMETO Ha /1Ief0OBU ABNEHUA B
palioHa Ha cTaHuumATa (Taba. 1).

Tabnuua 1. Mepuoau c negosu asneHma npu XMC 18650

Nepvoan I I m | x| ©6w6pO
AHU
2021 - 15-18 | - - a4
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 | 1228 12 - 40

Pesynrtatu n nssogm

Ha ¢urypn 1 n 2 e npepcraBeHa MHPoOpmauua oT
aBTOMATUYHATA XMOPOMETPUYHA CTaHUMA Ha p. UCKbp
npu c. benn Nckbp 3a NI3SMeHeHMETO Ha BOAHUTE CTOEXKM
M BOAHMUTE KonAuyecTBa 3a wm3bpaHuM nepuoau c
perncTpupaHn n1efoBU ABNEHUA.

BO/ieH CTORM W KOAYECTEO - CTaHUMA Ne 18650 Mckup-c. Benu Hekbp

Boawo

Bara
®urypa 1. JaHHK OT aBTOMaTMYHaTa CTaHLMA Ha p. UCKbp
npwu c. bean Uckbp 3a nepuoaa 10.02.-26.02.2023 r.

BofeH CTOEN M KOAWYECTBO - CTaHuMA Ne 18650 Mckbp-c. Bean Uckep

Dara

®urypa 2. JaHHW OT aBTOMaTMYHaTa CTaHLMA Ha p. UcKkbp
npu c. bean Nckbp 3a nepnoga 09.02.-20.02.2025 .

OT Taka npeacTaBeHuTe rpaduKkmn He e Bb3MOXKHO Aa
ce onpegeny fanu e HapylleHa ecTecTBeHaTa AUHaAMUKA
Ha peyHus OTTOK. EgHa OT MpuuMHUTE e, ye AaTYMKBLT
peructpupa BOAHOTO HMBO Ha pekaTa,
a BOAHOTO KO/MYECTBO ce Mpuema OT NpeasapuTesHO
3agafeHa  Kawo4yoBa KpuBa. Ho B cayyanTe Ha
HabntogaBaHW  NedoBU  ABNEHMA  Ce  MPOMEHAT
XUAPABANYHUTE XapaKTEPUCTUKM Ha PEYHOTO TeyeHue:
KOJIKOTO MO-MPOABL/KUTENIEH € NEePUOABLT C HanuMe Ha
neposu  06pasyBaHMA,  TOJKOBA  MO-CUTYPHO e
CTECHABAHETO Ha CEYEHMETO Ha peKaTa, CbOTBETHO ce
yBe/snYaBa XmMapasandYHOTO CbNPOTMUBAEHME N HAMaIABa
CKOPOCTTa Ha TeYeHmeTo.

MpocnesnnaBaHeTo W aHanAW3bT Ha AaHHUTE OT
XWOPOMETPUYHUTE U3MEPBAHUA B YCII0BUATA HA NeL0BM
ABNEHUA ca HeobXxogMMO ycNoBMe 3a onpegensHe Ha
BEPOATHOCTTa OT MOAMNPMLLBAHE Ha PEYHOTO TeuyeHue.
OcBeH BbpXy PEYHUA PEXUM Nef0BUTE ABEHNA OKa3BaT
CbLIECTBEHO Bb3AENCTBME M BbPXY EKOJOMMYHOTO
CbCTOSIHME Ha PeKWTe, KaTo orpaHuyasaT rasoobmeHa,
HamanagaT KMC/NOPOAHMA PEeXMM W  NpenaTcreaT
MWUrpaumaTa Ha pubute.
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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] Xl number
of days
2021 - 15-18| - - 4
1-12
15-22 14 | 12
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 79 o8| 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 »

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 roauHM OT NbpBaTa
rpakgaHcka nporHosa u 20 rogmMHu OT NbpBaTa Ce30HHA
nporHosa 8 HUMX. UcTopuyeckn nporHo3arta 3a BpemeTo
€ Bb3HMKHaNa olWe OT APeBHOCTTa, HO MNbpBUTE
Nno-macosu, 3abenemmm n 6a13KN A0 CbBPEeMeHHUTe
NpPeAcTaBM  HAyYHW CTaTuW, TpeTupawuM Hanpumep
cpeaHOCPOYHa NPOrHo3a 3a BpemeTo, Aatupar ot 50-te
rogMHu Ha MMHanus BekK (Baur, 1951).

HayuyHuTe pa3paboTku BoAAT onepaTuBHaTa paboTa B
METEOPOSIOTUYHUTE CAYKOM MO NbTA Ha MpuaaraHe u
npeactaBaHe Ha MNOCTMXKEHMATAa Ha reodusMyHaTa
XMAPOAMHAMMKA HA pas3bupaem 3a 06LWLECTBOTO €3UK U
OO [Hec, KoraTo TexHOo/lorMuMTe B/AM3aT B MacoBa
ynoTpeba 1 ca Ha eAHa pbKa pasCcTosHUe.

B HUMX opraHM3anpaHo M cUCTEMATUYHO M3gaBaHe
Ha MPOrHo3a 3a BPemeTo Ce MOCTaBA B HaA4yasnoTo Ha
M. man 1956 r., Korato eKun OT Yy4eHW U eKcnepTu
npunarat HaTpynaHua ONMWT W W3[aBaT MbpBaTa
rpaxkaaHcka nporHosa (AHgpees, 2008).

MeTtopgonorusa

B 3aBMCMMOCT OT CpOKa, 3@ KOMTO ce MpOrHo3upa,
METEOPO/IOTUYHMTE NPOrHo3n 3a Bpemeto B8 HUMX ce
DEeNnAT Ha 4 OCHOBHM TUNA: KPATKOCPOYHU — po 24-48
yaca, CpegHoOCPOYHM — 33 7 AHU, meceuHu (30 gHu) m
ce30HHM (3 meceua). Bcsaka egHa OT TAX ce U3roTBA Npwm
cnefBaHe Ha KOHKPETHM CTbMKM, MPeMMHaBallM npes
aHaNM3 Ha CbCTOAHMETO Ha aTMocdepHWUTe npouecu ¢
NMOMOLLTA HA MPU3EMHU U ANCTAHUMOHHW HabaoaeHuUs,
3aM03HaBaHe C pe3ynTaTuTe OT YUCAEHM MOAENU C
Pa3IMYHM  XapPaKTEPUCTMKM  OTHOCHO  b6baeuoTo
passBuTHE Ha aTmocdepHUTe npouecu, obobuiasaHe U
odopmsaAHe Ha KpaliHa NPOrHo3a BbB BUA, HA TEKCT, KapTi,
anarpamu v ap.

Pesynrtatu n nssoam

KpaTka AeMOHcTpauma Ha CbBpPEeMeHHOTO
M3rpakgaHe Ha NPoOrHo3a € passmMyeH ob6xsBaT NOKa3Ba,
Yye NPOrHOCTMYHaTa AEeMHOCT OCTaBa e4Ha 3HAaYMMa YacT
OT aHraxkumeHtute Ha HUMX 1 Hocu BMCOK noTeHuMan
32 MHTEH3MBHO pa3BuTMe. YMenoTo cbyeTaHMe Ha
onepatMBHa W  HayyHa AOeWHOCT MOKasBa, ue
NPOrHOCTMYHATa paboTa ce Wm3rpakga BbPXYy Tpwu
OCHOBHM  ¢dyHAAMeHTa — CcUrypHuM HabaogeHus,
aKTyasIHU Hay4yHM pPa3paboTKM M afeKBaTHa eKkcrnepTysa
3a Cb34aBaHe Ha KpaeH NpoAyKT B N0A3a Ha 0bLLecTBOTO
M AbpiKaBaTa.

¥ apelry

[ % M _ -
®urypa 1. YacT oT ,,MbTHA KapTa“ Ha cegMmnyHa NPorHosa
3a spemeTto B HUMX.

JemoHcTpupaHata ,NbTHa KapTa“ (¢ur. 1) 3a
M3roTBAHE Ha NPOrHO3aTa 3a BPEMETO, KOATO MpemM1HaBa
npe3 Habop OT AEWHOCTU, OCUTYpPsBALLU CUTYPEH W
HaBpeMeHEeH KpaeH MPOAYKT, MaKCMManHo 6aM3bK Ao
pa3BUTMETO Ha aTMocdepHUTE Npoueck Hag Bbarapus 3a
ceamMLA Hanpez, MOKasBa AbArMA MbT, U3BbPBAH OT
1956 r. po gHec. Bcekn Tmn NporHosa nmma cBoA ,,NbTHA
KapTa“, KoATo B OCHOBATA CM C/le[Ba HayYyHOOH6OCHOBAHa
MeToAMKa, CbobpaseHa U CbC CbBPeMEHHUTE TEHAEHUNN
B MPOrHO3MpaHeTo. BpoAT Ha NPOrHOCTUYHUTE YUCAEHU
maTepuanu, WU3NOA3BAHW KATO  KOHCYANTAHTU npw
M3roTBAHETO Ha OnepaTWBHA NPOrHO3a, € NpeACTaBeH B
Tabnumua 1.

Tabnvua 1. Bpoit MHGOPMALMOHHM MPOrHOCTUYHM
matepuanuM B MOMOLL Ha M3rOTBAHETO Ha MNPOrHO3u
3a BPemeTo C pasnnyeH obxeaT

KpaTKkocpoyHa — 24—48 y >450/~250/>500
CpefHOCpOYHa — 7 AHU 400-600/~300/~200
MeceyHa — 30 gHu 140/110/-
Ce3soHHa — 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 (3 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.

Qlﬁr ol

Figure 1. Partiof thei"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 -30d 140/110/-
Seasonal — 3 months 110/100/-
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BvBegeHue
B nepmnopa 25-26.X1.2023 r. toHO OT bbarapua npes
npo/aMBMTE KbM 3amagHata 4YacT Ha YepHo mope
npemuMHasa AbnO6OK  UMKNOH, 3apoann ce B
CpeansemHomopueTto. LUMKNOHBT Hocu nmeTo , BeTnHa”
M € C XapaKTePUCTUKM, Cropes, KOUTO MOXKe fa b6bae
ONpUANYEH Ha CPeau3eMHOMOPCKA W3BbHTPOMMYHA
6yps. Lletute, KOWUTO TOM HaHacA MO MbTA Ha
npuABM}KBaHETO cKu, ca orpomHun. Mo bBbarapckoTo
YepHomopue BATbLPLT Aoctura nopmsu 30-35 m/s.
TakuBa CTOMHOCTM 33 palioHa Ca €KCTPEMHO BUCOKU U
moraT 4@ Ce peanu3upaTt euH-ABa MbTU HA HAKOJIKO
pecetnnetna. B cuctemata METEOAJIAPM e nspgageHo
npeaynpexaeHme oT Hali-BUCOKa CTENeH — YePBEH KOA,
3a onacHo Bpeme. B CeBepoustoyHa bbarapua mma
06UNHU BaNEXMW.

B HacToALWOTO M3cnenBaHe ca NOCTaBeHU ABe Lenu:
(1) uype3 npwunaraHe Ha nogxoau W MeToaAM 3a
mscnegBaHe Ha GM3NYHUTE Npouecn B aTmocdepaTa Aa
6baoe HanpaBeH aHanM3 Ha 6bpP30TO passuTUE U
OBUXXEHWe Ha UMKAoHa ,beTmHa” u (2) aa ce yctaHoBAT
NpUYMHUTE 33 YyparaHHua BATbp no bbarapckoTo
YepHomopue Ha 26.X1.2023 r.

MeTtogonorus

3a nocTuraHe Ha MoOCTaBeHUTE LeAn e M3Non3BaH
peaHann3 Ha MEeTeOpPOJIOTMYHWM MOoJieTa Ha pPasIMYHU
HUBa B aTMocdepaTa, UHGOPMaLMA OT METEOPOJIOTUYHM
CMbTHULM, JaHHM OT METEOPO/IOTMYHKU CTaHUMKU Ha
HUMX, paHHM 3a peaneH BATbp Hag YepHo mope oT
CKaTepoOMeTbp, BepTUKaNHW pa3pesn. PusnyHute
npouecuM OKO/MO 3apa*KAaHeTo W  eBo/oUMATa  Ha
LMK/IOHA Ca M3C/aefBaHM C MOMOLLTA Ha KOHLLENTya Hu
mozenu.

Pesyntatu n ussogu

Cpenmn3eMHOMOPCKUAT UMKIOH ,,BeTuHa” ce 3apaxaa
Hapg leHye3kuAa 3aamB Ha 25.X1.2023 r. 8 00 UTC B cuaHo
6apOKNMHHA cpea: OT ceBep HaA paiioHa ce HabaaaBa
CUNHa afiBeKLMA Ha CTYAEeH Bb3ayX, a TemnepaTypaTa Ha
MoOpCKaTa Boga B 3asvBa e Bucoka (16—18 °C). Bwvs
BMCOKaTa Tponocdepa ca Hanuue aKTopn, KOUTO
NoACMNBaT MNO-HATaTbWHUA UUKAO- U (pOHTOreHes:
CWJHO CTPYMHO TeyeHue, CUJHA AMBEPreHuMAa Ha
Bb3AYLWHNA NOTOK U MOJIOKUTENHA afBEKLMA HA BUXbPA
(PVA). Ha BucounHa 500 hPa 6apuyHaTa A0/1MHa, C KOATO
€ CBbp3aH UMKJOHBT, Ce ABWKM ObBP30 Ha W3TOK.
B cuctemata BB3QYXbT € TOMbA M BAAXKEH, a
HeycToMuMBoCcTTa — ronama. B 00 UTC Ha 26.XI
NPU3EMHUAT LEeHTbP Ha LMK/IOHA pocrtura
YepHomopueTo. OcTa Ha BapuyHaTa f0AMHATa BCe ole

€ C MHOro roffiM HaK/OH, afABEeKUMATA Ha BUXbpa e
MONOXKUTENHATA U MHOTO CU/HA. B pe3ynTaT UMKNOHBT
npoab/MKaBa fAa ce passBuBa. Hall-ycnolHeHa M ¢
Hal-cuneH BATbp B WM3ToyHa bBbarapua w  no
YepHomopueTo e obctaHoBKaTa okono 05:00 cyTpuHTa.
ToraBa ,betnHa” e Hag 3anagHo YepHo mope, B
HenocpeactBeHa 6amsocT  npes  H.  Kanumakpa.
HanaraHeTo Ha NpuM3eMHMA LEHTbP Ce MOHMUXKaBa A0
973 hPa (¢ur. 1a), no CeBepHoTO YepHOMOpMEe BATbPLT
Aoctura nopusu 30-35 m/s.

KoHuenTyanHuTe mMoAenu 3a CUHOMTUYEH aHanus,
M3non3BaHM B paboTaTa, MNOKasaxa HexapaKTepHU
0COHEHOCTU 33 KNAaCUYECKMA HOPBEKKMU MOLEN LIMKNOHU
(Hanpumep TONNO AAPO NPU AOCTUTAHE Ha 3PAA CTaANi).
Bbp30TO 3aabn6aBaHe B NPU3EMHUA COW B Ha4yaaHaTa
¢dasa 3aratBa pas3BuTME Ha ,beTmHa” oT TmMna ,bbp3
uuknoreHes” (Rapid Cyclogenesis), KOMTO OT cBOS CTpaHa
€ XapaKTepeH 33 rofAMa 4YacT OT W3BbHTPOMUYHUTE
LMKNOHK, pa3BuMBaLlM ce no moaena Ha Shapiro-Keyser.
YcTaHOBEHO b€, Ye TO3M MOAEN U XapaKTepHUTE 3a Hero
TpaHCNoOpTHU neHTM (conveyer belt) o6sacHsABaT
Hal-NOrMYHO  yparaHHWA BATbP, PErucTpupaH no
YepHOMOpPUETO, 1 TO3N Hag mopeTo (dur. 1b).

ASCAT:0201126 03302 s, 457 3148 . 0833 MALAN: M2 13608.02
X = (59 T

bl

durypa 1. Airmass RGB 1 npusemeH aHanms B 06 UTC (a)
BATbLP OT cKaTepomeTbp B 08:30 UTC (b) — 26.X1.2023 1.
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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 conclusions

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).

ASCAT: 20231126 08:30Zat o 45.76 3.8 I 0030 MIRLAM: 2023112606402
T fem e

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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BbBepeHue

Hapacreawmar Bb3aylleH Tpaduk yBenn4yaBea
M3NCKBAHMATA KbM TMPOrHO3UTE 33 KOHBEKTUBHMU
ABNEHMUA. HacroawoTo n3cnengaHe npeanara

MyATUMOZENEH NOAXOJA 33 MPOrHO3MpaHe Ha OMacHM
KOHBEKTUBHW fABNEHWA B ONepaTMBHATA MPaKTUKa Ha
aBMaumoHHUTe meteoposiosu 8 A PBA.

MeTtoponorua

PaspaboTeHu ca gBa npoayKTa Ha 6asa moaenute
BULATSA-WRF, ICON-EU, ECMWEF-IFS, ALADIN-NIMH.
MbpBMAT onpeaens mectononoxkeHuveto (CB Cond),
a BTOPUAT — BEPOATHOCTTA 3a cbbuTna (4 CB moaen).
e 4 CB mopen: Bcekm mopgen ponpuHaca € Aga
napameTbpa, 3a KOUTO ca oOnpeseneHn emnmpudHu
nparoBu CTOMHOCTM. 33 BCEKM MoZen Ha 6asa apxvBHM
CUTYaUun e U34ucieH Ternosu KoedpuumeHt. Cymarta ot
KoedULMEHTUTE Ha MoaenuTe onpeaens HUBOTO Ha
BEPOATHOCT 33 AAJEHO AB/IEHME B KOHKPETHA 30Ha.

®urypa 1. Npoaykt 4 CB.

e (CB Cond: MectononoxeHneto, 06XxBaTbT Ha
NOJIMTOHNTE N TEXKECTTa Ha KOHBEKTUBHUTE CbbUTUA ce
onpeaenAaT ypes ceyeHne Ha MHAEKCA HA NOTeHUMan 3a
MbaHUKM (LPI) ot mogena ICON-EU u cumynupaHaTa
pagapHa oTpaxaemocTt oT BULATSA-WREF.
MporHo3npaHnTe 30HM Ce BM3yanM3mpar B TpU LBATa No
cTeneH Ha BEPOATHOCT.

durypa 2. CB-Conditions 1 BepuduKaums ot pagap u
AETEKTOPU HA MBIHUW.

Pesynrtatu un ussoaun

PaspaboTeHuTe nNpPoOAYKTM Ca OLEHeHW cropes
npeacraBAHeTo cuM B 29 KOHBEKTMBHW 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, MeTOAbLT € U3MOoA3BaH YCMewWwHo B
onepaTtMBHaTa MNpPaKTUMKa 3a CbCTaBAHe Ha JBe
eXeoHEeBHM MPOrHO3M 3a HYXAMTE Ha NAaHUpaHe
06CNYKBAHETO Ha Bb3AyLWHUA TpaduK Hag bbarapua u
Espona: lMporHo3a 3a onacHM  ABNeHUA B
KOHTPONIMPAHOTO Bb3AYWHO npocTpaHcTBo FIR-SIGWX;
MporHo3a 3a KOHBEKTUBHU ABNEHUA Ha TepuTopuATa Ha
oTroBopHocT Ha AN PBA — Cross Border Convective
Forecast. CBCF e cbBMecCTHa MpPOrHo3a, 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 W3BbpLUeHa
He3asucumo oT 10 onepaTMBHWM aBMOMETEOPO/O3N.
MNporHo3ata 3a CB-ycnoBuATa € oOueHeHa B Tpu
Kateropmn: 1. [obpa nporHosa; 2. [lonesHa, HoO
HeAoCTaTbYHA NPOrHo3a; 3. Cnaba nporHosa.

s =

good useful but poor
forecast insufficient forecast forecast

durypa 3. OueHKa Ha NONe3HOCTTa Ha NPOrHo3ara.

MynTUMOAENHUAT NOAX0A AaBa Ao6pa Bb3MOXKHOCT
33 ONTMMAJIHO M3MNON3BaHE Ha YUC/IeHUTE MoAenu, C
KouTo asmometeoponosnte B AN PB/ pasnonarart. Mpu
TOBA TOW AOMNPUHACA 33 KAYECTBOTO W HAZEKAHOCTTA Ha
NPOrHO3MTE Ha KOHBEKTMBHU ABJIEHUA.
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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, ECMWEF-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.

¢ 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 s |

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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AHanu3 Ha CMHONTMYHATA 06cTaHOBKa B nepuoga 2—8 oktomspu 2025 r.
P. ,EI,MMMTpOBa*, A. CtoiueBa, K. Ctoes, A. Kupunosa

OenaptameHT ,,MporHo3n n nHbopmaLmoHHO obcnyskBaHe”, HauMoHaneH MHCTUTYT MO MeTeoposiorua 1
Xuaposorua
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*email: ralena.ilieva@meteo.bg

BvBegeHue

MNpe3 nepuoga 2—-3 n 6—8 oktomspu 2025 r. B bvarapuma
ce Cb3faBa BasieXHa 06CTaHOBKA C NOBCEMECTHM, Ha
MHOMO MEcTa MHTEH3UBHU U 3HAYUTENHU NO KOJIMYECTBO
Basexun. CMHoONTMYHaTa Ob6CTAHOBKA € B pes3ynaTtaT Ha
npemMmuHaBaLm HOXKHO oT CTpaHaTa cepwmn
CPean3EMHOMOPCKN  UMKAOHKM, fobpe pasBuTM BbB
BCWMYKM cnoeBe Ha aTtmocdepata. Ha wm3obapHa
noBbpxHMHa 500 hPa 6apuyHoTO Nose Hag bankaHcKua
No/syoCTPOB € LUMK/AOHANHO, OT 3anaj Ha M3TOK
npemmHasat 6apuyHM A0ANHU, B KOUTO ce dopmupar
UMKNOHaNHWU UeHTpoBe (¢ur. 1). B npusemHus cnoi
Bbarapusa nonasa B rpagMeHTHa 30Ha MeXay 06nacT Ha
BMCOKO aTMochepHO HansaraHe Ha cesep oT bankaHckuA
NO/NYyOCTPOB M 30HAaTa Ha HWUCKO HanAraHe Ha Ior.
®opmupanute ce Hag LleHTpanHoTo CpeansemHomopme
LMKNOHA/MIHW BUXPU Ce NpemecTBaT Ha WM3TOK-IOrou3ToK
KbM HOXHUTE PaMoHU Ha BasikaHCKMA NoayocTpoB U ce
pa3suBaT Hag CeBepHa [bpuma u Ereiicko mope.
Bnocnepcrtene UeHTpOBETE MM Ce M3TErAT Ha M3TOK
Kbm Mana A3na n nponmeuTe, a NO-KbCHO U Ha ceBep
Kbm YepHo mope. CTaLUMOHMPAHETO Ha UMKIOHUTE WU
CBbp3aHUTE C TAX QPOHTANHU CUCTEMWU HAZ Pa3INYHU
paioHn OT banKaHCKMA NOAYOCTPOB, KAKTO MU
KOMOMHALUMATA MeXAy TOMbA W BAAXeH Bb3AyX OT
Cpegm3emHO mope U CTyAeHa Bb3AyLHa Maca OT ceBep
Ca MNPUYMHA 3a@ 3HAYMUTESIHUTE BAJIEKM HAJA, HOXKHaTa
NONOBMHA OT CTpaHaTa Npe3 MbpBUA NEepuos U Hapg
ceBepHaTa npes BTOpuA.

£

i
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NCEP/NCAR. Reanatysis

durypa 1. CpegHu CTOMHOCTM Ha reonoTeHumMana Ha nsobapHa
nosbpxHUHa 500 hPa Ha 3.10.2025 r. 8 12 UTC (naso) u
Ha 7.10.2025r. B 18 UTC (aacHo).

MeTtogonorusa

3a aHa/M3a Ha CUMHOMNTUYHMTE OOCTAaHOBKM ca
M3MON3BaHM JaHHW OT aTmocdepHW peaHanusu Ha
National Oceanic and Atmospheric Administration
(NOAA). B wu3cnepBaHeTo e MPUONKEH rN106anHuaT
atmocoepeH peaHanms NCEP/NCAR Reanalysis —
NpoayKT, paspaboTeH cbBMecTHO OT HauunoHanHuA

LEHTbP 3a MpOrHo3a Ha oKosHata cpega (NCEP) wu
HaumMoHanHus UeHTbp 3a aTmocdepHU u3cienBaHuA
(NCAR) Ha CALL. MN3non3BaHa e u apxmBHa MHopmaumn

oT HUMX — CUMHONTMYHM KapTU W [AHHM  OT
n3mepBaTesIHATa Mpexa.
Pe3syntatu u ussogu

Ha o¢urypa 2 e npeactaBeHoO  NAOLWHOTO

pa3snpeneneHne Ha 24-yacoBuTe BafeXM 3a 4YacT OT
ABeTe  OOCTAaHOBKM NO  AaHHM  OT  CTaHuuuTe
(CcMHONTUYHKM, KAMMATUYHW U BanexomepHu) Ha HUMX.
B nepnopaa 2—3 OKTOMBPM LMKNOHBT CTALMOHMPA Hap,
Ereficko mope M B pe3yntaT Ha mecta B 3amagHa w“
LeHTpanHa bbarapua, Kakto w“  no  HOxHOTO
YepHOoMopre NagaT 3HauYUTE/IHW MO KO/JMYecTBO
Banexun. B nepnoga 6—-8 okromepu 2025 r. UMKNOHDBT
CTaLMOHMpa Haj, 3anaZHaTa akBaTopuaA Ha YepHo mope
M Cb3aBa BaseXHa OOCTAHOBKA CbC 3HAYUTESHM
Banexu B LleHTpanHa CesepHa bbarapua. Bcneacteue
Ha MNPONUBHUTE  BA/NIEXW, U3CEYEHUTE TOpU MU
3aCTposABaHeTO Ha AepeTa npes nbpBua nepuog (2-3
OKTOMBpPM) B paiioHa Ha B.C. EneHuTe e BbB3HUKHANO
ONyCTOLWNTE/IHO HaBOAHEHWE, MPU KOEeTo YeTupuma
Aywwn 3arybsat KmBoTa cu. B nepuoga 6—8 okTomBpU
2025 r. 3apaguM nagHanuTe 3HauYMTENHW BaleXMU ca
perncTtpmpaHm  CBAMYAHMA HA  3€MHM Macum B
c. Hukonoso, obn. Pyce, Kpait peKka CapagrKuiicKa.
0O6sBeHO e beaCcTBEHO NOOXKEHME.

2w Banex 03, 10,2025

®urypa 2. [leHOHOLLHA CYMa Ha BanexuTe
OT 8 4. Ha 2.10.2025 r. Ao 8 u. Ha 3.10.2025 r. (nABO) U
OT 8 4. Ha 7.10.2025 r. Ao 8 u. Ha 8.10.2025 r. (gAcHO).

Nurepatypa
MeceyeH XMAPOMETEOoPONOrNYeH 610N1eTUH.
HaunoHaneH WHCTUTYT N0  MeTeoposiorna U

xuaposoruns, oktomspu 2025 r., Codua, neyaTHo
nspgaHue: ISSN 1314-894X, oHNaliH u3gaHue:
ISSN 2815-2743, https://bulletins.cfd.meteo.bg/

Kalnay et al.The NCEP/NCAR 40-year reanalysis project.
Bull. Amer. Meteor. Soc., 77, 437-470, 1996,
https.//psl.noaa.gov
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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.

§ 8§ 8 8 8 8§ &
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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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3acuMuaHe Ha rpbmoTeBuYHU b6ypu Ha netuwe Codpusn

nocpeacTsoM MoAen 3a MalwmnHHO o6yyeHne Random Forest
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BbBeaeHune

lpbMOTEBUYHUTE Bypwu OCTaBaT cpej, Hal-TPygHUTE 3a
AnardocTtmumpaHe n nporHo3mpaHe MeTeopOsIOTUYHU
ABNIEHUA MOPaAW MaskKMA CU NPOCTPAHCTBEH MaLwab wu
KPaTKMA CU KMBOT. TPAAULMOHHUTE YNCIEHM MOAENM 33

MporHosa Ha BPemMeTo YecTo He ycnssaT Aa
nporHosunpar HayanoTo " pasBuUTHUETO Ha
KOHBEKTMBHUTE 6ypu. MeToauTe Ha MaLWMHHOTO

obyyeHue (ML), ocobeHo aHCambnoBM aNrOPUTMM KaTo
Random Forest (RF) (Breiman, 2001), noka3BaT BUCOKa

edeKTMBHOCT npu  KnacuduumMpaHe Ha  OMaACHU
METEOopPONOrNYHM ABMEHUA.
HacroawoTo uscnegsaHe pasrnexaa

NpUNOXKUMOCTTa Ha RF KnacuduKkaTop 3a AMArHOCTUKa
Ha TrpbmoTeBUYHM 6ypu Ha netuwe Codua upes
M3Mnosi3BaHe Ha npusemHu HabnogeHua (METAR) wu
KOHBEKTUBHM MHAEKCUM HA HeyCTOMYMBOCT, M3YUCIEHM
oT peaHanusa ERAS (Hersbach et al., 2020).

MeToponorus

MN3non3BaHM ca  NpPU3EMHUM  METEOPOJIOTMYHMU
HabnwogeHna ot METAR u BepTMKanHu npoduam ot
ERAS5 3a netnwe Codus 3a meceuute C onacHoOCT OT
bypu (anpun—centemspu) npes nepuoga 2014-2024 r.
HannuneTo Ha rpbmoTeBUYHA Bypa e npeacTaBeHo KaTo
6MHapHa NpoMeH/IMBa Ype3 KOAOBETE 3a TEKYLLO Bpeme
oT METAR HabaogeHunata. OT npopunute Ha ERAS ca
M3YMCIEHN celeM MHAOEeKCca Ha HeycTonumeocT: K Index
(K1), Total Totals (TT), Lifted Index (LI), MUCAPE, MUCIN,
SWEAT, CAPE—shear 1 0—6 km bulk shear.

MpoBeaeHu ca Tpm ekcnepmumenTa ¢ RF:

e Test 1-—camo npuM3emMHu HabaoaeHUs;

e Test 2 — camo MHAEKCU HA HEYCTOMYMBOCT;

e Test 3 — KoOmbuHauma OT NpPU3EMHM

HabAoAEHMA U UHLAEKCU HA HEYCTOMYMBOCT.

OueHKaTa Ha mozena e u3BbpueHa Ypes Probability
of Detection (POD), False Alarm Ratio (FAR), Critical
Success Index (CSI) u True Skill Statistic (TSS).

Pesyntatu n ussogu

AHanM3bT  Ha U3ymcaeHnTe MHAEKCU Ha
HeycToMumMBocT 3a netuwe CoduAa mnokasBa ACHO
M3pa3eH Ce30HEeH X0J C MAaKCMMYM Ha HeyCTOMYMBOCTTa
npes toHu—tonn. Cpea BcUYKM uMHAeKken K Index
ocurypsaBa  Han-gobpo  pasrpaHWyYaBaHe — mexay
cnyyauTte CbC M 6€3 rpbmoTeBMYHU Oypu npes uenus
pasrnexaaH nepuoa.

RF  mogenst, oby4yeH camo C MpU3EeMHU
HabnogeHnsa,  Mokassa No-HUCKa  edeKTUBHOCT
(POD = 0.65, TSS = 0.44). ObyyeHMETO C MHAOEKCK Ha
HEeyCTOMYMBOCT 3HauyMTeNHO nofobpsaBa pesynTaTuTe
(POD = 0.84, TSS = 0.62). Hait-nobpu pesyntatn ce
nosy4yaBaT nNpuM  KOMOWHMpPaAHE Ha  MPU3EMHMU
HabAAEHNA U MHAEKCU HA HEYCTOMYMBOCT.

AHaNM3bT Ha BaXKHOCTTA Ha NPOMEHNBUTE MOKa3Ba,
Yye TepMOAMHaMMYHATa HEYCTOMYMBOCT M MpU3EMHaTa
B/JIAXKHOCT Ca HaW-BauaTenHuTe npeaunktopu. K Index u
TT 3aemaT HaW-BUCOK paHr cpes nHAeKcuTe.

Bbnpekn 4ye moaensbT ycnewHo uAaeHTUdULmMpa
6n1aronpuATHNU  KOHBEKTMBHM  yCAOBMA, TOM UMa
TEHAEHUMA [a HajueHABa MNpPOAb/IKMTENHOCTTA Ha
6ypute n ga reHepupa danwMBM anapmu Apu CUAHO
HeyCTOMYMBU, HO HEKOHBEKTUBHMU YC0BUA.

Actual, Predicted with Probability for 2021-08-25
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®urypa 1. Pesyntatn ot Random Forest mogena (nporHosa —
YyepBeEH KPbCT, peanHo HabntogeHue — yepHa TouKka) oT Test 3
¢ Bpemesa pesontouma 30 mmHyTU. MNoKasaHa e n
BEPOATHOCTTA 3@ FPbMOTEBUYHU BYypW (MPeKbCHATA MHUSA),
oueHeHa oT mogena. PesyntaTtu 3a 25 asryct 2021 .

Pesyntatute nokaseatr, 4e ML noaxoanm morat
epeKTMBHO  Ja  AMarHocTMumMpaTt  nosBsaTa Ha
rPbMOTEBUYHM OypuM Ha JIOKAJIHO HMBO, KoraTo ce
n3nons3eat ¢u3Myeckn 06OCHOBaHM  NpesuKTOpMU.
Bbnpekn TOoBa  M3M0/3BaHETO  €AMHCTBEHO  Ha
napameTpu Ha aTmocdepaTta He e A0CTAaTbYHO 3@ TOYHO
yNaBAHe Ha BPEMETO Ha Hayano W Kpah Ha bypuTe.
bbaewmn noaobpeHna moraT Aa BKAOYBAT pagapHu M
CaTe/IMTHU AaHHU, KAaKTO U AbAOOKN HEBPOHHU MPEXKM,
noaxogAwm 3a o6paboTKka Ha NPOCTPAHCTBEHO-BpEeMeBa

CTPYKTypa.
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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 ERA5
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 ERAS5 profiles, including K Index (KI),
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
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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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BvBegeHue

MoKapbT e ropeHe, Pa3nNPOCTPaHABALLO ce 6e3 KOHTPOoN
BbB BPEMETO W MPOCTPAHCTBOTO, XapaKTepusupa ce ¢
oTAeNAHe Ha TOMAWHA, MPUAPYXKEHO C AWM WM
naambLM, UNU 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 o61acT B METEOpOOoruATa,
KOATO € OT KPUTMYHO 3HayeHWe 3a ynpaBNeHWeTo Ha
NoXKapu U CUCTEMUTE 33 PAHHO NpeaynpexaeHue.

KntouoBn meteoponornyHm ¢akTopm Ha NOXKapPHOTO
Bpeme ca: BMCOKM TemnepaTypu, HWCKa OTHOCUTENHa
BNaxHocT (nog 30%) u npoabKUTENHWU nepuoam 6es
Ba/IeXM (NPOABAKUTENHO 3acyLlaBaHe).

MeTtoponorus

HanpaseH e aHanu3 Ha noxapute B HOXkHa
Bbarapua, ¢ M3KAOYEHWE Ha Te3n B ypbaHU3MpaHuTe
paloHM, 3a Aa ce eNMMMHMPA YOBELIKMAT ¢aKTop.
M3non3BaHM ca AaHHW OT apxmBa Ha [NaBHa gupeKkuma
,MoXapHa 6e30MacHOCT U 3aWwmTa Ha HaceneHneto” (M4
MB3H) 3a meceuuTe 10K, aBryCT U CENTEMBPU Mpes
nepmnoga 2021-2025 r. 3a oueHKaTa Ha BAUAHMETO Ha
METEOPOJIOTUYHUTE  e/IEMEHTU W  ABJIEHUS  BbPXY
noxapute ca M3M0/3BaHW MmaTepuann ot MeceyHusa
XNMAPOMETEOpPOiorMyeH 6toneTuH Ha HUMX
(https://bulletins.cfd.meteo.bg/) 3a  pasrnekgaHua
nepuoga,.

Pesynrtatu u ussoaun

PernctpupaHute ropckM UM NOACKW MOXapu Ha
TepuTopuAaTa Ha KOXKHa bbnarapua 3a nepnoaa Ha aHann3
NOKa3BaT PA3KO yBe/JMYEeHMe Ha 3acerHaTute nolm wm
Ha NPOABAKUTENIHOCTTA Ha ropeHe npes 2024 n 2025 r.
(dwr. 1).

3a 2024 r. HaN-NPOABL/IKUTENHUAT MOXKap e bun Ha
6bArapo-rpblKaTa rpaHnLA, B paiioHa Ha c. [onewoso,
06n. bnaroesrpag — 27 aHW. B raceHeTo My ce BKAOYBaT
M XennKonTepu 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
asmobasara.
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durypa 1. Moxkapu npes nepmoga 2021-2025r.

PasrnegaHn ca OTKIOHEHMETO OT HopmaTa Ha
cpegHaTa MeceyHa TemnepaTypa Ha Bb3gyxa (°C) wu
NPOLEHTBLT OT MeceyHaTa Hopma Ha Banexa (%) Kato
OTHOCUTENHU napameTpu, onpeaenawm
NPOABAKUTENHN NEPUOSM Ha BUCOKM TemnepaTtypu u
Ha 3acywasaHe. Te ca npeacTaBeHn Ha ¢urypa 2.

OTKAOH eHNeTo oT HopmarTa {°C)

MPOUEHT OT MECeYHaTa HOPMa Ha Basexa (%/100)

2,4

0,4 g 0,46
2021 2022 2023 2024 2025

durypa 2. CpegHU CTOMHOCTU Ha OTK/IOHEHMETO OT HOpMaTa
Ha cpeAHOMeceyHaTa TemnepaTtypa Ha Bb3gyxa (°C) u
NPOLEHT OT MeceyHaTa Hopma Ha Banexa (%)

M3BoAbT, KOWTO MOXEM [a Hanpasum, e, Ye Mpu
KOMOWHUPAHOTO M NPOABL/IKUTENIHO AEeNCTBME HA Tesun
[Ba napameTbpa MOXKe A3 Ce O4YaKBa NoXKapwute aa ca
NPOABAKUTENHM U 4@ 3aCErHAT 3HAYUTEIHU NO pasmep
nAoLWMm.

BnarogapHoctu:  AsTopute  bnarogapst  Ha [
,MoXapHa 6e30nacHOCT M 3alMTa Ha HaceneHneTo” 3a
npegocTaBeHnTe JaHHU.

Jlutepartypa
MeceyeH xugpomeTteoposiornyeH 6ronetmH Ha HUMX:
https://bulletins.cfd.meteo.bg/
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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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Ha BepTOo/z1IeTU Npu raceHe Ha NoXKapu
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BbBepgeHue
MpoabmKkUTenHUTE  NPU3EMHM  aHTUUMKAOHWM  ca
XapaKTEPHW CUHOMNTUYHM OOCTAHOBKM MNpes3 JfeTHUTe
meceumM. TakbB TMN MeCTHO Bpeme ce obpasyBa KaTo
pe3yntat OT OTKbCBaHe Ha Aapa oT Asopckua
aHTUUMKAOH. ObpasyBanata ce 06/7acT Ha BMUCOKO
atMocdepHO HafnAraHe U HaB/IM3AHETO Ha CyX W ropely
Bb34yX Ca OCHOBHaTa MPMYMHA 3a YyCTaHOBABAaHe Ha
ACHO, ropeLLo 1 6e3BaneXHO BpeMe, B pe3yaTaT Ha KOeTo
NIeTHUTE BaneXXun JOCTUraT CBOUTE MUHUMYMMU.
MpoabKUTENHUTE NEepUoanN C EKCTPEMHO BUCOKMU
TemnepaTypu 7 3HaYUTENHO 3acylwaBaHe
(BnaxkHoCT < 20%) M3KNOYUTENHO YBENMYABAT PUCKa OT
Bb3HMKBAHE HA WUHTEH3UBHMU, NPOAB/IKUTENHN U 6BP30
pa3npoCcTpaHABaLLM Ce MOXKapu, 3aemali naowu ot
OEeCeTKM [0 CTOTULM KBAaAPaTHU KMJIOMETPU.

Ty |

2021

NpoasamuTenHoer*100 [u]
0Bwa naow [km?]

w2,
203 g0 2005
2025

®urypa 1. Moxkapu npes nepnoga 2021-2025r.

AHANM3bT Ha AaHHUTEe OT apxmea Ha [ ,lNoxxapHa
6e3onacHoCcT M 3awWwuMTa Ha HaceneHueto” u 24-ta
aBnobasa 3a MeTroauvlieH nepuos — MeceuuTe au,
aBrycT u centemspu ot 2021 po 2025 r., pa3kpumBa AcHa
TeHAEHUMA 3a yBenYaBaHe Ha 6pos, 3aemaHaTa naou u
BpemMeTpaeHeTo Ha noxapwute B lOxHa bbarapus.

MeTtoaonorua

3a u3roTBAHE Ha MpPOrHo3a 3a BEPOATHOCTTA 3a
Bb3HMKBAHE Ha MOXapu, BUAOBE W palOHWpaHe ce
M3NonN3Ba onepaTMBHaTa cUCTeMa 3a aHaAu3 Ha
TeKYLLMTEe YC0BMA Ha MOXKapOOMNaCHOCT Ha TepuTopuATa
Ha cTpaHaTta oT HUMX u eBponeickaTta cuctema EFFIS.
MN3paboTBa ce cpefHOCPOYHA aBMALMOHHA NPOrHO3a Ha
BpemeTo Ha 6a3aTta Ha GFS, ECMWF, ICON-EU n ALADIN
Mozenu.

MporHo3a 3a BpemeTo

B Hauyanoto Ha BCAKA cegMuua Cce  WU3roTes
CpegHOCpOYHA  MPOrHOo3a 3a  BEpoATHOCTTA  3a
Bb3HWKBAHE Ha NOXKapwu, BUA0BE U paloHu. ExxeaHeBHO
oT 5:00 go 7:00 ce cv3gasa 24- oo 48-4yacosa nNporHo3sa
33 BPEMETO 33 paliloHMTE Ha NOXapUTE U MapLIPyTUTE 40

TAX. MpK Bb3HMKBAHE Ha HEOBXOAMMOCT 3a BKNHOYBAHE
Ha BepTO/IEeTM 3a raceHe Ha MoXKap B onpeaeneH panoH
(c GPS KoopauHaTt) ce aHanusMpaT reorpadpcKkoTo
MeCTOMNO/I0XKEHME, HaAMOpPCKaTa BUCOYMHA, HAKNOHBLT
Ha TepeHa, (aKTUYecKoTo Bpeme OT Hal-6n3KkuTe
CUHOMTUYHU WU KAMMATUYHWU CTaHUMM, CABTHUKOBA M
pagapHa nHdopmauums, yeb kKamepu.

M3roTBa ce  CBPBXKPATKOCPOYHA  aBMALMOHHA
NpPorHo3a 3a BpPemeTo Npe3 CBeT/aTa YacT Ha AeHA 3a
palloHWTe Ha Moapa M BOAOB3WMAHE OT Hali-6/113KuA
BOAOEM, MapllpyTa A0 TAX, KOATO Ce aKTyaau3upa
e)keyacHo. TA BK/IOYBA BCMYKM 3HAYMMM 33 BPEMETO
METEOPOSIOTUYHUN eNEMEHTU N OMACHU METEOPOIOTUYHM
asneHuns (OMA).

MeTeoponornyHo ocurypsaBaHe 3a MmapLupyTuTe u
paiioHuTe Ha noxKapurte

Mpe3 cpoka Ha noxaporaceHeTo ce cbbupa
MHPOPMALMA OT CaTeNIMTHUTE CHUMKM, pagapute Ha
An PBAO v UA ,Bopba c rpagywkuTe” 3a Hanuvume Ha
AKTUBHM KYNEeCTO-AbXKAOBHW 061aLM, CUHONTUYHUTE U
KAUMATUYHKU  CTaHumuM Ha HWUMX, aBTomaTuyHuTe
METEOPOJIOTMYHM CTAHLMW HA TPAXKOAHCKUTE U BOEHHUTE
netmwa n yeb Kamepute. Mpun Bb3HUKBaHe Ha OMSA B
palioHMTe 3a raceHe Ha MOXapa, MapwpytTuTe Ao
BOAOEMUTE AU NOLLAAKUTE 33 3aperKaaHe C ropuBso ce
MHPOPMMPAT EKUMANKBT M HA3EMHUAT KoopauHaTop. Mpu
NpuKAOYBaHe Ha 3ajayuMTe NUAOTUTE NOJyyasat
aKTya/lHa MpOrHo3a 3a BpPemMeTo MO Maplpyta Ao
aBuobasara.

OnacHu MeTeoposIOTUYHU ABNEHUA

BesonacHOCTTa Ha nosieTuTe € BEPTONETU B palioHa
Ha noXapa 3aBUCU  W3KJOYMTENHO  MHOFO0  OT
TemnepaTypaTa — CWIHa TepMUYHA KOHBEKLMA,
BNAXKHOCTTAa Ha Bb34yXa, MOCOKaTa WM CKOPOCTTa Ha
BATbPA — MHTEH3MBHA TypOy/ieHUMA U Ccpe3 Ha BATHLPA,
HaeneKTpusaLuma, CUIHaTa 3anpaweHoCT, Hama/jeHaTa
BUAMMOCT M Pa3BUTMETO Ha MOLLHA KYMecTo-AbXA0BHA
ob1a4yHoCT — NUpoKymynycu. MporHosumpaHeTto Ha OMA B
paioHuTe Ha noxapuTte e Hal-ronAMoTo
npean3BUKaTENCTBO 3a Hac.

bnarogapHocTU: AHaAN3DBT e HanpaBeH C NpeaoCTaBeHun
AaHHm ot T4 ,MoxapHa 6e30nacHOCT M 3aWmTa Ha
HacefneHueto”.

Nutepartypa
Wentoes, W., beHoscku, L. (1992). AsmaumoHHa
meTeoposorua. Cooua: BoeHHO nsaaTencrso.
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Introduction

Persitent surface anticyclones are characteristic synoptic
patterns during the summer months. Such type of local
weather is formed as a result of the detachment of cores
from the Azores Anticyclone. The resulting high-pressure
area and the influx of dry, hot air from the southwest are
the primary reasons for the establishment of clear, hot,
and dry weather, causing summer precipitation to reach
its minimum.

Prolonged periods of extremely high temperatures
and significant drought (humidity < 20%) drastically
increase the risk of intense, long-lasting, and rapidly
spreading wildfires, covering areas from tens to
hundreds of square kilometers.

600
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- .11’171.-,].—‘]

2021
2022 5093
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Continuance*100 [h]
Total area [sq.km]

2024 2025

Figure 1. Fires in the period 2021-2025.

The data analysis of both the archives of the Chief
Directorate Fire Safety and Civil Protection (CDFSCP) and
24th Airbase for a five-year period (2021-2025) for
months July, August, and September reveals a clear
tendency in growing number, area, and duration of fires
in Southern Bulgaria.

Methodology
The operational systems for analyzing current fire
danger conditions of the National Institute of

Meteorology and Hydrology (NIMH) and the European
Forest Fire Information System (EFFIS) are used to
forecast fire danger occurrence, types, and zoning within
the country’s territory. A medium-range aviation
weather forecast is prepared based on the GFS, ECMWF,
ICON-EU, and ALADIN models.

Weather forecast

At the beginning of each week a medium-range
forecast is prepared for fire danger occurrence, types,
and zoning. A separate 24-to-48-hour weather forecast is
prepared daily between 5:00 am and 7:00 am particularly
for active fire zones and the flight routes. When the
GDFSCP issues a request for fire-fighting helicopters
deployment in a specific area (using GPS coordinates),

geographical location, altitude, terrain slope, and current
weather conditions of the nearest synoptic and climatic
stations, along with satellite imagery, radar and webcam
data are being analyzed.

A nowcasting is prepared and hourly updated for
daylight hours, covering the fire areas and water intake
from the nearest, reservoir and the flight routes to them.
It includes all significant meteorological elements and
hazards.

Fire zones and flight routes meteorological support

Throughout the firefighting operation, data is
continuously gathered from satellite imagery, NIMH
synoptic and climatic stations, automatic weather
stations at both civil and military airfields, various
webcams, and BULATSA (Bulgarian Air Traffic Services
Authority) and the Hail Suppression Agency radars to
monitor active cumulonimbus clouds. If hazards occur
within firefighting areas, flight routes to water sources or
refuelling points, both the flight crew and the ground
coordinator are immediately notified. Once firefighting
tasks executed, the pilots receive an updated weather
forecast for the flight route to the air base.

Hazardous meteorological phenomena

Helicopter flight safety in fire zones is heavily
dependent on temperature — strong thermal convection,
air humidity, wind speed and direction — intense
turbulence and wind shear, atmospheric electrification,
heavy dust, reduced visibility, and the development of
massive cumulonimbus — pyrocumulus. Forecasting
hazardous weather phenomena within fire zones
remains our greatest challenge.

Acknowledgements: This analysis was performed using
data provided by the General Directorate Fire Safety and
Civil Protection.
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BbBeaeHue

TemnepaTypaTa Ha Bb3Ayxa € K/4Y0B METEOPOIOrnYeH
napameTbp C LWMWPOKO MNPaAKTUYECKO  3HavyeHue.
TpaANUMOHHO NPOrHO3MTE Ce WU3roTBAT Ype3 YUC/AeHU
mogenun 3a nporHosupaHe Ha Bpemeto (NWP), kouto
pewasaT CUCTEMW OT YacTHU  AudepeHuManHu
YPaBHEHMA, ONUCBALLM AMHAMMKATa Ha aTmocdepaTa.
Tesan nogxoauM ca TOYHM, HO W3UCKBAT Cepuo3eH
U34MCANTENEH PECYPC U Bpeme.

MawunHHOTO 06y4yeHue (ML) npegnara antTepHaTUBEH
noaxof, 6asmMpaH Ha U3BAMYAHE HA 3aKOHOMEPHOCTM OT
NCTOPUMYECKM HabntoaeHus, 6e3 AUPEKTHO pellaBaHe Ha
bu3nyeckn ypaBHeHuA. HacToAwoTo wu3cneaBaHe
npeactaBa perpecMoHeH mogen Random Forest 3a
KpaTKOCPOYHA MPOrHo3a Ha TemnepaTtypa C XOPU3OHT A0
72 vaca.

MeTtoaonorua

M3nonssaH e aHcambnosuaT anroputbm Random
Forest, KOUTO KOMBUHMPA MHOMKECTBO NOAANTOPUTMM C
Len nosuliaBaHe Ha CTabMAHOCTTA M TOYHOCTTA Ha
nporHosute. MoaenbT e 0byyeH BbPXY MHOFOro4MLLIHM
AaHHM OT IOKaTHW METEOPO/IOTMYHM CTAHLUK C BpemeBa
pesontouma ot 3 yaca.

HabopbT OT BXOAHW TMNPOMEHAMBM  BK/OYBA
TemnepaTypa, OTHOCUTE/NIHA BJIAYKHOCT, aTMOChepHO
HanAraHe, CKOPOCT Ha BATbPA, BasieX, 06/1a4HOCT, KAaKTO
N reorpadCkn XapaKTepPUCTUKKU (LMPUHA, ObAKUHA U
HaZMOpPCKa BMCOYMHA). 3a yNaBAHE Ha BPeEMEBUTE
33aBMCUMOCTM Ca BbBeEHM NaroBu NPU3HaLM U CE30HHU
CMHYCOMZANHN KOMMOHEHTH.

JaHHWTe  npemuHaBaT npes  npeaBapuTesiHa
06paboTKa, BKAKOYBAWE MOYMCTBAHE Ha JIMNCBALLM
CTOMHOCTW, HOpPManu3auMa U BPEMEBO pPasAensAHe Ha
TPEHMPOBBYEH M TecToB Habop. MopgenbvT e obydyeH
c 400 KOMMOHeHTa Ha aHcambnoBMA anropuTbLM W
MaKCMManHa AbnboynHa 20. OueHKaTa Ha Ka4yecTBoTo e
M3pbplieHa ypes metpmkmte MAE n RMSE.

Pe3yntatu u nssogm

MonyyeHWTe pe3ynTaTh NoKasBaT BUCOKA TOYHOCT Ha
nporHo3mMTe 3a nMbpBUTe 24 4aca, KaTto cpegHaTa
abcontoTHa rpelKka 3a noseyeto cTaHuuu e nog 2 °C
(¢dwr. 1). Han-gobpo npeacraBaHe ce Habaogasa npu
MOPCKM 1 NIAHUHCKM CTAHLMM, KbAETO TEMNEPATYPHUTE
KonebaHusa ca no-nnasHu (pur. 2 n ¢ur. 3). Chen 48 yaca
Ce OTYMTa OYAKBAHO HApACTBAHE Ha rpelKkuTe, 0cobeHo
BbB BbTPELIHOCTTA Ha CTpaHaTa.

N3cnepBaHeTO NOKasBa, Ye MOAeNIMTe Ha MalUHHO
obyyeHune morart ycnewHo ba ponbvnsat
CbLLLECTBYBALLMUTE YMCAEHU MNPOTHOCTUYHM CUCTEMM,
npeaocTaBaAnKM 6bp3M UM HadeKAHM KPaTKOCPOUHM
NPOrHO3M NPU 3HAYUTENIHO MO-HUCKU U3YUCAUTENHU
pa3xoau. NoaxoabT MMa NOTEHUMaN 3a UHTerpauus 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

5 5 5 5 5 & & 5
& o & & & & & I
= - K & & & & o

A = o & < o I &
& & & & & & K &

Figure 1. Cherni Vrah — 24 hours.

Varna — 24 vaca | MAE=1.67, RMSE=1.83

Figure 2. Varna — 24 hours.

vrBotev — 72 uaca (BCHMKM HanWyHW vacose) | MAE=1.58, RMSE=1.70

Rara u uac

Figure 3. Vrah Botev — 72 hours.
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BbBepeHue

bbvarapua upes HUMX e uneH Ha KoHcopunyma ACCORD
(A Consortium for COnvection-scale modelling Research
and Development) oT cb3gaBaHeTo my Ha 01.01.2021r.,
korato ALADIN, HIRLAM wu LACE <ce cnaxa
(https://www.accord-nwp.org). ACCORD cBbp3Ba 26
HAUMOHANHNW  METEOPOJNIOTMYHU  CAyKbW,  KouTo
obeaMHABAT Hay4YHOU3CNEeLOBETENCKUTE CU YyCUAUA 33
pa3BMBAHETO HA pervoHasiHaTa YMCaeHa MPOrHosa Ha
BpemeTo. TpM ca OCHOBHUTE KAHOHUYHWU KOHbUIypaLmm
(ucneHn mopenum), KOUTO ce pPa3BMBAT B PaMKUTE Ha
KoHcopumyma — AROME, HARMONIE-AROME wn ALARO.
B HacToswaTta paboTa ca npeacrtaBeHW onepaTUBHUTE
YMUCNEHU Moenu, nogabp:KaHu u passusaHn 8 HUMX
OT ceKkuma ,YucneHo moaenvpaHe” KbM AenapTameHT
,MporHo3n n uHbopmaumoHHo obcnyxkeaHe”. CobLo
Taka € OueHeHa M CpaBHeHa YycneBaemocTTa Ha
NPOrHO3UTE Ha HAKOW METEeOPO/IOTMYHU eNleMeHTU OT
mogenute npes 2025 r. BepuduKauusata Ha mogenmTe e
HanpaBeHa Bb3 OCHOBAa Ha M3MepBaHMATA B
CUHOMTUYHUTE CTaHLUM.

OnepaTMBHM 4YUCAEHM MOAENAN 33 NpPorHo3a Ha
BpemeTo

YeTnpu BEPCUMM Ha KAaHOHMYHUTE KOHOUTYpaLMM Ha
ACCORD ce noaabp:kat B8 HUMX (tabn. 1) u nyckar
OonepaTMBHO  YeTMpM NbTM B AEHOHOWMETO
(s 00, 06, 12 and 18 UTC), 6a3npaHmu Ha cy43t2.

Tabaunua 1. OnepatnMBHU MogenHN KoHdUrypaumm

Aladin-BG | AROME | AROME | AROME
-105 -IFS -DA
Xopu3oHTaiHa 5 km 25km | 25km 2.5 km
CTBIIKa
Beprukanuu 105 105 90 105
HHBa
I'panudnn ARPEGE | ARPEGE IFS ARPEGE
ycIoBHS, 3h 1h 1h 1h
4yecToTa
JbioKnHa 96h/72h/ | 72h/48h | 72h/48h 72h/48h
Ha IPOrHO3aTa 48h
AcuMuanus No No No CHHOITHYHA
Ha JIaHHH CTAHLUH

Pesynrtatn

3a HactoswaTta paboTa e oOueHeHa W CpaBHeHa
yCcrneBaemocCTTa Ha yeTMpuTe mogena Nnpu NporHosarta
Ha 3-yacoBuTe TemnepaTypu Ha 2 m, CKOPOCTTa Ha
BATbpa Ha 10 m u 24-yacosBua Banex. 3a uenTa ca
n3cnenBaHW CpeaHOKBAApPATUUYHUTE TPELlKM 33 BCAKa
CMHONTMYHA CTaHLUMA OT BCEKM MOAEN KAaTO GYHKLMA Ha
Ob/XKMHATa Ha NporHosaTta. Tyk ca npeacraseHun
pe3ynTaTv OoT CPaBHEHWETO Ha MeceyHaTa U roauliHaTa
yCcreBaemocCT Ha MoaenuTe.

Percents of cases with best performance for T2m
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®urypa 1. MpoueHTN Ha cnyyYam ¢ Han-gobpa meceyHa u
roauvwHa 3a 2025 r. ycnesaemocT 3a TemnepaTypaTa
Ha 2 m (ropeH naHen), BaTbpa Ha 10 m (cpeaeH naHen) un
24-yacoBuA Banex goneH naHen) 3a AROME-IFS
(8 3eneHo), AROME-DA (B po3oso), AROME-105
(8 uepseHo) n 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 2.5 km 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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OnacHu meTeoponornyHu asneHua B bbarapua npes 2025 rogmHa
K. Ctoes’, b. Mapkosa, P. lumutposa, A. Ctoituesa, U. NocnoanHos, M. Monosa
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BbBepeHue
OnacHuTe MeTeoposiorMyHun  seneHnss (OMA) ca
eKCTpeMHa nposBa Ha BpemMeTo W KauMmarTa.

MporHo3upaHeto Ha OMSA e Ba)kHa 3agaya npeg
KpaTKOCpOYHaTa nporHo3a 3a BpemeTto. B bbarapusa
HauMOHANHMAT  MHCTUTYT N0  METeoposiorva U
xuaponorna (HUMX) e eAMHCTBEHOTO OTOPU3UPAHO
3BEHO, KOEeTO M3roTBA WM M3MNpala CcrnewuannsmpaHu
NMPOrHO3M KbM OpraHM3aLuMM W ObPXKaBHU CAyKOM,
OTroBapAlWM 3a 3aluTata Ha HaceneHWeto npwu
HacTbneaHe Ha OMA. O1 2001 r. HUMX nspasa nporHosu
3a OMHA (Stoycheva et al., 2013), a oT Kpaa Ha 2009 r. Ta3u
OEeNHOCT e YacT oT eBponelickaTa cuctema METEOALARM
(Popova et al, 2013). MporHo3ute 3a OMSA 3a
cnepgBawnte 48 4Yaca B 28-Te  aAMWHUCTPATUBHMU
obnactu, a ot centemspu 2022 r. 1 3a 265-Te 06LWMHU B
Bbarapua ce ny6anMKyBaT n 06HOBABAT HEMPEKBCHATO Ha
cTpaHunuata Ha HUMX (https://weather.bg/obshtini/).
Mpu wu3gaBaHeTo Ha npeaynpexgeHua 3a OMA
onepatusHute cneumannctn 8 HUMX pasnonarat ¢
MHbOPMALMA OT YUCNEHW MOAENM 33 NPOrHO3a Ha
BpemeTo (rnobanHW M pervoHanHu), Kakto U peamua
MHOBATUBHW NPOAYKTU, pa3paboTBaHu oT EBponenckus
LEHTbP 3a CpegHOCPOYHM nporHosm (ECMWEF), kaTo
Hanpumep NPOrHOCTUYEH MHAEKC 32 EKCTPEMHO Bpeme
(Extreme  Forecast |Index, EFI). EFI o6o6wasa
MHPopMaLMATa OT aHCamMbBNIOBM UYMCNEHU MPOTHO3U U
[aBa WHOMKAUMA 33 PalioHW C MOTEHLMANHO ONacHU
asneHnAa. EaHoBpemeHHOTO m3nonssaHe Ha EFl u Ha
AETEPMUHUCTUYHUTE NPOrHO3M HA PErMOHANTHNA YUCAEH
mopen ALADIN-BG nossonssa npeuymsupaHe u
no-aeTannHo MHGOPMMUPaAHE 33 MECTOMOJIONKEHNETO U
MHTEH3MBHOCTTa Ha o4akBaHuTe OMA. Bbnpeku
YCbBbPLIEHCTBAHETO HA CbBPEMEHHWUTE MeToAM 3a
NporHo3a Ha BpemeTo nporHo3upaHeto Ha OMA octasa
npeav3BUKaTeNCTBO NPU M3rOTBAHE Ha onepaTMBHaTa
nporHo3a.

MeTtoponorus
M3non3BaHM ca AJaHHM OT apxuBa Ha HUMX 3a
M3paneHu npeaynpexaeHma sa OMA.

Pe3yntatu un ussoau

Mpe3s 2025 r. HUMX e u3gan npegynpexaeHua 3a
OMA no EBponelickata cuctema METEOALARM B
105 aHu (dur. 1). 3a cpasHeHue, npe3 2024 .
npegynpexaeHua ca wusgageHn B 132 gHu, npes
2023 r.—B 139 gHu, a npe3 2022 r. — 8 99 aHK. B 68 aHK
ot 2025 r. npeaynpexaeHUATa ca OT NbpBa CTeneH
(*bnT KOA), B 29 AHKN — OT BTOPA CTENEH (OpaH»KeB KoA),

a B 8 AHKM — OT TpeTa cTeneH (YepBeH Kog). Hali-manko
npeaynpexaeHMa ca uM3gafeHu npe3  meceuute
AHyapu — 1 aeH (12.1) 3a 3HAYUTENIHU CHETOBAIEXKN, U
centemBpu — 3 gHu (17, 25 n 26.1X) 3a cuneH BATHP.
Hain-mHoro npepynpexpeHua ca uM3gafeHu npes
meceuute tonm — 18 pgHW, NpeauMHO 3a BUCOKMU
Temnepatypu, U HoemBpu — 14 AHW, HaM-4yecTo 3a
3HAUYUTE/THM BANEXM OT AbXKA.

MpeaynpeskaeHue OT Hall-BUCOKa cTeneH (4epseH
KOZ) 3@ 3HAUWUTE/IHM BaNeXM U FPbMOTEBUYHM Bypu e
M3aageHo B 2 AHKU OT mecel, Mali (25 n 26.V), 3a BUCOKHK
Temnepatypu — B 2 AHM OT toam (26 u 27.VIl),
3a 3HAYUTE/IHM BaNeXun — B 2 AHWU OT oKToMBpM (7 1 8.X)
M B 2 AHWN OT HoemBpw (27 1 28.XI).

WapaneHn npeoynpexaeHUA 3a onacH1
MeTeoponornyHu AeneHus npes 2025 roguHa
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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 ECMWF, such as Extreme
Forecast Index (EFl). EFl summarizes the information
from the ensemble numerical forecasts and indicates
areas with potentially severe weather. Using at the
same time both EFI and the deterministic forecasts of
the regional numerical model ALADIN-BG allows more
correct and detailed information about the location
and the intensity of the severe weather expected.
Despite the improvement and the refinement of the
modern forecasting methods, forecasting of severe
weather remains a challenge when making the
operational forecast.

Methodology
Data used for issued severe weather warnings 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.l) 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.Vll), for significant precipitation —
for 2 days in October (7-8.X) and for 2 days in
November (27-28.XI).

W3paneHn npenynpexaeHUA 3a onacHK
MeTeoponoruyHu fiBneHus npes 2025 roguHa
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Figure 1. Severe weather warnings issued in 2025.
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BvBegeHue

OBOLWAPCTBOTO € BaXHA  CTPYKTYpHa 4acT  oOT
Ce/ICKOCTOMAHCKOTO  Npom3BOACTBO B bbarapwus.
OBoOWHUTE TPaguMHM W No3ATa CbCTaBAABaT UAN

CENCKOCTOMaHCKM cekTop. Cnopes arpoctaTUCTUKATa
NAOWTa Ha OBOLWHWUTE TPaguHM e 67,8 XMAa. XeKkTapa.
Llenta Ha u3cnezBaHeTo e Aa ce NPOrHO3npaT AaTuTe Ha
HacTbnBaHe Ha ¢asute BBCH57, BBCH65 1 BBCH87 3a

yepewa u BBCH89 3a aAbGbiKa, W3N0/A3BaANKMK
METEOPOJIOTMYHN  AaHHU U arpPOMETEeOPO/IOTMYHM
MHAOEKCMU.

MeTtoaonorua

M3cneasaHeTo e NpoOBeAeHO B eKCNepuMeHTaHUTe
OBOWHM TrpaguMHM Ha MWMHCTMTYTa no 3emegenue
8 KlocTeHAMA 1 B rpagvHu Ha MHCTUTYTa NO OBOLLAPCTBO
B Nnosaue ot 2021 go 2023 r. (¢wur. 1).

Kyustendil Plovdiv

durypa 1. EKCnepumeHTanHM NoeTa U NapLenm ¢ A6bAKK U
yepelwm B UHCTMTYTa no 3emesenve — KiocteHamn (Bnago),
1 UHCTMTYTa No oBowapcTeo — Mnosams (BAACHO).

3a noctMraHe Ha UuUenTa e wu3bpaH anropuMTbM
“Random Forest”. TemnepaTypHuUTe ycnoBua no Bpeme
Ha NOKOW M paHHWUTE eTanu OT Pa3BUTUETO Ha OBOLLHUTE
KYATYpU Onpeaenat CKopocTMTe Ha (EeHOoNorm4Ho
pasBuTMe B cnegpawute nepuogu. ETo 3awo ca
n3bpaHu TpPWU arpomeTeoposiorMYyHM MHAEKCA: CTYAOBU
eguHuum  (CU), cyma oOT uvacoBuTe CTOMHOCTM Ha
TemnepaTypute Hag 6MONOTUYHMA MUHUMYM MO Bpeme
Ha nokoit (GDH) u cyma oT edeKTUBHM TemnepaTypu
(GDD). 3a ga ce M34nCNAT TeE3N UHAEKCH, Ca U3MOI3BaHMU
YacoBMTE CTOMHOCTM Ha TemnepaTypata Ha Bb3ayxa
(Richardson et al., 1974; Meier et al., 1994). Yacosute
CTOMHOCTU Ca U3YUCNIEHWN C JaHHK, nonyyeHn ot Climate
Data Store ERA5-Land Hourly Data.

Pesyntatu n ussogu

JaHnunte 3a pBete nokaumm — KioocteHaun w
MnosauB, ca pasfeneHn Ha ObyuyuTenHu U TecToBM
Habopu.Mo-KoHKpeTHO, 75% OT AaHHMTE ca U3MN0/13BaHuU
33 obyyeHune, a octaHanuTe 25% — 3a TecTBaHe. bpoAaTt
Ha QAgbpBeTaTa Ha pelweHusaTa 3a Knacudukauma e
3agaaeH Ha 600.

KaTo npeguKkTOopm ca U3Noa3BaHU ClefHUTE AHEBHMU
napametpu: CH, GDD, GDH wu Julian Day. Cnheg HAKo/KO
TecTa MOZeNbT e M3NbJHeH OTAEeNHO 3a npexoauTe
mexay BBCH57 wn BBCH65 un mexagy BBCH65 wu
BBCHS87/89, kakTo u 3a etana BBCH87/89.

Hali-Hanpes e oueHeHa nNpeACTaBUTENHOCTTA Ha
napameTpuTe, M3NOA3BaHW 3a MPOrHO3MpaHe Ha
pasnnyHuTe $asm — pasnykBaHe Ha NbMNKUTe, UbdTeX U
y3psABaHe Ha Ni1040BeTe, Bb3 OCHOBA Ha CTOMHOCTUTE Ha
npeavkTopure.

Ypes anroputbma “Random Forest” e nocturHata
BMCOKa CTeneH Ha MpPOrHo3uMpaHe 3a nosBaTa Ha
uscnegBaHMTe ¢asM B YEPELOBM  HACANKAEHWA,
C AMana3oH Ha TOYHOCT OT -2 A0 +1 AgHKM, B CpaBHeHUe
C HawwuTe HaseMHW HabnogeHna B KiocTeHauN w
MNnosaus npes nepunoga Ha mscnegsaHe 2021-2023 r.
3a A6BAKOBUTE  HacaXAeHUA  OTK/AOHeHMATa ca
no-rosiemu, Bapupawm oT -6 Ao +2 AHM Ha ToYyHWUTE
MecTa 1 Npes CbllmAa Nnepuoa Ha uscneasaHe (tabn. 1).

Tabnuua 1. [porHo3MpaHW OTKJOHEHUA B AHUTE
B 3aBMCMMOCT OT HabnwpaBaHOTO pa3BUTME Ha
yepewuTe u A6bAKKTE B KlocteHaun u MNnosaus

Cranums/ KiocreHgun Nnospus
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 0

2023 0 0 0 -2 0 0
Apple

2021 1 0 1 1 0

2022 0 0 -6 0 0

2023 0 0 0 1 0 0

Nutepatypa
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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).

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 0 -6 0 0 2

2023 0 0 0 1 0 0
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BbvBegeHue

BenonnogHute AroaM MMaT He MO-KpPaTKa 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 AbATUTE MNapueikn B Tpwu
NOBTOPEHMA B HeoTon/aAema NoJMeTUeHOoBa TyHesHa
opaHxepua B oOnuTHO none Ha WMA3P ,Hukona
Mywkapos” — YenonedyeHe, Codus (42°44'22.8"N,
23°28'3.7"E), npu KankoBo HanosBaHe 1 ¢pepTurauma. 3a
OOMbAHUTENHO HamanABaHe Ha 3arybute oT Boda e
NPUIOKEHO  My/auYMpaHe  CcbC  cuBo-vyepeH UV
nonvetuneHos mynd. OBeKT Ha u3cneaBaHeTo ca
6enonnoaHn srogm copT Fragaria x ananassa 'Snow
White’. ®akTOpbT HanosABaHe e NPUIOKEH B ABE HUBA:
11 — 75% (ETc); 12 — 50% (ETc). ®akTopbT TOpeHe e
npuioxeH B aBe HuBa: F1 — onTumanHo TOpeHe
Ng.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 NOMBHMUA NPOLEC Ce OCUTypsaBa OT
KOHTpO/iep 3a Npeumn3Ho NofaBaHe Ha NOMBHATA 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 eBanoTpaHcnmpauuns
€ M34YMcneHa uypes 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 AHEBHA OTHOCUTE/IHA
BAIA*KHOCT Ha Bb3ayxa e 33.07%, cpeaHaTa MakcMmalsiHa
AHEeBHa OTHOCMTENHA BNAXKHOCT Ha Bb3ayxa e 83.65% um
cpeaHaTa AHeBHa CbHUYeBa paanaums e 8.75 MJ m?/day.
CymapHata eBanoTpaHCnMpauua Ha Arogute npes
2025r.e387.01 mm.
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®urypa 1. MoameHa Hopma m ETc.

Mpe3s 2025 r. b6axa npoBedeHW 53 MNOAMBKU CbC
cpegHa nonvMBHa Hopma 6.95 mm 33 KOHTPO/HUA
BapuaHT IOFO (dur. 1). Hali-BMcoKuTe ctoliHocTn Ha WUE
(edekTnBHOCT Ha M3nNoN3BaHe Ha NO/AMBHaTa BoAa) ce
HabnopasaT npu BapuaHT 12F1 (3.94 kg/m3), a
Hal-HUCKUTE CTOMHOCTU — NPU KOHTPOIHWUSA BapuaHT IOF0
(1.98 kg/m3).

bnarogapHoctu: [lpoBefgeHUTe eKCnepMMeHTW ca
duHaHcupaHn ot PoHp ,HayuyHu wuscnegBaHuma“ no
»KOHKypc 3a duHaHcMpaHe Ha dyHAAMEHTANIHU HAyYHU
nscnegBaHua — 2022 r.“, npoekT ,BavaHne Ha NoYBEHO-
KAMMATUYHUTE YCNOBUA BBPXY TEXHONOTMUYHUA PEXUM
Ha HamnosABaHe W U3NUTBaHe Ha BUONOTMYHK cpeacTBa 3a
KOHTPO/ Ha GUTOMNATOrEHN NPU ArOAM 33 NOBULLABAHE HA
KauyecTBOTO Ha npoayKkumata“, Jorosop Ne KM-06-H66/4.
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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; I2F2.
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.

5 20
I rrigation rate
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o
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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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BbvBegeHue

Llenta Ha nNpoyyBaHeTo e Aa Ce HanpaBWu CPaBHUTE/EH
aHaNM3 Ha BereTauMOHHM WHAEKCU OT CaTe/NUTHU
M306paKeHna U NONEBU U3MEPBAHUSA C LLeN MOHUTOPUHT
Ha  CbCTOAHMETO  Ha  pacTeHuATa M PaHHO
naeHTUPUUMpPaHe Ha CTPECOBU CbCTOAHMUA. B pamKuTe Ha
3-rogMIIHO M3c/nefBaHe Ca aHa/lM3MPaHW ABa Tuna
BPb3KM: CTPYKTYPHWM (CBBP3aHM C  KO/JMYECTBOTO
6uomaca) " dur3mMonormyHn (cBbp3aHK c
GOTOCUHTETUYHMA KanauuTeT).

MeTtoaonorua

M3non3BaHW ca AaHHM OT MOMIEBU EKCMEPUMEHT C
Luapesuua, nposeAeH B WHCTUTYT Mno 3emenenve u
cemesHaHue ,06pasuoB undamk“ — Pyce, CCA, npes
nepuoga 2021-2023r.
M3non3saHu CNbTHUKOBU UHAEKCU 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
LAI (Leaf Area Index):
3.61 *((B8 nir-B4 red) /(B8 nir+B4red))-0. 11.
HaszemHu paHHu. CBexka HGuomaca M cyxo BeLLecTBO:
WMHOMKATOPM 3a HaTpynaHaTa eHeprusa U NpoAyKTUBHOCT.
Xnopodpun A wu b: onpegenat ¢OTOCMHTETMYHATA
aKTMBHOCT. KapoTeHoOMaM: CAy»KaT KaTo  3aLUUTHM
NMUIMEHTU U Ca UHAMKATOP 3a pUTOCAHUTAPEH CTPEeC Uan
CTapeeHe Ha nocesa.
CTaTUCTUYECKN METOA, — KOPeaLMOHEH aHanus.

Pesyntatu un ussogu

N360pbT Ha BeretauMoHHM MHAEKCKM 33 uenuTe Ha
M3cneaBaHeTO Cce OCHOBaBa Ha crneuuduKata Ha
KyntypaTta. MHaekcbT NDVI e ocHOBEH 3a onpegensaHe Ha
HanMuMe Ha 3eneHa pacTutenHocT. MNpu uapesuuaTa e
edekTBEH 00 dasa ,M3MeTnABaHE”, cnes KOeTo yecto
ce Hacuwa. N36opbT Ha EVI2 e cBbp3aH ¢ ¢paKkTa, ye Tou e
no-npeuuseH MO OTHOWEHWE Ha noyBeHuUA ¢GOH W
atmocdepeH wym. MNo-4yBCTBUTENEH € KbM Bapuauunte
B rbCcTaTa Bomaca Ha uapesuuaTta B cpaBHeHue ¢ NDVI.
3a onpepensHe Ha Bpb3KaTa CbC CbAbPMKAHMETO Ha
xnopodun ca wusnonssaHu ,Red-edge” KaHanuTe Ha
Sentinel-2 (Band 5/6/7), KOuWTO ca W3KNOYUTENHO
YYBCTBMTE/NIHM KbM CbAbPrKAHWETO Ha xnopodun B
nnctata. NHgekebT LAL, mogenupaH 4ypes caTenuTHu

AaHHKM, OTpassBa oblwaTta /AMCTHA MaoWw, Ha eauHMua
noyYyBeHa 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(en)

Homep Ha nnowagkata

durypa 1. /iuctHonnoweH nHaekc LAl — uamepeH u nsuncneH.

Tabnvua 1. Kopenauma mexay HA3EMHO W3MEPEHU W
M34MCNEHM NapameTpu

LAI-LAl{gr) |LAl-biomas [LAl-suh LAl-ch-A LAl-ch-B LAI-Carat.

R 0,974 o,98/fr 0,374 0,03/ 0,63 0,39
SQRT |4 0,994 0,994 0,934 0,16/{F 0,737 0,63
NDVI-LAI(rp)|NDVI-h NDVI-biomas|NDVI-suh _ |NDVi-ch-A |NDVI-ch-B _|NDVI-Carz
R/ 0,97/4F 0,92/fr 0,984 0,874 0,037 0,63 03¢
SQRT|{ 0,994 0,964k 0,994t 0,934 0,16/ 0,79/~ 0,62
EVI2-h EVI2-LAI(gr)|EVI2-biomas |EVI2-suh EVI2-ch-A  |[EVI2-ch-B  |EVI2-Carat
Rl 0,974 0,964 0,974 0,93 0,064 0,692 04¢
SQRT/{+ 0,984 0,984 0,984k 0,964F 0,254 083f o6t
SAVI-h SAVI-LAI(gr)|SAVI-biomas |SAVI-suh SAVI-ch-A  |SAVI-ch-B  [SAVI-Cara
R 0,954 0,934 0,974 0,934 0,02/ 072> 04
SQRT|[{F 0,984 0,964 0,994 0,964 0,144 o085/ o7

Kopenaumsata mexagy CTOMHOCTUTE, OTYETEHM OT
CaTe/NIMTHN M Ha3eMHU nNpobu, MoKasBa HaW-roNAMO
cboTBeTcTMe Mmexay LAI-LAI, LAlI-6buomaca, NDVI-LAI,
NDVI-BucouunHa, NDVI-6bunomaca, EVI2-BncoumnHa,
EVI2-LAI, EVI2-cyxo BewecTBO, Savi-BMCOYMHA, Savi-LAl,
SAl-bnomaca.

MpoyyBaHeTO MOTBbPKAABA, Y€ MHTErpupaHeTo Ha
caTeNMTHNU JaHHM oT Sentinel-2 ¢ npeku nonesu
M3MEepBaHMA Cb3A4aBa Bb3MOXKHOCT 3a NO-NpeunseH
MOHUTOPUHI Ha 6uomacaTa U  GOTOCMHTETUYHUA
KanauuTteT npu uLapesunuata. Monsata Ha TO3M Nogxon B
arpomeTteoposiorMaTa € Bb3MOXKHOCTTA 32 pPaHHa
OMArHoCTMKa Ha GM3MONOTNYEH CTPeC U ONTUMU3UpPaHE
Ha arpoTexHU4YeckuTe AOeMHOCTUM 4Ypes3 Mo-NpPeUnusHn
MHOeKcn Kato EVI2 wn Clre2, kouTo npeogonsasat
OrpaHMYeHmMATa 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‘-U —1 LAls)
v 2 LAl(s)
E 4.0 e 3 A5}
- — 4 LAI(s)
g 2,0 m—1 LA {gr)
E.J_ —2 1Al (g7}
= o0 — — =3 LAl (g1}

i 2 3 4 5 6 7 8 § 10 —4lAl(E)
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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 LAI-Carat.
R 0574 ol 0,871 0,035 0,635 0,39
SORT|/{® 0994 o 0,931 0,16/ 0,79/ 0,63
NDVI-LAI(rp)|NDVIFh  |NDVI-biomas|NDVI-suh  |NDVI-ch-A [NDVI-ch-B |NDVI-Carai
R 0574 o9l 0,98/{F 0,87 0,035 0,632 0,33
SQRT|{: 05914 o096l 0,994 0,934 0,16/ 0,795 0,683
EVI2-h EVI2-LAl(gr) |EVI2-biomas |EVIZ-suh  |EVI2-ch-A  |[EVI2-ch-B  |EVI2-Carat.
R 05714 o098l 0,97/ 0,934 0,06/ 0,690 046
SORT/{F ot ol 0,984+ 0,96/ 0,25 0,831k 0,68
SAVI-h SAVI-LAl(gr)|SAVI-biomas |SAVI-suh  |SAVI-ch-A  |SAVI-ch-B  |SAVI-Carat
R 05514 o9l 0,974 0,931 0,024 0,725 048]
SQRT|{: 084 o9l 0,99 0,96 0,14/ 0,851 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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BvBepeHue

OuensBaHeTo W ABATOCPOYHMAT  ycnex Ha
KYNTYPHUTE PacTEHUA 3aBUCAT OT CNOCOBHOCTTA UM
Ja ce ajanTMpaT KbM NPOMEHsALATa ce cpesa
(Babalola et al., 2025). HabniopasaHaTa TeHAEHLMA
KbM HapacTBalla 4YecToTaTa M MHTEH3UBHOCT Ha
KAMMaTUYHUTE aHOMA/IUM B 3EMEE/ICKUTE PaiOHU
3aCTpallaBa pPasBUTMETO U MNPOAYKTUBHOCTTA Ha
3MMHUTE XUTHU KynTypu (Kazandjiev et al., 2022).
OueHKaTa Ha aganTMBHUTE CBOMCTBA Ha COpPTOBETE
3MMHa MIIEHMLA € Ba)KHAa 33 MPaBW/IHO peLleHue
OTHOCHO e(dEeKTMBHOCTTa Ha O6bAELWOoTO UM
npunoxeHue B npomnssoacTsoto (Koshelyaev et al.,
2022).

MeTtoponorusa

MpoyuyBaHeTo 0b6xBalLa ABE NOpPeLHU FOAUHU —
2023/2024 v 20242025 r. N3cnepsaHeTo BKAOYBA
27 VHTpoOAyLMpaHW reHoTMna 3MMHa OBUKHOBEHa
nweHunua. CTyaoycToMYMBOCTTa € M3NUTaHa upes
W3KYCTBEHO 3ampassBaHe B X1agWiHU Kamepu.
PacTeHusTa ca oOTMIeXAaHW BbB BereTalUMOHHU
CbOoBE, KaTO 3aKa/iABaHeTO MpoTMda  Mpu
ecTecTBeHW ycnosua. B nepuoga Ha Hal-BMCOKa
CTYZ0YyCTOMYMBOCT ca NOA/0XKEHU Ha
HUCKOTEMMNEpaTypeH cTpec. HusoTO Ha
YCTOMYMBOCT Ha  wM3nNuUTBaHMTe o0bpasum ce
CpaBHABA C TOBa Ha COPTOBE CTAaHAAPTU C MO3HaTK
HWMBa Ha NpPM3HaKa.

ToNepaHTHOCTTA KbM 3acyllaBaHe e M3nuTaHa B
KYNTUBALMOHHO CbOPDBIKEHNE — 3aCyLHWK.
MpunoxeHu ca YyeTmpu BapuaHTa Ha
BogoobesnevaBaHe — 3aabnbouasawo ce (Cl),
paHHo nponetHo (C2) WM KbCHO NPONETHO
3acywaBaHe (C3) M KOHTpPO/AEH, ONTUMAa/HO
nonuvsaH (K). M3BbpweH e GuomeTpuueH aHanus
Ha NpW3HaLMTe HA NPOAYKTMBHOCT. Onpesenexu ca
WHAEKC 3a 4YyBCTBUTE/NIHOCT KbM 3acyllasaHe SSI,
MHAEKC 3a TONIePaHTHOCT Kbm 3acywasaHe STl un
WMHIEKC 32 CTabunHocT Ha gobusa YSI.

Pe3syntatu u nssogu

fonAmMa 4acT OT  wu3NuTaHuTe  obpasum
AEMOHCTPMPAT HMBO Ha MPM3HAKa OKONO WU MOA,
HMBOTO Ha cnabua ctaHAapT San Pastore (tabn. 1).
C Hai-BMCOKA CTyA0YCTOMYMBOCT CE OTKPOABA COPT
,Copuan”,

Tabnvua 1. PasnpepeneHne Ha reHOTUNOBETE NILEHULA
Mo HMBO Ha YCTOMYMBOCT CNPSAMO CTaHAAPTH
Hapcr. Hapcr. Hagp cr. Hap cr. Mogp cr.

bes. 1 Ne 301 Pyc. S.P. S.P.
Bpoit 0 5 6 25 2
% ot 06w, 6poii 0 18.5 22.2 92.6 7.4

BapuaHTUTE Ha  3acywaBaHe  Hal-CUHO
NOHWXaBaT TernoTo Ha 3bpHO OT Knac GWS
(dur. 1). MpuM KbCHO nNPONETHO 3acyllaBaHe
copTOBeTe  3amas3BaT B  MoO-roAsma  CTeneH
BUCOYMHATa Ha cTbbnoto (PH), AbmkuHata Ha
Knaca (SL) u 6posa Ha 3bpHaTa B Knac (GNS), Ho
ry6aT 3HauyMUTeNHO OT TErnoTo Ha 3bpHoTo (TKW).
Mopaan no-ronsimaTta cv NPoOAyKTUBHA BpaTMmoct
(TN) v nopobpenn ycnosua no Bpeme Ha ¢asa
Ha/MBaHe Ha 3bpHOTO o6pasuuTe peanusmpar
no-sncok go6me (Y) npu paHHO NPONETHO CNPAMO
CbLUMTE NPU KBCHO NPOJIETHO 3acyllaBaHe.
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durypa 1. MoHWKeHKe (%) Ha KOMNOHEeHTUTe Ha Ao6uBa
npu CTPec oT 3acylliaBaHe.

Hali-BMCOKM CTOMHOCTM Ha wuHAeKca SSI ca
noayyeHn npu 3agbnboyaBallo Ce U KbCHO
nponeTHo 3acywasaHe. MHAEKCHT 3a ToNepaHTHOCT
Kbm cTpec STl Bapupa mexagy 0.04-0.29 (C1),
0.31-1.48 (C2) u 0.33-1.23 B C3. CpeaHo 3a
0bpasunTe MHAEKCHT 3a CTabUAHOCT Ha gobuea YSI
e cboTBeTHO 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
(Kazandjiev 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 two consecutive years —
20232024 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 STI
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.
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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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BbvBepgeHue

Llenta Ha v3cnepBaHeTo e Aa ce onpeaeny BAUAHUETO
Ha HAKOM arpoOMeTeOpPONOTMYHU UHAEKCU — eDEeKTUBHMU
Temnepatypu (Growing Degree Days, GDD, °C) wu
KonuyectBo Banexu (R, mm), Bbpxy Apobuea wu
KauyecTBOTO Ha 3bPHOTO NpW M3NUTBaHWUTE 06pasum
3uMeH QyparkeH e4eMmK. YCTaHOBEHUTE TEHAEHLMMN Ha
M3MEHEeHWEe Ha OCHOBHWUTE METEOPO/IOTUYHU €NEeMEHTHU
M arpoMeTeopONOrMYHUTE YCNOBMA Mpe3 nocnefaHus
TPUAECETTOANLWIEH NEPUOA, B CPaBHEHWNE C NPeAXOAHUSA,
B paiioHa Ha KapHobaT cnessaT obwaTta TeHAEHUMA KbM
yBenuyaBaHe Ha TemnepaTypute, a NpU rogulIHUTE
Ba/IE}KM CTAaTUCTMYECKM 3HAYMMA TeHAEHLMA He ce

HabnofaBa, KOETO  BAOWABA  XMAPOTEPMUYHUTE
yCnoBMA 3a pacTe W pasBuMTME Ha OCHOBHUTE
3emMefencku KynTypu.
MeTtoaonorua

N3cnepgsaHeTo e npoBegeHO npe3  nepuoaa

2022-2024 r. B OMUTHOTO none Ha WHCTUTYTa no
3emegenve — KapHobat. BkatoueHu ca 20 cenekumMoHHU
JNIMHUM 3UMEH QyparkeH edyemuk (Hordeum vulgare L.
subsp. pallidum), kouTo ca reHopoHa Ha WHcTUTyTa.
KaTo OCHOBHW CTaHAAPTM 33 CPaBHEHME Ca U3MON3BaHU
coptosete ,Becneu” wn ,Axenoir 2“ KouTo ca
HaLMOHANHUTE CTaHAAPTU 3@ 3UMHUA dypaXKkeH eyemuK
B cuctemarta Ha MACAC.

Pe3yntatv u nssogm

MpoBeaeHUAT BapuaLMOHEH aHanu3 rMoKasea, Ye
BapuauMoHHUTE  KoedULMEHTM Ha  u3cnepBaHuTe
npu3HauM ca HesHauuTesnHW. ToBa faBa OCHOBaHME Aa
ce npuveme, Ye JMHWUUTE 3UMEH OypaxKkeH evyemuK,
BKJ/IIOYEHW B NPOYYBAHETO, Ca CTabUNHW.

Principal Component Analysis (Abebe, 2024) e
LUIMPOKO MpwuaaraH mMeTos 33 OLEeHKa Ha reHeTU4yHOTO
pasHoobpasne, B3aMMOBPB3KUTE MeXAY NpU3HaumuTe U
KnacudukaumaTa Ha  FEeHOTUNUTE MpPU  e4eMMKa
(Hordeum vulgare L.). Pa3nonosKeHMeTo Ha reHoTunuTe
B NpocTpaHcTBOTO Ha PC1 u PC2 (¢pur. 1) noKassa ficHO
reHOTMNHOTO UM pasrpaHuYaBaHe.

JINHUUTE edYeMUK, Pa3MO/IONKEHU B MONONKUTENHUA
cektop Ha PC1l, ce oTanuaBaT Cc No-BUCOK Aob6uB wm
no-pobpa aganTtauma KbMm 6naronpuaTHn
arpoMeTeoposIorMYHM  YCA0BUA M MoraT fa b6baaT
pasrnexgaHu KaTo NepcrneKkTUBHUM  U3TOYHWUUM  Ha

n3XoaeH maTtepuan 3a Ccb3gaBaHe Ha
BMCOKOMNPOAYKTUBHM COPTOBE EYEMMUK.

B npotnsononoxHua cektop Ha PC1l ce rpynupat
reHoTMnu KaTto Becneuy-St, Axenoli 2-St, K-3429-22,
K-3666-22 n K-3599-22, Kouto ce xapakTepusmpart cC
No-HUCBbK [06MB, HO C MO-BMCOKM CTOMHOCTU Ha
NPOTEMHOBOTO CbAbp)KaHME U abcontoTHaTa Maca,
KOETO NOTBbP}KAABa OTPULLIATENIHATA 3aBUCMMOCT MeXAay
[o6MB M1 KayecTso.

BropaTta rnaBHa KomnoHeHTa (PC2) aonbaHUTENHO
pa3rpaHuyaBa reHoTUnNuTe cnopes,  $usmyHUTE
noKasaTtenn Ha 3bpHOTO. SlIuHuute K-595-22, K-841-22,
K-2826-22 n K-4083-22 noKa3BaT NONOKUTE/HA BPb3Ka C
PC2 n ce ommyaBaT c no-A4obpu TEXHONOTUYHM
KayecTBa, AOKATO FEHOTUMMU C OTPULLATE/NIHU CTOMHOCTU
no PC2 ca no-cnabo n3paseHun no Tesun nokasaTesnu.

Component Plot in Rotated Space

Campanent2

Component 1

®urypa 1. Pa3nonoxeHune Ha NpoyYBaHUTE NOKasaTenu
BbB GaKTOpUanHaTa paBHUHA.

Hai-cunHa nonoxKutenHa Kopenauua ce Habnogasa
MEXAY KNMMATUYHUTE aKTOpW cyma Ha edeKTUBHUTE
TemnepaTypM W KONMYECTBO HA MafHanvTe BasieXu.
[JobvBbT € B CWAHA NOJIOKMUTENHA KopenaumoHHa
Bpb3ka ¢ GDD u cpegHa no cuna Kopenauma c
KOZIMYECTBOTO Ha NagHanuTe BaseXM M BUCOYMHATA Ha
pacteHunsaTta. OTpuuaTenHa 3aBUCMMOCT € YCTaHOBEHaA
mexay pnobusa M um3cnenBaHuTe  GUIUMKO-XMMUYHMU
nokasatenn (abcontoTHa Maca, CbAbpXKaHWe HA
NPOTEMH W XeKToauTpoBa  Maca). [loaxoaawm
M3TOYHMLUM Ha U3XO4EeH maTepuan, OTAu4YaBalm ce ¢
[06pKN NPOAYKTUBHU Bb3MOMKHOCTU, ca AHUMUTE K-3146-
22, K-265-22, K-4069-22, K-4083-22 v K-2741-22.

Nnteparypa

Abebe, K. (2024). Cluster and principal component
analysis for yield and yield-related traits of food
barley (Hordeum vulgare L.) genotypes. Asian
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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

Compongrd I
-
.

Campenent 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 KbCHM MPO/SIETHU MPa3oBe Ca OCHOBEH
MMnTUpaw, ¢akTop 33 NPOM3BOACTBO Ha OBOLLHM
KYATYpW B HawaTa CTpaHa. PernMcTpmMpaHoTo yBemyeHune
Ha TemnepatyputTe Ha Bb3gyxa NO BPeEMe Ha
NPUHYAUTENHUSA  MOKOW  NpPegusBMKBA  MO-PaHHO
pasBuTMe Ha NJOAHUTE NMbMKW Ha OBOLLHWTE BUAOBE U
NMoBMLLIAaBa PUCKa OT NocaeABalLMTe NOBPATHU NPOSETHU
mpasoBe (Georgieva & Kazandjiev, 2023). Malchev un
Savchovska (2020) ycraHoBsiBaT, 4Ye B palioHa Ha
MnosauB M3CnenBaHUTE OT TAX COPTOBE 4epewu ca
HaN-YyBCTBUTE/IHM KbM MPONETHUTE Mpa3oBe BbB ¢dasa
pasnyKBaHe Ha MbMKUTE.

Llenta Ha HacTOALWOTO M3cNeABaHe e Aa ce Hanpasu
BEPOATHOCTHA OLUEHKa Ha HAaCTbMBAaHETO HAa OCHOBHUTE
beHonormyHn  dasm  — HabbbBaHe Ha NbNKUTE,
pasnykBaHe M UbOTENXK, NPU Yepella U Kalcusa U pucka
OT NOBPeAM OT KbCHU MPONETHU MpPa3oBe.

MeToponorus

3a uscnenBaHETO ca U3MN0/I3BAaHU METEOPOIOTUYHM U
GeHONOrMYHM JaHHM OT apxuBuTe Ha HaumoHanHuA
MHCTUTYT N0 MeTeoponorua u xmaponoruda. OtyeteHa e
JaTata Ha HacTtbneaHe Ha deHonornyHmute ©Gasm
BBCH 37, BBCH 57 u BBCH 65 B OCHOBHUTE pailoHW,
KbAETO e CbCpefoTOYeHO MPOM3BOACTBOTO HA OBOLLHM
KynTypu npes nepuoga 1981-2015 r. M3nonssaHu ca
pe3ynTatute OT BEPOATHOCTHM OLEHKM 3@ HacCTbMNBaHe
Ha KbCeH NponeTeH Mmpas.

Pe3syntatu u nssogm

B HawwuTe KAMMATMYHM YCNOBUA HaN-yYASBUMMU KbM
noBpaTHM MPONETHU Mpa3oBe Ca OBOLLHUTE KYATYypW,
0C06€eHO paHHOUBPTAWMTE KOCTUAKOBU BUAOBE KaTo
Kalicus, npackoBa M yepela, B HadyanHute ¢asun oT

TAXHOTO pa3BuMTMe — HabbbBaHe Ha MNbMKKTE,
pa3snyKeaHe U LbdTeX.
B wuv3cnepBaHeTo ca pasrnefaHu  Jatute  Ha

HacTbNBaHe Ha OCHOBHUTE deHonormyHn ¢asm npu
yepewa (Prunus avium L.) wu BeposTHOCTTa 3a
HacTbMNBaHe Ha KbCHW NPOEeTHU mpasose. Ha durypa 1
Ca MOKAa3aHM BEPOATHOCTUTE 3a MOABa Ha MPOJIETHU
Mpa3oBe Npu 4yepelwa 3a pakioHa Ha bnaroesrpag.
MN3cnepBaHMATa Ha arpoMeTeOpPONOTUYHMUTE YCI0BMA NO
BpeMe Ha MNpuHyauTeneH MOKOW 3a pasrnefaHuTe
cefem  CTaHUMKM MOKas3BaT, Ye cpegHaTa fata Ha
HacTbNBaHe Ha MocnefHWA NPoNeTeH mpa3 Bapupa oT
ot 1 no 25 AHM No-paHO OT gataTa Ha HaCTbMBaHEe Ha
¢dasa ubdrexk. B Mnosaus 24.l1ll e cpegHata gata Ha
HacTbMBaHe Ha MoCnefHMA NPoJieTeH Mpas, a gaTaTta Ha

ubodTexk e 10.IV, T.e. ¢ 13 pgHM no-paHo npu 75%
obesneyeHocCT.

B no-tonau roguHun ¢ 25% obesneyeHocT gaTtaTa Ha
ubodTEX HacTbnBa 8 AHM cnep NocnegHUA NponeTeH
Mpas3. Hal-ronaAma onacHOCT 3a Bb3HWMKBAHeE Ha
nponeTHU MpasoBe ce HabnogaBa B palloHWUTE Ha
Toprosuwe, [obpuy, KHexka u KiocteHgun, Tbit KaTo
JaTaTa Ha nocneAHUA NponeTeH Mpas HacTbnea oT 1 Ao
13 gHW no-paHo OT gaTtaTa Ha HacTbhnBaHe Ha ¢asa
ubdTex. Hall-manka e BepoATHOCTTa 3a HacTbMBaHe Ha
NnponeTHM Mpas3oBe B paiioHa Ha Pasrpaa, kbaeto 3.1V e
BEPOATHAaTa JaTa Ha HacTbMBaHe Ha nocaeaHuA
npoJsieTeH Mpas — 2 AHM Cef HacTbNBaHe Ha ubdTera
npw 75% obe3neyeHocCT.

Bnaroesrpag, 25%

Bnaroesrpan 50%

EBnaroesrpan 75%
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durypa 1. BepoATHOCTHO-CTAaTUCTUYECKMU aHANN3 Ha AaTUTe
Ha HacTbNBaHE Ha YyBCTBUTENIHM KbM Mpa3 $asu Npu Yepewa
(Prunus avium L.) B paitoHa Ha bnaroesrpag.

B pe3syntaT Ha npoBeAeHUs  BEPOATHOCTHO-
CTaTUCTUYECKM aHaNM3 B Ceem OCHOBHM PaioHa,
KbJETO e CbCpeA0TOHEeHO NPOU3BOACTBOTO HA YepeLwun B
Bbarapusa, ce ycTaHOBM, Ye KbCHUTE NPONETHU Mpa3oBe
HacTbnBaT Hal-4ecTo npe3 TPeTOoTO JeceAHeBMEe HA
MapT WAW NbPBOTO JeceTAHEBME HaA anpwua, Korato
npoTuyaT dasute pasnykBaHe Ha NbMNKUTE U UbPTEXK
Npu pasraexaaHuTe OBOLLHUN KYATYpU.

Nuteparypa

Georgieva, V., Kazandjiev, V. (2023). Late spring frosts
and their impact to agriculture. Agriculture & Food,
volume 11, pp. 166-174.

Malchev, S., Savchovska, S. (2020). Vulnerability of
sweet cherry cultivars to continuous periods of
spring frost in Plovdiv, Bulgaria. Agricultural science
and technology, volume 11, pp. 348-352.
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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%
flowsing
beud burst —
durable transitions of T across -
5'C-vweling buds
0o R0z 1502 Frlv o lird o703 140 nom mm g 1104 1804 2504
swelling buds  — bud burst — flwiring  — Duta
Blagoevgrad 50%
Fowering
swelling buds —
durable transitions of T
across 5"Cawelling of
bods
0107 G 1502 A7 107 ORO3 1403 7103 JROE 0404 10 1RDS  7sld
swilling buds se— swelling buds — NG — AT
Blagoevgrad 75%

WEling of buds s bud burst — flowering  s—

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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MeToauKa 3a oLeHKa Ha NPUHOCA Ha NYCTUHEH NPaxX Kbm nNpeBulleHnAaTa Ha P4

B Bbarapua un ngeHTMdMUMpPaHe Ha AHUTE, NOBAUAHU OT NYCTUHEH Npax
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BvBegeHue

MpeHocbT Ha nyctuHeH npax (MM) Boan 40 NOBULLEHM
KOHUeHTpauun Ha ®MNYo »n moxe Ja MPUYUHK
npesullaBaHe Ha cpeaHoAHesHaTa (CA) Hopma oT
50 pgm?. MpeactaBame meTogmKaTta, paspaboTeHa oT
HaunoHanHMA  MHCTUTYT MO MeTeoposaorns wu
XMOPONIOrNA, 33 OUEHKA HA TAaKbB POJ MPeBULUEHUSA B
CTpaHaTa, KoATo ce 6a3Mpa Ha eBPOMEenCKM HACOKU U
HayyHu mcneaganua (EC, 2011; Barnaba et al., 2017).
AHanusMpame M3MNOA3BAHETO Ha  pe3yntatm  oOT
aHcambnosua mogen (CAMS-ENS) Ha VYcnyrata 3a
MOHUTOPUHI Ha atmocdepata Ha ,KonepHuk” 3a
maeHtTudnumpaHe Ha gHu ¢ npeHoc Ha M. CpaBHsBaT
ce ABe BEpPCUMM Ha mMoaena 3a KoHueHTpauuu Ha MM 8
40 TO4YKM B CTpaHaTa, KbAeTo Mma cTaHumm Ha MAOC.

MeTtogonorusa

MeToaguKkata 3a npucnagaHe Ha nNpeBUWEHUA Ha
®MYo nopagu MM ce cbctoM OT ABe YacTu:
1) npeHTUPMKaLMA: OT NPU3EMHUTE KOHLLEHTPALMK Ha
CAMS-ENS 3a NN ce nsumcnasaTt 3a BcAKa cTaHuma CA
KOHUEHTPALUMM Ha MNpax W KoraTo Te HaasuwasaTt
5 ugm=3, ce npnema, ye nsmepenute C[ KoHUEHTPaLUM
Ha @MY ca nNoBAMAHWM OT MNYCTUHEH npax;
2) KonnyecTBeHO onpeaensaHe Ha npuHoca Ha MM Kbm
DMY10: KaTo pasnuka mexay M3mepeHata
KOHUeHTpauna n 50-ua NpoueHTUN Ha U3IMepeHuTe
cToHocTM Ha @MY npes BpemeBu nposopel, OT
13 aHu, 6e3 pa ce BKAWYBAT AHUTE, MOBJUAHU OT
npeHoc Ha M.

YyBCTBUTENHOCTTA Ha 6poA UAEHTUOULMPAHN OHU
cnpamo BepcuAta Ha CAMS-ENS e aHanusmpaHa c
OaHHM 32 2022 r. 3a 40 TOYKM OT CTpaHaTa OT ABse
BEPCMM Ha MoJena: u3nosi3BaHata B MeToauKata —
aHanus (ENS), 1 Ta3un oT mexguHeH pe-aHanus (IRA).

Pesyntatu n ussogu

3a cTpaHaTa KaTo usano ENS u IRA nokaseat gobpo
cbrnacyBaHe: KoHueHTpauuute ot IRA ca ¢ okono 3%
no-Hnckn (NMB = -3.03%, r = 0.965), a nsnonseaHeTo
Ha |IRA BoaM [0 HamaneHne Ha 6poa Ha
MAEHTUPUUMPAHMUTE OHM HA CTaHUMUTE C OKosio 6%.
Halt-ronamata pasnuka (ENS-IRA) e npes nponetra — IRA
nokassa 45 gHW NO-Mafiko CyMapHO 33 BCUYKM CTaHLUN.

Ha HMBO CTaHLMA Hall-ronemuTe pas/MKK ca 3a Tesn
B Coduiickma pernoH (ENS otbenasea 7-9 gHu noseye)
u B M3TouHa Bbarapuma (IRA otbensssa 4—6 AHKM noBeye)

— ¢urypa 1. Mepuos c MO-CbLWECTBEHM PaA3/MKM 3a
cTaHuumuTe B Copus e okono 15.08.2022 .
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®urypa 1. PaznvkaTa B 6pos Hav‘MAEHTMd)VILI,MpaHMTe OHU
(ENS-IRA) 3a 40 cTtaHumu B cTpaHaTa npe3 2022 r.

ENS wmaeHtTuduumpa pHute 17 u 19-20.08 Kato
NOB/IMAHM OT NYCTUHEH Npax, AOKATO KOHUEHTpauuuTe
oT IRA ocTtaBaT nog, nparosata CToMHoOcT oT 5 pugm3
(dur. 2). MU3mepeHute @MY KOHUEHTPauumn B
CTaHUMUTe noKa3BaT npesuweHne camo Ha KonutoTto
(1350 m) ¥ camo Ha 17.08. ToBa yKasBa, 4Ye B TO3U
nepuog Kato uano IRA pesyntatute ca no-40CTOBEPHW.

JonbnHutenHu uscneggaHua  (Hanp.  XMMWUYeEH
cbctaB Ha PMNYp) ca HeobxoAMMM 3a NO-ACHM
3aKNtoYeHus.

Dust by ENS and IRA
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16/08 17/08  18/08  19/08  20/08  21/08

BGOO70A = BGOO70A_IRA ~+—BG0OO50A
BGOO52A BGOO73A —=—BGO079A
= = BGOO50A_IRA = = BGOO52A_IRA BGOO73A_IRA

durypa 2. KoHueHTpauma Ha NycTMHeH npax ot ENS
(MABTHU AMHUK) 1 IRA (NYHKTUPAHW INHKK) 33 OTAENHU
CTaHuMM B rpaga; 3a Konutoto — ENS (cueu ctbnbyera),
IRA (KadsBu cTbnbueTa).

bnaropapHoctu: WM3cneaBaHeTo € OCbLWECTBEHO B

paMKMTe Ha MpoekT, ¢uHaHcupaH oOT 6kaxeTa Ha

HUMX.

Nurepartypa

Barnaba et al. (2017). Atmospheric Environment, 161,
288.

CAMS-ENS, CAMS-IRA, available at:
https://ads.atmosphere.copernicus.eu

EC (2011). EC Guidelines, available at:
https://data.consilium.europa.eu/doc/document/ST
%206771%202011%20INIT/EN/pdf
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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 PMyo stations; the daily
mean dust is calculated and if exceeds 5 pgm™ 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 PMio 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
PMa1o) are necessary for more firm conclusions.

Dust by ENS and IRA

16/08 17/08  18/08  19/08  20/08  21/08

BGOO70A = BGOO70A_IRA ~+—BG0OO50A
BGOOS52A BGOO73A —=— BGO079A
= = BGOOS0A_IRA = = BGOO052A_IRA BGOO73A_IRA

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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BbvBegeHue

MoneHoBUTE 3bpPHA Ca MDBMKKUTE MOJIOBU KAETKM MNpwu
pacteHuata. Mpu aHemodunHUTEe BUAOBE Te ce
obpasyBaT B rosemu Kosaudectsa. B npoueca Ha
onpawsaHe NoNeHbT Ce ABABA BaXXEH KOMMOHEHT Ha
Bb3ayxa Kato ®NY, CO2, NO2, SOz, O3 1 gpyru rasose.
KoHueHTpaumATa Ha NoOJeHM BbB Bb3dyxa OTpasAsa
OVHAMWYHOTO B3amMoZencTene mexagy buonorvyHarta
aKTUBHOCT Ha  pacTUTE/IHOCTTAa B perMoHa U
METEOPO/IONMYHUTE YCNOBMA. 3a Mo-rosamaTa 4act oT
yoBeLlKaTa nonysaauua noneHbvT e 6e3BpeseH, HO nNpu
okono 30% oT xopaTa BOAW A0 aNepruyHu OnaakBaHMA
CbC Ce30HHA AMHaMWKA. MOHUTOPUHI Ha MoJieHa BbB
Bb34yXa 3anoyBa Aa Cce NpoBexKaa B KpaAa Ha XIX Bek.
[Hec TOM e cbliecTBEH enemeHT OT cucTemuTe 3a
HabntogeHMe Ha OKONHaTa cpefa, nNpeaocTaBAlKU
LueHHa uHobopmauma 3a deHoNornaTa Ha pacTeHuATa,
aTMocdepHUTe NPOLLECU U pUCKOBETE 33 0OLLECTBEHOTO
3gpaBe. HaTpynsaHeTo Ha ronsma 6asa JgaHHWM AaBa
Bb3MOXHOCT 33 W3roTBAHE HA EXXerogHuW MPOrHO3HU
No/seHOBWU KaneHpapw. ExeoHEeBHUAT MOHWUTOPUHE Ha
Bb34YWHM nNpobu no3BonABa  NOJABAHETO  Ha
KPaTKOCPOYHM NPOrHO3M 33 PaHHO NpeaynpexaeHne Ha
nauMeHTUTE C NOIMHO3a.

MeTtopgonorusa

3a bbarapua nepuogbT C HaAMuMe Ha MONEH BbB
Bb34yXa 3ano4yBa B Kpaa Ha 3MmaTta U Npogbaxasa 4o
cpefata Ha eceHTa. M3cneaBaHuATa ca NpoBeAeHU B
Codua. M3nonseaHn ca gBa MeToda 3a Yy/JaBAHE Ha
LBETHMA NpalleL;

1. CegumeHTaumMoHeH — 3a nepmoga 2011-2025r.
2. O6emeH —3a 2024 n 2025 .

MonyyeHnTe Npobu ce aHanM3MUpaT Nog, MUKPOCKON,
KaTo ce onpeaenaTt BMAOBUAT CbCTaB M UYMCAEHOCT Ha
NoNeHOBUTE 3bpHa. B 3aBMCMMOCT OT KOAMYECTBOTO
npallew, BbB Bb3ayxa ce onpeaens NoaeHoOB MHAEKC B
4 HWMBA: HUCKO, YMEPEHO, BUCOKO U MHOTO BUCOKO. Cnep,
cTaTUCTMYecKa obpaboTKa Ha AaHHUTEe ce u3paboTea
NoNeHOB KaneHaap.

Pe3ynTtaTtu u ussogm

Bb3agylwHata mosieHoBa KOHLEHTpauus e B MpskKa
3aBMCUMOCT ot METeoPOIorMYHUTE yCca0BuA.
TemnepaTtypata B/MSA€ BbPXy HAYaNoTO Ha LbdTEKa,
BJIA’KHOCTTa — BbPXY 0CBOHOXKAABAaHETO Ha MoeH, a
BATbPDBT OMpeaens Bb3AyWHWA MPEHOC M AanedyeH
TPaHCNOPT Ha noseHa. Banexute 0B6UKHOBEHO
HaManABaT KOHUEHTpauuuWTe BbB Bb3AyXa upes
OTMMBaHe, HO MoraT M Aa CTUMY/MpPaT PasBMTMETO Ha
pacTUTENIHOCTTa B NO-TOMNINTE U Ced CyXv Nepuoam.

MOHUTOPUHIBT OT deBpyapu OO0 OKTOMBPW pasKpusa
TPY OCHOBHM CE30HHM NUKa:
» ToneH OT gbpeeTa — paHHa NPoAeT;
» ToneH oT TpeBM OT cem. UTHU — KbCHA NponeT
[0 PaHHO NATo;
> ToneH oT nnesenn — OT cpeAaTa Ha NATOTO A0
eceHTa.

Oepseta e cem. )KUTHU Mnesenn
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durypa 1. lMHamumKa Ha noneHoBuA ce3oH npes 2024 r.

ObarocpoyHute HabntogeHuA nokaseaT, 4e
M3MEHEHMeTO Ha KAMmaTa MpoMeHA Cce30HUTe Ha
noneHute. Knooyosute TeHAEHUMN ca:

e [lo-paHHO Haya/o Ha ubdTeENKa;

e [lo-A4bAbr NONEHOB CE30H;

e [loBMLWEHO NPOM3BOACTBO HA MOJEHW NOpaau
Mo-BUCOKM HMBA Ha COy;

e [lpomeHM B pPa3npoCTpaHEHMETO Ha BUAOBETE;

e [lo-yectn EKCTPEMHM METEOPO/IOTUYHM
CbbUTUA, KaTO Hanp. MbJIHUW, BAUSELLM BbPXY
OTAEeNAHeTO Ha NONEHOB anepreH BbB Bb3ayXa.

Te3n npomeHW nog4yepTaBaT HeobxogMmocTTa OT
HenpeKkbCcHaToO HabaaAeHWe 1 aganTUBHM CTpaTernn 3a
nporHosmMpaHe. CBETOBHMAT ONWT MNOKas3Ba, ue
Pa3NpPOCTPAHEHMETO Ype3  pPas/IM4HUM  Meaunm  Ha
KOMOWHMPAHN METeOoPOJIOrMYHM C NOJIEHOBU MPOrHO3M
npepnara HaBpeMeHHa MHPOPMAUMA Ha YYBCTBUTENHMU
KbM aneprumn avua v 3gpasHu cneumanmnctu.

bnaropapHoctu: WM3cneaBaHeTo € OCbLLECTBEHO B
pamkute Ha npoekT: [lorosop BG16RFPR002-1.014-0017
,LleHTbp 33 KomneTeHTHOCT ,MmyHonaTtoreH” no
Mporpama ,HayyHu u3cnedBaHua, WHOBAUMKM W
OMTUTANN3auMA 3@ WHTENWreHTHa TpaHchopmauma“
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
quantities. In the process of pollination pollen is an
important component of the air such as PM, COz, NO,
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.

Arboreous emmmmPoaceae Weeds

35%
30%
25%
20%
15%
10%

5%

0%

|

01-15
16-29
01-15
16-31
01-15
16-30
01-15
16-31
01-15
16-30
01-15
16-31
01-15
16-31
01-15
16-30
01-15
16-31
01-15
16-30

\' v \ Vil Vil IX X X
MONTHS

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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BvBeaeHue

[ObAroCcpoYHMAT U HEmnpeKbCHaT MOHWUTOPUHT  Ha
Bb34yXa € K/J0YOB e/1IEMEHT B NOJUTUKUTE U MEepPKUTE 3a
nofobpsBaHe Ha Ka4yecTBOTO Ha aTMochepHUA Bb3AyX
(KAB). KonuuyectBoTo Ha AucneprupaHuTe  ¢GuHM
npaxosu uvactuum (PMNY) e ocHOBeH MOKasaTen 3a
cbeToAHMeTo Ha KAB. UsrpaxpgaHeto Ha edeKTMBHA
MpexKa 3a HabaoaeHne Ha KAB, ¢ ¢oKyc Bbpxy @MY, e
npeausBuKaTeNnHa 3ajavya — KaKTO NopagM BMUCOKaTa
ueHa Ha pedepeHTHUTE ypegu, Taka W nopaau
Nno-BMCOKaTa HeonpeLesneHoCT Ha M3MepBaHMATa C
6l04KeTHUN ceH3opu.

B HacToALWOTO U3cneaBaHe NpeacTaBaAMe OLEHKa U
CpaBHUTENEH aHa/N3 Ha pedepeHTHUA ONTUYEeH ypes
Fluke 985 Particle Counter un HucKobGlOAXKETHUTE
OnNTUYHKU ceH3opu (SENS55 n HPMA115S0) ¢ aaHHM 3a
KOHLUeHTpaumATa Ha PMNY2s, nony4yeHu CbC
CTaHAApPTM3UpPaH aBTOMATUYEH ypes, 3a NnpoboHabupaHe
Ha ®MY (SQ1, Giano, komnaHusa Dado Lab).

MeTtoponorusa
PaspaboTeHO e UHTEerpuMpaHo uM3mMepBaTe/NHO
YCTPOWCTBO, ocurypsaBsaLo CUHXPOHM3MpPaHa

peructpauma Ha AaHHW OT TPU OMNTUYHU CeH3opa 3a
MOHUTOpPUHT Ha ®PMNY — Fluke 985 Particle Counter,
SEN55 u HPMA115S0 (Terziyski et al., 2025).
M3mepBaHMATa ce U3BbPWBAT Ha WHTepBaAn oOT
10 MMHYTK, KaTO BpemeBaTa MapKUPOBKA U NOKaLmMATa
ce onpegenAat ypes srpageH GPS moayn. Mo Bpeme Ha
eKcnnoatauma Bb3AYLWHUAT NOTOK Cceé XOMOreHusmpa u
obHoBsABa HenpeKkbCcHaTo ypes KOHTPOAMPAHO
BEHTUAMpPaHe. YCTPOWUCTBOTO € ¢YHKUMOHWMpano npes
¢deBpyapu 2026 r. B HenocpeacTBeHa 6au3ocT Ao
aBTomaTtuyeH ypes SQ1, paboTewy, B CbOTBETCTBME CbC
cTaHAapT EN-12341, pa3nonoeH Ha
MeTeoponorMyHata naowagka Ha HUMX B Codwus.
MacoBaTa KoHLeHTpauma Ha ®MNY25 e onpeaeneHa ypes
rpaBMMeTpUYEH aHanM3 € U3N0A3BaHETO HA aHAIMTUYHA
Be3Ha (Mettler Toledo, MS105DU/M) (Hristova et al.,
2020).

3a npeobpasyBaHe Ha perncTpmpanus bpoi yactmum
ot Fluke OPC B macoBa KOHUEHTpauma e NpUIONKeH
MaTeMaTMYeCKM noaxod, OCHOBaH Ha OUEHKa Ha
NABbTHOCTTa Ha Pa3MepHOTO pasnpegeneHne Ha
yactuumte. [NocnegHaTa e  onpegesneHa  ypes
perpecMoHeH aHann3 BbpXy AAHHUTE OT WeCTTe KaHana
Ha Fluke.

Pesyntatu n ussogm

M3uncneHn ca cpefHOAHEBHM CTOMHOCTM  OT
ONTUYHUTE CeH30pu 3a 24 mHTepsana ot 8:00 go 8:00
EET Ha cnepBawma geH, B CbOTBETCTBUE C pPEeXKMMA Ha
npobossemaHe Ha SQ1. M3BbplieHa e cTaTUCTUYeCKa
06paboTKa Ha pe3ynTaTUTe OT CPaBHUTE/IHUA aHaAu3,
BK/IIOYBALLA OLEHKa Ha CbrnacyBaHOCTTa U CTeneHTa Ha
Kopenauusa mexay metogute (dur. 2).
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®urypa 2. CpaBHeHWe Ha cpeAHOAHEBHU KOHLLEHTPpaL M.

Ha durypata ca npeacraseHu pesyntatuTe oT AsaTa
6roaxkeTHN ceHsopa (SEN55 — cuHbo, 1 HPMA115S0 —
yepBeHO), pepepeHTHUA ypeq (NIMH — 3eneHo), Kakto u
pesyntaTuTe oT ABa meToga (M1 u M2 — BMONETOBO U
CBET/IOCMHBO) 3a TpaHchopmMMpaHe Ha OTYETEHUA OT
Fluke 6poit uactmum (6p./L) B ekBMBaseHTHa Mmacosa
KoHUeHTpauma (ug/m?3) 3a dpakuma ®MNY,.s.

BnaropapHoctu: l3cneaBaHeTo e OCbLWECTBEHO B
pamkute Ha npoekt [Jyekoc no [lnhaHa 3a
Bb3CTaHoOBABaHe u yctomnumeocT, Ne BG-RRP-2.004-0001-
C01, KaKTO M CbrnacHoO [0rosBopa 3a CbTPYAHUYECTBO U
CbBMeCTHa geWHocT mexay HUMX u  Xumwuyeckua
darynTeT Ha MnoBAMBCKUA YHUBEPCUTET.
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Introduction

Long-term and continuous monitoring is a key element
in policies and measures to improve air quality (AQ).
The amount of dispersed fine particulate matter (PM) is
a key indicator of AQ. Building an effective AQ
monitoring network, with focus on PM, is a challenging
task-both because of the high cost of reference
instruments and the higher uncertainty of
measurements with low-cost sensors.

In this study, we present an evaluation and
comparative analysis of the Fluke 985 Particle Counter
reference optical device and low-budget optical sensors
(SEN55 and HPMA115S0) with data on PMas
concentration obtained with a standardized automatic
PM sampling device (SQ1, Giano, Dado Lab).

Methodology

An integrated measuring device has been developed
that provides synchronized data recording from three
optical sensors for PM monitoring — Fluke 985 Particle
Counter, SEN55, and HPMA115S0 (Terziyski et al.,
2025). Measurements are performed at 10-minute
intervals, with time stamping and location determined
by a built-in GPS module. During operation, the air flow
is homogenized and continuously refreshed by
controlled ventilation. The device operated in February
2026 in close proximity to an automatic PM sampler
SQ1 operating in accordance with standard EN-12341,
located at the meteorological station of the NIMH in
Sofia. The mass concentration of PM2.s was determined
by gravimetric analysis using an analytical balance
(Mettler Toledo, MS105DU/M) (Hristova et al., 2020).

l S g p = |

Figure 1. Experimental setup.

To convert the registered number of particles from
Fluke OPC into mass concentration, a mathematical
approach based on the density estimation of the
particle size distribution was applied. The latter was

determined by regression analysis on the data from the
six Fluke channels.

Results and conclusions

Mean daily values were calculated from the optical
sensors for 24 intervals from 8:00 a.m. to 8:00 a.m. EET
the following day, in accordance with the SQ1 sampling
regime. Statistical processing of the results of the
comparative analysis was performed, including an
assessment of the consistency and degree of correlation
between the methods (Fig. 2).
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Figure 2. Comparison of mean daily concentrations.

The figure shows results from two low-cost sensors
(SEN55 — blue, and HPMA115S0 - red), the reference
device (NIMH — green), as well as the results from two
methods (M1 and M2 — purple and light blue) for
converting the number of particles (pcs/L) measured by
Fluke into equivalent mass concentration (ug/m3) for
the PMzs fraction.

Acknowledgements: The study was carried out within
the framework of the DUEKOS project under the
Recovery and Sustainability Plan, No. BG-RRP-2.004-
0001-C01, as well as in accordance with the cooperation
and joint activity agreement between the NIMH and the
Faculty of Chemistry at Plovdiv University.
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BbvBegeHue

MNpeBuweHNATa Ha cpegHoAHEeBHaTa Hopma 3a ®MYio
(50 ugm3) ca pesyntaT OT KOMBUHMPAHO BAMAHME HA
MHOXECTBO MNPOLECH, CBbP3aHU C €MUCUMU, MPEHOC U
TpaHchopmaLMA Ha 3aMBPCUTENN N TAXHOTO OYMCTBAHE
oT atmocdepata. MeTeoposorMyHM MNapameTpu Cbe
CblUEeCTBEHA PO/A 33 AUCNEPCUATA Ha 3aMbpCUTeNn ca
CKOPOCT HAa BATbpa, BajeXK W YCTOMYMBOCT Ha
atmocdepaTa. BnaxHOCTTa, CABHYEBOTO rpeeHe W
TemnepaTypaTa BAUAAT WHOMPEKTHO 4Ype3 ycnosuA 3a
npeobpasyBaHe Ha 3aMbpcUTENINTE, KaKTO M  3a
yBenuyaBaHe Ha emucum ot BUTOBO ropeHe.

HanpaBeH e cbBMeCTeH aHa/IM3 Ha NPeBULLEHNATA HA
®MNYo “ MeTeopoNorMyHM [aHHU OT CTaHZAPTHU
M3MEpPBaHUA 33 ABe CTYAEHW MOAYroAuA: OKTOMBPU
2023 — mapT 2024 r. n okToMmBpU 2024 — mapT 2025 T.

MeTtogonorusa

M3non3BaHM ca  AaHHM 33  aHOMaAMM B
TemnepaTypaTta WM BaNeXuTe Haj CTpaHaTa 33 [AgaTa
nepuoga, KakTo W onucaHWe 3a Tuna Bpeme npes

oTAeNHM  3umMHM  meceum  (MecedeH  xuapo-
meTeoponornyeH 6onetuH, HUMX).
CpepgHoaHEBHUTE  KOHUeHTpaumMu 33 O®MNY10 ca

aHanu3mpaHu 3a 16 crtaHumm Ha WMAOC, Kbaeto ca
perucTpupaHun 3Haumm 6pol AHU C NpeBULIEHUs npes
3MMHUA ce30H 2024-2025 r.: Codpusa — 167 aHM 06LLO
(MNaBnoso, Hagexaa, Xunogpyma, Mnagoct, ApyK6a u
rapa fHa), MepHuk — 90 (LleHTbp ¥ Ubpkea), JonHu
BoaeH — 37, MNnosaus — 98 (KameHuua wn Tpakus),
Xackoso — 47, Pyce — 48, lTopHa Opsaxosuua — 48,
BnamH — 48, n MoHTtaHa — 55. 3a 7 rpaga cbe cTaHUMM Ha
HUMX e HanpaBeH CbBMECTeH aHan3 Ha HabaaaBaHK
MeCceyHM NpeBuLEeHNA U cpeaHOMeceYHa TemnepaTypa,
CKOPOCT Ha BATbPA U MECEYEH BaNeXK.

Pesyntatu n ussogu

MpesuweHunsTa npes 2024-2025 r. ca 6am3o0 gBa
NbTU noseye, OTKo/AKoTo npe3 2023-2024 r. (Tabn. 1).
Mpe3 aHyapu u ¢despyapu 2025 r. npesBuLleHMATa ca
O0KOJI0 2.7 NbTU MNoOBeYe CNPAMO CbLUUTE Meceuu Ha
2024 .

Tabnvua 1. CpaBHeHMe Ha HpoN AHW C NpPeBULLEHUS

Nepwog/
mecel,

2023-2024 355 117 101 42
2024-2025 638 69 250 131

O6wo Xil | Il

AHyapu 2025 r. e Hal-cyxuAT mecel, AHyapu OT
2021 r. Hacam, C MeCeYHU CyMM Ha BaNexuTe non
KAMmaTMyHaTa Hopma (3—80% oT Hen). AHyapu 2024 r. e
No-AbXKAO0BEH, C BaseXW OKONMO U nof HopmaTa. U 3a
ABeTe roguHuM fAHyapu e CbC CcpefHOMeceyHU
TemnepaTypu Haj, HOpPMaTa, KaTo MNO-TOMbA e AHyapwu
2025 r. ®eBpyapu 1 3a ABeTE rOAMHN € OTHOCUTENHO CyX
(Banexun nop Hopmata). Hali-xapaKkTepHo 3a ¢eBpyapwm
2025 r. e CTy4EeHOTO Bpeme: TOBa € Han-CTYAeHUAT Mecel,
¢deBpyapu ot 2013 r. Hacam (OTKJIOHEHME OT HOopMmaTa
bo -5 °C). 3a cpaBHeHue, deBpyapu 2024 r. e eauH ot
Hal-Tonaute (OTKAOHEeHMe OT Hopmata oT +3.0
0o +7.6 °C).

3a AHyapu n ¢espyapn 2025 r. ca xapaKTepHU U
NPOABLMANKUTENHU NEPUOAMN C AaHTULMKNOHANHO Bpeme U
YCNOBUA 32 MbI/M, KOeTo 61aroNpPUATCTBA 3a4bPKAHETO
Ha 3aMbpPCUTENUN BB Bb3AyXa.

MNoapobHUTe aHaNU3M 3a BcAKa OT cTaHumuTe (Codun,
Mnoeaus, MepHuK, XackoBo, Pyce, BuamH, MoHTaHa)
MOKa3BaT, Ye Pas3/IMKUTE MexXay NpeBuLleHnATa B ABeTe
CTyAEeHM NONYroaua ca CBbpP3aHU C PaA3/IMKMU B HAKOMU
METEOPOJIOTMYHN MapaMeTpu — Hal-4yecTo ToBa Ca
MO-HUCKM CKOPOCTU Ha BATbPA U NO-MaNKW KOAMYeCcTBa
Banex npes cesoHa 2024-2025 r. cnpamo 2023-2024 r.

Hanpumep 3a ctaHuusa Pyce (¢wur. 1) pasnukute B
npeBuLleHnATa nNpes AHyapu-deBpyapu ce acoummpat ¢
pa3/IMKW B CKOPOCTTA Ha BATbPaA M TemnepaTypara.
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BbnarogapHocTu: l3cnegBaHeTo € OCBHLIECTBEHO B
paMKM1Te Ha NPOEKT, GMHAHCKMpPaH oT 6rogKeTa Ha HUMX.
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Introduction

The exceedances of PMio 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 PMuo
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).

PMzo 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 u
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 Xl | ]
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
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[} —_—
o Q
& 510 ,
o ©
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3.0 =
£ . 100
B s
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215 &
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Figure 1. Ruse — number of PM1o exceedances and
temperature, wind speed and precipitation for the months
of the cold seasons 2023-2024 and 2024-2025.
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BvBegeHue

®durHuTe npaxosu Yactmum (PMY2.s) ce yTBbPKAABAT KaTo
K/IIOYOB WMHAMKATOP 3a Ka4yecTBOoTO Ha aTtmochepHus
Bb34yX Mopaauv 3HAa4YMMOTO MM Bb3LENCTBME BBPXY
ekocuctemute " obLwecTBeHOTO 3apase. B
yp6aHU3UpPaHUTE TEepUTOPUM TPAHCNOPTLT, OUTOBOTO
OTOM/IeHWe W UHAYCTpUanHata [AenHOCT ca cpea,
OCHOBHMUTE W3TOYHMLM HA EMMUCUWU, KOUTO BOJAT A0
NOBMLLUEHM KOHLEHTPALLMWN HA YCTOMYMBU U NOTEHUMATHO
TOKCMYHM  MeTann B aTMochepHus  aeposos.
HatpynsaHeTo Ha Te3n enemeHTM BbB PMY25 cb3gasa
npeanocTaBkM 32  MNOBULIEHA  €KCno3vMumsa  Ha
Hace/seHMeTO U CBbp3aHM  34pPaBHM  PUCKOBE.
HactoawoTo m3cnegBaHe Mma 3a Len Aa aHaausumpa
OVHAMMKaTa M U3TOYHUMUWUTE Ha TEXKM MeTanu BbB
®NY25 B rp. byprac, KakTo U Aa oOUeHU Bb3PacTOBO-
cneumdUYHNA MHXANALNMOHEH 34paBEH PUCK.

MeTopgonorus

Mpobu ot PMY2.5 ca cbbupaHm Npes eceHTa Ha 2022 .
M 3umaTta Ha 2023 r. Ha TepuTopuATa Ha byprackma
ObpyKaBeH yHusepcuteT ,Mpod. a-p AceH 3natapos”
(42.314° N, 27.264° E, 30 m HagMoOpCKa BMCOYMHA)
B pamkumte 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
KUCENIMHHA MWHepanunsauma. 3a ugeHTuduKauma Ha
M3TOYHUUUTE Ca WM3MOJI3BAaHM ONUCaTeNIHA CTATUCTUKA,
OTHOCUTEJTHO CTAaHAAPTHO OTK/IOHEHME (RSD),
KOpenauuoHeH aHanm3 Ha Pearson u iepapxuueH
KNbCTepeH aHanu3. MHXanauMoHHUAT 34paBeH PUCK e
OUEHEeH cbrnacHo metogonormata Ha U.S. EPA, upes
M3uncnABaHe Ha HekaHueporeHeH puck (Hazard Index,
HI) n kaHueporeHeH pwuck (Total Cancer Risk, TCR)
3a KbpmayeTa, Aeua 1 Bb3pacTHu (U.S. EPA, 1989).

Pe3syntatu n ussogu

YcTaHoBeHa e ACHO nspaseHa Ce30HHa
BApMabWAHOCT, KATO KOHLEHTpauuuTe Ha nosevyeTo
MeTasM ca MNO-BMCOKWM Mnpe3 3MMHUA nepuos. Tosa ce
CBbp3Ba C MWHTEH3MdMUMPaAHE HA aHTPOMOreHHUTe
emucun (bUTOBO OTONIEHME), OrpaHMYeHa aTMochepHa
ancnepcusa u cneunduUyHM MeTEeOpPOJIOTMYHN YCN0BUA,
6naronpuATCTBALLM aKyMy/IMPaHe Ha 3aMbpCUTENN.

Hali-BMCOKM cpefHM KOHLEHTpaLMKM ca OTYETEHU 3a
Fe, Zn, Cu, Pb 1 Ba. KopenaunmoHHUAT aHann3 MNoKasea
CUHN BPB3KU Mexay oTAeNHU eNleMeHTH
(Hanp. Zn-Cu-Ba-Pb npe3 3uMmara), KoeTto npeanosara
o6WM M3TOYHUUM HA EMUCUM, CBBP3AHU C TOPUBHMU
npouecM M TpaHCNOPT.  KAbCTepHWMAT  aHanu3

NOTBbP!KAABA HA/IMUYMETO Ha 0BYCNOBEHU OT U3TOUYHMKA
rpynu metanm.

OueHKaTa Ha 34paBHMA PUCK MOKa3Ba Bb3PacTOBO-
3aBUCUMU pasnuma. Han-BMcOKM cToHOCTM Ha HI ca
OTYETEHM NPU KbpPMayeTa, OCHOBHO NOPAAN EKCNO3NLMA
Ha Mn M As, HO BCMYKM CTOMHOCTM OCTaBaT nof
KpUTUYHaTa rpaHunua ot 1. KaHueporeHHUAT puck (TCR) e
OOMUHMPaAH OT NpuHoca Ha As, cnegpaH ot Cd u Ni, KaTo
npu feuaTa CTOMHOCTUTE ce A06/MKaBaT A0 UAW NIeKO
HagsuwagaT pedepeHTHaTa rpaHuua 1x10“, ocobeHo
npes 3Mmara.

Pe3syntatuTe noagvepTaBaT 3HAYEHNETO HA CE30HHUTE
daKTopu U Bb3pacToBO-cneundmnyHaTa ekcnosmuma npum
oLeHKa Ha pucka B ypbaHu3unpaHa cpesa.
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Introduction

Fine particulate matter (PM2s) 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 PM2s increases population exposure
and may pose substantial health risks. The present study
aims to analyze the dynamics and potential sources of
heavy metals in PM2s in the city of Burgas, Bulgaria, and
to assess age-specific inhalation health risks.

Methodology

PM2s 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 1x107*, particularly during winter.

Overall, the results highlight the importance of
seasonal factors and age-specific exposure in health risk
assessments within urban environments.

4929

As 04 75.1 0.3 48.9
Ba 71 52.0 107 138.2

Bi 0.3 79.1 2.0 2475
¢cd 0.3 135.4 0.4 787
Co o [ s 208.7
Cu 74 40.1 6.6 63.0

Fe 145.2 56.0 114.0 65.4 2665
Mn 341 104.4 52 115.8

Ni 34 135.4 14 11.4
Pb 5.8 50.9 10.0 109.9

v 0.6 79.5 0.7 85.0 - 153.3
Zn 13.3 141.6 124.8 130.7

Mean value RSD% Mean value RSD

Autum 2022 Autum 2022 Winter 2023 Winter 2023

401

Figure 1. Mean concentrations (ng/m3) and relative standard
deviation (RSD, %) of heavy metals in PM, s by season.
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Figure 2. Pearson correlation analysis by season.
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BvBegeHue

3ambpcABaHETO Ha Bb3dyxa oOCTaBa eauH  oT
Han-3HAYMMUTE EKONOTMYHM W 34PaBHU npobremn B
Bbarapua, Kato CoduAa 4YecTto OTYMTa MNOBMULLIEHMU
KOHUEHTpauun Ha asoteH pguokcng, (NOz) u duHM
npaxosu yactuum (ny). BbBexaaHeTo Ha
HUCKOEMUCUMOHHU 30HM (HE3) oT CTonuuyHa obwmHa
uenM Aa HamaauM  3amMbpcABaHETO, CBbpP3aHO C
TpaHcrnopTa B HAN-HAaTOBapeHUTE LEeHTPaIHU PaloHU Ha
rpaga. HacroAwoTo nscnenBaHe npeactaBa pesyntaTu
OT UYWUCNEHW CUMyNaUMKM  4Ype3 KOMBMHUpaHe Ha
PErMoHanHO W JIOKAJIHO MOJenMpaHe C BMCOKa
pesonouMa WM  M3BbPLIBA OLEHKA Ha edekta OT
npunaraHeto Ha HE3.

MeTtopgonorusa

PaspaboteHa e nogpobHa WHBEHTapu3auma 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 ronam  puHr (2026). Emwucuute ca
nsumcneHn uypes EMIT, Kato Heobxogumute BXOLHM
OaHHM Cca noayyYyeHW 4pe3 aHcambbn mogenu 3a
MaLWMHHO obyyeHne, N3N0A3BaKM AaHHM 33 aBTOMNapKa
Nno eBpOKaTeropuu, nNapameTpu Ha YANYHUTE KaHbOHM,
HAAbKHU HAaKNOHU 1 TpaduK (dur. 1).

P

Moaea wa Tpadpuka - Brezoy, D; Buroy, A. Ensemble Learning Traffic Model for Sofia: EMIT nixoa
A Case Study, Appl. Sci. 2023, 13, 4678,
PM,, PM, 5,
(e Aamna KATeropHsaiis 1a anToMOBH IS HapK NO,, 1 NO,
Tpaduixa ~ = 3a roAnHITe
* KomGnumpann AKTOPM 58 T ¥ 2018, 2022, n
¢ xapaktepueTi- ;fx{::'::::f " T1C, aexn [1C u MoTopKAeTH 2026 2
Kere wa 1T il Tpacki yamanm
AT DY npouec na BLid e HAKAOHH 1 KAHBOIN
npocrpavcrnem | [ pRCEEI ouenenn v
comaner 1| mcnanens | | 2omnn o -0
A B
exoAOIII erema 1 IDW 1a e AEeE b fi)
JE— oBuHCkN ADMS-
npomenmn {neB48) 1a rpa- pasannre e ot
upes ancamtua praxa » MS Excel THIIONE Y AR Wa peacpa Urban
o MoAen a e AoKaaen
* Biern ca « Hapaserpm na
HIMHCASBANE HA paxropu, Loty MOAEA
cpeanoromumien | | Hpeamta et oo | | TPascn yawen \
e orpamensira B e sapra- -
saGmonata2018 [ 4 RS B s na escmrre | | MHCICI0 B0
T, HETIPOMEHEHA PETYAAIDHHTE 34 EMEP/EEA o ocnoma na CERC
542022 1 2026 1, TPAACKH AOCTB T Street Canyon Tool

durypa 1. MoeTtaneH Npowec 3a U3rotesHe
Ha MHBEHTapu3auMATa Ha TPAHCMOPTHUTE EMUCUN.

MopgenvpaHeTo Ha KayecTBOTO Ha Bb3gyxa e
m3BbpweHo uype3 Multi-Model Air Quality System
(MAQS), KoATO CBbp3Ba PErnMoHasHOTO MoAe/NMpaHe
WRF-CMAQ (1 km) c nokanHua mogen ADMS-Urban
(100 m), kaTo npepoTBpaTABa ABOMHOTO OTYMUTAHE Ha
emncun. Pesyntatute ca BaAMAMPaAHW C AaHHM OT
M3mMepBaHMA B oduumanHute ctaHuum Ha WMAOC un
nosieTa c BUCOKa pesontouma ot npoekta EXPANSE (Shen
et al.,, 2022).

Pesyntatu n ussogm

BbBexgaHeto Ha HE3 BoguM [0 CblecTBEHO
HamanABaHe Ha KoHueHTpaumnte Ha NO, N0 OCHOBHUTE
byneBapay M KpbcTOBUWA. MaKCMMaNHUTE TOAMLLHM
cpeaHun ctoriHoct Ha NO, HamanagaTt ¢ okono 25% 3a
Mankua puHr (2022) n 35% 3a ronemusa puHr (2026)
cnpsmo 2018 r. Hait-ronemun Hamanerus (go 30 pug/m3)
ce HabA[aBaT Mo CUAHO HAaTOBAPEHUTE TPAHCMOPTHU
Kopuaopu npes 3MMHUTE meceuum. 3a pasMKa OT ToBa
KOHUeHTpaumnte Ha ®MNY,0 n ®MNY,.5 nokassat camo
He3HauuTeNnHn  Hamaneuums  (3-5%), TbW  KaTto
TPaHCMOPTBLT AOMNPUHACA MO-MAJKO 33 TO3N 3aMbpcuTen
B CpaBHeHMe C OWTOBOTO OTOMNEHWE U  [pYrU
M3TOYHUUM. Bbnpekn nomobpeHuAaTa cUMynnpaHuTe
cToiHocTM Ha NO, B 6/4M30CT [0 HATOBApeEHMU
KPbCTOBMLLLA OCTaBaT Haj, npeacroawmuTe Hopmu Ha EC
3a 2030 r.,, KoeTo nmnoacKasBa HeobxogMmocT OT
OOMBAHUTENHN MEPKM.

durypa 2. KapTu C U34MCNEHUTE CPeaHM KOHLEHTpaLuUn
(3a gekemspwu, AHyapu u pespyapwu) Ha NO, 3a 2018 r. (a),
MasbK PUHT (6), ronam puHr (B) M pasnnkute mexay 6asosaTta
2018 r. u cueHapua ronam puHr 2026 (r).

bnarogapHoctu: W3cnepBaHeto e
B PaMKUTE HA MNPOEKT,
Ne KM-06-H54/2, 15.11.2021r.

OCbLLECTBEHO
buHaHcupaH ot ®HU,

Jlutepartypa

Brezov, D., Burov, A. (2023). Ensemble Learning Traffic
Model for Sofia: A Case Study. Appl. Sci., 2023, 13,
4678.

Shen, Y. et al. (2022). Europe-wide air pollution
modeling from 2000 to 2019 using geographically
weighted regression. Environ. Int., 2022, 168,
107485.



161

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

Assessment of the effect of the implemented low-emission zones in Sofia
R. Dimitrova®”, M. Velizarova?, A. Burov?, D. Brezov?

'Faculty of Physics, Sofia University “St. Kliment Ohridski”
2Faculty of Architecture, University of Architecture, Civil Engineering and Geodesy
3Faculty of Transportation Engineering, University of Architecture, Civil Engineering and Geodesy
Keywords: traffic emissions inventory, numerical modelling of different scenarios
*email: r.dimitrova@phys.uni-sofia.bg

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 EXEA 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/m3) 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.

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

Aneprvata e eAuMH OT Hal-yecto  cpelaHuTe
340aBOC/IOBHN npobnemu B cBeToBeH Malwab. Ta ce
onpeaens KaTo UMYHOI0TUYHO obycnoseHa
CBPBXYYBCTBUTE/IHOCT HA OpraHM3Ma KbM YyXKaw,
6e3BpegHN 3a opraHM3ma Beliectsa. MponABsABa ce KaTo
XPOHUYHO 3abonsaBaHe, KoeTo adeKTupa mexay 25 wu
40% OT HaceneHWeTo B pas/iMyHUTE CTpaHWU. bpoATt Ha
3acerHaTMTe NOCTOAHHO HApacTBa — MO MHOMO NPUYUHMU,
BK/IIOYUTENIHO M MOPaZAM U3MEHEHWEeTO Ha KauMmaTta u
ypbaHusaumaTa. [MarHOCTMKaATa W JIeYEeHWeTo Ha
aneprmyHuTe  3abonfABaHMA  M3UCKBAT  CEPUO3HM
duHaHCOBM pecypcu.

Hali-uecto aneprvAta € B OTFOBOP Ha KOHTaKT C
LBETHMA Mpallel, Ha BeTpoonpallBaluuTe ce BUAOBE
pacteHuA. MNoneHoBaTa aneprusa ce xapakTepusmpa cbe
ce30HHocT. Mpu naumeHTUTE C NONMHO3a ce Habatogasa
KaKTO GU3MYEeCKo CTpaZaHUe — 3acAraT ce O4YUTe, HOCHT,
ropaoto wu/unn  bGenute apoboBe, TaKa CblWo WU
NCUXMYECKO  HampexeHue npu  HabnaukasaHe Ha
nepuoaa Ha ubdTex n 0bocTpAHe Ha cumntomuTe. ETo
3allo 3a Te3n naumeHTM e ocobeHo BaxkHO Ja Mmat
HaBpemMeHHa M ToYHa noseHoBa MHbOpMaLumA.
HecnyuaiHo Mporpama KonepHuk (Copernicus
Atmosphere Monitoring Service, CAMS) yBennyaBa 6pos
Ha HabnogaBaHuTe ¢akTopn OT atmocdepaTta ¢
HebnaronpuATeH edeKT BbpPXy 34paBeTO, BKAOYBANKMK
T.Hap. NOJIEHOB UHAEKC.

MeTtoponorua

Hannuneto Ha noneH BbBB Bb3Ayxa 3aBUcKU OT
pasnnyHM daKTopU: PacTUTENHOCTTA B palioHa, peneg,
KnumaT. C Hal-ronama TexecT e B/AWAHMETO Ha
METEOPO/IOTMYHNUTE YC/IOBUA Npeay U No Bpeme Ha
ubdTeXHMA nepuod. ETo 3aWo Bce noBeye CTPaHU
BbBEKAAT MOAaBaHe Ha NOJIeHOBa NPOrHo3a CbBMECTHO
C MeTeoposiorMyHata. [ bArocpoyHuTe  MONEHOBU
nporHosu ce 6asnpat Ha LMbpPOBM MOAENMN OT HATPyNaHU
BbB BPEMETO [aHHU OT eXeAHeBeH MOHWTOPUHI Ha
Bb34YLHN NPOBU M OT HANMYHM MPOTrHO3HU MONEHOBMU
KaneHaapu. KpaTKOCPOYHWUTE MPOrHO3M ca MNO-TOYHM,
0cobeHO Korato ce W3MON3BaT peasHu JaHHU OT
aepobmnonornyHn nabopaTopun B OTAENHUTE pernoHu. B
pasnauyHM Meaum No CBeTa OT fJeceTuietma ce
nonynapusupa nosieHoBaTa NPOrHo3a c Lea HamansasBaHe
Ha BPeAHOTO Bb3AENCTBME HA aslepreHnTe B Ce30Ha Ha
ubdTerka Ha pacTutenHute sugose. OT despyapu 2020 .
CTapTUpa CbBMeCTeH NPoeKT Ha bTV BpemeTto u HL3MB
33 peryaspHoO nofaBaHe Ha KOMBMHMpPaHa NporHo3a. 3a
LenTa ce U3non3BaT:

1. TekctoBa 15-gHeBHa U ceaMMYHA METEOPONOrNYHA
nporHosa Ha HUMX Kato KOHcynTaHT Ha bTV Media
Group 3a TemnepaTtypa, AHW C BETPOBMTO Bpeme W
BaJIEXMN.

2. CvbupaHe Ha NONEHOBU AaHHW 33 aneprysMpalym
BM/OBE pacTeHUA Ypes ABa MeToAa: CeAMMEHTALMOHEH
(o1 2011 o0 2025 r.) M 06emeH (3a 2024 1 2025 r.).

3. AHanus oT CNeLnanuncT no noneHuTe.

Mpw ycTaHOBABaHe Ha TEHAEHUMNTE B NOBULLEHNETO
WAN  MOHUXKEHWETO Ha  Bb3AylWHaTa MOJIeHOBa
KOHUEHTpaUMA B KOMOWMHaLMA C MeTeoposiorMyHaTa
nporHosza Ha HWUMX ce wu3roTBat cneunanmsmpaHu
7-AHEBHU NPOTrHO3M, KOMUTO Ce NONYNAPM3MpPaT B edpupa n
MHTepHeT nnatpopmute Ha bTV Media Group.

Pesynrtatu u ussogm

3a nepuoga 2020-2025 r. 4ype3 TeNeBU3NOHHMU
M3NBYBAHMA U UHTEPHET CTpaHuuaTa Ha bTV HoBuHUTe
ca nogaaexu 148 cegMUYHM METEOPONOTMYHM NPOrHO3MU
B KOMbMHauuA € noneHosa. B TAXHOTO Cb3aaBaHe
yyacTtBaT  pas/IMYHM  CNeuuasncTu:  MeTeoposiosw,
KAMMaTonosun, 6uonosn, CratucTuum, nNpPOrpamumcTy.
BusyanHoto odopmseHMe Ha MNOJIEHOBUTE MPOrHO3M
cnefga ACHWA M IeCHO Pa3no3HaBaeMm LBAT Ha KoZoBeTe
OT eBponeickata cuctema METEOALARM  3a
METEOPOSIOTUYHN  NpPeaynpeXKAeHna (3eN1eH, KbAT,

OpaHXesB U ‘-lepBEH) M aHaNOrMM4YHU KaTeropmm — HUCKa
MHOro

(6esomacHa), ymepeHa, BMCOKa MK BMCOKa

Bb34yLIHA NONIEHOBA KOHLEHTPaUWA.

CHumKa 1. MeTeoponormyHuTe kKogose Ha METEOALARM.

KOHUEHTPALMA HA MOAEHU

CEM.KWUTHUA

e

CHuMKa 2. NMoneHoBa nporHosa.

Mpe3 2026 r. uHMUMaTMBATa NPOAbLAXKABA, KaTo
3ano4ysa 7-a nopeaHa rogMHa Ha noJieHoBaTa NPOrHo3sa B
edupa u nnatpopmute 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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EKOIOrMYHa YCTOMYMBOCT M CTPATErMyecKo ynpasneHume
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BvBepeHue
KnumaTtuyHata Kpusa, n3vyepnBaHeTO Ha pecypcute
M 3arybata Ha 6uopasHoobpasMe M3MUCKBAT
CUCTEMHA TpaHchopmauymn B EBpona.
EBponeiickaTa 3efeHa CcAenka W NAKeTbT
,floAroTBeHu 3a Len 55“ onpeaenar ycronumsocTTa
KaTO CTpaTernmyeckn NoJNTUYECKM 1 UKOHOMUYECKU
npuoputeT. 3a AbprKaBuM Kato bbarapma To3m
Nnpexos e CBbp3aH CbC 3aBUCUMOCT OT M3KOMAEMM
ropuBa v BUCOKA eHepruiiHa MHTEH3UBHOCT.
N3cnepBaHeTo pasrnexga WHTErpMpaHeTo Ha
€KOJIoOFMYyHaTa YCTOMYMBOCT B CTPATErMYeCcKoTo
ynpasjeHMe Ha  OPraHM3auMOHHO HWMBO B

CbOTBETCTBME C  E€BPOMENCKUTE  KAMMATUUYHMU
NOJINTUKN.
MeTtoaonorua

N3cnepsaHeTo  pas3paboTBa  KoHUeNTyaseH

MoZe/1 3a EKONIOTMYHO OPUEHTUPAHO CTPATErMYECKO
yrpaB/ieHNe, HACOYEH KbM MpUaraHe Ha LesiuTe Ha
EC 33 yCTOMUYMBOCT B OPraHN3aLMOHHUTE CTPATErnu.
Mogenst BK/tOYBA nert KOMMOHeHTa:
(1) cTpaternmyecko nnaHuWpaHe, cbobpaseHo ¢
€KONOTUYHU Uenu; (2) eKoNOTUYHU WHAWUKATOPW;
(3) opraHuM3auMoHHa KynTypa MW NMAEPCTBO;
(4) 3enennm wuHoBaumu; (5) aHrakmpaHe Ha
3aMHTEPEeCcoBaAHUTE CTPAHMU.

MeTon0/M10rMYHaTa paMKa CbYeTaBa aHaaM3 Ha
HayyHa J/iMTepaTypa, aHaAU3 Ha MOAUTUKA U
eMNUPUYHA MpPOBEPKA Ype3 aHKeTHO Npoy4BaHe
cpepn, opraHusaunm B8 bbarapua. CtatMcTU4eckmaT
aHaNM3 M3CnenBa BPb3KaTa MeXAy YCTOWYMBO
OpMeHTUpPaHaTa cTpaTerna M OpraHM3aLMOHHaTa
edeKTUBHOCT.

Pe3synTtat 1 ussoam

PesyntatuTe MoOKasBaT, 4Ye OpraHusauuuTe,
KOUTO  WHTErpupaT  €KONOTWYHW  LenuM B
CTpaTernyeckoTo NAaHWpaHe, NoCTUraT Mo-BMCOKa
pecypcHa epeKTMBHOCT M no-aobpa aganTUBHOCT
KbM perynaTopHuM MPoMeHU. FAcHO aeduHUpaHuTe
€KONOTNYHN UHAOUKATOPU YKpPEenBaT MEXaHU3IMUTE
33 MOHUTOPUHT U OTYETHOCT.

YcTaHOBEHA € MOJIOXKUTENIHA BPb3KA MeEXAy
OpraHu3aLMoOHHaTa KyATypa, OPMEHTMPAHa KbMm
YCTOMUMBOCT, M KanauuTeTa 3a 3e/1eHN UHOBALMUW.
OpraHusaumnTe, KOUTO Bb3NpUemaT eBPonencKkuTe

€KOJZIOTNUYHMN NOJINTUKN KaTo CTpaTernyecka
Bb3MOXHOCT, AEMOHCTPUPAT NO-BUCOKa
KOH KyF)EHTOCI'IOCO6HOCT.

Emnnpuynute AaHHU NnoTBbPKAABaAT, ye
CNCTEMHATa MUHTErpaumMAa Ha yCTOVI‘-IMBOCTTa B

CTpaTernyeckoTo ynpasneHue nosuLIaBa
opraHu3aLMoHHaTa epeKTUBHOCT U YCTOMUMNBOCT.
MpeanoskeHuaT mogen npeacTasnsBga

ynpaBJeHCKa paMKa, CBbp3Balla UesuTe Ha
eBponeickata  KAMMaTUYHa  MOAUTMKA  CbC
CTpaTerMyeckoTo ynpasjeHue Ha opraHusauuuTe.
HeroBaTa NpWAOXKMMOCT B 6bArapcku ycaosua
rnoayeptaBa HeobXOAMMOCTTa OT Cbl/acyBaHOCT
MeXay eKoaorMyHute ambuumm Ha EC u
HaluMoHaNHaTa ajanTauums.

Ta3u yCcToMuMBOCT CleABa Aa Ce pasr/iexaa Kato
ABUraTen Ha MKOHOMMYECKaTa MOZEpHU3aUuUA.
M3cnepsaHeTo npeanara eMnupUMYHO BaauampaHa
pamMKa B MOJKpena Ha Mpeanpuatua u ny6anMuHm
MHCTUTYLMM MPU OCblLECTBABaHE Ha Npexod Kbm
AekapboHM3auma 1 Kpbrosa 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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FeonpoCTpaHCTBEH aHaAU3 Ha 3aMbPCABAHETO HAa Bb3AyXa M 34paBHUA PUCK

¢ TMC 1 reonsKycTBeH MHTeNeKT Ha Esri
K. MsaHoB"

ESRI Bvarapua 00/,
KNo4oBY fiymun: 2e0MpocmpaHcmeeH aHaAAU3, 3aMbpCcABaHe Ha 8b30yxXa, 30paseH puck, ArcGIS Pro, MauwuHHO
obyyeHue
*email: k.ivanov@esribulgaria.com

BvBegeHue

3ambpcABAHETO Ha Bb3Ayxa € BOAEL, €eKOo/JorMyeH
puckoB $aKTOp 3a YOBELWIKOTO 34paBe, NPUYUHABANKMK
Hag 7 MWAMOHA MNpeXAeBPeMEHHU CMBbPTHU Cayyas
roguwHo (WHO, 2022). B rpaacku cpean kato Codusa
KOHUEHTpauunTe Ha  GUHM  NPaxoBM  YacCTUMLM
(PNY25, ®NYq0), a30TeH A[MOKCMA WM O30H Bapupart
3HauMTe/IHO B MNPOCTPAHCTBOTO W BPEMETO, KOeTo
3aTpyAHABA OLEHKATa Ha peasiHaTa eKcnosuvuma Ha
HaceneHueto. TpaguUMOHHUTE nogxoaM, 6asvpaHu
€OMHCTBEHO Ha JaHHM OT M3MepBaTeNHM CTaHLMMU, He
Nno3BoAsABaT  Mb/IHOLEHHO KapTorpapupaHe  Ha
3aMbPCABAHETO U MHTErPUpPaAHETO My C AemorpadCcku m
34paBHM  AaHHW. HacToAwaTta pabota npeanara
METOLONOMMYHA pPamMKa, KOATO CbyeTaBa reorpadcku
MHoopmaumoHHn cuctemu (FUC) Ha Esri ¢ meToam Ha
reousKycTBeHua uHTenekT (FfeoMM) 3a LUANOCTHA OLLeHKa
Ha 34,0aBHUA PUCK OT 3aMbPCABAHE Ha Bb3AyXa.

MeTtoponorusa
MNoaxoAbT BKAOYBA YeTUPU CTHNKK. [TbpBO, AaHHK OT
n3mepBaTeHn CTaHUUn - MAQOC, CaTeNNTHU

oueHku — Living Atlas, Sentinel-5P (Living Atlas Team,
2025), u gemorpacdcKkm noKasaTenn ce obegmHABaT KaTo
npoctpaHcTeeHn cnoese B ArcGIS Pro. Btopo, upes
NPOCTPaHCTBEHO-BPEMEBA MHTeprnoaauma (emnupuyHo
BallecoBo KpurupaHe) M aHaAM3 Ha MNPOCTPAHCTBEHO-
BpemeBU KyboBe ce U3rpaxkaaTt HeNnpeKbCHaTU KapTu Ha
KOHUEHTpauunTe U ce uAeHTUOULMpPaAT YCTOMYMBMU
061acT C NOBMLIEHO 3ambpcaBaHe. TpeTo, npuaarar ce
MOZENN HA TeOoM3KYCTBEH MHTeNeKT (cnydyariHa ropa,
rpafiieHTHo yCUnBaHe), KOUTO cBbp3BaT
KOHLLEHTPaUumnTe Ha 3ambpcuTtenn ¢ aemorpadckum u
KOHTEKCTHW NPOMEHAMBU (rbCTOTa Ha TpaduKa, 3eneHun
naowWM, TWMA 3acTposiBAaHe) 3a MPOrHo3MpaHe Ha
34paBHUA PUCK MO palioHW. YeTBBPTO, pesyntatute ce
BM3YaNNM3MpPaT Ype3 MHTEPAKTUBHU yeb NpuUNoKeHUsa U
pa3KasBaTtesiHu KapTu (Esri).

1. NaHHK 2.TUC aHanus

CraHumu, catenutu, pemorpadus WHTepnonauus, ropewy Toukmn

3. F'eoU mopenu 4. Busyanusauus

MalLKWHHO 06yyeHue, NPOrHosH

Yeb npunoxeHus, Kaptu
Esri MUC + Meo

®urypa 1. MeTogonorMyHa pamka: ot gaHHu npes N'MC aHanus
N FeOU3KYCTBEH MHTENEKT 0 BU3yanunsauma
Ha 34paBHUA PUCK.

Pesynrtatu un ussogm

KaTto natoctpauma Ha noaxoaa e nNaHWpaH aHanus 3a
rp. Copusa c paHHu 3a PMNYye o1 mpexaTta Ha WMAOC.
OuakBaHWUTE pe3ynTaTv BKAKOYBAT UAEHTUUUUPAHE Ha
YCTOMYMBM 30HW C MNOBULWEHM KOHUEHTpauuuM B
LEeHTpanHuUTe rpaZcKkmn YacTu N OKONO HAaTOBApPEHU MbTHM
apTepun, HacnareaHe ¢ Aemorpadckn AaHHU 3a OLEeHKa
Ha U3/10}XEeHOTO HaceneHue 1 NpunaraHe Ha mogenn Ha
reousKyCTBEHMA WHTEeNeKT 3a MPOrHosupaHe Ha
34paBHMA  pUCK. [loaxoAbT e Bb3NPOU3BOAUM U
malwabupyem 3a Apyru rpaficku cpeam u 3ambpcuTeni.
Mogenute Ha TreousKyCTBEHUA WHTENeKT nocTuraT
BUCOKa obAcHUTENHa cToMHOCT (R? > 0,75), KaTo Boaewm
baKTopn ca KOHUeHTpaumata Ha &MYy, 61M30CTTa A0
MarncTpanu u amncaTa Ha 3e/1eHN NAOLM.

Nurepartypa
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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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. flaHHn 2.TUC aHanus

CraHumu, catenutu, pemorpadus WHTepnonaums, ropewu Touku

3. FreoWU mopenu 4. Busyanusauus

sl :

MalLWHHO 06yueHue, NPOrHosH Ye6 npunoxeHus, Kaptu

Esri TUC + Meol

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 PMsiy 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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BvBegeHue

OCHOBEH NPUHOC KbM MbPBUYHUTE GUHM NpPaxXoBu
yactuum (PNY) mma cekTopbT GUTOBO OTOMNEHUE C
TBbPOM  TOpMBa, KOETO CBbpP3Ba  HaUMOHaNHWA
€MWCUOHEH npodun C aeposonute oT
usrapsHe/KoHBepcus Ha Buomaca. butosute ®MNY HocAT
OPraHUYHU eKCTPaKTU (Hanp. NOAULMKANYHM apOMaTHU
Bbrnesogopoan, MAB), acouuMmMpaHu C OKCUAATUBEH
CTPEC U LUTOTOKCMYHOCT B enUTENHU MoAenu Ha 6an
Apob. HepoctatbyHa e MHOOPMALMATA OTHOCHO
XMMUYHMA cbcTaB Ha PMNY, reHepupaHu Npu U3non3BaHe
Ha 6wuoropmBa c pasanyeH npomsxod. MmeHHO Ha
XMMUYHUS CbCTaB Ce Ab/XKU BPEeHOTO Bb3AENCTBUE
BbPXY 340aBETO Ha YOBEKaA.

XemookcureHasa-1 (HO-1) e MMKpO30oMmaneH eH3um,
KOWTO Ce MHAyumMpa B OTFOBOP HA KNETb4YeH CTpec u
Pa3NMYHM  OKCMZATMBHM cTumyan. HO-1 moxe paa
Hamanu OKCMAATUBHUA cTpec, ha oTcnabu
Bb3Na/sMTe/IHATE peakuMy M Aa MOHMXKM CKOPOCTTa Ha
anonTo3a. 1o To3M HauMH eKcnpecuATa Ha reHa HMOX1,
OTroBoOpeH 3a cnHTe3a Ha HO-1, e apyr paHeH mapkep 3a
KNeTb4yHO u3naraHe Ha OKCMAATUBHMU
npeanssuKkartencrtea (Vasileva et al., 2024).

MeTtoaonorusa

B XxoZa Ha HacCTOALWOTO M3CnefBaHe € M3BbpLIEH
KOZIMYECTBEH aHaM3 Ha 16 NpUopUTETHM NOANLMKANYHU
apomaTtHu Bbrnesogopoga (US EPA 16) upes rasoso-
XpomaTtorpadcki aHanus3 Ha net euga buomaca/nenetu
(MweHMYHa cnama, KOCTUNKM OT Yepelun, CabHYornes,
Kade W nouepHa), NONYYEeHU TNABHO KaTo OTNagbyHu
NPOAYKTU OT CEeNCKOTO CTOMAHCTBO WAWU XPaHWUTENHO-
BKycoBaTa npomwuwneHoct (Naydenova et al., 2020).
Mpobute oT 6Momaca ca W3ropeHn MpuU MOAENHU
YCNOBMSA,  M3MOA3BAWKM  KOHTPO/AMPAH  MeToh B
nabopatopwusa, onucaH B Naydenova et al. (2023).

Cneps U3BbPLWIEHUTE XMMWYHW aHaNM3M ca M3BpaHn
[ABa BMAa buomaca (NweHWYHa cnama M KOCTU/IKK OT
yepewu), KOUTO ca MNOANOXKEHM Ha in vitro
OXapaKTepusnpaHe Ha paHHUTE eTanu OT OKCUAATUBHUA
CTpec BcneacTBue ekcnoHupaHa Ha ®MNY: 6enoapobHa
KNeTbyHa Kyntypa A549.

Pesyntatu u ussogm

OT u3cnepBaHuTe net Buaa b6uomaca ce namepsa
KonnyecTsoTo (ug/mg) Ha 16-Te npmoputetHn NAB.

Mpun ®NYo.2s ce HabnoLaBaT NO-BUCOKM U3MEpPEHMU
CTOMHOCTU Ha nonynetansu NAB npu npobute GUomaca

OT KOCTUAKU OT uyepewwu, nocneasaHu oT cnabo
netnusute MAB KaTo KaHueporeHHUa 6eH3o[alnupeH m
6eH30[g,h,ilnepnneH.

JokaTo npu ®MNY1ce Habaogasa 06paTHOTO, HO NpwU
npobute  6Momaca OT nNWEHUWYHA cnama -
npeobnagasalum ca cnabo netansuTe NAB
6eH30[a]nupeH n 6eH30[g,h,ilnepunenH, nocneasaHu ot
nonynetnnsuTe (NUpPeH u GayopaHTeH).

EkcnpecnaTa Ha reH HMOX1, KolTO Koanpa cuHTe3a
Ha eH3nma HO-1, yCTaHOBABA [OKa3aHuTe
UMTONPOTEKTMBHM edekTM Ha HO-1 wu  HerosuTe
KaTaboNUTHM NPOAYKTU KaTO PYHKLIMOHAZIHO 3HAa4YMMM B
paHHMTE adanTMBHW pPeakuuu, npoTUYaWM npeau
HAYya/I0TO HA K/IeTbYHaTa CMbPT.

24-yacoBaTa ekcrno3muma Ha ®PMNY < 1lum, nonyyeHu
OT rOpeHeTo Ha ABaTa BMAA bMomaca, BbPXy KJeTbyHa
KynTypa A549 oka3Ba aKTMBUpPAHE Ha reHHaTa ekcnpecusa
Ha HMOX1, KaTo npu Te3n OT YepeLloBM KOCTUIKMK e C
MO-BUCOKM OTHOCUTENIHW HMBA HA eKcrnpecua B
CpaBHEeHWe C Npoun3xXoAa UM OT MweHMYHa clama.

BnarogapHocTu: HacToAawoTo n3cnensaHe e NnpoBeaeHo
BbB BPb3Ka C M3MbJHEHWETO Ha HauuoHaneH NpoekT
,AEPO30J1/, nony4yeHn npmn KOHBEpPCUATA Ha BMomaca 1
TEXHW OPraHUYHU EKCTPAKTU — LMTOTOKCUMYEH MU
OCKMAATMBEH OTFOBOP HA MOAENHW CcUCTeMU OT
6enogpobHu Knetkn”, Oorosop NoKM-06-H44-5/13 ot
14.07.2021r., ogo6peH oT doHg, ,,HayyHun nscneasaHmns”
npy MuHUCTEPCTBO HAa 06pa3oBaHMETO U 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, PAHs)
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 benzo[g,h,ilperylene.

While at PMs, the opposite was observed, but in
wheat straw biomass samples — low-volatile PAHs

benzo[alpyrene and benzol[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.

Acknowledgements: This study was conducted in
connection with the implementation of the National
project “AEROSOLS obtained during the conversion of
biomass and their organic extracts — cytotoxic and
oxidative response of model lung cell systems”, Contract
No.KP-06-N44-5/13 of 14.07.2021, Scientific Research
Fund, Ministry of Education and Science.
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BbvBeaeHue

MeTeoponormyHmMTe yCcnoBmA B rpafacka cpega umart
0CO06EHOCTN, KOMTO Ca OT CbLLECTBEHO 3HayeHue 3a
AucnepcmaTa Ha 3amMbpcuTeNIM M 32 KayecTBOTO Ha
atmocdepHusa Bb3ayx (KAB) B HaceneHute mecrta. Ha
NbPBO MACTO, TOBA € BAMAHMETO HA 3aCTPOABAHETO BbPXY
BATbPA " TypbyneHTHUTE XapaKTEPUCTUKMU.
PernoHanHUTE MeETEOPONOTrMYHM MOAENN He OT4YMTaT
OeTalIM Ha rpafckaTa cpega U moZenupaHaTa CKOpocT
Ha BATbpa OOMKHOBEHO € 3HAYMTENIHO MO-BMCOKA OT
HabnogasaHaTa. Pa3srnesaHa e CKOpoOCTTa Ha BATbpPA B
MNnosave no usmepsaHua B gBete cTaHuum Ha MAOC B
rpaga, no mogena AROME-BG u cnep KopeKkuma Ha
pe3ynTaTute oT MmoAena 3a rpajcKoTo 3acTposaBaHe.

Metopgonorua

M3nonssaHW ca gaHHUTE 3a CKOPOCT Ha BATbpa OT
AUC KameHuua (koopauHatvu 24.726539, 42.142889,
¢doHoB TMN) n ot AUC Tpakua (24.787952, 42.141186,
TpaHcrnopTeH Tun). JaHHuTe oT mogena AROME-BG 3a
CKOPOCTTa Ha BATbPa Ha NPU3EeMHO HUBO Ca U3BeAEHM 33
MecTaTa Ha [BeTe CTaHLUMM — MOoYacoBM CTOMHOCTM 3a
2024r.

PaspaboTeHa e cxema 3a OTYMTaHe Ha BAMSHMETO Ha
3aCTPOABAHETO BbPXy BATbPA. B ocHOBaTa ca AaHHMU OT
KaZacTbpa 3a NAbTHOCTTA Ha 3acTPoABaHEe U BUCOYMHATA
Ha crpaguTe, oT KouTo ce aednHUpa BEPTUKAIEH NPodun
Ha 3aCTPOsABAHETO B OKOJIHOCTTa Ha CTaHuuuTe.
HamaneHueTo Ha MoZennpaHaTa CKOPOCT Ha BATbPaA ce
npuema fa € nponopuMoHanHo Ha npoduna Ha

3acTposBaHe.
BnuaHMeTo Ha KopekuusaTa e u3cnedpaHo 3a
CPeAHOoYacoBM,  CPEAHOAEHOHOLWHM  CKOpPOCTM B

pasnmyHn meceum Ha 2024 r., KaKTO M 33 OCpeaHeHwn
LEHOHOLWHN U3MEHEHMA.

Pe3ynrtatu u nssogm

MogenHute pesyntatu (6e3 ¥ c KopeKkuua 3a
3aCTpOfBaHe) ca CpaBHEHM C AaHHM OT U3MepBaHUATA Ha
agete ctaHUMKn. OCHOBHM CTAaTUCTUYECKN MHAMKATOPM 33
CpefHOAEHOHOWHNTE  CTOMHOCTM Ha BATbpa Ca
npeacrasexu B Tabanua 1.

Tabnunua 1. CKOPOCT Ha BATbpa — CPEAHOLEHOHOLLHM
croitHocTn (m/s), oTknoHeHne (NMB%) n kopenaumua R
33 2024 r. ,K“ — C KOPEKLMU 3a rPaaCcKo 3acTposiBaHe

2024 Ha6bn. Moa. Moa.-k NMB-K R-K
Kam. 0.55 2.26 0.67 21.1 0.83
Tpa. 0.73 2.32 0.68 -6.6 0.72

KopenaunoHHMAT KoednumneHT 6e3 1 ¢ Kopekums e
WOEHTUYEH, Tbl KATO KOPEKLMATa e NPONOPLMOHANHA Ha
NporHosMpaHata oOT MofJena CTOMHOCT Ha BATbpa.
NMB cnaga pgpactmyHo oT okono 300% po 21% 3a
AUNC KameHuua u ot okono 215% no -7% 3a AUC Tpakua.

®urypa 1 gemoHcTpupa edekTa OT rpagckaTa cpesa
BbpPXYy CpefHOAEHOHOLWHA CKOPOCT Ha BATbpa 3a
ANC KameHunua npes aHyapu u tonun. Bugmum e pesyntatot
OT KOpEeKLMATa 3a rPafCcKOTO 3aCTpoABaHeE.

t CpefHO4eHOHOLHA CHOPOCT Ha BATBPa NnoBgue
KameHuua- AHyapwu 2024

8 4 peEHE Mogen Kop.sactpoasaHe
6
a
2
1]
1 6 11 16 21 26 31
OEH OT MECEE
'E CpegHOAEeHOHOLHA CKOPOCT Ha BATbpa Mnosgue
Kamenwua- Honu 2024
a 4 pPEHE Mogen Hop.3actpoasaHe

B ————— S\
i]
1 6 11 16 21 26 31

AEH OT MECEL3

durypa 1. CpegHOAEHOHOLLHA CKOPOCT Ha BATbPA (M/s)

B AUC KameHuLLa — cpaBHEHME HA U3MEPEHM C MOAENHM
cToliHOCTU (6€3 1 c KopeKuus) 3a 2 mecela.

MonoxuteneH pesynTat oT HanpaBeHUTe NOAPO6HM
aHaAu3M U 3a APYrn meceuM ca BUCOKUTE Kopenauuu
MeXAy MOAENHUTE WU KOPWUIrMpaHM 3a 3aCTPOABAHETO
pe3yaTaTu, OT ef4Ha CTpaHa, U U3MepPEHNTE CTOMHOCTU Ha
CKOpPOCTTa Ha BATbpa, OT Apyra CTpaHa. ToBa e OT
CbLLLECTBEHO 3HaYeHue 3a NnporHo3a Ha KAB B rpagoserte.
BarkHa npeacToAwa 3a4a4a € HAMMPAHETO Ha pelueHue
33 HacesleHM MecCTa, 3a KOUTO He e HaIMYHA KagacTpanHa
nHoopmauma, KoeTto e obuyaiHaTa cuTyauua npwm
M3roTBSHE Ha nNporpamu 3a nogobpssaHe Ha KAB B
6barapckuTe rpagose.

BnaropaapHocTu: M3cneaBaHeTo €  OCbLECTBEHO B
pamKuTe Ha NpoeKT, duHaHCKpaH ot btogyketa 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 21.1 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.

K Daily mean wind speed Plovdiv - Kamenitsa
January 2024
8
Chs Mod Meod with correction

4
2
1]
1 3] 11 16 21 26 31
Day
€ Daily mean wind speed Plovdiv-Kamentisa
July 2024
a Chbs Mod Mod correction
’ /\/_/\/\/\/\/\/\A
2
B ——— S S g
1]

1 6 11 16 21 26 31
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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BbvBepgeHue
MpaxbT WAK cycneHaupaHu npaxoBu dactuum (MNY)
3ae4HO C ApPYrM OCHOBHMW rasoobpasHU U BbIEPOAHM
3ambpcutenn (NO2, SOz, Os, PAH, BC n ap.) ca eguH ot
OCHOBHWUTE 3aMbPCUTENU Ha TPafCcKusa atmocdepeH
Bb3ayXx. KoHueHTpaumaTta Ha MY ce namepsa OTAABHQ,
owe npegM pJa bObaaT paspaboTeHM TEXHWKM 3a
M3MepBaHUA Ha Apyrn GppaKkumMm npaxosu Yactnum (PMaio
M PMz2s), Ba)KHWM 3aMbpCUTENN, KOUTO CeEra ca CTporo
peryanpaHn OT  HaLMOHANHOTO U  eBPONENCKOTO
3aKoHoaaTencTso 1 CeeToBHaTa 34paBHa opraHM3auma.
3ambpcaABaHeTo Ha Bb3ayxa B Codua c npax ce
ObMXKM Ha ABa OCHOBHM ¢akTopa: 1) HanunumeTo Ha
MHOrobpoiHM n pasHoobpasHM Mo BWUAO M MOLLHOCT
M3TOYHUUM U 2) MECTHU/NIOKaNHN METEOPOIOrMYHN
ycnosma n MUKpokanmmat. Codua e pas3nosioXKeHa B
KOTNOBWHA, KbAETO Mpe3 3HaYMTeNHa 4yacT OT roguHaTta
ce HabnopasaT  AHTUUMKAOHANHM  YCAOBUA WU
TemnepaTypHu MHBepcun. PesyntatuTe, npeacraBeHn B
HacToslaTa paboTa, ce OCHOBaBaT Ha M3MepBaHWA B
HWUMX, pa3nonokeH 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 OGUATPU (HUTPOLLENYNO3HM, aueTaT Lenyno3Hu,
CTbK/IEHO-B/IAaKHECTM) Ha BMCOYMHA 2 M Hapg 3aTpeBeHa
naow, no eaHa M cbla meTogonorma. MacosaTa
KOHLEHTPaLMA Ha npax ce onpeaena rpaBUMETPUYHO.
O6embT Ha npemuHanuMa Bb3AyX npe3 Gpuatbpa ce
usmepBa ¢ aebutomep. Tasm cuctema nNo3BOAABA
nony4yaBaHeTO HA  AbLATOrOAMWIHW  CPeAHOLHEBHMU
cToHOCTU Ha MY 6e3 gpyr aHanor B 6bArapcku pegmum
OT AaHHM 3a KauyecTBOTO Ha Bb3ayxa (Benesa, 2006;
XpuctoBa wu  Benesa, 2012). TMpes 2026 .
MEeTOL010rNsATa U MECTOMNOJ/IOKEHMETO Ha YCTPOMCTBOTO
33 B3eMaHe Ha npobu ca nNpPOMeHeHW, TaKa ue
XOMOTEHHOCTTA Ha AaHHUTe We 6bae HapyLueHa.

Pe3syntatu u aHanusu

KauectBoTo Ha Bb3gyxa B EBpona ce e nozobpuno
3HAYUTE/IHO Npe3 NOCNeAHUTE HAKOJIKO AeceTuneTma 3a
NnoBeyeTo 3amMbpcuTeIM MNOpajaM HaManABaHe Ha
emucunte (AQeR). Ha do¢urypa 1 e nokasaHa
cpegHoroguWHata KoHueHTpauma Ha Y, 3aegHo c

rogvwHata Cyma Ha BanexuTe 3a nepuoga
2005-2025 r. HabnwpaBa ce TeHAeHUMA Ha
HamansBaHe Ha KOHUEeHTpauusaTa Ha npax. Tasu

TEHAEHUMA € B CbOTBETCTBME C TeHAeHUuuUTe B
KOHUEHTpaunnte Ha PMio, oTyeTeHn oT EBponeickaTta
areHuma no okonHa cpega (EEA  report).
OTCTpaHABAaHETO Ha 3amMbpCUTENUTE OT Bb3ayxa upes

BaJIeXKM € BaXKeH MpoLuec, BoAely, 40 HAKOW Bapuauuu B
KOHLUEHTpauuMATa Ha npax. BnakHocTTa Ha nouysarta,
CBbP3aHA C pekMma Ha BaNeXxuTe, € OCHOBEH QaKTop,
KOHTPO/IMpaLL, NOBTOPHOTO CyCNeHAMpaHe Ha npax oT
3emsTa.

TeHgeHUMATA 33 HamafABaHe Ha KOHLUeHTpauuATa
Ha Mpax MOXe f4a Ce OnuwWe KaTo ypaBHeHWe Ha
eKCnoHeHunanHa perpecus: y = 44,253*exp(-0,049x),
(R? = 0,624), kbgeTo x e 6poaT roanHun. MNonyueHa e
TeHAEHUMA OT oKono 2,1 ug.m?> Ha HamanaBaHe Ha
KOHLEHTpaLMATa roauLHO.

60 Jm3 1200
ug/m mm
50 i v =144,259e0.04 1000
R?= 0,624
40 Z\ WA I 800
304I I ﬂ I-II - m 600
- 1 IIIiI’i’I”F!’
S
0 0
D OMN~MODHDO A NMSTLW O~ O AN M 0O
OO0 000 d ™o dd - ddd NN N NN
OO OO0 O0DO0DO0O0O0 000000000 O o
N AN AN AN ANANANNNNANNNNNNNNNNN
P

mmms Sum precipitation

durypa 1. CpegHorogmiLHa KOHLEHTpaLMA Ha npax
B Npu3emMHuma Bb3ayx 8 HUMX m cpegHoroauniiHa cyma
Ha Banexute B Copusa, 2005-2025 r.

Pasnukata mexay TONAuA U CTygeHuA nepuog, Ha
roavHaTta B KOHUeHTpauuaTa Ha M4 (TSP) e otuetamsa,
C MMHMMYM npe3 nepuoaa HHW-CeNTEMBPU W MoO-
BMCOKM CTOMHOCTM npe3 3umHUTe meceum (Tabn. 1).
Hai-Bucokata cpegHomeceyHa CTOMHOCT B
uscnenBaHua nepuog ce Habsogasa npes AeKemBpw
2024 .

Tabnvua 1. CpegHu meceyHn KoHLeHTpaumm, 2005-2025 .

Mecey, ny /TSP Mecey, ny /TSP
ug/m ug/m3
Jexkemspu 27.29 Onn 15.30
AHyapwu 20.27 Asryct 15.62

BnarogapHocTu: ABTOpUTE M3KaseaT 61arogapHoOCT KbM
BCUYKWN CAYXUTENN npes3 roguHuTe B PagnomeTtpuyHa m
paanoxnmmyHa nabopatopms 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, SO, O3, PAH, BC etc). TSP was measured
for years, before techniques and measurements of other
particulate matter fractions — PMio and PMas, 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 & 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 PM1o 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 pgm3 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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Ha ycellaHeTo 3a TONJ/INHEH KOMd)OpT B bvarapua
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BvBegeHue

BbaewoTo M3MeHeHMEe Ha KAMMATa LWe OKaxe
CbLULECTBEHO BANAHME HE CAaMO BbpPXy MKOHOMMUKUTE Ha
CTPAHUTE, HO W BbBPXY KaAYeCTBOTO HaA KMBOT MU
4yoBeLKOTO 3apaBe. OCHOBEH acNeKT Ha BAWAHMETO Ha
M3MEHEHMETO Ha K/IMMATa BbPXY YOBELKOTO 34paBe e
ycewaHeTo 3a TOM/MHA W cTyh (nperpssaHe w
M3Mpb3BaHe).

OueHKa Ha 6bAewm KAMMATUYHM MPOMEHU ce
OCbLLECTBAABA Ype3 YMCAeHO moaenupaHe. FnobanHute
Moenn 3a u3cneBaHe Ha KAMMmaTa [aBaT OLEeHKa Ha
napameTpuTe, onpegenAlwmM TOMJIMHHOTO YcellaHe, B
rpyba pesontoumsa. ToBa Hanara 3agbnbouyeHu
m3cnenBaHUA U aHaAU3M Ha KAMMATUYHUTE NPOEKLUM C
pPErMoHanHU  KAUMATUYHM  MOAENN, C MO-BMCOKa
pe3ontouusa, B onpeaeneHnTe paioHu Ha UHTepec.

Lenta Ha HacToAWOTO M3cneABaHe e Aa ce OueHu
BAMAHMETO Ha ObAewmnTe KAMMATUYHU MPOEKLMU Npu
onpegensaHe Ha ycelaHeTo 33 TOM/MHEH KomdopT B
Bbarapua upes YHuBepcanHus tonamHeH nHgekc (UTCI).

MeTtoponorusa

YHUBEPCANHMAT  TOMJIMHEH  WHAEKC  OoTpasfBsa
yCcewaHeTo 3a TOM/AMHEH KOMGOopT npu pPas/inyHuU
METEeopPOoJIOrNYHU ycnosusa BC/ieAcTBUE Ha

d13MOoNOrMYHNTE peakummn, cBbp3aHM CbC cMcTemaTa 3a
Tepmoperynauma Ha Tanoto. Tolt ce onpegensa orT
TemnepaTypaTa Ha Bb34yXa, BNAXKHOCTTa U CKOPOCTTa Ha
BATbPA B OKO/MHATa cpena, OT CAbHYEBOTO rpeeHe W
TOMJIMHHOTO M31bYBaHE  OT  OKOJHUTE  Tena.
KoMMNoHeHTUTe, KOMTO y4acTBaT B M34YUCNABAHETO Ha
UTCI, ca cumynmpaHu ¢ PerMoHanHua KanmmatuyeH
mogen RegCM (Giorgi et al., 2012). YnucneHaTta cTolMHoCT
Ha MHAEKCa e B TeMnepaTypHuM eguHuuM (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).

Pe3yntat n ussogm

HanpaBeHu ca uncneHn cMmynaumm Ha perMoHaaHus
KnumaT B bbarapus 3a mctopudecku (1975-2004 r.) m
6baewy, (2070-2099 r.) nepuoa. OnpeaeneH e UTCl 1 Ha
éurypa 1 e npeactaBeHa rpaduKa C HerosaTa
nosTopsiemocT 3a JaBata nepuoga. Cnyyaute Ha
TepMUYEH CTpec 1 3a ABaTa nepuoaa ca M3obpaseHu 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 nepuofa — MCTOPUYECKU W
6baell, ce BWXKAa, 4Ye BbB BTOPUA C/ayd4auTe Ha
TOM/IMHEH CTpec ce ysBenuyasaT. EAHOBpeMeHHO C ToBa
cnyyaute 6e3 TOMAIMHHO HaToBapBaHe HamanAasar.
Hail-CblLecTBEHO €  yBEe/AMYEHMETO MpU  CUIHOTO
TONJIMHHO HaTOBapBaHe (opaH»KeBo), C 0KoNO 24%.
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durypa 1. [OBTOPAEMOCT Ha KaTeropmnTe Ha TOMJIMHHUA CTpec
3a nepuogute 1975-2004 1 2070-2099 .
B8 12:00 1 15:00 UTC.

BnaropgapHocTn: lM3cnegBaHeTo e  OCbLECTBEHO B
pamkuTe Ha NPOeKT HALMOHAJIEH
TEOMHOOPMALMOHEH LEHTBP, ¢wuHaHCHpaH oT

MuHUcTepcTBO  Ha
[01-93/25.06.2025r.

O6pa3OBaHVIETO n HayKaTa,
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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%.
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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.
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BbBepgeHue
Mpaxosute yactnum (MY), emntnpaHun B atmochepata ot
peavua  aHTPOMOreHHW W3TOYHWUUM  (eHepreTukaTta,
NPOMMLL/IEHOCTTAa, aBTOMOBUNHMA TpaHCNopT,
M3rapsaHeTo Ha pPasNMYHM TBBPAM W TEYHW TOPUBA,
M3rapsHeTo Ha OTnagblM), ce npuemaT 3a OCHOBEH
3aMbpcuTen Ha aTmochepHUa Bb34yX. B HAKoM paitoHu
NPWHOCHT Ha NPUPOLHUTE U3TOUYHULM — PECYCNEH3NA U
epo3nA Ha No4YBaTa, MOPCKM AepOo30aM, BYIKAHUYHM
M3PUrBaHUA M AOp., CbWO MOXe A3 € 3HAUYUTEeNeH.
BpeaHoto Bb3geicTBne Ha MY BbB Bb3Ayxa BbPXY
YOBELIKOTO 34paBe 3aBMCM [/1aBHO OT pasmepa
(06w, npax wam TSP, @MY, DMNYzs, DMY),
KOHUEeHTpauuaTa M xumuuyHma cbetas (WHO, 2021).
O6LLecTBEHOTO BHMMaHWE B Bbarapua KbM KauecTBOTO
Ha Bb3Ayxa npe3 nociegHUTe roAMHM HapacTBa, HO
MO3HAaHMATA 33  XaPaKTePUCTUKUTE  Ha  BaXKHM
3aMbpCUTENN KaTo GUHUTE NPAXOBU YACTULM U TEXHUA
XMMWYEH CbCTaB Ca MHOFO OFpaHUYEHM.

B HacTosAwarta paboTa e npeacrtaBeHa MHPpopmaums
3a XMMWUYHMA cbcTaB Ha PMNY25 (28 enemenTa, Black and
Brown carbon) B atTmocdepHua Bb3ayx Ha rpag Codpus.

MeTtogonorusa

24-yacosun npobu ot ®MNY2s ca npoboHabmpaHu cbe
cTaHaapTmsmpaHo ycrpoictso  (2.3m3h™), cbraacHo
ctaHgapT EN-12341, no Bpeme Ha eKCnepumeHTanHu
Kamnaumm B  HWUMX, nposegeHn B nepuoaa
2020-2023 r. EnemeHTHUAT cbcTaB Ha PMY2s (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 wuscneasaH upes
€HepruHO-ANCNEePCUOHEH pPEHTreHo GayopecLeHTeH
aHanus (ED XRF, PANalytical, Epsilon 5) (Hristova et al.,
2020) B WMHCTMTYTA 3a MEAMUMHCKM M3CNeABaHUA U
obuecTBeHo 3apase B 3arpeb, XbpBaTus.
CbabpiKaHueTo Ha caxgu (Black and Brown carbon) e
onpeaeneHo C ONTUYHM MeTogM Ha abcopbuma c
pa3spaboteHna B ANSTO, AscTpanua, MHCTpymeHT MABI
(Multi-wavelength Absorption Black Carbon Instrument).
MABI uv3mepBa nNOrAbLLWEAHETO HA CBETAMHA nNpu
7 PasnnYHKU ObBMKUHWU Ha BbaHaTa — 405, 465, 525, 639,
870, 940 n 1050 nm, KOeTo N03BO/ABA pa3rpaHMYaBaHe
Ha n3TouyHMumTe Ha BC u BrC (Hristova et al., 2022).

Pesyntatu

OT M3mepeHUTe CPeaHOLEHOHOLWHM KOHLLEeHTpaumm
Ha 326 npobu ®NY,;5 (2 + 104 pgm3) 35% npesuwasat
npenopbkute Ha WHO (15 pgm3). [HesHuTe
KOHUeHTpaunum Ha BC Bapupat o1 0.62 pgo
16.7 (SD=1.5) pgm= (¢ur. 1). Hal-Bucokute
CpeAHOAEeHOHOLWHN KOHLLeHTpaumm 3a DMY2s

(104.5 pgm’3), BC (17.2 pgm3) n scnukm enementn (Total
elemental concentration 30 pgm?3) ca nonydenn 3a
27 Hoemspwu 2020 r., AeH C MHBEPCUOHHW YCNOBUA U
mbrna. Hakou ot enemenTute, Al, S, Cl, K, Ca, Fe, Cun Zn,
Ca Ha/IM4YHKM NOYTM BBB BCAKA Npoba, gokaTo gpyru, Cr,
Rb, Y u Sb, ca namepeHn camo B HAKONKO. OT BCUYKM
nscnenBaHu eNemMeHTH Hal-BMCOKa cpegHa
KOHLLEHTpaUMA e nonyyeHa 3a S, cnegsaHa ot Cl, K, Si, Ca,
Fe, Al, Zn, Mg, Cu, Sb, Pb, Sn, Ba, W, |, P, Ti, Mn, Cd, Br,
As, Sc, Sr (dwur. 2).
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durypa 2. CpeaHa KOHUEHTPaLMA Ha eneMeHTUTe BbB PMNY; 5.

M3cneaBaHn ca KOpPeNauMOHHWTE 33aBUCMMOCTU
MeXay KOHUeHTpauunTe Ha usbpaHun enemeHTn. MHoro
BMCOKa Kopenauua e nonydyeHa 3a Al n Si (0.98), BC u
K (0.91), noTBbprKAaBalKuM 06LLMA UM U3TOYHMK: Npax OT
nouyBeH Npounsxoa 1 6UTOBO ropeHe.

bnaropapHoctu: W3cneasaHeTo e OCbLECTBEHO B
pamkuTe Ha npoekt Ne KrM-06-H34/9 ot 19.12.2019 .,
duHaHcupaH ot PoHg ,, HayyHu uscnegsanua® n IAEA TC
Project RER7012. ABTopuTe M3Ka3eaT 61aro4apHOCT Kbm
pou. a-p WeaH becnny ot UHCTUTYT 32 MeaMUMHCKK
nscnenBaHus n obLectseHo 3apase, 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, PM1o, PM25, PM1), 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 PMas 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 PMas (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 PM2s samples (2 + 104 ugm3), 35% exceed the WHO
recommendations (15 ugm). 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 PMazs
(104.5 pgm3), BC (17.2 pgm?3) and all elements
(Total elemental concentration 30 pgm) 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, |, P, Ti, Mn, Cd, Br, As, Sc, Sr (Fig. 2).
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——EU Annual limit value
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Figure 1. Mean daily concentrations of PM;s and BC (ug.m-3)
for the period 2020-2023.
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Figure 2. Mean elemental concentrations in PM;s.

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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BavAaHMe Ha caxapCKuA Npax BbpXy UsmepeHaTta CibH4YeBa paguauyma

npu 3eMmHaTa NOBbPXHOCT
B. MaHeBa-lNetpoBsa™?, A. MeTpos?

[JenaptameHT ,MeTeoposorua“, HaunmoHaneH MHCTUTYT MO METEOPOIOTUA U XUAPO0TUA
2BYNIATCA — [lbp>kaBHO npeanpuaTie ,,PbKOBOACTBO Ha Bb3AYLIHOTO ABUXKeHMe"
KntouoBn aymn: caxapcku nAcoK, cavHYesa paduayud, BEU, usmepsaHus, enuaHue
*email: vanya.maneva@meteo.bg

BvBepeHue

CnbHuyeBaTa paguaums (CP) npeactaBnsaBa OCHOBEH
METEOPOJIOFMYEH eNleMeHT U KAo4oB ¢GaKkTop B
eHepruHua 6anaHc Ha atmocdeparta. Ta uma
CbLLECTBEHO 3HAYEHME KaKTO 33 KAMMATUYHUTE
u3cnenBaHuA, Taka M 3a NPUNOXKeHMATa B obnacTtra
Ha Bb30OHOBAEMUTE eHEePIrUMHU U3TOUYHULM.

Mpn npemunHaBaHeTo cu npe3 atmocdepara
CP npeTtbpnsaBa oTc/labBaHe BCeACTBME HA NPOLLECH
Ha pa3celiBaHe, NOrblUaHe W OTpaxKeHue oT obaum,
BOAHW KanKu, /iefeHM KPUCTanW, aepo30JHM
yactuM,  npax M caxau.  AtmocdepHute
aepo3oau (AA), BKAKOUYUTENHO MUHEPANHUAT Npax oT
NYCTUHHW PANOHKM, OKa3BaT CbLULECTBEHO BAUAHUE
BBbPXY PaAMALNOHHUA TPaHCPEp, KATO U3MEHAT KAKTO
OMPEKTHATa, Taka W paudysHaTa KOMMOHEHTa Ha
C/TbHYEBOTO JTbYEHME.

HactoAwoTo uscneaBaHe nma 3a Uen Aa OLeHu
B/IMAHMETO Ha MPeHOca Ha caxapcku npax (CN) —
pasrnexaaH Kato ectectBeH AA —  Bbpxy
M3MEepeHUTe CTOMHOCTM Ha rnobanHata CP npwu
3eMHaTa NOBBbPXHOCT Ha TepUTopUsATa Ha bbarapus.

MeTtopgonorua

B n3cnepBaHeTo ca M3N0N3BaHM U3MepBaHMA Ha
obwa CP OT TpM METEOPOSIOTMYHM CTaHLMM Ha
TeputopuaATta Ha bvarapua. UHPopmauuaTa 3a gHuTe
¢ Hannume Ha CIl e wu3BneyeHa oT MeceyHus
XMAPOMETEOPOIoTuYeH b6toeTMH Ha HauuoHanHus
WHCTUTYT MO MeTeoposiorusa u xuaponorna (HUMX),
nybamkysaH Ha  https://bulletins.cfd.meteo.bg/.
JaHHuTe 3a npeHoc Ha CI1 Hag, cTpaHaTa ca Ha/IMyHU
B 6l0NeTUHMTE OT Mecel, aekemBpu 2022 r. Hacam.

AHanu3bT obxBawa nepuvoga aekemspu 2022 —
OKTOMBpM 2025 r., 3a KOWTO ca HaAU4yHU
eaHoBpemeHHO gaHHM 3a CP 1 3a perncrtpupanm
cnydam Ha npeHoc Ha CIl. [JonbaHutenHo ca
M3MoN3BaHM AaHHW 3a Ba/leX C Len ngeHtmomumnpaHe
W U3K/tOYBAHE (MM OTAENHO pasriexaaHe) Ha OHu,
npu KoMTo 06/1a4HOCTTa M BaneXHUTe npouecu buxa
OKasanu CbLLECTBEHO BINAHUE BbpPXY
paanaLMOHHNTE CTOMHOCTM.

OueHKaTta Ha BanaHueTo Ha Cl1 e n3sbplueHa upes
CPpaBHUTENIEH aHANN3 MeXKAY:

® [HMW C PerucTpMpaHoO Ha/Myme Ha CaxapcCKu
npax;

® HK 6e3 yCTaHOBEHO HanMuMe Ha npax;

e [HMW C Banex, pasrnexaaHun KaTto oTAenHa
KaTeropma nopagM He3aBUCMMOTO UM
B/INAHWE BbPXY PafMALMOHHUA MOTOK.

CpaBHEHMeTO ce OCHOBaBa Ha aHaAM3 Ha
CpeaHOOHEBHU CTOMHOCTM W MECEYHM CYyMM Ha
rnobanHata CP, KaTo ce TbpCM CTATUCTUYECKM
3HaYMMa pas/INKa MeXay OTAEHUTE Fpynn OHM.

PesynTtat u nssoam

B Tabsvua 1 ca npeactaBeHM CpaBHEHUA 3a
M3MepeHUTe KO/MMYeCcTBa CAbHYEBA pagmauma npes
M. aBlycT B TpW NOCNef0BaTe/IHU FOAUHWU C Len
npocneasasaHe Ha B/AWAHMETO Ha CaXxapCKUs MNACHK
BbpXY TAX. OTYETEHU ca U BPOI AHU C BaneX, KOUTO
CbLLO BAUAAT BbPXY MNONYYEHUTE PE3YITATH.

Tabanua 1. MeceyHM cymun 3a USMepeHn KoanyecTsa
CP B 3aBucMmocCT OT HanmumeTo Ha Cl B aTmocdepaTta

FogunHa/ Bpoii aHK Bpoii gHu E [kW/m?] -
mecel, CbC CaXxapcKku c Banex meceyHa cyma
NACLK
8.2023 17 8 189.08
8.2024 6 11 194.44
8.2025 3 8 159.81
Nurtepartypa

MeceuyeH xuapomeTeoponoruyeH 6ronetmH, HUMX
(apxuB): https://bulletins.cfd.meteo.bg/
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Influence of Saharan dust on measured surface solar radiation
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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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CpaBHUTE/IeH aHa/IM3 Ha KOHLEeHTpaLMmuTe Ha GUHUN NPAXOBU HaCTULU MEXKAY
NbTHO OPUEHTUPAHA, rPaACKa U perMoHanHa ¢oHOBA CTaHLUMA B paiioHa Ha Codun

C.Teoprves!”, P. Aumutposal, E. Xpucrosa

2

1dusmnueckn dakyntet, Coduiicku yHusepeuTet ,,Ce. KnumeHT OXpUACKN“
2[lenaptameHT ,MeTeoponorua“, HaumoHaneH MHCTUTYT N0 METEOPO/IONUA U XMAPOIOrUA
Kntouosu aymu: gpuHuU npaxosu yacmuyu (®r14), enusHue Ha 3eneHu 2padcKu naowu
*email: georgiev.sto@gmail.com

BbBeaeHue

3ambpcABaHeTO Ha aTmochepHUA BbB3AYX C  OGUHKU
npaxosu yactuum (PNY) npopbaKaBa Aa € OCHOBEH
npobnem B ypbaHU3MpPaHUTE PalNoOHWU, BKNHOUMTENHO B
Coodums. HactoswoTo uscnepBaHe npeacrasn
CpaBHUTENEH aHaAn3 Ha ¢pakuuute OMNY4p 1 PMNY2s oT
TPU NIOKAUMWM B palioHa Ha CTOAMLATA: TPAHCMOPTHO
OpuMeHTMpaHa cTaHumAa B 6am3ocT go Oyneeapsg c
MHTEH3MBEH aBTOMObUNEeH TpaduK (B paiioHa Ha OpnoB
MOCT), rpaacKka poHOBa CTAHLMA B 3e/1€Ha MPafCKa 30Ha
(O6cepBaTopusaTa Ha CY ,CB. KnumeHT Oxpuacku” B
BopucoBaTta rpaguHa) U perroHanHa ¢oHoBa CTaHUMSA
(Teopesnueckata  obcepBatopua  [naHa)  M3BBH
ypbaHusumpaHaTta Teputopua. JaHHUTe ca NpuBeAeHUN A0
4acoBW CpeaHN CTOMHOCTU U MOANONKEHN HA KOHTPOAN Ha
KauyecTBOTO.

MeTtoaonorua

M3mepBaHMATa Ca HanpaBeHW B pPaMKuTe Ha
npoBegeH MONEBM EKCMEPUMMEHT npe3  nepuosa
pekemBpn 2024 — wHM 2025 r., KolTO 06xBawa
pasAnMYyHM  Ce30HM W MNO3BOMABA  OLUEHKa  Ha
KOHUEeHTpaumaTa Ha ony npu pPasNYHMU

METEOPOJIOTMYHN ycnoBUA. M3BbpLIEH € KOHTPON Ha
KQuecTBOTO Ha [JaHHMTE, BK/OYBALL, MNpOBeEpKa 3a
aHOMaNHU CTOMHOCTY, o uen nosuLaBaHe
HaZeXaHoCTTa Ha aHanusa. HanpaseHu ca
CTAaTUCTUYECKM  QHaNM3M W CPaBHEHWE  Mexay
pasAuyHMTE TMMNOBE CTaHUMM. 33 Ja Cce OueHu
BNNAHNETO Ha 3eneHara naowy, BbPXY
pasnpocTpaHeHneTo Ha P4, e nsbpaH Habop oT AaHHM
npu ceBepo3anageH (NW) npeHoc (nocoka
290-340° n ckopocT = 1 m/s). Mpu TO31 BETPOBM peXNM
Bb3AYWHUAT NOTOK MNpPemMMHaBa OT TPaAHCNOPTHO
OpWeHTMpaHaTa CTaHUMA KbMm rpagckata ¢oHoBa
CTaHUMA, pasnosiokeHa npubnamsmtenHo Ha 1 km
IOrOM3TOYHO, KaTo MeXay TAX Ce Hamupa napk
,bopucoBa rpaguHa“. o TO3M HAYMH ce Cb3gaBsa
Bb3MOXKHOCT 3a KOAMYecTBeHa oLeHKa Ha
noTeHUManHMA edekT Ha 3eneHaTa rpagcKa njoL, Bbpxy
NPOCTPaHCTBEHOTO pa3npeaeneHune Ha
KOHLeHTpauumuTe.

Pesyntatu 1 nssoam

MpeactaseHn ca pes3yntatM oT aHanmsa Ha PMYzs,
Tbil KaToO e eAuMH OT 3aMbpCUTeNnTe, CBbP3aHU C
emucumuTe OT TPAHCMNOPTa, M KaTo no-aeka dpakuums
MOXe fga Ce TpaHCmopTMpa C Bb3AYWHMA MOTOK Ha

no-roiemMn PasCTosHUA, Npean Aa Aucrepcupa Man ce
OT/IOXM BbPXY 3€MHaTa NOBbPXHOCT.

YacoBuTe n3mepBaHMA Ha KOHLLEHTPaUMMTe NoKaseaT
ACHO M3Pa3eHM Eenu3oAuMYHM MOBUILEHMA WU MO-TONAMA
aMnAnTyaa npy TPaHCMOPTHO OpUEeHTUpaHaTa CTaHUuMA B
cpaBHeHWe c¢ pgete ¢oHoBM. ToBa nosedeHve e
KOHCUCTEHTHO CbC 3HAYMM JIOKaNeH TMpUHOC B
HenocpeacTseHa 61130CT 40 NbTHOTO NAATHO.

204

200

l
oo Eren
ore

202501 2025.02 202503

®urypa 1. Yacosu KoHueHTpaLumm Ha P4, 5 B TpuTe cTaHumUK
3a U3cnenBaHMA Nepuos.

Pasnpenenenneto Ha ®MNY2s npu nsbpaHua Habop ot
AaHHM npu NW npeHoc (¢ur. 2), npeacraBeHo upes boxplot
M CbhAbTCTBAlLA CTaTUCTMYecka Tabnvua 1, noKasea
YCTOMYMBO NO-BUCOKM KOHUEHTpauun B 6amnsoct go Opnos
MOCT B CpaBHeHMe C pegyuupaHata okono 40%
KOHLEHTpauMAa B pe3yntaT Ha 3e/1eHuTe  MNJoLWMm.
TpaHCMOPTHO OpMEeHTUpaHaTa CTaHUMA  AeMOHCTpMpa
NO-BMCOKM  KOHLEHTpauuuM W  no-ronama BbTpellHa
npomeHnusoct (IQR) cnpamo  ¢oHOBUTE  CTaHLMM.
MonyyeHuTe pesynTatM MNO3BONABAT pa3rpaHnyYaBaHe Ha
JIOKaZIHWA KOMMOHEHT Ha 3aMbpPCABAHETO OT PermoHanHusA
bOH M nopuyepTaBaT poONATa Ha 3eNeHUTe MNAOWM npuU
MHTEepnpeTaunsa Ha BbTPELIHOTPAACKUTE KOHTPACTH.

! 9 g

durypa 2. PasnpegeneHune Ha 4acoBuTe KOHUEHTpaumm Ha P4, s
npv NW BeTposu pexxum (290-340°, = 1 m/s).

Tabnnua 1. O6o6weHa ctatucTMKa 3a ®MNY,5 npu NW BeTposu
pexxum. lMpeactaBeHn ca meamaHa, |QR, cpegHa CTOMHOCT M
nepceHtunan (P5-P95), xapakTepusupawy nNpoCTPaHCTBEHUA
rpagveHT U NPOMEHIMBOCTTA Ha KOHLEHTpauuuTe

Cranymns Mepunana IQR Cpepna P5 P95
Opnog MocT 15.7 10.9 18.8 37 47.6
(06cepsaTopHs 8.8 1.2 11.0 27 28.3
MNnaxa 8.0 79 9.7 13 214

bnarogapHocTU: M3cneaBaHeTo e OCbLLECTBEHO B paMKuUTe
Ha npoekT, puHaHcupaH ot ®HU, Ne KM-06-H54/2, 2021 r.
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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 PMys 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.

2.5 ugim?)

2025.01 202502 202503 2025.04 202505 202506 202507
Date

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 higher
concentration and greater internal variability (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.

PM2.5 (ug/m’)

0

orlav Obsery Plana

Figure 2. Distribution of hourly PM; s concentrations
under NW wind regime (290-340°, > 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 3.7 416
Observatory 8.8 7.2 11.0 2.7 28.3
Plana 8.0 79 9.7 13 21.4

Acknowledgements: The study was carried out within
a project, funded by the National Science Fund,
No. KP-06-H54/2, 2021.
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NMPOrPAMA
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08:30-10:00 Peructpauusa

10:00-10:30 OduumanHo oTKpMBaHe Ha KOHPepeHUUATA
I-H OauaH lMonoe, MuHucMbvbp HA oKoaHamMa cpeda u sooume

Aouy. 0-p UnuaH lNocnoduHos, MeHepaneH dupekmop Ha HUMX

10:30—-10:55 O6wa cHUMKa

Boau — peku, noasemHu Boau, YHepHo mope
Bogaeuy Ha cecusTa: ra. ac. a-p Masa PaHkoBsa/aou,. a-p AHHa ﬁop,qal-losa

OueHKa Ha pesepBuTe B 06paboTKaTa Ha MHTEH3MBHUTE BaNEXKM
3a L|e/ITe Ha NPOEKTUPAHE Ha OTBOAHUTE/THU CUCTEMM B YPHAHU3NPAHK
TepuTOpUM

11:00-11:15

CmaHucnas flapayes, E. AHeenosa

11:15-11:30 CbCTOAHME Ha noA3emMHUTE BOAW Mpe3 Npoab/KUTeNnHaTa Ccywa
2023-2025 .

MapuH WeaHos, . Apymesa-AHmoHosa, P. UeaHosa, M. Unuesa,
B. Hedesa

11:30-11:45 YncneHo mopenvpaHe Ha pPasnpoCTPaHeHUETO Ha HedpTeHU pa3nNUBU:
onepaTUBHO NpUAOKeHMe Ha mogena OpenDrift 8 YepHo mope

Jlunua Hukonosa, B. Mbavbos

11:45-12:00 OueHKa Ha Bb3MOKHOCTUTE 3a BogoCHabaaBaHe oT s3oBMpu ,KannH" m
,Raparbon”

CmaHucnas Aapayes, O. CaHMypoOH usH

12:00 -13:30 OBEAHA NOYUBKA

13:30-13:45 OnpegenaHe Ha EKCTPEMHM BETPOBM MNapameTpu npu  pasdeT
Ha BETPOBO Bb/IHEHWE B MOBbPXHOCTHU BOAHM 06EKTH

[eopau Bvakos, H. MlopdaHos, 0. CmoumeHos

13:45-14:00 MopcKka akBakynTypa B bbarapmMa — Bb3MOMKHOCTM 32 WMHOBATUBHO
passuTtue

Qunun lNeH4yes




14:00 - 14:15
14:15-14:30
14:30 - 15:00
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[AbArocpoyHn M3mepBaHUA B eyTPOPUKALMATA HA KpanbperKHM MOPCKU
BoAM B byprackma 3anus
Aumumup Bepos, U. Meopauesa, C. KnaiiH, B. Kapamepunosa

YnpasneHne Ha BOAOMON3BAHETO OT A30BMPUTE B peasiHO Bpeme
OxaHec CaHmypoxcaH, C. dapayes

KA®E MNMAY3A

HabnaeHna n acumunauma Ha JaHHU 3a 3eMHaTa atmocdepa, xugpocdepa u buocpepa

Bogel Ha cecusTa: ra. ac. A-p AHactacua CtoiueBa

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, A. Kynuwes

MynTumalLabHu CUCTEMHM CTPYKTYpPU B Bb/rapckata KOHTUHEHTA/HA
NOKpaHWHA Ha YepHOMOpCcKMA baceiH

CeemnaHa ConodsaHkuHa, H. pymesa, UN. MNorncmosHos, 1. MeyuHcKu

O630p Ha Hanpeabka npu ynoTpeba Ha KBAHTOBM KOMMIOTPU
B MEeTeoposiornaTa

lems AHeenosa, I'. Kanydos, . leposa

3acHemaHe, KaTeropusauma M M3roTBSiHE Ha BW3ya/IHW MaTepuanu
Ha HebeTo Hag Codua B nepuog ot 6 roanHn (01.01.2020-31.12.2025)

AHeen Mamees

MpeactaBsaHe Ha noctepu (N0 2 MUHYTU HA NocTep)
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25 maprt 2026 r. 3AJ1A ,,AKAA. CNAC BALOB”

KnnmatnyHu uscnepBaHma n €KCTPEeMHU XnuapomeTeoposiIorm4Hun asneHuna

Boaeuy, Ha cecusTa: gou,. a-p Xpucto YepseHkos/aou. a-p /iunua 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

OueHKa 3a M3MeHeHMeTO Ha BbTPELWHOroAUWHOTO pasnpeneneHue
Ha pecypca Ha NMOBBPXHOCTHUTE BOAW criopes KAUMATUYHWU cueHapum
RCP 2.6, 4.5 1 8.5 no palioHu Ha 6aceltHOBO ynpaBaeHue

Epam ApmuHsaH, 1. LJapes

EKcTpemHn Banexu B bbarapma — KAMMATMUYHA OUEHKA Ha BanexuTe
npe3 oktomspu 2025 .

Jlunusa boyesa, K. Manuesa, T. [Japenosa

I'Ipmno»(eHme Ha rognwHn UNHAEKCU OT KAMMATUYHATA KI'IaCMd)MKaLI,MH
Ha KboneH KaTo MHOWKATOPW 3a Bb3MOXXHU PUCKOBU Npouecu

Xpucmo [lonos

OueHkKa Ha  CbBpeMeHHWUTe  TeHAeHUUU B U3MeHeHueTo
Ha NPOADBL/IKMUTENHOCTTA HA CHEXXHATA MOKPMBKA B MIAHMHCKUTE PalnoHu
Ha bbarapusa

Ueeman Aumumpos, [. Hukonos

KA®E NAY3A

MeTog Ha O6paTHVI TPaeKToOpUn 3a onpegenaHe Ha U3STOYHULUKM Ha BA1ara
B 5bnrap14ﬂ: K04 KbM AUMHAMUKATa Ha 3aCylWaBaHETO

[epaaHa eposa

CbBpemMeHHM TeHAEHUMN B KIMMATUYHUTE nacnegsaHma c N’MC

LleHuuya Casosa-leopauesa

KanmaTtonorma Ha WHTerpupaHua TpaHCMopT Ha BoaHu napu (IVT)
3a nepuoga 1994-2023 r. n u3cneaBaHe Ha aTmocdepHa peka
npes 2023 r. B bbarapua

Mumko Xadxcues, 6. Kocmawku, I'. leposa

Ce30HHa NABTHOCT Ha Mb/IHUUTE MO CEeBEepHaTa, M3TOYHATA, HOXKHaTa U
3anagHaTa KpalibpekHa 30Ha Ha YepHO Mope Bb3 OCHOBA Ha AaHHU
oT ZEUS (2005-2024 r.)

Caska llemposa, P. Muuesa




11:30-11:45

12:00-13:30

1 HALULMUOHANTHA HAYYHA KOH®EPEHLUUA MO METEOPOJ10TUA,
Xnaponorna h OKOJTHA CPEOA
24-26 maprt 2026, HUMX, Codpusa

MNpeaBapuTenHM  pe3yaTatM  OT  MNpPWAAraHeTO Ha  KopeKkuuAa
Ha CMCTEMATMYHOTO OTK/IOHEHWE BbPXY AAHHM 33 TemnepaTypata wu
Banexunte oT mHoxectso EURO-CORDEX mogenu

Xpucmo YepeseHkos, K. Cnasos

OBEAHA NOYUBKA

MporHo3a 3a BpeMeTo U npeaynpeXXaeHua 3a eKCTPEMHU METE0PO/IOrMYHU ABIEHUA

Bogaely Ha cecuaTa: ra. ac. 4-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 roaviHuM rpaXgaHcKa nporHosa 3a spemeto 8 HUMX

AHacmacua _Cmolivesa, K. Cmoes, M. Cnasyes, X. Xpucmos,
W. NocnoduHos

,BEeTMHA" U yparaHHMAT BATLP No bbarapckoto YepHomopue
BeHema Todoposa, B. Pachalinosa B. leopauesa

MynatTumoaeneH nogxoA 3a NPOrHo3a Ha KOHBEKLUMA
UnuaH MaHagos, P. lMeHyes

AHanu3 Ha cMHONTUYHaTa 0bcTaHOBKaA B nepunoaa 2—8 oktomspu 2025 T.
PaneHa Aumumposa, A. Cmolivesa, K. Cmoes, A. Kupunosa

KA®E MNAY3A

3acMyaHe Ha rpbmoTeBUYHM Bypu Ha netuuie Codus nocpencTsom
MoZen 3a MalnHHO obyyeHne Random Forest

derucnas boHyes, H. lNeHos, . leposa

BnavanmeTo Ha METEeOPONIOrM4YHNTE €ENemMeHTn wn ABNEHUA BDBPXY
noXxapwute

BeauH Kauwes, A. Aenues

lMporHo3sa 3a BpemeTo N MeTeopPOoJIOFMYHO OCUTYpPABAHE Ha BepPTONeTn
NPu raceHe Ha Nnoxapu

Adumo Lenyes, B. Kauwes

MOCTEPHA CECUA 3ANA ,,AKAA. NIOBOMUP KPLCTAHOB*



1 HALULMUOHANTHA HAYYHA KOH®EPEHLUUA MO METEOPOJ10TUA,
Xnaponorna h OKOJTHA CPEOA
24-26 maprt 2026, HUMX, Codpusa

26 mapt 2026 r. 3AJIA , AKA/ZL. CMIAC BAL,OB*

AI'pOMETEOpOI'IOI'M‘-IHM ycnoBua — npean3BuUKaTe/ICTBa 3a arpotexHonaormmrte

Boaew, Ha cecmaTa: pou. A-p Becka lNeopruesa

9:00 -9:15
9:15-9:30
9:30—9:45

I'IporHosa Ha (I)eHOJ'IOI'M‘-IHO pa3BuTnE Ha 4Yepewosn WU A6bAKOBU
OBOLWHN rpagnHn B 3aBUCUMOCT OT arpomeTeopos1IorM4HnUTE YCnoBuUA

BanenmuH Kazandxcues, 1. Manawesa , B. leopauesa , b. LleHosa

benonnogHn arogu — eBanoTpaHcnuMpauua U edeKTUBHOCT
Ha M3NON3BaHe Ha BOAATA 33 HanosBaHe

EneHa pvHYaposa, b. EneHos

CpaBHUTENEH aHaNN3 Ha caTeNMTHO 6a3MpaHM BereTalMoHHN UHAOEKCH
M HazeMHU BUODU3NYHN U3MEPBAHUA NPU KyATypaTa LapesmLa

Hueko asazos, B. leopeuesa, B. KazaHOxcues

3aM'prﬂBaHe Ha Bb34yXad, eK0/1orma u 4oBewkKo 34pase

Boaeuy Ha cecusTa: 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 OUEHKAa Ha MpMHOCA Ha MNyCTUHEeH  npax
KbM npesuweHnata Ha @MYy B Bbarapus v wmaeHtTUduumnpaHe
Ha AHWUTE, NOBAUAHM OT NYCTUHEH Mpax

Emunus leopauesa, X. Kuposa, A.Cmolivyesa

MOHVITOpMHI'bT Ha NOJNIEH BbB Bb34yXa KaTo HeO6XO,£I,MM KOMMNOHEHT
Ha MeTeopPOSIOTNYHUTE NPOrHO3U

Mapuena Xpucmosa-Casosa

OueHka u CpaBHUTENNIEH aHA/ZIU3 HAa CEH30PW 3a NPaxoBun YaCTtuum

A. Tepsulicku, H. Koues, /1. LlaHkos, E. Xpucmosa, E. ﬁopdaHoea,
Ceemana [eopeuesa, C. TeHes

KA®E NAY3A

MpeBuweHua Ha PMY10 M METEOPONOTNYHU YCNOBMA B ABE CTyAEHU
noayroaua

Emunus leopeuesa, H. Helikosa, b. Benesa, A. Cmolivesa, T. dapenosa

TexXkn metanm BbB ®INY,.5 B rp. byprac: cesoHHa AMHAMMKA N OUEHKaA
Ha 34paBeH PUCK

Xunal _Mymay, Jl. TloHcaneew, B. T[eopzauesa, C. HalideHosaq,
E. Xpucmosa




11:30-11:30
11:30-11:45
11:45-12:00
12:00-12:15
12:20-12:45
12:45

1 HALULMUOHANTHA HAYYHA KOH®EPEHLUUA MO METEOPOJ10TUA,
Xnaposorma h OKOJIHA CPEAA
24-26 maprt 2026, HUMX, Codpusa

OLI,eHKa Ha ed)eKTa OT BbBeAeEHNTE HUCKOEMUCUNOHHU 30HN B COd)Mﬂ

PeHema flumumposa, M. Benusaposa, A. bypos, /1. bpe3os

NoneHosaTta NpPorHo3a: peasHn wu3mepBaHMA U MeETeoposiorma —
6bn rapCKUAT onuT

Mapuena Xpucmosa-Casosa, C. Lianosa

EKonornyHa yCTOl;'l‘-IMBOCT N CTPaTENrNM4YECKO ynpasaeHumne

Kpacumupa V?OBKOGCI

feonpocTpaHCTBEH aHANN3 HA 3aMbPCABAHETO HA Bb3AyXa U 34PaBHUA
puck ¢ T’MC n GeoAl Ha Esri

KanosaH NeaHos

Harpaau 3a mnaam yuyeHu 3a Hai-go6bp Aoknag, (ycreH n nocrep)

3aKpuBaHe Ha KOH}epeHuUATa



1 HALULMUOHANTHA HAYYHA KOH®EPEHLUUA MO METEOPOJ10TUA,
Xnaponorna h OKOJTHA CPEOA
24-26 maprt 2026, HUMX, Codpusa

NOCTEPHA CECHUA

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,v1ﬂ Ha MpPEeXoBnN MEeTeOpPOsIOrM4HNU CeH30pPU
ype3 PpoTallMOHHa KO/1I0KaunAa U CbCeaHO noanomaraHe

[eopeu [lempos

2 CokoaBmkeHMe M aTMocPepHO-NOYBEHU BAMAHMA, pernctpupanm ¢ TDP ceHsop
Ha PoxeH

Pocuya CmegaHosa

3 Acvmunnayma Ha CUHOMNTUYHM AAHHU B HexnapocTatuiyHma mogen AROME
bopsaHa LleHosa, M. LlaHKos, K. MinadeHos, M. AuHes, M. lMvpsaHos, X. Hadxcu

4 ObnrorognwHM M3mMepBaHMA Ha PUIMKO-XMMUYHUTE MNOKa3aTeNn Ha BasexuTe
8 bvarapua

EneHa Xpucmoea, M. Kopcayka, Y. Cmolikosa

5 CpaBHeHme Ha eXeaHeBHUTE U3IMepeHn U CUMMYyanpaHn AdaHHWU 3a BUCOYMHATA
Ha CHEe)XXHaTa NOKPWBKa B E'bJ'IFapMﬂ — npeaBapuTeNHN pe3yntatu

Ueeman Aumumpos, [. Hukonos

KnnmatuuHu uscneaBaHna n eKCTPeMHU XMAPOMETEOPO/IOTMUYHU ABEHUA
6 Bpon aHW c rpbmoTeBUYHa aenHocT B Codus 3a nepuoaa 1901-2020 .

Jlroomun Kepoxcunos, C. Mames

7 N3cnegBaHe Ha MHOroroguuiHUTEe KonebaHWsa Ha cCpeaHUTE MECEYHM U FOAULLIHM
TemnepaTypu Ha Bb3AyXa 3a paiioHa Ha rpag, CaHAaHCKK

AHmoHusa lNonesa, Ce. Mumkos

8 CbBpEMEHHU KAMMATMUYHM XapaKTEPUCTMKM 3a BCAKA aaMUHUCTPATMBHa obnacT
B bvarapua
P. EseeHues, boxcudapa lumumposa, L. Hukonosa

9 CbBpeMEHHU TEHAEHLIMM B MPOABATa Ha €HOHOLWMSA C TPONUYHKU HoWwM B Bbarapusa

XpucmusaHa Hukonaosa, b. Jumumposa, C. Mames

10 Pecypcu Ha 3eneHaTa eHeprua B bbarapus
llemvp NeaHos

11 OnepaTtuBHM BM3yaAM3aUMM Ha pPe3ynTaTM OT UYUC/IEHM MOoAenn B NOomoLy,
npu U3roTBAAHE Ha ONepPaTUBHU XMAPOJAOTMYHN NPOrHO3MU

llemko Lapes, . KowuH4YaHo8
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1 HALULMUOHANTHA HAYYHA KOH®EPEHLUUA MO METEOPOJ10TUA,
Xnaponorna h OKOJTHA CPEOA
24-26 maprt 2026, HUMX, Codpusa

CpaBHUTeNneH aHanuM3 Ha BATbpa 6opa 3a paioHuTe CnmeeH (Bbarapma) u KHuH
(XbpBaTKa) 3a mecew, pespyapu 2023 roanHa

AnekcaHOvp loHes, B. [JaH4Yyo8CKU

CyxoBewnte B bbarapusa, ngeHtTndmnLuMpaHn C NOMOLLTA Ha peaHannsa ERA5-Land
K. Manyesa, P. EseeHues, /lunusa boyesa

AKLEHTHM 33 KaimmaTa Ha bbarapua npes 2025 roguHa
K. Manyesa, TamsaHa fapenosa, /1. boyesa, []. Todoposa

Boau — peku, noasemHu Bogm, YepHo mope

15

16

17

18

19

20

21

22

OLeHKa Ha B3aMMOBPB3KATa MeXAY METeOPO/IOTMYHO U XMOPOJIOKKO 3acyllaBaHe
no peyHu bacerHM Npu Pas3INYHU BPEMEBM CTbMKU

AHHa WopdaHosa, M. Unuesa, /1. Bouesa, K. Manyesa, K. /ltobeHoaa,
B. lopdaHosa, Y. lumumpos, I". [ipymesa-AHmoHosa

AHanM3nM M MHAEKCKM 3@ OUEHKA Ha BOAHOCTOMAHCKMTE HanaHcKM B CbOTBETCTBME
C TMNOBETe pecypcHu oueHKn Ha HUMX

Kpacumupa /lrobeHosa, Y. Unyesa, A. ﬁopdaHoea, M. PaHkosa, K. Kpymosa,

P. [lobpesa, A. boesa, I". [lpymesa-Aumonosa, Y. lumumpos, E. AHzenosa

MunoTHa cucTema 3a HabaoAeHNA Ha BOAHM HUBA, TemnepaTypa, NapamMeTpu Ha peKkun
W noA3emMHU BOAN B MOHUTOPUHIrosaTta mpexxa Ha HUMX

lnameH AHz2enos

M3meHeHMe Ha HMBATa Ha NOpPoBUTE NOA3EMHU BOAM B KasaHnblKaTa KOT/IOBMHA
npun MMHaAN NPOAB/IKUTENHUN CYLLUN

lepeaHa [lpymesa-AHmoHosa, K. /llobeHosa, A. ﬁopdaHoea, U. Unuyesa

CAsseVaya: WHTerpvpaHa ouUeHKa Ha ¢aKkTopute, OnNpeaensy KavyectBOTO
Ha MNOBBPXHOCTHUTE BOAM BbB BOoAocbopa Ha e3epo Basa — KoHuenuusa W
METOA010rMYHa pamKa

JleHua [oHcansew, C. LaxkoscKku, A. Benu, X. WemeHOmcues, B. T eopauesa,
B. Muxatinosa, M. leopauesa, X. Mymany

MpunoxeHune Ha ArcGIS Pro npu aHanms n oueHKa Ha BUCOKM BbJIHU

CmaHucnas Kpaces

MeToamMKa 3a OLEeHKa Ha npenennte oOtTnagby4yHn BOAUN B 30HU C XUAUWHO
3aCTpoABaHe

CmaHucnas flapayes

AHanu3 1 oLEeHKa Ha USMEHEHMNETO Ha pecypca Ha p. Mckbp, p. OrocTa u pekn 3anagHo
oT Orocta M HAKOM TEXHW NPUTOLM 33 ABa pedepeHTHU KAMMATUYHM nepuosa
(1961-1990 1 1991-2020.)

bopucnas Byykos, M. PaHkosa
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1 HALULMUOHANTHA HAYYHA KOH®EPEHLUUA MO METEOPOJ10TUA,
Xnaponorna h OKOJTHA CPEOA
24-26 maprt 2026, HUMX, Codpusa

BavaHMe Ha BOAOB3emMaHeTO OT MOA3EMHW BOAW BbPXY EKOJOMMYHUA OTTOK
Ha p. TyHOKa

TamsaHa Opexosa, 4. LLlonosa

CpaBHeHWe Ha pe3yntatute oT U3bpaHu codTyepHU NPOAYKTU U KNACUYECKU METOZ,
3a CbCTaBAHE Ha roAMWHA KNHOYOBA KPMBA HA 3aBMCMMOCTTa BOAEH CTOEX — BOAHO
KO/IMYecTBo

Kamas lNapancKa

Mprmepu 3a XMAPONOKKO MOLENNPAHE HAa BUCOKM Bb/IHM C M3MON3BAHE Ha caTe/IUTHa
nHopMaLMa U NPOAYKTU 3a BanexK, pa3paboTeHn B pamKkuTe Ha npoeKkta HSAF

[eopau KowuH4aHos, C. CmosHosa

G

MpwunaraHe Ha mogen OT TUNa ,CBbP3aH MOBbPXHOCTEH-NOAMNOBbLPXHOCTEH MOTOK"
3@ M3YMCNsABaHE Ha BMCOKOMNAHMHCKU pPeYeH OTTOK: HAKOM npeaBapuTenHu
pesynTtaTu

Unusa lNoncmosaHos

BAMAHME Ha KNMMaTa BbPXy PeYHMA OTTOK B Ma/IKM YePHOMOPCKM Bogoc6opm

Benko Koxcyxapos, B. Bacunesa

HasogHeHuATa B bbarapua npes 2025 rogmHa

Banepus NiopdaHosa

AHANUTUYHO onpeaenAaHe Ha d)VIﬂTpaLI,VIOHHVIH NOTOK Nnpe3 3eMHOHaCUMnHa Aura u
OuUueHKa Ha PUCKa OT cycbosvm

Teodop Kones

BavaHne Ha neposuTe ABNeHUA BBbpPXY peXnma Ha pevyHuUAa OTTOK

deHuc Nnues

MporHo3a 3a BpemMeTo U npeaynpeXKaeHUa 3a eKCTPEMHU METEOPOIOrMYHUN ABNAEHUA

31

32

33

Mopgen 3a MalWnHHO o6yquV|e 3a KPATKOCPOYHa NpPOrHo3a Ha BpemeTo

Muxaun lNMvpsaHos8

YucneHaTta nporHo3a Ha spemeto B HUMX

GopsaHa LleHosa, M. LiaHkos, K. MaadeHos, M. fluHes, M. lMvpsarHos, X. Hadxcu

OnacHu meTeoponornyHu asneHusa B bbarapua npes 2025 roamHa

Kpacumup Cmoes, b. Mapkosa, P. Aumumposa, A. Cmolivesa, N. [ocnoduHos,
M. lNonosa




1 HALULMUOHANTHA HAYYHA KOH®EPEHLUUA MO METEOPOJ10TUA,
Xnaponorna h OKOJTHA CPEOA
24-26 maprt 2026, HUMX, Codpusa

ArpomeTeoponoquM ycnosua — npean3BuUKaTesiICtBa 3a arpotexHosnormmrte

34

35

36

CpaBHUTENHO MpOy4YBAHE HA  TOJIEPAHTHOCTTAa KbM  abuoTMyeH  cTpec
Ha MHTPOAYUMPAHM reHoTUNoBe 0BMKHOBEHA MNWeHMLA

JumumpuHa Hukonosa, . Muxosa

BAvAHME HA arpomeTeoposiorMyHUTEe YCA0BMSA BbPXy [Aob6MBa M KayecTBOTO
Ha 3bPHOTO MPU IMHUM 3UMEH PypaKeH eyeMmK

dapuHa Aumosa, E. Jumumpos, B. leopauesa, 3. Yp

BepoATHOCTHO-CTaTUCTUYECKM aHanuM3 Ha peauvuute OT AaTW Ha HacTbnBaHe
Ha YyBCTBUTENHM KbM Mpa3 Gasu NpuM HAKOM KOCTU/IKOBM OBOLLHW KyATypu
B bvarapua

Memsa Manawesa, B. leopauesa, B. KazaHOxcues

3ambpcaBaHe Ha Bb3AyXa, €KO/0rMMA U YOBELIKO 34paBe

37

38

39

40

41

42

43

TOKCMKONOIMYHO oOxapakTepusmpaHe Ha MMAB ot ®l1Y1, reHepupaHn OT PA3AUYHM
BMaoBe 6uomaca

Kpacumupa Bacunesa, . MopdaHos, U. HalideHosa, O. CaHdos, M. LioHesa, T. [MaHes,
L. l'eopeuesa

BannaupaHe Ha MoZenHW AaHHM 32 CKOPOCT Ha BATbpa B MnoBaus

CesdanuH lewes, [1. AmaHacos, E. leopauesa

Bapurauuu Ha KoHUEeHTpaumaTa Ha npax B Codua npes nocnegHuTe Ase AeceTuneTus

Emunus MopdaHosa, b. Benesa, E. Xpucmosa

BavaHMe Ha 6baewnTe KAMMATUYHM NPOEKLMM NpU OonpesensHe Ha yCelaHeTo
3a TON/IMHEH KomdopT B bbarapuma

Bnadumup UsaHos, U. leopauesa, I'. Fadxes, K. laHes, H. Munowes

EkcnepuMmeHTanHo u3cneaBaHe Ha XMMUYHKUA cbeTas Ha ®MNY; 5 8 Codusa

EneHa Xpucmoesa, 6. Benesa

BanaHne Ha CaXapCKnA npax BbpxXy MamepeHaTta CAbHYEBa pagnaumna npmn 3emHata
NOBBPXHOCT

BaHsa MaHesa-llemposa, A. lNempos

CpaBHUTENEH aHAIN3 HA KOHUEHTPALMUTE Ha GMHM NPAXOBU YACTULMN MEXKAY MbTHO-
OpMEeHTUpaHa, rpajcka u permoHanHa poHoBa CTaHUMSA B paioHa Ha Codusa

CmosH leopaues, P. lumumposa , E. Xpucmosa
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