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TemnepaTtypa Ha MopcKaTa NOBBPXHOCT (SST)
X. Xpucrtos®, A. Kynmwes

[JenapTtameHT ,,MporHo3n n HGopmaLMOHHO 0bcayKBaHe”, HauMoHaNEeH MHCTUTYT NO METEOPOOTUA U
xvaponorusa
Kno4uoBu aymun: memmnepamypa, MOPCKa 800HA nosbpxHocm, SST
*email: hristo.hristov@meteo.bg

BvBegeHue

MHoro rpaxgaHu W3Mon3BaT pasAMyHa Mo BUA
WHPopmauma oT yebcaToBeTe Ha HauumoHanHusA
MHCTUTYT No meTeoposorusa u xugponorns (HUMX), Ho
nvnceawe nHGopmaumsa 3a TemnepaTypa Ha MOpCKaTa
BOAHA MOBBPXHOCT, KOATO € ocobeHOo mnose3Ha 3a
notpebuTennTe Npes NETHUA CE30H, CBbP3aH C OTMYCKU U
noumsku. lMpes o¢espyapu 2024 r. bewe nycHat B
onepaTvBEH PEeXMM HOB NPOAYKT 3a BM3yannsauua Ha
TemrnepaTypaTa Ha MOpcKaTa BoAa B pailoHa Ha YepHo U
CpeausemHo mope — Sea Surface Temperature (SST). OT
Hero notpebutenute morat ga noayyaT MHPopmauma
KaKBa e TemnepaTypata Ha MOpPCKaTa BoAa Ha MACTOTO,
KbAETO ca, UK 38 MACTOTO Ha NIaHMPaHaTa NOYMBKa.

MeTtogonorusa

3a cb3gaBaHeTo Ha npoaykta SST e u3nonassaHa
CNbTHUKOBA MHPOPMaLMA OT 4 NOAAPHU CNbTHMKA. [Ba
OT TAX ca Ha European Organisation for the Exploitation
of Meteorological Satellites (EUMETSAT) » aBa Ha
National Oceanic and Atmospheric Administration
(NOAA), cbotBeTHO — Metop 1 NOAA. Te3sn cnbTHUUM
NPeMMHaBaT CPaBHUTENIHO HWUCKO Haj, eBPONeNcKuA
palioH (BKAKOUYMTENHO M Hag, HalaTa cTpaHa). B 10 1 20
UTC npemuHaBat cnbtHMumTe Metop n 8 01 n 12 UTC —
cnbTHULMTE Ha NOAA.

3a nonb/iBaHe Ha JaHHM OT 3a06/1a4eHnTe paioHn e
m3nonssaH w umcnedH mogen Near Sea Surface
Temperature (NSST), KoliTo e yacT ot NCEP-GFS (National
Centers for Environmental Prediction — Global forecast
system).

JaHHuTe ca B reopedepmpaHa mpexa CbC CTbMKa
2 km, kato B mMmectata ¢ obnauuM M Hag cywaTta
TemnepaTypuTe ca MapKUpaHu KaTo HeBaNMAHN. BCMUKu
CTOMHOCTU OT Mpe’kaTa ce M306pasaABaT KaTo LBETHU
NUKCEeNU, CbIIaCHO NasUTPa B PaCcTEPHU C/ioeBe.

Cb3gageH e 1 CKpUNT, KonTo B 95 ToUKM (nonynsapHu
MecTa M rpafoBe) M3BAMYa JaHHUTE 3a TemnepaTtypaTta
OT NoCNefHNA NPEMUHAN CMTBTHUK OT NPEeAXOAHUA AeH —
Metop B 20 h. MNpu Hanuume Ha obnaum nuncea
MHbOpMaLMA U ce B3eEMAT AAHHUTE OT NPeaxogHusa —
NOAA B 12 h u T.H. MpKn AMNca Ha AaHHU U OT YeTupute
CMbTHMKA Ce N3M0/3BaT AaHHW OT YNCEHMA MOoZeN.

CnoeBeTe ce HacnareaTt 3aefHO C KOHTMHEHTaNHaTa
noA/0XKa B 06LLa KapTUHa.

MocnepHaTta CcTbMNKa e NOCTaBAHETO HA reHepupaHuTe
KapTW Ha eAWH OT HAlWUTe CbPBBLPU WM BM3yanu3auuaTa
UM Ha yebcalita weather.bg.

Pe3syntatu u ussogu
Pe3yntatuTe, KOMTO ce nonyyasaT cfef onucaHaTta
no-rope npoueaypa, ca fiBe KapTu:

Temneparypa Ha MopcKaTa Boaa

Temnepartypa Ha Mopckarta noBbpxHocT (SST) or 22.02.2026 -

durypa 1. TemnepaTypa Ha MopcKaTa NOBbPXHOCT.

Temneparypa Ha MopckaTa noBbpxHOCT (SST) or 22.02.2026

© 2026 EUMETSAT, 0S| SAF

durypa 2. TemnepaTypa Ha MOpCKaTa NOBbPXHOCT:
Nno-ronAam SOMENH M NO-BUCOKA PE30OLMSA.

Ha cb3gageHuTe KapTu OCBEeH TemmnepaTypaTta Ha
MOpPCKaTa MOBBPXHOCT Ce BUXKAAT U TEUEHUATA, KaKTO U
edekTu KaTo coastal upwelling.

Mpeacton nogobpasaHe Ha SST NnpoayKTa upes:

1. 3amAHa Ha MHbOPMaLMATA OT NONAPHUTE CMBTHULM C
mHoopmauma ot MTG (Meteosat Third Generation).
Mon3ute OT TOBa Ca MHOrO: NO-roAAma pe3onouumsa,
HaMaJIeHO 3aKbCHeHMEe Ha WHbopMaLuMATa, No-roasama
YecToTa Ha reHepupaHe Ha KapTUTe M Bb3MOXHOCT Aa ce
n3bepat yacose, NPU KOUTO HAMA 061aum, U T.H.

2. 3amAHa Ha uucnenHma mogen NSST c gpyr yucneH
mogen. MNpeactom fa ce pewn panu ToBa fa b6bae
nHpopmaums ot IFS-ECMWF nan apyr ymcneH mogen.
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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.

TemnepaTypa Ha MOPCKaTa NOBLPXHOCT (SST) oT 22.02.2026

© 2026 EUMETSAT, 0S| SAF

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

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

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

Ha YepHomopcKua b6aceitH
C. ConoaaHkuHa*, H. ipymesa, WU. MonctosHos, M. MeumHCKM

MHCTUTYT no okeaHonorus ,Mpodecop Pputbod HaHceH”, Bbarapcka akagemus Ha HayKkute
KntouoBu aymu: naHowagm, 2eonoxKa cmpykmypa, 6o0ocbopHu baceliHu, buonokpumue
*email: solodyankina@io-bas.bg

BbBeaeHue

NaHawadTbT € MHOTOKOMMOHEHTHa U MHOrogakTopHa
cucTemMa C  BMCOKA CTemeH Ha  CAOXKHOCT, KOeTo
3aTpyAHABA NMPOrHO3MPAHETO Ha HelHaTa AMHAMWKA U
€BO/IloLMA, O0COBEHO B KOHTEKCTA HA KAMMaTUYHUTE
npomeHu. Tosn npobnem ce agpecupa nocpescTBoM
Cb3/l@aBaHe Ha KOHTEKCTHO-cneuuouyHu mogenu wu
noaxoau. TeopeTUyHaTa pamka Ha M3cneABaHeTo ce
OCHOBaBa Ha: CWUCTEeMHaTa Teopusa, TeopuATa 3a
MHOrocTeneHHaTa CamoopraHu3auma Ha faHawadTa m
KOHUENUMATa 32 NapareHe3nc Ha CyX03eMHU U MOPCKU
naHawadTtu.

MeTtoponorua

CobluecTBEHa  XapaKTepUCTMKA Ha  npwuaaraHua
cUCTEMEH MOAXOA € CTPeMEeXbT ga ce OoTpasAaT
HeaAUTMBHUTE CBOMCTBA Ha cucTemaTa. leocncremuTe ca
OTBOPEHW AMHAMUYHU CUCTEMMU, KOUTO B YCIOBMA Ha
6bp3u TpaHchOpPMaALMK U/UAK HAZNPAroBM Bb3AENCTBUA
morat ga 6b4aT MHTepnpeTMpaHM KaTo CTOXACTUYHMU.
CTOXacTMYHOCTTa 06MKHOBEHO ce mozenvpa
nocpeacTBOM  BEPOATHOCTHW  pasnpegeneHuva  u
CpaBHUTENHWU METOAM Ha U3CneaBaHe.

O6eKT Ha u3cneaBaHeTo (pur. 1) e KOHTUHEHTaNHaTa
NoKpalHWHa Ha YepHo mope B NpegenuTe Ha bbarapus,
obxsawaua naow, or 16 500 km?2 TlpaHuuata e
onpeaesnieHa no rNaBHUA BOAOAEN HAa PEYHO-A0/IMHHATA
Mpea, rpaBuTUpalla Kbm YepHomopckua 6HacenH.
M3cneaBaHuUAT pailoH npeacTasassa 061acT ¢ AUPEKTEH
OTTOK KbM YepHO Mope M BKAOYBA AEHYAALUMOHHU
NOBbPXHMHU — BOAOCOOPU U PEYHM AOIMHM OT MbPBU A0
wecTtn nopaabK (Kones u gp., 2002).

Pesyntatu u ussogm

3a mofenmpaHe Ha BEPOATHOCTHU pasnpeeneHuns u
CpaBHABaHE Ha reocUCTEMM € CbCTaBeH MHOroMn/aacToB
npoctpaHcTBeH npoekT B TNC cpeaa (npoekuma UTM;
30Ha 35N), cbabprkaly, 85 pacTepHU M BEKTOPHM CNos 3a
nscneaBaHaTa Teputopua. MbpBUYHUTE JAHHWU BKAOYBAT
TPU OCHOBHMU rpynu.

MbpeaTa rpyna cbbupa faHHM OTHOCHO re0/I0KKaTa U
TEKTOHCKaTa CTPYKTypa, pasnonoXeHa B C/AOM OT
10 km go 40 km u moxe pa b6bae cmATaHa 3a
OTHOCUTENHO cTabunHa. CpegHaTa N/oOLW, Ha NOAIUFOHA Ha
TEKTOHCKUTE CTPYKTypu e okono 300 km?2. B obcera Ha
ABaTa cu ¢naHra — CeBepobBArapcKOTO M3guraHe w
CTpaHAKaHCKMA 610K, rpaHuuaTta ce npubaukasa
nNAbTHO Ha 15-20 km no mopckuA 6aceitH, a B npeaenute
Ha [MpoBaAMACKO-KaMUMMCKOTO MNOHUMKeHWE, M3TOYHa

CTapa nnaHuMHa U ByprackoTo CTPYKTYPHO MOHUMKEHWe
BOAOLENbT 3a/MBOBMAHO HaB/AM3a B Cywata Q4o
135-140 km (Kones u gp., 2002).

Btopata rpyna npeacraes €K30reHHaTa
TpaHcdopmaumsa, cBbp3aHa C BOAHWUTE, Bb3AYLIHUTE U
JIMTOCYBCTPaTHMTE NOTOLM, KOUTO Ce NPOABABAT B C/OM
OT KWIOMETbP A0 AeceTKu KunomeTpu. MNponssasa ce B
CbYeTaHMA Ha pasHonopAAbYHWM reobaceHU. MHoro
€KOCUCTEMHM NPOLLeCU Ce OCbLLecTBABAaT Ha HWBO
BogocbopeH baceliH.

TpeTata rpyna e Hal-AMHaMMYHA W BK/OYBA
nHPopMauma 3a NOYBEHO-pACTUTENHATA MOKPUBKA U Cce
KOHLLEHTPMPa B C/IOM A0 AeceTku meTpu. CpeaHaTta naowy,
Ha MOAWrOHA Ha pacTUTenHWTe CcbobuwiecTBa e
8 km2. B rpaHuumute Ha obnactta Ha M3cnedpaHe ca
pa3snpoctpaHeHu [MoHTUicKM ctenn (1%), BankaHcku
cmeceHn ropu  (84%), WM3TOYHOEBPOMEWNCKU TOPCKU
ctenun (8%), PooonCcKM NAaHUHCKM CMeceHu ropu (6%),
EBKCMHCKO-KONXMACKN  LUMPOKOAUCTHU  ropn  (1%)
(Dinerstein et al., 2017). BbTpewHaTta gudbepeHumaums e
0b6yCc/NI0OBEHA OT a30HANHW U MHTPA30HaNHWM MPUPOAHM
daKkTopM M OT YoBellKaTa AeilHocT. CbbpaHuTe AaHHU
NO3BONABAT M3UMCIEHMETO HA leorpadckn npeterneHa
perpecus (GWR), MHaekc Ha pasHoobpasmeTo Ha LLlaHbH
W onpeaensHeTo Ha eKOTOHHU 30HM.

®urypa 1. Unudpos moaen Ha peneda
Ha u3cneaBaHUA obeKT.

BnarogapHoctu: M3cneaBaHeto e ¢GMHaHCMpaHO Mo
npoekt HIUL, Ha MOH, Ne/101-321/30.11.2023.

Nntepartypa

Kones, 6. n pap. (2002). leorpadua Ha bBbarapusa:
du3nyecka n coumanHoO-MKOHOMMUYECKA reorpadums.
Codusa: dopKom, 760 c.

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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0630p Ha HanpeabKa Npu ynotpeba Ha KBAHTOBM KOMMIOTPU B METEOPO/IOrUATa
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KoHLenuuaTa 3a KBaHTOBM KOMMIOTPU 3anoysa Aa ce
opopma npes 80-Te rOAMHU Ha MUHaAIUA BeK U
3HaYMTENHO Hanpeasa Npes noc/ieaHuUTe ToAMHM.
KBaHTOBMTE KOMMIOTPM MOCTENEHHO NPEeMMHABaT OT
TEOPETUYHM KOHLEMNLMN KbM PEaNHO CbLLeCTBYBaLLM
cucTemu, KOWUTO 6ueat YCbBbPLIEHCTBAHM
HenpekbcHaTo. KBaHTOBUTE M3YMCIEHUA M3MON3BaT
byHOAMEeHTa/lHM  MPUHUMNM  OT  KBaHTOBaTa
MexXaHWKa, KaTo Hamnpumep cynepnosmumata, KoAaTo
MMa K/YOBa POAA WM HAMA NPAK aHajaor B
KNacuyeckuTe KOMMOTpU. KBaHTOBMAT 6UT, wau
KIO6UT, € OCHOBHaTa eAMHWUA B KBaHTOBATa
uHbopmauma (pur. 1).

1

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

EAMH OT OCHOBHWUTE MOZENN, KOMTO Ce M3non3Ba
npyv W34YUCAEHUA, € TO3M C KBAHTOBM reilToBE
(onepaumn), Kouto ce npwunarat BbPXY KHOOBUTK
(dwur. 2). Kak eanH npobnem e 6bae npeactaBeH u
peleH 4Ypes KBAHTOBU WU3YMUCIAEHMA, € KOMMJIEKCEH
npoLec, KOMTO U3NCKBa paboTa B TPM HACOKU — KakK
KNacuyeckuTe JaHHW Aa ce NpeacTaBAaT B KBAHTOBA
Bepura, Kakeum TOYHO 0b6paboTKM fa ce npunoxKat
ypes KBaHTOBM reliTOBe, KOra M KaKk fa ce oTyuTaTt
JaHHUTe U fa ce noaanaT 06paTHO KbM Kaacu4ecku
dopmar.

do —n A
" fﬁb»
2, 0 ﬁ 1
meas =

durypa 2. OnpocTeHa KBaHTOBa Bepura
C ABa KobuTa.

KBaHTOBUTE W3YMCNEHMA BCe MO-4ecTo Cu
NPONpaBAT MbT B EKCNEPUMEHTW, CBbBP3aHU C
atmocdepHn  uscnegBaHma.  Habnwopgasat  ce
pasfiMyHM  NoAXOAW, BApMpaWM OT  MOAYAM,
M3MON3BaHM KaTo JOMbJHEHUS KbM KNacUYecKu
MeToAM, 40 ONUTKU 33 3aMAHA Ha LLeaIv aIropUTMH.

Tosn o0630p npeacTaBs [ABe WM3CAeLBaHUs,
CBbP3aHM ¢ onacHM aTmocdepHn ABneHus. MbpBoTO
uscnefBaHe e Ha rpyna, W3nos3Bala KBaHTOBA
HEBPOHHA Mpe)Ka 3a KPaTKOCPOYHA MNpPOrHosa Ha
CKOpOCTTa Ha BATbpa B palioHa Ha baua, bpasuauva
(Pires et al., 2025). KBaHTOBMAT mMoAen, KOWTO e
M3MoN3BaH, MNoKa3Ba f[0b6PO reHepanusmpaHe W
MocTMra pesynTati, CPaBHUMU C KJacuyeckuTe
MeToau. CneaalmAar npumep pasrnexnaa
ynotpebata Ha XxubpuAaeH KBAHTOBO-KNaCMYeCKu
anropuTbM. HanpaseH e napanen mexay xmbpuaeH
M U3LANO KNACUYECKM METOZ, 32 MPOrHO3a Ha ONacHM
meTeoponorMyHn seneHua (Canot et al.,, 2025).
Pesyntatute nokaseaT Qfobpa ycToMumMBOCT Ha
npesoXKeHNna KBAaHTOB MEeTOA, U NoAKpenaT uaesta
33 go6bp NOTEHUMan 3a U3NON3BAHETO HA KBAHTOBM
KOMMIOTPU B METEOPO/IOTMATA.

Nutepatypa

Canot et al. (2025). Quantum-enhanced Deep
Learning for Severe Weather Prediction:
a 10-qubit QCNN-LSTM for Bow Echo
Forecasting. J. Big Data and Information
Analytics, 9.

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

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

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

do

A=

w 0 ﬁl

Figure 2. Simplified two-qubit quantum circuit.

a1

meas

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

This overview presents two studies of hazardous
atmospheric phenomena. The first study utilizes a
Quantum Neural Network (QNN) for short-term
wind speed forecasting for Bahia, Brazil (Pires et al.,
2025). This paper demonstrates a quantum model
with robust generalization capabilities, achieving
results comparable to classical methods. The second
example explores a hybrid quantum-classical
approach, drawing a parallel between hybrid and a
fully classical methods for predicting severe weather
events (Canot et al., 2025). The results indicate
stability in the proposed quantum method and
support the potential for quantum computing to
benefit meteorological science.
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3acHemaHe, KaTeropusauua U U3roTBaHe Ha BU3yaZIHU MmaTepuanm
Ha He6eTo Hag Codua B nepuopg ot 6 rogunm (01.01.2020-31.12.2025)
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BbvBegeHue

MpoeKkTbT  NpeacTaBfABa  e€XeAHEBHO  BWU3YyasiHO
HabntoaeHue Ha HebeTo Hag Codua oT 1 aHyapm 2020 .
[0 HacToALWMA MOMEHT. TOM MMa KaKTO XYL0KeCTBEHO-
BM3yaneH, Taka W  U3CNeL0BaTENCKM  XapaKTep.
OcHoBaBa ce Ha Nocnef0BaTENHO 3aCHEMAHe Ha HebeTo
BCEKM [EH B MOCTOAHEH YacoBM AManasoH M npu
CTAaHAAPTM3UPAHN  TEXHUYECKM  YC/oBMA C  Uen
Cb3faBaHe Ha AbArOCPOYEH BU3yasneH apxuB. MPOeKTbT
MMa  ABe  OCHOBHM  UeAn: Ja  AOKYMEHTMpa
aTMocdepHUTe BapuauMmM U Aa U3cNeasBa BU3yasHUTe
MOZENN, KOUTO MoraT Aa 6bAaT CBbP3aHN CbC CE30HHM,
METEOPOSIOTUYHN U CBETIUHHMU NPOMeHn B
atmocdepaTa Ha ypbaHu3mpaHa cpeaa.

Ypes cuctemaTnyHoTo nybamnkyBaHe B Instagram ce
Cb3gaBa oOTBOpeHa, nybanyHa Ha3a pJaHHM 33
BM3Ya/IHUTE XapPaKTEPUCTUKM Ha HebeTo B rpasacka
cpesa. ToBa NO3BO/MABA KaKTO LWMPOK 0bLecTBeH
[0CTbH, Taka " camocToATeHa BM3yasiHa
WHTepnpeTaums.

MeTtopgonorusa
MpoeKTbT BKAOYBA €XeAHEBHW 3aCHEeMAHMA Ha
HebeTo Hag CoduAa, npoBefeHM MO CTaHAAPTM3MpPAHa

npoueaypa:

o ®duKcMpaH YacoBM  AMaAnNasoH UM MOCTOAHHA
KOMMO3MLMA 33 BCAKA CHUMKA.
e [lybavyHo nyb6AMKyBaHe Ha BCEKM Kaabp B

OUTUTANHWU BU3YaNHU NAATGOPMMU.

o [OAMWHM KaneHAapu, B KOUTO BCUYKU CHWMKM ca
apaHKMpaHu XPOHO/IOTUYHO, dbopmumpaiikm
BM3yaNHW, UBETOBM W TEHAEHLMANHM KapTU Ha
HebeTo.

e 33 BCEKM KaNeHAapeH [eH ce M34ncnsaBa cpepeH
usetoen npodun (“average color”), KolTO ce
M3MON3Ba KaTo NpeacTaBUTENEeH  Mapkep 3a
BM3Ya/IHOTO CbCTOAHME Ha HebeTo.

e AHanoruyeH LBETOBWM aHa/M3 Ce MPaBU 3a CeAMULM,
MeceuM, rOAMHW M AHWM OT cegMuLaTa, KOeTo
No3BONSABa OCPeAHABAHE Ha AAHHWUTE NO Pas3UYHM
BPEMEBW CKaNMU.

e M3roTBaT ce  MEXAYroAWWHM  CPaBHUTENHM
KaneHZapu, KouTo noznomaraT OTKpMBaHEeTO Ha
NOBTAPALLM Ce MOAENN U aHOManuK (our. 1).

e [lpe3 nocnegHuTe rogMHU € BbBELEHO U3MON3BaHe
Ha Al MHCTPYMEHTU 33 aBTOMaTU3MpPaHe Ha aHaun3a
W CTPYKTYpUpaHe Ha JaHHUTE.

Pe3syntatu u nssogm
Busyanmsaummte B paMKUTE Ha MNPOEKTa Morat aa
CAYXAT  KAaTO  WMHCTPYMEHT 3a  MEeTeopOosIorM4YHa
nHTepnpeTauus. OcpesHABAHETO Ha LBETOBU CTOMHOCTH
npenocTaBaA anTepHaTUBEH, CUHTETUYEH WHAMKATOP 3a
aTMOCPePHOTO CbCTOAHME. MaKap fAa He 3amecTBa
KNacUYEeCKUTEe WHCTPYMEHTANIHU M3MepPBaHMA, TO3M
Noaxo4 [AEeMOHCTpUpa MOoTeHuMan 3a AOMNb/HUTENEH
BM3ya/IHO-aHANUTMYEH MeToA, nNpu uM3c/iefBaHe Ha
rpagckata atmocdepa.

durypa. 1. MexayroauiweH cpaBHUTENEH KaneHaap.

MPOEKTbT OCUTYPU TPU KAKOHOBM TPYNU pPe3ynTaTu:
Ce30HHW 1 UBETOBU TEHAEHUNN:

MHTEH3MBHOCTTA, XPOMATUYHOCTTa W  TOHa/NHUTE
BapuaLMu Ha cpeaHusA UBAT Ha HebeTo ACHO oTpasABaT
Ce30HHUTE UMKAN M aTMOChepHUTE yCNoBumS.
MNoBTOPAEMOCT 1 BapMabUAHOCT:

CpaBHEHMETO Ha edHa U Cblia KaneHgapHa Aata npes
Pa3sNYHU FOAMHU MAeHTMOUUMPA KaKTO MOBTOpPSAEeMM
CE30HHW MOAENN, TaKa W 3HAYUMU MEKAYTOAMLLIHMU
BapuvauMuM, KOUTO MoraT JAa 6baaT CBbp3aHM C
KOHKPETHM aTMOoCEePHU ABNEHUS UM METEOPOJIOTUYHMN
ycioBums.

Pa3nosHaBaHe Ha 06/1a4HU 1 aTMOChEpPHU ABNEHMA:
ObnrocpoyHoTo HabawaeHWe NOBULLM CNOCOBHOCTTa 3a
naeHTnouKaumns Ha cneunduyHmn BU3Yya/HU
METEOPOJIOTMYHN MHAMKATOPM, KaTo CTPYKTypaTa Ha
obnayHoctta UM deHomeHn Kato Halo, Kouto
NPoAb/XKABAT A3 Ce OKYMEHTUpaT.

HaTpynaHuAT wecTroavMwleH apxvB npeaocTasA
OCHOBa 3a ObAelM aHaNM3K, BKAOYUTENIHO Kopenauus
c oduumnanHu METEOPOJIOTMYHM OaHHW,
aBTOMaTU3MpaHa KnacuduKauma Ha o06aayHoCT M no-
3a4bn604eHO M3Cc/negBaHe Ha UBETOBUM WHAOMKATOpU
KaTo MPOKcK 3a aTMochepHM npoLecu.
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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.

D 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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MeToguKa 3a BUPTYyanHa Kannbpauma Ha MpeXxoBU METeopOIOrMUHN CEH30PK

Ypes POTaLMOHHA KOIOKALMA U CbCeAHO NognomMaraHe
I. Metpos®

HoB 6bArapcku yHMBeEpCUTET, AenapTaMeHT , TenekomyHuKaummn®
KNo4oBKM AyMU: pOMAYUOHHA, BUPMYASIHA, KAAubpayus
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BvBegeHue

Mpepnarame MKOHOMUYHA METOAMKA 3a BMpPTyasHa
Kannmbpaumsa Ha rbCTU FPALCKM U CENCKOCTOMAHCKU
MpPEXM NocpeacTBOM poTaumoHeH co-location Ha
,3NaTHN” pedepeHTHU YCTPOWCTBA U KepapxuyeH
TpaHchdep Ha ToyHOCT. Llenta e nocturaHe Ha
ekcnnoataumMoHHo RMSE < 3-5%.

MeTtogonorusa

MopxoabT ce 6asupa Ha onepaTMBHa BepUXKHA
WHTep-Kannbpaums. MpouecbT 3anoysa C KONOKaLusaA
Ha MobuieH Bb3en CNpPsMO eTaNoH, nocieasaH oT
POTALMOHHM BU3WUTM 33 CUMHXPOHM3ALMA Ha Mell-
CTPYKTypaTa. KAoyoBsmTe MHOBaLMK BKAKOYBAT:
ApanTMBHO HenuHeWHo pas3busaHe: 3amsAHa Ha
CTaTUYHUTE MHTEPBaAU C GU3NYECKM OPUEHTUPAHU
cermeHTu (Hanp. 9-18 °C, 18-33 °C) 3a BCEKM ceH30p.
Perynapusauua no Ckopoxop: MW3nonssaHe Ha
meTpukata Ha Cropoxog (dS) KaTo AMHamuyeH
MHAMKATOP 3a HamacBaHe Ha TpaekTopuute. Tsa
Mo3BO/ifABA KOMMEHcaumMa Ha MPOCTPaHCTBEHO-
BPEMEBOTO M3MeCTBaHe Ha METeopPOOrMyHUTe
CbbUTUA mexay pa3ganedeHuTe ceHsopm (= 1 km):

ds(f,9) = inf maX{SItlp (M) — t\,sgp [£() — g(A(t)[}

XubpugHu nparoe: dPopmupaHe Ha OKaNHM
rpaHMUM  4Ype3 KombMHauua OT  amMIUTyAHa
dunTtpauyma (tun TAYWKO) M AMCKOHTUHYMTETEH
aHanus no Ckopoxog.

OntumaneH TpaHcnopt: [lpunaraHe Ha Sinkhorn
anropuTbM, perynapusmpaH upes CKopoxomosuTe
OTK/IOHEHMUS, 3a duHo HanacBaHe Ha
KannbpaunoHHUTe Kpveu KbM  JIOKanHUTE
OTMeCTBaHuA.

Mopgen 3a Bepudpukauma

CraHpapTtHa (RMSE): 3a 6a30Ba HageXAHOCT Ha
o6wmnTe MHPOPMALNOHHU CUCTEMM.

AyrmeHTMpaHa (KGE): M3non3saHe Ha
Kling-Gupta Efficiency 3a loT cuctemu, rapaHTupaLlo
NPEUM3HOCT MPU CE30HHU aHOMaAUU W  PE3KU
JIOKa/HW ,,CKOKoBe"” (AUCKOHTUHYMUTETH), pa3no3HaTn
ypes dS.

OyaKBaHu pe3ynTaTu

Cnepn 12-meceyeH UMKBA Ce OYaKBa MNbJHA
XOMOTeHM3aLMA Ha MpexaTa:

e  YHMBepcCa/iHa HageXaHOCT;

e  [IMHamMM4YHa Npeum3HOCT.

Temneparypa °C

DyHKuMA Ha Dasoso Hanacsane A(t) [Warping Path]

durypa 1. BepukHa UHTep-Kanmbpaums.
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Introduction

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

Methodology

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

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

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

Verification model

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

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

Expected results

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

e Universal Reliability;

e Dynamic Precision.

Mapping)

TemnepaTypa ‘C

@yuruun ua hazons uanacsaue Alt) [Warping Path]

— — I e

3amncuekne (min)

[ pe——

Figure 1. Chain Inter-calibration.
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BvBegeHue

TpaHcnupauuAaTa Ha ropckata pPacTUTEIHOCT e K/YOB
eNleMeHT OT BOAHMA 6afaHc Ha  NAAHWHCKUTE
Bogocbopu UM onpenensa B3aUMOLEMNCTBMETO MeXAy
aTmocdepa, NoYBa M pacTuTesiHa NoKpusKa. MeToabT
Ha ToNAMHHO pa3cenBaHe (Thermal Dissipation Method,
TDM) e WKWPOKO M3MNON3BaH 3a EKCNepUMEHTAasIHO
n3cneBaHe Ha COKOLABUMKEHWETO B AbPBECHU CTbbNA U
33 OUEHKa Ha TpaHcnuMpauuoHHMTe notouu (Granier,
1985; 1987). BbnpeKkn ToBa Ha4ya/HUAT nepuog, cnepj,
MHCTaMpaHe Ha CEeH30pWUTEe YecTo € CbMbTCTBaH OT
BbMPOCK, CBBP3AHN C HAAEKAHOCTTA Ha M3MepBaHMATA
M MHTepNpeTauuATa Ha NOAYYEHUTE AaHHU.

MeTtoponorus

M3cnepBaHeTo e nNpoBeAeHO B palioHa Ha
HaunoHanHata actpoHomuyecka obcepBaTopusa PorkeH
(HAQ). UHcTanupaHn ca Tpu TDP ceH3opa Bbpxy ABa
ObpBECHU BUAa — cmbpy (Picea abies) n 6op (Pinus sp.).
AHann3bT Ha U3MepBaHUATa NOKa3Ba, Ye CaMo eauH oT
ceHsopuTe (MOHTUpaH Ha 6op) ocurypsasa ctabuneH u
bU3NYECKM WHTEpPRpEeTUpyem CUrHan, nopagu KoeTo
No-HaTaTbLUHMAT aHAM3 € OrPaHUYEH A0 Te3UN AaHHW.

COKOABUM)KEHMETO €  M3uMcieHo  Ha  basa
TeMMNepaTypHaTa pas/iMka Mexay HarpsaT u pedepeHTeH
AaTuuk (AT, °C), KaTo HolWHaTa MaKCcMmaaHa CTOMHOCT
(AT_max, °C) e usnonssaHa 33 HOPManMU3aLMA CbrIACHO
meToga Ha Granier. [aHHWTE 3@ COKOABMWXXEHMETO,
M3paseHo upe3 HerosaTa nabTHOCT (Js, g m™2 s7),
NbpPBOHAYaNHO ca C Bpemesa pesoaouma 10 min u ca
npueegeHun KbM 30-MUHyTEH MHTEpBan 3a
CbNOCTaBMMOCT c MWKPOMETEOPONOFMYHUTE
HabnoaeHns. M3non3BaHM ca AaHHW 3a TemnepaTtypa
Ha Bb3ayxa (T_air, °C), oTHocuTenHa BnaxHocT (RH, %),
Banexu (P, mm), GOTOCMHTETMYHO aKTMBHa paguauma
(PAR, pumol m™2 s u nouseHa Bnara (6, m® m3) Ha
Abn6ounHmM 8 cm mn 40 cm. [edpuumTbT Ha HanAraHeTo
Ha BogHa napa (VPD, kPa) e wu3uucneH Ha 6asa
CTaHAAPTHU 3aBUCMMOCTM.

Pesynrtatu n nssoaun

Habniopasa ce ACHO M3pa3eH AEHOHOLEeH X044 Ha
COKOABUXEHMETO C MaKCMMyMM npes3 AHEeBHUTE Yacose
M MUHUMAIHU CTOMHOCTU Npes HolTta. B cyxu nepuoam
OVHAaMMKaTa Ha COKOABUXEHMETO cneaBa OCHOBHO
npomeHute B  aTmochepHUTe  yc/ioBMUS, KaTo
nosuweHnTe ctomHoctn Ha VPD 1 PAR ca cbnpoBoaeHum
OT YBe/NMYeHO coKoaBuXeHue. [lo Bpeme wu cnep
BasieXKHM CbOUTMA ce perucTpmpa NPomMaHa B AHEBHUA
X0J4, CbrnacyBaHa C HapacTBaHETO Ha MOYBeHaTa Bfara,
0cob6eHO B NOBBbPXHOCTHUA NOYBEH C/IOM.

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

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

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

bnarogapHocTU: M3cnesBaHETO € OCblEecTBEHO B
pamKuTE Ha NPOEKT , EKCnepuMmeHTasIHO M3mepBaHe U
MOZE/NIHO CUMMYAMPAHE Ha eBanoTpaHCnMpauuaTa wu
MHOUATPALMATA B 30HATA HA UINOAMCTHA ropa B paloHa
Ha MeTeoponorMyHa obcepBaTopua — MO PoxeH”,
¢duHaHcupaH oT HUMX.
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Introduction

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

Methodology

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

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

Results and conclusions

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

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

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

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

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

OT oktomBpuM 2024 r. e BKAOYEHA AONbBAHUTENHA
onepatMBHa BepcMa Ha AROME 3a bbarapua
(HapeueHa AROME-DA), wu3nonssawa HoBaTa

nogobpeHa BepcuAa 3a ONTMMANIHA MHTepnonauma
CANARI (Code for the Analysis Necessary for Arpege
for its Rejects and its Initiation), 3a acumunmpaHe Ha
AaHHWTe 33 TemnepaTypa M OTHOCUTENHA BAAXKHOCT
OT BCWMYKM OBAFAPCKM CUHOMTUYHWU CTaHLMM, KaTo
QHanU3bT Ha Temnepatypata W BAAXKHOCTTA Ha
noysata ce onpeaens Bb3 OCHOBA Ha BPb3KUTE
MeXay no4ysaTa M napameTpute B 64AM30CT A0
3eMHaTa MNOBBPXHOCT. TO3M npouec BKJOYBA
HabAtoAeHMA 32 KOHTPON Ha KayecTBOTO, aHA/IM3 Ha
TemnepaTypaTa M BNA*KHOCTTA Ha 2 M U KOpUrnpaHe
Ha MapameTpuTe Ha NOBBPXHOCTTA M NOYBaTa, KaTo
TemnepaTypa v Bnara.

B  HacToAwoTO M3CcneaBaHe e OUEHeHa
ycnesaemoctta Ha AROME-DA npwu nporHosupaHeTo
Ha TemnepaTypata Ha 2 M, BATbpa Ha 10 m un
24-4yacoBMA Basex, B CpPaBHeHME C Tasn Ha
AROME-105, ¢ uen pga ce OUEHM BAMAHMETO Ha
acMMMNAUMATa Ha AaHHW OT MOBBPXHOCTTA BbPXY
TOYHOCTTA Ha NPOrHo3arTa.

Cxema 3a acMMUANPaHE Ha MPU3EMHM A4aHHU

Pesyntatu

3a HactoAwaTta paboTa ca OUEHEHU U CPABHEHMU
ycnesaemoctta Ha AROME-DA n Ha AROME-105 npu
NPOrHo3aTa Ha 3-4acoBWUTe TemnepaTypa Ha 2 M u
CKOPOCT Ha BATbpa Ha 10 m u 24-yacosusa Banex. 3a
LenTa ca uscnenBaHn CpeaHOKBALPATUYHUTE FPELLKN
33 BCAKA CMHONTMYHA CTaHUMA OT BCEKM MOZenN KaTo
bYHKLMA Ha AbAKMHATA Ha NpOrHosaTa. Tyk ca
npeacTaBeHW pe3yaTaTM  OT  CpPaBHEHMETO  Ha
MeCeyHuUTe U roAMLLIHATA YCNeBaeMoCT Ha MogenuTe.
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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

0oUTC 06UTC 12UTC 18UTC
run run run run
LBC ARPEGE | ARPEGE | ARPEGE | ARPEGE
from from from from
18UTC 0oUTC 06UTC 12UTC
run run run run

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

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

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

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

Verification results

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

Percents of cases with better model performance for T2m
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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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p,blerfOAVILIJHM namepsaHuA Ha ¢M3MKO-XMMM‘-IHVITE noKasatenu

Ha Banexwurte B bbarapus
E. Xpuctosa®, M. Kopcauka, WU. CTaiikosa

[enaptameHT ,MeTeoponorna“, HaumMoHaneH MHCTUTYT MO METEOPOIOrUA U XNAPOAOTUA
Kntouosu aymun: pH Ha eanexca, XUMUSA Ha eanexcume, 0erno3uyus
*email: elena.hristova@meteo.bg

BbBeaeHue

BanexuTte MrpasaT KA4YoBa pPoOnsA B OTCTPAHABAHETO Ha
pPa3TBOPUMU CbeANHEHUA U aTMOCEPHM 3ambpCUTeNn
ypes npouec n3mmeaHe (Scavenging/Washout), kato no
TO3M HauMH noaabp:kaT 6anaHca B CbCTaBa Ha
atmocdeparta. CbCTaBbT MM 3aBUCM OT BMAA Ha
noctenuAnMTe B atmocdepata 3ambpcuTenm ot
QHTPOMOreHHU nnu NPUPOAHU N3TOYHMLM,
ONHAMUYHWTE Mpouecn B aTmocdepaTta U XMMUYHUTE
peakuuu, KOUTO Bb3HMKBAT KAKTO MO Bpeme Ha
06pasyBaHETO MM, TaKa W NPU TPaAHCNOPTa UM Ha AbArU
pa3CcToAHUA.

Llenta Ha HacToswaTta paboTta e ga ce npeacTasAT
pesynTaTv oT AbAroroAnWHNTE N3MepPBaHUA Ha GU3NKO-
XUMUYHUTE NOKasaTenun Ha sanexumte 8 HUMX, KakTo m
03 Ce KOMEHTMpaT B AeTalau HSAKOWM OT MOoJlyYyeHuTe
eKcrnepumeHTanHu pesyntatu 3a Codus.

MeTtogonorus v pesyntatm

MperkaTa 32 MOHUTOPUHT Ha XMMUYECKUA CbCTaB Ha
BaNieXXuUTe, Mu3rpageHa wm noagbpxkaHa ot HUMX ot
1998 r., BkawuyBa 35 cTaHuMuW. B uAanata mpexaTa
onepaTMBHO ce n3mepBsa pH Ha BanexuTe, a B 5 ctaHumm
ce usmepsa u enektponposoaumocT (EC). MonyyeHute
OaHHU ce nybanKyBaT meceyeH W roguweH 6r0eTUH
(https://bulletins.cfd.meteo.bg/). Ha ¢urypa 1 ca
NOKAa3aHW MHOFOrOAMLLHUTE CPeAHU CTOMHOCTM Ha pH Ha
BaneXmute 3a BCUYKM 35 CTaHUMM 3a nepuosa
2011-2025r.

650

pH 2011 -2025

450

- n w
8 8 B
Buaui I—
Bpoly Ee——
MoHTany e—
Kuonma —
NoBey  —
MncoeH —————

Pa3rpay e—
Bapis —

Wabna e——
Lobpyy —
KioCTeHan) —
[Nlparomay E—
Braroenrp.. m—
HepHy BbK —
Cobitn —
8p. Mycans —
Mnosaus Me————
Masapamnx Me—
Kasannok ——
Crnser I—
Enxono ——
HapoBar me——
. EMe ———
Byprac —
Axronon —
CaHpancky —
PoieH ——

Kopimany e———
CHAMCTpa —

B. TopHoso
Kanuaxpa
1. 3aropa

®urypa 1. MHOroroamLWHW cpeHU CTOMHOCTU Ha pH
Ha Banexute 3a nepuoga 2011-2025r.

B ponbnHeHue, B LleHTpanHaTa MeTeOpoO/siOrMYHa
obcepeatopua — Codusa, onepaTtMBHO ce M3BBLPLUBA
npoboHabupaHe Ha 24-4acoB Banex C LUen onpesenaHe
Ha XMMUYECKMA My cbCTaB. [peacTaBeHn ca pe3ynTaTv ot
eKCnepuMeHTa/lHM KaMnaHuu, NpoBeAeHn B nepuoaa
2015-2019 r. Bcuuku npobu ca mamepeHun 3a pH, EC
(inoLab pH7110 wn inolab Cond 7110, WTW)

B JlabopaTtopuATa No xumua Ha Banexute B HUMX —
Codua. AHaNM3 33 OCHOBHU €N1EMEHTU € M3BbPLUEH B
akpeauTMpaHa JnabopaTtopms ¢ lon Chromatograph
(/CS 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 BCEKWU OTAENEH eNeMeHT KbM 06LaTa
Maca Ha efleMeHTUTe BbB BanexHUTe Npobu 3a nepmoaa
2015-2019 r. e npeAacTaBeH Ha ¢urypa 2. Hali-ronam
npuHoc wumat cyndatmte SO4%, cneagaHu  OT
NOs > Ca > Cl"> K > NHs" > Na > Si > Mg > Fe > Zn.

Si Zn NH4

Fe 21% 0.3% 6.8%
Na 0.3% | 8.3%

MR
1.5%

S04
31.4%

durypa 2. MPUHOC Ha aHANN3MPAHUTE e/IEMEHTH
KbM obuiaTa Mm maca 3a 2015-2019r.

JNnHenHaTa perpecus Mmexay cymapHara
KOHUEHTpaums Ha aHuoHuTe (SO4%, NOsz, ClI) u Ha
e/IeMeHTU Ha HeyTpanusauma (Mg, NHs*, Na, Ca, Fe) cbe
3HAYMM KopenaumoHeH KoeduumeHT 0.81 noKasea
BAXXHOCTTA Ha e/IeMEHTU HA HeyTpanun3auma no Bpeme Ha
HeyTpanusmpaHe Ha KUCeNIMHUTE.

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

Sum(-)

sSum(+) o 95% confidence
durypa 3. Bpb3ka mexkay cymata Ha aHnoHuTe (S04*, NOs', CI)

N eeMeHTU Ha HeyTpanusaums (Mg, NHs*, Na, Ca, Fe).

BnarogapHocTu: ABTOopuTe M3KaseaT 61arogapHoOCT KbM
BCUMYKM HabaogaTenn OT Mpexata no XMMua Ha
Bafexute. Yact oT M3cneaBaHETO € OCbHLLECTBEHO C
¢duHaHcoBaTa noakpena Ha MOCB u npoekT Ne [1H 04/4
o7 15.12.2016, ®oHa ,,HayuyHn nscnegsaHuns”.
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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.
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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 inolLab 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
S0s* 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%

Si Zn NH4

mE %~

1.5%

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(+) [F2.95% confidence

Figure 3. Relationship between the sum of anions
(SO4%, NO3;, CI) and the neutralization elements
(Mg, NHz*, Na, Ca, Fe).
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CpaBHeHMUe Ha eXXe[HEBHUTE U3MEPEHU U CUMYIUPAHU SaHHU

3a BUCOYMHATA HA CHEXXHATa NOKPUBKA B bbarapua — npeasapuUtesiHu pe3yntaTtm
A. Hukonos, L. Aumutpos”
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KNo40BU IYyMU: CHEeXCHA MOKPUBKA, 3UMHU 8aAeX U U meMiepamypu, U3MeHeHUe Ha Kaumama
*email: tzvetan.dimitrov@meteo.bg

BbvBegeHue

CHerbT e BaXkeH MeTeopOoNorMyeH efleMeHT U UHAMKATop
33 npomeHAWMA ce Kaummat. [peauwHW  Hawwm
u3cneaBaHMA OCBET/IMXa CbBPEMEHHWTE TeHAEeHUUU B
peXkMMma Ha CHeXKHaTa NMOKPMBKa B bbarapua, cTbnBankm
BbPXY aKTya/IHW AaHHU OT METEOPOIOFMYHUTE CTAHLLUN
Ha HauMoHanHMA MHCTUTYT N0 METeoposiorMa MU
xuaponorna (HUMX). Mpesxkata Ha HUMX obaye He
NMOKpMBa NIBTHO TEPUTOPUATA Ha CTpaHaTa, ocobeHo B
NAaHWHCKUTE paioHn. ETo 3awo 6e peweHo pa
NpPoOBEPUM BbB3MOXKHOCTTa Aa M3Mo/i3Bame JaHHU OT
peaHanusa Ha ERA5-Land 3a no-To4yHa oLeHKa Ha cHera.

MeTtoponorua

N3cnepgsaHeTo M3Mo/s3Ba  €XeAHEeBHW [aHHM 3@
BMCOYMHATA Ha  CHeXHaTta  nokpmBka oT 35
METEOpPONIOTMYHMN CTaHUMW B CTpaHaTa C HaZAMOPCKa
BUCcoYMHa ot 34 go 2376 m 3a nepuoga 1961-2020 r.,
KOUTO Ca CpaBHEHW CbC CbOTBETHUTE [JaHHM OT
peaHanusa Ha ERA5-Land 3a cbwma nepuog. OT
ERA5-Land ca u3BneYEHU exedHEeBHUTE [AaHHM 3a
BMCOYMHATA Ha CHEXHaTa MOKPMBKA OT Han-6au3ko
pPa3no/ioKeHUTe TOYKM OT Mpexata Ha mogena. 3a
OLEeHKa Ha TOYHOCTTA Ha CUMY/JUPAHUTE [aHHU e
M3Mno/si3BaHa cpefHOKBagpaTuyHata rpewka (RMSE),
KOATO 33 CPaBHMMOCT e CTaHgapTu3aupaHa (stRMSE) upes
AeNeHune Ha CTaHAAPTHOTO OTK/IOHEHMe.

Pesyntatu n ussogm

Hali-manka e RMSE B CeBepHa Bwbarapua. TyK ca
npencTaBeHun ABa NnpMmepa —3a cTaHumm Jlom v FeHepan
ToweBo. B cTaHUMA JTOM OTKNOHEHUATA Ca CPAaBHUTE/THO
roemu n oTpuuaTeNHK, HO NPe3 roAMHUTE HAMaNABaT U
cnepn 2000 r. 3HaKbT Um ce obpblua. B ctaHumAa MeHepan
ToweBO OTK/NIOHEHMATA Ca KaKTO OTpULATENHU, TaKa U
NONOXKUTENHU. [ONAMOTO OTK/IOHEeHMe npe3 deBpyapu
1999 r. ce AB/IKU Ha UHTEH3MBHA CHEXHA 06CTaHOBKa U
M3UCKBA AOMbJHWUTENHO M3C/NefBaHEe W MPOBEpKa Ha
NMbPBUYHUTE AAHHU.

Nom

cm

durypa 1. CpeAHOMECEUYHUN PA3/IUKU MEXKAY U3MEPEHa U
OlLleHeHa BUCOYMHA Ha CHeXKHaTa NOKPUBKa 3a cTaHuumsA Jlom.

leHepan Toweso

®urypa 2. CpeHOMECEYHM PA3/INKU MEXAY U3MEPEHa U
oLLeHEeHa BUCOUYMHA Ha CHEXXHaTa NOKPMBKa 3a CTaHUmsA
leHepan Toweso.

B HennaHuWHckute palioHn B HOKHa bBbarapus
npeobnagasat  OTPULATENIHUTE  OTK/IOHEHUA. B
NAAHWHCKUTE paioHM OTKNOHEHMATA ca NpeobaagaBallo
nonoxutenHu. Hain-manku ca npes sHyapu n pespyapm.
a Hali-ronemu npes HOeMBpPW, AEKEMBPU U MapT.

Tabnuua 1. O606weHn pesyntatm 3a cpeaHaTa
BMCOYMHA Ha CHeXKHaTa NOKPUBKa,
CpeaHOKBagpaTUYHATA rpeLka (RMSE) n
CTaHZAapTU3MpaHaTa Takasa (stRMSE)

CraHuma CpepHa BucounHa RMSE stRMSE
Ha CM, cm
HoBo ceno 13.0 10.5 0.89
BuauH 13.7 4.7 0.38
lpamaga 14.4 7.8 0.55
OpaxoBo 11.1 5.6 0.45
Pasrpag, 11.0 4.5 0.40
Cunuctpa 12.4 4.3 0.34
Kannakpa 6.2 2.2 0.32
KasaHabK 7.7 7.8 0.97
Kapnoso 9.4 7.5 0.76
Xucapsa 9.8 5.6 0.58
PaitkoBo 14.4 16.3 1.16
Kbparkanm 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 BpbX 85.6 89.8 1.60
Bpbx boTes 72.8 77.5 1.50
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Introduction

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

Methodology

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

Results and conclusions

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

Lom

cm

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

General Toshevo

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

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

Table 1. Summary results for the average snow cover
height, mean square error (RMSE) and
the standardized one (stRMSE)

Station Average height RMSE stRMSE
of the SC, cm
Novo Selo 13.0 10.5 0.89
Vidin 13.7 4.7 0.38
Gramada 14.4 7.8 0.55
Oriahovo 11.1 5.6 0.45
Razgrad 11.0 4.5 0.40
Silistra 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 14.4 16.3 1.16
Kardgali 10.9 7.9 0.71
Zlatograd 11.6 6.2 0.56
Murgash 29.7 35.5 1.39
Rogen 46.5 313 0.83
Cherni Vrah 85.6 89.8 1.60
Vrah Botev 72.8 77.5 1.50
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BvBegeHue

MHOKecTBO U3caeaBaHUA Ha edeKkTa Ha KAMMATUYHUTE
M3MeHeHUA BbpXy BogHUTe pecypcy npe3 XXI Bek covat
yBe/NnYaBaHe Ha MHTEH3MBHUTE BajieXu, yBe/lM4yaBaHe
Ha NPOAB/IKUTENHOCTTA Ha CyXMA CE30H M HaMasleHWe Ha
BasIeXXUTe OT CHATF U CbOTBETHO HA CHEXHATA MOKPUBKa.
3a bbarapua NpPorHo3MTe OTHOCHO W3MEHEHWETO Ha
roAmlHaTa CyMa Ha OTTOKa ca GYHKLMA OT KNMMATUYHUA
cueHapuii 1 paioHa 3a b6aceliHoBo ynpasneHue (PBY).
B ToBa n3cnenBaHe ce pokycupame BbpPXy U3MEHEHUATA
Ha OTTOKA cnopeg, KnmmatmnyHm cueHapmmn RCP 2.6, 4.5 n
8.5 BbB BbTPELWHOroAULWHOTO pa3npeaeneHne Ha OTTOKa
3a yetnpute PBY B bbarapma 3a TpuTe KAMMATUYHKU
nepuoga 2011-2040, 2041-2070 n 2071-2100 .

MeTogonorus

Bb3 ocHoBa Ha gaHHuTe ot npoekta EURO-CORDEX ca
13BefeHn CpeHO MHOrOroAMWHUTE MECEYHU CYMM Ha
oTToKa (Copernicus Climate Change Service, Climate Data
Store, 2021) 3a Bceku 30-roguweH nepuog U 3a
pedepeHTHMA nepuos 33 MPaBObIbJEH  PaloH,
BKNOYBALL, TepuTopuAata Ha bbarapua. [aHHute oOT
KNMMaTUYHUTE aHa/IM3M U MPOrHO3M ca npeobpasyBaHu
OT OpuUrMHaNHaTa mpexa c KaeTtka 5x5 km kbm cpegHu
CTOMHOCTM 3a BCeKM OT u4etupute PBY 3a Tpute
KNMMaTUYHU nepuoaa U TpuTe cueHapua. MogaenHute
AaHHM Ha TOAMLWHUTE CYMM Ha OTTOKA 3a pedepeHTHuA
nepuog (1971-2000 r.) OoT BCUYKM KOMOBUHAUUN mMexay
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 FPXM, Kouto ca Hali-6amM3ku go
HaHHUTe Ha HUMIX.

Tabnuua 1. NU3bpaHuTe KombUHauum ot FPXM

Bacein InoBanen mogen| PervoHaned Xugponoum | mogen [mm] |[HUMX [mm]
4epHOMOPCKM HadGEM2-ES SMHI-RCA4 E-HYPEgrid 102 100
JAyHascku 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 Mmojen, cbyeTaH C  ABa
pervoHas Hn MoJena v ABa XUAPOJIOKKN Mmoaena, KaTto
3a Tpu PBY e wusbpaH mopgenbt E-HYPEgrid, a 3a
3anagHobenomopckus PBY — mogenst  VIC-WUR.
BbnpeKkn ye e no-geTalseH U U3UCKBA NOBEYE BXOAHM
OaHHW, NOCNeAHUAT WMMa MO-HUCKM  CTAaTUCTUYECKMU
pesyntatu. HesaBucMmo OT TOBa EAWHCTBEHO TOW
cumynnpa 61msku oo gaHHUTe Ha HUMX rogmiwHm cymu

3a pedepeHTHUA nepuod. B cnepgall etan ca CpaBHEHM
BbTPELIHOrOAMWHWUTE pasnpefesnieHnss Ha OTTOKa Ha
pedepeHTHMA  nepuos € BbTPELWHOroAULWHMUTE
pasnpegeneHuns 3a BCEKM CLEEHAPUI U 3a BCEKM OT TpUTe
nepuoga 2011-2040, 2041-2070 n 2071-2100 .

Pe3syntatu u nssogm

KaTo LAno BbTPeWHOrogMIWLHOTO pasnpesenieHne Ha
OTTOKa 3a TpUTe CLLeHapua 1 3a TpUTe Nepruosa NoKassa
yBe/M4YaBaHe Ha 3MMHUA OTTOK (¢ur. 1) 3a cmeTKa Ha
NpPOIeTHMA U NeTHMA. ToBa ce OTHacA 3a TpuTte PBY —
MN3TouHobenomopckn  (MBP), AyHaBckn  (OAP)
YepHOMOpPCKH (4P), " €4MHCTBEHO 3a
3anagHobenomopcku panoH (36P) cueHapuute aasat
OTHOCUTE/THO YBENINYEHME Ha MPONETHUA OTTOK.
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RCP 2.6
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pedepenTen
nepnon
RCP 2.6
RCP4S
RCP 8.5
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RCP 2.6
RCP4.S
RCP 8.5
pedepenTen
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4P i BP 36P

®urypa 1. MPorHo3HO BBLTPELIHOrOAMLIHO pasnpeaeneHme
33 2011-2040 r. 3a yetnpute PBY 1 3a Tpute cueHapms,
CpPaBHEHO C TOBa 3a pedepeHTHUsA 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 114 117
Eas Aegean HadGEM2-ES KNMI-RACMO22E| E-HYPEgrid 165 164
West Aegean HadGEM2-ES SMHI-RCA4 VIC-WUR 241 240

As can be seen from Table 1, a global model
combined with two regional models and two
hydrological models was selected for the four RBMAs,
with the E-HYPEgrid model selected for three RBMAs and
the VIC-WUR model for the West Aegean Sea RBMA.
Although it is more detailed and requires more input
data, the latter has lower statistics scores. Regardless, it
is the only one that simulates annual amounts close to
the NIMH data for the reference period. In the next
stage, the intra-annual distributions of runoff for the
reference period are compared with the intra-annual
distributions for each scenario and for each of the three
periods 2011-2040, 2041-2070, and 2071-2100.

Results and conclusions

Overall, the intra-annual distribution of runoff for the
three scenarios and for the three periods shows an
increase in winter runoff (Fig. 1) at the expense of spring
and summer runoff. This applies to the three RBMAs —
Eastern Aegean Sea (EAS), Danube (DB) and Black Sea
(BS) —and only for the Western Aegean Sea (WAS) region
do the scenarios show a relative increase in spring runoff.

pedepenTten
nepviog
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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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BbBeaeHue

M3cnepBaHWATa NOKasBaT, Ye Ha roguwHa 6asa He ce
HabntoAaBaT 3HAYUTENIHW U3MEHEHWUA Ha cpefHuTe 3a
CTpaHaTa Banexu npes nocnegHute 60 rognHun. Bce nak
cnen 1990 r. B bbarapua ce yCTaHOBABAT KaKTO MPOMEHU
B MECEYHOTO pasnpefesieHne Ha BaJeXuUTe, Taka U
TeHAEHUMA 33 HapaCTBaHe Ha NPUHOCA HA NOTEHLMANHO
OnacHUTE BaNeXu KbM CyMapHMA roguiueH Banex. Tyk
npasum o6obLLeHNE Ha pe3ynTaTuTe OT aHaIM3UTE HU OT
nocnegHuTe roguMHu BbPXY yecToTaTa "
pa3snpeaeneHneTo Ha eKCTPeMHUTE Basiexxn B bbarapuma.
MpeactaBeHa e U KAMMATMYHA OLEHKA Ha Banexute oT
NbpBOTO AeceTaHEBUE HA Mecel, OKTomBpu 2025 T.

MeTtoaonorua

HanpaseHo e o6obweHne Ha pesyntatuTe,
npeactaBeHn B Bocheva & Malcheva (2020), Malcheva
et al. (2020) u Malcheva et al. (2026). MNokasaHn ca u
pesynTatM OT KAMMATUYHUTE OLEHKU Ha EeKCTpeMHuTe
BaJieXKM Npes3 nbpBaTa geKada Ha oktomepu 2025 r.,
[0BEeNV 0,0 HABOAHEHUA B PAa3/IMYHM PAaliOHW Ha CTpaHaTa
M o 6eactBeHO NoJsioXKeHue B obwWMHUTE Hecebbp U
LlapeBo. Te3n OUEHKM Ca M3rOTBEHM MO WCKaHE Ha
MUWHUCTEPCTBOTO Ha OKO/MHaTa cpeja W BoguTe W
baceHoBa  gupekuua  ,YepHOMOpPCKM palioH”.
MN3uncneHn ca nepuoaute Ha cayvyBaHe Ha nagHanuA
MaKCUMaseH 24-4acos Banex 3a BCUYKM
METEOPOJIOrMYHW CTaHLUMWN Ha HauMOHANHWUA MHCTUTYT MO
meTeoposiorua M xugponorma B 6auMsoct 4o
Kpalbpexmeto Ha YepHo mope. KaTto ekctpemHu ca
OLUEeHeHN BCMYKKM Banexmn = 60 mm/24 h, koeto e 61130
[0 rpaHuuaTa 3a o0b6sBaABaHe Ha 4epBeH Kog 3a
npeaynpexaeHMe 3a ONacHO Bpeme, CblacHO
cuctemata  Ha  METEOALARM. 3a oueHKa Ha
BEPOATHOCTTa Ha npesuweHne (P) e wu3nonssaHo
0606LLeHOTO pa3npeneneHne Ha eKCTPEMHM CTOMHOCTU
(GEV) KaTo BepoATHOCTEH MOAEN Ha MaKCMMaHUA
24-4acoB Banex. BcMuKkM npocTpaHCTBEHW aHanu3M ca
peanusmpann B R- n QGIS-cpega upe3 cneuunanHo
HanMcaHW CKpMNToBe.

Pe3ynTtaTtu u ussogm

M3cneaBaHuaTa MoKasBaT, 4e Hal-yectTm U
Hal-rolemMmm KaTo KOJ/IMYecTBa Ha cpefHa roaviuHa 6asa
Ca EeKCTpeMHWUTEe 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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®urypa 1. MNOLWHM OLLEHKN Ha Banexurte
npes NbpBOTO AeceTAHeBME Ha M. OKTOMBpK 2025 r.
CNPAMO MeceyHaTa KNMMaTUyHa HOpMa.

BanexuTe npes NbpBOTO AeceTAHEBUE HAa OKTOMBPU
2025 r. HagBMLWABaT Mece4YyHUTe HOpMM 3a MOo-ronAamaTa
yacT oT cTpaHaTta (pur. 1). UsmepeHusT Ha 03.10.2025 r.
Banex B C. Koctm e abcontoTeH MakcMMym 3a
MaKCMManeH roauweH 24-4acoB BaneX 3a uenua
nepuvos Ha usmepsaHe oT 1948 r. Hacam — 250.7 mm,
M Cce OLEeHABA KaTo BaJIeXXHO KOJIMYECTBO C Nepuos Ha
NnoBTOPeHMe BeAHbXK Ha 255 roguHu. 3a octaHanute
CTaHUMN WU3YUCNEHUTE NepuogM Ha noBTOpeHWe ca
3HAUYUTE/IHO MO-MaJIKM, 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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BbBeaeHue

KnumatunuHata knacudukauma Ha KboneH (Kdppen,
1918) e egHa OT MbpBUTE, Cb3gafdeHa Ha 6asata Ha
KOHKPETHU EMMUPUYHU CTOMHOCTM Ha KAMMATUYHUTE
enemeHTU. [Jopa3Buta OT HAKOW aBTOPWU Npe3 roanHuTE,
B Ha4ya/i0To Ha 80-Te roanHM Ha XX BeK Brisse et al. (1982)
npeanaraT BapuaHT Ha M3cnefBaHe Ha KAMMaTuTe Ha
HalaTa niaHeTa Ypes U3nos3BaHe Ha roAULWHN UHAEKCH,
onpeaeneHun Ha 6asata Ha Knacuoukaumata Ha KooneH.
3a TepuTOopuATa Ha bbarapuAa nogobHO w3cneaBaHe
npasu Popov (2022).

MeTtoaonorua

B HactoAwara cratMAa e W3MN0/A3BaH roAUWHUAT
KAMMATUYEH MHAEKC OT Knacudukaumata Ha KboneH. Ha
6a3a Ha Hero e npeasioXeH HOB MOATWMM 3a BTOpaTa
6yKkBa, KOMTO Ja oOMMCBa YCNOBMA nNpe3 roguHaTa,
CBbpP3aHN C PUCKOBM MPOLECU KaTo 3acyllaBaHuA U
HaBOAHEHMUA.

Tabnunua 1. Kputepuu 3a onpegensiHe Ha BTopaTa bykBa
OT MHAEKca cnopej, KAMmaTuyHaTa KaacuduKaumsa Ha
KboneH (DSM — Hali-cyx meceL, npe3 Tona0To noayrogue,
WSM — Hail-BanexeH mecel, npes TONJ0To noJjyroaue,
DWM - Hall-cyx mecel, npe3 CTyAeHOTO nosayrogue,

WWM — Hail-BanexeH Mmecel, npes CTyaeHOTO
nonyroaue)
UHpekc  OnucaHue Kpurtepuii
S Cyxo nato DSM nog 40 mm um
3 NbTM NO-ManKko
ot WWM
w Cyxa 3uma DWM 10 nbtn
no-manko ot WSM
f bes cyx He oTtroBapa Hasnuw
Ce30H
d Puck OTroBapAa M Ha s, M HA W

Pesyntatu n ussogu

Pesyntatute OT W3MON3BaHETO Ha  roauweH
KAIMMmaThyeH MHOAEKC eMnUpUYHO AO0Ka3BaT Ha/IMYUETO
Ha CpeAn3eMHOMOPCKO BauAHWe B bbarapma. Tosa
B/IMAHWE € PEFNCTPUPAHO HE CaMO B Hal-torosanagHuTe
YacTM Ha CcTpaHaTa, Kbaeto obxsawa ao 50% ot
u3cneaBaHuA nepuos, HO L0pU U B HaW-CEBEpPHUTE B
KpaVI,D,yHaBCKMTe HU3NHN. B n3cneaBaHUTe TepUTOPUN Ca
perncTpupaHM roguHU C M3pa3eHo 3acyllaBaHe Ha
roguwHa 6asa. OcBeH TUNMYHUTE 33 KNacupUKaumsaTa Ha

KboneH cyxo JfATHO noayroauve (xapakTepHo 3a
Cpean3eMHOMOPCKUA KAUMAT) U CYX0 3MMHO noayrogue
(xapaKTepHO 33 MYCOHHWUTE pPEeXnmM), M3NOoN3BaNKK
FOAMILHUA KAMMATUYEH MHAEKC, OTKPMBaMe M TaKkuBa,
KOWTO OTrOBapAT M Ha ABaTa TMNa M CbOTBETHO Npes
BCAKO OT MO/IYroAMATa € Bb3MOMHO KaKTO CyX mecel, C
M3paseHo 3acylwaBaHe, Taka W [ObXKAOBEH Mecel,
C YCNOBUSA 33 HABOOHEHUSA.

e P S — I

durypa 1. 1an Ha rOAMILHWTE KAMMATUYHU UHAEKCK
cnopea, moamouumMpaHaTta Knacuoukauma Ha KooneH.
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Introduction

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

Methodology

This article uses the Annual Climate Type (ACT) from
the Koppen classification. In recent paper we define
index for every single year according Koéppen
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
Képpen 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 M3MEHEHWe B
nocnegHUTE rOAVHW NOA BAUAHUE Ha U3MEHALWMA ce
Knumat. lpeauiiHo Hale u3cnesBaHe Ha Ce30HHUTE M
MaKCMMYMM B MNAAHMHCKMTE pPalOHM HA CcTpaHaTa
M3HEeHa[BalWo He MOoKasa CblLLEeCTBEHO U3MeHeHWe Ha
TasWn XapaKTepMUCTUKa OCBEH 3a Hali-BUCOKMUTE y4yacCTbLM.
3aToBa cera ce GpOoKycMpame BbPXy NPOABIKUTENHOCTTA
Ha CHeXKHaTa NOKPMBKA B TE3UN PaliOHM.

MeTtogonorusa

N3cnepsaHeTo M3n0a3Ba OaHHU oT 21
METEOpPOJIOTMYHM CTaHUMM C HaZMOPCKa BUCOYMHA OT
600 po noytn 3000 m 3a nepuoga 1961-2020 r.
M3cnegBaHa € OCHOBHO MNPOABL/KUTENHOCTTA 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
XOMOTreHHOCTTa Ha peauumre.

Pesyntatu n ussogu

YcTaHoBeHa e obwa TeHAeHUMA Ha HamMansaBalim
TpeHzoBe Ha 6posA AHM CbC CHEXHA MOKPUBKA 3a MOYTU
BCMYKM CTAQHUMKM, C W3KAKOYEHME Ha Hal-BUCOKUTE
paiioHn (YepHu BpbX, Bp. boTeB, PoXeH, KakTo U
BopoBel), KbOETO M3MEHEHMETO € He3HauYUTenHo.
Hali-cunHo n3paseHo e HamansaBaHeTo Ha
NPOABL/IKUTENIHOCTTA Ha  CHEXHaTa MNOKPUBKA B
Nno-HUCKKTe YacTm Ha PopgonuTte n Ctapa nnaHWHa — Hanp.
CTaHUMK BenuHrpag, XBOWMHA, KakTo W Yenenape,
Konpuewmua v ap. 3HauuTtenHo no-cnabo e B Puna.
Mo-pony ca pajgeHM Kato npuMmepu  HAKOM  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 AHW CbC CHEXKHA NOKPUBKA
3a cTaHuuA BeanHrpaa.

Yenenape

1961

durypa 2. bpoii AHM CbC CHEXKHA NOKPUBKA
3a cTaHumA Yenenape.

boposel,
180
160
140
120
100
80
60
40
20

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

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

Pesyntatute oT MaH-KeHabn TecTa 3a uM36paHu
CTaHLMM ca NpeacTaBeHn B Tabamua 1.

Tabnuvua 1. Pesyntatv ot MaH-KeHabn TecTa 3a bpos
OHW CbC CHEXHa MOKPMBKA NPU HUMBO HA 3HAYMMOCT
0.05: ,—“ — HamanABaHe, CTaTUCTUYECKM HE3HAUYUMO;

,-Sign“ — HamanaBaHe, CTATUCTUYECKM 3HAYMMO
CraHuma Hapgmopcka 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 -
YepHH BpBX 2286 -
Bpvx 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

o QMY NN W e T O MY NN 0o
W YW Y NN ® R DD DY QY QoA oo
Q H A mH AN DN OO © S O & & e O
I B R R = B B B B B B B A S A VA S S A N

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

Chepelare

ﬁﬁﬁﬁﬁ

Figure 2. Number of days with snow cover
for Chepelare station.
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Figure 3. Number of days with snow cover
for Borovets station.

The results of the Mann-Kendall test for selected

stations are presented in Table 1.

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

statistically significant

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

Peak Botev 2376 -
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BvBegeHue

MN3meHeHNeTo Ha BafieXUTe Hagh KOHTUHEHTUTe e OoT
CblLLECTBEHO 3HaYeHue 3a pasbupaHeTo Ha eBOOLMATA
Ha KAMMaTMyHaTa cuctema. [nobanHoTo 3atonnsaHe
yBeanyaBa cnocobHocTTa Ha aTmocdepaTta ga 3aabpka
BNara U BOAM A0 NPOMEHU B OMACHUTE METOPOJIOTMYHHM
ABIEHUA KaTo CyWwW U HaBoAHeHuA (Seneviratne et al.,
2021). OcCHOBHWTE W3TOMHMUM Ha Bnara 3a Espona
BK/IIOYBAT MPUNEKALWNUTE KOHTUHEHTANHM obnacTw,
CeBepHa Adpwuka, CpeausemHo Mmope, YepHo w
Kacnuiicko mope, Kakto MW 4actu oT CeBepHusA
ATNaHTMYECKM OKeaH. Mpoab/iKUTENHUAT AedUuMT Ha
Ba/sieXXn BOAM A0 Cylla, KOATO NPUYMHABA 3HAYUTENHM
MKOHOMMYECKM 3arybu B TOPCKOTO  CTOMAHCTBO,
3emefenMeTo U XKUBOTHOBBACTBOTO. B  Bwvarapusa
oTpuUUaTeNHUTE aHOMANUW Ha BajexXuTe yBenuM4yaBaTt
BEPOATHOCTTA OT MO-YEeCTU U WMHTEH3MBHM CyLUWU, KaTo
OKa3BaT B/MAHME BbPXY BOAHUTE  pecypcn U
3emegenckata npogykuua. CrpaHata e ocobeHo
YyA3BMMa KbM HapacTBaliata 4YecToTa Ha Ccywute u
CBbp3aHUTE C TAX  EKOJIOTUYHM, COUManHU U
MKOHOMMWYECKM nocnencTeua. [Jokato npeaxogHute
uscneaBaHmMa  ce  GOKycMpaT  OCHOBHO  BbpXY
nocneacTsuATa oT onacHute ABNEeHUA,
naeHTudnumnpaHeTo Ha NPUYMHHO-CNeACTBEHUTE
MexaHM3MM OCTaBa KA4YOBO 3a nogobpsasaHe Ha
TAXHaTa NporHo3a. CKOPOLWHN NPOyYBaHMA MOKa3BgarT, ye
HaMaNeHUAT NpeHoc Ha Bnara ot CpeansemHo mope e
ocHOBeH GaKTOp 3a Bb3HMKBAHETO HA CylM Ha
bankaHute (Gimeno-Sotelo et al.,, 2024). Llen Ha Tasu
paboTa e ga ce onpeaenv NPUHOCHT HA U3TOYHMLM Ha
BNA*KHM Bb34YLIHW Macu, KOUTO ONpeaenaT Bajiexute B
bbvarapwma.

MeToponorus

B  HacToAWOTO  u3c/neABaHe — OKeaHCKUTe MU
KOHTUHEHTaNHUTe Bb3AYWHM Macu 3a bbarapua ca
MAEHTUPUUMPAHM C NMOMOLLTA Ha MOALeNa 3a 06paTHM
Tpeaktopun FLEXPART, KoeTo nosBonsBa neTan/iHa
OLEeHKa Ha npousxoma M daKTopute, onpeaenawm
M3MEHYMBOCTTA Ha BanexuTe. M3non3saHu ca rnobanHu
noJsieTa Ha pas/iMkaTta mexay usnapeHue v sanex (E - P),
MHTErpupaHn no BepTUKanHMA aTmochepeH cTbnb, 3a
npocnejAsaHe Ha Bb3AylWHUTE mMacu Hag bbvarapua po
10 aHW Haszag BbB BPEMETO, B CbOTBETCTBME CbC
CpeaHOTO BpemMe Ha MpecTol Ha BOAHWUTE napu B
atmocdepara.

Pe3syntatu

Pesyntatute 3a nepuopga 1980-2018 r. (¢wur. 1)
MoKa3BaT, Ye BNaraTa Hag bbarapua NpousxoxKaa KakTo
OT KOHTMHEHTa/IHWM, TaKa M OT OKEAHCKU pPErvoHu:
EBpona (26%), CeBepHa AdpuKa (17%), bBanTuiicko mope
(3%), YepHo mope (7%), Kacnuiticko mope (2%),
CpegmzemHo mope (30%) n CeBepeH ATNaHTUYECKM
oKeaH (16%). Bbnpekn ye CpeamseMHO Mope ocurypsisa
Hal-ronam AAn OT BnaraTa, NOTBbPXKAABANKM KNtoYoBaTa
My POAs B XUOPOKAMMATUYHUA PEXMM HA CTpaHaTa,
NMPUHOCHT Ha OCTAHA/IUTE U3TOYHULM CHLLO € CbLLECTBEH
1 He 6uBa pa 6bae NnpeHebpersaH.

EEENATL @EEEeas EEEINAF [CDUels [EEEIMEDS [T]cas (I EUR (b)

durypa 1. PermoHn — U3TOMHMLM Ha BNara 3a bvarapus.

Pe3syntatuTe noKasear, ye 57% ot obuwaTa 3aryba Ha
Bnara Hag bbnrapma ce ocbLLECTBABA OT Bb3AYLLIHM 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)

Honis
durypa 2. FlogunweH UMKbA Ha BanexuTe Hag bbarapua
(4epHa AMHMA) 1 OKEAHCKM (CUHM KONOHW) M KOHTUHEHTANHN
(KadaBM 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.

b-uAlL EEleas EEENAF [Osis EWIMeos [cas [ EUR )
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.

25
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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

M3cnepBaHeTo Ha KAMMaTa M HacTbhBalLMTE MPOMEHM
M3MCKBA aHa/iu3, MHTepnpeTauus M BU3yanMsauma Ha
6bp30 nNpomeHsAWM ce U 0bBeMHM NPOCTPAHCTBEHMU
OaHHWU. B TO3M KOHTEKCT reorpadcknute MHGOPMaLMOHHMU
cuctemn  (TUC) ce yTBbPXKAABAT KATO  K/OYOBa
TEXHO/MIOTMYHA nnathopma, KOATO NpesocTaBs  Ha
YYeHUTE W  U3cnepoBaTeiMTe  Bb3MOXHOCTM 33
MHTErpaumMs Ha pasHopogHa MHpopmauusa, npunaraHe
Ha CbBPEMEHHU TEXHONOTMU 3@ MPOCTPAHCTBEH aHAN3 U
TpaHchOpMMpaHe  Ha  HayyHUTe  pesynTaTm B
NPaKTUYECKM MPUNOKUMUM 3HaHMA. Hactoawmar ob3op
pasrnexaa CbBPpeEMEHHUTE TEHAEHUMN B KNMMATUYHNUTE
uscneaBaHma c GOKyc BbpXy A06pute npumepu oT
npakTUKaTa.

MeTtogonorus

O630pbT Ce OCHOBaBa Ha CUCTEMATUMYEH Mnpernes v
aHaNN3 Ha Hay4yHU Ny6IMKaLMmM, TEXHONOTUYHU AOKNAAM,
nAaTGoOpPMU U NPaKTUYECKU NPUNOKEHNA B 0b6aacTTa Ha
KNMMaTuyHuTe uscnegsaHma c MNC. MopbopbT Ha
M3TOYHULM € U3BBPLUEH C Len 0b6XBallaHe Ha aKTyasHu
pa3paboTkM W  YTBbPAEHM MPAKTUKK, OTpPas3ABalLm
CbBpeMeHHUTe TeHAeHuuu B u3nonssaHeto Ha UC
TEXHONOMMM 3a aHanus, mogenupaHe (Hawchar et al.,
2020) ¥ BM3yaAM3auMa Ha KAMMATUYHW NPOLLECMU.
AHanN3bT Ha W3TOYHULMTE BKJIOYBA KAKTO HAy4yHWU
u3cneaBaHuA, Taka U NpUMepu oT npaktuKkarta (GIS for
Climate, 2026), KOMTO AEMOHCTPUPAT NPUNOMNKEHMETO Ha
TMC B peanHn wu3cnefoBaTeNCKM U ONEPATUBHMU
KOHTEKCTW.

B pamkuTe Ha o630pa ca pa3rnegaHu TeMaTU4HU
HanpasieHWA, CBbP3aHM C aHaIN3 U MOHMUTOPWHT Ha
3amMbpcABaHe C eMUCcUM, uscnegsaHe Ha NPUPOLHU
6eaCcTBMA M EKCTPEMHM SBAEGHWA KaTo pesyntat oT
KAMMATUYHUTE NPOMEHMU, KaKTO N NPUNOKeHnA Ha TNC B
0Ona3BaHeTo M YMpaBJeHWETO Ha OKOJHATa cpeaa.
CneuunanHo BHUMaHUeE e OTAENEHO HA U3MON3BAHETO Ha
MHOFOMEPHU AaHHK, yeb KapTorpadcKkm MpUoXKeHUA
(dwur. 1) u nnatdopmu, NPOCTPAHCTBEHM CUMYAALUM U
MeToAM Ha MALWMHHOTO O0bOy4YyeHWe W U3KYCTBEHMUA
MHTENEKT 3a OTKpMBAaHE Ha 3aKOHOMEPHOCTU M
nognomaraHe Ha WMHTepnpeTauuATa Ha KAMMaTUYHUTE
npowecu.

Water Balance App | Ciek amwhoro on ssrth 1o ee how the watsr baanc s hanging aver tme @

durypa 1. Water Balance App — yeb TMC npunoxkeHue 3a
MUCTOPUYECKO NpocieasBaHe Ha BOAHMTE 3aMacy Ha NaaHeTaTa.

Pe3syntatu n ussogu

CbBpEMEHHUTE  KAMMATUYHW  U3CNe[BaHMA  BCe
no-4yecto pasumTaT Ha T’MC KaTo uHTerpmnpaHa nnatdopma
33 MopenupaHe, WHTepnpeTauMs W BM3YyasHO
npeacTaBAHE Ha KOMMJIEKCHU KIMMATUYHM Mpouecu.
OuepTaBaT ce ACHO M3pPaseHM TeHAEeHUMM KbM paboTa C
ronemm obemn AaHHM BbB BPEMETO U MPOCTPAHCTBOTO,
KOMOWHUpPaHe Ha WHPopMaLMA OT AUCTAHLMOHHM
uscneaBaHUA WM Ha3eMHM HabnoaeHua, KakKTo MU
npunaraHe Ha MHOroMepHM NoAXoAMu.

HapactBa M ponATa Ha MalUMHHOTO obydyeHue u
n3KycTBeHms uHTenekT B MC cpeaa 3a OTKpMBaHe Ha
3aKOHOMEPHOCTH, KnacuduKauma M nognomaraHe Ha
NPOrHO3HM OLEeHKW. MpeacTaBeHUTe f06pK Npumepn oT
NpaKTMKaTa NOTBbp)KAaBaT eBoaoumaTa Ha [UC ot
WHCTPYMEHT 3a KapTtorpadcka BM3yann3aumsa Kbm
aHa/IMTMYHA M NpPOrHo3Ha nnatpopma C BUCOKA

npaKkTUYecKa NPUAOKNUMOCT B KAMMaTUYHNUTE
nscneaBaHus.
Nurtepartypa
GIS for Climate (2026): https://climate-arcgis-

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

Hawchar, L., Naughton, O., Nolan, P., Stewart, M.-G,,
Ryan, P. C. (2020). A GIS-based framework for
high-level climate change risk assessment of critical
infrastructure. Climate Risk Management, 29,
100235. Elsevier.
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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 | Ciek amwhers on sxth 1o s0a howthe watsr baance is changing over tme @

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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BbvBegeHue

Mpe3 nocnepHuTe AecetunetMa ce  Habnogasa
HapacTBaHe Ha 4ecToTaTa U MHTEH3MTEeTa Ha onacHuTe
METEOPONIOTMYHU  ABMEHWA, KAaTo HABOAHEHuA U
eKCTpPeMHW Banexun. EAMH oT OCHOBHUTE MexaHM3MM 3a
nNpeHoC Ha rosemMu Konuyectsa atmocdepHa Bnara ca
T.Hap. atmocdepHu pekn (Atmospheric rivers, AR). Te
npeacTaBaAABaT TECHW W AbATU 30HM C WHTEH3MBEH
XOPWU30HTaNeH MNpeHoc Ha BogHa napa. AR ca pobpe
n3cnenBaHuN B perMoHu Kato 3anagHa Espona n CesepHa
AMepuKa, HO ponATa MM 33 EKCTPeMHWUTE BaJIeXun B
lOromnsTtouHa EBpona n no-cneumanHo B bbarapua octasa
cnabo npoyyeHa. UHTErpnpaHUAT NpeHoc Ha BOAHa napa
(Integrated vapour transport, IVT) e Kawo4yoB
AMarHoCTMYEH NapameTbp 3a MAEHTUOMKALMA U aHaNu3
Ha aTmMocdepHUTe peku. HacToAwoTo nscneasaHe nMma
3a uen Aa U3roTeM NbpBaTa AbArOCPOYHA KAMMATONOTUA
Ha IVT 3a bbarapua 1 ga aHanM3npa KOHKPETHO ONacHo
MeTeopOo/IOrMYHO ABAeHne npe3 Hoemspu 2023 r.

MeTtogonorus

M3nonssaH e atmocoepeH peaHanu3 ERAS5 3a
nepuoaa 1994-2023 r. IVT e wu3uncneH Ha 6asa
cneumduyHa BNAXKHOCT U KOMMOHEHTW Ha BATbpA Ha 10
nsobapHu Hmea (1000-50 hPa) m e npocTpaHCTBEHO
ocpefHeH 3a TepuTopuATa Ha bbarapua. AHanusnpaHu
Ca K/AMMATO/IOTMYHUTE CTOMHOCTU U aHOManuuTe npes
2023 r. UN3bpaHo e onacHO aTmMocpepHO fB/MEHME Ha
4 HoemBpu 2023 ., 33 KOETO Ca pasrnesaHn NOYacosm
aHomanun Ha IVT u paHHM oT Katanora EDARA
(Mo, 2024).

Pesyntatu n ussogu

IVT Hag Bbbarapma nokasBa ACHO M3pas3eH Ce30HeH
LMKB/ C NeTeH MaKCUMyM U 3MMeH MUHUMYM. pes
2023 r. ce HabnwopaBaT 3HAYUTENIHU MONOXKMUTENHM
aHoManunn, ocobeHo npes eceHra.

Cvbutneto ot 4 Hoemspu 2023 1. e cBbP3aHO C Aobpe
aeduHMpaHa aTmocdepHa peka, npeHacsawa Baara or
ATnaHtTMyeckma okeaH U Cpegus3emMHO MoOpe KbM
bankaHute. [onyyeHute pesynTatu noayveprasaT
3HaYeHMETO Ha aTMOCepHUTE PEKU 33 EeKCTPEMHUTE
BafieXXM M noTeHumana Ha IVT KaTo AuarHoctuyeH
MHCTPYMEHT B ONepaTMBHOTO NporHosunpaHe. MoapobHo

onuWcaHWe Ha  UM3CNeABaHeTo e
nybankaumaTa Ha Kostashki et al. (2025).

HanpaBeHO B

Nnteparypa

Kostashki, B., M. Hadzhiev, G. Guerova. Integrated
Vapour Transport Climatology 1994-2023 and a Case
Study of an Atmospheric River Event in November
2023 in Bulgaria. Proceedings of the Bulgarian
Academy of Sciences, 78(12), 2025.

Mo, R. (2024). EDARA: An ERA5-based Dataset for
Atmospheric River Analysis. Scientific Data, 11(1),
900.
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Introduction

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

Methodology

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

Results and conclusions

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

The event of 4 November 2023 is associated with a
clearly defined atmospheric river transporting moisture
from the Atlantic Ocean and the Mediterranean Sea
toward the Balkan Peninsula. The results emphasize the
critical role of atmospheric rivers in generating extreme
precipitation and demonstrate the potential of IVTas a
diagnostic tool for operational forecasting. A
comprehensive description of the study is provided in
Kostashki et al. (2025).
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BbvBegeHue
M3cnepBaHeTo Ha pasnpeaeneHneTo Ha MbJIHMUTE Hag,
KpalbperKHUTe 30HWM e OT CbLLECTBEHO 3HauyeHue 3a
pasbupaHeTo Ha [AMHAMUKATa Ha PbMOTEBUYHUTE
061auM B NpexogHUTE Cylla—Mope PervuoHu.

3afaya Ha HacTosAwaTta paboTa e Aa ce M3BbLPLWK
pernoHaneH aHaan3 Ha NPOCTPAHCTBEHOTO U BPEMEBOTO
pasnpegeneHne  Ha  MbAHUMMTE  Hag  YeTupute
Kpalbpe)KHM 30HM Ha YepHo mope — ceBepHa
(kparbpexkneTo c YKpaitHa n Kpum), natouHa (c Pycma u
Mpy3ua), toxkHa (c Typums) n 3anagHa (c bbarapusa u
PymbHMA). U3cnenBaHeEToO e HaCOYEHO KbM onpeaensaHe
Ha TrOAMILUHMWA, CE30HHUA U [AEHOHOWHUA Xoh, Ha
NABTHOCTTA HAa MbBAHUUTE Hag Te3n 06n1acTM U KbM
M3BbPLIBAHE Ha CPaBHEHWE MexXay NABTHOCTTa Ha
MbBJIHUMTE HAL OTAENHUTE KpalbpekHW 30HM C uen
paskpuBaHe Ha  XxapakTepHWTe  ocobeHOCTM B
rPbMOTEBMYHATA aKTUBHOCT HaZ, Pas/IMYHUTE YacTM Ha
YepHOMOPCKOTO Kpaibpesue.

MeTtogonorusa

MN3non3saHu ca AaHHM 338 MbaHUKUTE 33 20-roaunlieH
nepuog (2005-2024) ot eBponeicKaTa Ha3eMHa Mpesa
ZEUS, ynpaBnsBaHa oT HauuoHanHata obcepBatopua B
ATnHa. YepHOMOPCKOTO Kpalibpexkme e  YCIOBHO
pa3aeneHo Ha YeTMpU 30HN — ceBepHa (KpalbpexuneTo ¢
YKpaliHa u Kpum), nstouHa (c Pycua n Tpysus), toxKHa
(c Typumsa) n 3anagHa (c bbarapus M PymbHMA), KaTo
BCSKa BK/IOYBA KpanbpexkHa neuua ot 25 Ao 50 km Kbm
cywaTa u Kbm mopeTo. lNopagn pasnmyHata njaow, Ha
30HUTE AMPEKTHOTO CpaBHEHWe Ha uYecToTaTa Ha
pPerucTpupaHnTe MbAHUKN He e NpeacTaBMTeNIHO, 3aTOBa
3a BCAKA 30Ha € M3YMCNeHa MABTHOCT Ha MbJIHUUTE,
M3paseHa KaTto 6poii Mb/IHMM Ha KBaApaTEH KUIOMETLP
32 CbOTBETHWA BPEMEBW WHTEpPBaA. AHaNU3bT e
HanpaBeH 3a roAMLEH, Ce30HEH M 3-4acoB AEHOHOLEH
BpemeBu maw,ab.

Pe3syntatu n ussogu

AHanM3bT Ha roAMWHATa MABTHOCT Ha MbAHWUUTE
(bur. 1, ropeH naHen) NOKasBa  U3paseHu
NPOCTPAHCTBEHW  PAa3MuMA  MeXAy  OTAesIHuTe
KpalbperKHN 30HM, KATO HaW-BMCOKA NABTHOCT Ha
MbBAHWWUTE ce oTuuTa Hag WM3ToyHoTOo “YepHOMOpCKO
Kpaibperkune, cnegsaHo oT FOXHOTO M 3anagHoTo, a HaW-
cnaba rpbmoTeBMYHA aKTUMBHOCT ce HabnwoaasBa Hapg,
CeBepHaTa 30Ha.

AHanM3bT Ha CE30HHATa MABTHOCT Ha MbJHUUTE
(dbur. 1, poneH naHen) paskpvBa, 4Ye 33 BCUYKM

KpPanbpexHN 30HU NATOTO € MepuoabT C MaKCMMaiHa
NABTHOCT HAa MbJ/IHUMTE, @ NPE3 3MMaTa MbIHUK MOYTU He
ce Habaoaasar.

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

W [0NeH NaHeN — Ce30HHA NABTHOCT Ha MbHUUTE
(6poit mbaHMn/km?) 3a yeTnpuTe palioHa Ha HYepHOMOPCKOTO
Kpaibpexune: CeepHoTo — North (U_C) — CMHM KOMOHM,
M3TouHOTO — East (G_R) — 3eneHun KonoHu, KOXHoTo —
South (B_R) — opaH:keBu KonoHu, n 3anagHoTto — West (B_R) —
YKBATU KONIOHM.

CpaBHABAMKM NABLTHOCTTAa HA MbAHUUTE npes3
NpexogHUTe Ce3oHM — NPOoJIeT U eceH, ce Habsogasat
pervoHanHu pasnuumna. 3a M3TOYHATa WU loXKHaTa 30Ha
NABTHOCTTa Ha MbJIHUUTE NPE3 eCeHTa € Mo-BUCOKa OT
Tasu npes NpoJsieTTa, 33 CeBepHaTa 30Ha Ce PasKpwuBa
obpaTHaTa 3aBMCMMOCT, [OKaTo 3a  3anagHoTo
Kpanbpexune pasnmKka noyTu HAma.

KpaibpexHUAT permMoH ¢ MakCMManHa NABTHOCT Ha
MDBJHUUTE Cropes Ce30Ha ce NPOMEeHA; Npes nponeTTta
TOoBa e 3anagHoTo YepHOMOPCKO Kpanbpexwue, npes
NATOTO U 3uMaTa e M3TOYHOTO, a npe3 eceHTa — KOXKHOTO.

Tesn pesynTaTtu noAacKasBear, ye OCBeH
WMPOKOMALLABHUTE aTMOChEPHM NPOLECU JIOKANHUTE
atmocdepHu ycnosua, oporpadckute  ocobeHocTy,
KOHTPACTbT Cylla—MOpe MoraT [a OKasBaT CWIHO
BAMAHME BbPXY CE30HHATa AMHAMMKa Ha YecToTaTa Ha
MBAHUUTE.
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Introduction

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

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

Methodology

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

Results and conclusions

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

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

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

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

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

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

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

B MHOro wu3cnefaBaHWs, CBbP3aHW C  KAMMATa,
perMoHasHuTe KAMMaTUYHK mogenun (PKM) ce
M3MON3BaT YECTO KaTo OU3MYECKM CbAbPXKATENHU
WMHCTPYMEHTU 3a Teneckonusaums Ha [aHHUTe OoT
rnobanHuTe KanmatuyHu mogenn (FKM) pgo no-
MaskKM  MPOCTPAaHCTBEHM  Mawabu ¢  orneg
npepoctaBaHe Ha  no-nogpobHa  pernoHasnHa
nHoopmauma. Pesyntatute oT cumynaummnte ¢ PKM
obaye MoraT Aa CbAbPMKAT FONEMM CUCTEMATUYHM
OTK/IOHEHMA CNpAMO Habopute OT AaHHM oOT
HabntogeHua, npuetM Kato pedepeHTHU. [pes
nocnefHuTe  pecetunetva  6Axa  Cb3gafeHu
aNropPUTMM 33 MUHUMM3MPAHE U KOpUTMpaHe Ha Te3n
OTK/IOHEHMSA KaTO M3TOYHMUM HA TPewWwku B
nocnefpalimMte BEpUrM Ha MOZLENMpPaHe, BbMAPEKU
HAKoW KputukK (Teutschbein and Seibert, 2012).
MpoBeaeHOTO OT MHOFO M3C/Nef0BaTENN OLLEHABAHE
Ha edeKTMBHOCTTAa Ha Pas/IMYHU  KOPEKLMOHHM
npoueaypu B yCNoBMATa Ha NPOMEHAL, Ce KAumaT
nokasa, 4ye metoamuTe, 6asmpaHmn Ha CTaTUCTUYECKOTO
pasnpegeneHve, NPeBb3XOXAAT BCUYKM OCTaHaNU
npoy4yeHn TexHuKn (Teutschbein and Seibert, 2012;
Themell et al., 2012).

OcHoBHa 33/ia4a Ha HacToALLOTO M3c/eaBaHe e Aa
oueHn pgobaBeHaTa CTOMHOCT Ha KOpeKuuAta Ha
CUCTEMATUYHOTO OTK/IOHEHME 4Ype3 HOBOYCBOEHMA
meTos  Ha KBaHTUNHO  JenTa KapTupaHe
(aHrn.: quantile delta mapping, QDM), KoliTo e
OCHOBaH Ha CTAaTUCTMYECKOTO pasnpegesneHne Ha
KOpPUrMpaHaTa BennynHa, nogobpeHne Ha WMPOKO
M3M0N3BaHOTO KBAHTU/IHO KapTupaHe (aHra.: quantile
mapping, QM) (Cannon et al., 2015).

MeTtoponorusa

QDM e npunoxkeH Bbpxy MbpPBUYHUTE AAHHW 33
OHEeBHaTa MWHMMaANHa, cpegHa W MaKCMManHa
TemnepaTypa, KakTo U cyma Ha Banexwute ot 14
KOMBUHaumn oT asuewm NT’KM n PKM oT npoekTa
EURO-CORDEX 3a nepuoma 1976-2005 r. Hag
lOronstouHa Espona. Hue wusnonssame Habopa
OaHHK oT peaHanu3 ERA5-Land KaTo pedepeHTeH.

PesynTtaTtv u ussogm

B cboTBeTCTBME C NPEeAULLHN OTKPUTUA Ha ApYrv
aBTOpPM, HWe MOKa3Bame, Ye KopeKuusaTa Ha
CUCTEMATUYHOTO OTKNAOHeHMe ¢ QDM HamansBa
OTK/OHEHMATa B MHOFOrogmMwHWUTE  CPpegHu
CTOMHOCTM  Ha  cpeaHuTe,  MUHMMaNHUTE WU
MaKCMMaNHUTE AHEBHM Temnepatypu C 40 eauH
nopagbk.  CreneHta  Ha HamansBaHe  Ha
OTK/IOHEHMETO 33 MHOTOroAMILIHaTa cpesHa CyMa Ha
BajieXka e Mo-Masika, HO BCe TaKa 3HauuTesnHa. Tesu
npeaBapuTeNHM Pe3ynTaTh MmoraT Aa ce OLEeHAT KaTo
MHoroobeulaBallu.

BnaropgapHocTu: M3cneaBaHeTo €  OCbLLEeCTBEHO
M3UAN0 CbC CBOBOAHO AOCTHMNHM AAHHU U NPOTPaMHM
cpeacTsa 7 3aToBa asTopuTe n3KasBaT
61aro4apHOCTUTE CU KbM BCUYKU UHCTUTYLMU, KOUTO
i npeaoctasat (ECMWF, nbpsuyHn KM/PKM
cberasuTenu, Copernicus CDS, MPI-M). U3ka3Bame 1
cneymanHu 6narogapHocti Kbm 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; ThemeRl et al., 2012).

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

Methodology

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

Results and conclusions

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

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

HactoAwoTo w3cnepBaHe aHanu3vMpa eXXegHeBHUTE
HabaoAeHUA Ha TPBMOTEBUYHU Bypu, PErncTpUpaHn B
MeTeopoNIorMyHN  ctaHumm B Codua 3a nepuoga
1900-2025 r. T[pbmoTeBUYHUTE Oypu ca cpen,
Han-3HAYMMUTE U MNOTEHLUMANIHO OMaCHM aTMocdepHMU
ABNEHUA B YMepeHuTe reorpadCkM LWUPUHKU, QA
ObArOCPOYHATa MM M3MEHYMBOCT €  HagexaeH
WMHAMKATOP 32 NPOMEHUTE B KOHBEKTUBHUA MOTEHUMan
Ha aTMocdeparTa.

MHoecTBO uscnegBaHua 3a EsBpona n bankaHute
OOKYMEHTMPAT NPOMEHM B 4YecToTaTa WM CE30HHOTO
pa3npeaeneHne Ha KOHBEKTUBHUTE ABIEHUA B KOHTEKCTa
Ha U3MeHeHMeTo Ha Kanmarta (Taszarek et al., 2019). 3a
TeputopuATa Ha bbarapua cuctemaTMyHM OBATOCPOYHM
aHaNM3KM Ha FPbMOTEBMYHATA AEWHOCT Ca NPOBEXKAAHM
BbpPXy OrpaHMyeH 6pOM CTaHUMM W 33 MNO-KPaTKM
nepuoaum. HacroAawoTo uscnenBaHe npeanara
Hal-AbATMA Jocera aHanM3MpaH HenpekbCcHaT pen oOT
HabntogeHusa — 125 rogunum (1900-2025), cTpyKTypupaH
no ooéuunanHute 30-rOAUWIHN  KAUMATUYHU HOPMU
(WMO, 2017) 3a patioHa Ha Codus.

MeTtogonorus

Mog cnyyalh c rpbmoTeBMYHa bBypsa cnedpBa ga ce
pa3bupa AeHOHOoLLME, B KOETO € PerMcTpupaH noHe eauH
rpbM, HE3aBUCMMO  OT  MNPOABL/IKUTENHOCTTA MU
MHTEH3UBHOCTTAa HA ABNEHWETO. M3xoaHUTE [AaHHM
npencTaBaAaBaT MeCeYHM CYMWU Ha OHWU C FPbMOTEBUYHA
6yps, peructpupaHu B Ae cTaHuuu: ot 1900 po
Ha4vanoto Ha 1952 r. B cTaHumMA boTaHn4ecka rpagmHa, a
ot 1952 pgo 2025 r. B cTraHuMATa Ha HauyuoHanHuAa
MHCTUTYT No meTeoponorna u xugponorns (HUMX).
HyneBuTe CTOMHOCTM 33 faAeH MeceL, ca TPeTUPaHM KaTo
[O0CTOBEPHU AaHHM 33 OTCbCTBME Ha ABAeHueTo. 3a 1951
1 1960 r. nMncBaT AaHHMU.

MeTeoponoruyHata peguua e pasnpegeneHa B
yetupn oduumantm, cnopesg CMO, 30-roguiiHu
nepuoga: 1901-1930, 1931-1960, 1961-1990 wu
1991-2020 (WMO, 2017). loguHuTe 1900 1 2021-2025
ca M3BbH Te3nM nepuoaM M ca aHanuM3MpaHuM KaTo
JonbnHeHue. Mopaan ecTecTBOTO Ha ABNEHUETO — Aa ce
cay4ysa npes TONNOTO nonyrogue, MHTEpec
npeacTaBasBa NPoOABAEHMETO My Mpe3 OCTaHaslaTa yacT
OT roAnHaTa U TOBA HANOXKU BbBeXAaHeTo Ha WCIA —
MHAOEKC Ha CTyAeHOCEe30HHa FPbMOTEBMYHA aKTUBHOCT,
obxBallal, MeceunTe OKTOMBPU—MaApT. TeHaeHUMATa e

OLEHEeHa Ypes3 /IMHelHa perpecus, a CTaTUCTMYecKaTa
3HAYMMOCT — Upes ABYCTpaHeH t-TecT npu HMBO p < 0.05.

Pesyntatu u ussogu

3a 125-roagmwHus nepmog 1900-2025 r. B Codusa ca
pernctpmpaHm obwo 4267 gHM C rPbMOTEBUYHA Byps,
npu cpegHoroaguwHa ctoiHoct 34.4 gHn. MakcumarnHata
CTOMHOCT e 64 aHu (1975 r.), a MMHUManHaTa — 5 aHun
(1948 r.). JIMHENHMAT TpeHn, € MONOXKUTENEH W
CTaTUCTUYECKM  3HaYMMm M Bb3AM3a Ha  +0.7
AHn/pecetunetue (ur. 1).

AHanusbT Ha 30-roguwHWTE nepuoau MOKasBa
Hal-mManbK OpPoOM  rPbMOTEBUYHU  ABIEHUA  Npes
1931-1960 r., a Hak-ronam — npe3s 1991-2020 r.
MHTepeceH ¢aKT e, 4Ye JIMHENHUAT TpeHg e
nonoxuteneH — +2.4 pHwW/pecetmnetve, camo npes
nocnefHVUA  KAMMaTMYeH nepuod, AOKato  npes
OCTaHaNMTe TPW € OTPULATENEH.

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

1300 1920 1840 1560 1980 2000 2020

durypa 1. FloanweH 6poi gHU ¢ rpbmoTeBUYHA byps B Codun
(1900-2025 r.), nMHeeH TpeHa 1 10-roanwHa Nab3rawa
cpefHa. NMyHKTUPaHUTE XOPU3OHTaAN NOKa3BaT CpeHNUTe
CTOMHOCTM 33 BCEKM KIMMATUYEH Nepuoa.
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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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BbBeaeHue

KnumatuyHata cuctema e C/IOXKHa, He ce Hamupa B
NMOKOM WM B Tasu Bpb3Ka KonebaHMATa Ha KaMmaTa ca
HEM3MEHHa 4aCT OT ecTecTBeHoTO M passuTue. lpes
nocnegHuUTe AeceTUneTns NHTepechT KbM TemaTa e Bce
no-akTyaseH, ocobeHo Ha ¢OHa Ha 3HAYMTESIHOTO
NoBuLIABaHE Ha CpeaHUTe  TemnepaTypu  npes
nocnegHute 30-40 rogmHm (MapuHoBa u Boyesa, pea.,
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 sBNeHUA ca WCTUHCKO
npean3BUKATENCTBO 33 JKMBOTA W AeWHOCTTA Ha
YOBELIKOTO 06LLEeCTBO, KAaTO OKa3BaT BAUAHME U BbPXY
KOHUenuMATa 3a YCTOMYMBOTO pasBuTHe. HactoawoTo
uscnefBaHe e MOCBETEHO Ha €eAguH OT  HaW-
YyBCTBUTE/NIHUTE 33 YOBEKA €/IeMEeHTU Ha KauMmaTta —
TemnepaTypute Ha Bb3ayxa. 3a uenTa ca npociaeneHun
KonebaHuATa B peMma Ha CpPeaHUTE MECEYHU W
roguLHM TemnepaTypu 3a paioHa Ha rp. CaHAaHCKMU.

MeTtoaonorua

Ypes craTUCTMYECKM MeToAM (OCHOBHM MOMEHTH,
NbA3AWM CPeaHWN, TPEHA, aHanAu3 1 Ap.) ca U3cnenBaHu
MHOroroguiwHuTe ocobeHocTH B X043 Ha
TemnepaTypuTe.

CpaBHeHM ca TemnepaTypuTe npe3 nepuoaute OT
1931 po 2025 r. (HapeuyeH OCHOBEH), OoT nocneaHuTe 30

rooMin — 1996-2025 r. (nepuosd Ha CbBpemMeHeH
KAuMmar), cnpsmo nepuoga 1961-1990r.
CratucTmueckata o06paboTka Ha  [JaHHWUTe e

u3BbpleHa uypes Microsoft Excel.

Pesyntatu u ussogm

YCTaHOBEHM Ca NONOXKUTENHU OTKNOHEHNA 3@ BCUYKN
CpeaHn MeceyHu TemnepaTypu npe3 nocnefHus
30-roguiweH nepuoga,.

Hali-apKK ca M3MeHeHuATa B CpeHUTe TemnepaTypu
Ha Bb3ayxa 3a meceuuTte deBpyapu, MapT, IOHW, 0K,
aBryCT U HOEMBPU, KAaKTO U NPU rOgULLIHUTE CTOMHOCTU.
Ypes KopenaunmoHeH W perpecMoHeH aHaan3 ca
YCTaHOBEHU MNPEAUMHO MONOKUTENHU TEeHAEHUUU, C
YMEpeHW A0 3HauMUTEeNHWU (33 HAKOM OT meceumTte) U
CUAHM (NpU roAMWHWUTE CTOMHOCTU) BPb3KKU. Cnepg
CpaBHsIBaHE CbC CbOTBETHUTE TabAMYHM CTOMHOCTU
(t-pasnpepeneHune) e yctaHOBEHO, Ye U3MEHEHUATa ca
CTAaTUCTUYECKM 3HAYMMM (MPUM HMBO HA 3HAYMMOCT
o = 0,05) B cpeaHUTE TemnepaTypu 3a mMeceuuTe au,

aBrycT, CENnTeMBpPU N AEKEMBPU, KAKTO U NpU cpegHuTe
roguiiHu ctoiHoctn (Muwes u LiseTkos, 1998).

Tabnaunua 1. CpeaHM MeceYHU U FoAMULIHM TemnepaTypu
Ha Bb3ayxa (°C) 3a nepuopa 1996-2025 r. n pasauku
cnpamo nepuoga ot 1961-1990 .

1961- CpeaHu
1990 Temnepartypu
(1996-2025)

OTKNOHEHuA
B CbBpeMeHHUTe
Temnepatypm (at)

| 2,4 3,2 +0,8
Il 4,2 5,9 +1,7
1l 8,6 9,5 +0,9
\} 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.
Nurepatypa

MapwuHosBa, T., boueBa, /1. (pea.) (2023). NpomeHAWMAT
ce KnMmart Ha bbvarapusa — paHHu 1 aHanmsu. Codusa:
HUMX.

Mwuuwes, T., LUsetkos, C. (1998). CraTuctuKa 3a
nkoHomuctn. Copua: 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
] 4.2 5.9 +1.7
m 8.6 9.5 +0.9
\"} 13.5 13.9 +0.4
\" 18.6 19.0 +0.4
Vi 22.1 23.5 +1.4
Vil 24.3 26.4 +2.1
Vi 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
X 4.2 4.6 +0.4
MAT 13.7 14.8 +1.1
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BbBeaeHue

HactosAwoTo v3cneggaHe Mma 3a Len A3 NPeacTaBu
obobuieHa xapaKTepucTMka Ha reorpadckute w
KAMMATUYHUTE OCOBEHOCTM HA aAMUHWUCTPATUBHUTE
obnacTv B CTpaHaTa, KaTo ce OTKPOABAaT OCHOBHWTE
pervoHanHW pasaMuma U 3akoHOMepHocTM. To e
6asvMpaHoO Ha pesynTaTMTe OT NbpBaTa roAMHa Ha
M3MbJHEHWE Ha HayYeH MNPOEKT, WHULMUPAH OT
M3roTBAHETO Ha HOBUTe o0bnacTHM nnaHoBe 33
HamanfBaHe Ha pucka OT OeACTBMA 3a HyXAWTe Ha
MWHUCTEPCTBOTO Ha BbTpelwHWTe pabotn — [NaBHa
avpekumsa ,MoxapHa 6e3onacHOCT M 3awWwmMTa  Ha
HaceneHueto”. B Tasu Bpb3Ka Ca W3rOTBEHWM HOBU
KAMMaTUYHU XapaKTePUCTUKHK 3a BCUYKM
aAMUHWUCTPATUBHMU obnacTu.

MeTtogonorusa

MN3cnepBaHeTo e 6a3npaHo Ha 0606LLEH aHaNM3 Ha
reorpadckuTe U KAMMATUYHUTE XAPAKTEPUCTMKM Ha
BCMYKM  AOMMHUCTPATUBHWU obnactm B bbarapus.
MN3non3BaHu ca HOpMUTE, NPECMETHATK MO CTaHOAPTUTE
(WMO 1203, 2017) Ha CBeToBHaTa MeTEOPOJIOTMYHA
opraHmsauma (CMO), OT BCUYKM BaNlEKOMEPHU U
KNMMATUYHU METEOpONOrMYHM CTaHUMKM 3a nepuojaa
1991-2020 r. Ha TepuTOpUATa Ha Penybauka bbarapus.
M3BbplIeH e eKcnepTeH KOHTPO/A Ha KayecTBOTO Ha
OaHHUTe. 3a NNOWHO NpeacTaBAHe HAa pe3ynTaTuTe ce
n3nonssat QGIS u cTaTUCTUYECKN MeToaM.

Pesyntatu n ussogm

N3cnepBaHM ca mMeceyHUTe cpefHU, MaKCUMaHU U
MWHUMaNHWU TemnepaTtypu Ha Bb3AyXa, Cyma Ha
BafieXKMTe, BPOM AHWM CbC CHEXKHa MOKPMBKA, CpeaHa U
MaKCMMaJIHa CKOPOCT Ha BATbpa M 4YacoBe CAbHYEBO
rpeeHe, KakTo U UCTOPUYECKUTE EKCTPeMyMM 3a BCAKa
obnact, € uUen OTKpoABaHe Ha AOMUHMpaLLUTE
TEHOEHUMM M TUNOBE  KJAMMATUYHM  YC/IOBMUA.
Pa3paboTeHu ca CTaHAAPTM3NPAHU KAMMATUYHN CNPaBKU
33 BCMYKM aMMUHUCTPATMBHU obnactu B8 bbarapua. Te
BK/IIOYBAT aHa/NIN3 Ha OCHOBHUTE KAUMATUYHUN eIeMEeHTH
M GaKTOpM, KPUTUYHM 3@ OLEHKAa Ha perMoHanHuA
KAMMATUYeH pUCK. M3non3sBaHeTo Ha Hal-aKkTyanHus
KnumaTtnyeH nepuog, (1991-2020) rapaHTupa, 4e
CNpaBKUTE OTPa3ABaT CbBpPEMEHHUTE TeHAEHUUU B
M3MEHEHMETO Ha K/IMMaTa, KOWUTO Ce CbraacyBaT C
pe3syntatute B MapuHoBa 1 bouesa (pea., 2023), koeTo e
OT CbLLECTBEHO 3HAaYEHWe 3a CEKTOPU KaTo 3emepesnve,
eHepreTMKa 1 yrnpas/ieHne Ha KpU3n.

30
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®urypa 1. Mpumep 3a U3MEHEHWNE Ha BaNexuTe U
Temnepatypara 3a obnact [lobpuu.

3a ocurypsaBaHe Ha Ny6AMYHOCT M NPUAONKHOCT Ha
pesynTtatuTe paboTaTa npes cnefpallata roguHa e ce
boKycnpa BbpXy Cb3aBaHe HA UHTEPAKTMBHA KapTa Ha
Bbarapusa, KOATO [Aa BM3yaAMsMpa KAMMATUYHUTE
XapaKTePUCTMKM no obnactn. C nybanKyBaHeTO Ha
KapTaTa W CnpaBKUTe Ha oduUMaNHMA CcalT Ha
HaunoHanHWA MHCTUTYT N0 METEOPONOTUA U XMAPOIOTUA
ce ocblecTBABa 0b6WECcTBEH AO0CTbM 33 WHCTUTYLUM,
CNeLMannUCTU N rPaxKaaHu.

Jlnteparypa

MPOMEHAWMAT ce KAMMaT Ha bbarapua — AaHHU U
aHanusm (2023). MapuHosa, T. n bouesa, /1. (pea.),
HUMX, e-ISBN 978-954-90537-3-9,
https://www.meteo.bg, 105 c.

WMO 1203, WMO Guidelines on the Calculation of
Climate Normals (2017), 20 pp., Chairperson,
Publications Board, ISBN 978-92-63-11203-3.
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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 NPOsABaTa Ha AEeHOHOLLMA C TPONMUYHUN 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 uam paeHa Ha 20 °C (Bnackos, 2017). To3u
rnokasaTen e 4acT oT 27-Te OCHOBHM KAMMATUYHU
uHaekca Ha ETCCDI (Expert Team on Climate Change
Detection and Indices) 1 e wWWpPOKO u3NON3BaH B
MeXXAyHapoaHaTa NPaKTUKa KaTo HaZeXAeH UHAMKATOP
3a 3aTON/IAHETO Ha KAuMmara.

MHOecTBO WM3CNeABaHUA B PA3/IMYHU YacTU Ha
EBpona 1 cBeTa yCTaHOBABAT YCTOMUYMBA TEHAEHUMA KbM
yBenuyaBaHe Ha 6pos Ha TPOMUYHUTE HOLLW, KAKTO U
paswupaBaHe Ha nepuoda Ha TAXHaTa MPOsABa M3BLH
TPAAMLMOHHUTE NIeTHU Meceun. 3a TeputTopuaTa Ha
BbArapua LefeHacoYeHM aHaAM3M ca MPOBEXAAHU
BbPXYy orpaHuyeH 6poi ctaHuum (Bnackos, 2017; Mares,

2019), KaTo HacToOAWOTO W3CcnedBaHe npeanara
no-gbabr  BpemeBuM 0OXBaT W aKTyanusauusa Ha
pesyntature.
MeTtogonorus

AHanun3bT e u3BbpweH Ha 6asaTta Ha A[aHHM OT
M3MepPBaHUATA B OCEM CUHOMNTUYHM CTaHLMK B Bbarapuma
(BuamH, Noseu, Pasrpag, BapHa, Codwusa, CnuseH,
CaHZaHCKM U Kbpaxkanu), obxsaliawy pasavyHu
¢dur3MKoreorpadCckM PamoHN M XMMCOMETPUYHM MNOSACHK.
HabnopeHusTa ce u3BbplwBaT CbFNACHO U3UCKBaHMATA
Ha CBeTOBHaTa MeTeopoIornyHa opraHusauma (WMO) u
Ca  CTaHZApTU3MpaHW  cnopes  MexXAyHapogHuTe
pbKoBoacTea Guide to Meteorological Instruments and
Methods of Observation (WMO-No. 8).

MuHuManHata Temnepatypa (Tmin), M3nonseaHa 3a
M34YMCNsiBaHE Ha WHAOEKCa ,TPOMMYHA How,“, ce oTyMTa
4ype3 MMHUMaIeH TEPMOMETBP, KAaTO METEOPONOTUYHUTE
OaHHM Ca MOAy4YeHM OT HaALMOHANHATA CUMHOMTUYHA
MperKa Ha HauMOoHaNHUA MHCTUTYT NO METEeoPOOTUA U
Xxvaponorusa.

Pe3syntatu n ussogu

Pesyntatute oT aHanu3a 3a nepuoaa 1961-2025 r.
NoKasBaT ACHO W3Pa3eHW MPOCTPAHCTBEHM PA3NUYMA B
6posa Ha TPOMWYHWUTE HOLWM HA TepuTopuAaTa Ha
n3cneaBaHUTe ocem CTaHuuu B Bbarapua. Hai-Bucoku
CTOMHOCTW Ca permcTpupaHmn B cTaHumMA BapHa (1362 06wy,
6poii gHu), cneapaHa oT ctaHuma CaHgaHcku (1288).
Hal-manbk 06w, 6poli e otyeTeH B cTaHuuAa Coous (76),
KOETO MOTBbpKAABa 3HAYeHWETO Ha HagMopCKaTa

BMCOUYMHA KaTO OCHOBEH KanmaTtoobpasysaw, dakTop.
MpoABaTa Ha TPOMMYHA HOW, 3a TepuTopuATa Ha
Bb/irapua e Bb3MOXKHa npe3 nepnoaa MmapT—OKTOMBPMU U
ce cayysa npu  CNeUUPUYHM  CUHOMTUYHU WU
dusunkoreorpadckm ycnosusa 7] aQHTPOMOreHHn
Bb3gencTeuns. Npes nocnegHute 5 rogmHn ce Habaogasa
CKOKODOpasHoO yBesMyaBaHe Ha TO3M MOKasaTes, KaTo 3a
MHOFO CTaHUMW Ca OTYETEHM PEKOPAHO BMUCOK 6HpoW
TPOMWYHM HOLWM 33 roAgMHaTa.
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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 3en1eHaTa eHeprua B B'bnrapml
M. UBaHOB

KNo4yoBK Aymu: 3es1eHa eHepaus, 8b3006H08AeMU eHepauliHu U3MOYHUYU, CIbHYE8d, BAMbPHA, 800HA U
2e0mMepMasHa eHepaus, eHepausa om buomaca, eHepaus Ha MOPCKUME 8bsHU
*email: ptivis1944@gmail.com

B moHorpaduata ,Pecypcu Ha 3eneHaTa eHeprus B
Bbarapua“  (MBaHoB, 2023) Ha 6Gaszata Ha
eKcnepumeHTasHM  HabaloAeHUA U TEeOPeTUYHMU
uscnegBaHus, NpoBeXaaHn B8 HauMOHaNHUMA WMHCTUTYT
No MeTeopPOo/IOrMA U XMAPOOTUA B MPOAbB/KEHME HA
MHOIO TOAMHM, KaKTO M MO W3CNeABaHUA Ha Apyru
WMHCTUTYLMM B CTpaHaTa, ce pasrnexaar pecypcuTe Ha
3e/1eHaTa eHeprus y Hac (KOJMYecTBo Ha C/ibHYeBaTta U
BATbpPHATA EHeprus, XWAPOEHEeprusTa, eHepruata oT
6uomaca, reotepmasHata eHeprua M eHepruata Ha
MOPCKWUTE Bb/HKM). Pasrnexgat ce CbWoO Taka #
npumepu 3a TAXHOTO M3MO0/I3BaHe Y HacC U B YyXKbuHa.

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

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

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

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

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

EHeprma Ha MoOpCKUTE BbJAHWU. 3a OUEHKa Ha
€HEeprumHnA NOoTEHLMAN Ha MOPCKUTE BbAHU Ce
M3Mo0/a3Ba HOPMUPAHaTa Ha JIMHEEH MEeTbP OT Bb/IHOBMA
bpoHT  mowHocT Ha MOpCKUTE BbJIHU B
AbnbokoBoAHAaTa 30Ha. [0 eKCNepTHM  OLEHKMU
CTOMHOCTTA Ha TO3M MOKasaTen B y4yacTbUM OT
Kpaibpexkmeto Ha CALL n AnoHna e 40 KW/m, kpait
bperoBeTe Ha AHrnua e
60 KW/m, a 3a paitoHa Ha YepHOMOpPCKOTO
Kpanbpexkme — 35 KW/m. Tosa noKassa, yYe HallLeTo
Kpalbperkme Mma CbLLEeCTBEH eHeprueH noTteHuman Ha
MOPCKUTE BBJIHMU.

Jlutepartypa
MBaHos, M. (2023). Pecypcv Ha 3eneHata eHeprus B
Bbbvarapua. Codusa. 154 c.
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Green energy resources in Bulgaria
P. lvanov

Keywords: green energy, renewable energy sources, solar, wind, water and geothermal energy, biomass energy,
sea waves energy
email: ptivis1944@gmail.com

In the monograph “Green Energy Resources in Bulgaria”
(Ilvanov, 2023) the country's green energy potential is
examined based on long-term  experimental
observations and theoretical research conducted at the
National Institute of Meteorology and Hydrology
(NIMH), as well as studies from other national
institutions. The scope of the research includes solar
and wind energy capacity, hydropower, biomass energy,
geothermal energy, and marine wave energy.
Furthermore, the work presents practical examples of
their utilization both domestically and internationally.

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

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

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

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

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

Wave energy. To assess the energy potential of sea
waves, the wave power normalized per linear meter of
the wave front in the deep-water zone is utilized.
According to expert estimates, the value of this
indicator is 40 kW/m along parts of the coastlines of the
USA and Japan, and 60 kW/m off the coast of England.
For the Black Sea coastal region, the value is 35 kW/m.
This indicates that our coastline possesses significant
energy potential from sea waves.
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OﬂepaTMBHM BU3yaJZIn3allUM Ha PE3YyNTATU OT YUC/IEHU MOoAeNn

B nomoul npu n3roreAaHe Ha onepaTtusH XmMapoaorM4HU NPOrHo3un
M. Ll,apela.1 ,T. KowmHyaHos’

1Ll,enapTarvleHT ,Xuaponorma“, HaumoHaneH NHCTUTYT MO MeTEOPO/IOTMA U XMAPONOTUSA
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Knio4oBu oymn: meyeH s8asnex, UHMeH3UBEH 8as1eX, BHE3ANHU HAB0OHEHUSA
*email: petko.tsarev@meteo.bg

BvBegeHue

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

MeTtoponorus

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

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

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

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

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

Methodology

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

Results and conclusions

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

available at:
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Figure 2. Catchments with a specified 6-hour rainfall
(maximum running sum).
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CpaBHUTENIeH aHANKU3 Ha BATbPA 6opa 3a paoHuTe Ha CauseH (bbvarapusa) u

KHuH (XbpBaTtna) 3a mecey, pespyapu 2023 roguHa
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BvBegeHue

BaTbpbT 60pa e npumep 3a KaTabatuueH BATHP,
XapaKTepeH 3a Kpalhbperkuata Ha AgpuaTuyecko Mope,
HO CbLLUO TaKa MOXe Aa ce Habnogasa M B palioHa Ha
CnvBeH. Toli npepcTaBnsaBa CTyAeH W MOPUBUCT
Bb34YLUEH NOTOK, KOMTO Ce CMyCKa C BUCOKA CKOPOCT OT
BMCOKMTE  MNAHMHCKM  XpebeTn KbM  MO-HUCKUTE
KpanbperKHM MM pPaBHUMHHM pPaloHU. XapaKTepHo 3a
Hero e, Yye ce NPUYMHABA OT FPABUTALMOHHOTO CMyCKaHe
Ha MAbTeH, CTYAEeH Bb3AyX, HaTpynaH 3a4 oporpadcka
nperpaga, KoOWTo ,npenveBa” npes npoxoguTe nog
OEeNcTBMeTo Ha cuneH  GapuyeH  rpagueHt U
OOMbAHUTENHO ce ycuiBa oT edekTa Ha BeHTypu. 3aToBa
JNlokanHuTe Ppusnkoreorpadckn ocobeHoCTM ChLLEeCTBEHO
noBaMABaT MosfBaTa WM XapaKTepucTukute Ha 6Hopata
(Jurcec, 1989; Bervida et al., 2019).

MeTtogonorusa

N3cnepBaHeTo ce ¢okycMpa BbpXy ABa enusofa Ha
6opa npe3 ¢espyapu 2023 r., U3M0/3BANKM AaHHWU OT
CERRA (The Copernicus European Regional ReAnalysis),
KaTo e HanpaBeHO cpaBHeHMe mexay bopaTta B CaneeH
(Bbnrapua) u  KHuH (XbpBaTvAa). Pasrnexpat ce
CcbnbTcTBaWATa 6HopaTa  CMHOMTMYHA  OOCTAHOBKA,
BPEMEBMAT XO4 HA MPU3EMHOTO HajAaraHe u
TemrepaTypaTa Ha Bb3AyXa, KaKTO U PO3UTE Ha BATLPA.

Pe3syntatu n ussogu

CrvHONTMYHaTa 06CTaHOBKA B Ha4yanoTo Ha ¢eBpyapm
2023 r. (enusom 1, B CMBO) € [AOMUHMPAHa oOT
CpeanseMHOMOpPCKMA UMKIOH ,Bapbapa“, dopmupan ce
Hag LeHTpanHoTto CpegusemHomopue v NpUAaBUNKBaALL,
ce Ha M3ToK KbMm Mbpuma n Typuuma. lNpes cowma nepmnog,
Hag CesepHa u UeHTpanHa EBpona e pasnosoxeH
06LWKNPEH aHTULMKNOH. Taka CAvBeH nonaja B 30Ha Ha
ronam 6apuyeH rpaguveHT 1 ce NpoasABa CWIHa 6opa,
[oKato B KHWH BauAHuMeTo Ha ,bapbapa“ e no-cnabo.
B nbpBMA enuson 1 B ABeTe CTaHUUM MMaMe PA3BbK cnaj
Ha TemnepaTypaTa Ha Bb3gyXa, CBbp3aH ¢
npemmMHaBaHeTo Ha pJobpe u3paseH CcTyaeH OGpPOHT
(He e nokasaHo). Mpwu BTOPUA ennsos (berkoBo) nmame
QHTULUMKAOH Hag CKaHAMHABCKMA NONYOCTPOB U LIMK/IOH
B paMoHa Ha [eHye3kus 3anuB. KaTto pesyntaT Hag
BankaHWTe HaxnyBa CTyAEH Bb34yX M HajlAraHeTo 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 [uHapckute Annu (pur. 3).
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®urypa 3. Po3u Ha BATbPA 33 KHWH (N8B0 — LenuaT nepuog,
AACHO — Camo enu3og 2).

MaKkap “ ABeTe /JOKauuu fga ca NoAJ/IoKEeHU Ha
naeHtTuyeH oéusnyeckn npouec, 6opata B KHMH e ¢
TUNWMYHATa 33 pailoHa CeBEPOU3TOYHA NOCOKA, AOKATO B
CnunBeH e ceBepHa 1 € NO-rosIEMU 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).

Figure 3. Wind roses for Knin
(left — entire period, right — only episode 2).
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Although both locations are subject to an identical
physical process, the bora in Knin has the typical
northeasterly direction for the region, while in Sliven it is
northerly and with higher speeds.
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BvBegeHue
BHe3anHWTe 3acywaBaHWA ce CAy4yBaT BCE MO-4eCTo
nopagy KAMMaTUYHWUTE MPOMEHW W MOBULIABAHETO Ha
TemnepaTtypute. KoraTto ca npeamsBMKAHU OT CyXu
BETPOBE, TE MOTaT A3 Ce Pa3BMAT U3KAUYNTENHO 6bpP30
(camo 3a HAKONKO 4aca WAM AOHU), NPUYUHABANKK
Cepuo3eH BereTaunoHeH CTPec U yBeaInYaBaku pucka ot
rOpCKM No¥Kapu. M3nonsBaHeTo Ha METEOpPO/IOrMYHU
JaHHW B rpuA, C BUCOKA PeE30/IOUMA € OT CbLLEeCTBEHO
3HaYyeHue 3a CBOeBPEMEHHO OTKPUBAHE U pearMpaHe Ha
Ta3W HapacTealla 3annaxa.

fiBneHmeTo cyxoBei B bbarapusa e mMscneaBaHo Bb3
OCHOBa Ha AAaHHU OT CPOYHU KNMMATUYHM HabloLeHUS B
nepuoaa 1961-2000 r. (Gocheva et al, 2010).
HanpaseHa e pernoHanMsauma Ha NOTEHLMANHUA PUCK
OT nosBaTa Ha CyXOBel No afiMUHUCTPATMBHM obiacTu.

MpencrtaBeHOTO TyK M3cneABaHe MMa 3a Uen Aa
NnpoyYn Bb3MOXKHOCTUTE 3a M3MOJ3BaHe HA peaHanusa
ERA5-Land 3a ngeHTMdMUMpaHe Ha ToBa KOMMIEKCHO
ABJIEHWE B PalOHWU C Pas/inieH KAumart u tonorpadus.

MeTogonorus

CyxoBeAT ce xapakTepusupa C Temnepatypa Ha
Bb3ayxa =25 °C, oTHocMTeNHa BnarKHocT < 30% 1 cKopocT
Ha BATbpa = 5 m/s (Gocheva et al., 2010).

B HacToAWwoOTO M3cnepBaHe e M3N0OA3BaH NPOAYKT,
KOMTO wu3BAMYa BpemeBu cepunm oT ERA5-Land 3a
AeduHupaHn ot noTpebutens nokauum (C3S, 2025).
N3bpaxme 10 cTaHUMM OT MPeAULLHOTO W3c/ezBaHe,
Pa3No/IOKEHM B PANOHU C pas3/IMYEH PUCK OT CYXOBEW U
pa3HoobpaseH pened (¢ur. 1). OT U3TerneHmTe gaHHM 3a
TemnepaTypaTa Ha Bb3yXa W TOYKaTa Ha opocABaHe Ha
2 m, KOMMNOHEHTUTE Ha CKOPOCTTa Ha BATbpa Ha 10 m u
KOJINYECTBOTO BJiara B no4ysaTa Ha AbnbouymHa 0—7 cm ca
M3YMCIIEHN YacOBWUTE CTOMHOCTM HA OTHOCUTE/IHaTa
BJIQXHOCT Ha Bb3AyXa, CKOPOCTTA M MOCOKATa Ha BATbLPA,
KaKTO M aHOMA/MATA Ha MOYBEHaTa B/AXHOCT. 3a
CbrnacyBaHe Ha JaHHUTE 33 CKOPOCTTa Ha BATbpa OT
ERA5-Land (1-yacoBo ocpegHsBaHe) c HabawaeHuATa
(2-MMHYTHO oOCpeaHsABaHe) e W3NoA3BaH NOAXOAALL
KOpeKLMOHEeH KoebUUMEHT M MO-HUCBbK Mnpar 3a
CKOpOCTTa Ha BATbpa npu cyxosen (4 m/s), HO npu
YCNOBME aHOMANMATA Ha BAAXKHOCTTA Ha no4ysata Aa
6bae nog, -1.

Pesyntatu u ussogm

Mpe3 nepmnoga 1950-2025 r. Hag 98% oT cyxosenute
ce NoABABAT MEXAy MeceuuTe Mail U cenTemspHu, € NUK
npes asryct (unm tonn). Mexay 34 n 59% ot ciyyauTe ca
C NPOAB/IKUTENHOCT 4 Yaca UM NoBeye, JOCTUMANKMK [0
10-15 yaca B otaenHu cutyaumu (dur. 1). B nstouHata

YacT Ha CTpaHaTa Te3u BeTPoBe AyxaT No-YecTo OT ceBep-
CeBepomn3TOK (MM U3TOK), AOKATO B 3anafHaTa 4yacT ca
npegyMHO OT 3anaa-torosanag, (uau tor).
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®urypa 1. OTHOCUTENHA YECTOTa Ha CyXOBeuTe C pas3/iMyHa
npoabAKMTEeNHOCT (B Yacose, h) 3a neproga 1950-2025 .
B Han-6M3KuTe A0 n3bpaHuTte ctaHumm (P1-P10) Touku
OT rpuaa. bpoAT Ha naeHTUdUUMpPaHUTe cnyyvam
€ NnokKasaH B CKobu.

foguMwHMAT O6pon vacoBe Bapupa 3HAYMTENIHO —
OT Hyna go Hag 200-300 B oTAeNHW FOAUHW U MecTa.
CyxoBewuTe ca No-4ecT! B Ha4yanoTo Ha 50-Te roguHun n ot
2000 r. Hacam.

Mo OTHOLIEeHWE Ha PUCKa OT CyXOBEM MMa 3HaYUTENHU
Pas/INKM MeXAy MNOJyYeHUTe Pe3ynTaTv U NpeauLHoTO
uscnegBaHe, 0cobeHo nNpwW CTaHUMW B PAMOHU CbC
CN0XHa Tonorpadus. Bbnpekn ye gaHHUTe ot ERA5-Land
MOKa3BaT BMCOKa TOYHOCT, e4HO CKOPOLUHO MU3c/ienBaHe
YCTaHOBABA, Ye peaHann3bT MOXe Ja MOoALEHM
CKOPOCTTa Ha NPU3eMHMA BATLP ¢ noseye oT 11% B HAKOM
PEernoHu, KaTo rpeLlkaTa ce yBesM4aBsa Npu NO-CAOXKHM
TepeHu (Zuo et al., 2025). Hawara paboTa we Npoabaxu
c mn3bop Ha nogxoAsAw,a TeXHWMKa 33 CTAaTUCTUYECKO
HamansBaHe Ha maw,aba, 3a Aa ce pa3paboTu HagexaHa
KAMMATONOMMA Ha ABJEHNETO CYXOBEMN.
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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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BvBegeHue
2025 r. e TpeTata Hal-Tonja roguMHa OT HA4Yasn0TO Ha
WHCTPYMEHTaNHUTE  METEOPO/IOrMYHM  HabaoaeHus,

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

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

MeTtoponorus

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

Pe3syntatu u ussoau

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

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

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

*  [aHHuTe ca no onepaTMBHa  WMHdopmauua  OT

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

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

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

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

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

M3mnHanata 2025 r. e nopegHata roguHa Ha
KAMMATUYHW KOHTPACTM OT HayanoTo Ha BeKa, KOATO
NnocTaBA BbNpoOcCa [AOKOJAKO CMe NOAroTBeHM Ja ce
cnpasame € nocnegmunTe oT USMeHeHMEeTO Ha KamMmara.
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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 pe3epBute B 06paboTKaTa Ha MHTEH3UBHUTE BaJIEXU

3a uenuTe Ha NPOeKTUpPaHe Ha OTBOAHUTENIHU CUCTEMU B ypbaHU3MpPaHU TepuTOopUm
C. ,EI,apaqu*, E. AHrenosa

OenaptameHT , Xugponorna“, HauMoHaneH MHCTUTYT MO METEOPONOTUA U XUAPONOrnA
KNouoBM AymMuU: KaHAAU3aYUS, UHMEH3UBHU 8anex(u, obe3neyeHocm, apemeommuyaHe, payuoHaseH memood
*email: sdarachev@meteo.bg

BvBegeHue

MpU NPOEKTUPAHETO Ha CeNULLHM KAaHAAM3ALMOHHU
MPEKM 33 OCHOBEH M3YMUC/IUTENIEH MOLEN € U3N0/3BaH
PaumoHanHMAT meToa. OcHOBHa NpeAnocTaBKa Npu Hero
€ NpUemaHeTo tor = ty (BpeMeTo Ha OTTMYaHE B MpeXKaTa
€ paBHO Ha BPeMEeTO Ha AbX/A4a). 3a Ta3u Luen ce npunara
06paboTBaHETO Ha peanHUTe OTYETEHW Ba/IENKHM
cbbuTMA No MeToga Ha npefesHaTa WMHTEH3UBHOCT.
Opa3smepuTenHaTa WMHTEH3MBHOCT Ha [AbXAa B TO3M
nepvog, 3a AafleH KaHaM3aLMOHEeH y4acTbK ce 0TYuTa oT
KPWBM, AaBallM Bpb3KaTa MeXAYy WUHTEH3WBHOCTTA Mpwu
33434€eHO  BpemeTpaeHe 33 MpueT nepuog  Ha
nosTopeHue (Intensity-Duration-Frequency, IDF).

MeToponorus

B nscnepsaHeTo ca 06paboTeHn NbPBUYHUTE JAHHU
OT camonuuewmTe abkgomepu. Cb3gaZieH e aaroputbm
3a 06paboTKa Ha MHTEH3MBHUTE BasNeXM, OTrOBaAPALL Ha
npeanocTaBkuTe, 3a0XeHn B PauuoHanHua meToa.
CenekTnpaHu ca peasHo OTYETEHUTE UHTEH3MBHOCTM 33
HENpPeKbCHAaTO BpeMeTpaeHe OT BaJIeKHOTO Cbbutue.
TaKka oTyeTeHUTe CTOMHOCTU Ca CTaTUCTUUECKU OLEHEHMU
M ca u3BegeHn Hosu IDF KpuBM (33 aHanusMpaHwus
nepvos), KOMTO ca CPaBHEHM C NONYyYEeHUTE TaKMBa MO
MeToga Ha npepenHata WHTEH3MBHOCT. PasnukaTta
MeXy Taka n3sefeHuTe 3aBUCMMOCTM Ce ABABA pe3eps
wan  geduuunT, 3anaraH npuM OpasMepABaHETO Ha
OTBOAHUTENHU CUCTEMM B YpOaHWU3MPaAHU TEPUTOPUM.

Pe3syntatu n ussogu
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durypa 1. XapaktepucTuka Ha Banex B bnaroesrpag,
o7 28.06.2013 r., t =475 min, h =5.70 mm.

ObpaboTeHuTe AaHHKU ca 3a nepwog oT 10 rogmHu
(2010-2019), 3a cTtaHuua bnaroesrpag — OoT 8 roguHu
(2011-2018). NpaKTUYECKN BCUYKM pe3yaTaTM BOAAT A0
n3BoZa, 4Ye B MeToaa 3a o06paboTka, npwnaraH go
MOMEHTa, e npeHebperHata nocnegoBaTeNHOCTTa OT
WHTEH3UBHOCTM, KOMTO 3a LeNMTe Ha XMAPOAOornAta u
nscnegBaHeTo Ha Bogocbopu C BpemMeoTTUYaHe Hag,
60-120 muH. He ce OTpasABaT 3HAa4YMMO, AOKATO Npu
Ma/NKM TepPUTOPUM, KaTO TPALCKM apeanun, ce HATpynBea
roNSMO OTK/IOHEHWE U MPAKTUYECKN B CTAaTUCTUYECKaTa
obpaboTKa yyacTBaT CbOUTUA, KOMTO HMKOra He ca ce
cnyyBasKM,  KOETO  MNpesanacABa  opasmepsABaHaTa
KaHa/IM3aUMOHHA MpexKa.

OTknoHexue [%)]

durypa 2. U3uncneHn nHteHsmsHocTyH (IDF)
3a Ja4eHo BpemeTpaeHe.

Tasn oueHKa MOXe Aa MOC/AYXWM 3a OTroBOp B
CbBPEMEHHUTE YCNOBUSA, NMPU KOMTO 33 OpasmepsBaHe Ha
KaHa/IM3aUMOHHN MPEXKM MMaMe JIMHENHA 3aBUCUMOCT:
Q=q.F.¥, KbAeTo g e MHTeH3MBHOCTTa, F — NaoLWTa Ha
Bogocbopa, u ¥ — oTTodeH KoeduUMeHT, M3passasaly,
OTHOLIEHMETO Ha OTTEKAMA Ce B KaHa/AuW3auMoHHaTa
MperKa BasieXX KbM MagHaausa Bbpxy Bogocbopa. Taka
npu cnab KOHTPOA BbPXy O6YypHO passuBawute ce
rpafoBe C yBe/MyaBaHe Ha oTBogHABaHaTa naow (F) u
npesactpossaHeTo (V) umame 3HauMTeIHO yBENNYaBAHE
Ha opasmepuTesIHOTO KosnyecTBo Q npu 3anasealLo ce
WAM  yBENMYABAWO Cce ¢, AOKAaTO B HACTOAWOTO
n3cnesBaHe ce JOKa3Ba M3HaAYasHoO.

BbnarogapHocTu: lV3cnepgBaHeTo e  OCbLLECTBEHO B
paMKuTe Ha npoekT ,Metos 3a obpaboTka Ha
WHTEH3UBHUTE Ba/IeXM 3a LEeNUTe Ha MPOEKTUpaHe Ha
OTBOAHUTENHU cucTemun B ypbaHM3MpaHU Teputopumn®,
duHaHcupaH ot HUMX, npuet ¢ npoTokon Ha Ne47 ot
09.03.2022r.
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Introduction

In the design of urban sewerage networks, the
“Rational Method” is wused as the basic
computational model. Its main premise is the
assumption tr= t¢, (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

Stormin
Blagoevgrad
28.06.2013r,
t=475min,
h=5.7mm

Real rainfall
intensity curve

Cyma h [mm)]

h [mm]

—— Total Precipitation

30 80 130 180 230 280 330 380 430 480
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.

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=gq.F. Y, 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 NOA3eMHUTE BOAMU Npe3 Npoab/KUTeNHarta cywa 2023-2025r.
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[JenapTameHT ,Xugponaorua“, HaunmoHaneH MHCTUTYT N0 METEOPOIOTUA U XA PONOTUA
KnioyoBu aymu: xuoposomKa cyud, nodsemHu 800U, npoodvaxumenHa cywa, 3anacu
*email: marin.ivanov@meteo.bg

BbvBepgeHue

MpoabkUTenHUTE cylWwn BOAAT A0 MOHUXKABaHe Ha
HMBaTa Ha noA3emMHWTe BOAW, HamanABaHe Ha
KO/INYeCTBOTO Ha NOA3EMHUA OTTOK KbM PEKU U U3BOPMY,
3aTpygHABaHE Ha eKcnnoatauuAaTa U HamanaBaHe Ha
£ebuTa Ha BOAOB3EMHUTE CbOPbIKEHUA.

MeTogonorus

BAnAHMETO Ha nNpoab/KUTEeNHaTa cylwa npes
nocnegHuTe TpW TOAWMHW BbPXY KONMYECTBOTO Ha
noA3emMHuUTe BOAM € OLEHEHO B HaLMOHaneH malab no
HaMa/fABAHETO Ha HMBATa Ha KnageHuuTe v Aebuta Ha
M3BOPUTE, BKAKOYEHU KaTO MYHKTOBE B HaLMOHaNHaTa
XUAPOreoN0XKa MpeXKa, KakTo U No TeHAeHuuute B
M3MEHEHWETO Ha 3amnacuTe Ha NoA3eMHM BOAN.

Pesyntatu n ussogu

OTK/IOHEHWETO CcnNpsMoO  NpeaxofHa roguHa Ha
CPefHOroaUIIHUTE HUBA U Ae6UTM NO NOA3EMHU BOAHM
Tena (MNBT) ¢ XMApPOreoNoKKkn HabngaTeHU NYHKTOBE
€ nokasaHo Ha ¢urypa 1.

5 ) 4 P,

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

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

Mpe3 2024 r. 67% OT N3BOPUTE UMAT NOHUKEHMNE HA
nebuta cnpamo ctoliHocTute um npes 2023 r., KaTo
Hal-3acerHatute paWoHn ca ,KapctoBu Boau B
3anagHua bankaH, Ffogeykusa macue 1 B MNpegbankaHa“;
HMBATa Ha MJMTKO3anArawutTe noAsemMHW  BOAM
Hamanagat npu 71% ot nyHKToBeTe (4o 105 cm), a B
Abnboko-3anarawmTe KapCToBM XOPU30HTH
CpeaHOrogMIWHNUTE HMBA HaManABaT BbB  BCUYKM
MOHUTOPUHIOBM NYHKTOBE, AoCTUramkm 14-46 cm B8
bapem-antckmMa U 18-411 cm B ManM-BaNaHKCKUA
BOZLOHOCEH KOMMEKC.

OTKNOHEHWETO Ha CPeaHOroAMLIHUTE HUBA M
4ebutn cnpsamo HOpMUTE MOKasBa, Ye ce Habnwoaasa
cnag 3a 35-36 BT, cvbotBetHO 3a 2023 u 2024 r.
(¢wr. 2). Halt-3HauMTENHU Ca MOHMIKEHUATA B Tepacute
Ha pekute [yHas, Uckbp, AHTpa, Kamuma, Mapuua u
TyHAKa, B NOBEYETO KOTNOBWMHW, KAaKTO M B 4acT OT
CapMaTCKM BOAOHOCEH XOpW30HT B CeBepou3TOYHa
bbarapusa, ¢ oTknoHeHnAa o 560 cm nog HopmaTta npes
2024 .

6) 2024 r. cnpamo nepuoaa
1991-2020 .

a) 2023 r. cnpamo nepuoaa
1991-2020 .

durypa 2. OTKAOHEHWA Ha HUBA U AeBUTU CNPAMO HopMUTe.

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

®urypa 3. TeHAEHUUN HA HamanABaHe Ha 3anacuTe
Ha noA3emHu Boau 3a nepuoga 2019-2025r.

M3BogMTE, KOMTO MOraT ga ce HanpasAT, ca, ve
KNto4oB (aKTOp 3a HACTbNBAHETO Ha XMAPONOXKKA
,NIPOABL/KUTENIHA CcylWa” ca ABe Noc/iefoBaTe/IHU Cyxu
roguHu, Kato camu no cebe cu Te mMoXe O3 He ca
Hali-CyxuTe TrOAMHM B MHOroroguweH acnekT. [Opyr
OCHOBeH ¢$aKTOp e HeAoCTaTbyYHOTO MoAXpaHBaHe Ha
noa3eMHuUTe BOAU MNpe3 eCeHHO-3MMHUTE Mmeceuu OoT
ObXA0BE M TOMEHe Ha CHeXHa MNoKpuBKa. Tesn ase
rNaBHU NPUPOAHU NPUYNHMU BOAAT no
,NpoabaKuTenHaTa cywa” 2019-2020 r., Habaoaasat
ce ot4actn 3a 2023 r. 1 B MHOro rondAma cTeneH 3a
2024 r. MNpe3 eceHHO-3UMHUTE Meceun Ha 2024-2025 r.
enBa 10-15% ot obwma 6polt HabntoaaBaHU KaageHum
W M3BOPM HEe Ca perncTtpupany cnaf B HMBaATa M
nebutute cu. 2025 r. e TpeTa nopeaHa roAmHa c
nspaseHa npeobiagaealia TeHAEHUMA Ha HamansBaHe
Ha 3amacute Ha NOA3EMHMU BOAM B HaUMOHaNeH Mallab.
B HeWHMAT Kpalh obaye ce HabnwogaBa ONTUMUCTUYHA
TeHAEHUMA Ha NOKauyBaHe Ha HMBaTa B KNageHuuTe m
£ebutuTe Ha U3BOpUTE BBB BCE MoBeye HabaogaTeNnHu
NMyHKTOBeE.
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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.

[ R DI e

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 mogenupaHe Ha pasnpocTpaHeHMeTo Ha HedTeHU pasnueu:

onepaTuBHO NpuoKeHue Ha mogena OpenDrift 8 YepHo mope
N. Hukonosa®, B. MibboB

HenaptameHT ,,MporHo3n 1 nHpopmaLMoHHO 0bcay»KBaHe", HauMoHaneH MHCTUTYT MO METEOPO/IOruA U
XnMaponorusa
Knouosu aymu: modenupaHe Ha HeghmeHu pasnusu, 3ambpcasaHe Ha mopckama cpeda, YepHo mope,
OpenDrift
*email: lilia.nikolova@meteo.bg

BvBegeHue

3amMbpCcABAHETO Ha MOpPCKaTa cpefa C HehTOMPOAYKTH
npeacTaBisABa CepPUMO3EH EKONOTMYEeH W COoUMaHO-
MKOHOMMYECKM npobiem, ocobeHo 3a NoJsy3aTBOPEHM
mopeTa Kato YepHo mope. [IporHosMpaHeTo MU
MOHUTOPUHIBT Ha  HedTeHWTe pasamMeum ca  oOT
CbLLECTBEHO 3HAYEHWe 3a OrpaHMYaBaHe Ha HeraTUBHUTE
Bb3JeNCTBMA BbBPXY OKOMHATa cpefa, KakTo MU 3a
nofobpAsBaHe Ha peakuuaTa NpuU  MHUMAEHTU B
KpanbpeKHUTe palioHu.

MeTtoaonorua

MpencrtaBeHO € MPUNOMKEHUETO Ha HOPBEXKKUA
mogen OpenDrift 3a cumynunpaHe Ha gpeiida Ha 06eKTH,
CybCTaHUMKM U 3aMbpPCUTENN KAaTO NETPONHUTE MPOAYKTU
Ha MOpCKaTa MOBBPXHOCT 3a pailoHa Ha YepHo mope
(Dagestad et al., 2018). MogenbT e BHeapeH npes
2025 r. B onepaTtMBHATa M Hay4yHa NPaKTUKa Ha ceKkuma
»,MOPCKM U cneumanusnpaHm nNporHosn“. B npeamwHo
uscnepBaHe mopenst  bewe n3non3saH 3a
npocnegfBaHe Ha €BO/OUMATA BbB BPEMETO Ha
pa3npoCcTpaHEHMETO Ha HedTEHM PA3IMBU U 33 OLLEHKA
Ha YyA3BMMOCTTAa Ha 3a/MBUTE MpPU  Pa3AUYHK
xuapometeoponorndHm ycnosua (Nikolova & Galabov,
2025).

Hactoawarta pabota npeactaBA cumMyfaauma Ha
pa3nNpPoCTpaHEHMETO Ha XMMNOTEeTUYEH HeDTEH PasnmB OT
TaHkepa ,Kakpoc”, 3acegHan Ha 5 gekemspu 2025 r.
Kpalh 6perosete Ha Axtonon. CumynaumsaTa obxsalia
nepuoaa 8-12.12.2025r. (¢wur. 1).

M3non3BaHW ca MEeTeopONOrMYHN U OKeaHorpadCKu
AaHHu oT Black Sea Waves Analysis and Forecast, Black
Sea Physics Analysis and Forecast Ha nporpamaTta
,KonepHuk” n GFS, KaTo ckopocT Ha BATbpa Ha 10 m
BMCOYMHA, 3HAYMMa BMCOYMHA Ha BbJIHATA, CKOPOCT Ha
NOBBPXHOCTHUTE TEYEHWUSA, COJIEHOCT, TemnepaTypa Ha
MOpCKaTa BOAa, KaKTo U gpendsbT Ha CToKc. MeTpoaHmAaT
NPOAYKT, U3MON3BaH 33 CUMY/AUMATA, € TEXbK CypoB
neTpon. B cumynaumaTa ca BK/AOYEHM W PA3AUYHM
€cTecTBeHN GU3UKO-XMMUYHU U BUONOTMYHM NpoLEecH,
KaTo aasekuus, audysua, usnapeHue, emyarmpaHe u
61MOXMMMYECKO pa3fiaraHe, KOMTO MPOMEHAT CBOMCTBaTa
Ha neTpona cnef pasivB U BAUAAT BbPXy HEroBOTO
pasnpocTpaHeHue.

Pesyntatu u ussogu

CumynaumaTa nokasea, ye HedpTeHUAT pasnus oT
TaHKepa ,Kahpoc” e wman noTeHuman Ja ce
pasnpocTpaHM Ha tor oT AXTonon M Aa npUYMHK
3aMbpcABaHE Ha HAKOW YYBCTBUTENHWU KpanbpexkHu
palloHW, KaTo ceBepHMA NAax Ha CuHemopel, — naax
Beneka (¢wur. 1). Cnopeps, pe3yatTaTute pasiMBbT € MOMKEN
A3 AOCTUIHE M TYPCKOTO Kpanbperkme Ha 12.12.2025 r.
CuctemaTa 3a MOAeNMpaHe Ha PasnpoCTPaHEHMETO Ha
HedTeHu pasnmnsm OpenDrift ce goKa3Ba KaTo NnoaxoasLy,
MHCTPYMEHT 3a 6bpP30 M3roTBAHE Ha CUMyAALUKU MpPU
aBapuiiHM  pasAMBM  MOpaaM CBOSATA TOYHOCT W
6bp3ogencTeme.

OpenDrift - Open0il (GENERIC HEAVY CRUDE)
2025-12-08 12:00 to 2025-12-12 18:00 UTC (103 steps)

(fwﬁ&
42,450 W\fr‘d\ . 42.45°N

423N

23N

42,15°N \ a215°N

S

41,85°N a1.85°N

27.45° 21.6° 27.75°% 21.9° 28,05

durypa 1. Cumynaums Ha pasnpocTpaHeHNeTo
Ha XMNoTeTuyeH HepTeH PasIMB Kpa AXTomno.

Nurtepartypa

Dagestad, K. F., Rohrs, J., Breivik, @., Adlandsvik, B.
(2018). OpenDrift v1.0: a generic framework for
trajectory modelling. Geoscientific Model
Development, 11(4), pp. 1405-1420,
https://doi.org/10.5194/gmd-11-1405-2018.

Nikolova, L., Galabov, V. (2025). Implementation of
Forecasting System for Qil Spills along the Bulgarian
Coast. Journal of Balkan Ecology, Vol. 28, Ne 3, 2025,
pp. 283—-297. ISSN 1311-0527 (Print); ISSN 2815-3758
(Online).




72

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

Numerical modeling of oil spills:

Operational application of the OpenDrift model in the Black Sea
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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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OueHKa Ha Bb3MOXKHOCTUTE 3a BOAOCHabaaBaHe oT a3oBupwm ,Kanmu“ n ,Kaparbon“
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BbBeaeHue

LKanun“ " ,Kaparbon“ ca Hal-BUCOKO
pPa3nosioKeHUTe A30BUPM Ha bBbarapma u  cbeTasAaT
HayanoTo Ha Kackaga ,Puna“ c4 BoAHOENEKTPUYECKM
LeHTpanu. [leata A30BMpa Ca CBbP3aHM NOMEXAy CU C
HanopeH TyHen, Kato A3. ,KanvH e no-BMCOKO
Pa3no/IoKEeH U MOXKe Aa MbiHu s3. ,,Kaparbon®. Asosup
JKanmH” e cbc3aBuper obem 1,02 mMaH. m3,
a a3. ,Kaparbon” — c 2,2 maH. m3, NlocaegHUAT ce MbJiHK
OT ecTecTBeHuA c1 Bogocbop, ot s3. ,KanmH”, a cblo un
C BOAM, U3NOMMNBAHW OT A0NHUA u3pasHuUTen Ha MABEL,
LRanun“.

Mop A30BMpPUTE € Pa3noNoXKeHa Kackaga oT YeTupu
BOAHOENEKTPUYECKN  LEHTpaiM C  TpU  MaJIKu
M3paBHUTENA U HAKOJMIKO CbbupaTenHM KaHana 3a
OONBNHUTENHU BOAHM KONNYECTBA.

Ot HayanoTo Ha XX| BEK OT OCHOBHMA U3NyCcKaTen Ha
A3. ,Kaparbon“ ce nogasat BoAM 3a BogocHabanBaHe Ha
JynHuua, Korato HaAMYHMAT BOAEH 06emM B HEFO € Hag,
1.10°m3. OT wustMuanoto Ha BEL, ,Kamenuua“ ce
nogaeaTt BOAM U 3a NUTENMHO-O6MTOBO BOAOCHabaABaHe
(NBB) 3a rpagosete Puna, KoyepuHoBo, Bobolieso u
cenmwa (rpyna ,Puna“). Toea npaBu s30BMpUTE
MHorouenesn ¢ eHeprmitHo u MNBB BogononssaHe. 3a
ocurypsiBaHe Ha npuoputeta Ha (BB Tpabea aa ce
BbBeAaT NpaBwu/a 3a ynpasaeHue.

MeTtopgonorusa

N3cnepBaHeTo e W3BbLPLIEHO NO YKas3aHuATa W
co¢pTyepa RESERVOIR1 Ha MeTogmKa 3a pasnpegeneHue
Ha BOAMTE Ha A30BMpPUTE U U3MON3BaHE HA BOAHUTE UM
pecypcy (HUMX, 2023 ). fi3oBupuTe ca CBbpP3aHU U Npu
BoA06aNnaHCOBUTE OLEHKM Ce OTYMTa OBLMAT UM 0bem.
Mpuema ce, 4e OT A30BMpPUTE uYepnaT BoZa Tpwu
He3asucummn Bogononssatena — 3a BB Ha AynHuua un
Ha rpyna ,Puna“ u 3a HesaBuMcMM eHeprogobus ypes
MNABEL, ,KanuH“. 3a uenta nonesHusT obem Ha
A30BMpPUTE Ce pa3fena Ha TPU HAACTOALWM 30HW. Mpwn
HanbnBaHe B 30Ha 1 ce nogasa Boga caMo 3a rpyna
,Pvna“, B 3oHa 2 — 3a rpyna ,,Puna“ n 3a AynHuua, a B
30Ha 3 — 3a BCUYKM Bogononseatenn. OueHABa ce CbLLo
KaTo TpeTa onuma c [Be 30HW Ha BOAOMO/N3BaHe, 6e3
BoZa 3a [ynHuua.

BogononssaHeTo 3a rpyna ,Puna“ e npueto Kato
paBHOMEpPHO pasnpegeneHo 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 1oHM A0 OKTOMBPM, KOraTo HaNNYHUAT
BoJeH obem B Aasosump ,Kaparbon” e Hag 1,0.10° m3. Mpwn
Onuwma 3 3a rpyna ,,Puna“ ce noaasart no 0,3.10° m3/mec.

Pasmepute Ha 30HMTE ce noAny4yasBat cneq,
UTEPATUBHMU U3UMCNEHNA Ha BanaHca Ha A30BUPUTE MpPK
NPUTOK, aHanorMyeH Ha To3m B nepuoga 2015-2024 r.,
33 KOMTO Mma paHHW. ToBa ce nNpaBu A0 AOCTUraHe Ha
61n30 100% obesneyeHocT Ha MBB 3a rpyna ,,Puna“ u
no Bb3MOXKHUA MaKCMmym 3a JynHuua.
CpefHOroAUWHUAT NpuToK e 4,97.10° m3 npu Cy = 0,12.
XapaKTepHO 3a MPUTOKA €, Ye TON e KOHUEHTPUpaH B
nepuoaa mai—OKTOMBPM.

Pesynrtatu v ussogu

Ha ¢wurypaTta ca nokasaHu meceyHuTe rpaduku B
10-rogvwHMA nepuos Ha cumynaums Ha banaHca Ha
Asosmpute npu Onuma 1.

Cueyais 1a xo108uTe KpUSH

1

R

BELL K" — OMH2 = Mascr

A ++++ OMH1 — Mupran o6ew = Botonatan. Pina, Koveps

C OMH1 (TbMHouYepBeHn Tounum) n OMH2 (nunaea
NAbTHA /IMHMA) ca 0603HAYEeHW FOpHUTE TPaHUUM Ha
obemutTe Ha nNbpBaM BTOPa30HA, Ha MPUTOKa
(cBETNOCMHM KO/MOHM), Ha BOAOMON3BAaHETO 3a rpyna
,Puna“ (uepBeHa nAbTHA AMHKMA), 3a [dynHuua
(TbMHO3€N1EHM  npeKbcHAaTM  KosoHu), 33  BEL,
(cBETNOXKBATU KOIOHM).

fpyna ,Puna“ e obe3sneyeHa 6am3o 100%,
OynHuua — 100% npu Onumsa 1 n 95% no obem npwm
Onuwmsa 2. MNpu Onuusa 3 T3 B3MMa BoZa OT 3. ,,[lAKoBo".

Kpusu 3a ynpasnenve na #3. "Kanwh" n *Kaparson” - Onuws 1

oFE S

ora

meceun
—— Makcim. 06. — Mupras obem —OMmH1 — omH2

MNpaBunaTa 3a onpeaensiHe Ha MecevYHu IMMUTU ce
onpefenatT OT KpPUBUTE Ha ynpaB/ieHWe, NOKas3aHW Ha
durypara. ,KiocteHguncka sBoga” EOO/L cbBMECTHO C
MOCB Tpabsa ga n3bepe egHa OT oueHeHUTe 3 onuuu
3a NPUNONKEHME.
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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 0,2.108 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 20152024 - 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

volume in min.m.cub.

irs water

~
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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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OnpepensHe Ha eKCTPEMHU BETPOBU NapamMmeTpu Npu pasyeT Ha BEeTPOBO Bb/IHEHUE
B NOBbPXHOCTHU BOAHU 06eKTH

I. Bbakos”, H. MopaaHos, 0. CToumeHos

AN ,YnpaBneHne n cTonaHUCBaHe Ha A30BUPKN”
KnouoBu fiymun: npoeHo3upaHe Ha eemposu pexcum, ymbenoso pasnpedesneHue, 8emposu 8bsHU
*georgi valkov@dpusia.bg

BbvBegeHue

BeTpoBOTO BbJ/IHEHWE € OCHOBHO BbHLIHO HAaTOBApBaHe,
AENCTBALO BbPXY XMAPOTEXHUYECKM CbOPDBKEHUA KaTo
Bb/JIHOZIOMKW, OYHW, NAaBalwyM nnatGopmm, A30BUPHMU
CTEHW, W3rPaleHM B MOBBPXHOCTHU BOAHU OOEKTU
(mopeTa, pekn, esepa). To TpabBa Aa 6bae npeumsHo
M3YMCNEHO, 33 [fJa Ce TrapaHTUpa CUrypHOCTTa Ha
CbopbKeHuATa. Mpu Mnca Ha AUPEKTHU HabageHuA
BbPXY Bb/IHOBUA PEXKMM B palioHa ce U3noa3BaT BETPOBMU
OaHHKW, NO3BOJ/IABALWLM Ype3 cTaTUCcTUYecKa obpaboTka
onpeaensaHeTo Ha EKCTPEeMHU BETPOBM CKOPOCTU C
HeobxoaMmaTa NOBTOPAEMOCT 3a WM34YUC/ABaHE Ha
Bb/IHEHWETO, CbFNACHO HAUMOHANHUTE HOPMATUBHU
M3UCKBaHMUS.

MeTtoponorua

M3cnepBaHeTo npeanara metog 3a onpegensHe Ha
eKCTPEMHM BEeTPOBM MapamMeTpu 4pes npuaaraHe Ha
BEPOATHOCTHOTO pasnpegeneHne Ha lymben (Gumbel
distribution), n3secTHo ole KaTo Fisher-Tippett Type | —
noaxoZ, NpenopbyBaH B CBETOBHATa CreLuManM3npaHa
nutepatypa. KaTo M3TOYHWMK Ha AaHHW e M3Mo/s3BaHa
nnatpopmata MeteoBlue, npegocTaBAwa MoAeNMpaHu
(hindcast) KnMMaTUYHK OaHHW 3a Hy)HaTa reorpadcka
Nokauua. MeTombT BK/AOYBa 06paboTKa Ha BeTpoOBU
JaHHW M onpefensHe Ha KoeduUMEHTMTe Ha
'ymbenoBoTo pasnpenenieHne 4ypes M3vuc/iABaHe Ha
OCHOBHWUTE  CTAaTUCTMYECKU  XAPaKTEPUCTUKM  Ha
M3BaZKWTE C LLea NPOrHo3MpaHe Ha BETPOBUTE CKOPOCTH
Mo MOCOKM 33 33aZafeHa MHOrOrogMLLIHa NOBTOPAEMOCT
(20, 50, 100 roguHuM), B 3aBMCMMOCT OT Kjaaca Ha
CbOPBKEHMETO.

3a NpPOrHO3MpaHeTo Ha OpasMepuTENHUTE BETPOBMU
napameTpu ca M3MNONA3BaHW CTAaTUCTUYECKM METoau U
paspaboteHn ad hoc wu3uncautTenHu nporpamu. B
npoteca Ha 06paboTka Ha fLaHHWUTE BETPOBUTE CKOPOCTU
ce pasnpegensT no  nocoku (no 8  uam
16-pymboBaTa cKana), cbobpasHO TeKecTTa Ha BCAKa
noAarpyna B usBaaKarta. MsuncneHmaTa ca oCblLEeCTBEHM
upes cobcTBeH codTyep, peannsmpaH B ABe Bepcum — Ha
MS Excel v Ha Python, onpegensuw, KoepuuNeHTUTe Ha
fymbenosoTo pasnpegeneHne 3a BCAKa reorpadcka
NMoCcoKa, Bb3 OCHOBa Ha KOWTO ce M34YMCAsBa BETpoBaTa
CKOPOCT C Hy)KHaTa obe3neyeHocT — nociegHaTa ce
ABABA OCHOBEH (GaKTop MNpW reHepupaHe Ha BETPOBO
Bb/IHEHME.

Pe3yntatu n ussogm

3a TecTBaHe Ha MmeToga e wu3bpaH A30BMp
,OrHAHOBO". BXoAHWUTE AaHHM Ca BETPOBUTE CKOPOCTU B
palioHa, npeacTaBeHn nog d¢opmata Ha po3a Ha
BETpOBETE, TrPyNUpaHM MO CKOPOCTHU Tpynn w
npoabv/mkuTenHocT. OnpegeneHn ca  eKCTpeMHuTe
CKOPOCTM MO MOCOKWU 3a MepuoaM Ha NOBTOPAEMOCT OT
1 po 100 roaMHM M Cca WM3YUCNEHN HOPMATUBHO
M3NCKyEMUTE BDBJAHOBM MapameTpu 3a pasyeta Ha
BMCOYMHATA HA Mb/I3€HE Ha Bb/IHUTE NO BOAHWUA OTKOC Ha
A30BMpPHATa CTEHa.

durypa 1. BeTpoBu pasroH B A308up ,,OrHAHOBO".

Pa3paboTeHUAT MNPOrHOCTMYEeH MeToh M3Mo/3Ba
CTaTUCTUYECKM aHaAM3 Ha AOCTbMHM MEeTeopPO/IOrUYHU
[OAHHW, KaTO Npegnara Ha XMAPOUHKEHepUTE HaZeXKaAeH
WMHCTPYMEHT 32 onpeaenaHe Ha BETPOBUTE MapameTpu C
HY}XHaTa MHOroroauLwHa nostTopsaemocT. Tosun noaxon, e
NPUAOXKMM 3@ LIMPOK CMEeKTbPp OT CheLuanncTy,
pabotewm B obnactta Ha  XMAPOTEXHWUYECKOTO
CTPOUTENCTBO M YNPaBNEHUETO Ha BOAHW pecypcu B
bbarapwma.

Nntepartypa

Hopmu 3a HaTOBapBaHMA W  Bb3AEUCTBMA  Ha
XUAPOTEXHUYECKM CbOPBKEHUSA OT BbAHU, /e U
nnasaTenHu cbaose (1988).

Hopmu 3a npoekTMpaHe Ha HACUMHW A30BUPHU 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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BvBegeHue

MopckaTa aKBakynTypa B bbarapua ocTtaBa cnabo
pasBuTa BbNpeKn 6AaronpuUaTHUTE eKONOTMYHM YCA0BUSA
M ObATOrOAMWHWTE TPAgUMUMKM B aKBaKy/ITYPHOTO
NpPOou3BOACTBO. MICTOPUYECKMN CEKTOPDBT € AOMUHMPAH OT
CNaflkoBOAHM BMAOBE, A0KAaTO MOPCKWUTE BMAOBE,
OCHOBHO 4epHa muaa (Mytilus galloprovincialis),
npeacTaBnABaT ManbK Aan oT npoaykuuata. [pes

nocnegHWTe  OeCeTUNEeTMS  MOPCKaTa  aKBaKyATypa
NOKasBa Bb3XoAAlWA TeHAeHUWA, noAKkpeneHa oT
nogobpeHa HOpMaTMBHa ypenba, HapacTBaLy,

MHBECTUTOPCKM UHTEpPeC U CbOTBETCTBME C NOAUTUKUTE
Ha EC 3a ycTolumB pacTek. B TO3M KOHTEKCT e
HeobxoAMMa OLLeHKa Ha NPOM3BOACTBEHUTE TEHAEHL MM,
NPOCTPAHCTBEHUTE OrpaHMYEHUA W MNPUroAHOCTTa Ha
pasnnyHK BMAOBE C Len 6baeLlo passutme. HactoswoTo
n3cnegBaHe nMpeactaBA  eBOMOUMATA HAa  MOpCKaTa
aKBaKynTypa B bbarapma Bb3 OCHOBA Ha CTaTUCTUYECKMU
OaHHM, UMHOOPMAUMA 33 PErynaTtopHUs pexum w
NPOCTPAHCTBEHOTO MMAHUPAHE, KAKTO U EKCMepTHU
CTaHOBMULIA HA 3auMHTepecoBaHWUTe CTpaHu. [poydyeH e
NOTEHUMaNbT 33 TEeXHONOrMYHO  pa3BUTUE  upes
UHTErpupaHn MyntutpoduyHu akeakyntypu (IMTA) u
PEUMPKYNALMOHHN aKBaKyNTypHU cuctemu (RAS).

MeTtogonorus

MeTomonoruata  WMHTErpuMpa  CTAaTUCTUYECKU M
NPOCTPAHCTBEHM NOAX0OAM 3a OLLEHKa Ha NoTeHuuana 3a
pasBMTME Ha MOpPCKaTa akBaKyntypa B bwvarapwa.
[aHHuTe 3a nponssoAacTBO 3a nepuoga 1960-2024 r. ca
aHanu3MpaHM  Ype3  HAUMOHA/MIHM  CTAaTUCTUYECKM
M3ToYHMUM M 6as3ata gaHHM FAO FishStat), ¢ aKueHT
BbPXY BUAOB CbCTaB, PACTeX U CTPYKTYPHU NPOMEHU B
cekTOopa. WM3BbpleH e npernes Ha pernctobpa Ha
dbepmMmunTe U NPOCTPAHCTBEHMUTE MJIAHOBE C L&/l OLEHKA Ha
pa3no/ioKeHMeTo Ha obeKTUTe W Ha Ka4voBuUTE
orpaHuyeHua 3a passutue Ha IMTA u RAS.

M3sbpweH e N’MC aHanms Ha npurogHocTTa 3a IMTA n
RAS c uen npeHTnduumpaHe Ha NOTEHLMANHN BUA0BE OT
pa3nnYHU TPOOGUYHM HUBA, NOAXOAALLM 3a OTINEXKAAHE.
M3non3BaHM ca napameTpu KaTo TemnepaTypa Ha
MoOpCKaTa BOJa, CO/MEHOCT, XNopodun-a, BbAHEHME W
KOHMNMKTU CbC 3aLUUTEHN TEPUTOPUM U APYTN AENHOCTU
(zaharia, 2017). [aHHM OT 3auHTEpecoBaHUTE CTpaHU
6saxa cbbpaHK Ypes paboTHM CpeLLm U KOHCYATauuMu.

Pe3yn1'a'm u n3soaun

npOVI3BO,EI,CTBOT0 OT MOPCKa aKBaKy/Typa MNOKa3Ba
pacTex, npeaAMMHO 3a YepHa Mnaa, HO OCTaBa NoA CBOA
noteHumnan. Ap,MVIHVICTpaTMBHVI npoueaypu, orpaHNUYeHu
obocobeHun MOPCKM 30HM U nnnca Ha TEXHONOTMYHU

MHOBaLMKN ca naeHTUOULMPAHU KaTo KA4OoBK Bapuepu.
EKONOrMYHWUTE XapaKTEPUCTUKM Ha YepHo mope W
HaTPynaHWAT ONUT B OTINIEXAAHETO Ha MUAM Cb3AaBaT
61aronpuATHU yCcoBKUA 3a BbBexKaaHe Ha IMTA n RAS.

Pe3ynTaTMTe MoKasBaT, Ye 30HMPAHETO 33 Kpbrosa
aKBAKYNTypa MOXe A3 Hamann KOHQIMKTUTE MeKay
nonsgaTeMTe Ha MOPCKOTO MPOCTPAHCTBO M Ja
noAnomorHe BHEApPABAHETO Ha MHOBATUBHM
NPOM3BOACTBEHN Mogenu. YepHata mMuga ocTaBa
AOMUHMPALL, BMUA, NOKa3BaliKW €KONOTMYHa NPUroAHOCT
M nasapHo TbpceHe (Massa et al., 2021). EBponelickaTta
cTpuaa (Ostrea edulis) nokassa noteHumMan, nogxkpeneH
OT MCTOPMYECKOTO M PasnpoCTpaHeHMe U eKONorM4yHa
cbemectumocT (Nenciu et al., 2020).
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®urypa 1. Bogelum BnaoBe B akBakynTypaTa B bbarapua
no o6em Ha NpPom3BOACTBO.

bnaropgapHoctu: M3cneaaHeTo e cbdurHaHcmpaHo ot EC
no nporpama ,Hay4yHu wu3cneaBaHuA, WMHOBaUMW W
OMTUTANM3aumMA 338  WHTE/IUreHTHa TpaHchopmauma
2021-2027“, npoekt ,bBny HKpuctan“, pgorosop
Ne BG16RFPR002-1.014-0016-C01.
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Marine aquaculture in Bulgaria — opportunities for innovative development
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Introduction

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

Methodology

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

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

Results and conclusions

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

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

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

B8 byprackua 3anus
[. epos”, M. Feopruesa, C. KnaiiH, B. Kapamdunos

JNabopaTtopwms No mopcka ekosiorms, MHCTUTYT No 6uopasHoobpasme n eKOCUCTEMHU U3cneasaHuns, bbarapcka
aKaleMua Ha HayKute
Kntouosu aymu: YepHo mope, bypaacku 3aaus, eympogpukayus, 6uoz2eHu, xaopogun-a
*email: dimitar.berov@iber.bas.bg

BbvBepgeHue

Mexay Kpaa Ha 70-Te 1 Havanoto Ha 90-Te roguMHM Ha
XX Bek YepHo Mmope e npeTbpnaAno cepua oT
€KOCUCTEMHU ,,CPUBOBE” U ,PEXMMHU NPOMEHKN",
npeausBuMKaHM OT KOMOMHMPAHOTO Bb3LEWCTBME HA
aHTponoreHHaTa eyTpoduKauus, CBPbXya0Ba Ha puba m
MHBa3nBHM BnaoBe. Tesn M3MeHeHMA ca 0COHBEHO CUNHU
B NAUTKUTE KPaMBPEKHU 30HU CbC 3aCUNEHO SIOKANHO
Bb34eNCTBME U 3ambpcaABaHe U cnaba uMpKynauusa Ha
BOAHWUTE Macu, BKA. n Byprackus 3anus. OT Kpas Ha
90-Te roanHu Ha XX BeKk ce HabnoaaBa TeHAEHUUA KbM
HaManaBaHe Ha  KOHUEHTpauuute Ha  buorexw,
nogobpsBaHe Ha Ka4yecTBOTO Ha BOAMTE M Ha 06LOTO
CbCTOAHWE HA eKocucTeMuTe B paioHa. Llenta Ha ToBa
m3cnenBaHe e Aa Npocneam U aHaansupa guammkaTta B
KOHLLEeHTPauumnTe Ha 6MOreHn u xnopodun-a, Kakto u
NPOMEHUTE B EKOJIOTMYHMA CTATyC Ha KpalbpexkHaTa
30Ha Ha byprackua 3anms B nepuoga mexay 1984 un
2024r.

MeTtogonorus

B nepuoga mexay 1984 n 2024 r. Ha cTaHZApTHA
CTaHUMA 33 u3cnenBaHuAa B pailoHa Ha Co3ononckuA
3anmB (LTER Site LTER_EU_BG_06) ca npoBegeHM
penoBHU CE30HHM M3MEpPBaHWUA HA KOHLLEHTpauuu Ha
6uorenn (NH4*, NOs3, and POs*, Ninorg., N tot.), chl-a n
cycneHAMpaHa NapTUKyAApHa matepua. B gonbaHeHue,
B nepuogute 2009-2011 n 2021-2024 r. e nposBeseH
Ce30HEeH MOHUTOPUHI Ha MOPCKaTa BoAa B 7 CTaHUMU MO
IOKHOTO Kpanbperkme Ha byprackua 3anms, Mmexay
Kpalimopue n MacneH Hoc. Mexay 2021 1 2024 r. Te3u
u3cneaBaHMA  ca  AONbAHEHW C  WHCTPYMEHTaNHU
M3MepBaHUA Ha Npoduau Ha TemnepaTypa, COMEHOCT,
pH, Kucnopogs, 7 chl-a (NKE Instruments
MHoronapameTpmyHa COHAa).

Pesyntatu

3a BpemMeTo Ha M3CNenBaHETO KOHLEHTpauuuTe Ha
6uoreHn un xnopoovun-a B CO30MONCKMA 3anuB ca
Hal-BMCOKM B nepuoga 1984-1990, cnepBaHu oOT
nocTteneHHoTo MM HamanasaHe go 2000-2005 r. wu
CTabWUIHO HUCKM KOHUeHTpauuu cneq, 2010 r., korato
ekonornyHmAat cratyc (EC) Ha KpailbpekHOTO BOAHO
TANO TpaliHO goctura ,n06bp‘-,0TanMdeH’. U3KkaoveHun
ca nepuoauTe Ha eXerogHute 3UMHO-MPOETHU
ubOTEXRM Ha GUTONNAHKTOH M MepuoamTe C MOBULLEHU
BasIeXu B paitoHa (Hanp. 2014, 2015 1 2018 r.).

M B gBaTta nepnopa Ha mnscnegsaHeto, 2009-2011 um
2021-2024 r., e yCTAaHOBEHO HanuuyMeTo Ha ctabuneH
rpagmeHT Ha eytpoduKauua B Kpanbpexuneto Ha

Byprackua 3anuMe. Hal-BUCOKM KOHLEHTPaLUKM Ha
6UOreHn M CbOTBETHO HUCBbK EKOoJIorMYeH CcTaTtyc ca
oT4YeTeHW B paitoHa Ha Kpalimopue, € nocreneHHo
nogobpeHne B MOCOKAa KbM HOC ATMA WM MNOCTOAHHO
,806bp‘-,0TAnyeH’ EC Ha BoguTe 10XKHO OT HOC AKWH. B
paioHa Ha Kpaiimopue mexgy 2009 mn 2021 r. e
YCTaHOBEHO 3HAYMMO MOHMUMKEHME Ha MaKCUMaNHU U
CPEAHOrOAMILIHN  KOHLIeHTpaumMmM Ha 6uoreHn u
xnopodun-a, VHAMKUPALLO 3HAYMMO MOHUMIKEHWE Ha
BTOKa Ha 6MOreHM M 3amMbpcuUTENN BbB BbTPELIHMA
Bypracku 3aauB 3a nepuoaa.
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®urypa 1. IntHammnKa Ha KOHLLEHTPaLMK Ha aMOHWIA U
xnopooun-a mexay 1984 n 2024 r. 8 Co30M0CKUA 3a/11B.

NH4 [umoli] @ Depth [m]=first PO4 [umoli] @ Depth [m]=first
—_— = = —_— — = -

ZsE | wee  2rE
TSPMGv [mg/1] @ Dopth [m]=first

ZsE  meE  2rE | DEE

Chiorophyli-a [g/] @ Dopth [m]=first

) ™
" s

- §
| §

18

2

i

i ]

2SE  ZeE | ZTE e meE  DTE  DEE

durypa 2. NpagMeHT Ha eyTpodUKaLMA MO HOXKHOTO
Kpanbpexune Ha byprackusa sanms (2009-2024 r.).
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(Oor. 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.

NH4 [ug.I-1]
1984-2024

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

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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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
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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 B3aMMOBpPDb3KaTa MeXKAy MEeTeopPOo/IoOrMYHO U XMAPO/I0XKKO 3acyluaBaHe

no peyHun 6aceHn Npu pasInuHN BPEMEBU CTHMNKU
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BvBegeHue
Cywata e onpegeneHa OT  MeXAyHapoaHaTa
MeTeoposiorMyHa  obWHOCT  KaTo  ,Nepuosg  Ha

HeobMYalHO CyX0 Bpeme, A0CTaTb4YHO NPOAB/IKUTENEH,
3a [la MOMKe /IMMNcaTa Ha Ba/ieXu Ja NPUYMHU CepUOo3eH
xuaponormyeH gucbanaHc”. Xupgponoxkata  cywa
O0B6MKHOBEHO M30CTaBa OT METeOpPOsIorMyHaTa. Mose aa
M3MUHAT AHM U Meceum, npean AeduunTbT Ha BaNeXKM
[a foBeje [0 HaMmasleHMe Ha OTTOKa B PEKUTE U NPUTOKa
KbM f30BMpuUTe. HamanABaHeTo Ha HuBaTa Ha
noAsemMHuTe BOAM U A30BUPUTE Ce peasn3npa Hakpas, a
Bb3CTaHOBSABAHETO Ha HOPMAJIHOTO MM CbCTOSIHWE e,
cywa e no-6aBHo (Marinova & Bocheva, eds., 2023).

MeTtogonorus

M3cnepBaHeTo e 4acT OT UANOCTEH noAaxoAd 3a
naeHTMduuMpaHe Ha MPOAB/IKUTENHO 3acyllaBaHe,
pa3paboTeH M HaarpageH oT eKkcrneptv Ha HUMX B
nogkpena Ha MOCB n PamKoBaTa AMpeKTMBa 3a BoauUTe
(POB). AHanM3bT e basnpaH Ha MECEYHO U3YUCAABAHNUTE
B onepaTMBEH NopAAbK UHAEKCK Ha 3acywasaHe (SPI3 u
SRI), https://hydro.bg/. U3BbpLueH e Npexos KbM OLEeHKa
Ha WHAeKcuTe Ha 6acellHOBO HWMBO. M3nonssaH e
KoepULMEHTbT Ha Kopenauua, 3a fa ce onpeaenu
B3aMMOBPb3KaTa mexay AsaTta uHgekca SRI n SPI npu
pPasnnMyHM BpemeBM CTbMNKK 3a nepunoga 2014-2024 r.:

¥ (x-x)y-»)

Correl(X,Y)= — —
VZ -0'F (-

Pesyntatu n ussogm
AHann3MpaHun ca 3aKOHOMEpPHOCTUTE Ha npoueca Ha

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

Tabnuua 1. Kopenauyma mexay nHgekcmte SRI3 1 SPI3 u
SRI6 1 SP16 332 2014—-2024 (dpparmeHT)

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

OueHeHM ca KopefauuAaTa, CUHXPOHHOCTTA MU
$a30BOTO OTMECTBaHE MeXAay MHAeKcuTe. Pesyntatute
NnoKasBaT, 4Ye KopenaumsaTa HapacTBa C npexon oOT
3-meceyHa KbM 6-mecevyHa BpemeBa CTbMNKa. Ta e
CTAaTUCTUYECKM MO-3HAYMMa npu 6-meceyeH paspes u
0Tpa3sABa No-AbJArOCPOYHOTO BAUAHWE HA MUHAJ OTTOK.

KonKoTo no-gbnbr nepuos ce pasraexaga, TOAKoBa
NO-ACHO € U3pa3eHa Bpb3KaTa MmeXxay Basiexa U OTTOKa.

. PHCENOM MO 5. PYCEHOM RO

®urypa 1. ConoctaBka Ha SPI3-SRI3 u SPI6-SRI6
3a 2014-2024 r. no peyHu baceliHu (bparmeHT).

OueHKaTa Ha KopenaumaTta n $a3oBOTO OTMECTBaHe
ACHO uaeHTMOMUMPaA NepuoauTe Ha NPOABKUTENHO
3acywasaHe (¢wur. 1), KaTo e aHaAu3MpaHa W
cneunduKaTta Ha BCeKM peyeH baceitH. OTKposBaT ce:

- MNpogbmxkutenHo 3acywasaHe 2019-2020 .

- MpoabakutenHo 3acywasaHe 2022-2024 .

OuakBaHo, SRl e ¢asoBo oTmecTeHO WM M30CTaBa
cnpamo SPl B pasnnyHa cTeneH 3a OTAENHWUTE PEeYHU
baceiHU. KaTo usAn0 KbcuTe mawabu (meceyHn u
TPUMECEYHWN BPEMEBM CKaW) Ca NOAXOAALM 33 MASIKU U
He3aperynupaHu 6aceliHu, AOKaTO NO-AbATMTE Nepuoam
ca No-NoAXo4ALLM 33 NO-rofieMn HBacelHU € U3KYCTBEHO
CbXpaHeHue. KniouoBu ¢GaKTOpM 3a HacTbNBaHETO Ha
,IPOABIKNTENHA cywa“, KOUTO BAMAAT Ha
peryanpawmTe Bb3MOXHOCTU Ha nopeymnsaTa (A30BUpKU 1
noAsemMHu Boaum), ca fiBe NoC/Aef0BaTENHN CYXU FOAMHM
(konTo camn no cebe cM MOXKe Aa He ca Hal-cyxuTe),
3acyllaBaHeTo  Mnpe3  eCeHHO-3UMHWUTE  Meceuw,
HamanABaHETO Ha CHeXXHaTa NOKPMBKA. 3a4ecTABaHETO U
nocsie40BaTeIHOTO pefyBaHe Ha eKCTPEMHU ABNAEHUA —
CylWWM W HaBOAHEHMA, cbwo ca akTop, 3awoTo
MHTEH3UBHUTE BaNeXM He AonpuHacaT 3a
noaxpaHBaHETO Ha NOA3EMHUTE BOAM U HEBMHATM Ca BbB
BoaocbopuTe Ha A30BUpUTE.

bnarogapHocTu: M3cnenBaHeTo e YacT OT HayYyeH NPOeKT
Ha HUMX B nogKkpena Ha MOCB 3a 2025 .

Nutepartypa

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

T - Xy -Y)

Correl(X.T)=

Y (x-0'Y (-1

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

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

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

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

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

clearer the relationship between rainfall and runoff
becomes.

RUSENSKY LOM

RUSENSKY LOM

TUNDIA g TUNDJA

% MoNTH

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

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

- Prolonged drought 2019-2020;

- Prolonged drought 2022—-2024.

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

Acknowledgements: The research is part of the research
projects carried out with the support of MEW for 2025.
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BvBegeHue
Pa3ButneTo Ha meToaMTe 3a OLLEHKA Ha HAaUMOHaNHUTE
BOAHM n BOAHOCTOMAHCKM 6anaHcu e

Hay4yHoM3cNneaoBaTe/IcCKa 3afaua, CBbp3aHa o
aHraxkmmeHtute Ha HUMX no 3akoHa 3a BoguTe. B
OCHOBaTa M ca paspaborBaHM B HUMX meToanyHu
noaxoAu U CUCTEMM OT MHAEKCU 33 OLEHKA M KapTupaHe
Ha pasnoJsiaraemuTe BOAHW Pecypcu, BOOHUA CTpec,
YyA3BMMOCTTa Ha  BOAOCHabAABaHeTO, BKA. Npwu
KAMMATUYHW  CLEHApUMM UM pas/IMdHO noTpebreHune
(CC-WARE project, Mitigating Vulnerability..., 2014).

MeTtoponorusa

NHpoekeute Ha ekcnnoatauma WEI, WEI+ wn  ap.
cnomaraT 3a OLeHKaTa Ha HaTMUCKa M HeJoCTUra Ha BoAa,
HO WMMaT CBOMTE OrpaHUWYeHUA Mopagu OMNpoOCTEHMA
BOAEH 6anaHc. 3a No-peasiMcTUYHA OLLeHKA Ha BOAHMA
ctpec B HUMX ca paspaboTeHu noaxoau u cuctema ot
MHAEKCUM 33 OLEHKa, KOATO BKJ/IOYBA: KAMMATUYHM,
MHAEKCM 33 OLEHKa Ha BOAHWMA CTpec, YA3BMMOCTTA M
afanTMBHMA KanauuTeT Ha MPUPOAHWUTE M COLMANHU
cuctemun. Te ca NPUIOXKEHN HA TPAHCHALMOHAIHO HUBO,
HWBO peyeH 6aceitH 1 IOKaNHO HUBO — BOAHOCTOMAHCKA
cMcTemMa, A30BMP, BOAHO TANO. AganTupa ce noaxon 3a
peasncTUYHa OLLEHKa Ha yA3BMMOCTTA Ypes arpermpaHe
Ha pailloHUTe Ha BogeH cTpec (Mnuesa u leopruesa,
2017).

3a uenute Ha PamKkoBaTa anpekTmBa 3a soaute (PAB)
B HacToAlaTa pa3paboTKa eKCNnepuMeHTanHo ce
npwuaarat HoOBUTE NOAXOAM U UHAEKCU B CbOTBETCTBME C
TMNOBETe PecypcHu oueHKM Ha HUMX (Ha HaumoHanHo,
6acenHOBO M NI0KaHO HUBO — Bogocbop, nogsogocbop,
BOAHO TAN0). Pa3zpaboteat ce N'MC 6a3upaHu aHann3n u
ce 4aBaT NPaKTMYECKM HAaCOKM 33 NPU/IOKEHNETO UM MpU
pelaBaHeTo Ha pa3InyHKU 3a4a4m B nogkpena Ha MOCB
1 BaceiHOBUTE AMPEKLUN — OLEHKA HA HAaTUCKA, BOAHUA
cTpec, yA3BMMOCTTA 1 Ap.

06110 TOAMLIHO BOZOYepIeHe
WEI = ) A Aoqep

HaJIMYHU A'BJITOCPOYHHU CJIAAKOBOAHU peCypCH

Pesyntatu n ussogm

Monssa ce HagexAHa W akTyanHa WUHPopmauusa oT
baceHoBM aupekumn, MOCB, HCW, HanoutenHu
cUCTeMU, pecypcHM oueHkn Ha HUMX. AHanusupa ce
bYHKUMOHUPaHeTo Ha BOAHOCTONAHCKaTa cuctema (BC) n
A30BUPUTE U BIUAHMETO MY BbPXY MHAEKCUTE.

®urypa 1. AHanuns Ha dyHKLMOHUpPaHeTo Ha BC n Aa3oBupuTe n
IMC 6a3unpaHun aHaNWU3N Ha MHAOEKCUTE.
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®urypa 2. Bogos3emaHe B nopeune But n oueHka Ha WEI
BbB Bogocbopa Ha fa3. ,,Conot”.

Heobxoaum e aHanus Ha OYHKLMOHMPAHETO Ha
AsoBmMpute U BC B AafeHO nopeyne 3a peanucTuyHa
OLLeHKa Ha BOAHMA cTpec 1 pesyntatuTe. MNoTBbpKAaBaT
ce U3BoAUTE OT NPEeAXOLHU U3CNeABaAHUA, Ye NPU BOLHU
Tena C A30BUPU WHAEKCUMTe Ha BOAEH CTpec Aasar
3aBMLUEHA OLEHKA, @ Ha HUBO peyeH H6acellH oLeHKaTa e
3aHMXKeHa. [JeduHupaT ce MNPaKTUYECKM HACOKMU 3a
OLLeHKA Ha MHAEKCUTE M MPUIOKEHNETO UM B NOAKpena
Ha MOCB u baceliHOBUTE AMPEKUNN, B CbOTBETCTBUE C
TUNOBETE PeCcypCcHU oueHKn Ha HUMX.
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Introduction

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

Methodology

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

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

total annual water abstraction
WEI =

available long — term freshwater resources

Results and conclusions

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

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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BvBegeHue

Mpe3 2026 r. HaUMOHANHMAT UHCTUTYT NO METEOPONOrmA
n xugposorva (HMMX) nnaHupa BHegpsBaHe Ha
NUI0THa aBTOMAaTU3MPaHA CMCTEMA 33 MOHMUTOPWHT Ha
BOJAHW HWMBA, TemnepaTypa U OCHOBHWU XWAPOONKKU U

XVMAPOTEONOKKA  MapaMeTpu B peasHO  Bpeme.
CuctemaTa Wwe obxBaHe u3b6paHM MyHKTOBE OT
HaLMoHanHaTa MOHUTOPMHIOBa MpesKa 3a

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

OcHOBHaTa LEeN e noBWWaBaHE Ha TOYHOCTTA,
yecToTaTa WM HAAEXAHOCTTa Ha  M3MepPBAHUAT],
ocurypasaHe Ha J@aHHW B peasiHO BpeMe 33 OnepaTuBHU
NPOrHO3M, PaHHO MpeaynpexaeHne Mnpu eKCTPemHM
XMAPONOTUYHM  cbbUTMA M nopjobpaABaHe  Ha
ynpas/JeHWeTo Ha BOAHMTe pecypcu. [unotHaTta
cucTema LWe CAYXKM Kato mogen 3a MHOOPMaUMOHHA
nnatpopma.

MeTogonorMyHa OCHOBa 3a XUAPOJIOKKU U3MepBaHUA
M aBTOMaTM3MpaHuM  ctaHummu: SO  748:2007.
Hydrometry — Measurement of liquid flow in open
channels using current-meters or floats
(XnppomeTpus — M3mepsBaHe Ha gebuTa B OTBOPEHM
KaHa/M U CbOPbIKEHUS).

TexHuyecku uenu
e ABTOMATM3MpPaHO M3MepPBaHeE Ha:
O  BOAHW HMBA (PEKM M NOA3EMHU BOAM),
o TemnepaTypa Ha BOAaTa,
O  AebuT M CKOPOCT Ha TEYEHUETO,
O eneKkTponpoBoAMmMOcCT, pH, MbTHOCT;
e OcurypsABaHe Ha TesleMeTPUYHO npeaaBaHe Ha
[aHHW B peanHo Bpeme;
e HamanABaHe Ha pbYHUTE UM3MeEpPBaHMA W
yoBewWwkKua daKTop;
e [loBMlABaHe Ha YCTOMYMBOCTTA Ha CTaHUMUTE
Npw eKCTPEMHU YCNOoBUSA;
e |SO 748:2007 — Hydrometry WMO, B oTBOpEeHMU
KaHa/In U CbOPbKEHUSA;
e |SO 3352:2007 3a m3mepBaHe Ha ncOuTa Ha
BOJIa B KJIQJICHIIH.

HauuoHanHu N3TouHULUMU

HauuyoHaneH MHCTUTYT MO MEeTeOPOAOTUA U XMAPONOTUA.
foavweH  XMApPO/oruMyeH 6toneTuH (nocnegHo
usnaHue): OduumaneH WM3TOYHUK 33 [AaHHW  OT
HalMOHaNHaTa MpesKa.

MWHWUCTEPCTBO Ha OKOJIHAaTa cpeda u BoguTe. MnaHoBe
33 ynpaBfeHMe Ha peyHuTe bacenHn (MYPB):
HauuMoHanHa pamka 3a ynpaBneHWMe Ha BOAHUTE

pecypcum.

BeHtunupar kaben

¥ Vonem / GSM/IIT

UBO)

LieHTparneH cbpebp

_TemnepatypeH GeH3op

. — Mewbpaya / Bx0n 3a HansraHe

LEVEL TROLL A200 - In-situ norep

Cxema 1. ApxUTeKTypa Ha IMJIOTHATA CUCTEMA.

®durypa 1. ApxurexTypa Ha NMJIOTHATa CUCTEMA.

bnaropgapHocTM: Ha BCMYKM Koneru, y4vacTBasin B
n3rpaXaaHeTo Ha NMA0THATa CUCTemMa.
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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
h

—TemneparypeH ceHsop

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

Scheme 1. Architecture of the Pilot System.

Figure 1. Architecture of the Pilot System.
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BbBeaeHue

OueHKaTa Ha edeKTa Ha CyliaTa BbpPXy KOANYECTBEHOTO
CbCTOAHWE Ha nopsemuHute Boau (MB) Halt-yecTto ce
M3BbPLUIBA Ype3 aHa/M3 Ha U3MEHEHMETO Ha TexHuTe
HWBA, 3aL,0TO Te MOraT A3 6bAaT AMPEKTHO U3MEPEHMU, C
[OCTaTb4YHa TOYHOCT M yecToTa (Benderev et al., 2008).
AHanuM3bT Ha BAMAHMETO BbpXy [MB Ha MuHanM
MHOrOroguLLIHM CyLIKX NO3BOAABA Aa Ce onpesenaT T.Hap.
ropeLy To4Kn — nogzemHo BogHo ta0 (MBT) nam yactm
OT HEero, KOUTO Ca HaW-CMJIHO 3acerHaTu OT NpoTeKna
MeTeopOo/IorMyHa cyLa.

MeTtoaonorua

3a onpepensaHe Ha edeKkTa Ha cywata BbpXy
CbCTOAHMETO Ha B HA /IOKa/IHO HMBO € M3Mo/3BaH
MeTOAbT Ha nparoBata CTOMHOCT W KYMyJaTUBHOTO
oTKkNoHeHue (Hisdal & Tallaksen, 2000).
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®urypa 1. MeTog Ha nparoBaTa CTOMHOCT U
KYMY/IaTUBHOTO OTK/IOHEHUE OT Hes.

KymynaTMBHOTO OTK/IOHEHWe Ha HWBOTO Ha [1B npu
cywa ce usumncnsasa no popmyna (1):

s, = {st_At + (Hy — HpAt npu H, < H, )

0, npu H, > H,
KbaeTo: s — KyMynaTUBHOTO OTKIOHEHWe npu cywa, Hy -
nparoBaTa CTOMHOCT, H, — HMBO Ha nNoA3emMHWTe BOAM,
At — pa3rnexgaHuAT MHTEPBA OT BpeMe.

C nomolTa Ha TO3U MeToA e HanpaseH CpaBHUTENEH
aHaNM3 3a cTeneHTa Ha HamanABaHe Ha BOAHWUTE HUBA
BC/AeACTBME Ha cywaTa npe3 nepuoaa 1989-1994 r. 3a
MNBT BG3GO000ONQOO3 Tlloposu BOAM B HeoreH -
KBaTepHep - KasaHablKa KOTNOBMHA. M3nonssaHa e
nparosa cTolMHOCT 70 nepueHTUN, 3a O3 Ce OLeHM
npoab/KuTenHata cywa npe3 To3n nepuoad. BT e
dbopmupaHOo B KBAaTEpPHEpPHUTE  anyBUANHU U
NPONYBUANHN OT/IOXKEHWUA, KOUTO MMAT MOBCEMECTHO
pasnpocTpaHeHue B KasaHnblIKaTa KOTA0BWHA U 3anarat
BbPXY €AMH MOLLEH MNIMOLEHCKM KOMMIEKC OT peayBalln
ce FAVHW, rMNHECTH NACHUW, NACHLUN "
no-pAagKo 4Yakba. CpegHata my gebenvHa e 15 m,

OT/IMYaBa Ce C BMCOKA BOAOOBWUAHOCT U CpeaeH
KoedpuumeHT Ha duatpauma 70 m/d (MYPB 2010-2015).

Pe3syntatu u ussogu

3a pa ce onpeaenat  MPOCTPAHCTBEHOTO
pa3snpefeneHne M WHTEH3MBHOCTTAa Ha edekTa Ha
MHOrorogMHata cywa Bbpxy BOAHWTE HMBA B
pasrnexgaHoto [1BT, MaKCMManHOTO KymMynaTUMBHO
OTK/JI0HeHWe 3a nepuoga 1989-1994 r. e M3yuncaeHo 3a
MpeXa OT XMOPOreosIoKKM HabaaaTeNHU MyHKToBe
(XFHN) — ¢urypa 2.

Moa3emHo BoAHo TANO BG3GO000ONQ03
Moposy soan 8 Heoren - Ksarepwep - Kasanmsuka xornosuna

;
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+
®urypa 2. XIHM 8 NBT MNoposwu Boaun

B HeoreH - KBaTepHep - KazaHnblUKa KOTNOBUHaA.
MonyyeHnte pesyntatu ca npeactasenun B N'MC cpepa —

durypa 3.

19891994 . i

Purypa 3. MakcMmanHoO KyMynaTUBHO OTKNOHEHUe
3a nepuoga 1989-1994 r.

MHororoauviwHaTta cywa npes nepmoga 1989-1994 r.
Hali-cnabo e noBaMsANa HUBOTO Ha NOPOBUTE NOA3EMHM
BOAM B paMoHa Ha rp. KasaHabk. 3HauuTenHu ca
MOHMMEHMATA B M3TOYHATa YacT Ha KasaH/blKaTa
KOT/I0OBMHa, KaTO CNaAbT HA BOAHUTE HMBA € NPOLAB/IKUA
owe 2-3 rogmHu cnepd 1994 r.

Nutepatypa

Benderev, A. D., Orehova, T., Bojilova, E. (2008). Some
aspects of groundwater regime in Bulgaria with
respect to climate variability. In: Dragoni, W. and
Sukhija, B. S. (Eds.). Climate Change and
Groundwater. Geological Society, London, Special
Publications 288, 13-24.

Hisdal, H., Tallaksen, L. M. (Eds.) (2000). Drought Event
Definition, Technical Report to the ARIDE project
Ne 6, 41.

MYPB 2010-2015. M3TO4HOH6E1OMOPCKM pPalioH.



90

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

Pore groundwater levels decreases in the Kazanlak Valley during past prolonged droughts
G. Drumeva-Antonova¥*, K. Ljubenova, A. Yordanova, . licheva

Department of Hydrology, National Institute of Meteorology and Hydrology
Keywords: hydrological drought, groundwater, prolonged drought, Kazanlak Valley
*email: drdroum@abv.bg

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
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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 + (HO - Ht)At npr Ht < HO
¢ =

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 BG3G00000ONQOO03 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

Legend N

@ Na of monitoring wells

® settloment WL
Groundwater body

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 4

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

E3epo Baa e HaW-ronAmMoTO ecTecTBEHO e3epo B
Bbarapua M BOAOEM C BUCOKA €KOJIOFMYHA CTOMHOCT,
BKAoYeH B Mmpexata Natura 2000 wm obsBeH 3a
Pamcapcka TeputopuA. Bbnpeku 3awmnTeHnAa cum cTaTyT
€3epoTo € MOAJ/I0KEHO Ha MHTEH3MBEH aHTPOMOreHeH
HaTWUCK, MPOM3TMYaALW, OT ypbaHM3aLMa, UHAOYCTPUANHU
AeNHOCTU U 3emMefeNiCKM MPaKTUKKM BbB Bogocbopa.
CbLLecTBYBALWMAT HOPMATUBEH MOHWUTOPUHI OCUTYpsiBa
6a3oBa MHPOPMaUMSA, HO He yNaBa B AOCTaTbYHa CTEMNEH
NPOCTPaHCTBEHO-BpeEMEBATA OWHaMUKKa Ha
3ambpcuTenuTe M BbTpelHoe3epHMTe npouecu. Tosa
Hanara Heob6xo4MMOCTTa OT MHTErpUpPaH HayyeH Noaxos,
3a pJeTaliiHa oueHKa Ha dakTopute, onpeaenawm
€KONOrMYHOTO CbCTOAHUE Ha cucTemarTa.

MpoekTbT CAsseVaya uenn ga msrpagm KommnaekcHa
MEeTOA0N0MMYHA PaMKa 3a OLUEHKa Ha XMMUYHUA U
€KONOrMYHMA CcTaTyc Ha e3epo Baa upes cbyeTaBaHe Ha
OUBUKOXMMUYHY, reoOXMMUYHN, MUWHEPANONKKM,
METareHOMHMU W CTaTUCTUYECKU aHANU3MN.

MeTtoponorus

MpoeKTbT NpeaBuMKa4a MHOTOKOMMNOHEHTEH NOAXOA,
obxBallaw, BogHata ¢asa, cycneHgMpaHuUTe BELLEecTBa,
NOBBPXHOCTHUTE CEAUMEHTU U CEeAUMEHTHUTE ALKMW.
®PoKyCcbT € BbpXy MPUOPUTETHU 3aMbpCUTENM, B T.M.
noTeHUnanHo TOKCUYHMU e/leMeHTun (PTEs),
NOSIMLUMKANYHM apoMaTHM Bbraesogopoayn (PAHs),
nonmxnopupaHu 6udpeHnnn (PCBs) M OpraHOXNOpPHU
nectuunan (OCPs). MnaHupaHUTe AENHOCTM BKAKOYBAT
owe: 1) NpocTpaHCTBEHO M Ce30HHO NpoboB3emaHe OT
€3epoTO U OCHOBHWUTE MNPUTOLMU; 2) TEOXMMUYEH W
MMWHEPANOXKN aHa/IM3 HA NOBBbPXHOCTHU CEeAMMEHTU U
CeAMMEHTHU AaKKM; 3) pPaguMoOMeTpUYHO pJaTupaHe
(¥°Pb, ™7Cs) 3a pEKOHCTPYKUMA Ha WUCTOPUYECKOTO
HaToBapBaHe; 4) nocnefoBaTeNHa eKCTpakumsa 3a
onpegenaHe Ha d¢opmute U MmobunHoctta Ha PTEs;
5) meTareHOmMeH aHanW3 Ha MUKPOBHUTE OBLLHOCTM U
OYHKUMOHANHO npodunnpaHe; 6) UHTerpaums Ha
AaHHUTE Ype3 MHOroBapWaHTHU CTaTUCTUYECKM MEeToaM
M peLLenTopHO MoAeNmpaHe.

Aunckycua

MpeanoXKeHNAT NPOEeKT agpecupa CbluecTByBallaTa
NpasHWHA MeXAy HOPMATUBHUA  MOHUTOPUHT W
HeobXxo4MMOCTTa OT BUCOKa MPOCTPAHCTBEHA U BpemeBa
pes3onouma MNPy OLEHKAaTa Ha CUAHO aHTPOMOreHHo
HaTOBapeHMU e3epHu cucTemm. OyakBa ce
WMHTErpMpPaHUAT aHaM3 4@ NO3BOJIM pasrpaHMyYaBaHe Ha
€CTeCTBEHUTE FeOXMMMUYHM NPOLLECU OT aHTPOMNOreHHUA
NPUMHOC, KaKTO M WUAEHTUPUUMPaAHE Ha OCHOBHUTE
M3TOYHUUM U MEXaHM3MM HA TPAHCMOPT U akymynauma
Ha NPUOPUTETHU 3aMbPCUTENN.

CTpaTMPULMPAHUAT aHANN3 HA CEAUMEHTHUTE AAKU
e npefocTaBM Bb3MOXKHOCT 3a PEKOHCTPYKUMA Ha
nUcTopuyeckmTe TEHAEHLMM n OLEeHKa Ha
ABATOCPOYHUTE npomeHu BbB Bogocbopa.
MeTareHOMHMAT noaxoA LWe [AONbJAHWU KAacuyeckute
bU3UKOXMMMYHM NOKasaTenn Ypes naeHTnduumMpaHe Ha
MUKPOOHM 06WHOCTM U PYHKLMOHANHN  MapKepH,
UYBCTBMTE/NIHM KbM QHTPOMOreHeH HaTUCK, KOeTo
Cb3ZaBa noTeHuuMan 3a paspaboTBaHe HA HOBM
6MoMHAMKaTOPU.

MHTerpaumaTa Ha  XMMUYHK, BMONOTUYHM W
reOXMMMYHWM JaHHW e MO03BOAN M3rpaxKgaHeTo Ha
cucTemMeH Mogen 3a  OUeHKa Ha  eKoJIoTMYHOTO
CbCTOAHME Ha e3epo Bas, NPUAOKMM M KbM ApYyru
YyBCTBUTE/NIHU KPalbperKHM BOAHU EKOCUCTEMM.

bnaropapHoctu: W3cnepgBaHuATa ce  peanusupat B
pamkuTte Ha npoekt KM-06-H94/6, puHaHcupaH oT GHU,
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.
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BbBeaeHue

leorpadckute nHpopmaunoHHu cuctemum (FTMC) morar
Aa 6bOaT U3KAUMTENHO MONe3HM Npu u3obpassasaHe
Ha MOAENMPaHU BWUCOKM BOAWM B JaJeHW Mopeuyuns,
yA3BUMU KbM HaBoaHeHuA. Ha 07.01.2026 r. B pesyntat
Ha OBMAHM W MHTEH3MBHW Banexum p. Kpymosuua
M3/M3a OT KOPMTOTO CU M 3a/MBa CTOTULM AeKapw
3emefe/niCkKu  MioWwn W yamuM B 3eM/IMWETO  Ha
Kpymosrpag. C nomowra Ha TUC ca mogennpaHm
3a/1MBaeMuTe 30HU NO TeyeHWeTo Ha p. Kpymosuua 3a
NOCOYEHUS PAMOH NPU  MaKCMMASHO BOAHO HWBO,
CcbOoTBeTCTBalWo Ha ToBa o1 07.01.2026 r.

MeTtoponorus

3a u3cnegBaHeTo e M3Mos3BaH  COOTYEpPHUAT
npoayKT ArcGIS Pro (Esri, 2024), OCHOBHO MHCTPYMEHTBLT
Spatial Analyst Tool. KpaliHata uen e pa 6baaT
onpeaeneHn yasBMMUTE PalioHU, KOMTO NOTEHLMANHO
buxa 6uAM 3aneTM Npuv NpPemMuHaBaHETO Ha BMCOKA
Bb/IHA. 3a 6as3a e nU3no0s3BaH UMPPOB MOAEN Ha TepeHa
(DEM) c pe3ontoums Ha KneTkata 50 m, KaKTo M C/oit ¢
peyHa MperKa Ha TepuTopuaTa Ha obuw,. Kpymosrpag,
(dur. 1). 3a ToOYHO onNUcaHMe Ha PEYHOTO ABHO €
M3non3saHa WHTepnonauma tmn Topo to Raster n e
AednHupaHa 6GaTumeTpmaTa Ha peyHoto gbHo. C
nomowta Ha Raster Calculator e w3uMcneHa
AbnboymMHaTa Ha BOAHUA CNOW NpW NPUETO BOAHO HUBO
(dwr. 2). B cnyyaa 7o e 5 meTpa Hag AbHOTO Ha peKaTa,
KaTo € CbobpaseHO C MaKCMMANHUA BOLEH CTOEX,
oTyeTeH MoO-Hagoay no TeyeHweto npu XMC c. TopHa
Kyna (N261550).

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

Pe3syntatu u ussoau

MonyyeHUTe 3aneTM MNAOWM Ca CPaBHEHU CbC
caTenMTHa CHUMMKa oT Sentinel-2 (Copernicus, 2026) ot
09.01.2026 r. (¢wur. 3), KakTo U c n306pakeHUA, 3aCHETU
C APOH OT AeHA Ha HaBoaHeHWeTo (¢ur. 4), noKaseawm
LeTUTE NO NopevneTo.

durypa 2. MogenunpaHa gbn6o4nHa Ha BOAHWA CON.

durypa 4. Mocneactsma ot HaBoaHeHWeTo Ha 07.01.2026 r.

JNlutepatypa

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).

Figure 1. DEM for the Krumovitsa watershed.

Results and conclusions

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

Figure 2. Modelled depth of the water layer.

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

CbBpeMeHHUTe W3UCKBaHWA 33 OrpaHW4aBaHe Ha
yecToTaTa Ha NpesvBaHe BbB BOAHUTE OOEKTU Bce
noBeye aKUEHTMPAT HA 3aBUIIEH KOHTPOA BbPXY
KaHa/M3aLMOHHUTE TMPEeNUBHULM U TAxHaTa paboTa
(AnpektuBa (EC) 2024/3019). EAHO OT OCHOBHWTE
M3MCKBAHMA € OrpaHMyaBaHe Ha 3ambpcABaHMATA OT
npenMBaHe Ha OTNAZbYHW BOAM NO BPEME Ha BaseXMu.
ToBa npenuBaHe He TpabBa ga e noseve oT 2% OT
rOAMILHUA TOBAp Ha OTAENHW MapaMeTpu, OT4YUTALLM
6MONOrMYHO 3aMbpCABaHe NpU cyxo Bpeme (4. 5).

MeTtogonorus

B u3cneaBaHeTo e aHanu3MpaHa  AocTbnHaTta
MHPOPMaALMA 3a MOKPUTMETO Ha HaceNeHweTo oT
KaHa/NM3aLMOHHaTa Mpe’Ka, rMbCToTaTa Ha HacefneHneTo
(G), BomocHabauTenHaTa M KaHa/NM3aLMOHHA HOPMa,
CTeNeHTa M BMAA Ha MOKPUTME HA MOBBLPXHOCTTA Ha
Teputopusata (V).

Pesyntatu n ussogu

MpepnoxeHaTa MeToAMKa fAaBa paMKaTa  3a
npeasapuTenHa oLeHKa Ha CbLLLEeCTBYBALLOTO
NoNOXEeHWEe Ha  KaHa/AM3aUMOHHaTa MpeXa Ha
ypbaHM3MPaHM KUAMWHKM  30HM UM YecToTaTa Ha
npesvBaHe BbB BOAHUTE 0OEKTH.

3a uenute Ha uM3CnedBaHeTo e
n
npomeHnuBa Si, NpeAcTaBaAgBawla: S; = 70

BbBeOEHa

1.00 0.90 0 0.70 0.60 0.40 0.30 0.20 0.10 0.00

300
100.00  90.00 80.00 70.00 60.00

No

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

OcHoBHaTa npeanocTtaBKa € U3seaeHa B KpaeH BUA.:

Mo _g = d
! ngG X Qcp.,zu-l xX Ko

Y

MpepnoxeHn ca ABa TUMNa 33a4ayM 3a pellaBaHe
cropeg, KOHKpeTHaTa cuTyauums.

B eguHua cnydan (npaBa 3afadva) ce TbPCKM KakBa
TpabBa [na ObAe CTeneHTa Ha paspexpaHe npu
npesvBHMKA, KOATO @ OTroBaps Ha 3aZageHa YecToTa Ha
npenvMBaHe, KakKTo W  HeobXoAMMWAT  OTTOYEH
KoepUUMEHT B CAyyYalh Ha CWIHO MpeynabTHEHa
TepuTopUs.

BbB BTOpUA caydan (obpaTHa 3a4adva) Npu HaAUYHK
JaHHK 33 paboTaTta Ha KaHaNW3aUMOHHUA MPENUBHUK C
M3YMC/IEHA MO HOPMATMB CTENEH Ha paspexiaHe w
NOTBBbPAEHU AAHHM 33 OTTOYEH KOEDULMEHT Ce OLEHABA
€KBMBA/IEHTHUAT Ba/Ie}K, KOWTO OTroBaps Ha Cyxms OTTOK,
bopmMpaH OT HaceNeHMEeTO B U3C/1e[BaHATa TEPUTOPUS.
To3u aHanu3 LWe Jaje OLLeHKA KaKBa e peasHaTta YecToTa
Ha npennBaHe CNpPAMO KAMMaTUYHA XapaKTEPUCTMKA Ha
palioHa Ha obekTa.

HanpaseHW ca M34MCNEHUA 33 HAKONKO ObArapcku
rpaga.

‘,\Sl

CubuTHA [Hacose

WHTEH3HBHOET [MM/uac

durypa 2. 0606uieHa 3aBUCUMOCT S1= f (4, Qeyxor G, t).

Nntepartypa

Iupektuea (EC) 2024/3019 Ha EBponeiickua napaameHT
M Ha CovBeta oT 27 HoemsBpu 2024 rogmHa 3a
NPeYnCTBAHETO Ha rPaACKUTE 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; = "

S1

250 «p -
~s2s I 5
2o - D D
St 320, R R
300 2% ° S0

100.00 9000  80.00 70.00 60.00 5000  40.00 30.00

No

Figure 1. Generalized dependence ¥, no, =f (51, 'Y, no).

The underlying assumption is derived in its final form:

M _g = a
¥ ' 70,96 x Qepga X 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.

Events [hours]

Figure 2. Generalized dependence S;=f(q, Qury, G, t).
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AHanus n oueHKa Ha U3IMEHEHUETO Ha pecypca Ha p. UcKkbp, p. Orocta u peku
3anagHo ot Orocta U HAKOU TEXHU NPUTOLM 33 ABa pedepPeHTHU KNMMATUUHU Nepuoaa
(1961-1990 n 1991-2020.)

M. PaHkoBa", b. Byukos”

OenaptameHT , Xugponorns“, HauMoHaneH NHCTUTYT MO METEOPONOTUA U XUAPONOrmA
KNo4oBu fiymun: UusmeHeHue, pecypc, Kaumamu4eH nepuood, p. Mckvp, p. Ozocma
*email: maya.rankova@meteo.bg, borislav_vuchkov87@abv.bg

BvBegeHue

HacroAwoTo mn3cnegsaHe pasrniexga U3MeHeHMeTO Ha
BOAHWTE pecypcu Ha pekute MWckbp, Orocta w
pa3nonoxeHuTe 3anagHo oT Orocta peKku, KakTo u yact
OT TEXHUTE NPUTOLM, Ype3 CPAaBHUTENEH aHANN3 HA ABa
pedbepeHTHN KanMmaTuyHu nepuoga: 1961-1990 wu
1991-2020 r. OcHOBHaTa Len e ga ce OueHU BAUAHUETO
Ha KAMMATUYHUTE MNPOMEHW BbBPXY KOJANYECTBEHUTE
XapaKTEPUCTUKM Ha PEYHUA OTTOK U HaANMYHWMA BOAEH
pecypc B pervoHa.

MeTtogonorusa
AHanusMpaHM ca XUAPOMETPUYHM CTaHUUKM NOo
OCHOBHOTO nopeyne Ha p. Wckbp — c. OpexosBuua

Ne18850, p. Wckbp — rp. Hoeum MWUckbp Ne18700,
p. Uckbp — c. bean Uckbp N218650, n HAKOM NpUTOLM:
Ne18370 Manakapusa, Ne18420 Bnagalicka, N218500
batynuna, Ne18520 Uckpeuka n Ne18560 ManbK UcKbp.
EoHa xuapomeTpuyHa CTaHUMA NO nopeymeTo Ha
p. OrocTa — c. bytaH Ne16850, 1 HAKOM HENHWU NpUTOLM:
p. boTyHA — c. CroaHoso N216500, u p. CkbT — rp. Musua
Ne17850. KakTo 1 Tpu CTaHUUM Ha nopeyma 3anagHo oT
p. Orocta: p. Epma — rp. TpbH Nell650, p. J/lom —
c. Bacunosum N214840, n p. BoliHMwKa — c. TbpHAHe
Ne12850.

B wu3cnepBaHeTo ca  M3NOA3BaHW  JdaHHWM  3a
CpeaHOroaMLLHMA OTTOK, KaKTO U CpeAHOMHOroroaunLleH
cpegHOMeceYeH OTTOK.

Pesyntatu n ussogu

06wwo 3a nopeure Uckbp ce Habntogasa HamaneHue
Ha OTTOKa B nepmnoaa 1961-2020 r., KAaTO HamaneHMeTo
npogbakaea n cneg 2021 r. Mpu cbnocTaBKaTa Ha ABaTa
KNAMMaTUYHU nepuopaa CPEAHOMHOrOroANLLHOTO
CpeaHOrogMLWHO BOAHO KOJIMYECTBO HA NOC/AeAHuA
nepuos Hamansaega B rpaHuumte ot -4% po -24%.
Tabanua 1 nokasBa NPOLLEHTHO M3MEHEHME Ha pecypca
no nmnopeynMa W HAKOM TEeXHU npuTouM 3a ABaTa
KNMMaTUYHU nepuosa.

HabnopgaBaHaTta TeHAEHUMA 33 paioHa Ha p. OrocTa
M peku 3anagHo ot Orocta cblWo OTYMTa TpParHO
HamasieHWe Ha OTTOKa Mnpe3 KAMMATUYHMA Nepuos,
1961-2020 r., KaTo NOCOKaTa ce 3anas3sa u cnepn 2021 r.
N3KknoyeHme npasm camo p. CKbT npu rp. Musua, Koato
OTYMTa yBE/NMYaBaAHE Ha OTTOKa C oKono 5% (dwr. 1).
CpaBHeHMETO MmeXay [ABaTa KAMMATU4HM nepuojaa
NnoKas3ga, Ye CpegHOroANLHOTO BOAHO KOMMYECTBO npes3
Nno-HOBMA Nepmnoa, e No-HUCKO — HaMaIeHMEeTo Bapupa oT

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

Tabnunua 1. U3meHeHUe Ha pecypca No Nopeyma n HAKom
TEXHU nputoum 3a KAMMaTUyeH nepuoga,
1961-1990 r. KbM KAMMaTMYeH nepuog 1991-2020 . (%)
3a nopeune Uckbp

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. |‘,
N ——cp.Foa 1961-19901 I". III
_ cp.To 1591-2020¢ || I". M| |
:E : [ N AN | I'u |I\"\4""| III !
R — 7 YA
N ¥ VAN / NOAN S v 1!
1 v Y ¥ N \/ N
FoguHa

®urypa 1. Xuaporpadu Ha U3MeHeHMe Ha PerncTpupaHna
CpefHOroAMLEH OTTOK 3a ABaTa pepepeHTHU KNMMATUYHU
nepuvoga 1961-1990 n 1991-2020 r. 3a p. CKbT — rp. Musus.

BnaropgapHoctu: V3cnepBaHeTo e OCBHLLECTBEHO B
paMKMTe Ha NpPOoeKT ,AHaNM3 M OLEHKA Ha pecypca Ha
OCHOBHWTE MOPEYMA U HAKOW TEXHM MpuUTOUM 33 ABa
pedbepeHTHU KaumatuuHu nepuogda (1961-1990 u
1991-2020 r.) no paitoHu 3a HaceilHOBO ynpasaeHue",
duHaHcupaH no 3anoses Ne323/08.05.2025 r. Ha
MuHWUCTbpPa Ha OKOMHATa cpeda M BOAUTE B U3MbJIHEHWE
Ha 3aKoHa 3a BoAWTe, C pbKoBoauTen gou. A-p EneHa
boxunnosa.
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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 Ne18850, Novi
Iskar Ne18700, and Beli Iskar N218650, as well as several
tributaries: Ne18370 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

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
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Figure 1. Hydrographs showing changes in the recorded
mean annual runoff for the two reference climatic periods
1961-1990 and 1991-2020 for the Skat River at Mizia.
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BanaHue Ha BOAOB3€MaHETO OT NOA3EeMHU BOAU

BbPXY €KONIOrMYHUA OTTOK Ha p. TYHAXKA
T. Opexosa®, [. Llonosa

MHCTUTYT 3a U3cnenBaHua Ha KiMmaTa, aTmocdeparta 1 BoauTe — bbarapcka akaleMus Ha HayKkute
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*email: tvorehova@gmail.com

BvBegeHue

M3non3saHeTo Ha BOAOA06MBHM KnageHum B 61130CT A0
pekn e obuyaitHa npakTnka B Bbarapma oT XX Bek, Kato
paspelmnTesiHUTe 3a BOAOB3EeMaHe ca BaJMAHW 3a
aecetnnetus. C uen npegoTBpaTaABaHe Ha
CBPbXEKCNI0aTaLMATa Ha BOAHUTE PEcypcu B paMKuTe
Ha PamKoBaTa AMpEeKTMBa 3a BoguTe e pas3paboTeHo
PbkoBoactBo Ne 31 (2014) 3a ocurypsiBaHe Ha
ekosornyeH ottok (Eflows). Hacroaworo uscnegsaHe
OLEHABA CbBMECTUMOCTTA Ha paspeluTenHutTe 3a
BOAOB3EMaHe OT MOA3EeMHUTE BOAM B [BE JIOKaLUUWU C
M3MCKBAHWUATA 32 EKOJIOTUYEH OTTOK Ha p. TyHAKa.

MeTtoaonorua

PasrnepaHn ca pBa obekTa 3a BoAoB3emaHe OT
nogsemHu Bogu no p. TyHAKa — npu baHa u Ambon
(dwr. 1).

M3BecTHO e, 4e Npu BogoOB3EeMaHe OT NOA3EMHU BOAM
HamanABaT NOA3EMHUAT MNPUTOK W PEYHUAT OTTOK
(De Graaf et al., 2019), KoeTo MmoO¥e p[a 3acTpaluu
peyHuTe ekocuctemn. [lopagm TOBa ce CpaBHABAT
€KOJIOTUYHMAT OTTOK W paspelleHoTO BoAOB3eMaHe oT
noA3emMHu BOAM.

Eflow ce onpegens cbraacHo HauvoHanHaTa
HopmaTMBHa ypegba KaTo 10% OT cpefHOroguLIHUA
OTTOK, HO HE MO-HUCBbK OT MMHUMA/IHUA cpeHOMeceYeH
OTTOK € 95% BepOoATHOCT Npu ecTecTBeHn ycnosua. QL5,
QL10 1 QL20 ca MWHMMANHU MeCceYyHU CTOMHOCTM Ha
OTTOKa NpU BEPOATHOCTU Ha HemnpeBULLaBaHe CbOTBETHO
80%, 90% 1 95% (Bozhilova & Ninov, 2022).

Pe3syntatv u nssogm

PesynTtaTtuTe, NnpeactaseHu 8 Tabamum 1 n 2, nokassar
CbOTHOLLEHME MEXAy pa3peLlieHoTO BOoAOB3EMaHe OT
NoA3eMHM BOAMU U XapaKTEPUCTUKUTE Ha MUHUMANHMA
oTToK (QL5, QL10 1 QL20).

Tabnnua 1. CpaBHeHne mexay Eflow n paspewenute
[ebuTM  Ha BOgOB3eMaHe OT MOA3EMHM  BOAU
3a BogocHabaasaHe (m3/s)

O6eKT Eflow PaspeweH aebur
baHa 2.538 0.182
Ambon 3.207 0.493

Tabnnua 2. CpaBHEHNE MEXAY pa3pelleHnTe Aebutu u
cToiHocTuTe Ha QL5, QL10 and QL20 (m?/s)

O6ekT Pasp. pebur QL5 QL10 QL20

BaHA 0.182 0.130 0.062 0.053
Ambon 0.493 1.367 1.222 0.563

3a AAm6on paspelweHoTo BogoszemaHe (0.493 m3/s)
npeacTtasasasa npubansutenHo 36-40% ot QL5 n QL10 m
62m30 88% ot QL20. MNpu manosoaue paspeLleHuUaT
AebUT cTaBa CbNOCTaBUM C MUHUMANHUA 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 paspeleHnaT aebut
npesuLLaBa CbOTBETHUA MUHUMANIEH MECEYEH OTTOK.

fognwHuat Eflow He ce npesuwaBa M Ha AageTe
IOKaUMK, HO CbBMECTMMOCTTA Ha paspelinTesHuTe ¢
usnckBaHmata 3a Eflow 3aBucu  ocHoBHO  oOT
Ma/sIoBOAMETO, @ He OT roAMULWHUTE 0bemu.

JNlereHpa
@ KnaneHuv
® Hacenexu mecta
— p.TyHpxa
Mputoumn

durypa 1. MecTononoxeHue Ha nsciensaHuTe 06eKktu
B baceiHa Ha p. TyHAKa.

B 3ak/itoueHMe, 3a A4a ce NpeAoTBPaTh HaMaNABAHETO
Ha peyHusa OTTOK U Ja ce rapaHTupa Eflow B pekaTa, e
BA)XKHO Aa Ce aHann3Mpa AebuTbT Ha KnageHuuTe v npu
HeobxooMMOCT Oa ce OrpaHuYn BOLOB3EMAHETo OT
NnoA3eMHU BOAM Ypes3 NpepasrnexsaHe Ha CboTBeTHUTE
paspeLmnTesnHu.

B ycnoeuATa Ha HapacTBala XWAPOKAMMATUYHA
M3MEHUYMBOCT MOZ06HM npobaemm We Bb3HMKBAT
no-yecro.

Nurtepatypa

Bozhilova, E., Ninov, P. (2022). GeoConference SGEM,
22(3.1).

De Graaf, I. E., Gleeson, T., Van Beek, L. P.H., Sutanudjaja,
E. H., and Bierkens, M. F. (2019). Nature, 574(7776).

Water Framework Directive. CIS guidance document
No. 31 (2014).



100

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

Impact of groundwater abstraction on ecological flow in the Tundzha River
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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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CpaBHeHMe Ha pe3ynTaTuTe oT u3bpaHu copTyepHU NPOAYKTU U
K/IaCMYECKU MEeTOp, 3a CbCTaBAHE Ha rOAMULLHA KAKYOBa KPMBaA

Ha 3aBUCUMOCTTa BOAEH CTOEX — BOAHO KO/Zin4ecTBo
K. Napancka”

OenaptameHT , Xugponorns“, HauMoHaneH MHCTUTYT MO METEOPOIOTUA U XUAPOAOruaA
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BvBegeHue

KntouoBaTta KpuBa Ha 3aBMCUMMOCTTA BOAEH CTOEX —
BOAHO KO/NMYECTBO NPeACTaBAABAa OCHOBEH MHCTPYMEHT
3a npeobpasyBaHe Ha BOAHWUA CTOEXK B OTTOK.

CbCTaBAHETO Ha  TOAMIIHW  KJ/IIOYOBU  KPUBM
TPAAULMOHHO Ce N3BbPLLBA YPe3 Kaacuyeckmn rpadpmyHo-
aHannTMYeH noaxod, 6asMpaH Ha eKcnepTHa OLLEHKa U
pbYHO HanacBaHe. CbBpeMeHHUTe coPTyepHU peLleHnn
npegnaraT MeToAM 33 MOAENMpPaHe, B HAKOU Cayyan U
OUEeHKa Ha HecUrypHocTTa W  U3YUCAABaAHE Ha
NPOLEHTHATA rpeLuKa.

HacroAawoTto u3cneasaHe Mma 3a Uen Aa CPaBHU
pesyntatute oOT uM36paHn CcodpTyepHU NPOAYKTU C
Knacn4yeckna metong npu  CbCTaBAHE Ha TrogullHa
K/1l04OBa KpuMBa.

MeTtogonorus

3a u3cnefBaHeTo ca WM3N0/3BaHW WM3MepBaHMA Ha
BOAEH CTOEX W BOAHO KOMMYECTBO OT XUAPOMETPUYHA
CTaHUMA 3a egHa roguHa. KnoyosaTa KpMBa e usrpageHa
ypes K/iacuyecku MeToh, MpuM KOWTO ce npwuaara
aHaNIUTUYHO-TPAPUYHO CbCTaBEHA 3aBUCMMOCT MeXay
BOAHMA CTOEX M BOAHOTO KoauuyecTBo. [MonyyeHuTe
pe3yntaTM ca CpPaBHEHW C W34YUCNeHUA OT M3bpaHu
copTyepHM npopykTM, 6asvMpaHM Ha  pasMYHU
METOLONOMMYHN NOAXOAM — CTaTUCTUYECKM, Baiecosu u
MHOFOMOZE/IHW aNTOPUTMMU.

AHann3bT BK/IOYBA OLEHKa Ha dopmaTa Ha KpUBaTa,
CTOMHOCTUTE HA Ka/AMOpaUMOHHUTE MapameTpu u
CTEMEHTA Ha CbBMALEHWE MENKAY M3UMCIEHUA OTTOK U
HabntoagaBaHUTE AaHHM.

Knrouosa kpusa Q-H
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durypa 1. Kntouosa kpusa Q-H (metog bdrc).

Pesyntatu u ussogu

Knacnyeckuat metos e NpuUaoKnM U HadexaeH npu
Jobpe pasnpefeneHV OaHHW, HO M3UCKBA PBYHO
nsyepTaBaHe W cybeKTMBHa npeueHKa. Pesyntatute
nogyepTaBaT  3HAYeHWETO  Ha  KOMBWHMpPAHOTO
M3MoN3BaHe Ha TPAAMLMOHEH OMUT M CbBPEMEHHMU
QHAMTUYHN MHCTPYMEHTM MPU U3rOTBAHE Ha K/OYOBM
KPWUBM B OnepaTMBHATa NPaKTUKa.

B Tabnnua 1 ca npeactaBeHu usbpaHuTe codpTyepHU
NPOAYKTM U  METOAM, BK/AYEHM B  HACTOAWMA
CpaBHUTENEH aHaNu3.

Tabnnua 1. CodTyepHu NpoayKTU U MeToam

CraTucTuuecku /

codTyep EmnupuyeH
(RISC, 2018)
codTtyepeH baitecos /
naket CTaTucTMUecKM
battecos /
codTyep XugpaeavueH
(Le Coz et al., 2014)
MHozomodeneH /
memod
Cmamucmu4ecku
cogppmyepeH EmnupuyeH /
nakem Cmamucmuyecku
pagpuyer /
AHanumu4eH
memod
(xuopasauyHo
060CHO8GH)
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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 /
Empirical
(RISC, 2018)
Bayesian /
Statistical
Bayesian /
Hydraulically

software based
(Le Coz et al.,
2014)

software

software
package

Multi-model /

method .
Statistical

Empirical /
Statistical

software
package

Graphical /
analytical
(hydraulically
based)

method
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Mpumepun 3a XMAPONOXKKO MoaeNIMpaHe Ha BUCOKU Bb/IHU C U3MNOJI3BaHE HA CaTe/IMTHA

nHdopmaLma U NPOAYKTU 3a BasieXK, pa3paboTeHn B pamkuTte Ha npoekta HSAF
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BvBegeHue
OCHOBEH M3TOYHMK Ha WHPOpMaLMA 3a BajexHUTe
KO/ZIMYeCTBa Ca JAaHHUTE OT METEOPOIOMMYHUTE CTAHLMUW.
He BMHarM rbcTtoTaTa Ha  MeETeOposIorMyHaTa
HabnlogaTenHa Mpe)Ka no3Bo/iABa fa Ce  MoJsyuu
HeobxoaumaTta MHboOpmauMA 3a Basexa, ocobeHo B
NAAHUHCKUTE U TPYAHOLOCTBMNHU PAOHM.
ONCTaHUMOHHWTE  MeToaM ca  CbBpPemeHHaTa
aNnTepHaTMBa Ha KOHBEHLMOHANHUTE METEOPOIOrUYHM
M3MEpPBaHUA — C MOMOLLTA Ha Pajapu W caTtenutn e
Bb3MOXHO 3@ Ce OCUrypu no-geTaiisiHa oOueHKa 3a
KOZIMYECTBEHOTO W MPOCTPAHCTBEHOTO pasnpesesieHne
Ha Banexa.

MeTtogonorusa

B HacToAwoOTO M3cnedBaHe ca  npeacTaBeHU
pesynTatuTe OT M3NO0/A3BaHETO Ha CaTe/NUTHU NPOAYKTH
33 BasieXX 32 OLLEHKa Ha NPeMWHaNU BUCOKWN Bb/IHN BbB
BogocbopuTte Ha p. BUT 1 p. Bbpbuua. Tesn cateNmTHU
NPoAyKTM ca pa3paboTeHn B paMKuUTe Ha NpOeKTa
,[1pUnoXeHne Ha caTeIMTHM NPOAYKTU 33 LeauTe Ha
onepaTMBHaTa XMAPONOrMA U YNPaBNEHUETO Ha BoguTe”
(Puca et. al., 2014) Ha EBponeiickaTa opraHusauma 3a
eKkcnioatauua Ha MeTeOopPOIOrMYHMN CNbTHULN
(EUMETSAT).

3a n3cneaBaHe Ha BMCOKMTE BbJHWM BbB Bogocbopa
Ha p. BuT B nepuoga 2-26 main 2024 r. e u3non3saH
npoAyKTwT H61. 3a nscneaBaHe Ha BUCOKMTE Bb/IHU BbB
Bogocbopa Ha p. Bbpbuua B nepmosa 6-26 aexkemspu
2024 r. e M3non3BaH NPoAyKTLT H42.

MeTogonorvaTa Ha nNpeacTaBeHOTO WM3cnefBaHe
BK/IIOYBA Ka/NMbpUpaHe Ha XWAPONONKKUTE MOLENU C
HazeMHa WHPOPMALMA — PEerucTpmpaHn BaseXHU
KOnu4yectBa M TemnepaTypa Ha Bb3gyxa. Cneasa
3aMeCcTBaHeTO Ha YacT OT BXOAHWTE AaHHW 3a Banex C
OaHHWUTe 32 BaJieXK CbOTBETHO OT NpoAyKTuTe H61 n H42
33 Mepuof OT HAKONAKO AHW npeau nbpBaTa BUCOKA
Bb/iHA. HanpaBeH e aHanuM3 Ha pe3syntatute oT
CMMYaLMUTE CbC CAaTENUTHA MHPOPMALMA U C HA3EMHMU
AaHHU.

Pe3ynTaTtv u gucKycus

Ha ¢urypn 1 u 2 ca npepcraBeHn pesyntatute oT
MaTeMaTUYecKUTe CMMyaLMK CbOTBETHO 3a Bogocbopa
Ha p. But go XMC Kpywosuua u 3a Bogocbopa Ha
p. Bbpbuua go XMC cn. Oxkeben. Ha rpadukute ca
0603HayeHN HabnwogaBaHuTe BOAHM KO/MYecTBa
(3eneHo), cumynupaHuTe BOOHM  KOoAuYecTBa C
,Ha3eMHKN" Banexun (4epBeHo) U CMMyAUpPaHUTE BOAHMU

KO/IMYecTBa C AaHHW CbOTBETHO OT npoaykTute H61 u
H42 (cuHbo).

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

Q, [m*fs]

fara
®urypa 1. CumynnpaHu n HabaoaaBaHN BOAHWN KOMYeECTBA
npu XMC Kpywosuua.

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

durypa 2. CUMyAnpaHU M Habo4aBaHN BOAHW KOIMYECTBA
npu XMC cn. Oxeben.

padunyHOTO NpeacTaBAHE Ha pe3ynTaTuTe MOKasBga,
Ye 3a BoAOCObOpPa Ha p. BUT cumynaummTe CbC caTeNUTHUA
NPOAYKT 3aBULIABAT BOAHOTO KO/MYECTBO Npu ABe OT
TpUTE BWCOKM BBAHW. 3a Bogocbopa Ha p. Bbpbuua
pe3yntatuTe OT cMmynaumuTe ¢ npoaykta H42 nokassat
3aHMXKEeHMe Ha mogenmpaHuTe BOAHM KOAMYECTBa U Npu
ABeTe BUCOKU Bb/IHU.

CaTenuTHUTE MPOAYKTWU 3a Banex, paspaboTeHn B
pamkuTe Ha npoekta HSAF, ca noaxoasawm na 6vbaat
M3NON3BaHM B CbyeTaHMe C [JAaHHM OT peasHu
nsmepsaHua. CamocToATENHOTO  M3NON3BaHe  Ha
caTeIMTHUTE NPOAYKTU NOKa3Ba MOHAKOra CblLEeCTBEHU
PasNVKNU MeXxay CUMMYNMPaHOTO BOAHO KOJIMYECTBO U
n3mepeHoTo Takosa. Cpes, OCHOBHUTE MPUYMHK 33 TOBA
Cca pas3nyHuTe codTyepHU AMMUTUPALLU YCNOBMA Ha
JaTunumTe Ha caTenutute, PU3NYECKUTE orpaHUYeHuUA
npyv KanubpupaHeTo Ha NPOAYKTUTE, OCHOBHO B
pernoHaneH 1 N0KaneH 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

Figure 1. Simulated and observed discharges
at Krushovitsa station.

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

Date

Figure 2. Simulated and observed discharges
at Varbitsa station.

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

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

MNaHWHCKMTE TEepUTOpPUM AaBaT HAYaNoOTO Ha peamua
Nno-Masikum 1 no-rofnemu peku. PenedsbT M HagmopcKaTta
BMCOYMHA B Te3n ycnoBua 0OYCNaBAT NO-roasamo
OB/IaXHEHME MNopajW YyBe/NYaBaHE Ha BaleXuTe WU
HamasnsaBaHe Ha Temnepatypute (HamansBaHe Ha
usnapeHueto). BaxHa pons B npoueca  Ha
npeobpasyBaHe Ha BajnexuTe B OTTOK  uMMmaT
CHEroBa/sexuTe, CHErOHaTPyNBaHETO U CHEroToneHeTo,
KaKTO W CKa/HO-NMO4YBEHAaTa OCHOBA W pacTUTesHaTa
NoKpuBKa. [lo-ronAmoTo  OBNa)KHeHWe BoAM [0
yBe/nYaBaHe Ha MOJy/la Ha OTTOKa M OTTo4YHaTa
BMCOYMHA B MJIaHMHCKUTE BomocbopHM baceirHu. Tosa
BOAM A0 dopmMpaHe Ha 3Ha4YMMKM BOLHM pecypcu B
NAQHUHCKUTE W BUCOKOMJAHUHCKUTE PANOHKU, KOUTO
MOraT Aa ce M3Mon3BaT B MKOHOMMUYecKaTa genHoct. OT
TYK uaBa W HeobxoguMmocTTa 3a u3cnegsaHe U
mogennpaHe Ha GOPMUPAHETO U ABUKEHMETO HA OTTOKA
B T€3W yC0BUA. B HacTOAWOTO M3cneaBaHe e NPUIOKEH
mogzen oT T™na ,CBbp3aH NOBBbPXHOCTEH—
noAnoBbPXHOCTEH MOTOK” 3a M34MCnsABaHE HA peyHuA
OTTOK OT  BWMCOKOMJIAaHWHCKMKA Bogocbop Ha
p. MycaneHcka buctpuua npn XMC net. boposel,.

MeTtogonorusa

XUOPONOKKUAT MOZEN BK/IKOYBA OMMCAHWE Ha
NOBBPXHOCTHMA MOTOK 4pe3 mogena Ha AudysuMoHHa
Bb/IHa (Ha HyneBa MHepuwma; ¢ dopmynaTa 3a CKOPOCTTa
Ha Manning) n onucaHve Ha NOANOBbLPXHOCTHUA MOTOK
ypes mogena Ha Boussinesq (cbc 3akoHa Ha Darcy u
AonyckaHuaTta Ha Dupuit-Forchheimer) (. Hanp. Kwak
and Kim, 2021). MNopaan NAaHUHCKUTE yCNOBUA ABaTa
NOTOKa Ca CBbP3aHW C MONOXKUTENIHA XMAPABAMYHA
BPb3Ka. 3a UMC/NEHOTO pellaBaHe € W3MNoJ3BaH
cTabununsnpaH metoa, Ha KpaHute enemeHTn (Chai and
Ouyang, 2020). M3non3BaHW Ca AaHHW 33 BajiexuTe u
TemnepaTypaTta 3a onpegensHe Ha Npuxoaa (Banexure
OT AbXI W CHerotoneHeTto). Mopaau orpaHuUYeHuTe
HaNIMYHW JAaHHW U MHbOPMaLLMA NOAENAHETO HA NpUXoaa
MeXK/Yy NOBBPXHOCTHUA MNOTOK W MOAMNOBbPXHOCTHUA
NOTOK € M3BBbPLUEHO Ype3 MeToa Ha YNC/IOTO Ha KpMBaTa
(curve number method).

Pesyntatu un ussogu

Ha ¢urypa 1 ca nokasaHu npeaBapuTenHU pesyataTm
3a OTTOKA OT YWUCNEHM EKCNepumeHTU. M3nonsBaHo e
4YMCNO Ha KpMBaTa CbC CTOMHOCT oT 90, a 3a KoepuumeHTa
Ha ¢punTpauma e usnonssaHa croiHoct ot 0.001 m/s.

Measured
= = -Computed

Oct 2007 Jan 2008 Apr 2008 Jul 2008

Measured
mputed

0
Sep 2008 Nov 2008 Jan 2009 Mar2009 May 2009 Jul2009 Sep 2009

®urypa 1. Pesyntati 3a peyHna oTTOK npes:
2007/2008 xnaponokKa roguHa (rope),
2008/2009 xnaponoxKa roguHa (gony).

MpeacTaBeHUTe pe3ynTaTM NOKA3BAT Bb3MOXKHOCT 3a
M3MNOA3BaHe Ha pasnpefeneHn XMAPOJIOXKKU MOAEeNw,
OCHOBAHW HAa HEpPEeryaapHU TPUBIbAHWU WU3YUCAUTENHU
MPEXM, 32 BUCOKOMNIAaHUHCKN BoAoc6opu.

B ycnoBuMATa Ha HEPEryAAPHU U3UYUCIUTESTHU MPEXKN
UYUCNEHOTO pelleHne MoXKe ga bbae nogobpeHo upes
npunaraHeTo WM Ha  APYrM  YUCNEHU  METoAM
(EbFVM/CVFEM, FCT-FEM, AFC 1 T.H.).
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Introduction

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

Methodology

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

Results and conclusions

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

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

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

HabniogaBaHOTO MoBMILABaHe Ha TemnepaTypute w
3acuieHaTa Ce30HHa M3MEHYMBOCT Ha Banexute B
tOromstouHa bBbarapua OKassaT NPAKO Bb3AeNCTBUE
BbPXY PEYHMA OTTOK, 0OCOBEHO B MA/IKUTE YEPHOMOPCKMU
Bogocbopn c 6bp3a peakuMAa KbM KAMMATUYHUTE
KonebaHuA. Llenta e pa ce OUEHM posATa Ha Tesu
daKTopu 3a HeroBaTa Ce30HHA W MEXAYroAuLUHa
AVHaMMKa. PeuyHaTa mpexa B bypracka obnact e
u3rpageHa npeauvMHO OT KbCUM PeKUM C NAAHMHCKO-
YEepPHOMOPCKN  pexkum. OCHOBHWUTE Bogocbopu w
Pa3nNoNOKEHNETO Ha XMAPOMETPUYHUTE CTaHUMUKM NO
p. Antocka (KameHo), p. Cpegeuka (Mpoxoa),
p. ®akuiicka (3uagaposo) u p. Ponotamo (Becenue) ca
npeacTaBeHn Ha durypa 1.

MeTtogonorusa

M3non3BaHM ca MeceyHM [aHHM 33  Basexy,
TemnepaTypa Ha Bb3AyXxa M BOAHM KO/AMYECcTBA 3a
nepuoga 1998-2024 r., nybnukyBaHn B MeceyeH
XuapomereoposiornyeH 6wnetMH Ha HauuoHanHuA
MHCTUTYT No meTeoponorna u xugponorns (HUMX).
Ce30HHaTa  AMHaMMKa e npeactaBeHa  4pes
KAMmaTorpama Ha 6asa cpeiHOMECEUYHN CTOMHOCTM.

lfoguwHWTE peanun Ha BanexuTte, TemnepaTypuTe m
BOAHUTE KO/IMYECTBA Ca aHa/iM3MpaHW upe3 JMHelnHa
TeHOAEHUMA M NEeTrogMWHO NAb3ralio CpegHo C uen
onpegenfaHe Ha NOCOKaTa Ha U3MEHEHMATa BbB BpeMeTO
(Yordanova et al., 2023).

Bpb3KkaTa mexay Banexute 1 OTTOKa e OL,eHeHa Ype3
CpaBHUTENIEH aHanu3 no Wu3bpaHu CTaHUMMK, KaTo
JaHHMTE ca pasriejaHM WM B ABa noanepuoja
(2003-2012 wn 2013-2024 r.) B KOHTEKCTa Ha
ynpaB/ieHNETo Ha peyHuTe baceiHn (MOCB, 2022).

Pe3syntatu n ussogu

Pesyntatute noka3saT oT4yeTAMBA TEHAEHUMA KbMm
3aTonsiAHe B paiioHa Ha byprac (~2 °C 3a nepmoaa 1998—
2024 r.), npy AnNca Ha ACHO N3Pa3eH AbJIrOCPOYEH TPEH,
BbB Banexute. Bbnpekn oTHOCUTENHO CTabuaHuUTe
Ba/ZieXXHU  KO/JMYEeCTBa, CPeaHOroguLHWUTE  BOAHM
KOAMYecTBa B M3C/eABaHWUTE PEKU HamManAsaT, Hal-
CUAHO Npu p. AMTocka (KameHo), KbaeTo e ycTaHoBeHa
yCcTOluMBa  HM3XoAAWaA  TeHAeHuuA. [loBuWweHUTe
TemnepaTypu W 3acMNEHOTO M3NnapeHue BOJAT A0
YOb/MKaBaHe Ha NIETHUTE MUHUMYMW U 3a4ecTABaHe Ha
nepuoaute Ha manosogue. [onyyeHute pesynTatu
NOTBbP)KAABAT HapacTBallaTa YA3BMMOCT Ha MasKkute
YepPHOMOPCKM BOAOCHOPU KbM KAMMATUYHUTE MPOMEHM.
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®urypa 1. MpocTpaHCTBEHO Pa3noNoXKeHue Ha u3caeaBaHuTe
BOAOCHOPU U XMAPOMETPUYHUTE CTaHLMM B Bypracka obnacT.

HabntogaBaHuTe nameHeHWa couyaT oTcnabeaHe Ha
BPb3KaTa MeXAy BasleXnte U pedyHna OTTOK, KOeTo
npeanonara HapacTBalla Poas Ha WM3NapeHUeTo BbB
dopmMUpaHETO Ha BOAHMA 6anaHC M HamManABaHe Ha
XUAPOJIONMYHATa YCTOMYMBOCT Ha Mankute sogocbopu.
ToBa orpaHu4yaBa CNOCOGHOCTTA MM Aa KOMMeHcupaTt
KPaTKOTpPalHW BanexHn aeduumtv UM npeanonara
yObAKaBaHe Ha nepuoamTe Ha ManoBoAME U MO-4ecTo
npecbxBaHe Ha OTTOKa.

Hay4HMAT NpUHOC Ha U3C/NenBaHETO Cce M3passBa B
KO/IMYEeCTBEHaTa OLLEHKA Ha KAMMATO-XUAPONONKKUTE
B3aMMOZENCTBUA B MaJIKM YepHOMOpPCKM Bogocbopu ¢
OorpaHuyeHa XuapomeTpuyHa obesneyeHOCT U B
YCTQHOBABAHETO Ha CbBPEMEHHW TEHAEHUMU KbM
HamansBaHe Ha OTTOKa B YC/J0BMA 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
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Figure 1. Spatial location of the studied catchments and
hydrometric stations in the Burgas region.

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

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

OT XWApONOXKKa rnegHa Todvka 2025 rogmHa 3a
Bbnarapua ce  xapakTepusumpa  KaToO  Ccyxa, C
HEepaBHOMEpPHO pasnpedeneHMe Ha Banexute W
NPOAbL/KUTENIHN NEepUoaM HA 3acyllaBaHe B Pas/NYHU
paioHu OT cTpaHaTa. BbnpeKkn ToBa npes roguHaTta ca
perucTpmpaHn peguua HaBOAHEHMA C  pasinyeH
XapaKTep, NPUUYNHUIMN 3HAYUTENHU MATEPUAJTHU LLETU U

3aryba Ha XMBOT.

MeTtoponorusa

M3BbpLUIEeH e npernes v aHanu3 Ha perucTpupaHuTe
HaBogHeHMA B bvarapua npes 2025 roawuHa.
EkcTpemHute cbbutna ca KnacubuumpaHu no Tumn
(Ob¥KOOBHM, MOPOMHM, pPEYHU) M ca MPUOPYKEHU OT
atTpnbytHa MHPopMaLMA 3a MECTOMNO/IONKEHWUE, Bpeme
Ha HacTbMBaHe, pasBUMTME HA  XUAPONOTUYHATA
obcTtaHoBKa. MHdopmaumaTta ce 3anucea B NMC 6asa
JaHHKW. HanpaBeH e aHanu3 Ha OCHOBHUTE ¢aKTopw,
[0BeNN [0 Bb3HWKBAHETO Ha Pa3/INYHUTE HAaBOAHEHWUSA.
OcHoBHaTa WMHPOpPMaLMA M JaHHWUTE, U3MNONA3BaHM 3a
npocnesnsaHe Ha eKCTPEMHUTE CbOUTUA BB BPEMETO U
NPOCTPAHCTBOTO, C€a OT apxMBa Ha HABOAHEHWSA,
Cb3434eH M noaabpiKaH B HauMoOHAAHMA MHCTUTYT Mo
meTeoposiorMa u xmaponaorua ot 2016 r. (Balabanova et
al., 2019).

Pe3syntatu u ussoau

Mpe3 2025 roaunHa ca pernctpupanu 31 HaBogHeHUA
Ha TepwuTopuAaTa Ha cTpaHata (¢ur. 1). Te «ca
KnacuduumpaHm no TUM, Kato 4 OT TAX Ca AbXKAOBHM,
24 — NopoIiHU, U 3 ca PEYHUN HABOAHEHMA.

HaBoaHeHus npe3 2025 r.

&
| -

durypa 1. MecTononoxeHne U TN Ha HaBoA4HEeHUATa
npes3 2025 rogunHa.

B Kpasa Ha anpwun (26.1V) n B HayanoTo Ha man (6.V)
B pe3y/nTaT Ha MWHTEH3MBHU BafeXW Ca HaBOAHEHWU
OBOpPOBE, NpPM3EeMHM eTaXu U MmaseTa, 3aneTm ca
3emefesncku 3emu, nma pa3pylieHa nNbTHA
MHpPaCTpyKTypa B rp. Bvavegpbm m cenata Mokpeu,
XaipeauH, Nlexyeso, Kobunsk. B Kpas Ha mait (26.V) B
pe3ynTaT Ha obuneH Banex p. BUT n3nmnsa ot KoputoTo
cv npu rp. TeteseH. Mpe3 nepnoga 3—10.X B pesyntar
Ha OBMHM U WHTEH3UBHW BaNeXM MMA PErMCTPUPAHM
peavua MNoporHM HaBOAHEHWA B HOXKHATA YacT Ha
YepHoMmopueTo. 3acerHatu ca MHOFO OT HaceneHwuTte
MecTa, WHOPACTPYKTYpa, TypUCTUYECKM 0beKTn B
obwwuHuTe Hecebbp, Byprac n LUapeso. Hai-ronemu ca
wetMte B pakoHa Ha B.c. ,Enenute”, KaTo
HaBOAHEHWATA Tam AOBEXAAT M A0 3arybaTta Ha yeTmpu
YyoBeLKK XuneoTa. lNpe3 nepnoaute 21-22 n 27-28.XI,
OTHOBO B Pe3y/aTaT Ha OOUJIHU U UHTEH3UBHU BaNeXW,
peavua MOpoMHM HABOAHEHWUA Ca PErucTpupaHu B
obwmHuTe CaHgaHcKn u MeTpuu. Mpu rp. XaaxKnammoso
p. Mecta u3nn3a oT KOpPUTOTO CU, @ HABOLAHEHMWETO B
ceno MwutuHo, obwuHa MeTpuy, e B pesynTat oT
HEW3NPABHOCT Ha XMAPOTEXHMYECKO CbOopbXKeHue. MNpes
HowTa Ha 27 cpewy 28Xl p. Apaa 3aanmBa MOCT npu
c. KutHuua. Ha 6.XIl B pe3syntaTt Ha ob6UAHM Banexwu,
OTHOBO B lOXKHaTa YacT Ha YepHomopueTo, p. DaKkuiicka
M p. M3BOpCKa 3HauYMTENIHO NOBMLIABAT HMBATA CU U
n3113aT oT KopwuTaTa cu. Ha 25.X1l B pe3yntat Ha obuneH
M WHTEH3UBEH Bafex p. Tenku aepe 6bp30 nokaysa
HMBOTO CU, KOETO BOAU A0 KOMMNPOMETMPAHEe Ha aurarta
npwu c. lenemeHoBO.

CuctemaTtusmpaHata nHdopmaLums 3a HaBOAHEHUATA
B bbarapua 3a nepuoga ot 2016 r. A0 HacToAWMA
MOMEHT TMOKa3Ba, 4e npeobnagasal, AAn umat
ObXO0BHUTE n nopomnHuTe HaBOAHEHMUA.
HabnopasaHuTe cbbUTUSA NOTBLPXKAABAT TEHAEHUMATA
KbM 3a4ecTABaHe Ha eKCTPeMHUTE ABAEHUSA, CBBP3aHN C
M3MEHEHMETO Ha KaumaTta. CUCTEMHOTO CbbupaHe W
aHanu3 Ha [aHHW U MHPopMaumAa 3a Cayumnu ce
HAaBOOHEHUA Ha TepuTopuATa Ha CTpaHaTa e oT
CbLLECTBEHO 3HayeHMe 33 uaeHTUdUUMpaHe Ha
dakTOpUTE, BOAELMN A0 BBb3HWKBAHETO Ha EKCTPEMHMU
cbbutna B Bbarapus, 3a onpegensaHe Ha MepKUTe 3a
aganTupaHe KbM 6bAELLOTO USMEHEHUE HA KAMMATA.
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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
et al., 2019).

Results and conclusions

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

Legend
pluvial flood

® flash flood

® fuvial flood

® infrastractural flood

[ Border Bulg

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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AHaNNTUYHO onpeaenaHe Ha d)MI'ITpaLI,MOHHMﬂ NOTOK npe3 3eMHOHaCunHa gura n

OLLeHKa Ha pUCKa oT cy¢po3ua
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BvBegeHue

PuntpaumaTa npeacTaBanABa ABUNKEHMETO HA BOAaTa B
nopbo3Ha cpena. Bopata ce cbabpKa B noysata B
Pas/IMyHU CbCTOAHUA — MOJIEKYNSIPHA, XMTPOCKOMUYHA,
KanuaspHa M rpaBUTaLMOHHA, KaTo npu unTpaumaATa
y4yacTBaT rMaBHO KanuaapHaTa M rpaBMTaLMoOHHATA, Tbit
KaTo Te MOra Aa ce ABMKAT B No4yBaTta. [BUMKEHMETO Ha
BOZaTa Npu GUATPALMATA Ce OCHLLECTBABA NPe3 NopuTe,
uMeTo  pasnosioKeHMe MMa  C/ly4aeH  XapakTep.
Cydo3sunaTa npescTaBanABa NPOLEC Ha BbTPELLHA epo3us,
npu KOMUTO noAa AencTBneTo Ha PUNTPaALMOHHUA NOTOK ce
M3HACAT GUHM YaCTULUM OT NOYBEHMUA CKENET U BOAU [0
pa3pylieHme Ha noYyBeHMA macuB. OLeHKaTa Ha pucKa oT
cydo3ma e  KA4YOBA 3@ XMOPOTEXHUYECKUTE
CbOpPb)KEHUA, Tbi KaTo ToBa 6OW ponpuHecno 3a
6e3onacHaTa ekcnaoaTaums.

MeTtogonorus

B HacToAwWwoOTO wu3cnegBaHe e u3bpaHa paboTHa
Xunotesa, npu KoATo ce onpegena GpuUATPALUMOHHMAT
NOTOK Npe3 TAN0TO Ha eAHOPOAHA 3eMHOHACUMNHA Aura,
pa3nonoXKeHa BbPXy BOAOMPOMYCKAMBA OCHOBa, MpU
NOCTOAHHO BOAHO HUBO OTKBbM BOZHMA OTKOC.

HanpaseHa e oueHKa Ha pucka oT cydosusa, KaTto ce
usnonsea KoeduumeHtbT Fs (factor of safety).
KoedunumeHTbT ce onpeaens oT OTHOLUEHUETO MeXAY
MaAKCUMANHUA (imax) U KPUTUYHUA (ikp) XMApPaBAMYEH
rpaaveHT (Terzaghi et al., 1996). Mpw cToMHOCTM Ha Fsno-
ronemu ot 1,5 ce npnema, Ye HAMa PUCK OT Bb3HUKBaHe
Ha cydosus (U.S. Army Corps of Engineers, 1993).

MpeactaBeHa e 3MMHa (Henpenueaema) aura c
TpaneuoBnagHo cedyeHune (¢ur. 1). PasrnexpaaHaTa
AbnboyMHa OT cTpaHaTa Ha BOAHMA OTKOC € 2,2 m.

Bodowenponyckaub naacm

durypa 1. Cxema Ha 3MMHa gura.

3a onpepenAaHeto Ha OUATPAUMOHHUA NOTOK €
M3MON3BaH ONPOCTEHUMAT MeToh Ha akag. H. H.
MaBnoBckn (Pages, 1981). CTOMHOCTTa Ha MbAHUA
dunTpauMoHeH NOTOK (g) ce onpepens KaTto cyma OT
BOZHOTO KO/IMYECTBO, KOETO NPeMMHaBa Npes TAJI0TO Ha
Aurata — qi, U BOLHOTO KOAWYECTBO, MPEeMMHABALLO Nog,
HeliHaTa OCHoBa — 2. M3uncneHuaTa 3a qi1 U gz ca
HanpaseHu no dopmyaun (1) n (2).

Pesyntatu u ussogu

Pesyntatute OT wu3uucneHvATa ca npeacraBeHu
TabnnMyHO M e wm3BedeHa  3aBUCMMOCT  MeXay
GUNTPMPaANoTo BOAHO KOIMYECTBO M BOAHUA CTOEK Npes,
auraTa (Tabn. 1).

Tabnnua 1. 3aBucumocT Mmexay OUATPUPAno BOAHO
KOJINYeCTBO U BOAEH CTOENX
1 2] 3| 4 5 6 7
H m 2.2 1.8 1.4 1 0.6 0.2 (o)
h;, m 0.25 0.17| 0.10| 0.05| 0.019 0.002 0.000
dy m¥d/m’ 0.28 0.19 0.11] 0.05| 0.02] 0.00| 0.00
g, m¥d/m'’ 1.39] 1.14 0.89 0.63] 0.38| 0.13 0.00|
qzmzld/ m' 1.67 1.33 1.00| 0.69 0.40 0.13 0.00|

MN3roTeeHa e 1 Tabaunua c KoopanHaTH, Heobxoanumm
32 M34yepTaBaHETO Ha  AeMNpecuMoHHaTa  KpuBa,
npeactaBeHa Ha ¢urypa 1 (Tabn. 2), KoATO NoKasBa Kak
bGUATPALMOHHUAT NOTOK NPEMMHaBa Npes Aurata.

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

q1=0,28 m¥/d/m'

_ 3 ' 2 _ 2
gz = 1,39 m /d/m g, :kﬂ H hl , midim’ (1)
q=1,67 m¥/d/m’ 2(L —m,h,)
imax = 0 125 H s
’ = kT —, m3/d/m
ive = 0,937 =5 (2)

OueHKaTa Ha pucka Ha cydo3ua e Fs = ikp/imax =7.5.

MonyyeHute pesyntatm Ha Fs > 1,5 nokasear, Ye npu
n3cnefBaHaTa XMNoTe3a HAMa PUCK OT Bb3HWMKBaHE Ha
cydosus.

MpocnepABaHeTo M OLEHKATa Ha npoueca cydosus
NnpeacTaBfABa CbLLECTBEH €/1eEMEHT OT MHXeHepHun
KOHTPO/1 BbPXY EKCMI0aTaLMOHHATa HafeXOHOCT Ha
XUAPOTEXHUYECKUTE CbOPBHKEHMA. YCTaHOBABAHETO Ha
BbTPELHOEPO3MOHHUTE MPOLECUM HaBpeme nognomara
b6e3aBapuiMtHaTa MM paboTa WM HamanABa pPUCKa OT
CKbCBAaHe Ha Jurata M HenJaHWpaHo 3anaMBaHe Ha
NpUAEXKALLUTE NAOLLM.
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Introduction

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

Methodology

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

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

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

impermeatle soil layer

Figure 1. Schematic cross-section of the dike.

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

Results and conclusions

The calculated results are presented in tabular form,
establishing the correlation between seepage discharge
and upstream water level (Table 1).

Table 1. Correlation between seepage discharge and
upstream water level

1 2 3| 4 5 6 7
H,m 22 1.8 1.4 1] 0.6 0.2 o]
h;, m 0.25 0.17| 0.10 0.05| 0.019 0.002 0.000|
g, m¥d/m’ 0.28| 0.19 0.11 0.05| 0.02 0.00] 0.00
qom*d/m’ 1.39 1.14 0.89 0.63| 0.38 0.13] 0.00|
qzmal d/m’ 1.67 1.33 1.00 0.69 0.40 0.13] 0.00|

A table of coordinates necessary for plotting the
phreatic line (Table 2) is also created, illustrating the
seepage pattern through the dike on Fig. 1.

Table 2. Coordinates for plotting the phreatic line

1 2 3 4 5 6 7
X, m 0 4 8 12, 16 18 18.84
y,m 22 1.96] 1.68 1.34 0.89 0.53 0.25

g1=0,28 m3/d/m'
q2 = 1,39 m¥/d/m'
q=1,67 m3/d/m'
imax = 0,125

fer = 0,937

H>—h

=k, —L— m¥dim’
q' 2L —myhy) (1)

qzzkrsi, mydm’ (2)

J1

The factor of safety against suffusion is calculated as:
Fs = icr/imax =7.5

The calculated value of Fs is greater than 1.5,
indicating that, under the working hypothesis, there is no
risk of occurrence of suffusion.

Monitoring and assessment of internal erosion
processes represent a fundamental component of
engineering control for the reliability of hydraulic
structures. Early detection of internal erosion
contributes to failure-free operation of the structure and
significantly reduces the risk of breaches through the
body and unintended flooding of protected areas.
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BbBeaeHue

Knmmatuunute ycnosus Ha bBbarapua obycnasar
dbopmumpaHeTo Ha nefoBu obpasyBaHUA B pekuTe npes
3MMHUTE MeceuM. 3anefABaHETO Ha peKuTe 3ano4sa C
nosBaTa Ha TbHbLK Neq Kpak bperoseTe U B yYyacTbuuTe
CbC CPaBHUTEIHO MaJIKM CKOPOCTM Ha BoaaTa (Alfredsen,
2017). dopmupaHeTo Ha negosu obpasysaHMA BOAWN A0
NPOMAHa B XMAPABAMYHUTE  XapaKTEPUCTUKM  Ha
TeYyeHMeTo, HapyLLaBa Ce 3aBUCMMOCTTa MeXAy BOAHOTO
HMBO M BOAHOTO KOJIMYECTBO W Ce YyBesM4asa
HeonpeAeneHoCTTa Ha M3MepBaHe.

MeToponorus

B HacToAWOTO M3cneaBaHe e pasrnenaH PeXMmbT Ha
p. Uckbp npu c. bean Uckbp (XMC 18650) B 3MMHUTE
meceum npes nocnegHute 5 roauHu. B pasrnerkgaHus
nepuos npes meceunte aHyapu n ¢espyapu perynapHo
ce HabnaaBaT N1ea0BM ABNEHUA OT Pa3/IMYEH XapaKTep
Nno OCHOBHOTO Te4YeHWe Ha pekata — 6perosu neg,
NlefleHa Kalla v nefeHa NoKpuBKa.

3a fa ce npocsieam NPOMAHATA Ha PeXMMa Ha peyHuA
OTTOK B NepuogmuTe ¢ Ha/imume Ha ief0BKN obpasyBaHus,
€ M3no/s13BaHa onepaTMBHA XMAPOAOrMYHA MHPOpMaALUA
oT u3amepBaHmata B 08:00 yaca, KaKTO M AaHHKU OT
aBTOMaTW4HaTa cTaHumMa Ha XMC 18650. [lo
MHbOpMaLMA OT M3MepPBaAHUATA € U3roTeeHa obobuieHa
MHbOpPMaLMA 33 HA/IMYMETO Ha /1Ief0BU ABNEHUA B
palioHa Ha cTaHumATa (Taba. 1).

Tabnuvua 1. Mepuoam ¢ nepgosu asneHma npm XMC 18650

Neproan | 0 m | xu |OOuw6po¥
OHU
2021 - 15-18 | - - 4
1-12
15-22 14 | 122
2022 24-31 |16-18 | 11-14| 39
28
2023 - 7-19 - - 13
14-16
2024 23-26 | 1-3 - |29-31 16
28-29, 31
1-9
2025 11y | 12728 1-2 - 40

Pesyntatu n ussogu

Ha ¢urypm 1 n 2 e npeacraseHa nHpopmauusa ot
aBTOMaTUYHaTa XMAPOMETPUYHA CTaHUMA Ha p. Uckbp
npw c. benn Nckbp 3a U3MeHeHNeTO Ha BOAHUTE CTOEXMU
M BOAHWUTE KO/AMYecTBa 33 u3bpaHuM nepuoau ¢
perncTpupaHn nefoBn ABAEHUA.

BOfieH CTORM W KOAHYECTBO - CTaHLuA Ne 18650 Mckup-c. Benu Mekbp

Bara

durypa 1. JaHHKM OT aBTOMaTMYHATa CTaHLMA Ha p. UCKbp
npwu c. bean Uckbp 3a nepuoaa 10.02.-26.02.2023 r.

BOAEH CTORN 1 KONWYECTBO - CTaHUMA Ne 18650 Uckbp-c. Benn Uckup

®urypa 2. JaHHM OT aBTOMaTMYHaTa CTaHUMA Ha p. UcKkbp
npw c. bean Uckbp 3a nepunoga 09.02.-20.02.2025 r.

OT Taka npeacTaBeHUTe rpaduKnM He e Bb3MOXKHO A3
ce onpegeny fanu e HapylleHa ecTecTBeHaTa AMHaAMUKa
Ha peyHua oTToK. EgHa OT mpuuMHuTE e, Ye AATYUKBLT
peructpupa BOAHOTO HWBO Ha pekaTa,
a BOAHOTO KONMYECTBO Ce npuema OT npefBapuTesIHO
3ajafeHa kawuyoBa KpuBa. Ho B cayyauTe Ha
HabntogaBaHW  NedoBM  ABNEHMA  Ce  MPOMEHAT
XMAPaBANYHUTE XapaKTEPUCTUKM Ha PEYHOTO TeyeHue:
KOJIKOTO MO-MPOAB/MNKUTENIEH € NEPUOABLT C HaNNUMe Ha
neposu  0b6pasyBaHMA, TOMKOBA  MO-CUTYPHO e
CTEeCHABAHETO Ha CeYEHMEeTO Ha pekaTa, CbOTBETHO ce
yBe/n4aBa XMapaBaANYHOTO CbNPOTUBAEHWE N HaMaNABa
CKOPOCTTa Ha TeYeHMeTo.

MpocneasasaHeTo W aHanW3bT Ha JaHHUTE OT
XUAPOMETPUYHUTE UIMEPBAHUSA B YCIOBUATA Ha /Ie40BU
AB/IEHUA Ca HeobXxoAMMO ycnoBMe 3a onpejensHe Ha
BEPOATHOCTTa OT MOAMNPULLBAHE Ha PEYHOTO TeyeHue.
OcBeH BbpXy PEYHUA PeXUM Nef0BUTE ABNEHNA OKa3BaT
CbLUECTBEHO Bb3AENCTBME U BbPXY EKOJOTMYHOTO
CbCTOAHME Ha peKuTe, KaTo OrpaHMyaBaT rasoobmeHa,
HaManABaT KWUCNOPOAHUA PEXMM W  NpPenaTcTBaTt
MUrpaumaTa Ha pubure.
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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 » 3 & 'S w_-

Figure 1. Data from automatic station (HMS 18650)
for the period 10.02.-26.02.2023.

Water level and discharge - station Ne 18650 Iskar - Beli Iskar

Watar lavel (H), [em]
Water discharge (Q), [m?/s]

$ > 9 2 > B - 4 & €

Figure 2. Data from automatic station (HMS 18650)
for the period 09.02.-20.02.2025.

From the graphs presented, it is not possible to
determine whether the natural dynamics of the river
flow have been disrupted. One of the reasons is that the
sensor records the water level of the river, and the water
quantity is taken from a pre-set rating curve. However, in
cases of observed ice phenomena, the hydraulic
characteristics of the river flow change: the longer the
period of ice formation, the more certain the narrowing
of the river cross-section, which increases hydraulic
resistance and reduces the flow velocity.

The monitoring and analysis of data from
hydrometric measurements in conditions of ice
phenomena are necessary for determining the
probability of river flow obstruction. In addition to the
river regime, ice phenomena also have a significant
impact on the ecological status of rivers, limiting gas
exchange, reducing oxygen levels, and hindering fish
migration.
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BvBegeHue

Mpe3 2026 r. ce HasbpwsaT 70 roguHM OT NbpBaTa
rpaxkfaHcka nporHosa u 20 rogmMHu OT MbpBaTa Ce30HHA
nporHosa 8 HUMX. UcTopuyeckn nporHo3arta 3a BpemeTo
€ Bb3HMKHajNa olWe OT APeBHOCTTa, HO MNbpBUTE
Nno-macosu, 3abenemmm n 6a13KN A0 CbBPeMeHHUTe
NpeAcTaBM  HAyYHW CTaTuMW, TpeTUpalyM Hanpumep
CcpeaHOCPOYHa NPOrHO3a 3a BpemeTo, Aatupar ot 50-te
rogMHu Ha MMHanus BekK (Baur, 1951).

HayuyHuTe pa3paboTkM BOAAT onepaTuBHaTa paboTa B
METEOPOSIOTUYHUTE CAYKOM MO NbTA Ha NpuaaraHe u
npeactaBaHe Ha MNOCTMXKEHMATAa Ha reodusMyHaTa
XMAPOAMHAMMKA HA pas3bupaem 3a 06LLECTBOTO €3UK U
00 [Hec, KOrato TexHOJIorMuTe BAM3AT B MACOBA
ynoTpeba 1 ca Ha eAHa pbKa pascTosaHUe.

B HUMX opraHM3anpaHo n cMcTemMaTUYHO M3[aBaHe
Ha MPOrHo3a 3a BPemeTo Ce MOCTaBA B HaA4yasnoTo Ha
M. man 1956 r., Korato eKun OT y4YeHW U eKcnepTu
npunarat HaTpynaHua ONMWT W W3[aBaT MbpBaTa
rpaaaHcka nporHosa (AHgpees, 2008).

MeTtoponorusa

B 3aBMCMMOCT OT CpOKa, 3a KOMTO ce MpOrHo3upa,
METeopPO/IOrMYHMTE NPOrHo3n 3a Bpemeto 8 HUMX ce
DEeNnAT Ha 4 OCHOBHWM TUNA: KPATKOCPOYHU — Ao 24-48
yaca, cpegHoOCPOYHM — 33 7 AHU, meceuHu (30 gHu) m
ce30HHM (3 meceua). Bcaka eaHa OT TAX ce U3roTea Npwm
cnefBaHe Ha KOHKPETHWU CTbMKW, NMPeMUHaBalm npes
aHaNM3 Ha CbCTOAHMETO Ha aTMocdepHWUTe npouecu ¢
NMOMOLLTA HA MPU3EMHU U ANCTAHUMOHHW HabaoaeHuUs,
3aM03HaBaHe C pe3ynTaTuTe OT YUC/AEHUM MOAENU C
pPasMYHM  XapaKTEePUCTMKM  OTHOCHO  b6baeuoTo
pasBuTHE Ha aTmocdepHUTe npouecu, obobuiasaHe U
odopmsaAHe Ha KpaliHa NPOrHo3a BbB BUA, HA TEKCT, KapTi,
anarpamu v ap.

Pesynrtatu n nssoam

KpaTka AeMOHcTpauma Ha CbBpPEeMeHHOTO
u3rpaxkgaHe Ha NPoOrHo3a c pasnyeH ob6xBaT NOKasBa,
Yye NPOrHOCTMYHaTa AEeMHOCT OCTaBa eAHa 3HAaYMMa YacT
OT aHraxkumeHtute Ha HUMX 1 Hocu BMCOK noTeHuman
32 MWHTEH3MBHO pa3BuTMe. YMenoTo CcbyeTaHMe Ha
onepatMBHa W  HayyHa AOeWHOCT MOKasBa, ue
NPOrHOCTUYHATa paboTa ce Wm3rpakga BbPXYy Tpwu
OCHOBHM  ¢dyHOAMeHTa — CcUrypHuM HabaogeHus,
aKTyasIHW Hay4yHM pPa3paboTKM M afeKBaTHa eKkcrnepTy3a
3a Cb3JaBaHe Ha KpaeH NpoAyKT B N0a3a Ha 0bL,ecTBOTO
M AbprKaBaTa.

3a BpemeTto B HUMX.

[JemoHcTpupaHata ,NbTHa KapTa“ (¢ur. 1) 3a
M3roTBAHe Ha NPOrHo3aTa 3a BPEMETO, KOATO NPeMMHaBa
npe3 Habop OT AEWHOCTU, OCUTYpPsBALLU CUTYPEH W
HaBpeMeHeH KpaeH NPOAYKT, MaKCMManHo 6aM3bK A0
pa3BUTUETO Ha aTMOcdepHUTe NpoLecn Hag bbarapus 3a
ceAmMLa Hanpeg, MOKasBa AbArMA MbT, U3BbPBAH OT
1956 r. no gHec. Bcekn Tmn NporHo3a nmma cBoA , NbTHA
KapTa“, KoATo B OCHOBATA CM C/le[Ba HayYyHOOHOCHOBAHa
MeToAMKa, CbobpaseHa u CbC CbBPeMEHHUTE TEHAEHUNN
B MPOrHO3MpaHeTo. BpoAT Ha NPOrHOCTUYHUTE YUCAEHU
mMaTepuann, M3NOA3BaHM KATO KOHCYATAHTU  npwu
M3roTBAHETO Ha OnepaTMBHA NPOrHO3a, € NpeacTaBeH B
Tabanua 1.

Tabnvua 1. Bpoit MHGOPMALMOHHM MPOrHOCTUYHM
matepuanuM B MNOMOLL, Ha M3rOTBAHETO Ha MNPOrHO3un
3a BPemeTo C pasnunyeH obxeaT

KpaTkocpouHa — 24-48 y >450/~250/>500
CpefHOCpOYHa — 7 AHM 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.

Zaa)

Figure 1. Part of the “Roadmap” of a weekly weather forecast

at NIMH.

The demonstrated “Roadmap” (Fig. 1) for preparing a
weather forecast, which goes through a set of activities
ensuring a reliable and timely final product as close as
possible to the development of atmospheric processes
over Bulgaria for a week ahead, shows the long journey
made from 1956 to the present day. Each type of forecast
follows a specific “Roadmap” that integrates scientific
methodologies with contemporary trends in forecasting.
The number of prognostic numerical materials used as
consultants in the preparation of an operational forecast
is presented in Table 1.

Table 1. Number of information forecast materials
to assist in the preparation of weather forecasts
of different scopes

Short range — 24-48 h >450/~250/>500
Medium range—-7d 400-600/~300/~200
Monthly - 30d 140/110/-
Seasonal — 3 months 110/100/-
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,BeTuHa" u yparaHHuAT BATHP No bbvarapckoro YepHomopue
B. MBaHoBa", B. Padaiinosa, B. leopruesa

CekTop ,,MporHo3n”, HaunoHaneH MHCTUTYT NO METEOPOIOTUA U Xuapoaorusa — dunman BapHa
KntouoBu aymun: cpedusemMHOMOPCKU UUK/OH, KOHUenmyanHu moodesnu, Shapiro-Keyser
*email: Veneta.lvanova@meteo.bg

BvBegeHue
B nepmnopa 25-26.X1.2023 r. toHO OT bbarapua npes
NpoaMBMTE KbM 3amagHata 4YacT Ha YepHo mope
npemuMHasa AbNO6OK  UMKNOH, 3apoaun ce B
CpeansemHomopueTto. LUMKNOHBT Hocu nmeTo , BeTnHa”
M € C XapaKTePUCTUKM, Cropes, KOUTO MOXKe fa 6bae
ONpUANYEH Ha CpPeau3eMHOMOPCKA W3BbLHTPOMMYHA
6yps. Lletute, KOWUTO TOM HaHacA MO MbTA Ha
NpUABMKBaHETO cKu, ca orpomHun. Mo bBbarapckoTo
YepHomopue BATbLPLT Aoctura nopmsu 30-35 m/s.
TakvBa CTOMHOCTM 33 palioHa Ca €KCTPEMHO BUCOKU U
moraT 4a Ce peanu3upaTt efuH-ABa MbTU HA HAKOJIKO
pecetnnetna. B cuctemata METEOAJIAPM e nspgageHo
npeaynpexaeHme oT Hali-BUCOKa CTENEH — YEPBEH KOA,
32 onacHo Bpeme. B CeBepoustoyHa bbarapua mma
06UIHM BaNEXMN.

B HacToALWOTO M3cnenBaHe ca NOCTaBeHW ABe Lenu:
(1) uype3 npwunaraHe Ha nogxoaM W MeToaAM 3a
mscnegBaHe Ha GM3NYHUTE Npouecn B aTmocdepaTa Aa
6bae HanpaBeH aHanM3 Ha 6bpP30TO passBuTUE U
OBUXXEHWe Ha UMKAoHa ,betmHa” u (2) aa ce yctaHoBAT
NpUYMHUTE 33 YyparaHHua BAaTbp no bbarapckoTo
YepHomopwue Ha 26.X1.2023 r.

MeTtogonorusa

3a nocTuraHe Ha MNoOCTaBeHUTE LEeAN e M3NoNn3BaH
peaHann3 Ha MEeTEeOpPOJIOTMYHWM MOoJIeTa Ha pPasIMYHU
HUBa B aTMocdepaTa, UHPOPMaLMA OT METEOPOIOTMYHM
CNbTHULW, AAHHW OT METEOPOJIOTMYHM CTaHLUMKM Ha
HUMX, paHHW 3a peaneH BATbp Hag YepHo mope oT
CKaTepoMeTbp, BepTUKaNHW  paspesn. PusunyHute
NpouecuM OKOMO 3apa*KAaHeTo W  eBo/oUMATa  Ha
LMKNOHA Ca M3Cc/aefBaHM C MOMOLLTA Ha KOHLEeNTya Hu
mozenu.

Pe3syntatu n ussogu

Cpenmn3eMHOMOPCKUAT LMKIOH ,,BeTuHa” ce 3apaxaa
Hapg MeHye3kuAa 3aamB Ha 25.X1.2023 r. 8 00 UTC B cuaHo
6apOKNMHHA cpefa: OT ceBep HafA paiioHa ce Habaaasa
CWNHa afiBeKLMA Ha CTYAEeH Bb3ayX, a TemnepaTypaTa Ha
MoOpCKaTa Boga B 3asvBa e Bucoka (16—18 °C). Bwbs
BMCOKaTa Tponocdepa ca Hanuue aKTopn, KOUTO
NoACMNBaT NO-HATaTbWHMA UUKAO- U (POHTOreHes:
CWIHO CTPYMHO TeuyeHue, CUJHA AMBEPreHuMa Ha
Bb34YLIHUA NOTOK N NONOXKUTENIHA aABEKLUMA HAa BUXbpPa
(PVA). Ha BucounHa 500 hPa 6apuyHaTa A0/MHa, C KOATO
€ CBbp3aH UWMKJOHBT, Ce ABWKM ObP30 Ha W3TOK.
B cuctemata BB3QYyXbT € TOMbA M BAAXKEH, a
HeycToMuMBoCcTTa — ronama. B 00 UTC Ha 26.XI
NPU3EMHUAT LEHTbP Ha LMK/IOHA gocrtura
YepHomopueTo. OcTa Ha HapuyHaTa foAMHaTa BCe ole

€ C MHOro roffiM HaK/OH, afABEeKUMATa Ha BUXbpa e
MONOMXKUTENHATA U MHOTO CU/HA. B pe3ynTaT UMKNOHBT
npoab/KaBa fAa ce passBuBa. Hall-ycnolHeHa M ¢
Hal-cuneH BATbp B MWM3TouyHa bBbarapua w  no
YepHomopueTo e obcTaHoBKaTa okono 05:00 cyTpuHTa.
ToraBa ,betnHa” e Hag 3anagHo YepHo mope, B
HenocpeactseHa 6amsocT  npes  H.  Kanumakpa.
HanaraHeTo Ha NpuM3eMHUA LEHTbP Ce MOHMUXKaBa A0
973 hPa (¢ur. 1a), no CeBepHoTO YepHOMOpME BATbPLT
Aoctura nopmsn 30-35 m/s.

KoHuenTyanHuTe mMoaenu 3a CUHOMTUYEH aHanus,
M3Non3BaHM B paboTata, MNOKasaxa HexapaKTepHU
0COBEHOCTU 33 KNACUYECKUA HOPBEKKMU MOLEN LIMKNOHU
(Hanpumep ToNNO AAPO NPU AOCTUTAHE Ha 3PAA CTaani).
Bbp30TO 3aabn6aBaHe B NPU3EMHUA COW B HavyaaHaTa
¢dasa 3aratBa pas3BuTME Ha ,beTmHa” oT TmMna ,bbp3
uuknoreHes” (Rapid Cyclogenesis), KOMTO OT cBOS CTpaHa
€ XapaKTepeH 33 rofAmMa 4YacT OT W3BbHTPOMUYHUTE
LMKNOHK, pa3BuMBaLlM ce No moaena Ha Shapiro-Keyser.
YcTaHOBEHO b€, Ye TO3M MOAEN U XapaKTepHUTE 3a Hero
TpaHCNoOpTHM neHTM (conveyer belt) o6sacHaBaT
Hal-NOTMYHO  yparaHHWA BATbP, PErucTpupaH no
YepHOMOpKETO, 1 TO3N Hag mopeTo (dur. 1b).

durypa 1. Airmass RGB 1 npusemeH aHanms B 06 UTC (a) un
BATbLP OT cKaTepomeTbp B 08:30 UTC (b) — 26.X1.2023 1.
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Cyclone Betina and the hurricane-force winds along the Bulgarian Black Sea coast
V. lvanova®, V. Rafailova, V. Georgieva

Forecasts Sector, National Institute of Meteorology and Hydrology — Varna Branch
Keywords: Mediterranean cyclone, conceptual models, Shapiro-Keyser
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Introduction

On 25-26 of November 2023, a deep low that has been
formed over the Mediterranean passes south of
Bulgaria through the straits to the western part of the
Black Sea. The cyclone was named Betina and has
characteristics typical of a Mediterranean extratropical
storm. The damages it causes along its path are
devastating. Along the Bulgarian Black Sea coast, severe
wind gusts of 30—35 m/s were reported. Such values are
extremely high for the region and can occur once or
twice in few decades. A warning of the highest level has
been issued in the MeteoAlarm system — red code, for
dangerous weather. Northeastern Bulgaria suffers
heavy rainfall in addition.

This study has two objectives: (1) to analyze the
rapid development and movement of the cyclone Betina
by applying methods for studying physical processes in
the atmosphere, and (2) to determine the causes of the
hurricane-force winds along the Bulgarian Black Sea
coast on November 26, 2023.

Methodology

To achieve our objectives, a reanalysis of
meteorological fields at different levels in the
atmosphere, satellites images and information, data
from meteorological stations of the National Institute of
Meteorology and Hydrology, scatterometer wind data
over the Black Sea, and vertical cross sections were
used. The physical processes in the initial stage and the
evolution of the cyclone were investigated using
conceptual models.

Results and 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).

Figure 1. Airmass RGB and sea surface analysis
at 06 UTC (a) and wind speed from scatterometer
at 08:30 UTC (b) on November 26, 2023.
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MynTumogeneH noaxoa 3a NPOrHo3npaHe Ha KOHBEKTUBHO Bpeme

3a HyXXgute Ha i1 ,,PbKoBOACTBO Ha Bb34YLIHOTO ABUXKeHue"
N. MaHados*, P. NeHues*

[ObpxasHo npeanpuatie ,,PbKOBOACTBO Ha Bb3AYLIHOTO ABUMKEHME"
KntouyoBu Aymu: KOH8eKMUBHU A871E€HUS, MPO2HO3UPAHe, MyamumodesneH nooxoo
*email: ilian.manafov@bulatsa.com, rosen.penchev@bulatsa.com

BbBepeHue

Hapacreawumar Bb3ayLleH Tpaduk yBenn4yaBea
M3NCKBAHMATA KbM TMPOrHO3UTE 33 KOHBEKTUBHMU
ABNEHMUA. Hacroawoto n3cnengaHe npeanara

MyATUMOZENEH NOAXOJA 33 MPOrHO3MpaHe Ha OMacHM
KOHBEKTMBHW fABNEHWA B ONepaTMBHATA MpPaKTUKa Ha
aBnaumoHHUTe meteoposiosu 8 A PBA.

MeTtoponorusa

PaspaboTeHM ca gBa npoayKta Ha 6asa mogenute
BULATSA-WRF, ICON-EU, ECMWF-IFS, ALADIN-NIMH.
MbpBMAT onpeaens mectononoxkeHuveto (CB Cond),
a BTOPUAT — BEPOATHOCTTA 3a cbbuTma (4 CB moaen).
e 4 CB mopen: Bcekm mopgen ponpuHaca € Aga
napameTbpa, 3a KOWUTO Ca ONPeAeneHn emMnupuyHU
nparoBu CTOMHOCTW. 3a BCEKM MoAen Ha 6a3a apXuBHU
CUTyauMu e usuucneH Ternosu koeduumneHt. Cymarta ot
KoepULMEHTUTE Ha MOAE/NUTE ONpeaens HUBOTO Ha
BEPOATHOCT 3a Aa/IEHO AB/IeHME B KOHKPETHa 30Ha.

®urypa 1. MNpoaykr 4 CB.

e CB Cond: MecTtononoxeHneto, o06XxBaTbT Ha
NOJIMTOHUTE N TEXKECTTa Ha KOHBEKTUBHUTE CbbUTUSA ce
onpeaenAaT ypes ceyeHme Ha MHAEKCA Ha NnoTeHunan 3a
MbaHUK (LPI) ot mogena ICON-EU mn cumynupaHaTa
pagapHa oTpakaemocTt oT BULATSA-WREF.
MporHo3npaHMTe 30HU Ce BM3yanun3mpaT B TpM LBATa No
CTeneH Ha BEPOATHOCT.

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

Pesynrtatu un nssoaun

PaspaboTeHUTe NpPOAYKTM Ca OLEHEeHW cropes
npeactaBAHETO CUM B 29 KOHBEKTMBHM CUTyauuu OT
ce3oH 2025 r. EKMn OT TpMMa aBMOMETEOPOJIO3U
M34UMCAN  KOoedULMEHTUTE Ha Ternata Ha uYetupute
mogena B npoaykta 4 CB. Makap 4 B npouec Ha
pa3paboTka, MeToAbT € U3MOoA3BaH YCMewWwHo B
onepaTMBHaTa MNPaKTMKa 3a CbCTaBAHE Ha [JBe
eXeoHEeBHM MPOrHO3M 3a HYXAMTE Ha NJAaHUpaHe
06CNyKBAHETO Ha Bb3AyLWHMA TpaduK Hag bbarapua u
Espona: lMporHo3a 3a  onacHM  ABNeHuA B
KOHTPONIMPAHOTO Bb3AYWHO npocTpaHcTBo FIR-SIGWX;
MporHo3a 3a KOHBEKTUBHU ABNEHMA Ha TepuTopuATa Ha
oTroBopHocT Ha AN PBA — Cross Border Convective
Forecast. CBCF e cbBMEecCTHa MNpPOrHo3a, KOATO
npeaocTaBa Ha MeHUAXKbpa Ha mpexata (NM) B
EUROCONTROL # Ha yvacTBawuTe  Bb3AYLIHMU
HaBuraumoHHu ycayrm  (ANSPs)  uHbopmaums  3a
KOHBEKTMBHOTO Bpeme B €BPOMENCKOTO Bb3AYLIHO
npoctpaHcTBo. OueHKaTa Ha MeTofda e W3BbpLlUeHa
He3aBucumo oT 10 onepaTMBHM aBMOMETEOPO/IO3N.
MNporHo3ata 3a CB-ycnoBuATa € oOueHeHa B Tpu
Kateropmn: 1. [obpa nporHosa; 2. [lonesHa, HoO
HeAoCTaTbYHA NPorHo3a; 3. Cnaba nporHosa.

| __

good useful but poor
forecast insufficient forecast forecast

dJMrypa 3. OueHKa Ha NO/Ie3HOCTTA Ha NMPOrHo3ara.

MyATumoaenHUAT noaxos, fasa Aobpa Bb3MOXKHOCT
32 ONTMMA/ZIHO M3MOJI3BaHe Ha YUC/IeHUTe MoAJenu, C
KouTo asmometeoponosnte B AN PB/ pasnonarart. Mpu
TOBA TOW AOMPUHACA 33 KAYeCTBOTO W HaZEKAHOCTTA Ha
NPOrHO3MTE Ha KOHBEKTMBHU AB/IEHUA.
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Introduction

The increasing air traffic raises the requirements for
forecasts of convective phenomena. The present study
proposes a multi-model approach for forecasting
hazardous convective events in the operational practice
of aviation meteorologists at BULATSA.

Methodology

Two products have been developed based on the
models BULATSA-WRF, ICON-EU, 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.

F.g®

z b 6a 0

Figure 1. 4 CB Product.

* 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 06CcTaHOBKa B nepuoga 2—8 oktomspu 2025 r.
P. ,EI,MMMTpOBa*, A. Ctoiuesa, K. Ctoes, A. Kupunosa

OenaptameHT ,,MporHo3n n nHbopmaLMoHHO obcny:kBaHe”, HauMoHaneH MHCTUTYT MO MeTeopOo/IoruaA 1
Xuaposorusa
KNo4oBu Aiymun: mpo2Ho3a 3a 8pememo, onacHU A6/eHUS, Cpedu3eMHOMOPCKU YUKAOHU, UHMEH3UBHU 8as1eX U
*email: ralena.ilieva@meteo.bg

BvBegeHue

MNpe3 nepuoga 2—-3 n 6—8 oktomepu 2025 r. B bvarapuma
ce Cb3gaBa BasieXHa 06CTaHOBKA C NOBCEMECTHM, Ha
MHOM0 MECTa MHTEH3UBHU U 3HAYUTENHU NO KOJNYECTBO
Basexun. CMHoONTMYHaTa ob6CTAHOBKA e B pes3ynaTtaT Ha
npemMuHaBaLm HOXKHO oT CTpaHaTa cepwma
CPean3eMHOMOPCKN  UMKAOHKM, fobpe pasBuTM BbB
BCMYKM cnoeBe Ha atmocodepata. Ha wu3obapHa
noBbpxHMHa 500 hPa 6apuyHoTO Nose Hag bankaHcKua
No/syoCTPOB € LUMK/AOHANHO, OT 3anaj Ha M3TOK
npemmHasat 6apuMyHM A0AMHU, B KOUTO ce dopmupar
UMKNOHaNHWU UeHTpoBe (¢ur. 1). B npusemHus cnoi
Bbarapusa nonasa B rpagMeHTHa 30Ha MeXay 06nacT Ha
BMCOKO aTMoCPepHO HansaraHe Ha ceBep oT bankaHcKkuA
NO/NYyOCTPOB M 30HAaTa Ha HWCKO HanAraHe Ha Ior.
®Popmupanute ce Hag LleHTpanHoTo CpeansemHomopue
LMKNOHA/IHW BUXPU Ce NpemecTBaT Ha WM3TOK-IOrousToK
KbM HOXHUTE PaMoHU Ha BaskaHCKMA NoayocTpoB U ce
pa3suBaT Hag CeBepHa [bpuma u Ereiicko mope.
BnocnepcTteme LeHTpOBETE UM Ce W3TErNAT Ha WM3TOK
Kbm Mana A3ua n nponmeuTe, a NO-KbCHO U Ha ceBep
Kbm YepHo mope. CTaLUMOHMPAHETO Ha UMKIOHUTE WU
CBbp3aHUTE C TAX QPOHTANHU CUCTEMW HAZ Pa3/INYHU
paioHn OT banKaHCKMA  NOAYyoCTPOB, KAaKTO MU
KOMOMHALUMATA MeXAy TOMbA W BAAXKeH Bb3AyX OT
Cpegm3emHO mope U CTyAeHa Bb3AyLHa maca OT ceBep
Ca MPUYMHA 3a 3HAYMUTESIHUTE BAJIEKM HAJL, HOXKHaTa
NONOBMHA OT CTpaHaTa Npe3 MbpBUA NEepuos U Hapg
ceBepHaTa npes BTOpuA.

£
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4
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102025 12 UtC 7.10.20;
NCEP/NCAR. Reanatysis

NCEP/NCAR Reanalysis

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 (gscHo).

MeTtogonorusa

3a aHa/M3a Ha CUMHOMNTUYHMTE OOCTAaHOBKM ca
M3MON3BaHM JaHHW OT aTmocdepHW peaHanusu Ha
National Oceanic and Atmospheric Administration
(NOAA). B wuscneasaHeTo e NPUAONKeEH rnobanHuAaT
atmocdpepeH peaHanns NCEP/NCAR Reanalysis —
NpoayKT, paspaboTeH cbBMecTHO OT HauumoHanHuA

LEHTbP 3a MpOrHo3a Ha oKosHata cpega (NCEP) wm
HaumMoHanHus UeHTbp 3a aTmocdepHU u3cienBaHuA
(NCAR) Ha CALL. M3non3BaHa e 1 apxmBHa MHdopmaumn

oT HUMMX — CMHONTMYHM KapTM W AaHHM  OT
n3mepBaTesIHATa Mpexa.
Pe3syntatu n ussogu

Ha o¢urypa 2 e npeactaBeHO  M/IOWHOTO

pa3npeneneHne Ha 24-yacoBuTe BasfieXM 3a 4acT OT
ABeTe  OOCTaHOBKM NO  AaHHM  OT  CTaHuuuTe
(CcMHONTUYHKM, KAMMATUYHW U BanexomepHu) Ha HUMX.
B nepnopga 2—3 OKTOMBPM LMKNOHBT CTALMOHMPA HAp,
Ereficko mope M B pe3yntaT Ha mecta B 3amagHa w“
LleHTpanHa bbarapua, Kakto w“  no  HOxHOTO
YepHOoMopue MagaT 3HauYUTE/IHW N0 KO/JMYecTBO
Banexun. B nepnoga 6—-8 okromepu 2025 r. UMKNOHDBT
CTauMOHMpa Hag 3anaZHaTa akBaTopuaA Ha YepHo mope
M Cb3aBa BafeHa OOCTAHOBKA CbC 3HAYUTENHM
Banexun B LeHTpanHa CesepHa bbnrapua. Becnepcreue
Ha MNPONUBHUTE  BaA/NEXW, U3CEYEHUTE TOpU MU
3aCTposABaHeETO Ha AepeTa npe3 nbpBua nepuog (2-3
OKTOMBpPM) B pailoHa Ha B.C. EneHuTe e BbB3HUKHANO
ONyCTOWNTE/IHO HaBOAHEHWE, MpPU KOeTo YeTupuma
Aaylwu 3arybsaT »KmBoTa cu. B nepuoga 6—8 oKTomBpwU
2025 r. 3apaguM nagHanuTe 3HauYMTEeNHW BaleXMU ca
perncTtpmpaHm  CBAMYAHMA HA  3€MHM Macum B
c. Hukonoso, obn. Pyce, Kpait peKka CapagrKuicKa.
0O6sBeHO e beCTBEHO NOJIOXKEHME.

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. (aAcHO).

Nurtepatypa
MeceyeH XMAPOMETEOPONOTNYEH 610N1eTUH.
HaunoHaneH MHCTUTYT N0  MeTeoposiorna U

xuaponoruns, 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.qov
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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

200ms Coopotangs Heighs (m) _ Componte Vean
7.10.2025 18 UTC

v LT
500mb Geopotentl Neghte () Com
3102025 12 UTC
NCEP/NCAR Reanalysis

NCEP/NCAR. Reanciysis

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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BbBeaeHue

IpbMOTEBUYHUTE Bypwu OCTaBaT cpes, Hal-TPygHUTE 3a
AunarHoctmumnpaHe U NPOrHO3MpaHe MeTeOpPOsIOTUYHU
ABNIEHUA MOPAAN MajIKMA CU NPOCTPAHCTBEH MaLab wm
KPaTKMA CU KUBOT. TPAAULMOHHUTE YNCIEHM MOAENM 33

MporHo3a Ha BPemMeTo YecTo He ycnssaT Aa
nporHosunpar HayanoTo " pasBUTHUETO Ha
KOHBEKTMBHUTE 6ypu. MeToauTe Ha MaLWWMHHOTO

obyyeHue (ML), ocobeHo aHCambn0BM aNrOPUTMK KaTo
Random Forest (RF) (Breiman, 2001), noka3saT BUCOKa

edeKTMBHOCT npu  KnacuduumMpaHe Ha  OMaCHU
METEOopPOIOTMYHM ABIEHUA.
HacroawoTo uscnepgaHe pasrnexaa

NpUNOKUMOCTTa Ha RF KnacudukaTop 3a AMArHOCTUKa
Ha TrpbmoTeBUYHM 6ypu Ha netuwe Codua upes
M3Mno/si3BaHe Ha npusemHu HabnogeHma (METAR) wu
KOHBEKTUBHM MHAEKCUM HA HeyCTOMYMBOCT, U3YUCIEHU
oT peaHanu3a ERAS (Hersbach et al., 2020).

MeTtoaonorua

M3non3gaHM ca  NPU3EMHU  METEOPO/IOrMYHMU
HabnwogeHna ot METAR u BepTMKanHu npoduan ot
ERAS5 3a netnwe Codus 3a meceunte C OnacHOCT OT
bypu (anpun—centemspu) npes nepuoga 2014-2024 r.
HannuneTo Ha rpbMoTeBUYHA BypAa e npeacTaBeHo KaTo
61HapHa NpoMeH/IMBa Ype3 KOAOBETE 33 TEKYLLO Bpeme
oT METAR HabnaogeHunata. OT npopunute Ha ERAS ca
M34YUCIEHN celeM UHAEKCca Ha HeycTonuymeocT: K Index
(K1), Total Totals (TT), Lifted Index (LI), MUCAPE, MUCIN,
SWEAT, CAPE—shear 1 0—6 km bulk shear.

MposeaeHu ca Tpm ekcnepmmenTa ¢ RF:

e Test 1—camo np13emMHu HabaoaeHUs;

e Test 2 — camo MHAEKCU HA HEYCTOMUYUBOCT;

e Test 3 — KoOMbBuHauma OT NpPU3EMHMU

HabAAEHMA U UHLAEKCU HA HEYCTOMYMBOCT.

OueHKaTa Ha moena e n3BbplueHa Ypes Probability
of Detection (POD), False Alarm Ratio (FAR), Critical
Success Index (CSI) u True Skill Statistic (TSS).

Pesyntatu n ussogu

AHannsbT  Ha n3yncneHunTe MHAOEKCHU Ha
HeycTonMumBoCcT 3a netuwe CoduAa mnokasBa ACHO
M3pa3eH Ce30HEeH X0J C MAaKCMMYM Ha HeyCTOMYMBOCTTA
npes toHu—tonn. Cpea BcUYKM uMHAeKken K Index
ocurypaBa  Hal-gobpo  pasrpaHuWyaBaHe — mMexay
cnyyaute cbc M 6e3 rpbMoTeBUYHM Bypu npes ueaus
pasrnexaaH nepuoa.

RF  mogenbt, oby4eH camo C Mpu3eMHU
HabnoaeHnsa,  Mokassa No-HUCKa  edeKTUBHOCT
(POD = 0.65, TSS = 0.44). ObyyeHMETO C MHAOEKCK Ha
HEeyCTOMYMBOCT 3HauyMTeNHO nofobpsaBa pesyaTaTuTe
(POD = 0.84, TSS = 0.62). Hait-nobpun pesyntatn ce
nosy4yaBaT nNpuM  KOMOWHMpPaAHE Ha  MPU3EMHMU
HabAAEHNA U MHAEKCU HA HEeYCTOMYMBOCT.

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

Bbnpekn 4ye moaensbT ycnewHo uaeHTUduumpa
61aronpuATHU  KOHBEKTMBHM  yCNoBMS, TOW  MMa
TEHAEHUMA QO3 HajueHABa MNpOLb/IKMTENHOCTTA Ha
6ypute n pa reHepupa ¢daawMBM anapmu Apu CUAHO
HeyCTOMYMBU, HO HEKOHBEKTUBHMU YC0BUA.

Actual, Predicted with Probability for 2021-08-25
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durypa 1. Pesyntatn ot Random Forest mogena (nporHosa —
YyepBeH KPbCT, peanHo HabntogeHue — yepHa TouKa) oT Test 3
¢ Bpemesa pesonoumna 30 MuHyTU. okasaHa e n
BEPOATHOCTTA 3@ FPbMOTEBUYHU BYpW (MpeKbCHATA MHUSA),
oueHeHa oT mogena. PesyntaTtu 3a 25 asryct 2021 r.

Pesyntatute nokaseatr, 4e ML noaxoanm morat
epeKTMBHO  Aa  AMarHocTMumpaTt  nosBsaTa Ha
rPbMOTEBUYHM OypW Ha JIOKAJIHO HMBO, KoraTo ce
n3non3eat  Pusmyeckn o60CHOBaHM  MNPEAMKTOPMU.
Bbnpekn TOoBa  M3M0/3BaHETO  €AMHCTBEHO  Ha
napameTpu Ha aTmocdepaTta He e AO0CTAaTbYHO 3@ TOYHO
yNaBAHe Ha BPEMETO Ha Hayano W Kpah Ha bypuTe.
Bbaewmn noaobpeHna moraT Aa BKAOYBAT pagapHu w
CaTe/IMTHU AaHHU, KAaKTO U AbJOOKN HEBPOHHU MPEKM,
noaxogAwm 3a 06paboTKka Ha NPOCTPAHCTBEHO-BpEMEBa

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 ERAS5
reanalysis (Hersbach et al., 2020).

Methodology

Surface meteorological observations from METAR
reports and ERAS vertical profiles were used for the
storm months (April-September) in the period
2014-2024. Thunderstorm occurrence was defined as a
binary variable based on present-weather codes from
METAR observations. Seven instability indices were
computed from ERAS profiles, including K Index (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
L e

o  Actual
x  Predicted
--- RF Probability

Thunderstorm Probability
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Figure 1. Results from the Random Forest model
(model prediction with red cross and actual observation with
black dot) from Test 3 with higher temporal resolution
of 30 minutes. The figure also includes the probability
of thunderstorms (dashed line), estimated by the model.
Results from August 25, 2021.

The results show that data-driven ML approaches can
effectively diagnose thunderstorm occurrence at a local
level when physically meaningful predictors are used.
However, using atmospheric parameters alone is not
sufficient to accurately capture the timing of storm onset
and termination. Future improvements could include
radar and satellite data, as well as deep neural networks
suitable for processing spatiotemporal structure.
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BvBegeHue

MoXKapbT e ropeHe, Pa3nNPOCTPaHABALLO ce 6e3 KOHTPOoN
BbB BPEMETO W MPOCTPAHCTBOTO, XapaKTepusupa ce ¢
oTAeNAHe Ha TOMAWHA, MPUAPYXKEHO C AWM  WUAM
nAambLM, UKW U ABETE.

MoHAaTMETO ,No)KapHo Bpeme” (Ha aHrn. fire
weather) ce oTHacsa Ao cneunduUHUTE METEOPONOTUYHMU
YCNOBUA, KOUTO BAMAAT BbPXY  Bb3HMKBAHETO,
pa3npoCTpaHEHNETO U MHTEH3UBHOCTTA Ha MoOXapuTe.
ToBa e cneuunanusmpaHa ob6nacT B METEOpPOOruATa,
KOATO € OT KPUTMYHO 3HayeHWe 3a ynpaBNeHWeTo Ha
MoXKapu U CUCTEMUTE 33 PAHHO NpeaynpexaeHue.

KntouoBn meteoposiormyHm GakTopm Ha NOXKapPHOTO
Bpeme ca: BMCOKM TemMnepaTypu, HWCKa OTHOCUTENHa
BnaxkHocT (nog 30%) M NpoabAKUTENHU Nepuoan 6es
Ba/IeXM (NPOABAKUTENHO 3acyLlaBaHe).

MeTtoponorus

HanpaBeH e aHanM3 Ha noxapute B HOXHa
Bbarapua, c U3KNOYeHMe Ha Te3n B ypbaHusupaHuTe
paioHW, 3a Ja Cce eNMMMHMpPA YOBELUKMAT QaKTop.
M3nons3BaHM ca AaHHM OT apxvBa Ha [NlaBHa Aupekuua
,Mo¥apHa 6e30nacHOCT M 3alnTa Ha HaceneHuneTo” (M4
MB3H) 3a meceuuTe 10K, aBryCT U CENTEMBPU Mpes
nepmoga 2021-2025 r. 3a oueHKaTa Ha BAUMAHMETO Ha
METEOPOJIOTMYHNTE  eNeEMEHTU U  ABAEHUS  BbpPXY
nokapuTe ca W3M0A3BaHM MaTepuann oT MeceyHus
XUOPOMETEeopOsIorMyeH 6toneTuH Ha HUMX
(https://bulletins.cfd.meteo.bg/) 3a  pasrnekgaHua
nepuoga,

Pesynrtatu un ussoaun

PernctpupaHute ropckM UM MNOACKW MOXapu Ha
TepuTopuATa Ha KOXKHa bbnarapua 3a nepnoaa Ha aHanm3
NOKa3BaT PA3KO yBe/MYeHMe Ha 3acerHaTute Naolm m
Ha NPOABAKUTENIHOCTTA Ha ropeHe npes 2024 n 2025 .
(dwr. 1).

3a 2024 r. HaN-NPOABLIKUTENHUAT MOXKap e bun Ha
6bArapo-rpbLKaTa rpaHULA, B paiioHa Ha c. [onewoso,
06n. bnaroesrpag — 27 aHW. B raceHeTo My ce BK/OYBaT
M XenukonTepu ot 24-ta aBMaLMoHHa 6a3a — Kpymoso.

3a 2025 r. HaN-NPOABMANKUTENHUAT NoKap e 6un B
palioHa Ha c. UanHaeHum, obn. bnaroesrpag — 26 gHU.
B raceHeTo My OTHOBO Ce BK/OYBAT XeAMKOMNTEPU OT
aBuobasara.

NOKAPH

—8—OGUIA NIPO/IBARIMTEAROC T HATIOHAPA*100 [4] —8—OBULANAOUL  [KB.KM.]

PO NOHAPIT10

durypa 1. Moxkapu npes nepmoga 2021-2025r.

PasrnegaHn ca OTK/JIOHEHMETO OT HopmaTta Ha
cpefHaTa meceyHa Temnepatypa Ha Bb3gyxa (°C) wu
NPOLEHTBLT OT MeceyHaTa Hopma Ha Banexa (%) KaTto
OTHOCUTENHM napameTpu, onpeaenawm
NPOABAKUTENHN NEPUOSM HA BUCOKM TemnepaTtypu U
Ha 3acywasaHe. Te ca NnpeacTaBeHn Ha ¢urypa 2.

OTKAOH eHNeTo oT HopMaTa {°C)

MPOUEHT OT MECeYHaTa HOPMa Ha Basexa (%/100)

2,4

0,72
0,4 g 0,46

2021 2022 2023 2024 2025

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

M3BoAbT, KOWTO MOXEM [a Hanpasum, e, 4e Mpu
KOMOWHUPAHOTO M NPOABL/IKUTENIHO AEeNCTBME HA Tesun
[Ba NapameTbpa MOXKe 43 Ce O4YaKBa NoXKapute aa ca
NPOABAKUTENHM U 4@ 3aCErHaT 3HaYMTENIHU NO pasmep
naowWm.

BnarogapHoctu:  AsTopute  bnarogapsat  Ha 4
,MoxapHa 6e30nacHOCT M 3alWuTa Ha HacesieHMeTo" 3a
npeaoCTaBeHUTE AaHHU.
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Introduction

Fire is combustion that spreads uncontrollably over time
and space, characterized by the release of heat,
accompanied by smoke or flames, or both.

The term “fire weather” refers to the specific
meteorological conditions that influence the ignition,
spread, and intensity of fires. It is a specialized field
within meteorology that is critically important for fire
management and early warning systems.

Key meteorological factors associated with fire
weather include high temperatures, low relative
humidity (typically below 30%), and prolonged periods
without precipitation (extended drought).

Methodology

An analysis of fires across Southern Bulgaria was
conducted, excluding those in urbanized areas in order
to eliminate the human factor. The data used were
taken from the archive of the General Directorate “Fire
Safety and Civil Protection” (GD FSCP) for the months of
July, August, and September for the period from 2021
to 2025 inclusive. To assess the influence of
meteorological elements and phenomena on fires,
materials published in the Monthly hydrometeorological
bulletin of the National Institute of Meteorology and
Hydrology (NIMH) were used
(https://bulletins.cfd.meteo.bg/) for the same period.

Results and conclusions

The registered forest and field fires across the
territory of Southern Bulgaria during the analyzed
period show a sharp increase in both the affected areas
and fire duration in 2024 and 2025 (Fig. 1).

For 2024, the longest-lasting fire occurred along the
Bulgarian-Greek border in the area of the village of
Goleshevo, Blagoevgrad Province — 27 days. Firefighting
efforts involved helicopters from the 24th Krumovo Air
Base as well as foreign aerial firefighting assets.

For 2025, the longest-lasting fire occurred in the
area of the village of llindentsi, Blagoevgrad Province —
26 days. Helicopters from the 24th Krumovo Air Base
were again involved in extinguishing the fire.

FIRES

—&—TOTAL FIRE DURATION * 100 [hour |

—8— TOTAL AREA [sq. km]

NUMBER OF FIRES * 10

339,04

Figure 1. Fires during the period 2021-2025.

The deviations from the norm of the average
monthly air temperature (°C) and the percentage of the
monthly precipitation norm (%) were analyzed as
relative parameters determining prolonged periods of
high temperatures and drought. These results are
presented in Figure 2.

temperature deviation from the norm (*C)

percentage of the normal monthly precipitation {%/100)

2,4

1,8 1,8
1,4
1,11
0,89
0,72
0,4 056 0,46
2021 2022 2023 2024 2025

Figure 2. Average values of deviations from the norm
of the average monthly air temperature (°C) and
the percentage of the monthly precipitation norm (%).

The conclusion that can be drawn is that under the
combined and prolonged influence of these two
parameters, fires can be expected to be long-lasting and
to affect large areas.

Acknowledgements: The authors would like to thank
the General Directorate “Fire Safety and Civil
Protection” for providing the data.
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BvBegeHue
Mpoab/mKUTENHUTE  NPU3EMHM  AHTULMKAOHM  ca
XapaKTEPHW CUHOMNTUYHM OOCTAHOBKM Mpes3 JfeTHUTe
meceum. TakbB TMN MeCTHO Bpeme ce obpa3syBa KaTo
pe3ynTat oOT OTKbCBaHe Ha Agpa oOT A30pckua
aHTUUMKAOH. ObpasyBanata ce 06/7acT Ha BMCOKO
atTMocdepHO HafnAraHe U HaB/IM3AHETO Ha CyX W ropely
Bb3JyX Ca OCHOBHATa MPMYMHA 33 YCTAaHOBABAHE Ha
ACHO, ropeLLo 1 6e3BanexHO BpeMe, B pe3yaTaT Ha KOeTo
NIeTHUTE Ba/IeXKM JOCTUraT CBOMTE MUHUMYMMU.
MpoabmKUTENHUTE MEPUOAUN C EKCTPEMHO BUCOKM
TemnepaTtypu 7 3HaYUTENHO 3acylwaBaHe
(BnaxHoCT < 20%) M3KNOUYUTENHO YBENMYABAT PUCKa OT
Bb3HMKBAHE HA WUHTEH3UBHMU, NPOABL/IKUTENHN U 6BP30
pa3npoCcTpaHABalLM Ce MOXKapu, 3aemaliyM naowu ot
OEeCeTKM A0 CTOTULUM KBAaAPaATHU KMJIOMETPU.
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®urypa 1. Moxkapu npes nepnoga 2021-2025r.

AHanuM3bT Ha JaHHWUTe OT apxuea Ha [ ,lokapHa
6e3onacHoCT M 3awuMTa Ha HaceneHueto” u 24-ta
aBnobasa 3a MeTroauvlieH nepuos — MeceuuTe o,
aBryct u centemspu ot 2021 po 2025 r., pa3KkpuBa AcHa
TeHAEHUMSA 33 yBe/InYaBaHe Ha 6posn, 3aemaHaTa naow, 1
BpemeTpaeHeTo Ha noxapwute B lOXHa bbarapus.

MeTtoaonorua

3a u3roTBAHE Ha MpPOrHo3a 3a BEpPOATHOCTTA 3a
Bb3HMKBAHE Ha MOXapu, BUAOBE W palOHWpaHe ce
M3NON3Ba oOnepaTMBHaTa CcUCTEMa 3a aHaAu3 Ha
TeKYLLMTE YC0BMA HA MOXKAapOONaCHOCT Ha TepuTopuATa
Ha cTpaHata oT HUMX u eBponeickaTta cuctema EFFIS.
N3paboTBa ce cpefHOCPOUYHA aBMALMOHHA NPOrHO3a Ha
BpemeTo Ha 6a3arta Ha GFS, ECMWF, ICON-EU n ALADIN
mozenu.

MporHo3a 3a BpemeTo

B Hauyanoto Ha BCAKA cegMuua Ce  WU3roTes
CpefHOCpPOYHA  MPOrHO3a 3a  BEpPoOATHOCTTA  3a
Bb3HWKBAHE Ha NOXKapu, BUA0BE U paloHu. ExxeaHeBHO
ot 5:00 go 7:00 ce cv3gasa 24- oo 48-4yacosa NporHo3sa
33 BPEMETO 33 palioHMTE Ha NOXapUTE U MapLIPyTUTE 40

TAX. MpK Bb3HMKBAHE Ha HEOBXOAMMOCT 3a BKNOUBAHE
Ha BepTO/IETM 3a raceHe Ha Mo)Kap B onpeaeneH panoH
(c GPS KoopauHat) ce aHanusMpaT reorpapcKkoTo
MeCTOMNONIoXKEeHMEe, HaAMOPCKaTa BUCOYMHA, HAKNOHBLT
Ha TepeHa, ¢aKTUYecKoTo Bpeme OT Hal-6n3KkuTe
CUHOMTUYHU WU KAUMATUYHWU CTaHUMKM, CABbTHUKOBA M
pagapHa Hpopmavumsa, yeb kamepu.

M3rotBa ce  CBPBXKPATKOCPOYHA  aBMALMOHHA
NPorHo3a 3a BpPemeTo Npe3 CBeT/aTa YacT Ha AeHA 3a
palloHWTe Ha Moapa M BOAOB3WMAHE OT Hal-6/113KuA
BOLOEM, MapllpyTa A0 TAX, KOATO Ce aKTyanu3upa
e)eyacHo. TA BK/OYBA BCMYKM 3HAYMMM 33 BPEMETO
METEOPOSIOTUYHUN ENEMEHTU U OMACHU METEOPONOTUYHM
asnexHns (OMS).

MeTeoponornyHo ocurypsBaHe 3a mapLupyTuTe u
paiioHMUTe Ha noxKapurte

Mpe3 cpoka Ha noxaporaceHeTo ce cbbupa
MHPOPMALMA OT CaTeNIMTHUTE CHUMKMW, pagapvte Ha
an PB4 v UA ,Bopba c rpagywkuTe” 3a Hanuvume Ha
AKTUBHM KYNEeCTO-AbXKAOBHW 061aLM, CUHONTUYHUTE U
KAMMATUYHM  CcTaHuum Ha HUMX, aBTOmaTuyHuTe
METEOPOJIOTMYHM CTAHLMW HA TPAXKOAHCKUTE U BOEHHUTE
netmwa n yeb Kamepute. Mpu Bb3HUKBaHe Ha OMSA B
palioHMTE 3a raceHe Ha MOoapa, MapwpytTuTe Ao
BOZOEMUTE WM NJIOWAAKUTE 3a 3aperKaaHe C ropmBo ce
MHPOPMMPAT EKUMANKBT M HA3EMHUAT KoopauHaTop. Mpwu
NPUKAOYBaHE Ha 3afayMTe NUMAOTUTE NOAy4YasaT
aKTyasiHa MporHo3a 3a BpemeTo MO MapLlpyTa Ao
aBuobasara.

OnacHu MeTeopoJIOTUYHU ABNEHUA

BesonacHOCTTa Ha nosieTuTe € BEPTONETU B palioHa
Ha noXapa 3aBUCKM  W3KJOYMTENHO  MHOrO0  OT
TemnepaTypaTa — CWAHa TepMUYHA KOHBEKLMA,
BNAXKHOCTTAa Ha Bb34yXa, MOCOKaTa WM CKOPOCTTa Ha
BATbPA — MHTEH3MBHA TypOy/NeHUMA U cpe3 Ha BATHLPA,
HaeneKTpusaLuma, CUaHaTa 3anpaweHoCcT, Hama/jeHaTa
BUAMMOCT M Pa3BUTMETO Ha MOLLHA KYMecTo-AbXKA0BHA
ob1a4yHoCT — NUpOoKymynycu. MporHosumpaHeTto Ha OMA B
paioHuTe Ha noxapute e HaN-roNAMOTO
npeauv3BUKATENCTBO 3a HacC.

bnaropapHocTu: AHanM3bT e HanpaseH € NpeoCTaBeHn
AaHHn ot T4 ,MoxapHa 6e30nacHOCT M 3aWuTa Ha
HacefneHueto”.

Nurtepartypa
Wentoes, W., beHoBcku, L. (1992). AsmaumoHHa
meTeoposiorua. 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

400

| -11’171.-,]._’]

2021
2022 5073

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.

References
Sheptoev, I., Benovski, Ts. (1992). Aviation Meteorology.
Sofia: Military Publishing House. (In Bulgarian)



130

il HAUMOHANHA HAYYHA KOH®EPEHLIUA NO METEOPO/1OIUA, XMAPOJ/I0IMA N OKO/THA CPEAA

24-26 maprt 2026, HUMX, Codus

Moaen 3a MaWMHHO 06yqe|-me 3a KPAaTKOCPOYHa NPOrHo3a Ha BpemeTo

*
M. MbpBaHoB

JenaptameHT ,lporHo3n u nHopmMaLMoOHHO 06cny»KBaHe", HaunoHaneH MHCTUTYT N0 METEOPOJIOTUS U XMAPOIOrmA
KnouoBu aymu: memeoposozudyeH Mmooes, memnepamypa Ha 8b30yxa, KpAMKOCPOYHA rnpoz2Ho3a, Random Forest
*email: mihail.parvanov@meteo.bg

BbBeaeHue

TemnepaTypaTa Ha Bb3Ayxa € K/A4Y0B METEOPOOrnyeH
napameTrbp C LWMWPOKO MNPaAKTUYECKO  3HavyeHue.
TpaANUMOHHO NPOrHO3MTE Ce WU3roTBAT Ype3 YUC/IEeHU
mogenun 3a nporHosupaHe Ha Bpemeto (NWP), kouto
pewasaT CUCTEMW OT YacTHU  AudepeHuManHu
YypaBHEHMA, ONUCBALLM AMHAMMKATa Ha aTmocdepaTa.
Tesan nogxoauM ca TOYHM, HO W3UCKBAT Cepuo3eH
U34MCNTENEH PECYPC U Bpeme.

MatunHHoTo 0byyeHune (ML) npeanara antepHaTMBeEH
noaxof, 6asmMpaH Ha M3BAMYAHE HA 3aKOHOMEPHOCTMU OT
NCTOPUMYECKM HabntoaeHus, 6e3 AUPEKTHO pellaBaHe Ha
bu3nyeckn ypaBHeHuA. HacToAwoTo u3cneaBaHe
npeactasa perpecMoHeH mogen Random Forest 3a
KpaTKOCPOYHA MPOrHo3a Ha TemnepaTtypa C XOPU3OHT A0
72 vaca.

MeTtoaonorua

M3nonssaH e aHcambnosuaT anroputbm Random
Forest, KOUTO KOMBUHMPA MHOXKECTBO NOAANTOPUTMM C
Len nosuliaBaHe Ha CTabMAHOCTTA M TOYHOCTTA Ha
nporHosute. MoaenbT e 0byYeH BbPXY MHOFOro4MLLIHM
OaHHM OT IOKaIHW METEOPO/IOTUYHM CTAHLUK C BpemeBa
pesontouma ot 3 yaca.

HabopbT OT BXOAHW MNPOMEHAMBM  BK/OYBA
TemnepaTypa, OTHOCUTE/NIHA BJIAXKHOCT, aTMOChepHO
HanAraHe, CKOPOCT Ha BATbPA, BasieX, 06/1a4YHOCT, KAaKTO
N reorpadCkn XapaKTePUCTUKKU (LWMPUHA, ObAKUHA U
HaZMOpCKa BMCOYMHA). 3a y/NaBAHE Ha BpPeMeBUTE
33aBMCUMMOCTM Ca BbBEAEHM NaroBN NPU3HALM U CE30HHU
CMHYCOUZANIHN KOMMOHEHTU.

JaHHWTe  npemuHaBaT npes  npeaBapuTesiHa
0bpaboTKa, BK/OYBALLA MNOYUCTBAHE HA JIMMCBALLM
CTOMHOCTW, HOpManu3auMa U BPEMEBO pasfensaHe Ha
TPEHMPOBBbYEH M TecToB Habop. MopgenvT e obyuyeH
c 400 KOMMOHeHTa Ha aHcamb/soBMA anropuTbLM W
MaKCMManHa AbnbounHa 20. OLeHKaTa Ha KayecTBoTo e
M3BbplieHa ypes metpmkmte MAE n RMSE.

Pe3yntatu u nssogm

MonyyeHWUTe pesynTaTi NokasBaT BUCOKA TOYHOCT Ha
nporHo3mMTe 3a nMbpBuUTe 24 4aca, KaTo cpegHaTa
abcontoTHa rpelwka 3a noBeyeTo cTaHuuu e nog 2 °C
(¢dwr. 1). Han-gobpo npeacraBaHe ce Habnawgasa npu
MOPCKM U NJIAHUHCKM CTAHLMU, KbAETO TEMNEPATYPHUTE
KonebaHus ca no-nnasHu (pur. 2 n ¢ur. 3). Chepn 48 yaca
Ce OTYMTa OYAKBAHO HAPACTBAHE Ha rpeLKuTe, 0cobeHo
BbB BbTPELIHOCTTa Ha CTpaHaTa.

M3cnepgBaHeTo NoKassa, Ye mMogennTe Ha MalWnHHO
obyyeHne moraT ycnewHo Aa gonvnsar
CbLLECTBYBALMUTE YMUCAEHW MNPOTHOCTUYHU CUCTEMMU,
npefocTaBAiKM 6bP3N U HaAEKAHM KPaTKOCPOYHM
NPOrHO3M NpPU 3HAYUTENHO MNO-HUCKU U3UNUCAUTENHM
pasxoau. MNoaxoabT Mma NoTeHUMan 3a UHTerpauma B
onepatuBHu cuctemmn Ha HUMX un 3a passutme Ha
XMbpuaHn mogenu, KombuHupawm ML n 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

& £ & & & & & &
& R & & & & o

K
& & & & & & & &
o & . . . . o §
y & & & @ & g &
paran

Figure 1. Cherni Vrah — 24 hours.

Varna — 24 vaca | MAE=1.67, RMSE=1.83

Figure 2. Varna — 24 hours.

vrBotey — 72 waca (Bcuykm HannyHwn vacose) | MAE=1.58, RMSE=1.70
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Figure 3. Vrah Botev — 72 hours.
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BbBeaeHue

bvarapua uypes HUMX e uneH Ha KoOHcopuuyma
ACCORD (A Consortium for COnvection-scale
modelling Research and Development) ot
cb3gaBaHeto my Ha 01.01.2021 r., korato ALADIN,
HIRLAM u LACE ce cnaxa (https://www.accord-

nwp.org). ACCORD cBbp3Ba 26 HaLMOHaNAHM
METEOPOSIOTUYHN  CAYKOM, KouTo  obegumHaBaT

Hay4YyHOM3C/leJ0BEeTENCKUTE w ycunmsa 3a
pa3BMBAHETO Ha perMoHasHaTa YMcaeHa NporHosa Ha
BpemeTo. TpuM ca  OCHOBHUTE  KAaHOHWYHMU
KOHOUIypauum  (YnucneHn mopenu), Kouto ce
pasBMBaT B paMKuTe Ha KoHcopuuyma — AROME,
HARMONIE-AROME wn ALARO. B HacToswaTa paboTa
Ca nNpeacCTaBeHM OMEepPaTUBHUTE YUCAEHW MOAENM,
nogavpXaHm u passmBaHn B HUMX oT cekuma
,4McneHo  mopenupaHe”  KbM  AenapTaMeHT
,MporHo3u n nHpopmaunoHHo obcnyxsaHe”. Cobluo
Taka e OUueHeHa W CpaBHEHa ycneBaemocTTa Ha
NPOrHO3UTE Ha HAKOM METEOPO/IOTMYHU ENEMEHTHU OT
mogenute npes 2025 r. BepudpuKaumata Ha
mogenute e  HanpaBeHa Bb3 OCHOBa  Ha
M3MepPBaHUATA B CUHOMNTUYHUTE CTAHLMUK.

OnepaTMBHU YUCNEHU MOLENU 3a NPOrHo3a Ha
BpemeTo

YeTMpKM BEPCUMU HA KaHOHUYHUTE KOHUrypaLmm
Ha ACCORD ce noagbps<at B HUMX (Tabn. 1) n nyckat
OonepaTMBHO  4YeTMpU MNbTU B  AEHOHOLMETO
(8 00, 06, 12 and 18 UTC), 6a3unpaHu Ha cy43t2.

Tabanua 1. OnepaTMBHM MOAENHU KOHOUTYpaL MK

Aladin-BG | AROME | AROME | AROME
-105 -IFS -DA
Xopu3oHTaNHA 5km 25km | 25km 2.5 km
CTBIIKa
Beprukanuu 105 105 90 105
HHBa
I'panndnn ARPEGE | ARPEGE IFS ARPEGE
ycioBus, 3h 1h 1h 1h
YyecToTa
JbikuHa 96h/72h/ | 72h/48h | 72h/48h 72h/48h
Ha IPOTHO3aTa 48h
AcuMunanus No No No CHHONTHYHH
Ha JIJaHHH CTaHIUH

Pesyntatn

3a HactoAwaTa paboTa e oueHeHa U cpaBHeHa
ycneesaemocTTa Ha YeTupuTe moaena npy NporHosara
Ha 3-4yacoBuTe TemnepaTypyu Ha 2 m, CKOPOCTTa Ha
BATbpa Ha 10 m u 24-yacosmA Banex. 3a uenTa ca
n3cneaBaHu cpefHOKBaAPaTUYHMTE FPELLKM 3a BCAKA
CUMHOMTWMYHA CTAaHLMA OT BCEKM moaen KaTo GyHKumA
Ha AbAXKUHATA Ha NPOrHo3aTa. TyK ca NpeacTaBeHu
pe3yaTaTu OT CpaBHEHMETO Ha MeceyHata W
rogmwHaTa ycrneBaemocT Ha MogenuTe.
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®urypa 1. MpoueHTH Ha cyyamn ¢ Hail-gobpa meceyHa u
roguwHa 3a 2025 r. ycnesaemocT 3a TemnepaTypaTa
Ha 2 m (ropeH naHen), BaTbpa Ha 10 m (cpeaeH naHen) u
24-yacoBuAa Banex goneH naHen) 3a AROME-IFS
(8 3eneHo), AROME-DA (B po3oso), AROME-105
(8 uepseHo) 1 ALADIN-BG (B opaH»<eBo).
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Introduction

Bulgaria through NIMH is in ACCORD (A Consortium
for COnvection-scale modelling Research and
Development) consortium since its creation on the
1st of January 2021 (https://www.accord-nwp.org),
when ALADIN, HIRLAM and LACE consortia decided to
merge. ACCORD connects 26 National Meteorological
Services to join more closely their scientific research
efforts towards developing the tools of excellence for
NWP on Limited Area Domains and enter into a large
partnership. There are three main ACCORD Canonical
System Configurations (CSC) developed in the frame
of the consortium: AROME, HARMONIE-AROME and
ALARO. In the present study the operational
numerical weather prediction models run at NIMH
are presented and their forecast performances for
some meteorological elements for 2025 are
compared. Models forecast verification is performed
based on synoptic measurements data.

NWP models configurations

At NIMH, four versions of the canonical
configurations of ACCORD system (Table 1) are run
operationally four times daily (at 00, 06, 12 and
18 UTC), based on cy43t2.

Table 1. Model versions run operationally

Aladin- AROME- | AROME- | AROME-
BG 105 IFS DA
Horizontal 5km 2.5km 2.5km 25km
resolution
Vertical 105 105 90 105
levels
LBCs, ARPEGE | ARPEGE IFS ARPEGE
frequency 3h 1h 1h 1h
Forecast | 96h/72h/48h | 72h/48h 72h/48h 72h/48h
range
Data No No No Sinoptic
assimilation stations
Results

For the present work, the performance of the four
models in forecasting 3-hourly temperature at
2 m and wind speed at 10 m and 24-hourly
precipitation was evaluated and compared. For this
purpose, the root mean square errors (RMSE) for
each synoptic station of each model were
investigated as a function of the forecast length.
Results from the comparison of the monthly and
annual performance of the models are presented
here.
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Figure 1. Percent of cases with best monthly and annual
performance for 2025 for temperature at 2 m (top panel),
wind speed at 10 m (middle panel) and 24 hour
precipitation (bottom panel) for AROME-IFS (in green),
AROME-DA (in pink), AROME-105 (in red) and
ALADIN-BG (in orange).
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OnacHu meTeoponornyHu asneHusn B boarapua npes 2025 roguHa
K. CToes”, b. Mapkosa, P. Jumutposa, A. Ctoituesa, U. FTocnoguHos, M. MNonosa

[JenapTameHT ,,MPorHo3un u MHGOPMaLMOHHO 0b6cayKBaHe ", HauMOHaNEH MHCTUTYT NO METEOPONOTUA U
xvaponorusa
KntoyoBu aymun: onacHu memeoposno2uyHu AeneHus, METEOALARM
*email: krasimir.stoev@meteo.bg

BvBegeHue
OnacHuTe meTeoposiorMyHn  Asnenns (OMA) ca
eKCTpeMHa nposABa Ha BpemMeTo UM  Kaumara.

MporHo3mpaHeto Ha OMSA e BaxHa 3agaya npeg
KpaTKOCpOYHaTa NporHos3a 3a Bpemeto. B Bbbarapua
HauMOHaNHMAT  MHCTUTYT NO  MeTeoposiorMa W
xuaponorna (HUMX) e epuHCTBEHOTO OTOPM3MPAHO
3BEHO, KOeTO M3roTBA W M3MNpawa chneuuannsnpaHu
MPOrHO3M KbM OPraHU3aLUM W AbPMKABHWU CAYKOM,
OTroBapAWM 32 3awuTata Ha HaceneHWeTo npu
HacTbnBaHe Ha OMA. O1 2001 r. HUMX n3gasa NporHosun
3a OMA (Stoycheva et al., 2013), a oT Kpas Ha 2009 r. Tasun
OEeNHOCT e YacT oT eBponelickata cuctema METEOALARM
(Popova et al., 2013). NporHo3ute 3a OMA 3a
cnepgawmte 48 4yaca B 28-Te  aAMWHUCTPATUBHMU
obnacTn, a oT centemBpu 2022 r. 1 3a 265-Te 06WUHM B
Bbarapusa ce nybankyBaT n 06HOBABAT HEMPEKBCHATO Ha
ctpanmuata Ha HUMX (https://weather.bg/obshtini/).
Mpn wu3paBaHeTo Ha npegynpexgeHma 3a OMA
onepatusHuTe cneumanmctm 8 HUMX pasnonaraTt ¢
WHPOPMaLMA OT YMUCIEHM MOAENU 3@ MPOrHo3a Ha
BpemeTo (rno6anHu M pernoHasHu), Kakto u peguua
MHOBATUBHWU NPOAYKTU, pa3paboTBaHn oT EBponelickua
LEHTbP 3a CpeaHOCPoYHU nporHosn (ECMWEF), kato
HanpuMmep MPOrHOCTUYEH MHAEKC 33 EKCTPEMHO Bpeme
(Extreme Forecast |Index, EFl). EFI o6o6buaBsa
MHPopmaLmMATa OT aHCambi0BM YMCAEHU MPOTrHO3U U
AaBa MHAMKAUMA 33 PallOHM C MOTEHUMANHO OMacHU
ABneHna. EgHoBpemeHHOTO u3nonssaHe Ha EFl u Ha
OEeTEPMUHUCTUYHUTE NPOrHO3M Ha PErMOHANHNA YUCIEH
mogen ALADIN-BG nosBonssa npeumsupaHe u
no-feTannHo MHGOPMUPAHE 33 MECTOMONOKEHUETO U
MHTEH3UMBHOCTTa Ha o4akBaHute OMA. Bobnpeku
YCbBBPLIEHCTBAHETO HA CbBPEMEHHWUTE MeToaM 3a
NpPorHo3a Ha BpemeTo nporHosmpaHeto Ha OMA octasa
npeAn3BUKATENCTBO NPU U3rOTBAHE Ha OMepaTUBHaTA
nporHo3sa.

MeTtogonorus
M3nonsBaHM ca pgaHHUM OT apxuBa Ha HUMX 3a
n3gageHn npegynpexgeHma sa OMA.

Pesyntatu n ussogu

Mpe3 2025 r. HUMX e u3pgan npeaynpexaeHua 3a
OMA no Esponeiickata cuctema METEOALARM B
105 pgHu (pur. 1). 3a cpaBHeHue, npe3 2024 .
npeaynpexaeHna ca wusgageHn B 132 gHu, npes
2023 r.—-8 139 gHuK, a npe3 2022 r. — B 99 gHKN. B 68 aHK
ot 2025 r. npegynpexaeHuaTa ca OT MbpBa cTeneH
(»bAT KOA), B 29 AHKM — OT BTOpaA CTeneH (opaHKeB Koa),

a B 8 AHM — OT TpeTa cTeneH (4epsBeH Koa). Hai-manko
npeaynpexaeHusa ca UM3JageHu npes  meceuuTte
AHyapu — 1 geH (12.1) 3a 3HaYMTENHU CHEroBanexu, u
centemBpun — 3 gHu (17, 25 u 26.I1X) 3a cuneH BATHLP.
Hail-mHOro npeaynpexaeHus ca wu3gageHu npes
meceumte t0aM — 18 OHW, MNPEAMMHO 33 BUCOKM
TemnepaTypu, U HoemBpu — 14 [OHM, Hail-yecTo 3a
3HAUYUTENHW BANEXKM OT AbXKA,.

MpeaynpexaeHne oT HaW-BMCOKa cTeneH (4YepseH
KOZ) 3@ 3HAYMTE/IHW BafNeXM U TPBMOTEBUYHU Bypu e
n30afeHo B 2 AHW OT mecel, Mali (25 1 26.V), 3a BUCOKM
Temnepatypy — B 2 AOHM OT wam (26 u 27.VII),
33 3HAUYUTE/IHU BaNeXXn — B 2 AHU OT okTomBpU (7 1 8.X)
W B 2 gHU OT HoemBpu (27 n 28.XI).

Wznanequ npeaynpexaeHus 3a onacHu
MeTeoponorM4HU ABNeHWA npe3 2025 roauHa
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durypa 1. Uspapenun npegynpexgeHua npes 2025 r.
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Introduction

The severe weather is an extreme manifestation of
the weather and the climate. Forecasting severe
weater is an important task for the short range
forecast. The National Institute of Meteorology and
Hydrology (NIMH) is the only autorized unit in
Bulgaria to prepare and send special forecasts to
organizations and government offices responsible for
the civil protection when dangerous meteorological
phenomena occur. NIMH issues forecasts for severe
and extremely severe weather since 2001 (Stoycheva
et al., 2013), and since the end of 2009 this activity is
part of the European system METEOALARM (Popova
et al., 2013). Severe weather forecasts for the next
48 hours in the 28 administrative districts, and since
September 2025 for the 265 municipalities in Bulgaria
as well, are published and continuously refreshed,
and are available on the NIMH webpage
(https://weather.bg/obshtini). Warnings are made by
experts and based on numerical models information
(global and regional) and on number of innovative
products, developed in the ECMWEF, such as Extreme
Forecast Index (EFI). EFI summarizes the information
from the ensemble numerical forecasts and indicates
areas with potentially severe weather. Using at the
same time both EFl and the deterministic forecasts of
the regional numerical model ALADIN-BG allows
more correct and detailed information about the
location and the intensity of the severe weather
expected. Despite the improvement and the
refinement of the modern forecasting methods,
forecasting of severe weather remains a challenge
when making the operational forecast.

Methodology
Data used for issued severe weather warnings are
derived from the NIMH archive.

Results and conclusions

During the year 2025 NIMH issued severe weather
warnings, according to the European System
METEOALARM, in 105 days (Fig. 1). To compare,
during the year 2024 there are 132 days with
warnings, in 2023 — 139 days, in 2022 — 99 days.
In 2025, there are 68 days with first degree warnings
(yellow code), 29 days with second degree warnings
(orange code) and 8 days are with the highest degree
of warnings — red code. Least warnings are issued in
January — 1 day (12.1) for heavy snowfall, and in
September —3 days (17, 25 and 26.IX) for strong wind.
Most warnings are issued in July — 18 days, mostly for

hot weather, and in November — 14 days, mostly for
heavy rain.

Warnings of highest degree (red code) for heavy
rain and thunderstorm are issued for 2 days
in May (25-26.V), for high temperatures — for 2 days
in July (26-27.VIl), for significant precipitation —
for 2 days in October (7-8.X) and for 2 days in
November (27-28.XI).

W3naneHu npeaynpexneHUs 3a onacHU
MeTeoponoru4HU ABNeHUs npes 2025 roavHa
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Figure 1. Severe weather warnings issued in 2025.
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MporHo3a Ha $eHONOrMUYHO Pa3BUTUE Ha YepPeLLOBU U A6GBIKOBM OBOLLHU FPagUHN

B 3aBUCUMOCT OT arpomeTeopo/1Iorm4HmTe ycnosma
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BbBeaeHue

OBOWAPCTBOTO € BaXHa CTPYKTypHa 4acT  oOT
CE/ICKOCTOMAHCKOTO  Mpou3BoACTBO B bbarapus.
OBOWHWTE TPagMHM U N03ATa CbCTaBAABAT LA

cesicKoCcTonaHcKn cekTop. Cnopen arpocTtaTUCTMKaTa
NAoWTa Ha OBOLWHWUTE rpaguMHu e 67,8 XWAa. XeKTapa.
Lenta Ha M3cneagBaHeTo e Aa ce NPorHo3mpaT gatuTe Ha
HacTbnBaHe Ha ¢asute BBCH57, BBCH65 1 BBCH87 3a

yepewa wu BBCH89 3a AbObiKa, W3N0/A3BaNKMK
METEOPOJIOTMYHN  AaHHU U arPOMETEeOPO/IOTNYHM
MHAOEKCMU.

MeTtoaonorua

M3cneasaHeTo e NpoBeAeHO B eKCNepuMeHTanHuTe
OBOWHM rpaguMHM  Ha MWMHCTMTYTa no 3emegenue
8 KlocTeHAMAN 1 B rpagvHu Ha MHCTUTYTa No OBOLLAPCTBO

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

3a noctMraHe Ha Uuenta e u3bpaH anropuTbm
“Random Forest”. TemnepaTypHUTe ycnoBua no Bpeme
Ha NMOKOW M PaHHWUTE eTanu OT Pa3BUTMETO HA OBOLLHUTE
KYATYpU ONpefenatT CcKopoctute Ha ¢GeHONOrnYHO
pasBuTMe B cnegpawute nepuogu. ETo 3awo ca
n3bpaHu TpPU arpomeTeoposorMyHM MHAEKCA: CTYAOBU
eguHuum  (CU), cyma OT uvacoBuTe CTOMHOCTM Ha
TemnepaTtypuTte Hag 6UMONOTMYHMA MUHUMYM NO Bpeme
Ha nokoit (GDH) u cyma oT edeKTUBHM TemnepaTypu
(GDD). 3a ga ce M34nCnAT Te3N UHAEKCH, Ca U3M0I3BaHU
YacoBWUTE CTOMHOCTM Ha TemnepaTypata Ha Bb3Ayxa
(Richardson et al., 1974; Meier et al., 1994). Yacosute
CTOMHOCTU Ca U34YUCNEHU C AaHHM, noayyeHn oT Climate
Data Store ERA5-Land Hourly Data.

Pesyntatu n ussogu

JaHnunte 3a pBete nokaumm — KiocteHaun w
MnosauBs, ca pasfeseHn Ha ObyuyMTeNHU U TEeCcToBM
Habopu.Mo-KoHKpeTHO, 75% OT AaHHMTE ca U3MN0/13BaHuU
33 obyyeHue, a octaHanuTe 25% — 3a TecTBaHe. bpoAaTt
Ha QAgbpBeTaTa Ha pelweHusaTa 3a Knacudukauma e
3agaaeH Ha 600.

Kato npeguKTopu ca M3non3BaHu cieaHuTe AHEBHU
napametpu: CH, GDD, GDH wu Julian Day. Cnhegf HAKO/KO
TecTa MOAEeNbT € M3NbJHEeH OTAEeNHO 3a npexoauTe
mexay BBCH57 wn BBCH65 un mexagy BBCH65 wu
BBCH87/89, kakTo u 3a etana BBCH87/89.

Hali-Hanpes e oueHeHa nNpeaCTaBUTENHOCTTA Ha
napameTpuTe, M3NON3BaHW 3a MPOrHO3MpaHe Ha
pasnnyHuTe $asm — pasnykBaHe Ha NbMNKUTE, UbdTeX U
y3psABaHe Ha N/i0f0BeTe, Bb3 OCHOBA Ha CTOMHOCTUTE Ha
npeavkTopure.

Ypes anroputbma “Random Forest” e nocturHata
BMCOKa CTeneH Ha MPOrHo3MpaHe 3a nosBaTa Ha
uscnenBaHMTe ¢a3M B YEpEeLOoBM  HACANKAEHWA,
C AMana3oH Ha TOYHOCT OT -2 A0 +1 AgHKM, B cpaBHeHUe
C HawwuTe HaseMHW HabnogeHna B KiocTeHaun w
MNnosaus npes nepunoaa Ha mscnegsaHe 2021-2023 r.
3a AOBAKOBUTE  HacaXAeHUA  OTKAOHeHMATa ca
no-ronemu, Bapupawm ot -6 Ao +2 AHU Ha TOYHUTE
MecTa 1 npes CblluMAa Nnepuoa Ha uscneasaHe (tabn. 1).

Tabnuua 1. T[porHo3MpaHW OTKAOHEHUA B AHWUTE
B 3aBMCMMOCT OT HabnwpaBaHOTO pas3BUTME Ha
yepewuTe u A6bAKKTE B KlocTeHaun u MNnosams

Cranums/ KiocreHgun MNnospus
FopmHa 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

2023 0 0 0 1 0 0

Nutepatypa

Meier, U., Graf, H., Hess, M., Kennel, W., Klose, R.,
Mappes, D., Seipp, D., Stauss, R., Streif, J., Van den
Boom, T. (1994). Phanologische Entwicklungsstadien
des Kernobstes (Malus domestica Borkh. und Pyrus
communis L.), des Steinobstes (Prunus-Arten),
der Johannisbeere (Ribes-Arten) und der Erdbeere
(Fragaria x ananassa Duch.). Nachrichtenbl. Deut.
Pflanzenschutzd, 1994, 46, 141-153.

Richardson, E.A., Seeley, S.D., Walker, D.R. (1974).
A model for estimating the completion of rest for
‘Redhaven’ and ‘Alberta’ peach trees. HortScience,
1974, 9, 331-332.
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Introduction

Fruit growing is an important structural part of
agricultural production in Bulgaria. Orchards and
vineyards constitute an entire agricultural sector.
According to agrostatistics, the area of orchards is 67.8
thousand hectares. The aim of the study is to predict the
dates of the onset of the phases BBCH57, BBCH65 and
BBCH87 for cherries and BBCH89 for apples, using
meteorological data and agrometeorological indices.

Methodology

The study has been conducted in the experimental
orchards of the Institute of Agriculture in Kyustendil and
in the gardens of the Institute of Fruit Growing in the city
of Plovdiv from 2021 to 2023 (Fig. 1).

Kyustendil g o Plovdiv

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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BvBegeHue

BenonnogHute AroaM MMaT He MO-KpaTKa MCTOPUA Ha
ornexgaHe OT YepBeHUTE COPTOBE — OTI/IEXAAT Ce OT
XMNAaM XoauHu B Ynnu B ase dopmu: amea (Fragaria
chiloensis ssp. chiloensis f. Patagonica) n KyntuBnpaHa
(Fragaria chiloensis ssp. chiloensis f. Chiloensis). CopTbT
'‘Snow White' e cenektnpaH npes 2010 ot Fragaria x
ananassa 'Weisse Ananas' u Fragaria chiloensis
f. Chiloensis (Olbricht et al., 2013).

MeTtogonorusa

Mpe3 2025 r. e npoBeaeH ABYDAKTOPEH EKCNEPUMEHT
Nno CTaHOAPTEH METOA, Ha AbATUTE NapUENKUM B Tpw
NOBTOPEHMA B HeoToMN/sAema NOJMETUNIEHOBA TyHe/Ha
opaHxepua B oOnuTHO none Ha WIMA3P ,Hukona
MNywkapos” — YenoneuyeHe, Codus (42°44'22.8"N,
23°28'3.7"E), npun KankoBo HanosBaHe 1 ¢pepTuraums. 3a
AOMBAHUTENHO HamansABaHe Ha 3arybuTte oT BOoZa €
NPUAOXKEHO Myn4YnpaHe CbC  CUBO-YepeH uv
nonvetuneHos myndy. O6EKT Ha wu3cnenBaHeTO ca
6enonnoaHn Aroam copt Fragaria x ananassa 'Snow
White’. ®akTopbT HanosBaHe e NPU/IOXKEH B ABE HMBA:
11 — 75% (ETc); 12 — 50% (ETc). ®aKTopbT TOpeHe e
npuaoxeH B pABe HuBa: F1 — ontumanHo TopeHe
Ns.osP12.76K15.62; F2 — cybontumanHo TopeHe, 75% (F1).
M3cnepBaHu ca neT BapmnaHTa: KoHTpona I0F0:100% (ETc)
nonnMBHa Hopma, 6e3 TopeHe; I1F1; I1F2; 12F1 wn 12F2.
ABTOMaTM3aUMA Ha NOAMBHUA NPOLEC Ce OCUTypsiBa OT
KOHTpOJiep 3a NpeLm3Ho NoLaBaHe Ha NOIMBHATA HOPMa
NMC Junior, enekTpomMarHMTHU KnanaHu, Toponoaasalla
cuctema FertiKit Nutrigation 3a npeumsHo npuaoxeHue
Ha TopoBaTa Hopma. [laHHMTE 33 MUKPOKIMMATa B
OpaH)XepuATa Ca W3MEpPEeHW upe3 MeTeoposIornyHa
ctaHuusa (HOBO, USA). ETanoHHaTa eBanoTpaHcnmpauus
€ M34YMcneHa 4ypes yaBHeHWeTo Ha Penman-Monteith
(Allen et al., 2006).

Pesyntatu u ussogm

Mpe3 BeretauMoHHMa nepmog 10 mapt — 20 HoemBpU
2025 r. cpegHata MMHMMaNHA AHEeBHa TemnepaTtypa Ha
Bb3Agyxa B oOpaHxepuAta e 9.11 °C; cpepgHaTa
MaKCMMasiHa [JHEeBHa TemnepaTypa Ha Bb3gyxa e
35.04 °C, cpefHaTa MMHUMaNHA AHEBHA OTHOCUTE/NHA
BNIAXKHOCT Ha Bb3ayxa e 33.07%, cpegHaTa MaKCMMal/iHa
OHEeBHa OTHOCUTE/IHA BMIAXKHOCT Ha Bb3ayxa e 83.65% u
cpefHaTa AHeBHa cibHYeBa pagmaumd e 8.75 MJ m?/day.
CymapHata eBanoTpaHCNupauma Ha Aroaute npes
2025r.e387.01 mm.
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o = L
MNonusxa Hopma (mm)

®urypa 1. NonnsHa Hopma u ETc.

Mpe3 2025 r. 6axa npoBeAeHUM 53 MOAMBKM CbC
cpegHa nonvMBHa Hopma 6.95 mm 3a KOHTPOAHMA
BapuaHT IOFO (ur. 1). Hali-BucokuTe cToliHocTn Ha WUE
(edeKkTMBHOCT Ha M3MonN3BaHe Ha MOJIMBHATa BoAda) ce
HabnopgasaT npu BapuaHT I12F1 (3.94 kg/m3), a
HaM-HUCKUTE CTOMHOCTM — NPU KOHTPOIHUA BapuaHT IOF0
(1.98 kg/m3).

BnarogapHoctu: [poBegeHUTe eKCcnepuMMmeHTM ca
duHaHcupaHm ot doHp ,HayyHu wuscnegBaHua” no
»KOHKypc 3a dunHaHCcUpaHe Ha PyHAAMEHTA/IHU HAYYHMU
nscnegsaHma — 2022 r.“, npoeKT ,,BavaHMe Ha noyYBeHo-
KAMMATUYHUTE YCNOBUA BbPXY TEXHONOTUYHUA PEXKUM
Ha HanosBaHe U U3NUTBAHE Ha BUONOTMYHK CpeacTBa 3a
KOHTPOJ Ha pUTONATOreHM NPU Aro4M 3a NOBMLLABAHE Ha
KayecTBoTO Ha NpoayKkumaTta“, Jlorosop 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
etal., 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 NsooP12.76K15.62;
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 Irrigation rate

ETc (mm/day)
[} w =

-
Irrigation rate (mm)

o

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 IOF0. The highest WUE (water
use efficiency) was obtained for 12F1 (3.94 kg/m?3), and
the lowest was obtained for control treatment
IOF0 (1.98 kg/m3).
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BbBeaeHue

Llenta Ha nNpoyyBaHeTo e Aa Ce HanpaBW CpaBHUTENEH
aHaNM3 Ha BereTauMoOHHM WHAEKCU OT CcaTe/UTHU
M306paXkeHna U NONEBU U3MEPBAHUSA C e MOHUTOPUHT
Ha  CbCTOAHMETO Ha  pacTeHMATa W pPaHHO
NMOEHTUOULMPAHE HA CTPECOBM CbCTOAHMA. B pamKuTe Ha
3-roAMWHO M3cneaBaHe ca aHanuM3vpaHu gga Tuna
BPb3KM:  CTPYKTYpPHM  (CBBbP3aHM C  KOJIMYECTBOTO
bromaca) " dn3MoN0rMYHN (cBbp3aHK c
$OTOCUHTETUYHMA KanauuTeT).

MeTtogonorusa

M3non3eaHW ca AaHHM OT MOJIEBU E€KCMEPUMEHT C
Luapesuua, nposeaeH B WHCTUTYT no 3emezenve u
cemesHaHue ,06pasyos yndpaunk” — Pyce, CCA, npes
nepuoga 2021-2023r.
U3non3saHu CNbTHUKOBU UHAEKCHU OT Sentinel-2
NDVI (Normalized Difference Vegetation Index):
(B8 nir — B4 red) / (B8 nir + B4 red)
EVI2 (Enhanced Vegetation Index 2):
(B8 nir — B6 red adge) / (B8 nir + B4 red)
Clre2 (Chlorophyll Red-edge Index):
(B7 red edge 3/B5 red edge)-1
LAl (Leaf Area Index):
3.61 *((B8 nir-B4 red) /(B8 nir+ B4 red))-0. 11.
HaszemHu paHHU. CBexka HGMomaca M Cyxo BeLLECTBO:
WMHOMKATOPM 3a HaTpynaHaTa eHeprusa U NpoAyKTUBHOCT.
Xnopooun A u b: onpegenat ¢OTOCMHTETMYHATA
aKTUMBHOCT. KapoTeHoMaM: CAysKaT KaTo  3alUUTHM
NUIMEHTU U Ca UHAMKATOP 3a pUTOCAHUTAPEH CTPEC UK
CTapeeHe Ha nocesa.
CTaTUCTUYECKU MeTOoA, — KOPENALMOHEH aHaNU3.

Pesyntatu u ussogm

M360pbT Ha BEreTauMoOHHW MHAEKCU 33 LeauTe Ha
u3cnelBaHeTO Cce OCHOoBaBa Ha creuuduKata Ha
KyntypaTta. MHaekcbT NDVI e ocHoBeH 3a onpeaensaHe Ha
Ha/nuMe Ha 3eneHa pacTuTenHoct. MNpu uapesBuuaTta e
edpekTMBeH Ao dasa ,M3MeTnABaHe”, cien KOeTo YecTo
ce Hacuwa. N36opbT Ha EVI2 e cBbp3aH ¢ dpakTa, Ye Tol e
no-npeuuseH Mo OTHOWEHME Ha noyYBeHUA ¢GoH U
atmocdepeH Wwym. MNo-4yBCTBUTENEH € KbM BapuaLumuTe
B MbCTaTa BomMaca Ha uapesuLaTta B cpaBHeHue ¢ NDVI.
3a onpepensaHe Ha Bpb3KaTa CbC CbAbPXKAHMETO Ha
xnopooumn ca u3nonseaHu ,Red-edge” KaHanute Ha
Sentinel-2 (Band 5/6/7), KouTO ca W3KAOYUTENHO
YYBCTBUTENHU KbM CbAbP)KAHMETO Ha Xjaopodun B
nuctata. UHpgekcwbT LA, mopenupaH 4ypes caTenuUTHU

AadHHUW, 0Tpa3ABa 06u.|,aTa NNCTHa naow, Ha eguHuua
no4yBeHa NOBBPXHOCT.

CpaBHeHMWe Ha USMepPeHUTE CTOMHOCTH
HasemeH M catennTteH LAI [m?]

~

E B0 ——1 LAIs)
g — LA )
a0 —3 LAI(s)
5 4 Lals)
o2,0 —1 14l {gr)
.“I—" —_—2 LAl {gr)
gg‘o . . . . . . . . . =3 LAl (gr)
IS} 1 2 3 a4 5 6 7 8 9 10 —4laile)

Homep Ha nnowagkata
durypa 1. JinctHonnoweH nHaekc LAl — uamepeH 1 usumcieH.

Tabnnua 1. Kopenauma mexay HA3eMHO U3MeEpeHu W
M34ncNeHn napameTpu

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

L 0,97/4¢ 0,984 0,874 0,037 0,637 0,39
SQRT|{ 0,994 0,994k 0,934 0,164 0,73[=> 0,63
NDVI-LAI(rp)|NDVI-h NDVI-biomas|NDVI-sun _ |[NDVI-ch-A_|[NDVI-ch-B_|NDVI-Carz
R4 0,574 0,92/4¢ 0,984 0,874 0,032 0,63/> 03¢
SORT/{ 0,99/ 0,964 0,994 0,934F 0,16[{ 0,73 0,6
EVI2-h EVI2-LAI(gr}|EVI2-biomas |EVI2-suh EVI2-ch-A  [EVI2-ch-B__ |EVI2-Carat
R 0,974 0,96/{F 0,974 0,934F 0,061 0,695 04t
SQRT|{+ 0,984+ 0,984 0,984 0,964F 0,254 083 o6t
SAVI-h SAVI-LAI(gr)[SAVI-biomas |SAVI-suh SAVI-ch-A  |SAVI-ch-B  [SAVI-Cara
L 0,954 0,934 0,974 0,934 0,024 0,72[> 04
SQRT|{ 0,984 0,96/4F 0,994t 0,964 0,14/4 o854k 0%

Kopenauusata mexay CTOMHOCTUTE, OTYETEHM OT
CaTe/IMTHNU M Ha3eMHW nNpobu, MNOKasBa HAW-TONAAMO
cboTBeTcTMe mexay LAI-LAI, LAI-6buomaca, NDVI-LAI,
NDVI-Bnco4unHa, NDVI-buomaca, EVI2-BMcounHa,
EVI2-LAI, EVI2-cyxo BewwecTBO, Savi-BucoumnHa, Savi-LAl,
SAl-bnomaca.

MpoyyBaHeTO MOTBbPKAABA, Y€ MHTErpUpaHeTo Ha
CaTeNIMTHNU JaHHM oT Sentinel-2 ¢ npeku nonesu
M3MepBaHUA Cb3haBa Bb3MOXKHOCT 3a MNO-NpeuunseH
MOHUTOPUHI Ha 6uomacata U  HOTOCMHTETUYHUA
KanauuTeT nNpu LapesuuaTa. Monsata Ha To3M Noaxon, B
arpomMeTeoponorvaTa € Bb3MOMKHOCTTAa 33 paHHa
OMArHOCTMKA Ha GM3MON0rMYeH CTPec U ONTUMU3UpPaHE
Ha arpoTexHW4YecKkuTe AOenHOCTU uYpe3 NOo-NPeLn3HU
nHaekcn Kato EVI2 u Clre2, kouto npeogonssar
orpaHuyeHuATa Ha ctaHgapTHMA 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
il ground and satellite LAl [m2 ]

EE‘-D —1LAls)
v —2 LAls)
&40 —3 LAls)
= — g LAls)
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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
Ri{E 09714 o9l 0,98/{F 0,87 0,03/ 0,63 0,39
SQRT|{: 0914 o9/ 0,99 0,934 0,16/ 0,795 0,63
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 09l 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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BbBepeHue

OuenABaHeTO U ABAFOCPOYHMAT  ycnex Ha
KYNTYPHUTE pacTeHMA 3aBUCAT OT CNOCOBHOCTTa UM
Ja ce ajanTvpaT KbM MNpomeHAWwaTa ce cpega
(Babalola et al., 2025). HabnogasaHaTta TeHAeHUMA
KbM HapacTBalja 4ectotTaTa M WMHTEH3UBHOCT Ha
KAMMATUYHUTE aHOMaNUKN B 3eMeLeICKUTE PaioHM
3aCTpalwaBa pPasBUTUETO M NPOAYKTMBHOCTTA Ha
3UMHUTE XUTHM KynTypu (Kazandjiev et al., 2022).
OueHKaTa Ha afanTUBHWTE CBOWCTBA Ha COpTOBETE
3MMHA MWeHMLA e BaXKHa 3a NPaBUIHO peLleHue
OTHOCHO edeKTMBHOCTTa Ha 6baewoTo um
npunoxeHune B npomssoacteoto (Koshelyaev et al.,
2022).

MeTtoponorus

MpoyuBaHeTo 0b6xBalla ABe NOpPesHU FOAMHU —
2023/2024 v 2024/2025 r. U3cnhenBaHeTo BKAOYBA
27 WHTpOAyUMPaHU reHoTUNa 3MMHa OBMKHOBEHA
nweHunua. CTyaoycTOMYMBOCTTA € M3NWUTaHa 4pes
M3KYCTBEHO 3ampasfiBaHe B XJagUAHU Kamepu.
PacTeHusTa ca OTIEXAaHUM BbB BEreTauuMoHHM
CbOoBE, KaTo 3aKajABaHeTo npoTuya npw
ecTecTBeHW ycnoeus. B nepuoaa Ha Hal-BMCOKa
CTYZ0YCTOMYNBOCT ca NnoA/IoXKeHN Ha
HUCKOTEMMepaTypeH cTpec. HusoTo Ha
YCTOMYMBOCT Ha  M3NUTBaHMTe ob6pasum ce
CpaBHsABa C TOBa Ha COPTOBE CTaHAApPTM C NO3HaTU
HWBA Ha NpM3HaKa.

TonepaHTHOCTTA KbM 3acyllaBaHe e U3nNuTaHa B
KYNTUBALMOHHO CbOpPbIKEHWE — 3aCyLHUK.
MpunoxeHn ca yeTnpu BapuaHTa Ha
BogoobesneyaBaHe — 3agbnbouyaBawo ce (Cl),
paHHo nposetHo (C2) ¥ KbCHO NpOJIETHO
3acywaBaHe (C3) © KOHTpONeH, ONTUMaHO
nonueaH (K). M3BbplieH e 6uomeTpuyeH aHanus
Ha Npu3HaumMTe Ha NPoAYKTUBHOCT. OnpeaeneHu ca
MHOEKC 32 YyBCTBUTE/NIHOCT KbMm 3acywasaHe SSI,
MHOEKC 32 TONEepPaHTHOCT KbM 3acywasaHe STl wu
MHAEKC 3a cTabunHocT Ha aobusa YSI.

Pe3yntatu u ussogu

fonama 4acT OT uM3NMTaHMTe  o6pasum
OEMOHCTPMPAT HUMBO HA MPU3HAKA OKOMO M MOoA
HWBOTO Ha cnabua ctaHAapT San Pastore (Taba. 1).
C Hall-BMCOKA CTY40YyCTOMYMBOCT C€ OTKPOsiBa COPT
,Copuan“.

Tabnuua 1. PasnpeaeneHve Ha reHOTMNOBETe MWeHUUa
MO HUBO Ha yCTOVI"IVIBOCT cnpAmo CTaHAapTH
Hapct. Hapcr. Hap ct. Hapg cT. Mogp ct.

be3s.1 Ne301 Pyc. S.P. S.P.
Bpoit 0 5 6 25 2
% ot 061y 6poit 0 18.5 22.2 92.6 7.4

BapuaHTMTe Ha  3acyllaBaHe  Hal-CUAHO
NOHMXaBaT TernoTo Ha 3bpHO OT Knac GWS
(dur. 1). MNpu KbCHO nNpoONEeTHO 3acyllaBaHe
copToBeTe 3amasBaT B  MNO-roNsma  CTeneH
BMCOYMHATa Ha cTbbnoto (PH), AbakuHaTa Ha
Knaca (SL) n 6pos Ha 3bpHaTa B Knac (GNS), Ho
ry6aT 3HauYMTENHO OT TernoTo Ha 3bpHoTo (TKW).
Mopagy no-ronamaTa cu NPoAyKTMBHA BpaTtumoct
(TN) » noaobpeHu ycnosua no Bpeme Ha ¢asa
Ha/AMBaHe Ha 3bpHOTO 06pasuuTe peanusmnpart
no-BMcok Ao6bus (Y) npu paHHO NPONETHO CNPAMO
CbLUMTE NPU KbCHO NPOJIETHO 3acyLlaBaHe.

120

100

80

60 1

40 4

20 1

o4
™ PH sL Gws. GNS. TRKW Y

®urypa 1. MoHuKeHUe (%) Ha KOMNOHEHTUTE Ha A0bUBa
Npu CTpec oT 3acyLuaBaHe.

Hai-BMCOKM cToMHOCTM Ha uHAekca SSI ca
nonyyeHn npu 3agbnbouyaBalo ce W KbCHO
NPOoNEeTHO 3acylaBaHe. MHAEKCHT 3a ToNepaHTHOCT
Kbm cTpec STl Bapupa mexay 0.04-0.29 (C1),
0.31-1.48 (C2) u 0.33-1.23 B C3. CpegHo 3a
06pasuunTe NHAEKCHT 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 20242025. 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 vyields (Y) in early spring
compared to the same ones in late spring drought
variant.

120

™ PH SL GwWs GNS TKW Y

Figure 1. Reduction (%) in yield components
under drought stress.

The highest values of the SSI index were
obtained in deepening and late spring drought
variants. The stress tolerance index STI varied
between 0.04-0.29 (C1), 0.31-1.48 (C2) and
0.33-1.23 in C3. The average yield stability index
YSI for the samples was 0.17 (C1), 0.78 (C2) and
0.70 (C3), respectively.
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BbBeaeHue

Llenta Ha v3cnefBaHeTo e Aa ce onpefeny BAUAHWUETO
Ha HAKOW arpoMeTeOpPO/IOTNYHN MHAEKCU — edeKTUBHM
TemnepaTypu (Growing Degree Days, GDD, °C) wu
Konuuectso Banexu (R, mm), Bbpxy Aaobusa wu
KayecTBOTO HA 3bPHOTO NPW U3NUTBAHUTE 06pasum
3uMeH QyparkeH e4eMuK. YCTaHOBEHUTE TEHAEHUMMN Ha
M3MeHEeHMe Ha OCHOBHUTE METEOPOJIOTUYHU eNeMeHTH
M arpoMeTeoposioTMYHUTE YCAOBWUA Mpe3 nociefHus
TpUAeceTroauLIeH Nepuos, B CpaBHEHNE C NPeaxoaHus,
B paiioHa Ha KapHobaT cneagat obuiata TeHAEHUMA KbM
yBe/MyaBaHe Ha Temnepatypute, a MNpu roAMLIHUTE
BaJieXXM CTATUCTMYECKM 3HAYMMa TeHAeHUuus He ce

HabnogaBa, KOETO  BAOLWABA  XWUAPOTEPMUYHUTE
YCNOBMA 33 pacTe W pasBUTME Ha OCHOBHUTE
3eMefeNCcKku KynTypu.
MeTtopgonorusa

MN3cnepgBaHeTo e npoBegeHO npe3  nepuoaa

2022-2024 r. B OMUTHOTO none Ha WHCTUTYTa no
3emegenvie — KapHobat. BkatoueHu ca 20 cenekuymoHHu
NIMHUN 3UMeH QypaxkeH edemuk (Hordeum vulgare L.
subsp. pallidum), kouTo ca reHopoHa Ha WHcTUTyTa.
KaTo OCHOBHW CTaHAapPTW 3a CPaBHEHME Ca M3MO3BaHM
coptoBete ,Becney” wu ,Axenoir 2“, KouTo ca
HAUMOHANHUTE CTaHAAPTM 32 3UMHUA GYyparkeH eyeMnkK
B cuctemata Ha MACAC.

Pesyntatu un ussogu

MpoBeaeHUAT BapuaLMOHEH aHanu3 rMoKasea, 4e
BapuauMoHHUTE  KoedULMEHTM Ha  u3c/iegBaHuTe
npusHauM ca HesHauuTenHu. ToBa faBa OCHOBaHME Aa
ce npuveme, 4Ye UHWUUTE 3UMEH OypaxkeH evyemuK,
BK/IIOYEHW B NPOYYBAHETO, Ca CTabUHW.

Principal Component Analysis (Abebe, 2024) e
LUIMPOKO MpuAaraH MeTos, 33 OLEHKA Ha reHeTU4yHOTO
pa3sHoobpasune, B3aMMOBPB3KUTE MEXAY NPU3HauuTe u
KnacudukaumaTa Ha  reHoTMNuTe MNpu  edyemMuKa
(Hordeum vulgare L.). Pa3nonosKeHMeTo Ha reHoTunuTe
B npocTpaHcTBoTO Ha PC1 u PC2 (¢ur. 1) nokassa ficHO
reEHOTMNHOTO UM pasrpaHuYaBaHe.

JIHUUTE eYyeMUK, Pa3MNONONKEHU B MONOKUTENHUA
cektop Ha PCl, ce oTauuasaT C NO-BUCOK A06MB M
no-pobpa ajanTtaumsa KbM 6naronpuaTHU
arpoMeTeoposIorMYyHM  yCAOBMA M moraT fa 6baaT
pasrnexgaHu KaTo MepcrneKkTUBHM  M3TOYHWUUM  Ha

n3xoaeH martepuan 3a Ccb3aaBaHe Ha
BMCOKOMNPOAYKTUBHM COPTOBE EYEMMUK.

B npotuBononoxHua cektop Ha PCl ce rpynupar
reHoTUnNM Kato Becneu-St, Axenoli 2-St, K-3429-22,
K-3666-22 n K-3599-22, Kouto ce xapakTepusmpart C
MO-HUCbK A06MB, HO C MO-BMCOKW CTOMHOCTM Ha
NPOTEMHOBOTO CbAbP}KaHME W abcontoTHaTa Mmaca,
KOEeTO NOTBbP}KAABa OTpMLATE/NIHATa 3aBUCMMOCT MeXAay
[06M1B 1 KauecTBo.

BtopaTta rnaBHa KomnoHeHTa (PC2) aonbAHUTENHO
pa3rpaHuyaBa reHoTunuTe cnopes  GuU3NYHUTE
NnoKasaTtennm Ha 3bpHOTO. JiuHuute K-595-22, K-841-22,
K-2826-22 n K-4083-22 noka3BaT NONOKUTE/IHA BPb3Ka C
PC2 wn ce omimMyaBaT Cc no-g4obpu TEXHONOTMYHM
KayecTBa, [OKATO FeHOTUMNWU C OTPULLATENIHWU CTOMHOCTM
no PC2 ca no-cnabo M3paseHun no Tesun nokasaTenm.

Component Plot in Rotated Space

Camponent2

Component 1

®urypa 1. PasznonoxkeHue Ha Npoy4YBaHWTe NoKasaTenu
BbB daKTOpManHaTa paBHMUHA.

Hall-cuiHa nonoxutenHa Kopenauua ce Habnaoaasa
MeXAay KAMmaTuuHuTe GakTopu cyma Ha edeKTuBHUTE
TemnepaTypu WM KOJIMYECTBO Ha NagHaAuTe BaseXMW.
[JobusbT e B CUAHA NOJIOXKWUTENHA KOPEeNauMoHHA
Bpb3ka ¢ GDD u cpegHa no cwuna Kopenauua
KO/IMYECTBOTO Ha NagHanuTe BaneXu M BUCOYMHATa Ha
pacteHuata. OTpuuaTenHa 3aBUCMMOCT € YCTaHOBeHa
mexay Qfobuea M wmscnenBaHUTe  GUINKO-XMMUYHM
nokasatenu (abcontoTHa Maca, CbAbpP)KaHWE Ha
NPOTEMH U  XeKToAuMTpoBa  Maca). [logxoaalm
M3TOYHMLM HA M3XOAEH MaTepuan, OT/iMyaBallm ce ¢
[06pY NPOAYKTUBHM Bb3MOXKHOCTU, ca INHUKTe K-3146-
22, K-265-22, K-4069-22, K-4083-22 v K-2741-22.
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Introduction

The aim of the study is to determine the influence of
some agrometeorological indices - effective
temperatures (Growing Degree Days, GDD, °C) and
amount of precipitation (R, mm), on the yield and quality
of the grain of the tested winter fodder barley samples.
The established trends of change in the main
meteorological elements and agrometeorological
conditions over the last thirty-year period, compared to
the previous one, in the Karnobat region follow the
general trend towards increasing temperatures, and in
annual precipitation a statistically significant trend is not
observed, which worsens the hydrothermal conditions
for growth and development of the main agricultural
crops.

Methodology

The study was conducted in the period 2022-2024 in
the experimental field of the Institute of Agriculture —
Karnobat. Twenty breeding lines of winter fodder barley
(Hordeum vulgare L. subsp. pallidum), which are the gene
pool of the Institute, were included. The main standards
for comparison were the varieties “Veslets” and
“Aheloy 2”, which are the national standards for winter
fodder barley in the Executive Agency for Variety Testing,
Approbation and Seed Control system.

Results and conclusions

The analysis of variation performed shows that the
coefficients of variation of the studied traits are
insignificant. This gives reason to assume that the winter
fodder barley lines included in the study are stable.

Principal Component Analysis (Abebe, 2024) is a
widely used method for assessing genetic diversity,
relationships between traits and classification of
genotypes in barley (Hordeum vulgare L.). The location of
the genotypes in the space of PC1 and PC2 (Fig. 1) clearly
shows their genotypic differentiation.

Barley lines located in the positive sector of PC1 are
characterized by higher yield and better adaptation to
favorable agrometeorological conditions and can be
considered as promising sources of starting material for
the creation of high-yielding barley varieties.

In the opposite sector of PC1, genotypes such as
Veslets-St, Aheloy 2-St, K-3429-22, K-3666-22 and
K-3599-22 are grouped, which are characterized by lower

yield, but with higher values of protein content and 1000
kernel weight, which confirms the negative relationship
between yield and quality.

The second principal component (PC2) further
distinguishes genotypes according to the physical traits
of the grain. Lines K-595-22, K-841-22, K-2826-22 and
K-4083-22 show a positive relationship with PC2 and are
distinguished by better technological qualities, while
genotypes with negative values on PC2 are less
pronounced in these traits.

Camponent Fist in Rotated Space

Companard I
s
L]

Campadnnt 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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BbvBepgeHue

MoBpeauTe OT KbCHM MPOJSIETHU MPa3oBe Ca OCHOBEH
MMUTUpaL, ¢aKTop 3a NpPOM3BOACTBO Ha OBOLLHM
KYNTYpU B HaLaTa CTpaHa. PerMcTpupaHoTo yBeMyeHue
Ha TemnepaTypuTe Ha Bb3Ayxa NO Bpeme Ha
NPUHYAUTENHUA  MOKOW  NpeausBMKBA  MO-PaHHO
pasBuTME Ha NIOAHWTE MbMKW Ha OBOLLHWUTE BUAOBE U
NoBMLIABA PUCKA OT NocaeABalLMTe MOBPATHU MNPOETHU
mpasoBe (Georgieva & Kazandjiev, 2023). Malchev un
Savchovska (2020) yctaHoBsiBaT, 4Ye B paKioHa Ha
MnosauB wM3cneaBaHUTE OT TAX COPTOBE 4epewu ca
Hal-4yBCTBUTE/IHN KbM MPONETHUTE Mpa3oBe BbB dasa
pasnyKBaHe Ha MbMKUTE.

Llenta Ha HaCTOALLOTO M3cNeABaHe e a ce Hanpasu
BEPOATHOCTHA OLEHKA Ha HAaCTbMBAHETO Ha OCHOBHUTE
deHonormyHn  Pasm  — HabbbBaHe Ha NbNKUTE,
pasnykBaHe U UbdTeX, NPU Yepella U Kalcua U pucka
OT NOBpPeAM OT KbCHU MPOSETHU MPa3oBe.

MeTtogonorus

3a uscnenBaHeTo ca U3No03BaHU METEOPO/IOTUYHM U
$GEHONMOMMYHM JaHHM OT apxuBuUTE Ha HaumoHanHuA
MHCTUTYT NO meTeoposiorna u xugponorma. OtyeTeHa e
JaTtata Ha HacTbnBaHe Ha deHonornyHute dasu
BBCH 37, BBCH 57 u BBCH 65 B OCHOBHUTE pPailoHW,
KbAETO e CbCpesoTo4YeHO MPOM3BOACTBOTO HA OBOLLHM
Kyntypu npe3 nepumoga 1981-2015 r. U3nonssaHu ca
pesynTatute OT BEPOATHOCTHM OLLEHKM 33 HacCTbhBaHe
Ha KbCeH NposeTeH mpas.

Pesyntatu n ussogu

B HawwuTte KAMMATUYHMU ycnosuAa HaVI-yﬂBBMMM KbM
NoBpPaTHU MNPOJIETHNW MpPa30Be Ca OBOLHUTE KyATypw,
0CobeHO paHHOUBGTALLMTE KOCTUNKOBM BUAOBE KaTo
Kalcuma, npackoBa M Yepela, B HadvanHuTe ¢asu ot

TAXHOTO pasBuTMe — HabbbBaHe Ha  MbMKKTE,
pasnykBaHe U LbpTeX.
B wuv3cnesBaHeTo ca pasrnefaHM  JatuTe  Ha

HacTbNBaHe Ha OCHOBHWUTE d¢eHoMorMyHn Gasm npu
yepewa (Prunus avium L.) v BeposTHOCTTa 3a
HacTbMBaHe Ha KbCHWU NPoNeTHM mpasose. Ha ¢urypa 1
Ca MOKas3aHM BEpPOATHOCTUTE 3a MOsABa Ha MPOJIETHU
MpasoBe Mpu Yepewa 3a paloHa Ha bBnaroesrpag.
N3cnepBaHMATa Ha arpoOMETEOPOIOTMYHUTE YCAOBUS MO
BPEME Ha MpUHyAUTENeH [MOKOW 3a pasrnegaHuTe
cefem CTaHUMM NOKasBaT, 4ye cpegHaTa pata Ha
HacTbMNBaHe Ha MOC/AeAHMA NPOJETEH Mpa3 Bapupa oT
oT 1 no 25 AHM No-paHO OT gataTa Ha HacTbMBaHe Ha
dasa ubdrexk. B Mnosams 24.1ll e cpeaHata gata Ha
HacTbMBaHe Ha Noc/eAHUA NPoJIeTeEH Mpas, a AaTaTa Ha

ubodTex e 10.IV, T.e. ¢ 13 gHM no-paHo npu 75%
obesneyeHocT.

B no-tonau roamHn ¢ 25% obesneyeHocT gatata Ha
ubdTexX HacTbnBa 8 AHW caef nocnegHWA nponeTeH
Mpas. HaW-ronAama onacHOCT 33 Bb3HMKBaHE Ha
nponeTHn MmpasoBe ce HabnwogaBa B palloHWTE Ha
Tovprosuwe, Oobpuy, KHexa u KiocteHann, Tbi KaTo
JaTaTa Ha NoCAeAHUA NPoNeTeH Mpas HacTbnea oT 1 Ao
13 AHWM no-paHO OT JaTaTa Ha HacTbnBaHe Ha ¢asa
ubdTex. Ha-manka e BepoATHOCTTa 32 HACTbMBaHe Ha
NpoJIeTHM Mpa3oBe B palioHa Ha Pasrpag, kbaeto 3.1V e
BepoATHaTa JaTa Ha HacTbMBaHe Ha nocaeaHuA
nponeTeH mpas — 2 AHW cnef HacTbhBaHe Ha ubdTexka
npu 75% ob6e3neyeHocCT.

BEnaroesrpag 25%

Bnaroeerpag 50%

Bnaroesrpag 75%

®urypa 1. BepoATHOCTHO-CTaTUCTUYECKM aHANN3 Ha JaTuTe
Ha HacTbNBaHe Ha YyBCTBUTENIHM KbM Mpa3 ¢asu Npu yepeLa
(Prunus avium L.) B palioHa Ha Bnaroesrpag,

B pe3yntaT Ha npoBegeHUs  BEPOATHOCTHO-
CTaTUCTMYECKM aHa/iuM3 B CeAemM OCHOBHM PaioHa,
KbJETO € CbCPeAO0TOUEeHO NPOM3BOACTBOTO Ha Yepelun B
Bbarapus, ce yCTaHOBM, Ye KbCHUTE NPONETHM Mpa3oBe
HacTbneaT Hal-4ecTo npes3 TPeToTo AecedHeBue Ha
MapT MAW NbPBOTO AeceTAHeBMEe Ha anpua, KoraTto
npotuyat ¢asuTe pasnykBaHe Ha MbNKUTE U UbdTex
NPU pasrnexgaHnTe OBOLWHM KYATYPU.
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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
1to 25 days before the onset of flowering. In Plovdiv, the
mean date of the last spring frost is March 24, while the
flowering date is April 10, occurring 13 days earlier at the
75% probability level. In warmer years, at a 25%
probability level, the flowering date occurs eight days
after the last spring frost. The highest risk of frost
damage is observed in the regions of Targovishte,
Dobrich, Knezha, and Kyustendil, where the last spring
frost occurs 1 to 13 days before anthesis. Conversely, the
lowest frost probability is found in the Razgrad region,

where the probable date of the last spring frost is April 3,
two days after the onset of flowering at a 75% probability
level.

Blagoevgrad 25%
flowering
bud burst —
durable transitions of T across -
5'C-vweling buds
0o R0z 1502 Frlv Bo o703 140 nm mm g 1104 1804 2504
swedling buds  s— bud burst — flowering w— Data
Blagoevgrad 50%
flowering
swelling buds —_—
durable transitions of T
across 5"Cowelling of
beads.
0103 [ 1] 1500 oy nm 0r.03 1402 palit] /m 0404 nm 1804 2504
swolling buds se— swelling buds — OWEAING  — aaa
Blagoevgrad 5%
fawerieg
bud burst —
durable transitions of T
scrons 5 Cowelling of
buds
o 1 a0r m@ 0 Me e oM n
sweling of buds bud burst — flowtring  —

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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BbBeaeHue

MpeHocbT Ha nycTuHeH npax (MM) BogM A0 NOBULLIEHU
KOHUEHTpaumMm Ha @DMY0 u moxe [a NPUYMHMU
npesuwWwasaHe Ha cpeaHoaHesHata (CO) Hopma oT
50 ugm3. Mpeactasame metoamkaTa, paspaboteHa oT
HauMoHanHMA  WMHCTUTYT NO  MmeTeoposiorMa  #
XMAPONOrMA, 32 OUEHKA Ha TaKbB pPOA NpPEeBULIEHUA B
CTpaHaTa, KoATO ce 6asuMpa Ha eBPOMENCKU HACOKM U
HayyHu uscneasanusa (EC, 2011; Barnaba et al., 2017).
AHanusvpame  W3MON3BaHETO Ha  pesyntatm  OT
aHcambnosua mogen (CAMS-ENS) Ha VYcnyrata 3a
MOHWUTOPUHT Ha aTmocdepaTta Ha ,KonepHuk” 3a
naeHTnduumpaHe Ha aHu ¢ npeHoc Ha MM. CpasHABaT
ce ABe BepCcMM Ha Mojena 3a KoHueHTpauuu Ha MMM B
40 TOYKM B CTpaHaTa, KbAeTo Mma cTaHumm Ha MAOC.

MeTtogonorus

MeToamkaTa 3a npucnagaHe Ha MNpPeBULLIEHUA Ha
®MYo nopagn MM ce cbctoM OT ABe  YacTu:
1) npeHTUdPMKaLMA: OT NPU3EMHUTE KOHLLEHTPALMK Ha
CAMS-ENS 3a NN ce n3umcnaeat 3a BcAKA cTaHuma CL
KOHLLEHTPAUMM Ha npax W KoraTo Te HaAaBWLLABAT
5 ugm=3, ce npnema, ye nsmepenute C[ KoHUEHTPaLUM
Ha @MY ca nNoOBAMAHWM OT MNYCTUHEH npax;
2) KonnyecTBeHO onpeaensHe Ha npuHoca Ha MM Kbm
DMY10: KaTo pasnuka mexay M3mepeHata
KOHUEHTpauma n 50-MA NpoueHTUN Ha U3MepeHuTe
cToMHocTM Ha @MY npes BpemeBn nposopel, OT
13 aHu, 6e3 pa ce BKAWOYBAT AHUTE, MOBAUAHU OT
npeHoc Ha M.

YyBCTBUTENHOCTTA Ha 6poA MAEHTUOULMPAHN OHU
cnpamo BepcuAta Ha CAMS-ENS e aHanumsmpaHa c
OaHHM 32 2022 r. 332 40 TOYKM OT CTpaHaTa OT Ase
BEepCMM HA Mogena: M3Nosa3BaHaTa B MeToAMKata —
aHanus (ENS), 1 Ta3un oT mexaguHeH pe-aHanus (IRA).

Pesyntatu n ussogu

3a cTpaHaTa KaTo usano ENS u IRA nokaseat gobpo
cbrnacysaHe: KoHueHTpauuute ot IRA ca ¢ okono 3%
no-Huckn (NMB = -3.03%, r = 0.965), a U3nosi3BaHeTo
Ha IRA BoaM [0 HamaneHne Ha 6poa Ha
MAEHTUPUUMPAHMUTE OHM HA CTAaHUMUTE C OKosio 6%.
Halt-ronamata pasnuka (ENS-IRA) e npes nponetra — IRA
nokassa 45 gHW NO-MasiIko 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 Noseye)

— ¢urypa 1. Mepuog c MNO-CbLWECTBEHU PaA3/MKM 3a
cTaHuumuTe B Copus e okono 15.08.2022 .
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®urypa 1. PaznvkaTa B 6pos HaﬂM,D,EHTVId)VILI,MpaHMTe OHU
(ENS-IRA) 3a 40 cTtaHuMK B cTpaHaTa npe3 2022 r.

ENS wmaeHtTuduumpa pgHute 17 u 19-20.08 kKato
MOB/AIMAHM OT NYCTUHEH MpPax, AOKATO KOHUEHTpauunuTe
oT IRA ocTtaBaT nog nparosata CToMHOCT oT 5 pugm3
(dur. 2). MU3mepeHute MY KOHUEHTpauumn B
CTaHUMMTE MOKa3BaT npesulleHMe camo Ha KonutoTo
(1350 m) u camo Ha 17.08. ToBa yKa3Ba, Ye B TO3u
nepunog Kato uano IRA pesynraturte ca NO-40CTOBEPHU.

JonbnHutenHu uscnepgaHua  (Hanp.  XMMWUYeEH
cbctaB Ha PMNY) ca HeobxoaAMMM 33 NO-ACHM
3aKNtoYeHu.

Dust by ENS and IRA

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 IMHKK) 33 OTAENHU
CTaHuMM B rpaga; 3a Konutoto — ENS (cueu ctbnbyera),
IRA (KadsBu cTbnbueta).

bnaropapHoctu: WM3cneaBaHeTo € OCbLWECTBEHO B

paMKMTE Ha MpoekT, ¢uHaHcupaH OT 6kaxKeTa 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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Methodology for assessment of desert dust contribution to PM;o exceedances in Bulgaria

and identification of dust days
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Introduction

The transport of desert dust (DD) leads to elevated PM1o
concentrations and may cause exceedances of the daily
limit value of 50 ugm=3. We present the methodology
developed by NIMH for assessing such exceedances in
the country, based on European guidelines and scientific
studies (EC, 2011; Barnaba et al., 2017). We analyse the
use of the regional ensemble model (CAMS-ENS) from
the Copernicus Atmosphere Monitoring Service for
identifying the dust days at single sites. We compare the
dust concentration from two versions of the model for 40
sites in the country, where AQ stations are located.

Methodology

The methodology has two phases: 1) identification:
hourly dust concentrations are extracted from
CAMS-ENS for the locations of PMio stations; the daily
mean dust is calculated and if exceeds 5 pgm3 the day is
flagged as influenced by dust; 2) quantification of DD
contribution to measured PM1o concentrations: the dust
contribution is defined as the difference between
observed PM1o and a “background” value (PERC50 of
measured PMio over a +3-day window excluding days
affected by DD).

We compare two versions of the regional CAMS
ensemble model — analysis (ENS) and the interim
reanalysis (IRA), for 2022 for 40 sites — AQ stations in the
country. We examine the sensitivity of the dust-day
identification part to CAMS ensemble model versions
(analysis ENS and interim reanalysis IRA).

Results and conclusions

ENS and IRA show, in general, good agreement for the
identified days at the stations. IRA dust concentrations
are about 3% lower than the ones by ENS
(NMB = -3.03%, r = 0.965). Using IRA leads to about 6%
decrease of flagged station-days. The largest difference
(ENS-IRA) is noted in spring — IRA provides 45 less station-
days.

Looking at single sites, the largest differences are for
the stations in Sofia region (ENS marks 7-9 more days)
and for stations in Eastern Bulgaria (IRA marks 4—6 more
days) — Figure 1.

A period with more significant differences for the
stations in Sofia is around August 15, 2022.
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Figure 1. Difference (ENS-IRA) for the number of identified
dust days at 40 AQ stations in 2022.

The ENS model version flags the days 17 and 19-20
August, while IRA concentrations remains below the
threshold of 5 ugm™ (Fig. 2). Measured PM1o at the
stations in Sofia region show exceedance only at Sofia-
Kopitoto (1350 m) and only on August 17. This indicate
that during this period IRA results seem to be more
reliable.

Additional studies (e.g. chemical composition of
PM1o) are necessary for more firm conclusions.

Dust by ENS and IRA

16/08  17/08  18f0s  19/08  20/08  21/08

BGOO70A s BGOO70A_IRA —=—BGOOS0A
BGO052A BGOO73A —=— BGO079A
= = BGOO50A_IRA = = BGOO52A_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).

Acknowledgements: This study was carried out within
a project included in the NIMH research plan.
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MOHMTOpMHr'bT Ha NOJ1eH BbB Bb34yXa KaTo HQOGXOAMM KOMNOHEHT

Ha MeTeopo/IOrM4HnTe NPorHo3u
M. Xpucrosa-CaBoBa*

HauunoHaneH ueHTbp Mo 3apasHu U NapasuTHU bonectu
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BbvBegeHue

MoneHoBUTE 3bpPHA Ca MDBMKKUTE MOJIOBU KAETKU MNpwu
pacteHuata. Mpu aHemodunHUTEe BUAOBE Te ce
obpasyBaT B rosemu KosaudectBa. B npoueca Ha
onpawsaHe NONeHbT Ce fABABA Ba)XEH KOMMOHEHT Ha
Bb3ayxa Kato ®MNY, CO2, NO2, SOz, O3 1 gpyru rasose.
KoHueHTpaumATa Ha NoOJieHM BbB Bb3dyxa OTpasABa
OVHAMWYHOTO B3aummoencTene mexagy buonorvyHarta
AKTUBHOCT Ha  pacTUTE/IHOCTTAa B perMoHa U
METEOPO/IOTMYHUTE YCN0BUA. 3a Mo-rosamaTa 4acT oT
yoBeLKaTa nonyaauua noneHbvT e 6e3BpeseH, HO nNpu
okono 30% oT xopaTa BOAW A0 aNepruyHu OnaakBaHMA
CbC Ce30HHA AMHaMWKA. MOHUTOPUHI Ha MoJieHa BbB
Bb34yXa 3anoyBa Aa Ce npoBexKga B KpaAa Ha XIX Bek.
[Hec TOM e cbliecTBEH enemeHT OT cucTemuTe 3a
HabntogeHMe Ha OKONHaTa cpefa, nNpeaocTaBAlKU
LueHHa uHbopmauma 3a deHonornaTa Ha pacTeHuATa,
aTMocdepHUTe NPOLLECU U PUCKOBETE 33 0OLLECTBEHOTO
3gpaBe. HaTpynBaHeTo Ha ronsma 6asa JaHHWM AaBa
Bb3MOXHOCT 33 W3roTBAHE HA EXXerogHuW MPOrHO3HU
NoNeHOBWU KaneHpapw. ExegHEeBHUAT MOHUTOPUHE Ha
Bb34YWHM nNpobu  no3BoNABAa  NOJABAHETO  Ha
KPaTKOCPOYHM NPOrHO3M 33 PaHHO NpeaynpexaeHne Ha
nauMeHTUTe C NOJIMHO3a.

MeTtopgonorusa

3a bbarapua nepuvogbT C HaAuMuMe Ha MONEH BbB
Bb34yXa 3ano4Ba B Kpaa Ha 3MmaTta U Npogb/xasa Ao
cpefata Ha eceHTa. M3cneaBaHWATa ca NPoBeAEeHU B
Codua. MsnonseaHn ca gBa MeToda 3a Yy/aBAHE Ha
LBETHMA NpalleL;

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

MonyyeHnTe Npobu ce aHanM3MUpaT Nog, MUKPOCKON,
KaTo ce onpeaenaTt BMAOBUAT CbCTaB M UYMCAEHOCT Ha
NoNEeHOBUTE 3bpHa. B 3aBMCMMOCT OT KOAMYECTBOTO
npallew, BbB Bb3ayxa ce onpeaens NoAeHOB MHAEKC B
4 HWMBA: HUCKO, YMEPEHO, BUCOKO U MHOTO BUCOKO. Cnep,
CcTaTUCTMYecKa obpaboTKa Ha AaHHUTE ce u3paboTea
NoneHoB KaneHaap.

Pesyntatu u ussoam

Bb3agylwHaTa MosieHoBa KOHLEHTpauus e B MpskKa
3aBMCUMOCT ot METeopPOoNorMyHUTE ycnosus.
TemnepaTypaTa B/MSA€ BbPXy HAYaNoTO Ha LbdTENKa,
BNIAXKHOCTTa — BbpPXy OCBOGOXK/A3BaHETO Ha MoJjieH, a
BATbPBT ONpeAens Bb3AyWHWA MNPEHOC W JanevyeH
TpaHCNOpPT Ha noseHa. Banexute 06MKHOBEHO
HamanfBaT KOHLEHTPaUMUTE BbBB Bb3ZyXa upes
OTMMBaHe, HO MOraT M Aa CTUMYAMPaT PasBUTUETO Ha
PacTMTENHOCTTA B NO-TOM/IUTE U CNeZ, CyXv MePUOaM.

MOHUTOPUHIBT OT deBpyapu OO0 OKTOMBPW pPas3Kpuea
TPY OCHOBHM CE30HHM NUKa:
» ToneH OT gbpeeTa — paHHa NPoAeT;
» ToneH oT TpeBM OT cem. HUTHU — KbCHA NponeT
[l0 PaHHO NATO;
> ToneH oT nnesenn — OT cpeAaTta Ha NATOTO A0
eceHTa.

Oepseta e cem. )KUTHU Mnesenn
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durypa 1. IMHaMmnKa Ha noseHoBKUA ce3oH npes 2024 r.

ObnrocpoyHute HabntogeHuA NnoKaseaT, ue
U3MEHEHMETO HA KAMMaTa MNPOMEHA Ce30HUTe Ha
nonexHute. Knroyosute TeHAEHLNM ca:

e [lo-paHHO Haya/o Ha ubTeENKa;

e [lo-AbAbr NOJIEHOB CE30H;

e [loBMWEHO NPOU3BOACTBO Ha MOJEHW Nopagu
Mo-BUCOKM HMBaA Ha COy;

e [lpomeHu B pa3npoCcTpaHEHMETO Ha BUAOBETE;

e [lo-yectn EKCTPEMHMU METEeOopPO/IOrMYHMU
CbbUTUA, KaTO Hanp. MbJIHUW, BAUSELLM BbPXY
OTAENAHeTO Ha NONEHOB afepreH BbB Bb3ayxa.

Te3n npomeHW nog4yepTaBaT HeobxogMmocTTa OT
HenpeKkbCcHaTo HabaaeHWe 1 aganTUBHU CTpaTernm 3a
nporHosvMpaHe. CBETOBHMAT ONUT MOKa3Ba, ue
pasnpoCTPaHEHNETO 4Ype3  pPas/IMyHM  Meaun  Ha
KOMOWHMPAHN METeopPOJIOrMYHM C NOJIEHOBU MPOrHO3M
npeanara HaBpemMeHHa MHPOPMaLMA Ha YYBCTBUTE/IHU
KbM afieprum nmua v 3gpasHn CNeLmanmcTu.

BnaropapHocTu: lM3cnegBaHeTo e  OCbLECTBEHO B
pamkute Ha npoekT: [lorosop BG16RFPR002-1.014-0017
,LleHTbp 33 KomneTeHTHOCT ,MmyHonaTtoreH” no
Mporpama ,HayyHu wu3cnegBaHusA, MHOBaUMKM U
ANrUTanM3auma  3a MHTEAUreHTHa TpaHchopmauma“
2021-2027r.

Nutepartypa

Capone, P., Lancia, A., D’Ovidio, M.C. Atmosphere 2023,
14, 1544, https://doi.org/10.3390/atmos14101544
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Pollen monitoring in the air as a necessary component of meteorological forecasts
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Introduction

Pollen grains are the male sex cells of plants. In
anemophilous species they are formed in large
qguantities. In the process of pollination pollen is an
important component of the air such as PM, CO2, NO2,
SOz, O3 and other gases. The concentration of pollen in
the air reflects the dynamic interaction between the
biological activity of vegetation in the region and
meteorological conditions. For the majority of the human
population, pollen is harmless, but in about 30% of
people it leads to allergic complaints with seasonal
dynamics. Pollen monitoring in the air began to be
carried out at the end of the 19th century. Today it is an
essential element of environmental monitoring systems,
providing valuable information on plant phenology,
atmospheric processes and public health risks. The
accumulation of a large database allows for the
preparation of annual forecast pollen calendars. Daily
monitoring of air samples allows for the submission of
short-term forecasts for early warning of patients with
hay fever.

Methodology

For Bulgaria, the period with the presence of pollen
in the air begins at the end of winter and lasts until mid-
autumn. The studies were conducted in the city of Sofia.
Two methods were used to capture pollen:

1. Sedimentation — for the period 2011-2025.
2. Volumetric — for 2024 and 2025.

The obtained samples are analyzed under a
microscope to determine the species composition and
number of pollen grains. Depending on the amount of
pollen in the air, a pollen index is determined in 4 levels:
low, moderate, high and very high. After statistical
processing of the data, a pollen calendar is created.

Results and conclusions

Airborne pollen concentration directly depends on
meteorological conditions. Temperature affects the
beginning of flowering, humidity — the pollen release,
and wind determines the airborne and long-distance
transport of pollen. Precipitation usually reduces
concentrations in the air through washing, but it can also
stimulate vegetation growth in warmer and post-dry
periods.

Monitoring from February to October reveals three
main seasonal peaks:

» Tree pollen — early spring;

» Grass pollen from the Cereals family — late

spring to early summer;
» Weed pollen — from mid-summer to autumn.
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Figure 1. Dynamics of the pollen season in 2024.

Long-term observations show that climate change is
changing pollen seasons. Key trends are:

e  Earlier onset of flowering;

e Longer pollen season;

e Increased pollen production due to higher CO,
levels;

e Changes in species distribution;

e More frequent extreme weather events, such as
lightning, affecting the release of pollen allergen
into the air.

These changes highlight the need for continuous
monitoring and adaptive forecasting strategies. Global
experience shows that the dissemination of combined
weather and pollen forecasts through various media
offers timely information to allergy-sensitive individuals
and health professionals.

Acknowledgements: The study was carried out within
the framework of the project: Contract BG16RFPR002-
1.014-0017 “Competence Center “Immunopathogen”
under the Program “Research, Innovation and
Digitalization for Smart Transformation” 2021-2027.
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BvBeageHue

[ObArocpoYHMAT UM HemnpekbCHaT MOHWUTOPUHT  Ha
Bb34yXa € K/J0YOB e/1IEMEHT B NOUTUKUTE U MEPKUTE 3a
nofobpsBaHe Ha Ka4yecTBOTO Ha aTMochepHUA Bb3AyX
(KAB). KonuuectBoTo Ha AucneprupaHuTe  ¢GuHM
npaxosu yvactuum (PMNY) e ocHOBeH MOKasaTen 3a
cbeToAHMeTo Ha KAB. MUsrpaxpgaHeto Ha edeKTMBHA
MpexKa 3a HabnaogeHne Ha KAB, ¢ ¢oKyc Bbpxy PMNY, e
npegusBuKaTenHa 3ajava — KaKTO NopagM BUCOKaTa
LeHa Ha pedepeHTHUTE ypegu, Taka W nopaau
Nno-BMCOKaTa HeonpeLeneHoCT Ha M3MepBaHuATa C
6l0AXKETHU CEH30PU.

B HacToALWOTO U3cneaBaHe NpeacTaBaAMe OLEHKa U
CpaBHUTENEH aHa/N3 Ha pedepeHTHUA ONTUYEeH ypen
Fluke 985 Particle Counter un HucKoblOAXKETHUTE
onTUYHKU ceHsopu (SENS55 n HPMA115S0) ¢ aaHHM 3a
KOHLEeHTpaLmATa Ha ®dMY2s, noJiy4eHu CcbC
CTaHAApPTM3MpPaH aBTOMaTUYEH ypes, 3a NpoboHabupaHe
Ha ®MY (SQ1, Giano, komnaHusa Dado Lab).

MeTtoponorusa
PaspaboTeHO € UHTEerpuMpaHo uM3mMepBaTeNHO
YCTPOWCTBO, ocurypsaBaLo CUHXPOHM3MpaHa

perucTpauma Ha AaHHM OT TPWU OMNTUYHWM CeH3opa 3a
MOHUTOpPUHT Ha ®MNY — Fluke 985 Particle Counter,
SEN55 wu HPMA115S0 (Terziyski et al., 2025).
M3mepBaHMATa ce M3BbLPWBAT HA MWHTEpBanAu oOT
10 MMHYTK, KaTO BpemeBaTa MapKUPOBKA W NOKaLMATa
ce onpegenAat ypes srpageH GPS moayn. Mo Bpeme Ha
eKcnioaTauna Bb3AYLWHUAT NOTOK Ce XOMOreHusupa u
obHoBsABa HenpeKkbCcHaTo ypes KOHTPO/IMPAHO
BEHTUAMpPaHe. YCTPOWUCTBOTO € ¢YHKUMOHWMpano npes
¢deBpyapu 2026 r. B HenocpeacTBeHa 6au3ocT Ao
aBTomaTtuyeH ypea SQ1, paboTely B CbOTBETCTBUE CbC
CcTaHAapT EN-12341, pa3nonoeH Ha
MeTeoponornyHata naowagka Ha HUMX B Codwua.
MacoBaTa KoHLeHTpauua Ha ®MNY25 e onpeaeneHa ypes
rpaBUMETpUYEH aHaIN3 C U3NON3BAHETO HA aHANIMTUYHA
Be3Ha (Mettler Toledo, MS105DU/M) (Hristova et al.,
2020).

3a npeobpasyBaHe Ha perncTpupaHus bpoi yactmum
oT Fluke OPC B MmacoBa KOHUEHTpauua € MpUIOXKeH
MaTemMaTUYeckM nopxosd, OCHOBAH Ha OUEHKa Ha
NABTHOCTTAa HA Pa3sMepHOTO  pasnpefenieHne  Ha
yactmumte. MocnegHata e onpegeneHa  uypes
perpecMoHeH aHan3 BbpXy AaHHUTE OT LecTTe 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 pPeXKMMA Ha
npobos3emaHe Ha SQI1. M3BbplleHa e cTaTUCTUYEeCKa
06paboTKa Ha pe3ynTaTUTe OT CPABHUTESIHUA aHaAu3,
BK/IIOYBALLA OLEHKa Ha CbrnacyBaHOCTTa WU CTeneHTa Ha
Kopenauus mexay metogute (dur. 2).
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®urypa 2. CpaBHeHMe Ha CPEeAHOAHEBHU KOHLEHTPaLMK.

Ha durypata ca npeacraseHu pesyntatuTe oT AsaTa
6roaxkeTHn ceHsopa (SEN55 — cuHbo, 1 HPMA115S0 —
yepBeHO), pepepeHTHUA ypeq (NIMH — 3eneHo), Kakto u
pesyntaTuTte oT ABa meTtoga (M1 v M2 — BMONETOBO U
CBET/IOCMHBO) 33 TpaHchOpMMpaHe Ha OTYETEHUA OT
Fluke 6poit yactmum (6p./L) B ekBMBaseHTHa macosa
KoHUeHTpauma (ug/m?3) 3a dppakuma ®MNY,s.

BnaropapHoctu: l3cneaBaHeTo e OCbLECTBEHO B
pamkute Ha npoekt [Jyekoc no [lnhaHa 3a
Bb3CTaHOBABaHe U yctonumeocT, Ne BG-RRP-2.004-0001-
C01, KaKTO M CbrnacHoO A0rosopa 3a CbTPYAHUYECTBO U
CbBMeCTHa geWHocT mexay HUMX u  Xumwuyeckua
dakrynTeT Ha MnoBAMBCKUA YHUBEPCUTET.

Jlntepartypa

Hristova, E., et al. (2020). Application of positive matrix
factorization  receptor model for  source
identification of PM1o in the city of Sofia, Bulgaria.
Atmosphere, Vol. 11, 890, 145.

Terziyski, A., Kochev, N., Tenev, S., Georgieva, S. (2025).
Performance evaluation and cross-validation of low-
cost particulate matter sensors for environmental
research. Ecologia Balkanica, Vol. 17, 2, pp. 166-174.
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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 HPMA11550) with data on PMas
concentration obtained with a standardized automatic
PM sampling device (5SQ1, 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 PM2s was determined
by gravimetric analysis using an analytical balance
(Mettler Toledo, MS105DU/M) (Hristova et al., 2020).

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 (pug/m3) for
the PM2s 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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BvBegeHue

MNpeBuweHNATa Ha cpegHOAHEeBHaTa Hopma 3a ®MYio
(50 ugm3) ca pesyntaT OT KOMBUHMPAHO BAMAHME HA
MHOeCTBO MpOoLLecH, CBbP3aHM C €MUCUK, MPEHOC U
TpaHchopmaLMA Ha 3aMBPCUTENN N TAXHOTO OYMCTBAHE
oT atmocdepata. MeTeoposormMyHM napameTpu Cbe
CblUEeCTBEHA PO/A 33 AUCMNEPCUATA Ha 3aMbpCUTENN ca
CKOPOCT Ha BATbpPa, BajeXK W YCTOMYMBOCT Ha
atmocdepaTa. BnaxKHOCTTa, CABHYEBOTO rpeeHe W
TemnepaTypaTa BAWAAT WHOMPEKTHO 4Ype3 ycnosBuA 3a
npeobpasyBaHe Ha 3aMbpcUTENINTE, KaKTO M  3a
yBenuyaBaHe Ha emucum ot BUTOBO ropeHe.

HanpaBeH e cbBMeCTeH aHa/IM3 Ha NPeBULLEHNATA HA
®MNYo “ MeTeopoNornMyHM [aHHU OT CTaHAAPTHU
M3MEpPBaHUA 33 ABe CTYAEHW MONYroAuA: OKTOMBPU
2023 — mapT 2024 r. n okTomBpU 2024 — mapT 2025 T.

MeTtoponorusa

M3non3BaHM ca  AaHHM 33  aHOMa/AMM B
TemnepaTypata M BaNeXuTe Haj CTpaHaTa 33 [ABaTa
nepuoaa, KakTo W onucaHWe 3a Tuna Bpeme npes

oTAeNHW  3umMHM  meceum  (MecedeH  xuapo-
meTeoposiormyeH 6ronetnH, HUMX).
CpepHoAHEBHUTE KOHUeHTpauuMu 33 O®MNY1o ca

aHanu3mpaHn 3a 16 craHumm Ha WMAOC, Kbaeto ca
perucTpupaHn 3Haumm 6pol AHU C NpeBULIEHUs npes
3MMHUA ce30H 2024-2025 r.: Codpusa — 167 aHM 06O
(MaBnoBo, Hagexkaa, Xunogpyma, Mnagoct, Apyba u
rapa flHa), MepHuk — 90 (LleHTbp ¥ Ubpkea), JonHu
BoaeH — 37, MNnosguB — 98 (KameHuua wn Tpakus),
XackoBo — 47, Pyce — 48, lopHa Opsaxosuua — 48,
BnamH — 48, n MoHTtaHa — 55. 3a 7 rpaga cbC CTaHUMM Ha
HUMX e HanpaBeH CbBMECTEH aHan3 Ha HabaaaBaHK
MeCeYHU NpeBULLEHNA U CpefHOMECeYHa TemnepaTypa,
CKOPOCT HA BATbPA U MECEYEH BaNeX.

Pe3syntatu n ussogu

MpesuweHunsaTa npes 2024-2025 r. ca 64m3o gBa
NbTW noseye, OTKOAKOTO npe3 2023-2024 r. (Tabn. 1).
Mpe3 aHyapu u ¢espyapu 2025 r. npesBuLleHMATa ca
0KO/I0 2.7 MbTU MNoOBeYe CNPAMO CbLUUTE Meceum Ha
2024 .

Tabauua 1. CpaBHeHMe Ha 6POW AHU C NPeBULLIEHUA

Nepuoa/
mecel,

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

06uo Xi | 1

AHyapu 2025 r. e Hal-cyxuAT mecel, AHyapu OT
2021 r. Hacam, C MeCeYHU CyMM Ha BaNexuTe noL
KAMmaTUyHaTa Hopma (3—80% oT Hen). AHyapu 2024 r. e
No-AbXKAOBEH, C BaJeXXW OKONIO U nof HopmaTa. U 3a
OBeTe roguHuM fAHyapu e CbC CcpegHOMeceyHU
TemnepaTypu Haj, HOpMaTa, KaTo MNO-TOMbA e AHyapwu
2025 r. ®eBpyapu 1 3a ABeETE rOAMHN € OTHOCUTENHO CyX
(Banexun nop Hopmata). Hali-xapakTepHo 3a deBpyapwm
2025 r. e cTy4eHOTO Bpeme: TOBa € Han-CTyAeHUAT Mecel,
¢deBpyapu ot 2013 r. Hacam (OTK/JIOHEHME OT HOopMmaTa
bo -5 °C). 3a cpaBHeHue, deBpyapu 2024 r. e eanH ot
Hal-Tonaute (OTKAOHEeHMe OT Hopmata oT +3.0
0o +7.6 °C).

3a AHyapu n despyapn 2025 r. ca xapaKTepHU U
NPOABLMANKUTENHU NEPUOAMN C aHTULMKNOHANHO Bpeme U
YCNOBUA 32 MbI/M, KOeTo 61aronpUATCTBA 3a4bPrKaAHETO
Ha 3aMbPCUTENN BB Bb3AyXa.

MNopgpobHUTE aHann3m 3a BcAKa oT cTaHumuTe (Codus,
Mnoegue, MepHuK, XackoBo, Pyce, BuaguH, MoHTaHa)
MOKa3BaT, Ye Pas/IMKUTE MexXay NpeBulleHnATa B ABeTe
CTyAEeHM NONYrogua ca CBbpP3aHU C Pa3/IMKM B HAKOMU
METEOPOJIOTMYHN MapaMeTpu — Hali-4yecTo ToBa Ca
NO-HUCKM CKOPOCTU Ha BATbPA U NO-MaNnKW KOAMYeCcTBa
Banex npes cesoHa 2024-2025 r. cnpamo 2023-2024 r.

Hanpumep 3a crtaHuusa Pyce (¢wur. 1) pasnukute B
npeBuleHnATa nNpes AHyapu-deBpyapu ce acoummpat ¢
pa3NIMKW B CKOPOCTTA Ha BATbpPaA M TemnepaTypara.
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®urypa 1. Pyce — 6poii npesuwenuns Ha P40 n TemnepaTypa,
CKOPOCT Ha BATbPaA M Bafex 3a CTYAEHUTE NOAyroama
2023-2024 1.1 2024-2025r.

bnarogapHocTn: l3cnegBaHeTo € OCBHLLECTBEHO B
paMKWTe Ha NPOEKT, PUHAHCKMpPaH oT 6roaKeTa Ha HUMX.

Nurepartypa
MeceyeH XxuAapomMeTeoponornyeH 6lONETUH,
(apxms): https://bulletins.cfd.meteo.bg/

HUMX
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Introduction

The exceedances of PM1o 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 PMio
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).

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

Total Xi | ]

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).
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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 33 Ka4yecTBOTO Ha aTtmochepHus
Bb34yX Nopaauv 3HAYMMOTO MM Bb3LENCTBME BBPXY
ekocuctemute " obLwecTBeHOTO 3apase. B
ypOaHU3NpPaHUTE TEepUTOPUM TPAHCNOPTLT, OUTOBOTO
OTOM/IeHWe W UHAYCTpUanHata [AenHOCT ca cpeja,
OCHOBHUTE W3TOYHMLM HA EMMUCUWU, KOUTO BOJAT A0
NOBULLIEHM KOHLEHTPALLMWN HA YCTOMYMBU U NOTEHLUMATHO
TOKCMYHM  MeTann B aTMochepHus  aeposos.
HatpynsaHeTo Ha Te3n enemeHTM BbB PlMY25 cb3gasa
npeanocTaBkM 32  MNOBULIEHA  eKCno3vMumsa  Ha
Hace/sieHMeTO U CBbp3aHM  34pPaBHM  PUCKOBE.
HactoawoTo M3cnegBaHe Mma 3a Len ga aHaausumpa
OVHAMMKaTa M U3TOYHMUWUTE Ha TEXKM MeTanu BbB
®NY25 B rp. byprac, KakTo U ga oOueHU Bb3PacTOBO-
cneunduUHMA MHXaNaLMOHEH 34paBEH PUCK.

MeTogonorus

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
onpegeneHn u4pes ICP-MS cnes  MWMKpPOBBAHOBA
KUCENIMHHA MWHepanunsauma. 3a ugeHTuduKauma Ha
M3TOYHULUUTE Ca WM3MOMI3BAaHM ONUCaTeNIHA CTATUCTUKa,
OTHOCUTEJTHO CTAaHAAPTHO OTK/IOHEHMe (RSD),
KOpenauuoHeH aHanm3 Ha Pearson u iepapxuyeH
KNbCTepeH aHanu3. MHXanauMoHHUAT 34paBEeH PUCK e
OUEHeH 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 BbapacTHu (U.S. EPA, 1989).

Pesyntatu n ussogu

YcTaHoBeHa e ACHO nspaseHa Ce30HHa
BApMabWAHOCT, KATO KOHLEHTpauuuTe Ha MoBevyeTo
MeTanun ca MNo-BMCOKWU Mnpe3 3MMHUA nepuos. Tosa ce
CBbp3Ba C MWHTEH3MdUUMPaAHE HA aHTPOMOreHHUTe
emucun (6UTOBO OTONNEHME), OrpaHMYeHa aTMochepHa
ancnepcusa u cneunudUyHM MeTeopOsIOrMYHN YCNO0BUA,
6naronpuATCTBALLM aKyMy/MPaHe Ha 3aMbpCUTeNN.

Hali-BMCOKM cpegHM KOHLEHTpaLMWM ca OTYETEHU 3a
Fe, Zn, Cu, Pb 1 Ba. KopenaunmoHHUAT aHann3 NoKasea
CUHN BPBH3KK Mexay oTAeNHU eNleMeHTH
(Hanp. Zn-Cu-Ba-Pb npe3 3uMmara), KoeTto npeanosara
o6WM M3TOYHUUM HA EMUCUM, CBBP3AHU C TOPUBHMU
npouecM M TpaHCNopT.  KAbCTEpHWMAT  aHanus3

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

OueHKaTa Ha 34paBHUA PUCK MOKa3Ba Bb3PacTOBO-
3aBUCUMU pas3numa. Han-BMcoOKM cToHOCTM Ha HI ca
OTYETEHM NPU KbpPMadeTa, OCHOBHO NOPAAN EKCNO3NLMA
Ha Mn u As, HO BCMYKM CTOMHOCTM OCTaBaT nof
KpUTUYHaTa rpaHunua ot 1. KaHueporeHHUAT puck (TCR) e
OOMUHMPaAH OT NpuHoca Ha As, cnegBaH ot Cd u Ni, KaTo
npu feuaTta CTOMHOCTUTE ce A06/MKaBaT A0 MW NIEeKO
HagsuwagaT pedepeHTHaTa rpaHuua 1x10™%, ocobeHo
npes 3Mmara.

Pe3syntatuTe noagyepTaBaT 3HAYEHNETO HA CE30HHUTE
daKTopu 1 Bb3pacToBO-cneundmnyHaTa ekcnosmuma npum
oLEeHKa Ha pucka B ypbaHu3unpaHa cpesa.

4929

As 0.4 75.1 03 489
Ba 7.1 520 107 138.2
Bi 0.3 79.1 20 2475

cd 0.3 136.4 0.4 77
Co o1 [ s 208.7
Cu 74 40.1 66 63.0

Fe 145.2 55.0 1140 65.4 2665
Mn 3.1 104.4 5.2 115.8
Ni 3.1 136.4 11 11.4
Pb 58 59.9 100 109.9

v 0.6 79.5 07 85.0 163.3
Zn 133 1416 1248 1307
Cp. crcT, RSD¥%, Cp. crcT, RSD%,

Ecen 2022 Ecen 2022 3uma 2023 3uma 2023 401

®urypa 1. CpeaHu KoHueHTpauum (ng/m3) n oTHocuTenHo
CTaHAapPTHO OTKNOHeHMe (RSD, %) Ha TeXXKU meTanum
8bB PMNY,, No ce30HMU.

- = & 2 8 5§38 28 &¢& @&

033862 0.26 0.43 038 0.07 849 012 025 007 021

B8 oc0 .15 GRNTE 00 sl oo 030

winter 2023 I .
®urypa 2. KopenaumoHeH aHanu3 Ha MUBPCHH MO Ce30HM.

Nutepartypa
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Superfund. Volume [|: Human Health Evaluation
Manual (Part A), EPA/540/1-89/002, Office of
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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 PMasincreases 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

PMa2s 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, Hl)
and the carcinogenic risk (Total Cancer Risk, TCR)
for infants, children, and adults (U.S. EPA, 1989).

Results and conclusions

A pronounced seasonal variability was observed, with
higher concentrations of most metals during the winter
period. This trend can be attributed to intensified
anthropogenic emissions (mainly residential heating),
limited atmospheric dispersion and meteorological
conditions favourable for pollutant accumulation.

The highest mean concentrations were recorded for
Fe, Zn, Cu, Pb and Ba. Pearson correlation analysis
revealed strong associations among several elements
(e.g., Zn-Cu-Ba-Pb in winter), suggesting common
emission sources related to combustion processes and
traffic activities. Cluster analysis further confirmed the
presence of source-related groups of metals.

Health risk assessment revealed age-dependent
differences. The highest HI values were observed for
infants, mainly due to exposure to Mn and As. However,
all values remained below the critical threshold of 1. The
carcinogenic risk (TCR) was dominated by the
contribution of As, followed by Cd and Ni. For children,

the values approached or slightly exceeded the reference
limit of 1x10%, particularly during winter.

Overall, the results highlight the importance of
seasonal factors and age-specific exposure in health risk
assessments within urban environments.
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Figure 1. Mean concentrations (ng/m3) and relative standard
deviation (RSD, %) of heavy metals in PM, s by season.
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Figure 2. Pearson correlation analysis by season.
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BvBegeHue

3ambpcABaHeTO Ha Bb3AyXxa OCTaBa eauMH  OT
Han-3HAaYMMUTE EKONOTMYHU W 34PaBHU nNpobremn B
Bbarapua, Kato Codua 4YecTo OTYMTa MNOBMLLIEHM
KOHUEHTPauuM Ha asoteH pguokeng, (NOz) n duHM
npaxoBsu yactmum (Pny). BbBexaaHeTo Ha
HUCKOEMUCUMOHHU 30HM (HE3) oT CTonuyHa obwmHa
uenM Aa HamaauM  3amMbpcABaHETO, CBbpP3aHO C
TpaHCNopTa B HaN-HaTOBapeHUTe LEeHTPa/HU PaioHU Ha
rpaga. HacroAwoTo m3cnenBaHe npeacTaBa pesynTatu
OT UYWUCNEHW CUMyNauUMKM  4Ype3 KOMBMHMpaHe Ha
perMoHanHO M JIOKANIHO MOAe/MpaHe C  BUCOKa
pesontoumMa M M3BbPLWBA OUEHKa Ha edekta oT
npunaraHeto Ha HE3.

MeTtoponorusa

PaspaboteHa e nogpobHa WHBEHTapu3auma Ha
TPAHCMOPTHUTE EMUCUM 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). Emucuute ca
nsumcneHn ypes EMIT, Kato Heobxogumute BXOLHM
JaHHM ca noayyeHW upe3 aHcambbn mogenn 3a
MAaLUMHHO 0by4yeHue, N3Mo/I3BaMKM AAaHHU 33 aBTOMapKa
Nno eBpOKaTeropuu, NapameTpu Ha YANYHUTE KaHbOHM,
HAAbKHU HAaKNOHU 1 TpaduK (dur. 1).

e
EMIT naxoa

Moaea Ha 1paduka - Brezov, D, Buroy, A. Ensemble Learning Traffic Model for Sofia:
A Case Study. Appl. Sci. 2023, 13, 4675.
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durypa 1. MoeTaneH nNpouec 3a U3rotesaHe
Ha MHBEHTapU3auMATa Ha TPAHCMOPTHUTE EMUCUN.

MogenvpaHeTo Ha KayecTBOTO Ha Bb3gyxa e
m3BbpweHo upe3 Multi-Model Air Quality System
(MAQS), KoATO CBbp3Ba PErnmoHasHOTO MoAe/MpaHe
WRF-CMAQ (1 km) c¢ nokanuua mogen ADMS-Urban
(100 m), kaTo npepoTBpaTABa ABOMHOTO OTYMTAHE Ha
emncun. Pesyntatute ca BaAMAMPaAHW C AaHHM OT
M3mepBaHMAa 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, NO OCHOBHUTE
byneBapay M KpbcTOBUWA. MaKCMManHUTE TOAMLLHM
cpegHun ctoriHoctn Ha NO, HamanagaTt ¢ okono 25% 3a
Mankua puHr (2022) u 35% 3a ronemusa puHr (2026)
cnpsmo 2018 r. Hait-ronemun Hamanerus (ao 30 pug/m3)
ce Haba[aBaT MO CUMAHO HAaTOBAPEHUTE TPAHCMOPTHU
KOpMAOPpWU Npe3 3MMHUTE meceln. 3a pa3anKka OT ToBa
KOHUeHTpaumnte Ha ®MNYy n ®MNY,.5 nokaseat camo
He3HauuTenHn  Hamaneuuns  (3-5%), TbW  KaTto
TPaAHCNOPTLT JOMPUHACA NO-MAJIKO 33 TO3M 3aMbpcUTeN
B CpaBHeHMe C OWTOBOTO OTOMJEHWE U  OpYrU
M3TOYHUUM. Bbnpekn nomobpeHuAaTa cUMynnpaHuTe
cToiHocT Ha NO, B 6/4M30CT [0 HATOBApPeEHMU
KPbCTOBMLLLA OCTaBaT Haj, npeacroawmTe Hopmu Ha EC
3a 2030 r.,, KoeTo nmnoacKasBa HeobxogmMmocT OT
OOMBAHUTENHN MEPKM.

G0 183500 179500 78500 71500 16500 -163.500 16750 18300 179500 7SS0 -TIS00 -ETS00 -163,500
xm xm

durypa 2. KapTu ¢ U34UCNEHUTE CPeaHM KOHLEHTpaLun
(3a gekemBpwu, AHyapu 1 pespyapu) Ha NO, 3a 2018 r. (a),
MasbK PUHT (6), ronam puHr (B) M pasnnkute mexay 6asosaTta
2018 r. n cueHapua ronam puHr 2026 (r).

bnarogapHoctu: W3cnepBaHeto e
B paMKuTe Ha MpOoeKT, JuHaHcMpaH oOT
Ne KM-06-H54/2, 15.11.2021r.

OCbLLECTBEHO
®HHU,

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.
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Introduction

Air pollution remains one of the most significant
environmental and public-health challenges in Bulgaria,
with Sofia repeatedly experiencing high levels of NO, and
particulate matter (PM). The introduction of
low-emission zones (LEZs) by the Sofia Municipality aims
to reduce traffic-related pollution in the most congested
parts of the city centre. This study presents results from
numerical simulations by combining regional and high-
resolution local modelling and evaluates the effect of
implementing the LEZs.

Methodology

A bespoke traffic emission inventory was developed
for major streets and national roads in Sofia for three
years: baseline 2018 (Brezov & Burov, 2023), small-ring
LEZ scenario for 2022, and large-ring LEZ scenario for
2026. Emissions were calculated using EMIT,
incorporating fleet composition by Euro standards, street
canyons, gradients, and machine-learning-derived traffic
volumes. The output from EMIT was then used as the
local emission inventory input for ADMS-Urban
dispersion modelling (Fig. 1).
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Figure 1. A stepwise process of the traffic emission inventory
for the major streets and roads.

High-resolution  air-quality  simulations  were
performed with the Multi-Model Air Quality System
(MAQS), which couples regional WRF-CMAQ modelling
(1 km) with ADMS-Urban dispersion modelling (100 m)
without double-counting emissions. The results have
been validated with data from measurements at the
official stations of the ExXEA and high-resolution fields
from the EXPANSE project (Shen et al., 2022).

Results and conclusions

The introduction of LEZ measures leads to substantial
reductions in NO, along major roads and intersections.
Maximum annual mean NO, decreases by approximately
25% in the 2022 small-ring scenario and 35% in the 2026
large-ring scenario relative to 2018. The greatest
reductions (up to 30 pug/m?3) occur on boulevards with
heavily traffic during winter months. In contrast, PMyo
and PM,.s show only minor decreases (3-5%), as
transport contributes less to particulate pollution
compared to domestic heating and other sources.
Despite improvements, simulated NO, concentrations
near major intersections remain above forthcoming 2030
EU limit values, indicating that LEZs alone are insufficient
without additional measures.

iim T ae
167500 163800 187500 18300 17900 17800 1TIS00 167800 163600

Figure 2. Maps with calculated average concentrations
(for December, January, February) of NO, for 2018 (a), small
ring (b), large ring (c) and differences between concentrations
for the base year 2018 and the large ring 2026 scenarios (d).
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BbvBepgeHue

Aneprvata e eAuMH OT Haill-yecto  cpelwaHuTe
34paBOC/NIOBHN npobnemn B cBeToBeH Malwab. Ta ce
onpeaens KaTo UMYHOIOTUYHO obycnoseHa
CBPBXYYBCTBUTE/IHOCT HA OpraHM3Ma KbM  YyXKaw,
6e3BpegHKN 3a opraHM3ma Beliectsa. MponABsABa ce KaTo
XPOHWYHO 3abosABaHe, KoeTo adeKkTupa mexay 25 u
40% OT HaceneHWeTo B pasNMyHUTE CTpaHW. bpoATt Ha
3acerHaTMTe NOCTOAHHO HApacTBa — MO MHOMO NPUYMHM,
BKJ/IIOYUTENIHO M MOPaAM U3MEHEHMETO Ha KauMmaTta u
ypbaHuszaumata. [MarHOCTMKaATa W  JIeYeHWeTo Ha
aneprmyHuTe  3abonfABaHMA  M3UCKBAT  CEPUO3HMU
duHaHCcOoBM pecypcu.

Hali-uecto aneprvAta € B OTrOBOP Ha KOHTaKT C
LBETHMA Mpallel, Ha BeTpoomnpallBaluuTe ce BWUAOBE
pacteHua. MNoneHoBaTa aneprusa ce xapakTepusupa cbe
ce30HHocT. Mpu naumeHTUTE C NONMHO3A ce Habatoaasa
KaKTO GU3MYEeCKo CTpaZaHUe — 3acAraT ce O4YUTe, HOCHT,
ropaoto u/unn  6enute apoboBe, Taka CblWoO WU
NCUXMYECKO HanpexeHue npu  HabnaukasaHe Ha
nepuoga Ha ubdTex u obocTpaHe Ha cumnTomuTe. ETO
3allo 3a Te3n naumeHTM e ocobeHo BaxkHO Ja MmaT
HaBpemMeHHa W ToYyHa noseHoBa MHbOpMaLumA.
HecnyyaiHo Mporpama KonepHuk (Copernicus
Atmosphere Monitoring Service, CAMS) yBeninyaBa 6pos
Ha HabntogaBaHuTe ¢akTopn OT atmocdepaTta ¢
HebnaronpuaTeH edekT BbPXY 34PaBETO, BK/AKOUBANKM
T.Hap. NOJIEHOB UHAEKC.

MeTtoponorua

Hannuveto Ha nosfeH BbB Bb3AyXa 3aBUCU OT
pasnnyHM GaKTopU: PacTUTENHOCTTA B palioHa, peneg,
KnumaT. C  Hal-ronama TexecT e B/AWAHMETO Ha
METEOpPONIOTMYHNUTE YC/IOBUA Npeay U No Bpeme Ha
ubdTeXHMA nepuod. ETo 3awo Bce noBeuve CTPaHU
BbBeX4aT NofaBaHe Ha NOAEHOBa NPOrHO3a CbBMECTHO
C MeTeoposorMyHata. [dbArocpoyHuTe  MNONEHOBU
NporHosu ce 6asmpar Ha UMPPOBMN MOLENMN OT HATPYMaAHU
BbB BPEMETO [aHHU OT eXeAHeBeH MOHWTOPUHI Ha
Bb34YLHN NPOBU M OT HANMYHM MPOTrHO3HM MONEHOBMU
KaneHaapu. KpaTKOCPOYHWUTE MPOrHO3M ca MNO-TOYHM,
0ocobeHO Korato ce W3MNON3BaT peasHU JaHHU OT
aepoburonornyHun nabopatopumn B OTAENHUTE pErMOHN. B
pasivyHM  MeguMM MO CBeTa OT AJeceTuneTva ce
nonynapusupa nosieHoBaTa NPOrHo3a c Lea HamansasBaHe
Ha BPeAHOTO Bb34ENCTBME HA aslepreHnTe B Ce30Ha Ha
ubdTeka Ha pactutenHute sugose. OT despyapu 2020 .
CTapTUpa CbBMeCTeH NPoeKT Ha bTV BpemeTto u HL3MB
3a perynspHo nogasaHe Ha KOMBUHMpPaHa NporHosa. 3a
LenTa ce U3non3BaT:

1. TekctoBa 15-gHeBHa M ceAMMYHA METEOPOSOrUYHA
nporHo3a Ha HUMX Kato KoHcynTaHT Ha bTV Media
Group 3a TemnepaTtypa, AHW C BETPOBMTO Bpeme W
BaJIEXM.

2. CvbupaHe Ha MOMEHOBM AAHHW 33 aneprusMpalLm
BM/OBE pacTeHUA Ypes ABa MeToAa: CeAMMEHTALMOHEH
(oT 2011 oo 2025 r.) M 06emeH (3a 2024 1 2025 r.).

3. AHanus oT CNeunanuncT no noneHuTe.

Mpw ycTaHOBABaHe Ha TEHAEHLUMNTE B NOBULIEHNETO
WA  MOHUXKEHWEeTO Ha  Bb3AylWHaTa MOJIeHOBa
KOHUEHTpauMA B KOMOWMHaLMA C MeTeoposiorMyHaTa
nporHosza Ha HWMX ce wu3roTBat cneunanmsmpaHu
7-AHEBHU NPOTrHO3M, KOMTO Ce NONYNAPM3MpPaT B edpupa n
MHTepHeT naatpopmute Ha bTV Media Group.

Pe3yntatu n ussogm

3a nepuopga 2020-2025 r. 4ype3 TeNneBU3NOHHMU
M3NBYBAHMA U UHTEPHET CTpaHuuaTa Ha bTV HoBuHuTe
ca nogaaexu 148 cegMUYHM METEOPONOTNYHM NPOrHO3M
B KOMbMHauMA ¢ noneHosa. B TAXHOTO Cb3aaBaHe
yyacTtBaT  pas/IMYHM  CNeuuasncTu:  MeTeoposiosw,
KAMmaTonosun, 6uonosu, CraTucTuum, nNpPoOrpamumcTy.
BusyanHoto odopmsieHMe Ha MNOJIEHOBUTE MNPOrHO3M
cnefBa ACHWA M IeCHO Pa3no3HaBaeMm LBAT Ha KoZoBeTe
OT  eBponeickata cuctema  METEOALARM  3a
METEOPOSIOTUYHN  NpeaynpeXKaeHnsa (3eneH, KbAT,

OpaHXesB U HepBEH) M aHaNOIM'M4YHU KaTeropmmn — HUCKa
MHOro

(besonacHa), ymepeHa, BWCOKa MU
Bb3yLUHA NOJIEHOBA KOHLLEHTpaLuus.

BUCOKa

CHumKa 1. MeTeoponormyHuTe kKogose Ha METEOALARM.

KOHUEHTPALMA HA MOAEHU .

AbPBETA CEM.KWUTHU

CHuMMKa 2. MoneHoBa NporHosa.

Mpe3 2026 r. uHMUMaTMBaATa NPOAbLAXKABA, KaTo
3ano4ysa 7-a nopeaHa rogMHa Ha NoJieHoBaTa NPOrHo3a B
edupa n 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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BbvBepgeHue
KnMmatuuHaTta Kpusa, M34epnBaHeTo Ha pecypcute
M 3arybata Ha 6uopasHoobpasvMe WM3MCKBAT
cucTemMHa TpaHcpopmaums B Espona.
EBponelickata 3eneHa cAeska M NaKeTbT
,MoaroTeeHu 3a uen 55“ onpegenaT ycronymsoctra
KaTo CTpaTermyecku noanMTUYECKN U MKOHOMUYECKU
npuvopuTeT. 3a AbpKaBuM KaTo bbarapua To3u
npexos, e CBbP3aH CbC 3aBUCUMOCT OT M3KONaemu
ropvsa v BUCOKA EHEpPruiiHa MHTEH3MBHOCT.
M3cnepBaHeTo pasriexkaa WHTEerpMpaHeTo Ha
€KOoJIorMYHaTa YCTOMYMBOCT B CTPATErMyecKkoTo
yrnpaB/fieHNWe Ha  OpPraHM3aUMOHHO HMBO B

CbOTBETCTBME C  €BPONEMNCKMTE  KAMMATUYHM
NOJINTUKMW.

MeTtogonorusa

N3cnepBaHeTo  pa3paboTBa  KOHUENTyaneH

MOZEN 33 EKOJIOTMYHO OPUEHTUPAHO CTPATErMYECKO
ynpaB/ieHWe, HaCOYEH KbM NpUAaraHe Ha LenTe Ha
EC 33 yCTOMYMBOCT B OPraHN3aLMOHHUTE CTPATEMNN.
MopgenbT BK/IOYBA ner KOMMOHEHTa:
(1) ctpaTermyecko nnaHuMpaHe, cbobpaseHo C
€KOJIOTMYHU Lenu; (2) eKoNorMyHu MHAMKaTopw;
(3) opraHusaumoHHa KyATypa W AMAEPCTBO;
(4) 3eneHn wuHoBaumu; (5) aHraxkupaHe Ha
3aMHTepecoBaHMUTE CTPAHW.

MeTof0/10TMYHaTa paMKa CbYyeTaBa aHa/u3 Ha
HayyHa AuTepaTypa, aHaAu3 Ha MNOAUTUKM U
eMNUpMYHa MNpoBEpKa 4Ype3 aHKETHO Mpoy4BaHe
cpen opraHusaumu B Bbarapua. CTaTUCTUYECKUAT
aHanM3 u3cnepBa Bpb3KaTa MeXAay YCTOMYMBO
opueHTMpaHaTa cTpaTerMa M OpraHM3auMoHHaTa
edeKTUBHOCT.

Pe3syntatu u nssogm

PesyntatMte nokas3BaT, 4Ye oOpraHusauuuTe,
KOMTO  MHTErpuMpat  €KOJIOTUYHM  Leam B
CTpaTerMyeckoTo NaHUpaHe, NMOCTUrAT NO-BMCOKA
pecypcHa edpeKTUMBHOCT M no-gobpa aganTUBHOCT
KbM perynaTopHu npomeHu. AcHO AeduHupaHute
€KOJIOTMYHU MHOMKATOPU YKpenBaT MexaHW3muTe
33 MOHUTOPWHT M OTYETHOCT.

YCTaHOBEHA € MONOMUTENHA BPb3KAa MeXay
OpraHW3auUMoOHHATa Ky/aTypa, OPMEHTMPAHa KbM
YCTOMYMBOCT, M KamnauuTeTa 33 3e/eHN UHOBaL M.
OpraHu3aumuTe, KOUTO Bb3NPUEMAT eBPONencKuTe
€KOJIOTMYHM  MOJIMTUKM  KaTo  CTpaTernmyecka
Bb3MOXKHOCT, AeMoHCTpupaT Nno-BMCOKa
KOHKYPEHTOCNOCOOHOCT.

EMNMpMYHMTE  OaHHM  MNOTBbPMXKAABAT, ue
CUCTEMHATA WHTErpauMa Ha ycTolumBOoCTTa B

CTpaTern4yeckoto ynpasaeHue nosniwasa
OpraHn3auMoOHHaTa edJEKTVIBHOCT n yCTOVI‘-IMBOCT.
MpepnoxeHnAat moaen npeacrasanasa

yrpaB/iieHCKa pamKa, CBbp3Balla UeauTe Ha
eBponeinckata  KAMMATMYHA  MOAWTMKA  CbC
CTpaTerMyeckoTo ynpaB/iieHWe Ha opraHusauuuTe.
Herosata NpWAOKMMOCT B ObATApCKM yCNOBUSA
nogyepTtaBa HeobxoAMMOCTTa OT CbracyBaHOCT
MEXIy eKONorM4yHWTe ambuumm Ha EC n
HauMoHaNHaTa aganTaums.

Ta3u yCcTOMYMBOCT CefBa Aa ce pas3rieaa Kato
ABUraTeNl Ha MKOHOMMYECKaTa MoAepHU3aums.
M3cneaBaHeTo npepsiara eMnNUpPUYHO BaauampaHa
pamKa B MoAKpena Ha Mpeanpuatsa u ny6andHu
MHCTUTYLMN NPU OCbLLECTBABAHE HA NPExXos KbM
AeKapboHM3aLMA U KpbroBa MKOHOMMKA.
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Introduction

The accelerating climate crisis, resource depletion
and biodiversity loss require  systemic
transformation across Europe. The European Green
Deal and the “Fit for 55” package redefine
sustainability as a strategic political and economic
priority. For EU Member States such as Bulgaria, this
transition creates challenges related to fossil fuel
dependence and energy intensity.

This study examines the integration of
environmental  sustainability into  strategic
management at organizational level, aligning
practice with European climate policies.

Methodology

The research develops a conceptual model for
environmentally oriented strategic management
designed to operationalize EU sustainability
objectives within organizational strategies. The
model integrates five core components:
(1) strategic planning aligned with environmental
targets; (2) environmental performance indicators;
(3) organizational culture and leadership; (4) green
innovation and technological transformation; and
(5) stakeholder engagement.

The methodological framework combines
literature review, comparative analysis of European
environmental policy instruments, and empirical
validation through a structured survey conducted
among Bulgarian organizations. Statistical analysis
was applied to test the relationship between
sustainability-oriented strategy and organizational
performance indicators.

Results and conclusions

The findings demonstrate that organizations
integrating environmental objectives into strategic
planning achieve higher levels of resource efficiency
and improved adaptability to regulatory change.
The presence of clearly defined environmental
indicators significantly enhances monitoring and
accountability mechanisms.

Results also show a positive correlation between
sustainability-oriented organizational culture and
green innovation capacity. Organizations perceiving
EU environmental policies as strategic opportunities
rather than regulatory burdens exhibit stronger
long-term competitiveness.

The empirical evidence confirms the central

hypothesis: systematic integration of
environmental  sustainability into  strategic
management contributes to enhanced

organizational effectiveness and resilience in the
context of EU climate transition.

The proposed conceptual model provides a
structured governance framework linking European
climate policy objectives with organizational
strategy implementation. Its applicability in the
Bulgarian context highlights the importance of
policy coherence between EU-level environmental
ambition and national strategic adaptation.

From a  politico-ecological  perspective,
environmental sustainability should be treated as a
core strategic driver of economic modernization
and institutional stability rather than a peripheral
compliance requirement. The study offers an
empirically tested framework supporting
enterprises, public institutions and policymakers in
implementing sustainability transitions consistent
with European decarbonization and circular
economy goals.
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FeonpocTpaHCTBEH aHaNU3 Ha 3aMbPCABAHETO Ha Bb3AyXa U 34paBHUA PUCK

¢ T'MC 1 reon3KycTBeH MHTeNeKT Ha Esri
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BbBeaeHue

3ambpcABaHETO Ha Bb3Ayxa € BOAEl, €eKoloruyeH
puckoB $aKTop 3a YOBELIKOTO 3A4paBe, MPUYUHABANKM
Hag, 7 MWIMOHA MpPeXAEeBPEMEHHW CMbBPTHMU Ciydas
roguwHo (WHO, 2022). B rpaacku cpean kato Codusa
KOHUEHTpaumMmMTe Ha  OWHM  NpPaxoBM  4acTUUM
(PNY25, ®NYq0), a30TeH A[MOKCMA W O30H Bapupat
3HAYUTENHO B MPOCTPAHCTBOTO W BpPEemeTo, KOeTo
3aTpy4HABa OLUEHKaTa Ha peasiHaTa eKcnosuumsa Ha
HaceneHueTo. TpaguUMOHHUTE noaxoan, 6asupaHu
€4MHCTBEHO Ha AaHHM OT M3MEPBaTe/IHU CTaHUUU, He
no3Bo/ifABaT  MbJAHOLUEHHO  KapTorpadupaHe  Ha
3aMbPCABAHETO M UHTErPMpPaHETO My C AemorpadCcku u
340paBHM  JaHHKW. HactoawaTa pabota npegnara
MEeTOA0N0MMYHA PaMKa, KOATO cbyeTaBa reorpadcku
MHoopmaumoHHU cuctemu (FTUC) Ha Esri ¢ meToam Ha
reousKycTBeHus MHTenekT (FfeolM) 3a uanocTHa oueHKa
Ha 3[paBHUA PUCK OT 3aMbpCABaHe Ha Bb3ayxa.

MeTtoponorua
MNoaxoAbT BKAOYBA YeTUPU CTHNKK. [TbpBO, AaHHK OT
M3mepBaTenHu CTaHUUn - MAQOC, CaTeNNTHN

oueHku — Living Atlas, Sentinel-5P (Living Atlas Team,
2025), u gemorpadcKkm noKasaTenn ce obeamHABaT KaTo
npoctpaHcteeHn cnoese B ArcGIS Pro. Btopo, upes
NPOCTPaHCTBEHO-BPEMeBa MHTepnoaauma (emnmupuyHo
BailecoBo KpurupaHe) U aHanM3 Ha MPOCTPAHCTBEHO-
BpemeBU KyboBe ce U3rpaxaaTt HeNpPeKbCcHaTU KapTu Ha
KOHLEHTpauumuTe u ce uAeHTUPUUMpPaAT YCTONYMBM
061acT C NOBMLWEHO 3ambpcaBaHe. TpeTo, npuaarat ce
MOZENN HA TeOM3KYCTBEH MHTeNeKT (cnydyariHa ropa,
rpafiieHTHo ycunsaHe), KOUTO cBbp3BaT
KOHLLEHTPauumnTe Ha 3ambpcuTenn ¢ aemorpadckum u
KOHTEKCTHW NPOMEHIMBU (rbCTOTa Ha TpaduKa, 3eneHun
naowWwmM, TWA 3acTposiBaHe) 3a MPOrHo3MpaHe Ha
34paBHUA PUCK NO palioHWU. YeTBBPTO, pesyntatute ce
BM3YaNIN3MPaAT Ype3 MHTEPAKTUBHU yeb NpUNOKEeHUA U
pa3KasBaTtesiHu KapTu (Esri).

1. AaHHKn 2.TUC aHanus
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CTaHUuy, catenuTy, aemorpadms VIHTepnonauus, ropeuy Touku
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~
wnllll 2

MalLWHHO 06y4eHue, NPOrHosH Yeb npunoxeHus, kaptu

Esri TUC + Meo

®urypa 1. MeTogon0orMyHa pamka: ot faHHu npes N'MC aHanus
N FeOU3KYCTBEH MHTENEKT 0 BU3yanusauma
Ha 34paBHUA PUCK.

Pe3syntatu u nssogm

KaTo nntoctpauma Ha noaxoaa e nnaHMpaH aHanus 3a
rp. Copusa c paHHU 3a PMNYye o1 mpexaTta Ha WMAOC.
OuaKkBaHUTE pe3ynTaTv BKAKOYBAT UAEHTUUUUPAHE Ha
YCTOMYMBM 30HM C MOBULIEHW KOHLEHTpauun B
LLEHTPAIHUTE rPaLCKM YacCTU U OKOJI0 HAaTOBAPEHW MbTHU
apTepuun, HacnareaHe ¢ Aemorpadckn AaHHM 33 OLEHKA
Ha W3/10)KEHOTO Hace/lieHNe M NpuaaraHe Ha MoAenn Ha
reOM3KYCTBEHUSA WHTENEKT 3a MPOrHo3upaHe Ha
3apaBHMA  pucK. [MoaxoabT € Bb3NPOM3BOAMM W
Mmawwabupyem 3a Apyru rpafickM cpeam u 3ambpcuTeni.
Mogaenute Ha TeOoU3KYCTBEHUSA WHTENEeKT nocTurat
BUCOKa 0b6AcHMUTENHa cToMHOCT (R? > 0,75), KaTo Boaewm
baKkTopn ca KoHUeHTpaumata Ha ®MYy, 61M30CTTa A0
MarncTpanu u MNcaTa Ha 3e/1eHN NAOLM.

Nurtepartypa
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. AaHHn 2.TUC aHanus

VIHTEpNONaLMs, ropewi TouKH

CraHLmu, catenuty, peMorpadms

3. lreoWU mopenu 4. Busyanusauus

sl :

MalunHHO 06yyeHue, NPOrHosH

Ye6 npunoxeHus, kKaptu

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 PMj, concentration,
proximity to highways, and lack of green spaces.

References
Living Atlas Team (2025). Air Quality Layers
Documentation. Esri, Available online:

https://livingatlas.arcgis.com
WHO (2022). WHO global air quality guidelines. Geneva:
WHO.
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BvBegeHue

OCHOBEH NPUHOC KbM MNbPBUYHUTE GUHM NpPaxoBu
yactuum (PNY) mma cekTopbT GUTOBO OTOMNEHUE C
TBbPOM  TOpMBA, KOETO CBbp3Ba  HaUMOHaNHWA
€MUCUOHEH npodun c aepo3sonute oT
usrapsHe/KoHBepcua Ha Buomaca. butosute ®MNY HocAT
OPraHUYHU eKCTPaKTU (Hanp. NOSIMLMKANYHM apOMATHM
Bbrnesogopoan, MAB), acouuMmMpaHu C OKCUAATUBEH
CTPEC U LUTOTOKCMYHOCT B eNUTENHU MoAenu Ha 6an
Apob. HepgoctatbyHa e MHbOPMALMATA OTHOCHO
XMMUYHWA cbcTaB Ha PMNY, reHepupaHu Npu n3non3BaHe
Ha 6wuoropmBa c pasanyeH npomsxod. MmeHHO Ha
XMMUYHUA CbCTaB Ce Ab/XKU BPEeHOTO Bb3AENCTBUE
BbPXY 340aBETO Ha YOBEKaA.

XemookcureHasa-1 (HO-1) e MMKpO30oMmaneH eH3um,
KOWTO Ce MHAyuupa B OTFOBOP HA KNETbYeH CTpec u
Pa3nMYHM  OKCMZATMBHM cTumyan. HO-1 moxe paa
Hamanu OKCMAATUBHUA cTpec, ha oTcnabm
Bb3Na/sMTe/IHATE peakuMy M Aa MOHMXKM CKOPOCTTa Ha
anonTo3a. 1o To3n HauMH eKcnpecuATa Ha reHa HMOX1,
OTroBOpeH 3a cnHTe3a Ha HO-1, e apyr paHeH mapkep 3a
KNeTbYyHO u3naraHe Ha OKCMAATUBHMU
npeanssuKkartencrtea (Vasileva et al., 2024).

MeTtoaonorusa

B Xo4a Ha HacCTOALWOTO M3CnefBaHe € M3BbPLIEH
KOZIMYECTBEH aHaM3 Ha 16 NpUopUTETHU NOANLMKANYHU
apomaTtHu Bbrnesogopoga (US EPA 16) upes rasoso-
XpomaTtorpadcki aHanus3 Ha net suga buomaca/nenetu
(MweHMYHa cnama, KOCTUAKM OT Yepelun, CAbHYornes,
Kade W fouepHa), NONYYEHWU TNABHO KaTo OTNagbyHu
NPOAYKTU OT CENCKOTO CTOMAaHCTBO WAWU XPAaHWUTENHO-
BKycoBaTa npomuwneHoct (Naydenova et al.,, 2020).
Mpobute oT 6MoOmMaca ca W3ropeHUM MpuU MOAENHU
YCNOBMSA,  M3MOA3BAWKM  KOHTPO/AMPAH  MeToh B
nabopatopwusa, onucaH B Naydenova et al. (2023).

Cneps U3BbPLWIEHUTE XMMWYHU aHaNMU3M ca M3BpaHK
ABa BMaa bvMomaca (nweHWyHa cnama M KOCTWAKKU OT
yepewwu), KOUTO ca MNOAJNIONKEHM Ha in vitro
OXapaKTepusnpaHe Ha paHHUTE eTanun OT OKCUAATUBHMUA
CTpec BcneacTBue ekcnoHupaHa Ha ®MY: 6enoapobHa
KNeTbyHa Kyatypa A549.

Pesyntatu u ussogm

OT u3cnepBaHuTe net Buaa 6uomaca ce namepsa
KonnyecTsoTo (ug/mg) Ha 16-Te npmoputetHn NAB.

Mpun ®MNYo.2s ce HabnoLaBaT NO-BUCOKM U3MEPEHM
CTOMHOCTU Ha nonynetansu NAB npu npobute GUomaca

OT KOCTUAKM OT uyepewwu, nocneasaHu oT cnabo
netnusute MAB KaTo KaHueporeHHUa 6eH3o[alnupeH m
6eH30[g,h,ilnepnneH.

JokaTo npu ®MNY1ce Habaogasa 06paTHOTO, HO Npw
npobute  6Momaca OT nNWEHUWYHA cnama -
npeobnagasalum ca cnabo neTansuTe NAB
6eH30[a]nupeH n 6eH30[g,h,ilnepnnenH, nocneasaHu ot
nonyneTnnsuTe (MUpeH n GayopaHTeH).

EkcnpecnaTa Ha reH HMOX1, KolTO Koanpa cuHTe3a
Ha eH3nma HO-1, yCTaHOBABA [OKa3aHuTe
UMTONPOTEKTMBHM edekT Ha HO-1 wu  Herosute
KaTaboNUTHM NPOAYKTU KaTO PYHKLMOHAZIHO 3HAa4YMMM B
paHHUTE a[anTMBHM  peakuuMu, npoTMYalWM npeau
HAYya/I0TO Ha K/IeTbYHaTa CMbPT.

24-yacoBaTa ekcno3muma Ha ®MNY < 1um, nonyyeHu
OT rOpeHeTo Ha ABaTa BMAA bMomaca, BbPXy KJeTbyHa
KynTypa A549 oKka3Ba aKTMBMpPAHE Ha FeHHaTa ekcnpecma
Ha HMOX1, KaTo npu Te3n OT YepeLloBM KOCTUIKMK e C
MO-BUCOKM OTHOCUTENIHW HMBA Ha eKcrnpecua B
CpaBHEHWe C Npon3Xo4a UM OT MweHMYHa ciama.

BnarogapHocTu: HacTtoAwoTo n3cneasaHe e NpoBeAeHO
BbB BPb3Ka C M3Nb/IHEHMETO Ha HauuoHaneH NpoekT
,»AEPO30/1/, nonyyeHn npn KoHBEPCUATA Ha BMomaca 1
TEXHU OPraHWYHU EeKCTPaKTU — LWUTOTOKCUYEH M
OCKMAATMBEH OTFOBOP HAa MOZE/IHWM CUCTeMWU  OT
6enogpobHn Knetkn”, Oorosop NoKM-06-H44-5/13 ot
14.07.2021r., ogobpeH ot doHg, ,,HayyHun nscneasaHmns”
npy MuUHUCTEPCTBO Ha 06pa3oBaHMETO M HayKaTa.

Nutepartypa

Naydenova, I. et al. (2020). Pollutants formation during
single particle combustion of biomass under fluidized
bed conditions: An experimental study. Fuel,
Vol. 278, 15 October 2020, 117958.
https://doi.org/10.1016/j.fuel.2020.117958

Naydenova, I. et al. (2023). Utilization Perspectives of
Lignin Biochar from Industrial Biomass Residue.
Molecules, 2023, 28(12), 4842.
https://doi.org/10.3390/molecules28124842

Vasileva, K. et al. (2024). Collection of Full-Text
Publications from the National Conference of Clinical
Toxicology with International Representation,
8-10.11.2024, Plovdiv.
https://plus.cobiss.net/cobiss/bg/en/bib/71756296




169

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

Toxicological characterization of PAHs from PM

generated from different types of biomass
K. Vasileva'®, M. Tsoneva?, T. Panev?, Ts. Georgieval, Y. Yordanov?, I. Naydenova?, O. Sandov?

!National Center of Public Health and Analyses
2Faculty of Pharmacy, Medical University of Sofia
3Technical University of Sofia
Keywords: PM, PAHSs, biomass, HO-1, HMOX1
*email: kr.vasileva@ncpha.government.bg

Introduction

The main contributor to primary particulate matter (PM)
is the domestic solid fuel heating sector, which links the
national emission profile to aerosols from biomass
combustion/conversion. Domestic PM carries organic
extracts (e.g. polycyclic aromatic hydrocarbons, PAHSs)
associated with oxidative stress and cytotoxicity in lung
epithelial models. There is insufficient information on the
chemical composition of PM generated when using
biofuels of different origins. It is the chemical
composition that is responsible for the harmful effects on
human health.

Heme oxygenase-1 (HO-1) is a microsomal enzyme
that is induced in response to cellular stress and various
oxidative stimuli. HO-1 can reduce oxidative stress,
attenuate inflammatory responses and reduce the rate
of apoptosis. Thus, the expression of the HMOX1 gene,
responsible for the synthesis of HO-1, is another early
marker of cellular exposure to oxidative challenges
(Vasileva et al., 2024).

Methodology

In the course of the present study, a quantitative
analysis of 16 priority polycyclic aromatic hydrocarbons
(US EPA 16) was performed by gas chromatographic
analysis of five types of biomass/pellets (wheat straw,
cherry stone, sunflower, coffee and alfalfa), obtained
mainly as waste products from agriculture or the food
industry (Naydenova et al., 2020). The biomass samples
were burned under model conditions using a controlled
method in the laboratory described in Naydenova et al.
(2023).

After the chemical analyses, two types of biomass
(wheat straw and cherry stone) were selected and
subjected to in vitro characterization of the early stages
of oxidative stress due to PM1 exposure in A549 lung cell
culture.

Results and conclusions

The amount (ug/mg) of the 16 priority PAHs was
measured from the five biomass types studied.

At PMo.2s, higher measured values of semi-volatile
PAHs were observed in cherry stone biomass samples,
followed by low-volatile PAHs such as carcinogenic
benzo[a]pyrene and benzol[g,h,i]perylene.

While at PMs, the opposite was observed, but in
wheat straw biomass samples — low-volatile PAHs

benzo[alpyrene and benzo[g,h,i]perylene predominated,
followed by semi-volatile ones (pyrene and
fluoranthene).

The expression of the HMOX1 gene, which encodes
the synthesis of the enzyme HO-1, establishes the proven
cytoprotective effects of HO-1 and its catabolic products
as functionally significant in the early adaptive reactions
occurring before the onset of cell death.

24-hour exposure to PM < 1um, derived from the
combustion of both types of biomass on A549 cell
culture, showed activation of HMOX1 gene expression,
with those from cherry stone having higher relative
expression levels compared to those from wheat straw.

Acknowledgements: This study was conducted in
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oxidative response of model lung cell systems”, Contract
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BanugupaHe Ha moaenHu AaHHU 32 CKOPOCT Ha BATbPaA B lNnosaus
C.Tewes', /. Atanacos?, E. leopruesa?
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2[lenaptameHT ,MeTeoponorua“, HaumoHaneH MHCTUTYT N0 METEOPOIOrUA U XMAPONOrMA
Kno4oBu iymun: cKopocm Ha 8AmMbpa, MoOes1, KOPeKyus, 8aaudupaHe
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BvBegeHue

MeTeoponornyHmuTe ycnosma B rpafacka cpega umar
0CO6EHOCTN, KOUTO Ca OT CbLLECTBEHO 3HAYeHWe 3a
OMCNepcUATa Ha 3aMbpCcUTENIM M 3@ KaAvyecTBOTO Ha
atmocdepHua Bb3ayx (KAB) B HaceneHuTe mecta. Ha
NMbPBO MACTO, TOBA € BAUAHUETO Ha 3aCTPOABAHETO BbPXY
BATbpPA " TypbyneHTHUTE XapaKTePUCTUKU.
PervoHanHWTe METEOPONIOrMYHM MOAENMN He oT4yuTaT
AeTalnu Ha rpafcKkaTta cpefia U MogenvpaHaTta CKopocT
Ha BATbPa OOWMKHOBEHO € 3HAYMTE/IHO MO-BMCOKa OT
HabntofaBaHaTa. PasrnegaHa e CKOpOCTTa Ha BATbpa B
MNnosane no namepsaHua B gsete ctaHumm Ha MAOC B
rpaga, no mogena AROME-BG u cnep Kopekuma Ha
pe3yntatuTe OT MoAesa 3a rpafiCKoTo 3acTposABaHe.

MeTtoponorusa

M3non3BaHM ca AaHHMTE 33 CKOPOCT Ha BATbpa OT
AUC KameHuua (KoopauHatn 24.726539, 42.142889,
¢doHoB TMN) n oT AUC Tpakusa (24.787952, 42.141186,
TpaHcrnopTeH Tvn). JaHHuTe oT moaena AROME-BG 3a
CKOPOCTTa Ha BATbPA Ha NPM3EMHO HMBO Ca U3BEAEHM 33
MecTaTa Ha ABeTe CTaHUMW — MO4YacoBM CTOMHOCTW 3a
2024r.

PaspaboTeHa e cxema 3a OTYMTaHE HA BAUAHWMETO HA
3aCTpPOABAHETO BbpXY BATbpa. B ocHoBaTa ca AaHHM oOT
Ka[acTbpa 3a NAbTHOCTTA HA 3acTPOABaHE U BUCOYMHATA
Ha crpazuTe, OT KouTo ce gedpuHUpPa BePTUKAIEH NPOdUn
Ha 3aCTPOABAHETO B OKOJIHOCTTAa Ha CTaHuuwuTe.
HamaneHneTo Ha moaenmnpaHaTa CKOPOCT HA BATbpaA ce
npuema Ja € MpOMNopUMOHANAHO Ha npoduna Ha
3acTpoaBaHe.

BanAaHMeTo Ha KopekuuATa € Wu3cneasBaHo  3a
CpefHOYacoBM,  CPeAHOAEHOHOLHM  CKOPOCTM B
pasanyHM meceun Ha 2024 r., KaKTO M 3a ocpedHeHU
[EHOHOLWHU U3MEHEHMUA.

Pe3syntatu u ussoau

MogenHute pesyntatn (6e3 M ¢ KopeKkuusa 3a
3aCTPOsiBaHE) ca CPaBHEHM C AaHHM OT MU3MepPBAHMATA Ha
agete ctaHUMWU. OCHOBHM CTAaTUCTUYECKM MHAMKATOPMU 3a
CpeaHOAEHOHOLWHNTE  CTOMHOCTM Ha BATbpa Cca
npeactaBeHu B Tabamua 1.

Tabnmua 1. CKOpocT Ha BATbPa — CPeAHOAEHOHOLLHM
croiHocTn (m/s), oTknoHeHne (NMB%) u Kopenaums R
332024 r. ,K“ — C KOPEKUWM 3a rpaaCcKo 3acTposABaHe

2024 Habn. Moa. Moa.-k NMB-k R-K

Kam. 0.55 2.26 0.67 211 0.83
Tpa. 0.73 2.32 0.68 -6.6 0.72

KopenaunoHHMAT KoeduumneHT 6e3 1 ¢ Kopekuua e
WOEHTUYEH, T KaTO KOPEKLMATA € NPONOPLMOHA/IHA Ha
NporHo3MpaHata OT Mojefa CTOMHOCT Ha BATbpa.
NMB cnaga apactuyHo ot okono 300% po 21% 3a
AUC KameHuua n ot okono 215% po -7% 3a AUC Tpakus.

durypa 1 gemoHcTpupa edekra oT rpaackarta cpesa
BbpXy CpPeAHOLEHOHOLWHA CKOPOCT Ha BATbpa 3a
ANC KameHuLa npes AHyapu 1 1oan. Bugmm e pesyntatot
OT KOpeKLMATa 33 rpafCcKoTo 3acTposABaHe.

t CpeiHO,eHOHOLIHA CKOPOCT Ha BATbpa Nnosgus
Kamenuua- Anyapwu 2024

8 4 peHa Mogen — s Hop.3acTpoABaHe
6
a
2
1]
1 6 11 16 21 26 31
OEH OT MECEUE
s CpefHOAEHOHOLWHA CHOPOCT Ha BATBPa MNnosgue

Kamenuua- Konu 2024

4 13 Moaen

a P Hop.3acTpoasaqe

' MWM
1 6 11 16 21 26 31

AEH OT MeCela

®urypa 1. CpeaHOAEHOHOLLHA CKOPOCT Ha BATbpa (M/s)
B AUC KameHunua — cpaBHeHMEe Ha U3MEPEHN C MOLENHUN
cToHocTH (6e3 1 ¢ Kopekums) 3a 2 mecela.

MonoxuteneH pesyntart oT HanpaseHUTe NoAPO6HU
aHann3M M 33 ApYyrM Meceuun Ca BUCOKUTE Kopesauuu
MeXAy MOLENHUTE U KOPUIMPaHW 33 3aCTPOABAHETO
pe3ynTaTu, OT eAHa CTpaHa, U U3MepPeHUTe CTOMHOCTU Ha
CKOpPOCTTa Ha BATbpa, OT Apyra CTpaHa. ToBa e OT
CblLLEeCTBEHO 3HaYeHue 3a nporHo3a Ha KAB B rpagoBserTe.
BakHa npeacToALlLa 3a/a4a € HAMUPAHETO Ha pelueHue
33 Hace/ieHW MecTa, 33 KOMTO He e HaIMYHa KagacTpanHa
MHPopmaLmsa, KoeTo e obuyaiHaTa cuTyauma npu
M3roTBAHE Ha Mporpamu 3a nogobpssaHe Ha KAB B
6barapckuTe rpagose.

bnarogapHocTu: W3cnenBaHeTo €  OCbLECTBEHO B
pPamMKUTe Ha NPOEKT, PUHAHCUPpaH oT broaxkeTa Ha HUMX.
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Validation of model data for wind speed in Plovdiv
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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.

% Daily mean wind speed Plovdiv- Kamenitsa
January 2024
)
Obs Mod Mod with correction

mfs

Daily mean wind speed Plovdiv-Kamentisa
July 2024

Obs Mod Mod correction

N ISNA

1 6 1 16 21 26 31

(=D

day

Figure 1. Daily mean wind speed (m/s) at AQ station
Kamenitsa — comparison of measured with model values
(without and with correction) for 2 months.

A positive result from the detailed analyses,
performed also for other months, are the high
correlations between the model results without and with
urban correction and the measured wind speed. This is
essential for air quality forecasting in cities. An important
upcoming task is finding a solution for populated areas
for which cadastral information is not available, which is
the usual situation when preparing programs for air
quality improvement in Bulgarian cities.

Acknowledgements: The study was carried out within
the framework of a project funded by the NIMH budget.
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BapuaummM Ha KOHLUEeHTpauuMATa Ha npax B Copua npes nocnegHute gBe AeceTuneTms
b. Benesa, E. Vlop,a,aHOBa*, E. Xpucrosa

JenaptameHT ,,MeTeoponorns“, HauMoHaneH MHCTUTYT MO METEOPOIOTUA U XNAPOOTUA
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BbvBepgeHue
MpaxbT wAM cycneHAMpaHu npaxosu uvactuum (M4)
3ae4HO C ApYyrM OCHOBHMW rasoobpasHM U BbIEPOAHM
3ambpcutenn (NO2, SOz, Os, PAH, BC n ap.) ca eguH ot
OCHOBHWUTE 3aMbPCUTENU HA TPafCcKusa atmocdepeH
Bb3ayX. KoHueHTpaumaTa Ha MY ce namepsa OTAABHA,
owe npegM pJa bObaaT paspaboTeHM TEXHUKM 3a
M3MepBaHUA Ha Apyrn GppaKkumm npaxosu Yactnum (PMaio
M PMz2s), Ba’KHWM 3aMbpCUTENIN, KOUTO Cera ca CTporo
peryinpaHn OT  HaLMOHANHOTO UM  eBPONENCKOTO
3aKoHopgaTencTso 1 CBeToBHaTa 34paBHa OpraHM3auma.
3ambpcaABaHeTo Ha Bb3gyxa B Codua c npax ce
ObMXKM Ha ABa OCHOBHM ¢akTopa: 1) HanunumeTo Ha
MHOrobpoitHM n pasHoobpasHM Mo BWUAO M MOLLHOCT
M3TOYHUUM WU 2) MECTHW/NIOKaNHN METeoPOIOrMYHN
yCnoBuna n MUKpokanmat. Codua e pas3nosioKeHa B
KOT/IOBMHA, KbAETO Npe3 3HaYuTesIHa YacT OT roanHaTa
ce HabnwopasaT  AHTUUMKIOHANHM  yCIOBUA WU
TemnepaTypHU nHBepcun. PesyntatuTe, npeacTtaBeHn B
HacToslaTa paboTa, ce OCHOBaBaT Ha M3MepBaHWA B
HWUMX, pa3nonoeH 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 LenynosHu,
CTbK/IEHO-BNIAaKHECTM) Ha BMCOYMHA 2 M Hapg, 3aTpeBeHa
naow, nNo eaHa M cbla meTogonorma. MacosaTa
KOHLEHTPaLMA Ha npax ce onpeaensa rpaBUMETPUYHO.
O6embT Ha npemuHanuMa Bb3AyX npe3 GpuatTbpa ce
msmepBa ¢ paebutomep. Tasm cuctema nNo3BOAsABA
nony4yaBaHeTO HA  AbLATOrOAMLUHW  CPeAHOLHEBHMU
cToMHOCTM Ha MY 6e3 gpyr aHanor B 6bArapcku pegmum
OT AaHHM 3a KauyecTBOTO Ha Bb3ayxa (Benesa, 2006;
Xpuctoea wu  Benesa, 2012). MNpes 2026 .
METOA0N10MUsATa U MECTONOJ/IOKEHMETO Ha YCTPOMCTBOTO
33 B3eMaHe Ha npobu ca NpPOMEHeHW, TaKa ue
XOMOTeHHOCTTAa Ha AaHHUTe We 6bae HapyLeHa.

Pe3syntatn n aHanusu

KauectBoTo Ha Bb3gyxa B EBpona ce e nogobpuno
3HAYUTENIHO Npe3 NOCNeAHUTE HAKOJIKO AeceTuneTma 3a
NnoBeYyeTo 3amMbpcUTEIM MNOPaAM HaManAaBaHe Ha
emucunte (AQeR). Ha do¢urypa 1 e nokasaHa
cpefHorogMlHaTa KoHueHTpauua Ha MY, 3aegHo ¢
roguMwHata Ccyma Ha BajexuTe 3a nepuoaa
2005-2025 r. HabnwopgaBa ce TeHAeHUMA Ha
HamanABaHe Ha KOHLEHTpauuATa Ha npax. Tasu
TEHOEHUMA e B CbOTBETCTBME C TEHAEHUUUTE B
KOHLEeHTpauumnTe Ha PMio, otyeTeHn oT EBponeickaTa
areHuma no okonHa cpega (EEA  report).
OTCTpaHABaAHETO Ha 3aMbpcuTeNNTe OT Bb3Zyxa upes

BaJIeXKM € BaXKeH NpoLuec, BoAely, 40 HAKOW Bapuauuu B
KOHLUEHTpauuMATa Ha npax. BnakHocTTa Ha nouysarta,
CBbP3aHA C peXMma Ha BaNeXxuTe, € OCHOBEH QaKTop,
KOHTPO/IMpPaLL, NOBTOPHOTO CyCNeHAMpaHe Ha npax oT
3emsTa.

TeHgeHUMATA 33 HaMasABaHe Ha KOHLeHTpauuATa
Ha Mpax MOXe f4a Ce OnuwWe KaTo ypaBHeHWe Ha
eKCnoHeHumnanHa perpecus: y = 44,253*exp(-0,049x),
(R? = 0,624), kbgeTo x e 6poaT roanHu. MNonyueHa e
TeHAEHUMA OoT oKono 2,1 ug.m?3 Ha HamanaBaHe Ha
KOHLEHTpaLMATa roauLHO.
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durypa 1. CpegHorogmiLHa KOHLEHTpaLMA Ha npax
B Npu3emMHua Bb3ayx 8 HUMX u cpegHoroauniiHa cyma
Ha Banexwute B Copusa, 2005-2025r.

Pasnukata mexay TONAusA U CTygeHuA nepuog, Ha
roavHarta B KoHLUeHTpauuaTa Ha M4 (TSP) e otuetausa,
C MMHMMYM npe3 nepuoaa HHW-CeNTEMBPU W MoO-
BMCOKM CTOMHOCTM npe3 3umHUTe meceum (Tabn. 1).
Hait-Bucokata cpegHomeceyHa CTOMHOCT B
nscnedBaHua nepuog ce Habniogasa npes AeKemBpw
2024 .

Tabnnua 1. CpeaHu meceyHu KoHueHTpauun, 2005-2025 .

Mecey, ny /TSP Mecey, ny /TSP
ug/m ug/m3
Jexkemspu 27.29 Onn 15.30
AHyapwm 20.27 Asryct 15.62

BnaropapHocTu: ABTOpMTE M3Ka3BaT 61arofAapHOCT Kbm
BCUYKW CNYXUTENN Npe3 rognHuTe B PagmnomeTpuyHa u
pagnoxnummyHa nabopatopus Ha HUMX.
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Introduction
Dust or total suspended particulate matter (TSP) in the
atmosphere is one of the main pollutants of the urban air
together with other major gaseous and carbonaceous
pollutants (NO2, SOz, O3, PAH, BC etc). TSP was measured
for years, before techniques and measurements of other
particulate matter fractions — PMio and PMozs, 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 ugm3 per year was observed.

60 1200
ug/m3 mm
50 I i Y = 44,259e7004 1000
R?=0,624
40 {f;} 800
HEAAN 01
30 I I T i 600
- 1 IIiIi’I”F%%ﬁm
S ey,
0 0
LONMNOVDDDOANMSTETLL ONWOWMDO dNMS
OO 00O o o oded oo oo AN AN NN
OO0 0000000000000 O0O0O0O0 OO
NN NNNNNNNNNNNNNNNNNNN
mmmm Sum precipitation —o—average TSP

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 pg/m3
Dec 27,29 Jul 15.30
Jan 20.27 Aug 15,62
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BauaHue Ha 6baewmTe KAMMATUYHN NPOEKLUN NPU onpeaenaHe

Ha yceliaHeTo 3a TONJ/INHEH KOMd)OpT B bvarapua
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BvBegeHue

bbaewoTo M3MeHeHWe Ha KAMMmaTa LWe OKaxke
CbLLECTBEHO BAMAHME HE CaMO BbPXY MKOHOMUKUTE Ha
CTpPaHWTE, HO W BbBPXY KAYeCTBOTO Ha XMUBOT W
yoBeLWKoTo 3apaBe. OCHOBEH acMeKT Ha BAMAHMETO Ha
M3MEHEeHMEeTO Ha KAMMaTa BbpPXy YOBELIKOTO 34pase e
ycewaHeTo 3a Ton/AMHA W cTyh (nperpssaHe w
M3Mpb3BaHe).

OueHKa Ha 6bAewy KAMMATUYHM MPOMEHU ce
OCbLLECTBAABA Ype3 YMCAEHO mogaenupaHe. MnobanHute
MOZenn 3a uscnedBaHe Ha KaMmaTa AasBaT OUeHKa Ha
napameTpute, onpegenAwmn TOMJAMHHOTO YycellaHe, B
rpyba pesontoumsa. ToBa Hanara 3agbnbouyeHu
m3cnenBaHUA U aHaAM3M Ha KAMMATUYHUTE NPOEKLUM C
peruoHanHM KAMMATUYHM  MoAenn, C€ MO-BUCOKaA
pe3ontouusn, B onpeseneHnTe paioHu Ha UHTepec.

Lenta Ha HacToAWOTO u3cnenBaHe e ga ce OLeHM
B/AMAHMETO Ha ObAewmUTe KAMMATUYHU MPOEKLMU NpU
onpeaensaHe Ha ycelaHeTo 33 TOM/IMHEH KomdopT B
Bbarapua upes YHusepcanHus tonamHeHd nHgekc (UTCI).

Metoaonorusa

YHMBEPCANHUAT  TOMJIMHEH  MHAEKC  OTpasABsa
yCelaHeTo 3a TOM/IMHEH KOMAQOPT MNpU pPasanyHK
METEOPOJIOTUYHMU ycnosus BC/aeacTBue Ha

d13MONOrMYHNTE peakummn, cBbp3aHM CbC cMcTemaTa 3a
Tepmoperynaumsa Ha Tanoto. Toli ce onpegens ot
TemnepaTypaTa Ha Bb3AyXa, BNAa*KHOCTTa M CKOPOCTTA Ha
BATbpa B OKOJIHATa cpeja, OT C/bHYEBOTO rpeeHe WU
TOMJIMHHOTO M3NbyBaHe  OT  OKOAHWUTE  Tena.
KoMMNoHeHTUTe, KOMUTO y4acTBaT B M3YUCNABAHETO Ha
UTCI, ca cumynmpaHu ¢ PerMoHanHuma KanmmatuyeH
mogen RegCM (Giorgi et al., 2012). YnucneHaTta cToMHoOCT
Ha WHAEKCa e B TeMMepaTypHU eauHuuM (rpagycu no
Llensnit) n e KateropusmpaHa B 10 Knaca cnopep
CTeneHTa Ha TONJAWMHHOTO HATOBapBaHe MPW BUCOKMU
NONIOKUTENHU W HUCKM OTpUUATENHM TemnepaTypwu
(Brode et al., 2012).

Pesyntatu u ussoau

HanpaBeHu ca UncneHn cMMmynaumm Ha perMoHaaHua
KnumaT B bbarapus 3a muctopudecku (1975-2004 r.) u
6baew, (2070-2099 r.) nepuoa. OnpeaeneH e UTCl 1 Ha
¢urypa 1 e npeactaBeHa rpaduKa C  HerosaTa
noBTopsAemMocT 3a JABata nepuoga. Cnyyaute Ha
TePMMUYEH CTPecC U 3a ABaTa nepuoaa ca M3obpaseHn 3a
12:00 1 15:00 UTC.

Pesyntatute nokassatr, 4e UTClI nonaga B
KaTeropuute: be3 TONAMHHO HaToBapBaHe — 3e/iEH,

CpefiHO TOMAMHHO HaToBapBaHe — XbAT, M CuaHo
TOMN/IMHHO HaToBapBaHe - opaHXes
(https://urbansis.eu/universal-thermal-climate-index/).
Mpu cpaBHeHMe Ha ABaTa nNepuofa — MCTOPUYECKU M
6baell, ce BWKAa, 4Ye BbB BTOPUA C/aydauTe Ha
TOM/IMHEH CTpec ce ysBenuyasaT. EAHOBpeMeHHO C ToBa
cnyyaute 6e3 TOMAIMHHO HaToBapBaHe Hamansasar.
Hail-CblLleCTBEHO €  yBEe/AMYEHMETO MpU  CUIHOTO
TON/IMHHO HaToBapBaHe (OpaHKeBo), C 0Koo 24%.
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BnaropgapHocTu: lM3cnegBaHeTo e  OCbLECTBEHO B
pamkuTe Ha NPOeKT HALMOHAJEH
TEOMHOOPMALMOHEH LEHTBP, d¢wuHaHCHpaH oT

MUHUCTEPCTBO  Ha
[01-93/25.06.2025r.

06pasoBaHMETO M 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%.

Summer 1975 - 2004 Summer 2070 - 2099

@
S

60
No stress

Maderate heat
0 Moderate heat 0

Strong heat

No stress

I8}
S

20

Thermal stress cases (%)

Strong heat

Q- TR 0

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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BvBegeHue
MpaxosuTe yactnum (MY), emntnpaHun B atmochepata ot
peavua aHTPOMOreHHW U3TOYHMUM (eHepreTukaTa,
NPOMMULL/IEHOCTTAa, aBTOMOBUNHMA TpaHCNopT,
M3rapsaHeTo Ha pPasNMYHM TBBPAM W TEYHW TOpPUBa,
M3rapsaHeTo Ha OTnagblM), ce npuemaT 3a OCHOBEH
3aMbpcuTen Ha aTmochepHua Bb34yX. B HAKOM paitoHu
NPWHOCHT Ha NPUPOLHUTE U3TOYHULM — PECYCNEH3UA U
epo3nA Ha No4YBaTa, MOPCKM Aepo30aM, BYIKAHUYHM
M3PUFBaHUA M AOp., CbWO MOXe A3 € 3HAUYUTEeNeH.
BpeaHoto Bb3geicTBne Ha MY BbB Bb3Ayxa BbPXY
YOBELIKOTO 34paBe 3aBMCM [/1aBHO OT pasmepa
(06w, npax wam TSP, @MY, PMY2s, DNYy),
KOHUEHTpauuaTa M xumuuHma cbetas (WHO, 2021).
O6LLecTBEHOTO BHMMaHWE B Bbarapua KbM KayecTBOTO
Ha Bb3Ayxa npe3 nociegHUTe roAMHM HapacTBa, HO
MO3HAHMATA 33  XaPaKTePUCTUKUTE  Ha  BaXKHM
3aMbpCUTENIN KaTo GUHUTE MPAXOBU YACTULM U TEXHUA
XMMWYEH CbCTaB ca MHOFO OFpaHUYEHM.

B HacTosAwarta paboTa e npeacrtaBeHa MHPopmaums
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 ycrpoicteo (2.3m3h™), cwbraacHo
ctaHgapt EN-12341, no Bpeme Ha eKCnepumeHTanHu
Kamnaumm B  HWMX, 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 wuscneaBaH upes
€HeprmmHo-AMCNePCUOHEH pPeHTreHo ¢yopecLeHTeH
aHanu3 (ED XRF, PANalytical, Epsilon 5) (Hristova et al.,
2020) B WMHCTMTYTA 3a MEAMUMHCKM M3CNeABaHUA U
obuiecTBeHo 34pase 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 npu
7 pPasAnYHKU OBMKUHWU Ha BbaHATa — 405, 465, 525, 639,
870, 940 n 1050 nm, KOeTo N03BO/IABA pa3rpaHMYaBaHe
Ha M3To4YHMUMTe Ha BC u BrC (Hristova et al., 2022).

Pesyntatu

OT n3mepeHUTe CPeaHOLEHOHOLWHN KOHLLEHTpaLmm
Ha 326 npobu ®NY,;5 (2 + 104 pgm3) 35% npesuwasat
npenopbkute Ha WHO (15 pgm3). [HesHuTe
KOHUeHTpauum Ha BC Bapupat o1 0.62 pgo
16.7 (SD=1.5) pgm? (¢ur. 1). Hal-Bucokute
CpeAHOAEHOHOWHN KOHLLeHTpaumm 3a DMY2s

(104.5 pgm3), BC (17.2 pgm3) n scnukm enemenTn (Total
elemental concentration 30 pgm?3) ca nonydenn 3a
27 Hoemspwu 2020 r., AeH C MHBEPCUOHHWN YCNOBUA U
mbrna. Hakou ot enemenTute, Al, S, Cl, K, Ca, Fe, Cun Zn,
Ca Ha/IM4YHWM NOYTM BBB BCAKA Npoba, gokaTo gpyru, Cr,
Rb, Y 1 Sb, ca usmepeHn camo B HAKONKO. OT BCMYKMK
nscnensaHu enemeHTun Hal-BMCOKa cpeaHa
KOHLLEeHTpaumA 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.

M3cnesBaHM ca  KOpenauuMoHHUTE  3aBUCMMOCTM
MeXAY KOHUEeHTpauunTe Ha usbpaHu enemeHTn. MHoro
BMCOKa Kopenauua e nosnydeHa 3a Al n Si (0.98), BC u
K (0.91), noTBbprKAaBalKM 06LWLMA UM U3TOYHMK: Npax OT
NoYBeH Npounsxoa 1 6UTOBO ropeHe.

BnarogapHoctn: l3cnepgBaHeTo e  OCbLLECTBEHO 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 MeaH becany ot MHCTUTYT 33 MeaMUMHCKK
nscnenBaHus n obLecTseHo 34pase, 3arpeb, XbpBaTus.
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Introduction
Particulate matter (PM) emitted into the atmosphere
from a number of anthropogenic sources (energy,
industry, motor transport, combustion of various solid
and liquid fuels, waste incineration) is considered to be a
major pollutant of atmospheric air. In some areas, the
contribution of natural sources — resuspension and
erosion of soil, marine aerosols, volcanic eruptions, etc.,
can also be significant. The harmful effects of PM in the
air on human health depend mainly on the size
(total dust or TSP, 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 PM2s were collected with a
standardized device (2.3m3h™!) in accordance with
EN-12341 during experimental campaigns at the NIMH
conducted between 2020 and 2023. The elemental
composition of PMa2s (Mg, Al, Si, P, S, Cl, K, Ca, Sc, Ti, Cr,
Mn, Fe, Cu, Zn, As, Br, Rb, Sr, Y, Mo, Cd, Sn, Sb, I, Ba,
W, Pb) was analysed using energy-dispersive X-ray
fluorescence analysis (ED XRF, PANalytical, Epsilon 5)
(Hristova et al., 2020) at the Institute for Medical
Research and Public Health in Zagreb, Croatia. The
content of Black carbon and Brown carbon was
determined using optical absorption methods with the
MABI (Multi-wavelength Absorption Black Carbon
Instrument) developed at ANSTO, Australia. MABI
measures light absorption at 7 different wavelengths —
405, 465, 525, 639, 870, 940 and 1050 nm, which allows
differentiation between BC and BrC sources
(Hristova et al., 2022).

Results

Among the measured average daily concentrations of
326 PM2.s samples (2 + 104 pgm3), 35% exceed the WHO
recommendations (15 pgm3). The daily concentrations
of BC ranged from 0.62 to 16.7 (SD=1.5) ugm-3 (Fig. 1).
The highest average daily concentrations for PMas
(104.5 pgm?3), BC (17.2 pgm?3) and all elements
(Total elemental concentration 30 pgm-3) 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).
s
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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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BbBeaeHue

CnbHueBaTta paaunauma (CP) npeactaBnsiBa OCHOBEH
METEOopPO/IOTMYEH €NIeMEHT U KA4oB daKkTop B
eHepruHmMa 6GanaHc Ha atmocdepata. TA wMma
CbLLECTBEHO 3HAYEHWE KAKTO 3a KAMMATUUYHUTE
n3cnefBaHuA, Taka M 3a NPUAOKeEHUATa B 06aacTTa
Ha Bb30OHOBAEMUTE EHEPTUAHU U3TOYHULM.

Mpn npemunHaBaHeTo cu npe3 aTmocdepaTta
CP npeTtbpnsBa oTcnabsBaHe BCAeACTBME HA NPOLLECH
Ha pa3celiBaHe, NOrbLUAHE U OTParkeHne oT obaauum,
BOAHW KanKW, NefeHUM KPUCTanM, aepo30/Hu
yactuM, npax M caxgu.  ATmocdepHuTte
aepo30au (AA), BKNHOUUTENHO MUHEPANHUAT Npax oT
NYCTUHHU PaNOHW, OKa3BaT CbLLECTBEHO BAWAHUE
BbPXY PaAMALMOHHUA TPaHChEp, KAaTO USMEHSAT KaKTO
OVMPEeKTHaTa, Taka M AudysHaTa KOMMOHEeHTa Ha
CABbHYEBOTO NbYEHME.

Hactoawoto m3cnenBaHe Mma 3a Len Aa OueHu
B/MAHMETO Ha MpeHoca Ha caxapcku npax (CN) —
pasrnexaaH Kato ecTectBeH AA  —  BbpXy
M3MEepeHuTe CTOMHOCTM Ha rnobanHata CP npu
3eMHaTa NOBbPXHOCT Ha TepuTopuATa Ha Bbarapums.

MeTtopgonorusa

B n3cnepsaHeTo ca M3noni3BaHU M3MepBaHMA Ha
obwa CP OT TpM METEeOPONOrMYHU CTaHUMKM Ha
TeputopuATta Ha bbarapma. MHbopmaumaATa 3a gHUTE
C Hannume Ha CIM e wu3BneyeHa oT MeceyHus
XMApOMeTeoponornyeH b6ronetnH Ha HauuoHanHus
MHCTUTYT No meTeoposiornsa u xugponorns (HUMX),
nybavkysaH Ha  https://bulletins.cfd.meteo.bg/.
JaHHuTe 3a npeHoc Ha Cl Hag cTpaHaTa ca Ha/IMYHU
B 610NeTUHUTE OT Mmecel, AekemBpu 2022 r. Hacam.

AHanusbT obxBala nepuoda aexkemspu 2022 —
oKTOMBpM 2025 r., 33 KOWTO Ca HaJWUYHK
efHOBpeMeHHO AaHHM 3a CP u 3a peructpupanm
cnyd4am Ha npeHoc Ha CIl. JonbnaHuTenHo ca
M3M0/13BaHM aHHM 33 BaNeX C Len naeHtndunumpaHe
W U3K/OUYBaAHE (MAW OTAENHO pasrnexgaHe) Ha AHu,
npv KOUTo 0671a4HOCTTA M BasieXKHUTE npouecn buxa
OKasanu CbLUECTBEHO B/IMAHME BBbPXY
paanalLMoHHUTE CTOMHOCTH.

OueHKaTta Ha BamaHneTo Ha ClM e n3BbpLUeHa Ypes
CpPaBHUTENIEH aHANIN3 MEKAY:

® [HW C PerncTpupaHo HajnymMe Ha CaxapCku
npax;

e HUM 6€e3 yCTaHOBEHO Ha/inuyme Ha npax;

e [HW C Bafex, pasriexgaHn Kato oTAesHa
KaTeropma nopaguM He3aBUCUMOTO UM
B/IMAHNE BbPXY PaANALMOHHNA NOTOK.

CpaBHEHMETO Cce OCHOBaBa Ha aHaAM3 Ha
cpeaHOOHEBHU CTOMHOCTM U MECEYHU CYMM Ha
rnobanHata CP, KaTo ce TbpCU CTAaTUCTUYECKM
3HAYMMa pas3IMKa MeXay OTAENHUTE rPynu AHM.

Pe3syntatu n ussogu

B tabnuua 1 ca npeacTaBeHW cpaBHEHMA 3a
M3MepeHnTe KOAMYecTBa CAbHYEBa paguauma npes
M. aBrycT B TpW NOCAefOBaTe/NHU TOAMHWU C uen
npocneaABaHe Ha BAWAHMETO Ha CaXapCKMA MACHK
BbPXY TAX. OTYeTEeHM ca U BPON AHU C BaNeX, KOUTO
CbLLO B/IMAAT BbPXY MNOAYYEHUTE pe3ynTaTu.

Tabnvua 1. MeceyHn cymu 3a U3SMEPEHUN KOINYecTBa
CP B 3aBMCMMOCT OT HasinumeTo Ha Cl B aTmocdepaTa

Ffoauna/ Bpoit gHu Bpoit gHn E [kW/m?] -
mecel, CbC Caxapcku c Banex MeceyHa cyma
nACbK
8.2023 17 8 189.08
8.2024 6 11 194.44
8.2025 3 8 159.81
Jlutepartypa
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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 KOHLEHTpaLuuTe Ha GUHU NPAXOBU HACTULU MEXKAY
NbTHO OPUEHTUPAHA, rPaACKa U perMoHanHa ¢oHOBA CTaHLUMA B paiioHa Ha Codun

C.Teoprves!”, P. Aumutposal, E. Xpucrosa
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1dusmnueckn dakyntet, Coduiicku yHusepeuet ,,Ce. KnumeHT OXpUACKN*
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BbBeaeHue

3ambpcABaHeTO Ha aTmochepHUA BbB3AYX C  OGUHKU
npaxosu 4yactuum (PNY) npopbaKaBa Aa € OCHOBEH
npobnem B ypbaHU3MpPaHUTE PalNoOHW, BKNHOUMTENHO B
Codus. HacToswoTo uscnengaHe npeacTass
CpaBHUTENEH aHann3 Ha ¢pakuumnte OMNY4p 1 OMNY2s5 oT
TPU NOKAUMWM B palioHa Ha CTOAMLATA: TPAHCMOPTHO
OpuMeHTMpaHa CcTaHuuAa B 6am3ocT go 6Oyneeapsg c
MHTEH3MBEH aBTOMObUNEeH TpaduK (B parioHa Ha Opnos
MOCT), rpascka poHOBa CTaHLUMA B 3e/1e€HA MPafCKa 30Ha
(ObcepsaTopusaTa Ha CY ,CB. KnumeHT Oxpuacku” B
BopucoBaTta rpaguHa) u pervoHanHa ¢oHoBa CTaHUMSA
(Freopesnueckara obcepBaTtopus MnaHa) W3BBbH
ypbaHusunpaHaTta Teputopua. JaHHUTE ca NpuBeAEeHUN A0
4acoBW CpeaHN CTOMHOCTU U MOANOMKEHN HA KOHTPOAN Ha
KauyecTBOTO.

MeTtoaonorua

M3mepBaHMATa Ca HanpaBeHW B pPaMKuTe Ha
npoBegeH MONEBM EKCMEPUMMEHT npe3  nepuosa
pekemBpyn 2024 — wHM 2025 1., KolTOo o06xBawa
pasAnMYyHM  Ce30HM W MO3BOMABA  OLUEHKa  Ha
KOHLeHTpauuAaTa Ha ony npu pasnnyHu

METEOPOJIOTMYHN ycnoBUA. M3BbpLIEeH € KOHTPON Ha
KauyecTBOTO HA [JaHHWTE, BK/OYBALL, MPOBEpPKA 3a
aHOMaHM CTOMHOCTY, c uen nosuLlaBaHe
HaZeaAHOCTTa Ha aHanu3a. HanpaseHu ca
CTaTUCTUYECKM  aHaM3M U CPaBHEHWE  MeXay
pasnMyHMTE TUMNOBE CTaHUMKM. 33 fJa Ce OueHu
B/ANAHNETO Ha 3eneHaTta naowy BBPXY
pasnpocTpaHeHneTo Ha P4, e nsbpaH Habop oT AaHHU
npu ceBepo3anageH (NW) npeHoc (nocoka
290-340° u ckopocT = 1 m/s). Mpu TO3n BETPOBU PEXUM
Bb34YLWHUAT MNOTOK NPemMuHaBa OT TPAHCMOPTHO
OpWeHTMpaHaTa CTaHUMA KbM rpagckata ¢oHoBa
CTaHUMA, pasnoJsiokeHa npubamsmtenHo Ha 1 km
IOrOM3TOYHO, KaTo MeXay TAX Ce Hamupa napk
,bopucoBa rpaguHa“. Mo TO3M HAYMH ce Cb3gaBsa
BbB3MOXKHOCT 3a KOAIMYeCcTBEHA OLEeHKa Ha
noTeHUManHMA edeKT Ha 3eneHaTa rpaacka naow, Bbpxy
NPOCTPAHCTBEHOTO pasnpegeneHve Ha
KOHUEHTpauuuTe.

Pesyntatu n ussogm

MpeactaBeHU ca pe3ynTatv OT aHanm3a Ha PlMYas,
Tb KaTo e eguH OT 3aMbpcuTennTe, CBbP3aHU C
emucumuTe OT TPAHCNOPTa, M KaTo no-neka dpakuma
MOXe [fa Ce TpaHCnopTMpa C Bb3AYWHMA MNOTOK Ha

no-rosiemMn PasCTosHUA, Npean Aa Aucrepcupa Man ce
OT/IOXM BbPXY 3€MHaTa NOBbPXHOCT.

YacoBuTe n3MepBaHMA Ha KOHLLEHTPaUMMTe NoKaseaT
ACHO M3Pa3eHn Eenu3oAuMYHM MOBUILEHMA U MO-TOAMA
aMnAnTyAa npy TPaHCMOPTHO OpUEeHTUpaHaTa CTaHUMA B
cpaBHeHWe c¢ pgete ¢oHoBM. ToBa nosegeHve e
KOHCUCTEHTHO CbC 3HAYMM JIOKaNeH TMpUHOC B
HenocpeacTBeHa 61130CT 40 NbTHOTO NATHO.

1L 1. YT N——
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202501 202502 202503

durypa 1. Yacosu KoHUeHTpauum Ha PMY, 5 B TpUTE CTaHLUK
3a U3cneaBaHuA nepuoga,.

Pasnpenenennetro Ha ®MNY2s npu nsbpaHua Habop ot
AaHHu npu NW npeHoc (¢ur. 2), npeactaBeHo upes boxplot
M CbhbTCTBAlLA CTaTUCTMYecka Tabnavua 1, noKasea
YCTOMYMBO MO-BUCOKWU KOHLEHTpauun B 6amsoct o Opnos
MOCT B CpaBHeHMe C pegyuupaHata okono 40%
KOHLEHTpauMAa B pe3ynTaT Ha 3e/1eHuTe  MNJOoLWM.
TpaHCNOPTHO OpMEeHTUpaHaTa CTaHUMA  AEeMOHCTpUpa
NO-BMCOKM  KOHLEHTpauuuM W  no-ronama BbTpellHa
npomeHausoct (IQR) cnpamo  ¢oHOBUTE  CTaHUMMU.
MonyyeHwnTe pesynTatM MNO3BO/MABAT pas3rpaHMyYaBaHe Ha
JIOKAZIHNA KOMMOHEHT Ha 3aMbpPCABAHETO OT PermoHanHuA
bOH M nopuvepTaBaT poONATa Ha 3eNeHUTe MNAoWM npu
MHTEpNpeTaunsa Ha BbTPELHOTPAACKMTE KOHTPACTM.

! oo

durypa 2. PasnpegeneHne Ha 4acoBuTe KOHUEHTpaumm Ha P4, s
npv NW BeTposu pexxum (290-340°, = 1 m/s).

Tabnuua 1. 0606weHa cTatnuctnka 3a ®NYzs npn NW BeTposwm
pexum. MpeactaBeHn ca mepmaHa, IQR, cpefHa CTOMHOCT U
nepceHtunan (P5-P95), xapakTepusupawiy MNpPOCTPaHCTBEHUA
rpafMeHT M NPOMEH/IMBOCTTA Ha KOHLeHTpauumTe

Cranyus Mepgunana IQR CpepHa P5 P95
Opnos mocT 15.7 10.9 18.8 37 476
(ObcepsaTopus 8.8 12 11.0 27 283
Nnaxa 8.0 79 9.7 13 214

BnarogapHOCTU: M3cneaBaHETO € OCbLIECTBEHO B PaMKUTE
Ha npoekT, GuHaHcmMpaH 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 PMas fractions from three
locations in the capital region: a traffic-oriented station
located near a boulevard with intensive vehicle traffic
(Orlov Most area), an urban background station situated
in a green urban zone (the Observatory of Sofia University
“St. Kliment Ohridski” in Borisova Gradina Park), and a
regional  background station (Plana  Geodetic
Observatory) outside the urbanized territory. The data
were converted to hourly mean values and subjected to
quality control.

Methodology

The measurements were conducted as part of a field
experiment carried out during the period December
2024 — June 2025, covering different seasons and
allowing for the assessment of PM concentrations under
varying meteorological conditions. Data quality control
was performed, including checks for anomalous values to
enhance the reliability of the analysis. Statistical analyses
and comparisons between the different types of stations
were conducted. To assess the influence of the green
area on PM dispersion, a dataset corresponding to north-
westerly (NW) transport conditions was selected
(wind direction 290-340° and wind speed = 1 m/s). Under
this wind regime, the airflow passes from the traffic-
oriented station toward the urban background station
located approximately 1 km to the southeast, with
Borisova Gradina Park situated between them. This setup
enables a quantitative evaluation of the potential effect
of the green urban area on the spatial distribution of
concentrations.

Results and conclusions

The results presented focus on PMzs, as it is one of
the pollutants associated with traffic emissions and, due
to its smaller size, can be transported over longer
distances before dispersing or depositing on the ground
surface.

Hourly concentration measurements show clearly
pronounced episodic peaks and greater amplitude at the
traffic-oriented station compared to the two background

stations. This behavior is consistent with a significant
local contribution in the immediate vicinity of the
roadway.

PM2.5 (ugim?
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Figure 1. Hourly PM, s concentrations at the three stations
within the common time window.

202507

The distribution of PM2s under the selected NW
transport conditions (Fig. 2), presented through a boxplot
and the accompanying statistical parameters in Table 1,
indicates consistently higher concentrations near Orlov Most
compared to an approximately 40% reduced concentration at
the urban background station, likely influenced by the presence

of green areas.
The traffic-oriented station demonstrates
concentration and greater internal variability

higher
(IQR)

compared to the background stations. The obtained results
allow for distinguishing the local pollution component from
the regional background and highlight the role of green

areas in interpreting intra-urban contrasts.

PM2.5 (pgim?)
Eoeowow
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Figure 2. Distribution of hourly PM; s concentrations
under NW wind regime (290-340°, 2 1 m/s).

Table 1. Summary statistics for PM,s under NW wind regime.
Presented are median, IQR, mean value, and percentiles
(P5-P95), characterizing the spatial gradient and variability

of concentrations

Site Median IQR Mean P5 P95
Orlov most 15.7 10.9 18.8 3.7 41.6
Observatory 8.8 Tl 11.0 2.7 28.3
Plana 8.0 7.9 9.7 1.3 21.4
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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-g4o06bp 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 MpPEeXoBUN MEeTeOopPO/sIOrM4HN CEeH30pPU
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. MianadeHos, M. AuHes, M. lNvpsaHos, X. Hadxcu

4 ObnrorognwHM M3mMepBaHMA Ha PUIMKO-XMMUYHUTE MNOKa3aTeNn Ha BasexuTe
8 bvarapua

EneHa Xpucmoea, M. Kopcayka, Y. Cmolikosa

5 CpaBHeHme Ha eXeaHeEBHUTE U3IMepeHU U CUMYINPaHU OaHHWU 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 MHOroroguuiHUTE KonebaHWA Ha cCpefHUTE 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
lemvp NeaHos

11 OnepaTtuBHM BM3yaAM3aUMM Ha pPe3ynTaTM OT UYUC/IEHM MOoAenn B NOomoLy,
npu U3roTBAAHE Ha ONepPaTUBHU XMAPOAOTMYHN 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

Cyxosewnte B bbarapusa, ngeHTMdULMpPaHN C NTOMOLLTA Ha peaHannsa ERA5-Land
K. Manyesa, P. EseeHues, /lunusa boyesa

AKLEHTHM 33 KaimmaTa Ha bbarapua npes 2025 roguHa
K. ManueBa, TataHa [lapenosa, /1. bouesa

Boau — peku, noasemHu Bogm, YepHo mope
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OLeHKa Ha B3aMMOBPB3KATa MeXAY METeOPO/IOTMYHO U XMOPOJIOKKO 3acyllaBaHe
no peyHu bacelHM Npu Pas3IMYHU 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 MOHUTOPUHIrosata 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 oueHKa Ha ¢akTopute, 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

MpunoxeHne Ha ArcGIS Pro npu aHanms n oueHKa Ha BUCOKM BbHU

CmaHucnas Kpaces

MeToamMKa 3a OLEeHKa Ha npenennte oOtTnagby4yHn BOAUN B 30HU C XUAUWHO
3aCTpoABaHe

CmaHucnas flapayes

AHanu3 1 oLEeHKa Ha U3BMEHEHUNETO Ha pecypca Ha p. Mckbp, p. OrocTa 1 pekun 3anagHo
oT Orocta M HAKOM TEXHU 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 NPOLYKTU 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, paspaboTeHn B pamKuTe Ha npoekTa 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 MaJIKM HePHOMOPCKM BogocHopu

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 Cy¢03l/lﬂ

Teodop Kones

BavaHne Ha neposuTe ABNeHUA BBbpPXY peXnma Ha pevyHuUAa OTTOK

deHuc Nnues

MporHo3a 3a BpemMeTo U npeaynpeXKaeHUa 3a eKCTPEMHU METEOPOIOrMYHUN ABNAEHUA
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Mopgen 3a MalWnHHO o6yquV|e 3a KPATKOCPOYHa NpPOrHo3a Ha BpemeTo

Muxaun lNMvpsaHos8

YucneHata nporHosa Ha spemeTto 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
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ArpomeTeoponoquM ycnosuAa — nNpean3BuUKaTesiCtBa 3a arpotexHosnormmrte
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CpaBHUTENHO MpOy4YBAHE HA  TOJIEPAHTHOCTTAa KbM  abuoTMyeH  cTpec
Ha MHTPOAYUMPAHM reHoTUNoBe 0BMKHOBEHA MNWeHMLA

JumumpuHa Hukonosa, . Muxosa

BAvAHME HA arpomeTeoposiorMyHuMTEe YCA0BMSA BbpPXy [Aob6MBa M KayecTBOTO
Ha 3bPHOTO MPU IMHUM 3UMEH dypaKeH eyeMuK

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
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TOKCMKONOIMYHO oOxapakTepusmpaHe Ha MMAB ot ®l1Y1, reHepupaHn OT PA3AUYHM
BMaoBe 6uomaca

Kpacumupa Bacunesa, . MopdaHos, U. HalideHosa, O. CaHdos, M. LioHesa, T. [aHes,
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 NPOEKLMW 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 BbpXy MamepeHata CAbHYEBA pagnaumna npn 3emHata
NOBBPXHOCT

BaHsa MaHesa-llemposa, A. lNempos

CpaBHUTENEH aHAIN3 HA KOHUEHTPALMUTE Ha GMHM NPAXOBU YACTULMN MEXKAY MbTHO-
OpMEHTUpPaHa, rpajcKka u permoHanHa poHoBa cTaHUMA B paiioHa Ha Codus

CmosH leopaues, P. lumumposa , E. Xpucmosa




