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Anal ysis of Available Climate Change De
SouEdst Eur ope nwiBtan kFaonc uPse ni nsul a

I ntroducti on

Extreme hydrol ogical events such as fl oods
i mportant natur al hazards causing human |ife
t hat have occurred in the histeorciomanlecpga otn mdy
change to flooding is very difficult.

Climate change has significantly affected
* meteorological factors
-rainfi@adavy rainfall, of cour soeo,didioge s brnuatt iaution
potenti al for it to occur. Even moder ate amo
ur ban areas.
-snowmehtareas where seasonal snowmel t signif|
can cause ienttensaes swedowrmnaosw neovreentrsai nl eadi ng t

earlier snowmel t .

The |1 PCC (I ntergovernment al Panel on CIl i ma
extremes, that climate change “hakatdedecanbébly
t hat contribute to floods, such as rainfall a |
e factors r el atnaln a goe nheunnta no fa chtyidvriottyec hni c al f e
urbani zation, availability and capacity of wur|

The mygipres of (Marual ordFMoodaForecasting and Warning, WMO.

1072
http://www.wmo.int/pages/prog/hwrp/publications/flood_forecasting_warning/WM0%201072_e
n.pd:

River floods are the result of torrential rainfall over long periods (several days) at the upper part
of the catchment area, leading to rising water levels aillingpover the natural banks or
artificial embankments.
Flash floods- A flood of short duration with a relatively high peak discharge. Flash floods are
fast developing phenomena that occur within short period of time (usually up to 6 hours) after
inten®e rainfall over a relatively small area. These floods can also occur in small areas that are
normally dry and without a clear river network.
Pluvial floods (Surface floods)- Pluvial flooding occurs when rainfall with a high intensity
(high amount of prapitation during a very short period) exceeds the infiltration capacity of soil,
or the discharge capacity of urban drainage systems. The water flows over the ground to settle or
‘pond’ in lowlying terrain, where it temporarily accumulates. Surface waieding is sporadic,
short lived, hard to predict and can happen anywhere, often far away from river floodplains and
in unexpected locations.
Floods from infrastructure failure — floods occur as a result of breach of walls of reservoirs
and/or embankments

Modeling of climate change, and in particular of trends in the amount and frequency of
precipitation, shows an increase in extreme events such as intense precipitation and rising air
temperatures. Heavy rainfall does not always lead to flooding, ldoeg increase the potential
for it to occur.
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Heavy rain events are a major environment e

with only very short warning ti me. The devas:
significant wpatyewmal peopke. dEeer t housands | ose
damages | i ke water pollution occur.

The occurrence of extreme rainfaldl events
increasing significantly i n recemlMiN yaars.r edl

https:// wwewntirnaleraw/gCont ent . Node/ RAI NMAN. ht ml )

knowl edge and studies on existing approaches
mapping. The risk of more extmamg flegoadinsgi ao
according to the EEA report Climate Change, [

The mechanism of increased heavy Trenbtalh
(2011) . |t i's mentioned that t he water hol di
at mosphere. This | eads to an increase in wate
thunderstorms, cause moreniumbemsefr ainhfealsle. pA
even observed when the tot My/hpe®etltogdhf ,Threed ing
i n water content i's considered to be the mai
number of asamptRPesmt  @&Ot1é&yxl.. I n areas with a ge
precipitation, the increase in the number of
that the conditions for their occureancel bec:
known that heavy rainfal.l prevails during the
convecBevg.e(B880L3) is mentioned that in contr
characteristic spatibB$ antdemneimpyriah seapessea
Cl ausClbapeyron rate. It I's concluded that C C
sensitively to rising temperatures than strat
precipitation.

Thdefinition given in WMO (2016) for extr
i nvestigation It is noted that there were | a
wor |l d, and it was not possibleitatiuee aventngt
suitable for all regions. According to the d
precipitation event was considered to be extr
(1) it exceeds a texedi nhresédoshdl df hmatehas a
it is considered to be ext-lbasned dtuler e vholtds orra
return period. It i's measednedr ¢ hlmo |l dr,emtchedh er ¢
tended to take the form of the upper 90t h, 9
per c ératsielde t hreshol ds coul d be deri ved from
generated from the observedsddboba @resomet &toin
(such as generalized extreme val ue, GEV) . It
extreme precipitation event s, return period i
more) was importamgt afped i many oesgi neer i
Data and Met hods

Three data sets were used to deter mi-ne exp
called reference period with -alv9a9iOl.a bClei noabtsee rr
simul ations were mpee fpemieadd foamd thet wured eper i od

a selected | PCC (Il ntergovernment al Panel on
greenhouse gases (htt pssdedmwawi. 0o plc. c lEXperdretd/
change was ¢$iomal atcdd may egmodel s. They are a



model s that are successfully wused for weather
for future climate development is onenodfel she
are not called forecasts but simul ations. Th
i nf mation on a regional and subregional S C i
ma i due to the excessiveteaedswi tof tcloempus e r
es ion. This problem is solved by regiona
r f I
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ownscaling” o climate simulations perf
cessary bouhdlaly modhel $i ans. oThengrefer
e regional model s.
ordi PgC2m1 2) , it i's | ikely that t her e
ses in the number of heavy precinpitat:.
tically significant decregbsesal buaritater
It is |Iikely that the frequency of he
rainfalls willy iowvereamsenyi mrtelas 2Istt hee
nal mean changes in temperature and heayv
RCP45, RCP38 ) ovecobBirOdd)ar rpireséenbe
ase Iinhaheawyi preospi parts of Europe in w
entury and an increase in summer heavy p
I mean at mosphere warming I s showmsin So
shown t hat | arge parts of Eastern Europ
ature increase of more than 4.5 °C by i
l ution in the simulatabhernsfoftebhehyyvp
The more detaihredospatioal spaul at ho®n s
resolved physical processes | ike conve
ording to the IlaGEGR2ABPCCrABGeneporand |
hea precipitation events have I|ikely incre
regi ns. Heavy precipitation has I|likely incre
generally becomemomoe ei nftreemgsuee nwi talndaddi ti onal
influence, i n particular greenhouse gas emiss
scale intensification of heavy precipitation |
A compani Coppalpar e021) wa s providing an
projections, i ncludi n€OBRDEBKAr CMbdb®P5bande €Ml PO F
Projections were available for the two green
me mber s) and RCP8.5défbeenembeobytiacan 0Of1dm 11
GCMs. They concluded that the maxi mum war ming
European regions was projected in summer assoc
For t he me an Euhepeaaomnt bl ismatse,n al gradient s
precipitation change signal s wer e projected
precipitation over the northern regions in v
decrease i n p hecismiuttahteirean rewerons i n summer
Medi terranean basin.
An overview and analysis of newer versions:e
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CORDEX) can Soemogeded O ladl).. -CTChRekDEMeddomai n i ncl u
Medi t ercrframeadamr zone, the Mediterranean Sea al
Medi terranean and Bl ack Seas. Aseameaotmntomast , mg

at mosphere f eeehraac kc,0ninretcd Arsainviea hadioraesi avie@ i a @tsi ¢
variety of regional characteristics must be t
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i mat e. I n this work, a small er and climati
ose used for Europe. and ipnacrltu doefs tthhee ABpae nknainr
done on the assumption that the factors th
us, we can expect a more appropriate esti:
nvective precipitation events.

The aim is to present a possible way of es:
al I's not to compare different model s or mc
i mat eGimadggl €0128) . forced with bounrESargyl ocboanld i
i mate model (Hadl ey CenHBar&yh&t emalveEBVDNORIME
C 2011) has been used. The RegCM4 originat
orngi@l® 93 a, 1993b) . RegCM4. 4. igemeags aa i dyn avimiswm
del (MM5) from the National Center for At mec
ate UrGrwdr siledt94al . , The RegCM4 is asihggdar ost a
rtical coordinate mgrdied. riuth w$e sant hAer ak & dvia a

mmunity ClimateiMdhdell®N3 a(l COM3n)y (st udi es on
l i bration of numer i cal Tordmdl.s,e thB@lelc;ble@a netp ual
kot | ar ski Xéio4d g €013) . I n addition, numer i
initial variables and parameter s, as they
tur al procegsseashe 1Gr @t &1 EBHYBHteumd t (h —tSkcd ub e akaw
akawmabchubed®d74) cl osureASgsswaspt used (Goel Ic
ecipitation parametrizati on. A sensitivity
ecipopntathemes found that t he model i's sens
rming are | ower over mountains than over oc
nvection scheme and the most apnprtolpe i atgi @
vering Bulgaria i s-SGhebér tvabhkehoaRart nadBditakaw
r faabbeoneective pregriipdtaxpbnc¢itt hmoisautbur e
et 2a000) was -gserdr atTihea tsimocsomipdbee tr ansf e

I ,
ATS) (Dickinson et al ., 1993) was used for
peri ments of RegCM4 to planetaryGhouhedaretl|
014) . Here it oendiasrey Itdyerplmandcdlalregd bon t h
hemt¢olotfsl ag( 229 )l . More detail s Ebguitheéi mede
014). The model empl oys 18 vertical sigma |
5 hPa.tiAdnsidnoudaa n covering the Balkan penins
presented wusing Lambert g aan fi arundaels . p rTahjee cdt o
ntred-42 8R4 WwWith a grid size of 20 kim and
solution | eads to a ti me sHRreipe btf e vbf0s csreictoenrdis
e results are shown after removing the buff
main (Fig. 1) . RCP s dMorsdsr.ig@d s2 Owlelr)e. uTshee ienx ptehr
cording TthomRGBR4 .e®20@E1) KnahRQCBE8L.1ZI (s,cenari os
ference period is from 1975 to the year 20
om 2071 to 2099 years.



RegCM4 Topography and Domain 20 km
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The greenhouse gas concentrations in the
trends diCtaugkeecdRi0m0) RCP2.6 has atpaak onans
around 2050, foll owed by a modest decline to
hypothesis accepted here is that the increase
the number of extreme rai.mfalldt.abTlihiisziing whwyoc
RCP8.5 (increasing concentration) scenarios f

The climate models make it posglablg totesth
Such intervals have drawbacksnteavad becauwsd e
intensity, the greater the error wi || be in
Together with the circumstanceésai mgninobaeedal #,
reason for estiimatthengn unribeerc hafngleesavy rains ove

The threshol ds ubéedp:bly/ wwent. efed oo@hiaden. g ug/
opportunity. Each country partfoeoipdanggrounstw
and in particular for heavy rainfall. The th
climatic norms typical for the country and on
-Yel |l ow: The weather is potentially dangerous;
-Orgea: The weather i s dangerous;

-Red: The weather is very dangerous.

The infrastructure is taken into account i
people travelling in Europe of severe weathe
t hsrheol ds for heavy rainfall. For exampl e, t wo
protection facilities. Il n this case, t he wal
consideration, the countries (fadadiognwbheéhsaeen

study in the RAIN project.
An important step is the choice of thresholds for intense (actually 'dangerous' rainfall). In
order for the simulations to be relevant, the cases should not be too small. Their number


http://www.meteoalarm.eu/

decreases sharplyi t h i ncreasing threshold. Therefore,
in the countries of the district will be used as a measure to change the hazardous precipitation.
The threshold amounts are for thel@&ur precipitation. The respective threkhvalues accepted

are: Bulgaria (15), Croatia (25) Hungary (20), Italy (20), Romania (25), Serbia (30), Slovenia
(20).

These thresholds are also used to deter mir
factors, such as baswid giype, edlcapel,hels@ndareo\sg
and must be taken into account separately whe
condi tHomfsqor.d (et0 1&1) t-theuravreaiamfeal2l4 | eading to
mm t5o0 mMm with an average value of about 35 mm.

TheOHES observational CGat abgs €0 1B sisonavald .l
0.1 and 0.25 degree -OBSulvak3giteddaillhytpiscispiu
mentioned t Hr @enhdl.25amregudar -290r0idd, fTdhre tamer umé

of cases when precipitation is greater t han
observations are presented on Fig. 2 and sin
RegCMipi¢eati on data are prepared, after t ha

mentioned thresholds are counted and the resu
depending on the period) to get aneu@lrotedase
i's applQBX pfroerciEpi tation data (Fig. 2) in orde

dat a. It can be seen that RegCM4 overestimate
especially over the @ampatlisanoMoAdtr aiamns c,t he

1975-2004 E-0BS 25 km Number of cases > 15 mm/d 1975-2004 E-0BS 25 km Number of cases > 20 rnrn/d
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Fig. 2. Annual number of cases when precipita
t heOBES precipitation data with 02294 .x 0.25U r



1975-2004 PRE REGCM Mumber of cases > 15 mm/d

1975-2004 PRE REGCM Mumber of cases > 20 mm/d
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ig. 3. Annual number of cases when precipita
to the RegCM4 precipitation da2@O0Owith 20 km |

| nSpiri do8&al ab a n2adval ) the conclusion I s ma
convective precipitation over 35 mm/day their
decreases in the summer. The reason is the i
which creates conditions fortitdire. delveed @ pymaelnu e
‘orange’ area of the indicated countries. The
ccording to scenario Al1lB. The consequence i
threshold wil/l not dedder pdmioond.t hahe fdirf ftehree
di stribution during the year. With warming,
avail able over a | arger period of the year,
summer (s hrotwinc lien abhoev ea) .

It i s noteworthy that the areas with inci
di fferent for the different intervals of inte
temperature conditrconsi erathenpasi wdl undsr ot
possible that the increase in precipitation i
other. This problem must be considered on its

Results analysi s

Si mul at ed annmeaan acnhda nsgeea sionn atle mper at ur e i n
and RCP8.5 scenarioc2056606r anh-2e0® @& fdairoed sc o2rmp2alr e d
reference -2gé@r0idodl FI9Q75 4) . War ming i s observed
during theosummer sea
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Fig. 4 . Si mul ated annual and seasonal mean cl
climate mofded tRee CPh2eDr5i 0o dased2 92017alc cor di ng t o t he
two rows) and RCP8.5 (last trwedemrews)e-290cdadn. aordi d
According to the RCP4.5 scenario, the annu
2.3 °C in the first period and up to 3.5 °C i
the first-2p0e50i,o0 dtshRe0 2ghrrenaitneg can be expected d
bet ween 2.5 °©C and 3 °C. During the other sea
and 2 °C. During 1208 9sddhend epreirad u2@®@7 X i ses b
t he wiemtseorn and between 2.5 °©C and 3.5 °C in s
in summer can reach 5 °C in the northern and
RCP8.5 scenario, the annual tempE@riamutrileeihicr i
and between 4.2 °C and 5.8 °C in the second p
2022050, the greatest warming can be expect ec
and 3.5 °C. During theuoehersseasossmat hert ehmp
During the se200Md pehrei otde nMpOe7rlat ure rise i s bet
and spring and between 4.5 °C and 5.5 °C in
reaech 5 C.
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The simulations for convec-houe pheespotdsie
Fig. 5, 6 and 7. They present changes betw
vective precipitation abowve(dsdd@esarc)cept ed
Figure 5 shows the annual and seadonual ch
vective precipitation above the threshol d
iod2505200a1 90 Ak cording t o stcheen aR G PR4s. 5 oampda rl
refe pherTha fLI97Ht col umn shows an 1in
e onvective precipitation along t
S per ryeocadrs famrd WK otrh bpea h sceé&nari os
the halff part of the continent al
nfall n be expected to increase along th
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vective recipitation decreases -4 ncases Cmar
r by the end of the century. Whenr diomfkalnlg
wn along the Adriatic and Aegean coasts 1in
Adriatic eaxzaismsapttumselapoh aB8cocrmdiesgfbo
i o®2030®7hBccording toe RC®¥8nb eshengeion Ther |
vective rainfaldl cases i n winter season

mmer season there is an increase in the num
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coast aull gaarreiaas .ackcoorr dB ng t o the RCP8.5 scer
Danube plain and the Dobrud2hzapglat pau gre
end of the century and along the Bhacé&asSe
extreme convective precipitation evehts al
nts and along the Danube pRlaewmemans péade He
rease i n extreme precs pdidsadriweld iinn moluen t ai mi
cases per season, es peceRhaoldloyp ei nr etgh @ nhiaghd
ntain according RCP8.5206Xx%nAccor diorg tthoe N

program, this thrkebbwl dcaocderiespBuonldgatioa. ye
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Fig 5 Simulated annual and seastbhoalkl cohbanwget.
precipitation above the fixed threshold from
regional climate mode2l0 2R0e50C Maln2d0 @00 allce opeéir n @ d
RCP4.5 (first t wo rows) and RCP8.5 (Il ast t wo
peri o®20D%475

Figure 6 shows the annual and seasonal c ha
above tdled tcnfr eB mm/ 24h averaged per year (s
increase in the number of annual heavy precip

Aegean Seasbwcabesbpet #fear for both Seanari
coast4 bggve2nt s according to RCP8.5 by the &end

RegCM si mul ations also depict an increase of

half of the continent al r etgu royn., Telsepreeciiad | § e
number of annual heavy convective precipitat
especially over mountainous regions (Ca+pathi
Rhodope regieen)cabweapeutWhdn | ooking at t he
extreme rainfaldl i's shown along the R&driaastisc

per season and along the east erdn ccacsaesst aocfc otr e

RCP8. 5 ebnyd tohfe t he century. There is no change



precipitation events in winter over the conti
extreme convective rainfall event s siesassohno wwn tih
3 cases per season, especially in the easterr
there is also an increase in the number of ex
areas2 bcyasles. Accor dm npgr otgor atnh,e tMe tse otahlraers hol d
code in Hungary, ltaly and Sl oveni a.
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Fig 6 . Si mul ated annual and seadomnal comarge i
precipitation above the fixed thfesdodmrd) fwiotmh
regional climate model -2Reg0CManR2d0 @O0 7allce opeéir mn @ d
RCP4.5 (first t wo rows) and RCP8.5 (Il ast t wo
peri o®20D9%475
igure 7 shows theamgenuian tame memshemuaodbf cb
ective precipitation above the -2h5®samdd
99 according to the RCP4.5 and RCP8.5 sc
04 Annual ohne asvwe nptrse ciidpcictaestsie ow dérh t2he ea

atic and Il onian Seas and western coast o f
n along the Adriatic and Regeasmrsc agt ss eiar
gashern coast of the Adriatic-2Seasaendfovel



periods and both scenari os. There is no visi

events in winter over the contgpnpenhalrepast aof
i n extreme faicnafseelsl si nwissdmel parts of the coa:
decrease in the extreme rainfaldl cases over t
continent al parts ndurAiccprtidh emgsdmmaftet e®@as @ar m

corresponds to yell ow” code in Romania and Ci
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RCP4.5 (first t wo rows) and RCP8.5 (Il ast t wo
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Figure 8 9shhaws atnldle samsonal change-hiomrthe
convective precipitation above the threshol d
(season) for -2th%0 penrdod®d®de7az@dY ding to the RC
scenari os ddmparedderwin®0 H.erT loed f1Li9r7s6t col umn s
the number of annual heavy conveB8tcasesesapefal
especially the eastern coast of AdrTatkeySkar
both scenarios and for both periods. There i s



cases in the moantasevupgemarygasr byWihen consi de

in extreme rainfalls aretexpeeacednial omg tlue u
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mainly in the summer when the number of conve
The decrease in the numbetr eXclcade st hd ihrearnvega:
of precipitaduentionthlkeese@caeaased water conten
—Cl apejomont hat reason, Fi g. 9 shows the annusz

convectiveapcecdpngatoonhe RCP8.5 and RCP4.5
of the century.



RCP45 ANN PRC 21-50 RCP45 SON PRC 21-50

I 1 1 1 ) L
-4 =10 =10 © 10 W 40 & 80 100
RCP45 MAM PRC 71-99 RCP45 JJA PRC 71-99 RCP45 SON PRC 71-99
A ,..-‘EP ..-S‘-'

RCP45 ANN PRC 71-99
L5

j I N I S
~0 -0 -0 0 10 20 40 @ 8

RCPBS MAM PRC 21-50 RCPS85 JJA PRC 21-50 RCP85 SON PRC 21-50

I T 7%
ESAE:
. ) l&,_p

s

[y 0 S S N S
-100 -0 -60 -40 -20 -10 O 10 20 40 60 B0 100

RCP85 ANMN PRC 71-—93% RCP85 DJF PRC 71-99 RCP85 MAM PRC 71-99 RCPB5 JJA PRC 71-99 RCP85 S0N PRC 71-59

e

-100 80 80 —40 -0 -0 0 10 20 40 0 0 100

Fig. 9. Simulated annual and seasonal <change

with the regional <climate-2rf@dde la r2ReGOO Mc cf corrd it nhg

the RCP4.5 (first two rows) and RCP8.5 (Il ast
peri o@®0D975

The first col umn of Fig. 9 shows a decre
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Due to the factthat the Meteoalarm thresholds are for total precipitation we have
presented an additional information on Figures 10, 11, 12 and 13 for the simulated annual (first
columns) and seasonal (last four columns) change in the number of cases with total gpyacipita
above the fixed thresholds from 15, 20, 25 and 30 mm/24h and also an information about the
percentage (%) of the convective precipitation of total precipitation on Figure 14.

Figure 10 shows simulated annual and seasonal change in the number of cases with 24
hour total precipitation above the fixed threshold from 15 mm/24h for the period226R1and
20712099 according to the RCP4.5 and RCP8.5 scenarios compared withféhenae period
19752004 averaged per a year (season). The first column shows an increase in the number of
extreme precipitation cases witkd2cases per year over the continental parts of the domain and
in increase with # cases per year over the Adicationian, Marmara and Aegean Seas. There is
an increase with -8 cases per year over the central part of the Black Sea by the end of the
century. A decrease in the number of extreme rainfall can be expected over parts of eastern Alps,
Dinaric, Pindus, R&Rhodope and Balkan Mountains, the southernmost parts of Turkey and
parts of Italy. When looking at the seasons there is an increase in extreme cases in winter and
spring over the almost whole territory with2icases for both scenarios for the period122@50
and 23 cases per season for the RCP8.5 scenario by the end of the century and a decrease in
summer season over the most parts of continental area of the studied domain and an increase of
extreme cases over half of domain in autumn. A reductiemtieme rainfall is shown during the
summer season with 4 to 6 cases, especially in the eastern parts of Alps and the Carpathians
according to RCP8.5 scenario for the period 20029 but also an increase in some parts of
coastal areas.
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Fig. 10 Simulatednnual and seasonal change in the number of cases witlh@4total
precipitation above the fixed threshold from 15 mm/24h averaged per a year (season) with the
regional climate model RegCM4 for the periods 2@R50 and 2072099 according to the
RCP4.5(first two rows) and RCP8.5 (last two rows) scenarios compared with the reference
period 19752004.

Figure 11 shows simulated annual and seasonal change in the number of cases with 24
hour total precipitation above the fixed threshold from 20 mm/24aged per a year (season)
for the periods 2022050 and 2072099 according to the RCP4.5 (first two rows) and RCP8.5
(last two rows) scenarios compared with the reference period2(8¥ The first column shows
an increase in the number of annual hepracipitation events over the continental parts of the
studied area with-B cases per year by 2050 an& 4ases by 2099, and an increase wih 5
cases per year over the coastline according to both scenarios by the end of the century. A decrease
in the number of extreme rainfalls is shown in mountains regions whhcdses per year. In
winter and spring can be expected an increase of extreme rainfall-@itades per season over
most of the studied domain and an decrease in the number of extresmelwasg the summer
season especially over the northern and northwestern parts of the domain and in autumn over
mountains areas.
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Fig. 11 Simulated annual and seasonal change in the number of cases-adbraétal
precipitation above the fixed threshold from 20 mm/24h averaged per a year (season) with the
regional climate model RegCM4 for the periods 2@P50 and 2072099 accorthg to the
RCP4.5 (first two rows) and RCP8.5 (last two rows) scenarios compared with the reference
period 19752004.

Figure 12 shows the annual and seasonal change in the number of casedwithtdtal
precipitation above the threshold from 25 @4t for the periods 2022050 and 207-2099
according to the RCP4.5 and RCP8.5 scenarios compared with the reference peridgd0#975
Annual heavy precipitation events increase wi#h @ases over the continental parts and 4oy 3
cases over the Aegeannlan and eastern coast of Adriatic Seas. When looking at the seasons
there is an increase in the number of extreme rainfalls in winter and spring over almost the entire
continental part of the domain and decrease in summer especially to the northern and
northwestern parts of the studied domain. In autumn season can be expected increase in the
number of extreme rainfalls except mountains regions.
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Fig. 12. Simulated annual and seasonal change in the number of cases-Wwdtrz4tal
precipitation abovehe fixed threshold from 25 mm/24h averaged per a year (season) with the
regional climate model RegCM4 for the periods 2@P50 and 20722099 according to the
RCP4.5 (first two rows) and RCP8.5 (last two rows) scenarios compared with the reference

period19752004.

Figure 13 shows the annual and seédaouandlotah.
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Fig. 13. Simulated annual and seasonal change in the number of cases-Wwdtrzdtal
precipitation above the fixed threshold from 30 mm/24h averaged per a year (sedbhdhy
regional climate model RegCM4 for the periods 2@P50 and 20722099 according to the
RCP4.5 (first two rows) and RCP8.5 (last two rows) scenarios compared with the reference
period 19752004.
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Greece data and analyses

We succeeded to find the f ol | otwhrngs htohlrdess h
Greece (http://www.emy.gr/ emy/ en/ warning/ met e«

Greece (Different areas - Different thresholds)

15 <= H< 40mm 40 <= H <75mm

1§ <= H< S0mm

10 <= H< 30mm

35 °C < Tus < 39°C
Exireme High
Temperature 37°C ST < 41°C
334C S Tmam < 37°C
-5 C2Tpm>-8C
Extreme Low
Temperature =19C 2 Tain > -4°C
0°C2Twin>-2°C [0S SToin> -6%C

The Greek version of this table i
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200268 40.92784 26.20456 186 | |
Bridge of Kipoi 200272 |Water level station 40.9409 26.31953 165 | ]

Station watershed id Type Y X altitde

Lyras Fylachtou 200269 4105984 26.28063 136 | |

Petalou Bridge 200275 |Water level station 40.92798 26.27824 13.1 | |
Pythiou Bridge 200273 4136222 26.63035 269 | |
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The | owerhfgehobbws for the countries parti
foll ows:
Bul garia (15), Croatia (25) Hungary (20),
Greece threshold is similar to thessoof tldurga
similar changes for Greece. The number of
t he meteorological stations for the period
Tabl e Number of cadexctwidt i hpreesdiogidtsat i on
station | >=15 mm| >=20 mm| >=30 mm| >=40 mm| >=50 mm| >=60 mm
P912 994 656 305 139 60 31
P915 888 592 296 161 96 54
P918 860 593 297 153 77 50
P921 939 631 312 140 69 39
P924 753 518 280 149 79 50
P927 588 366 162 75 38 22
P930 736 427 197 97 48 29
P933 899 618 314 150 64 38
P936 1016 649 344 161 71 41
P939 818 566 289 151 78 46
P943 955 619 248 108 54 33
P948 1291 924 513 304 173 119
P952 64 54 33 19 15 7
1400 -
P912
1200 — P915
P918
1000 P921
@ 800 == P924
@ — P927
S 600 — P930
400 — P933
—— — — P936
200 : — P939
0 1 | : | Po43
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P [mm)]
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P952

Fig. 17. Distribution of cases with precipitation above a certain threshold in stations




The number of cases with precipitation
stations f ofl9t90e i e rpiachdd €en33&1A nidn Fi g. 18
Table 3. Number of cases with precipitation above selected thresholds for thel9&id®99
station | >=15 mm| >=20 mm| >=30 mm| >=40 mm| >=50 mm| >=60 mm
P912 428 271 130 64 22 10
P915 411 276 136 73 42 23
P918 413 279 124 63 34 20
P921 409 277 127 53 26 12
P924 450 325 189 106 59 39
P927 - - - - - -
P930 378 214 94 51 27 20
P933 316 226 114 56 24 15
P936 383 266 143 67 30 16
P939 311 208 98 54 30 21
P943 393 281 119 50 23 12
P948 656 473 263 150 84 19
P952 - - 10 - - -
700 1
P912
600 — P915
P918
500 P921
» P924
()
9 — P930
°© — P933
— P936
‘ % P939
100 i P943
0 | ; . — P948
15 20 30 40 50 60
P [mm]
Fig. 18. Distribution of cases with precipitation above a certain threshold in the stébiotie
period 19711999
The nwmhmberases with precipitation above
stations f o¥f20tOMe iperpiredend®exd in Table 4 and

Table 4. Number of cases with precipitation above selected thresholds for thel9&a@id04
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station [>=15 mm [>=20 mm |[>=30 mm |>=40 mm [>=50 mm [>=60 mm

P912 382 226 105 51 17 8

P915 394 266 121 66 38 23

P918 402 271 124 64 34 20

P921 412 276 133 55 29 14

P924 510 368 209 113 64 40

pPo27 - B ; ;

P930 392 224 96 56 35 23

P933 355 244 126 65 32 21

P936 329 225 124 60 26 12

P939 347 237 115 67 34 22

P943 402 291 125 58 29 15

P948 750 545 300 176 100 70

P952 - - - -

800 -
P912
700 — P915
600 P918
P921
9 P924
@ — P930
© — P933
— P936
— P939
rrrrrrr i 3 s P943
0 D —— R Y
15 20 30 40 50 60
P [mm]

Fig. 19.Distribution of cases with precipitation above a certain threshold in the stdorise
period19752004
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Table 4. Number of cases with precipitation above selected thresholds for the2pa0@D19

abo:



P [mm]

station [>=15 mm |>=20 mm |>=30 mm |>=40 mm [>=50 mm [>=60 mm

P912 153 105 53 22 9 7

P915 159 104 54 26 18 11

P918 182 127 72 38 21 15

P921 225 160 90 47 27 18

P924 176 111 52 24 10 7

P927 98 60 26 11 6 3

P930 125 81 a4 22 7 4

P933 184 131 73 32 15 10

P936 142 96 51 25 10 7

P939 156 111 60 32 19 8

P943 76 50 12 3 1f-
P948 227 157 93 56 32 21
P9O52 12 11 5 1 1f-
250 -

P912
200 — P915
\\ P918
» 150 T Po21
o ~ P924
: 100 E\\ — P930
— P933
- \k\ s — P936
= P939
| \\\‘ P943
0 ‘w ——— | —Po48
15 20 50 60 |— P927

Fig. 19. Distribution of cases with precipitation above a certain threshold in the stéiotie
period20102019

The distributions of precipitation events above a certain threshold by station for the
periods 19741999 and 1972004 are quite similar.

In the period 2012019 (10 years), precipitation above the specified thresholds is about

40-50% of the cases in thperiod 19752004 (30 years).
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Figure 20. FIl oods bx022%pe for the period 2016
Table 5. Distribution of flood types for each
Pluvial floods Flash floods River floods Total

Year

number % number % number % number

2016 12 55 10 45 - - 22

2017 6 24 17 68 2 8 25

2018 24 45 25 47 4 8 53

2019 26 44 30 51 3 5 59

2020 25 68 8 22 4 11 37

2021 17 26 6 43 65 66

2022 14 45 5 16 12 39 31

Total 124 42 101 35 68 23 293

Al t hough 2019 was characterized atserar idtror y
of Bul gari a. It s specific that most of the
June. They are divided by -3ypdliarsth® fhlmoa& 79 n
ur ban conditions.
Figure 21 precewmrtrsed fmago dosf, di stri batd2a. blyn s
the Table 6 the distribution of the floods t h:
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Figure 21. FIl oods by-2822sons for the period 2

Tabl e 5. Di stribution of flood by season for (
spring smmer autumn
pluvial flash river pluvial flash river pluvial flash river pluvial flash river
1 4 42 24 15 1 87 74 11 12 8 14
47 40 172 34
pluvial % flash % river % pluvial % flash % river % pluvial % flash % river % pluvial % flash % river %
1 4 62 19 15 1 70 73 16 10 8 21
16 14 59 11
The hydrol ogi cal regi me of the runoff i n o
Sspring. As a result of ri sing temper antiugrhes i
waters in rivers and the rmisnk eadaf nmroinu éhrs folf o oDdei

January.

Conclusi ons

The thresholds wused b ywseMastaeeaslra of change tbeg r a m
hazardous precipitation over the studied doma
accepted in the countries from the district used in this study were: Bulgaria (15 mm/24h), Croatia
(25 mm/24h) Hungary (20 m24h), Italy (20 mm/24h), Romania (25 mm/24h), Serbia (30
mm/24h) and Slovenia (20 mm/24h). Overall, it can be concluded that it is possible to identify
areas with an increased risk of heavy rainfall using the Meteoalarm criteria.

According to the regionalimate simulations with 20 km resolution an increase in the
number of hazardous total precipitation events can be expected in coastal areas for both scenarios



and for both periods, especially in coastal areas of Adriatic, lonian, Aegean, Black andd@arma
Seas. In general, the number of extreme precipitation events can be expected to decrease over
mountains in this region on annual basis (eastern parts of Alps, Carpathians, Dinaric Mountains,
Pindus Mountains, Balkan Mountain and Rtodopes Mountainspn increase in the number
of dangerous precipitation cases can be expected in the winter and spring season for all
thresholds, an increase in the autumn season over the half continental part of the studied area and
a decrease in summer season over tinireental parts of the domain and an increase in summer
in some parts of the coastal areas.

Overall, the number of extreme convective precipitation cases above the accepted
thresholds from 15, 20, 25 and 30 mm for 24 hours increase for both scenarifug anth
periods in coastal areas and decrease over mountains on annual basis. In winter season there is no
change in the number of extreme convective rainfall cases over the continental part of the studied
area. The reason for this is that simulationgwslthat winter convective precipitation is about
10% of the total precipitation in the continental parts of the study area. An increase in extreme
rainfall cases is shown along the Adriatic and Aegean coasts in the winter season and along the
eastern coagltf the Adriatic Sea in autumn for both periods, both scenarios and for all thresholds.
In spring, there is an increase in the number of extreme convective events in almost the whole
study area especially along the eastern Adriatic coast (cases abowk 2 ram/24h) and along
the coastal areas (cases above 25 and 30 mm/24h). A reduction in the number of extreme
convective rainfall events is shown in mountainous areas during the summer season for all
periods and for all thresholds.

According to the regiaa climate simulations between 20 and 40 % of the annual
precipitation is convective except the Adriatic, lonian and Aegean coas&0%) In winter
season about 10% of the total rainfall is convective over the continental part of the studied area,
with the exception of the coastal areas of the Adriatic, lonian and Aegean Seas, where the
convective rainfall is about 280% of the total rainfall. In spring 480% of the precipitation is
convective over continental parts excluding mountains regionr8(2€) and over the seas (80
90%) excluding the Black Sea (30%). In summer season about@Db6 of the precipitation is
convective except the mountains {B0%). In autumn 1{30% of the precipitation is convective
over continental parts except Italy and cdastaas (5070%).
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