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Introduction. The major floods in Serbia were caused by heavy rainfall events in
most of western and central Serbia, which occurred between midnight (00:00) of 12 May
and 3 am on 19 May 2014. This flood affected the Kolubara River basin, the lower Drina
River basin, the Zapadna Morava River basin, the lower Juzna Morava River basin, the
catchment areas of the Velika Morava tributaries, and the Mlava River basin, as well as
the lower Sava River basin, from the state frontier to the confluence of the Sava and the
Danube at Belgrade. The heavy rainfall that led to the formation of a flood wave on the
Sava and its tributaries also affected Croatia and Bosnia and Herzegovina, but these
two countries are not included in the present assessment.

The main causer was a spatial cyclone which was formed and developed at all
altitudes, as a result of a cold wave of Atlantic air coming via the Alps into the
Mediterranean region. It shifted over the Adriatic to the Balkans. On 13 May, the
cyclone moved from the Adriatic Sea to the western and central parts of the Balkans,
and from 14 to 16 May it strengthened (deepened) at all altitudes and also became

Fipponoris, rigpoximis i rigpoekonoria. — 2015. — T.3(38)

33



localized (moved very slowly). The focus at the lower end moved from the Gulf of
Genoa via the Apennines and the South Adriatic to southern Serbia, Bulgaria and
Romania, and then made an elliptical “loop” above southeastern parts of the Pannonian
Plain (northern Serbia, eastern and southeastern Hungary and northwestern Romania).
On that particular occasion the cyclone deviated from the usual path followed by Genoa
cyclones, which is towards the Black Sea, where they generally dissipate. The main
zone of clouds and rain was above most of Serbia, particularly western Serbia, then
Republika Srpska and Slavonia. It moved very slowly, as did the cyclone itself, and from
14 to 18 May 2014, according to the data collected by the National Meteorological
Service of Serbia (RHMZ), delivered extreme amounts of rain, in most places exceeding
200 I/m?, and locally more than 300 I/m?. This event was preceeded by heavy rainfall
between 14 April and 5 May, when most of Serbia received between 120 I/m?and 170
I/m? of rain, and southwestern Serbia even 250 I/m? or more. All of this together caused
disastrous floods, flash floods, erosion and landslides, first along small watercourses
(creeks), than medium-size rivers and finally large rivers, particularly the Sava.

Assessment of statistical significance of heavy rainfall in May 2014 and its
characteristics. The study of high-intensity rainfall requires hourly data expressed in
mm/h. In principle, regular gauging of the amount of fallen rain (hereafter also
precipitation) is conducted in Serbia by the National Hydrometeorological Service
(RHMZ), which operates a network of weather stations, including main meteorological
stations (MMSs), precipitation stations and automated stations. An MMS records and
archives hourly precipitation totals. Precipitation stations measure 24-hour totals, from 7
am to 7 am on the following day. Rainfall information from automated stations is
retrieved online, depending on current needs of the RHMZ Operations Division. For the
purposes of the present research, only MMS hourly data were used. For the duration of
a flood event, data from the precipitation stations are transmitted via telephone.
However, when there is a flood, telephone lines tend to be disrupted and the data are
therefore unreliable. The automated stations are also often affected and, almost as a
rule, they are down in emergency situations.

Of all the data recorded for the duration of a flood, only MMS hourly precipitation
totals are truly available. All such MMS data, recorded from 00:00 on 12 May to 03:00
hours on 19 May 2014 by 28 stations in Serbia, were compiled for the present research.

The spatial distribution of the MMSs that provided the data is shown on a map in
Figure 1, along with precipitation depth isohyets for the duration of the heavy rainfall.
The map clearly shows the part of Serbia that was exposed to the heaviest precipitation.
It included the catchments of the Jadar and Kolubara Rivers. The highest precipitation
depths during the major rainfall event were recorded by the MMSs at the City of Loznica
(188.3 mm), the Belgrade Observatory (179.1 mm), the City of Valjevo (178.9 mm), the
Rimski Sancevi suburb of the City of Novi Sad (133.8 mm), and the City of
Smederevska Palanka (130.8 mm).

For the assessment of the return periods of extreme rainfall, which is one of the
main causes of floods in a river basin, high-intensity rainfall monitoring data are
required. Hourly values expressed in mm/h are needed for a thorough analysis of such
events.

As only hourly values from the MMSs were truly available, it was possible to study
the maximum rainfall intensities over the entire area and compare them to the most
recent statistical and probabilistic assessments [1]

The outcomes of the study revealed an indisputable fact — that the heavy rainfall at
and between the MMSs lasted for a very long time. This is generally a rare occurrence,
which results in disastrous floods.
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The total duration of rainfall n AR
across Serbia at that time exceeded a - i e
return period of 1000 years.

In this study the hourly rainfall
data made it possible to determine
the maximum rainfall intensities
(depths) for different rainfall durations
at all the MMSs. Specifically, -
maximum precipitation depths were
extracted for the following .
characteristic rainfall durations: 1, 3,
6, 12, 24, 48 and 72 hours.

The isohyet maps produced
using these data are presented in
Figs. 2-8. They clearly show the

directions of maximum rainfall centers - " ——
in Serbia for different rainfall < >~
durations f

During the studied heavy rainfall
events, maximum hourly intensities
(Fig. 2) concentrated at Smederevska

Palanka, NiS and two smaller Figure 1. Precipitation totals, 28
localities near the cities of Vranje and MMSs, 12-19 May 2014.
Loznica..

The focus of the three-hour g MAKCHMYM ASABHHA
maximum rainfall intensity (Fig. 3) .. oo vear
was registered near Smederevska i ‘ AR

Palanka, while foci of lower intensity ™
were noted near Ni§, Loznica and
Vranje. The focus of maximum six- *
hour rainfall intensity (Fig. 4) was
recorded in the area between «
Belgrade and Smederevska Palanka
and near Ni§. The focus of six-hour -
maximum rainfall near Loznica was of
a lower intensity. These foci merged ..
over the region of Sumadija and a
part of the Province of Vojvodina. The
50 mm isohyet for six-hour rainfall
thus  encompassed the area
circumscribed by the MMSs at
Belgrade, Smederevska Palanka, :
Valjevo, Loznica and Novi Sad. " ——
The areas of maximum 12-hour « wm m m m om m om
intensity (Fig. 5) expanded: the Figure 2. Maximum hourly
highest intensities were registered precipitation, 12-19 May 2014.
between Belgrade and Smederevska
Palanka, and somewhat lower
intensities near NiS, Novi Sad and
Loznica.
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Figure 3. Maximum three-hour

A ) Figzlre 4. Maximum six-hour
precipitation,12-19 May 2014 precipitation,12-19 May 2014.
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Figure 5. Maximum 12-hour ‘ FigDre 6. Maximum 24-hour
precipitation,12-19 May 2014. precipitation,12-19 May 2014.

As shown in Fig. 6, the area that received the most intense precipitation over 24

hours was identical to that of the 12-hour rainfall, but there were two additional, smaller
areas of concentrated rainfall near Belgrade and Loznica. The area of maximum 48-
hour intensity (Fig. 7) remained virtually the same, but it was slightly elongated,
generally in the Belgrade-to-Loznica direction. The highest rainfall intensity was
recorded in downtown Loznica. The pattern of the maximum 72-hour rainfall (Fig. 8)
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was similar, but two high-intensity belts were divided into two focal areas of heavy
rainfall: one between Belgrade and Valjevo and the other near Loznica.

MARTMOM MAZARINA
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Figure 7. Maximum 48-hour
precipitation, 12-19 May 2014.

It is evident that during this
particular extreme rainfall event, the
most statistically significant were the
three-day amounts of precipitation
recorded from 14 to 16 May 2014. To
provide insight into the statistical
significance, Fig. 9 shows the isolines
of actual three-day rainfall depths and
the corresponding theoretical depths
for a 1000-year return period. To
produce this map, both the MMS data
and data from other weather stations,
which do not record hourly values,
were used. The assessment was
based on Gumbel's model of the
theory of extremes and 1961-2011
precipitation depth data from 59
weather stations in Serbia

As it is shown in the Fig. 9, this
map indicates that the rainfall intensity
was the highest from 14 to 16 May
2014 in the Drina and Kolubara
regions, then in Macva and Tamnava,
where the actual amounts of
precipitation  exceeded three-day
theoretical values for a return period of
1000 years.
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Figure 8. Maximum 72-hour
precipitation, 12-19 May 2014.

Figure 9. Map of precipitation depths
(mm), 14-16 May 2014.
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For the assessment, the return periods all recorded maximum intensities during
the May's flood in Serbia a more subtle analysis of rainfall depths, or rainfall intensities,
as a function of rainfall duration and probability of occurrence was conducted for all
MMSs. The results are shown in Figs. 10-12, which contain a parallel representation of
precipitation as a function of these two parameters, or the so-called depth-time-
probability (DTP) curves, as well as the maximum rainfall intensities (depths) recorded
during the May 2014 flood event by the MMSs at Belgrade and Loznica. The DTP
curves were taken from the Monograph Heavy Rainfall Intensities in Serbia by S.
Prohaska, V. Barto$ Divac et al., Belgrade, 2014, which contains the outcomes of the
most recent statistical and probabilistic assessments of rainfall intensities at 30
pluviographic stations in Serbia. The results are shown in the Monograph in the form of,
inter alia, DTP curves and GIS maps of rainfall depths for different rainfall durations and
probabilities of occurrence.

The DTP curves shown here are indicative of the statistical significance of the
studied rainfall event in Serbia. For example, it is evident in Fig. 10, which shows the
DTP curve for Belgrade, that the maximum intensities for rainfall durations of up to four
hours (240 minutes) were below the long-term average. Then the maximum intensities
began to rise rapidly with increasing rainfall duration, and after 24 hours (1440 minutes)
reached a level that corresponded to a 100-year return period. As the rainfall duration
increased further, so did the maximum intensities, and after 48 hours (2880 minutes)
the rainfall depth reached the level of a 400-year return period. For rainfall duration of
72 hours (4320 minutes), the return period was 700 years.

Belgrade

Figure 10. DTP curve for Belgrade

The second example is given for a nearly identical situation which was reported by

the MMS at Loznica. The maximum recorded intensities of up to five hours (300
minutes) were below the long-term average. Then there was a sudden increase in the
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maximum intensities, up to 48 hours. The 24-hour maximum intensities (1440 minutes)
exceeded a 100-return period, while in 48 hours (2880 minutes) they reached a level
that corresponded to a 1000-year return period. Then, as rainfall duration increased, the
intensities began to decline and after 72 hours (4320 minutes) they were commensurate
with a 400-year return period.

Lo#nica
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Figure 11. DTP curve for Loznica

To provide insight into the statistical significance of the rainfall in the extended
flooded area of Serbia, Table 1 contains a summary of rainfall depths for different
rainfall durations and the corresponding return periods for seven MMSs, with the
highest registered precipitation levels from midnight on 12 May to 3 am on 19 May
2014. For rainfall durations shorter than six hours, long-term averages (Av.) are shown
instead of return periods T(yr).

It is obvious that Table 1 shows that the recorded maximum hourly intensities were
well below the long-term averages. The recorded maximum three-hour rainfall depths at
nearly all the MMSs were below the long-term averages, except for the MMSs at
Smederevska Palanka and Ni§, where they were slightly higher. The maximum six-hour
intensities were generally around the long-term averages, except at Nis, where the
intensity was considerably higher, and at Sremska Mitrovica where it was lower. The
recorded maximum 12-hour intensities were statistically significant solely at the MMS in
Ni§, of the order of a 100-year return period. Only the recorded maximum 24-hour
intensities were statistically significant in the extended area: 100-year return period at
the MMSs in Belgrade and Loznica, 70-year return period at Valjevo and 50-year return
period at NiS. The highest statistical significance during the May flood event was
registered at the Loznica MMS, where for a 48-hour duration (two-day maximum) the
recorded maximum rainfall depth corresponded to a 1000-year return period. For the
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same duration, the other MMSs recorded statistically significant rainfalls of the order of
a 400-year return period at Belgrade and Valjevo and an 80-year return period at Nis.
Statistically very significant maximum rainfall depths over 72 hours (three-day
maximum), exceeding a 700-year return period, were recorded at Belgrade and Valjevo.
The MMS at Loznica recorded a maximum rainfall intensity (of the same duration)
whose return period was about 400 years. The MMS at Rimski Sané&evi reported 100-
year rainfall intensity and that at Ni§ 80-year maximum intensity.

Assessment of the return period of monthly precipitation totals in May 2014.
As already mentioned, such events preceeded the maximum rainfall episodes analyzed
in the previous section of this paper and similar events were also recorded afterwards.
In May, the total number of rainfall days at the MMSs in Serbia ranged from 14 days on
Mt. Zlatibor to 21 days in Novi Sad, which was seven days more than the usual number
of rainy days in May.

In order to insight into the statistical significance of recorded precipitation totals in
Serbia in May 2014, Table 2 shows the characteristic May precipitation totals at
selected weather stations, which reported the highest levels. Specifically, the table
shows precipitation totals for the period from 1 to 31 May 2104, the highest May
precipitation total on record and the year recorded, as well as typical statistical
parameters, such as the long-term averages and theoretical precipitation totals for the
month of May for different return periods.

As it can be seen in Table 2, the monthly precipitation totals recorded in May 2014
at selected MMSs in Serbia were considerably higher than the previously registered
extremes. At Valjevo, for instance, the highest May precipitation total was previously
recorded in 1957, but was exceeded in 2014 by nearly 50%. The MMSs at Belgrade
and Smederevska Palanka previously recorded May extremes in 1990 and 1929,
respectively, which were exceeded in 2014 by 45%. At Loznica, the extreme recorded in
1938 was exceeded by 44%. The MMSs at Novi Sad, Mt. Zlatibor and Pozega, whose
highest May precipitation totals were recorded in 1987, 1956 and 1980, respectively,
exceeded those levels in 2014 by 12 to 14%. Only the MMS at Sremska Mitrovica
reported a slightly higher May precipitation total in 2014 (by 2%) than the previous 1939
record. The long-term average May precipitation totals were exceeded by a factor of 2.0
(Mt. Zlatibor) to 4.1 (Belgrade). From a return period perspective, all MMSs reported
that May 2014 precipitation exceeded previous return periods of maximum precipitation
depths, of different durations (and consequently led to disastrous floods in Serbia). The
MMS at Smederevska Palanka registered the longest return period of the May
precipitation total, of the order of 5000 years. The MMS at Valjevo reported a return
period of some 3333 years and that in Belgrade of 2500 year, followed by Loznica (667
years), Novi Sad (588 years), Kragujevac (333 years) and Sremska Mitrovica (286
years). The southern periphery of the study area recorded May precipitation totals that
corresponded to return periods of 154 years on Mt. Zlatibor and 125 years at the City of
PoZega.

Conclusion. The conclusion of this paper is as following:

1. All main meteorological stations (MMSs) reported a very long duration of high-
intensity rainfall, both at their locations and in-between, and this rainfall caused the May
2014 flood. Such an occurrence is very rare and generally results in disastrous floods.
The total duration of this rainfall event across Serbia exceeded durations that have a
1000-year return period.

2. Maximum rainfalls of 5-6 hours, which tend to cause flash floods, were below
long-term averages, except in the vicinity of Smederevska Palanka and Nis.
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3. Statistically significant precipitation totals were recorded for rainfall durations
of more than 24 hours. For example, the maximum 24-hour rainfalls in Belgrade and
Loznica exceeded a 100-year return period, and the return periods reported by Valjevo,
Ni§ and Rimski San&evi exceeded 70, 50 and 30 years, respectively. The maximum 48-
hour precipitation depth was measured at Loznica (exceeding a 1000-year return
period), followed by Belgrade and Valjevo (400-years) and Nis (80 years). The return
period of the three-day rainfall registered at Belgrade and Valjevo was estimated at 700
years, followed by Loznica (400 years) and Rimski San&evi (100 years).

4. From a statistical significance perspective, the May 2014 precipitation totals
exceeded the return periods identified for the maximum rainfall that caused the
disastrous flood in Serbia. A return period of the May precipitation total was 5000 years
at Smederevska Palanka, 3333 years at Valjevo and 2500 years at Belgrade. All the
other considered MMSs reported monthly precipitation totals in excess of a 100-year
return period (from 125 at Pozega to 667 years at Loznica).

It can be said that the May 2014 extreme rainfall episodes were characterized by
enormous amounts of precipitation, which lasted for a long time and affected a relatively
large area. In Serbia, in the catchments of the Jadar and Kolubara rivers and in Macva,
from a statistical-probabilistic perspective, they exceeded a 100-year return period. In
the absence of all relevant monitoring data, it was difficult at the time of writing to
assess the statistical significance of this exceptional rainfall event in the entire area
shared by three countries.

On the contrary to this extreme rainfall, more statistically significant were the
monthly precipitation totals recorded at the considered MMSs in Serbia. They resulted
in protracted floods in all the previously mentioned catchment areas.
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OuiHKa NOBTOPIOBAHOCTI iHTEHCUBHOCTI onagiB, siKi BUKNMKanu noBiHb y TpaBHi 2014 poKy B
Cep0ii

lpoxacka CmesaH

lMosiHb 6 cepeduHi mpaeHs 2014 poky, sike npu3eenio 00 /MOCbKUX Xepme i eefnu4e3HoMy
MamepianbHOMy 36umky, Halbinbwe 3 crnocmepexeHux. O4yesuOHO, WO maKe roeiHb byna
pe3ynbmamom Had3su4yaliHO curibHUX Oouwjie Ha binbwy YacmuHy mepumopii Cepbil, abo KOHKpPemHO Ha
mepumopii, npuneanit 0o pidok [puHa, Casa, 3axiOHa Mopasa i Mnaesa. Mpupoda rnoseHi rnokasye, Wjo
ue byna kombiHauis nomyxHuUx 371u808uUX nasodkie 8 sopucmux obrnacmsx (xapakmepu3syembcsi Oyxe
weudkolitodum | pyliHieHoto diero), wo 3bienucs 8 baceliHax piHOK, | eenukomMacumabHo20 MoseHi i3
3amsKHUMU 3amoniieHHAMU pidkosux OOMUH, SIKi € mUunoguMu PIBHUHHUMU pidkamu.

Y cmammi HagedeHO OemaribHe ys8MI€HHS MNPO MaKCuMarbHi UHmeHcusHocmi ornadie pi3HoT
mpusanocmi, ski nepedysanu KamacmpogiyHol noeeHi y 3a3HayeHili YacmuHi Cepbii. AHani3z nodii
cknadeHO 3 8uKopuCmaHHAM OiyiliHUX OaHUX Wo200uHHUX onadig, 3anucaHuMu OCHOBHUMU
MemeoporoaidyHUMU cmaHuismu HauioHanbHoi [iOpomemeocnyx6bu Cepbii. [Npocmoposull po3nodin
MakcumarbHuUx iHmeHcusHocmedl onadie y Cepbii pidHUx npodormkumernbHocmel rnoka3aHo Ha Kapmax
i3oziem.

Knroyvoei cnoea: mpaseHb 2014 nosiHb, psicHi onadu, iHMeHcusHicmb ornadis, mpusasicme
ornadis, UMO8IipHicmb 058U, MOBMOPHBAHICMb, CMamucmu4yHa 3Ha4yumicma

OLI,eHKa noBTOPSAeMOCTU MHTEHCUBHOCTU OCaAKOB, KOTOpble Bbi3Bayiu HaBogHeHUe B Mae
2014 ropa B Cepbumn

lpoxacka CmeeaH

HasoOHeHue 8 cepeduHe masi 2014 z200a, Komopoe npueesio K Yero8eqyeckuMm xepmeam U
02pOMHOMY MamepuanbHOMy yuwepby, camoe 6onbwoe u3 HabrodeHHbix. O4esuOHO, YMO makoe
HaeoOHeHUe bbIfio pe3yribmamoM 4Ype3sebiHaliHO CuslbHbIX 00x0el Ha 60sblWy Yacmb meppumopuu
Cepbuu, unu KOHKpemHoO Ha meppumopuu, npunezarowel Kk pekam [puHa, Casea, SanadHasi Mopasa u
Mnaea. lNpupoda HagodHeHUs roKasbieaem, 4mo 3mo bbira KOMOUHaUuUsi MOWHbIX JTUBHEBLIX 1aBo00K08
8 eopucmbix obracmsix (xapakmepu3yemcsi 04YeHb ObicmpodelcmeayouwumM U paspywumerbHbIM
OelicmeueM), ymo coenanu e bacceliHax PekK, U KpyrnHoMacuimabHO20 HaBOOHEHUSI C 3amsiKHbIMU
3amoneHUsIMU peydHbix O0IUH, KOMOpbIe S8JISII0MCS MUMUYHBIMU PagHUHHLIMU PeKamu.

B cmamebe npusedeHo demarbHoe nipedcmasieHue 0 MakcuMarsibHbIX UHMEHCUBHOCMSX ocadkos
pasnuyHol rnpodosmkumenbHoCmu, Komopale rpedwecmeaosasniu kKamacmpopuyecKoMy HaBo0OHEHUK 8
ykazaHHol Yacmu Cepbuu. AHanu3 cobbimusi cocmassieH C UCrofb308aHueM oghuyuarnbHbIX OaHHbIX
exeyacHbIx 0cadkos, 3arucaHHbIMU OCHOBHbLIMU MEMEeOoPOsI02UYeCcKUMU cmaHyusmMu HayuoHansHol
Fudpomemeocnyxbbl Cepbuu. lNpocmpaHcmeeHHoe pacripedesnieHue MakcuMalibHbIX UHMeHcusHocmel
ocadkos 8 Cepbuu pasnuyHbix npodomkumensHocmeli rnoka3aHo Ha kapmax usoauem.

Knroyeebie cnoea: mal 2014 HaeoOHeHue, 0busbHble 0cadKu, UHMEHCUBHOCMb 0CcadKos,
podomKUMeEIbHOCMb  0cadKkog, B8EepPOSIMHOCMb  [10SI8/IEHUS], [108MOPSIEMOCMb, Ccmamucmu4yeckas
3Ha4YuUMoCmb

Assessment of the return period of the rainfall intensity that caused the may 2014 flood in
Serbia

Prohaska Stevan

The flood in mid-May of 2014 caused human casualties and enormous material damage, the
greatest on record. It is evident that such a flood was a result of extremely heavy rainfall across the most
of Serbia, or specifically the area bordered by the Drina, Sava, Zapadna Morava and MlavaRivers. The
nature of the flood shows that it was a combination of powerful flash floods in mountainous areas
(characterized by a very rapid and destructive front), coinciding flash floods within river basins, and large-
scale protracted floods that inundated river valleys, which are typical of lowland rivers. Rainfall events
likely to cause such a flood pattern exhibit maximum intensities of different rainfall durations.

Detailed presentation of the maximum rainfall intensities of varying durations, which preceeded the
disastrous flood in the designated part of Serbia is given in this paper. All analyses ware compiled using
offical hourly rainfall data recorded by the main meteorological stations of the National
Hydrometeorological Service of Serbia. The assessment of the return periods of the recorded maximum
intensities that led to the flood was assessed using also the most recent analyses of heavy rainfall events
recorded by all pluviographs at the main meteorological stations, from the time the pluviographs were
placed online to the end of 2008. The spatial distribution of maximum rainfall intensities in Serbia, of
different durations, is shown on an isohyet map.
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The paper concludes with a statistical analysis of May 2014 precipitation totals at the same
locations. These totals were analyzed in parallel with the extremes registered since each of the main
meteorological stations was commissioned. The May 2014 precipitation totals were compared to the
highest levels on record, then to long-term averages, and finally to the theoretical precipitation levels in
May for different probabilities of occurrence. A return period was determined for each recorded May 2014
precipitation total.

Keywords: May 2014 flood, heavy rainfall, rainfall intensity, rainfall duration, probability of
occurrence, return period, statistical significance.
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YKpaiHcbKull 2i0pomemeoporiocivyHul yeHmp

rAPOJIONYHA MOCYXA 2015 POKY B YKPAIHI: YUHHUKN ®OPMYBAHHS,
NMEPEBII TA MOXINUBI HACHIOKU

Knrodoei cnoea: nocywnusi seuwa,2i0porioaiyHa rocyxa,npuduHu oopmMyeaHHs

BcTtyn. YkpaiHcebkun lNigpomeTueHTp Ta obnacHi rigpoMeTeoposioriyHi opraHisaui,
BUKOHYIOUYM OLIHKY MOTOYHOI BOAHOCTI PIYOK KpaiHM, BXe 3 KiHUA JNUNHA noyanu
iH(bopMyBaTM BOAOrocnofapchbki, rigpoeHepreTUyHi opraHisauii Ta iHWKUX CnoXusadis
Npo CKNagHy rigponoriyHy cutyauito Ta 3arpo3dy (OpMyBaHHSA HU3bKOI BOOHOCTI Yy
MexeHHun nepiog 2015 p. lNoynHarun 3 ceprnHA MOTOYHOrO POKY Yy 3BiTax Mpo
BoAorocrnogapcbky o6ctaHoBKy 6acerHoBUX Ta obnacHux ynpasfiHb BOAHUX PeCcypcCiB
HepxBogareHTcTBa YkpaiHu 3’asunacs iHbopMauis npo yCKrnagHeHHSA
rigpoMeTeoponoriYHoi 06CTaHOBKN Ta MOXNMBI HErATUBHI HACMigKM Uboro ans poboTn
BoOrocrnogapcbkoro komnnekcy. Xapka, 3i 3HayHMM gediunToM onagis noroga B
GinbwocTti obnacten YkpaiHM MpPOTArOM JiTHLOrO CE30HYy Cchpusina CyTTEBOMY
3MEHLLEHHIO BOAHOCTI PiMOK Ta npunnuey [0 BogocxoBuwl. OcobnmBo cknagHa i
Hebe3neyHa cuTyauis cknanaca W TpmBae Ha KuiBcbkoMy, KaHiBCbKOMY i
[HICTPOBCbKOMY BOLOCXOBULLAX, OO SKUX YNPOAOBX YCbOro MEXEHHOro nepioagy
BiAMIYaAETbCA HAMMEHLLMI 3a nepiog iX ekcnnyartauii npunnme Boan. Taki o6cTaBuHU
3yMOBUINM  HEOOXiAHICTb 3MEHLUEHHs CKuAIB BOAM OO MiHIManbHUX CaHiTapHO-
eKOSIoriYHNX BENUYMH Ta 3HadyHe cnpauioBaHHA  [HINpPOBCbKOro  kKackagy i
[HicTpoBCcbKOro Bogocxosuua. igponoriyHa cutyauia Ha 6inblIOCTi BOAHUX OO’EKTIB
YKpaiHM 3anvaeTtbCa BKpan HeCnpuATNMBOK. TpuBae HWU3bKa i OyXe Hu3bka 3a
PiBHAMW | BUTpaTtamMu BOAWM NITHbO-OCIHHA MEXiHb, sika Mo Baratbox pidkax YKpaiHu
MOXEe CTaTM HaWHWXK4YOK 3a BECb MNepiof perynspHux crnocrtepexeHb. Ha 3HayHin
TepuTopii YKpaiHn Mu cnocTtepiraemMo HebesneyHy rigponoridyHy cuTyauito NpUPOAHOro
Xapaktepy — Masi0800051 abo 2i0posio2idyHy rnocyxy.

Buknag ocHoBHOro wmartepiany. [locywnusi sBuWa 3ymMOBMeEHi CKNagHUM
KOMMNEKCOM reoqi3anyHmx i 6ioianyHnx npouecis, WO BUHMKAKOTbL HA AesKin TepuTopii
NPOTAroM AOCUTb TPUBANoro yacy. AmmocgepHor NMOCYXOoK Yy MICLLEBOCTI 3 MOMIPHUM
KnimaTomM € cTaH atmocdepu 3 TpuBanum 6e340LLiB’SIM, iCTOTHUM 3MEHLLEHHSIM Onagis,
O CYNPOBOMXKYETHCA MiABULLIEHOID HCONSAUIEID Ta BMCOKOK TemnepaTypor MOBITPS.
ATmMocepHa nocyxa 3a neBHOT TpmBanocrTi 3YMOBJIIOE rpyHmosy
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