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THE COASTLAND CHANGES OF THE BLACK SEA WESTERN
PART IN CONNECTION WITH THE CLIMATIC FACTORS

Global climate change and regional variability are the main impact factors on the
coastal environment features. The purpose of the research was to study and evaluate
the dynamics of land on the coast of the western part of the Black Sea against
the backdrop of climate change and in connection with the influence of various
hydrometeorological factors and assess their contribution to the optimization of life
and comfortable living of people.

The analysis was done on the basic of the hydrometeorological information on
the Odesa port station for the whole observation period up to 2017: more than one
hundred years series of average monthly values of air temperature, precipitation,
sea level; more than half a century series of water temperature and salinity and the
average annual (> 100 years) and average monthly (> 50 years) data on the rates
of the rivers flowing (Danube and Dnepr). The series of sea level by stations were
considered for estimating the intensity of fluctuations of the coastal land along the
western part of the Black Sea: 6 Ukrainian — Vylkove, Chornomorsk, Odesa, Yuzhne,
Ochakiv and Sevastopil; 2 Romanian — Constanta and Sulina; and 2 Bulgarian —
Burgas and Varna.

The climate norms have increased in all parameters over the past 70 years, relative to
whole observation period, exclude the water salinity, that of the decreases accordingly.
The air temperature in Odesa increased by 0,9 °C, the water temperature — by 0,5 °C
for the period considered. A common feature of all parameters in the interannual
variability, is the presence of well-defined wave fluctuations of different scales which
occurs against the background of alternating trends. The connection with the El Nifio
phenomenon is one of the reasons for the observed surges in changes in the water
and air environments in the Black Sea region. The level fluctuations in the Black Sea
are synchronous on low-frequency scales (their period is more than 5 years) because
they are under the influence of global climate processes on our planet. The short-
term changes in the Black Sea level are determined by regional characteristics and
are created by local factors. The dynamics of the land motions are the result of the
action of sea level fluctuations and tectonic processes.

Keywords: temperature, salinity, precipitation, the rivers flowing, sea level, coastal
land, fluctuations, western part of the Black Sea
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INTRODUCTION

Coastal research is becoming increasingly important because the impact of climate
change is most felt here. The special system of natural complexes dynamically
coupled in space and time is formed in the coastal zone. The sea level is an indirect
indicator of processes in the ocean, at its bottom and in the atmosphere. Seacoasts
are the most attractive regions for life and represent a natural zone of interaction
of three environments: the first is geological (land and the bottom of the seas and
oceans), the second is hydrological (the water layer of the seas and oceans) and the
third is meteorological (the air with atmospheric impact).

Regional climate change and variability are the complex outcome of global
climate change (including sea surface temperature characteristics, linked with
large-scale changes in ocean circulation), large-scale atmospheric (e.g., jet stream,
monsoon) circulation changes, and their interplay with local drivers (e.g., land
surface, aerosols), local physical processes and the non-local responses to large-
scale phenomena such as El Nifio and the Southern Oscillation (ENSO) or other
modes of climate variability. That’s why the assessment of climatic changes and
anthropogenic impact on the regional changes of the natural environment is one
of the main tasks set in the AR6 Synthesis Report, due for release in 2022 (AR6
Synthesis Report: Climate Change 2022).

The global climatic changes occurring in the atmosphere were estimated in
numerous works of the last 50 years, including those carried out by the authors of
this paper (Voloshchuk, Boychenko, 1997; Efimov, Eremeev, 2003; Andrianova et
al., 2005; Andrianova et al., 2015). Some authors (Voloshchuk, Boychenko, 1997)
suggested that if the current trends in the development of the world economy persist,
the planet’s climate may be warmed by 3.0-3.5 °C by the second half of the 21st
century. This can lead to unpredictable natural disasters.

The changes in sea level are also among the most important indicators of climate
affecting human living conditions. Analysis of sea level changes on the coasts of
various parts of the World Ocean (the Mediterranean, Black, Baltic, and North Seas,
as well as on the Atlantic coasts in Brazil and France) over a long period of time have
shown various fluctuations with an upward trend in recent decades (Jevrejeva et al.,
2008; Andrianova, 2012; 2014; Andrianova et al., 2015; Navrotskaya et al., 2016).

The purpose of the research is to study and evaluate the dynamics of land on the
coast of the western part of the Black Sea against the backdrop of climate change and
in connection with the influence of various hydrometeorological factors and assess
their contribution to the optimization of life and comfortable living of people.

DATA & METHODS

Table 1 shows information about hydrometeorological parameters for Odesa port
station, which were analyzed for whole observation period up to 2017: these are
more than one hundred years series of average monthly values of air temperature,
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precipitation, and sea level and similar more than half a century series of water
temperature and salinity.

Table 1.
Information about hydrometeorological characteristics
and its annual climatic norms
Point of observation Characteristics Unit of Period Annual
measurement
Air temperature °C 1894-2017 10,29
Odesa
Air temperature °C 1947-2017 10,56
Precipitation mm/mo 1900-2017 415,7
Odesa
Precipitation mm/mo 1947-2017 450,0
Odesa Water temperature °C 19502017 11,27
Odesa Salinity %0 1948-2017 14,45
Sea level cm 18752017 469.,0
Odesa
Sea level cm 1947-2017 484,0
km? / year 1860-2015 213,2
Danube (Reni) Flow rates
km? / year 1947-2015 234,5
. km? / year 1851-2000 50,5
g\lfléigelr(akhovka) Flow rates
km? / year 1947-2000 50,6

In addition, the average annual (> 100 years) and average monthly (> 50 years)
data on the rates of the rivers flowing into the northwestern part of the Black Sea are
involved for the analysis (Table 1).

The series of sea level by stations were considered for estimating the intensity
of fluctuations of the coastal land along the western part of the Black Sea (Fig.1):
6 Ukrainian points — Vylkove, Ilyichivsk, (since 2016 the city has been renamed
to Chornomorsk), Odesa, Yuzhne, Ochakiv and Sevastopil; 2 Romanian points —
Constanta and Sulina; and 2 Bulgarian points — Burgas and Varna.

RESEARCH RESULTS AND DISCUSSION

The results of our calculations of the variability of the atmospheric impact on the
coastal zone (by the example of Odesa) confirmed the general trend of global warming
of the Earth’s climate since the second half of the 20th century. The information in
Table 1 clearly shows how climate norms have increased in all parameters over the
past 70 years, relative to whole observation period. At the same time, the salinity
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Fig. 1 Map of the coast of the western part of the Black Sea
indicating the stations considered

of the water decreases accordingly. It shown also on the graphs presented in Figure
2. For the period considered, the air temperature in Odesa increased by 0,9 °C, the
water temperature increased by 0,5 °C.

A common feature of all parameters in Figure 2 in the interannual variability,
is the presence of well-defined wave fluctuations of different scales which occurs
against the background of alternating trends. The variability of the interannual course
of precipitation was characterized by a wave-like rise throughout the observation
period, with its increase in the last 50 years. The increase of the precipitation occurred
mainly due to the autumn-winter time. The trends in the sea level and rivers flow
rates had unidirectional tendency. The disturbance of the climatic seasonal variation
and the appearance of a well-defined second extremum in the cold season with a
maximum in December-January and a minimum in January-February was found in
seasonal fluctuations in salinity, sea level in Odesa and the flow rates of the Danube
and Dnieper rivers.

Trends in the sea level and land on the Black Sea coast were explored by using the
average annual sea level data on the set of stations in the period from 1874 to 2015
(Fig. 3A). Our calculations of the general trend of the eustatic rise in the Black Sea
level is consistent with its growth in the World Ocean (0,1-0,2 cm / year) (Jevrejeva
et al., 2008).
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Fig. 2. Time series of annual mean (solid line) and moving average by 5-year
(dashed line) values of air temperature (a), precipitation (b), sea level in Odesa (c)
and flow rates of the Danube River (d).

The tendency of the wave-like growth of the level at Odesa-port station was
monitored until 1994. Then from the second half of the 90s, a slight decrease even
was noted, which can be traced to the present day. The exception was in 2010, when
a sharp increase in the average annual level was observed, which was noted not only
in Odesa, but also at other stations considered by us.

The value and intensity of interannual tectonic shifts of coastal land on the Black
Sea were estimated during the same period with using the method of water leveling
(Table 2).

The interannual variability of the coastal land subsidence is a mirroring of
the fluctuations in sea-level rise. The tectonic subsidence of land at Ochakiv and
Sevastopil stations, based on the materials of long-term observations (140-year
series) and characterized by an insignificant negative trend (Table 2).
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That’s why the observations at Sevastopil station were used as a reference for
assessing coastal land fluctuations on the Black Sea coasts based on the water leveling
method (Fig. 3B). The short and sharp “discrete peaks” of sea level and similar
“fallings” of the sea bottom were found in series of average annual data (Fig. 3).
These disturbances were observed nearly simultaneously on all analyzed stations
with quasi-decade frequency and had cycle time 3—4 years (sometimes up to 5 years)
and amplitude up to 10-17 c¢cm (usually 12 c¢cm). The disturbances on the moving
average by 5-year data had cycle time 10-12 years with an average amplitude of
5 cm. Sometimes the discrete peaks of sea level (and the same “fallings” of the sea
bottom) were observed in pairs.
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Fig. 3. Time series of annual mean (1) and moving average by 5-year data (2)
A — sea level heights; B — calculated values of land subsidence at stations of the Black Sea.
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Table 2.
Information about the stations on the Black Sea coast and averaged
over the observation period the values and rates of the land dynamics

Values Rates of land
Observation Series of land Rates of land subsidence b
Ne Stations period, length, subsidence subsidence, trends. M
years years per whole cm/year em/ ea,r
period, cm Y
1 | Sevastopil 1875-2015 141 - - -
2 | Ochakiv 18742015 142 -1 —-0,0766 -0,074
3 | Yuzhne 19772015 39 -14 -0,36 -0,32
4 | Odesa 18752015 141 =50 —-0,3546 -0,3554
5 | Chornomorsk 19602015 56 -7 -0,127 -0,076
6 | Vylkove 19452015 71 -32 —0,44 —0,18
7 | Sulina 19002015 116 24 —0,21 -0,16
8 | Constanta 1933-2015 83 —-15 -0,169 —0,121
9 | Varna 1928-2015 88 —68 -0,77 -0,769
10 |Burgas 1928-2015 88 —41 —-0,466 —-0,382

The estimation of the value and intensity of the land subsidence on the coast
by data of the Odesa station showed that, in general, from 1875 to 2015 the land
subsidence was about 50 cm, and its intensity was 0.35 cm / year (Table 2). At the
same time, two stages are noted with different intensities of land subsidence — 0.5
cm/year from 1875 to 1962 and only — 0.2 cm/year from 1962 to 2015. At stations
with a shorter duration of observations, land subsidence is also noted with different
stages of its intensity, which have been synchronized in recent decades.

The analysis showed that the anomalous changes in the considered characteristics
in the Black Sea region is consistent with the El Nifo years (1953; 57-58; 65; 69;
72-73; 76; 82—-83; 86—87; 97-98; 09—10). On Figure 4 is shown that the maximums
in the average annual series at the near-equatorial stations of the Pacific Ocean is
correlate with the same Black Sea data (shaded zones). The level maxima in these
average annual series are global, has with approximately quasi-ten-year rhythm, and
are consistent with the El Nifo years. This phenomenon causes various cataclysms
and has a significant impact on climate variations in different regions of the globe,
including Europe.
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CONCLUSIONS

The growth of all parameters (water and air temperature, precipitation, river
flow rates, and sea level) in recent decades is a general trend in fluctuations in
hydrometeorological characteristics. At the same time, the salinity of the water
decreases accordingly. A common feature of all parameters in the interannual
variability, is the presence of well-defined wave fluctuations of different scales
which occurs against the background of alternating trends. The connection with the
El Nifio phenomenon is one of the reasons for the observed surges in changes in the
water and air environments in the Black Sea region.
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Fig. 4. Time series of annual mean (solid line) and moving average by 5-year (dashed line) sea level
height on stations: a — La Libertad (Pacific), b — Balboa (Pacific), ¢ — Ochakiv (Black Sea), d —
Sevastopil (Black Sea), e — Tuapse (Black Sea).

Uneven subsidence of coastal land is a consequence of the growth of the sea
level — its mirror image. The fluctuations in the Black Sea level are synchronous
on low-frequency scales (their period is more than 5 years) because they are under
the influence of global climate processes on our planet. The short-term changes in
the Black Sea level are determined by regional characteristics and are created by
local factors. The dynamics of the land motions are the result of the action of level
fluctuations and tectonic processes.
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3MIHHU HA Y3BEPEXKXI 3AXIJTHOI YACTUHU YOPHOI'O
MOPA Y 3B’A3KY 3 KIIMATHYHUMU ®PAKTOPAMU

Pesiome

Imo6apHi 3MiHH KIIiMaTy Ta 0COOIHBOCTI PETriOHATBHHUX MPOIICCIB 3MIHCHIOIOTE OC-
HOBHUH BIUIMB Ha q)opMyBaHH;{ XapaKTePUCTHK Ha MOPCHKUX y36epe>i<>mx Mera
JIOCITIJPKCHHS — npoaHanByBam ,I[I/IHaMle cylm Ha y36epe>1<>i<1 3axigHoi yacTuHi Yop-
HOTO MOPSI Ha TJTi 3MiHH KJTIMaTy, OLIHUTH 3B’ 130K 3 PI3HIMH ' JIPOMETEOPOIOT I HHUMHA
(haxTOpaMy SIK JTOKAJIIBHUMH, TaK 1 IIOOAIBHUMH, /ISl BU3HAYECHHS X BHECKY 1010
KOM(OPTHOTO MPOKUBAHHS JFOICH Ta ONTHUMI3allii )KUTTEIISUTBHOCTI. AHAJI3 Ipo-
BOIIMBCS HAa OCHOBI TiIpOMETEOpONIOTivHO1 iHpopMarii mo craHmii Omeca 3a Bech
repion crnocrepexens 10 2017 p.: OUIBII HIX CTOPIYHHUN pan cepenHLOMiCﬂqHHx
3HAYeHb TEMIIepaTypu HOBlTpH OMa/IiB, PiBHS MOPS; OUIBII HDK MIBCTONITHINA psn
3HAYCHb TEMIICPaTypH 1 COJIOHOCTI BOIH, @ TaKoX cepenHLOplqﬂl (> 100 pokiB)
Ta cepeanbomicauHi (> 50 pokiB) maHi mpo BuTparu pidok ([yHaii Ta J{HINpO).
Jns oTpuMaHHS OLIIHOK IHTEHCHBHOCTI KOJHMBaHb HPUOCPEKHOI CMYTH Y3IO0BX
3axiHOi yacTrHi YOpHOTO MOps PO3NISAAINCS PSAN PIBHSA MOpS MO CTAHIIAX: 6
ykpaincekux — Bunkose, YopHomopcesk, Oxeca, FOxne, OuakiB Ta CeBacTorons;
2 pymyHcbkux — Koncranna ta Cymina; 1 2 Gonrapeskux — byprac Ta Bapna. 3a
FiZ[pOMCTGOpOJ‘IOFi‘IHI/IMI/I MapaMeTpaMH OTPUMAHO, IO KJIIMaTW4HI HOPMH IIPO-
TSIroM ocrtaHHiX 70 pokiB 30UTBIIMINCS 3a BCiMa napaMeTpamu BIZTHOCHO BCHOTO
nepiony CIOCTEPEIKEHb, 33 BUHATKOM COJIOHOCTI BOJIH, KA BITIOBITHO 3HU3MIIACS.
Temmeparypa nositpst B Ozeci 3a aHanmi3oBaHUN r[eplo/:[ nigsummiacs Ha 0,9 °C,
TEMIIepaTypa BOIM — Ha 0,5 °C. ChijpHOIO PHCOIO BCIX napaMeTplB y MDKpigHOT
MIHJIUBOCTI € HassBHICTb YiTKO BHP)KCHUX XBHIILOBHUX KOJIMBAHb p13H0r0 MacmTa6y,
110 BUHUKAIOTh Ha TJIi IEPEMIHHUX TPEHIIB. BCTaHOBIIEHO 3B’ 30K pi3KNX 3MiH, 110
CIIOCTEpIrafoThCs B PO3MISIHYTHX MTapaMeTpax BOIHOTO I MOBITPSHOTO CepeIOBHII
B perioHi YopHoro Mops 3 siBumieM Enp-HiHbo, sike MoXe OyTH OJHI€IO 3 iX MpH-
yyH. KonmBauHs piBHS YOpHOTO MOPS CHHXPOHHI Ha HU3HKOYACTOTHUX MaciuTadax
(ix mepion OiTBIIE 5 POKiB), TOMY IIIO BOHU 3HAXOASTHCS i BILTHBOM TIIO0aThHUX
KIIMaTHYHUX MPOIECIB Ha HaIii 1aHeTi. KopoTkocTpokoBi 3MiHHU piBHA YopHOTO
MOPsI BU3HAYAIOTHCSI PETIOHAIILHUMH OCOOIMBOCTSMH Ta CTBOPIOIOTHCS MIiCLIEBUMHA
(axTopamu. J[nHAMIiKa 3CYBIB CYIIIi € pe3ylNbTaToM il IIT00ATEHUX KOJIUBAHb PiBHS
MOpsI Ta JIOKAJIBHUX TEKTOHIYHHUX MPOLECIB.

KuarouoBi cioBa: Temneparypa, CONOHICTb, ONAJH, BUTPATH PIUOK, PiBEHb MOpS,
npudepekHa cylia, KOJMBaHHS, 3aXiHa yacTiHa YOpHOTO MOpS.
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U3MEHEHMSA HA IOBEPEXBE 3AIAJTHON YACTHU
YEPHOTI'O MOPs B CBA3U C KINMMATUYECKUMHA
GAKTOPAMU

Pesrome

I'mo6anbHOE M3MEHEHNE KIIMMAaTa 1 0COOCHHOCTH PErMOHANIBHBIX ITPOIIECCOB OKA3bI-
BAlOT OCHOBHOE BJIMSIHHE Ha (DOPMHPOBAHUE XaPAKTEPUCTUK MOPCKOTO MOOEPEKBSL.
Llens vccenoBaHus — MPOAHANIN3UPOBATh JUHAMHKY CYIIH Ha ITOOEPEKbE 3ara HON
gacTu YepHOro Mops Ha ()OHE M3MEHEHUSI KIIMMATa, OLCHUTD CBSI3U C PA3TMIHBIMU
THPOMETEOPOIOTHYECKIMHU (PAKTOPAMHU KaK JIOKAJIbHBIMU, TaK M II00aIbHBIMH,
JUTSL OTIPEICNICHNS NX BKJIAAa JUI KOM(OPTHOTO MPOXKUBAHMS JIFOACH U TSI ONTHMH-
3aIUM KU3HEACATEIBHOCTH. AHAJIN3 MPOBOIWICS Ha OCHOBE T'HIPOMETEOPOIIOTH-
gyeckoil mH(popmannu 1o ctannuu Onecca 3a Bech nepuo HadmoneHwnit 10 2017 .
Oosilee 4eM CTONETHHH PsJl CPEAHEMECSUYHBIX 3HAUCHWH TEMIIEpaTyphl BO3AyXa,
0CaJIKOB, yPOBHS MOpsI; OoJiee YeM TTOITyBEKOBOH psiji 3HAUEHUH TEMIEpaTyphl U CO-
JICHOCTH BOJIBL, a Takoke cpemHerofosbie (> 100 ier) u cpegaeMecsansie (> 50 neT)
TaHHBIE 0 pacxoxax pek (ynait u J{nenp). 1t momydeHus OIeHOK HHTCHCHBHOCTH
KoJie0aHwMif MPHOPEKHOH MOTOCKH BIOJB 3aMaHON YacTH YepHOTro MOps paccMaTpH-
BAJINCH PSIZIbI YPOBHS MOPS IO CTAHLMSIM: 6 yKpanHckux — Buikoso, UepHOMOpCK,
Opnecca, Oxnoe, OuakoB 1 CeBacTomnonb; 2 pyMbeIHCKHX — KoHcTanna n CynnHa;
u 2 6onrapckux — byprac u Bapna. [1o ruapoMeTeoporornaeckumM mapamMmeTpam mo-
JIy4EHO, YTO KIMMAaTH4eCKHUEe HOPMBI 3a nociegane 70 JIeT yBEeIWIHINCH 10 BCEM
rapamMeTpaM OTHOCHTENIBHO BCETo NepHro/ia HaOMONCHNUH, 32 HCKIIIOUYEHUEM COJICHO-
CTH BOJIBI, KOTOpasi COOTBETCTBEHHO CHU3MIAch. Temmeparypa Bozayxa B Oxmecce 3a
paccMatpuBaeMsbli iepuon nosbicuiack Ha 0,9 °C, remmneparypa Boasl — Ha 0,5 °C.
OO01meit uepToit Bcex mapaMeTpoB B MEKIOJJOBO M3MEHUYNBOCTH SBIISCTCS HATMINE
YETKO BBIPQ)KEHHBIX BOJHOBBIX KOJI€OaHMI pa3HOro MaciiTada, BOSHUKAIOUIUX HA
(hoHe YepeayIomuXcst TPEHI0B. YCTaHOBJIEHA CBSI3b HAOMIONAEMbIX PE3KUX H3MEHE-
HUH B paCCMOTPEHHBIX ITapaMeTPax BOAHOM M BO3LYILIHOM cpell B peruone YepHoro
MopsI ¢ SIBJICHHEM Dib-HUHBO, KOTOpOoe MOXKET OBITh OJHOM 13 nxX mpudnH. Komeba-
HUSI ypOBHSI UepHOTO MOPsi CHHXPOHHBI Ha HU3KOUaCTOTHBIX MacmTadax (MxX Nepros
Gornee 5 51eT), Tak Kak OHM HAXOAATCS TIOJI BIMSHUEM INIOOATBHBIX KIMMaTHUECKUX
[IPOLIECCOB Ha Halllel manere. KparkocpouHble u3MeHeHUs! ypoBHs YepHoro Mopst
OTIPEICTISIIOTCS] PETHOHAIBHBIMIA OCOOCHHOCTSIMU M CO3/IAI0TCSI MECTHBIMH (DaKTO-
pamu. JlMHaMHKa CMELICHUH CYIIN SIBISETCSA PE3yIbTaTOM JCHCTBHS ITI00ANIBHBIX
KOJIeOaHUH ypOBHSI MOPSI M JIOKAJIBHBIX TEKTOHMYECKHX ITPOLIECCOB.

KaroueBble cjioBa: Temrieparypa, COJICHOCTh, OCAIKH, PACXO/BI PEK, YPOBEHB MOPS,
puOpeHas cymia, KoneOaHus, 3ama Has 4acTb YepHOTro Mops.

21



