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Abstract

The paper uses oceanographic observations and climatic values at the grid 10’ x 15" for
1950-2023 to investigate spatial distribution and seasonal course of the thermohaline
structure of Western Crimea shelf waters. In the cold season, the regional spatial thermal
structure had a pronounced zonal distribution with cold northern and warm southern parts.
During the spring—summer period, the relative location of warm/cold zones changed to
the meridional one. The regional haline structure was characterized by a saltier tongue
spreading from the open sea and separating brackish waters of the north-western shelf and
coastal waters. Over the greater part of the year, the coastal zone was colder and less saline
than the outer shelf part. The opposite distribution, when the coastal zone was warmer than
the outer shelf part, was observed in the surface layer in April-May and below the seasonal
thermocline in the summer—autumn period. Due to frequent upwelling events in summer,
salinity in the subsurface layers of the coastal zone from May to September becomes higher
than in the outer shelf part. In general, in terms of the thermohaline water structure,
the Western Crimea shelf is an intermediate zone between the north-western shelf and
the deep part of the Black Sea, the water exchange with which depends of the intensity of
the Rim Current and the Sevastopol anticyclonic eddy. Regional water masses or sub-types
of main Black Sea water masses were not identified in the study area.
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TepmoxanunHasi CTpyKTypa BojA mebpa 3anagnoro Kpsima

0. A. Jlykamona, B. H. bejiokonbIToB *

Mopckoii eudpogusuueckuit uncmumym PAH, Ceeacmonons, Poccus
* e-mail: belokopytov.vn@mhi-ras.ru

AHHOTAIIUA

Ha ocHOBe paccUMTaHHOrO MO JaHHBIM HAONIOICHHUI KIMMATHYSCKOr0 MacCHUBa TeMIlepa-
Typhl U coneHoctu Ha cetke 10" x 15" g 1950-2023 rr. paccMOTpeHbI MPOCTPAHCTBEHHOE
pacmpesieicHHe W Ce30HHAas M3MEHYMBOCTh TEPMOXAJIMHHON CTPYKTYphI BOA Ienbda
3anannoro Kpemma. TIpocTpancTBeHHas TepMUUecKasl CTPYKTypa pailoHa B XOJIOHBIN MepH-
O/l TOJ]a UIMEET SBHO BHIPAXKEHHOE 30HAJIBHOE paclpezielieHne C XOMOHOW CEBEPHOM U TEIION
I0XKHOM YacTsaMH. B BeCeHHE-IeTHHI TEPHO OTHOCHUTEIBHOE PACIIONIOKCHUE TEIUIBIX/XOIO/-
HBIX oOJacTell M3MeHseTCs Ha MepUIUOHaNIbHOE. JlJIsl XaJIWHHOW CTPYKTYpBl BOJ paiioHa
XapaKTepHO HaU4Me KJIMHA COJIEHBIX BOJ OTKPBITOTO MOPS, Pa3JeNIONIEro pacipecHeH-
HBIC BOJBI MPUOPEKHOMN 30HBI M CEBEPO-3anmaaHoro Ienbda. [IpubpexHas 30Ha Ha MPOTSI-
JKSHUHU OOJIbIIICH YacTh roja SIBJISETCsS 0oyiee XOI0IHON M PACIPECHEHHOM, YeM MOpPUCTAs
yacTh menbgha. OO0paTHOE pacnpeeicHIe, Koraa npruopekHas 30Ha TeIiee MOPUCTOM Ja-
CTH 1wenb(a, HaONIoAaeTCsl B MOBEPXHOCTHOM CJIOE B ampelie — Mae, a TaKkKe B Clloe TIyoke
CE30HHOI'0 TEPMOKJIMHA B JIETHE-OCEHHUM Iepuof. YacTble anBeJJIMHIU B JIETHUM CE30H
CIOCOOCTBYIOT TOMY, YTO COJICHOCTh B TIO/ANIOBEPXHOCTHBIX CIIOSX MPUOPEIKHOM 30HBI C Mast
10 CEHTS0pPb CTAHOBHUTCS BBIIIE, YeM B MOPUCTOM yacTH 1uenbda. B nemom nmo xapakrepu-
CTHKaM TEpMOXAJIMHHOW CTPYKTypbl BoA Iienb( 3amagnoro Kpeima sBisieTcs mpomexy-
TOYHOW 30HOM MEXKIy ceBepo-3amaiHbiM HienbGoM U TIIyOOKOBOAHOW 4acThio UepHOro
MOpsi, BOZIOOOMEH C KOTOPOI 3aBUCHT OT MHTEeHCUBHOCTH OCHOBHOro YepHOMOpCKOro Te-
yeHus: 1 CeBacTOMONBCKOTO aHTHLUKIOHA. PernoHanbHbIe BOTHBIE MAcCChl WM TOATHIIBI
OCHOBHBIX Y€PHOMOPCKHX BOIHBIX MAacC B UCCIEIYEMOM pailoHe He BBIICITICHBI.

KnroueBble cji0Ba: TepMOXaJHMHHAs CTPYKTypa, TEMIEpaTypa BOIBI, COJIEHOCTh, KIMMAT,
menbd, npubpexHast 30Ha, 3anaaHbii Kpeim

BaarogapHocTu: paboTa BBINIONHEHa B paMKax TocynapcTBeHHoro 3amanusi OI'BYH
OUIIMI'U mo teme FNNN-2024-0014 «DyHnaMeHTanbHbIE HCCIEIOBAHUS MPOIIECCOB
B3aMMOJICHCTBUSI B CUCTEME OKeaH-aTMocdepa, (OPMUPYIOIIMX U3MEHYHMBOCTh (PU3UIECKO-
T'O COCTOSIHHMSI MOPCKOW CpeIIbl Ha Pa3IMYHBIX IIPOCTPAHCTBEHHO-BPEMEHHBIX MACIITA0aX».
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Introduction

The sea area adjacent to the city of Sevastopol and the western districts of
the Republic of Crimea constitutes a natural component of the region, playing
an important role in its economic development. Regional reference books high-
lighting climatic conditions and the current state of the environment, including
the thermohaline structure of the waters, are needed to solve applied problems.

General features of the hydrology of the area adjacent to the western coast
of Crimea are presented in varying degrees of detail in generalized works describ-
ing all shelf areas or the Black Sea as a whole [1-4] as well as in works 2,

9 Vinogradov, K.A., Rozengurt, M.Sh. and Tolmazin, D.M., 1966. [Atlas of Hydrological Charac-
teristics of the North-Western Black Sea (for Fishery Purposes)]. Kiev: Naukova Dumka, 94 p.
(in Russian).
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In the above studies, the Western Crimea shelf was not distinguished as a discrete
region; rather, it was considered part of the extensive north-western shelf. Its prox-
imity to the deep-water segment of the Black Sea is noteworthy with respect to
the similarity of conditions.

The characteristics of various oceanographic phenomena and processes spe-
cific to the area have been addressed in works ®% [6-12]. Much research is devot-
ed to the circulation of waters of the north-western shelf in general and the Sevas-
topol anticyclonic eddy in particular (e. g., works?'® as well as [2—4, 13-21]).
The advection of waters affects the thermohaline structure significantly, especially
at the boundaries of areas with different hydrological structure of waters.

The regional description of the seasonal variability of the thermohaline structure
of waters related to this area was published more than 20 years ago on the basis of
archival data available at that time and was limited to the Sevastopol seaside [12].

The aim of the work is to describe the seasonal variability of the thermohaline
structure of Western Crimea shelf waters based on the observation data for 1950—
2023 with an assessment of the main differences between the open and coastal
parts of the study area.

Materials and methods of study

The shelf area adjacent to the western coast of Crimea is one of the areas of
the Black Sea with a fairly high availability of oceanographic data. In total, the data
bank of Marine Hydrophysical Institute of RAS includes 37,046 oceanographic sta-
tions (1460 sets/cruises) made in the study area (44° 20'-45° 30’ N, 32°-33° 35'E)
in 1910-2023% (Fig. 1). The 1950-2023 period covering two World Climate
Organization climate periods was chosen for the calculation of climate values
(10,673 stations) (Fig. 2).

Climatic estimates of temperature and salinity were calculated based on dec-
ade profiles from the thermohaline field reanalysis array, which are interpolated
values of primary measurements at the regular grid 10" x 15’ using the methodolo-
gy described in [22]. The relative degree of coverage of the study area with inter-
polated values reached 90% in 1960-1980, 20% in 1995-2015 and 40% after 2016.
For 1950-2023, monthly temperature and salinity values at grid nodes were calcu-
lated and taken as climatic normals.

2 Nelepo, B.A,, ed., 1984. [Variability of Hydrophysical Fields of the Black Sea]. Leningrad: Gidro-
meteoizdat, 240 p. (in Russian).

3 lyin, Yu.P. and Grishin, G.A., 1988. [The Summer Spreading of the North-Western Black Sea and
the Possibility of its Control by Satellite Video Data]. In: Vasiliev, L.N., 1988. [Geographic Inter-
pretation of Aerospace Data]. Moscow: Nauka, pp. 119-125 (in Russian).

4 Tuzhilkin, V.S., 2008. [Seasonal and Multiyear Variability of the Thermohaline Structure of the Black
Sea and Caspian Sea Waters and the Processes of its Formation. Extended Abstract of DSc Thesis.
Geographical Sciences]. Moscow, 46 p. (in Russian).

% Bolshakov, V.S., 1970. [Transformation of River Waters in the Black Sea]. Kiev: Naukova Dumka,
328 p. (in Russian).

% Godin, E.A., Belokopytov, V.N., Ingerov, A.V., Plastun, T.V., Galkovskaya, L.K., Kasianenko, T.E.,
Zhuk, E.V. and Isaeva, E.A., 2019. The Black Sea: Hydrology. 2018 [Database]. Moscow. State
Registration No. 2019621008 (in Russian).
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Fig. 1. Location of oceanographic casts in the shelf area near the Western
Crimea coast in 1910-2023 and number of stations in 20’ x 30" squares
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Fig. 2. Time-series of monthly number of oceanographic stations in the study area
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Results and discussion

Water temperature

The seasonal course of the vertical thermal structure of the waters in the study
area is generally characteristic of the Black Sea. From January to March, the water
temperature remains consistent throughout the layer. From May to August, a sharp
thermocline develops, and the frequency of occurrence of the upper mixed layer
during this period of the year is minimal. A phase delay of the seasonal cycle is
observed with depth (Figs. 3, 4).

To separate the open and coastal segments of the shelf, an isobath of 50 m was
adopted. From January to April, the coastal zone in the entire layer is colder than
the rest of the shelf; the difference in temperature between the waters of the coastal
zone and the outer shelf part reaches 0.8°C and does not change sign with depth
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Fig. 3. Climatic monthly vertical temperature profiles in the South-
Western Crimea shelf area: in the outer shelf part (a), in the coastal
zone (b). Digits stand for month numbers
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Fig. 4. Climatic seasonal course of water temperature
in the Western Crimea shelf area at different depths.
Dashed lines denote temperature values in the coastal
zone (depth <50 m), solid lines are those in the outer
shelf

Fig. 5. Differences of climatic monthly temperature between the coastal
zone and the Western Crimea outer shelf. Dashed lines denote months when
the difference in values changes its sign with depth, solid lines are months
without changes. Digits stand for month numbers
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(Fig. 5). During the rest of the year, the temperature of coastal waters in the surface
layer is generally lower than in the outer shelf part (AT < 0.6°C) and it is higher
in the layer below the thermocline (AT < 0.9°C) (Fig. 5).

The spatial thermal structure of the area as a whole has a clearly pronounced
zonal distribution with cold northern and warm southern parts. With depth,
the southern direction of temperature growth changes to the south-eastern direction
due to the influence of cold bottom waters of the north-western shelf (Fig. 6).

During the annual cycle, the spatial ratio of warm and cold areas in the tem-
perature field changes (Fig. 7). The greatest deviation from the mean annual distri-
bution in the surface layer is observed in April and May, when the entire coastal
zone is on average 0.3-0.4°C warmer than the open part, and in summer, when
coastal waters, on the contrary, are 0.2°C colder. This is due to the fact that under
the conditions of spring warming and low winds, the coastal zone warms up faster
than the open shelf part, and in summer the influence of surges and upwelling
events in the coastal zone is most pronounced. From September to March, the ther-
mal field corresponds to the yearly distribution, with the zonal contrast in water
temperature being minimal in September.

The geographical position of the Western Crimea shelf between the deep sea
and the north-western shelf implies the possibility of advection of cold intermedi-
ate layer (CIL) waters from these areas. The results of individual oceanographic
measurements showed signs of penetration of the CIL waters into the study area
from both northern and southern directions. As for the climatic distribution of wa-
ter temperature and salinity, it can be concluded that the CIL near the Western

45.2°—

45°—

44.8°

44.6°

Fig. 6. Climatic yearly water temperature fields in the Western Crimea shelf, °C,
at depths of 0 and 50 m
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Fig. 7. Generalized types of spatial water temperature distribu-
tion in the surface layer of the Western Crimea shelf by deviations
from the region area averaged value. Key: “+” — positive anoma-
lies, “~ negative anomalies

Crimea coast is formed mainly on the north-western shelf. Previously, high-
resolution winter—spring surveys near the continental slope of the north-western
shelf showed that advection of bottom waters into the deep sea occurred mainly
in the area between 30° and 32° E. The climatic monthly values of water temper-
ature on the central meridional section of the study area along 32° 45’ E (Fig. 8)
show clearly that the sliding of cooled waters towards the open sea also occurs
near the Crimean coast.
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Fig. 8. Climatic monthly water temperature in the Western Crimea shelf
along the 32° 45" E section

Salinity

The annual course of the vertical structure of salinity in the study area (Fig. 9)
is conventionally divided into two seasons. From November to May, weak haline
stratification in the 0-70 m layer is almost the same as in the deep Black Sea.
In June-October, vertical salinity gradients increase and the stratification of the area
is intermediate between the north-western shelf with highly stratified waters and
the deep sea.

For most of the year, the coastal zone (up to 50 m depth) is more brackish
in the entire water column than the rest of the shelf (Fig. 10). From May to Sep-
tember, salinity in the subsurface layer of the coastal part is higher than in the outer
part, which is connected with intensification of vertical mixing during upwelling
events.
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Fig. 9. Climatic monthly vertical salinity profiles in the Western
Crimea shelf area: in the outer shelf part (a), in the coastal zone
(b). Digits stand for calendar month numbers

The seasonal course of salinity at different horizons in the study area and in many
other areas of the Black Sea differs significantly (Fig. 11). The salinity minimum
in the surface layer of this area is shifted to early autumn, whereas in the rest of
the Black Sea, the minimum is observed in spring and summer. On the Western
Crimea shelf, in the 50-100 m layer, the salinity minimum is reached in April, with
its maximum in October, which is also not typical for the sea as a whole. This is
largely determined by the seasonal dynamics of the Sevastopol anticyclonic eddy
which affects water exchange of the study area with the Rim Current and the north-
western shelf.

The spatial haline structure of the area waters (Fig. 12) is characterized by
the presence of a saltier tongue coming from the open sea and separating the brack-
ish waters of the north-western shelf and the coastal zone. The spatial orientation of
the saline water area does not change much with depth.
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Fig. 11. Climatic seasonal course of salinity in the West-
ern Crimea shelf area at different depths. Dashed lines
denote values in the coastal zone (depth <50 m), solid lines
are those in the outer shelf
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Fig. 12. Climatic yearly salinity fields, psu, in the Western Crimea shelf at depths
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The most significant deviations of salinity from the spatial pattern of yearly dis-
tribution (Fig. 13) occur in summer when salinity increases in the surface layer of
the coastal zone under low water conditions in small rivers of Crimea, surge and

upwelling events.
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Fig. 13. Generalized types of spatial salinity distribution
in the surface layer of the Western Crimea shelf by deviations
from the region area averaged value. Key: “+” — positive anoma-
lies, “—” negative anomalies
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T,S indices

Monthly T,S curves are qualitatively consistent with the distribution of water
masses in most areas of the Black Sea (Fig. 14). Seasonal course of T,S indices
(Fig. 15) reflects patterns common to the basin. In the surface layer, during the
transition from winter-spring to summer-autumn period, the increase in water tem-
perature is accompanied by a decrease in salinity. In the CIL, seasonal changes are
characterized by a joint increase in water temperature and salinity from winter to
summer. In the main pycnocline, the seasonal cycle is qualitatively similar to that
of the surface layer but with a larger amplitude of salinity fluctuations and a much
smaller amplitude of temperature. Characteristic loops on T,S trajectories arising
from relative phase shifts between seasonal cycles of temperature and salinity are
related to different ratios of contributions of heat, water balance and intensity of
vertical mixing of waters.

‘ “ ‘
17.5 18 18.5 19 19.5
S, psu

Fig. 14. Climatic monthly T,S curves in the Western
Crimea shelf. Dotted lines denote values in the coastal
zone (depth <50 m), solid lines are those in the outer
shelf. Digits stand for calendar month numbers
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Conclusion

On the basis of oceanographic observations for 1950-2023, climatic monthly
values of temperature and salinity were calculated at the grid 10" X 15" and the sea-
sonal variability of the thermohaline structure of the Western Crimean shelf waters
was analysed.

In the cold season, the regional spatial thermal structure of the area has a pro-
nounced zonal distribution with cold northern and warm southern parts. During
the spring—summer period, the relative location of warm/cold zones changes to
the meridional one. The CIL near the Western Crimea coast is formed in winter
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on the northwestern shelf. In summer, when the general water circulation weakens,
the CIL waters can also penetrate to the study area from the deep sea.

The regional haline structure was characterized by a saltier tongue spreading
from the open sea and separating brackish waters of the north-western shelf and
coastal waters. In the seasonal course of salinity on the Western Crimea shelf,
in contrast to its seasonal course in other areas of the Black Sea, the minimum of
salinity in the surface layer was observed in early autumn, which is associated with
regional water circulation.

Over the greater part of the year, the coastal zone is colder and less saline
than the outer shelf part. The surface layer in the coastal zone under intensive
heating and weak winds is warmer than in the outer part of the shelf in April and
May and below the seasonal thermocline in the summer—autumn period due to
less heat exchange with the CIL. Due to frequent upwelling events in summer, sa-
linity in the subsurface layers of the coastal zone from May to September becomes
higher than in the outer shelf part.

In general, in terms of the thermohaline water structure, the Western Crimea
shelf is an intermediate zone between the north-western shelf and the deep part of
the Black Sea, the water exchange with which depends of the intensity of the Rim
Current and the Sevastopol anticyclonic eddy. Regional water masses or sub-types
of main Black Sea water masses were not identified in the study area.
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