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Abstract

The paper analyses a sample of daily coastal observations to reveal patterns of water tem-
perature temporal variability in Martynova Bay for 2000-2020. In the time course of water
temperature, a response (in the form of positive and negative extremes) to synoptic processes
in the atmosphere and sea was tracked. In the cold season, three groups of such extrema
were identified. These are clearly expressed maximums in November determined by the trans-
fer of warm air mass from the Transcaucasia to the Black Sea; minimums in December—
February due to Arctic invasions; and less significant highs in February—March caused
by the foehn wind effect. In the warm half of the year, two groups of extremes were identi-
fied in the time course of water temperature. These are maxima caused by overheated air
masses, which spread to the Black Sea from the Sal steppes in June—August, and minimums
in June—September associated with the influence of the Black Sea upwelling. It is shown
that in the bays of the northern coast of the Heraclean Peninsula, fluctuations in water tem-
perature caused by surge winds were insignificant. Their range did not exceed 1 °C, and
the duration of the cycle, as a rule, was no more than one day.
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AHHOTanust

Ha ocHoBe aHanm3a BBIOOPKH €XKECYTOYHBIX MPHOPEKHBIX HAOIIONEHWN PACKPBITHI 3aKO-
HOMEPHOCTH BPEMEHHOW M3MEHYMBOCTH TEMIIEpaTyphl Boabl B MapTeiHOBOI OyxTe ¢ 2000
mo 2020 r. Bo BpeMeHHOM X0 TeMIIepaTyphl BOJIBI OTCIIEKEH OTKIHK (B BHJE ITOJIOKH-
TENFHBIX M OTPUHATEIBHBIX HKCTPEMYMOB) Ha CHHONTHYECKHE IIPOIECCH B arMocdepe
u Mope. B xomojHOe BpeMs rofa BBISBICHO TP TPYIIIBI TAKUX SKCTPEMYMOB: OTYETINBO
BBIPOKEHHBIE MAaKCUMYMBI B HOSIOpE, ONpeelsBIInecs BHIHOCOM Ha UepHoe Mope Teruion
BO3IyITHOM Macchl M3 3akaBKa3bs; MUHIMYMBI B ekaOpe — (eBpase, 00yCIOBIEHHBIE apK-
THYECKHMH BTOPKEHUSIMH; I MEHEe 3HauYMMble MaKCUMyMBbI B (eBpajie — MapTe Kak ciel-
crBue Gpénosoro 3ddekra. B Temoe nosyroare Bo BpEMEHHOM XOJI€ TEMIIEPATYPbI BOJIbI
BBIJICTICHBI JIBE TPYIIIBI 3KCTPEMYMOB: MAaKCHMyMblI, 0OyCIOBIEHHbIE MEPETPETHIMH BO3-
JYIIHBIMH MaccaMH, KOTOpBIE pacrpocTpaHsuiuch Ha YepHoe Mope 3 paiiona Caibckux
CTEIei B UIOHE — aBrycre, 1 MUHUMYMbI B UIOHC — CeHTf{6pe, CBA3AaHHBIC C BJIMAHUEM YEP-
HOMOpCKoOro amBervnHTa. [lokazano, uyto B OyxTax ceBepHOTo Oepera I'epakieiickoro mo-
JyOoCTpoBa KOJIEOaHMsT TeMIepaTyphl BOJBI, BBI3BIBAEMbIE CTOHHO-HAarOHHBIMH BETPaMHU,
He3Ha4MuTeNnbHbL. X pasmax He mpesbimaeTr | °C, a IIMTETBHOCTh LUKJIA, KaK MPaBUIIO,
He Oomee 1 cyT.

Ki1roueBble cj10Ba: TemMrepaTypa BOJIbl, aHOMAJINHU, apKTHYECKOE BTOp)KEeHHE, (EH, anBe-
JIVMHT, CTOHHO-HaroHHbIE sBJIeHUs, OyxThl CeBacTonoust, Kpsim
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Introduction

Martynova Bay is located in the south-west of Sevastopol Bay, at its mouth.
Until the 1970s, it was not part of Sevastopol Bay. At present, the bay is separated
from the open sea by the southern breakwater. Its maximum depth is 17 m at the end
of the breakwater. The meridional length and width at the entrance is about 480 m.
Water exchange with the open sea is limited. Irrespective of wind direction and
strength, smooth waves prevail in Martynova Bay. In the open part of the sea
behind the southern breakwater, there is an oyster and mussel farm of LLC NIO
Mariculture. In this water area, Institute of Biology of the Southern Seas (IBSS)
regularly monitors water temperature (Fig. 1).

Time series of observations of aquatic environment parameters in coastal wa-
ters are extremely important for the improvement of knowledge in various fields of
the marine science. The combination of coastal temporal observations with obser-
vations in open waters, which, as a rule, are presented as spatial distributions,
allows revealing the regularities of temporal variability of the fields of oceanologi-
cal variables in the oceans and seas [1, 2].

The results of the analysis of observations in the bay under study has applied
significance because of their representativeness both for the entire Black Sea area
and for the sea area off South-West Crimea, including bays and open areas of
the Sevastopol seashore.
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Fig. 1. Geographical position of Martynova Bay (A is the point of water
temperature observations)
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The aim of the work is to reveal the regularities of synoptic variability of water
temperature in Martynova Bay for the time interval from 2000 to 2020 based on
the analysis of coastal observations, as well as to identify the factors determining
the corresponding types of fluctuations.

Source data and study methods

We analysed a sample of daily (conducted at 12:00 (GMT +3)) coastal water
temperature observations from 2000 to 2020, which were taken in Martynova Bay
near the oyster and mussel farm of LLC NIO Mariculture (point A in Fig. 1).

Information on the atmospheric synoptic situation in the Azov-Black Sea basin
was obtained by analysing synoptic maps from the archive of Wetterzentrale Hydromet
Centre (Germany) (URL: http://old.wetterzentrale.de/topkarten/fsreacur.html).

Synoptic weather data for Sevastopol were taken from the Weather web-
site of the marine meteorological station Chersonesos Lighthouse (URL:
http://rpS.am/Iloroga_Ha XepcoHeccKOM Masike).

For ease of analysis, the entire initial set of actual water temperature observa-
tions was divided into two parts, referring to cold (November—April) and warm
(May—October) half-years. The data was then averaged on a ten-day basis. Further,
for each half-year in the coordinate system “current day, current year” and “current
ten-day period, current year”, temporal temperature sweeps were constructed
(Figs. 2, 3), which were used to assess the response of the considered variable
to synoptic processes in the atmosphere and in the sea, as well as to local regional
processes.

The averaged schemes were calculated to filter out the noise and assess
the significance of the extremes detected in the actual time sweeps. Only signifi-
cant extremes that appeared in the mean ten-day sweeps were considered in detail.

Discussion of results

The temporal sweeps of both the actual and mean ten-day water temperature
show positive and negative local extremes indicating processes of different time
scales in the atmosphere and sea that determined the variability of the considered
parameter of the aquatic environment (Figs. 2, 3).

In the cold season, three groups of such extremes were identified: pronounced
maxima in November, minima in December—February and less significant maxima
in February—March.

In November, in the temporal sweep of the actual water temperature, the max-
imum was observed in 15 cases (years) out of 21, whereas in the sweep of mean
ten-day temperature, this extreme was quite clearly manifested only 12 times:
in 2000, 2004, 2005, 2007-2010, 2012, 2015, 2018-2020 (Fig. 2).

In these years, the atmospheric synoptic situation was analysed for November
using archived synoptic maps, which showed the following. The weather over
the Black Sea was determined by the influence of the southern southwestern
periphery of the Siberian High (Transcaucasia), which determined the heat transfer
from the warmed continent (Fig. 4).

Ecological Safety of Coastal and Shelf Zones of Sea. No. 3. 2024 113



114

2020
2019
2018
2017
2016
2015
2014
2013
2012
2011
2010
2009
2008
2007
2006
2005
2004
2003
2002
2001
2000

2020
2019
2018
2017
2016
2015
2014
2013
2012
2011
2010
2009
2008
2007
2006
2005
2004
2003
2002
2001
2000

November December January February March April a

November December January February March April b

T,°C

[ [

121314 1516 1718 19 20 21 22 23 242526 27 28 29

Fig. 2. Time variations of water temperature in Martynova Bay during
the cold half of the year for 2000-2020: daily («), average ten-day (b)
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Fig. 3. Time variations of water temperature in Martynova Bay during
the warm half of the year for 2000-2020: daily (@), average ten-day (b)
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Fig. 4. Synoptic situation illustrating the transfer of heat from Transcaucasia
to the Black Sea in the circulation system of the southern south-western peri-
phery of the Siberian High, map on 12 November 2019, 12:00 GMT

During this atmospheric natural anticyclonic synoptic period lasting from 1
to 2 ten-day periods, the air in Sevastopol warmed up to 15-20°C and the water
temperature in Martynova Bay increased by 0.6—1.7 °C against seasonal cooling
and reached 15.1-17.4°C.

In similar situations, there is a noticeable warming of shallow top parts of
Sevastopol bays, where vertical stratification of the temperature field also forms.
At the boundary with the central parts of the bays, pronounced frontal temperature
sections appear. In the morning, at the maximum difference of water and air tem-
perature (up to 10 °C), steam fog can be observed over the top parts of the bays.

Another significant atmospheric natural synoptic process that contributed
to the extreme cooling of coastal waters during the cold half-year is determined
by the Arctic invasions of cold air masses. The synoptic situation typical of the Arc-
tic invasion was determined by the rear part of a trough meridionally orientated
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from the Kara Sea to the Black Sea (Fig. 5). The most powerful inflows of Arctic
cold observed in December—February were accompanied by a significant (down to
—17..—15 °C) drop in air temperature in Sevastopol, and the water temperature
in Martynova Bay dropped to minimum values (4-6 °C).

In the time course of the actual water temperature, local minima associated
with Arctic invasions were observed in 9 cases (years) out of 21 (see Fig. 2, a).
In the sweep of the mean ten-day temperature for the cold half-year, the most
significant extremes appeared 8§ times: in 2001, 2003-2005, 2011, 2014-2016
(Fig. 2, b).

The insignificant increase in water temperature observed in February—March
was due to a local meteorological phenomenon — the foehn effect.

In Sevastopol, foehn is usually observed in February with southeastern transfer
in the atmosphere. In this case, a dry warm wind from the spurs of the Crimean
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Fig. 5. Synoptic situation during the polar invasion of the Black
Sea, map on 12 February 2004, 12:00 GMT
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Mountains contributes to the inflow of warm air and setting in of dry clear weather
with air temperatures in the Sevastopol region up to 20 °C and higher.

Foehn, as a local phenomenon lasting up to ten days, does not lead to a fairly
significant increase in water temperature. According to the analysed data, the water
temperature increase caused by the foehn effect is generally no more than 0.5 °C;
in some cases, it can be 0.6-0.8 °C.

Foehns are a rather frequently observed phenomenon at the end of winter.
In the field of actual water temperature, they were recorded almost annually except
for four years with the lowest winter temperature: 2004, 2005, 2011, 2016
(Fig. 2, a).

The most intense foehns, which caused water warming in Martynova Bay
by 0.6-0.8 °C, are quite rare and were observed only in 2015 and 2018-2020
(Fig. 2, b).

For the Sevastopol region, the foehn effect is extremely important in terms of
ecology. A sharp increase in air temperature at the end of winter causes intensive
snow melting in the catchments of Crimean rivers, which are traditionally considered
polluted [3]. The water flow rate in the rivers almost instantly increases to values
that are by an order of magnitude higher than average. At the same time, a huge
number of pollutants enters the bays and open areas of the sea. These phenomena
for the Balaklava Bay area are considered in detail in the book [4].

For the warm season, the time course of water temperature revealed two groups
of extremes: distinct maxima in June—August and minima in June—September
(see Fig. 3).

High actual water temperatures (26-28 °C) were observed in 2005, 2007,
2012, 2014-2017. The water in the analysed bay warmed up to the maximum
(up to 28-30°C) in 2001 and 2010 (Fig. 3, a). In 2001, 2010, 2014-2017, the tem-
perature maxima (27-28°C) were manifested in the mean ten-day sweep (Fig. 3, b).

The above cases were caused by extremely high air temperatures (up to 33—
37 °C). In July—August, overheated air masses spread to the Azov—Black Sea basin
by the northeastern wind from the Sal steppes, where the average summer air tem-
perature reaches 35-45 °C [5]. At the same time, the synoptic situation was deter-
mined by the eastern southeastern periphery of the Azores High (Fig. 6).

In June—September, cyclic changes in water temperature were observed
on the time scale from several days to 2—3 ten-day periods. These changes, accom-
panied by a significant decrease in water temperature, were caused by the coastal
Black Sea upwelling. The coastal Black Sea upwelling, the most significant mech-
anism providing the water exchange between the shelf and deep-sea zones, is rela-
tively well studied for the deep-water areas around the perimeter of the Black Sea.
The nature of this phenomenon is attributed to the influence of atmospheric circula-
tion over the Azov—Black Sea basin [6-8].
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Fig. 6. Synoptic situation in conditions of superheated air outflow
to the Black Sea from the Sal steppes, map on 14 August 2010, 12:00
GMT

The features of the coastal Black Sea upwelling in Martynova Bay and
on the Sevastopol seashore were analysed in the article [9] and are briefly listed
below. The most powerful upwelling was observed in June 2001, June—July 2005,
September 2006, September 2007, July—August 2011, July—August 2013, July—
August 2015, July and September 2017, July 2019, July 2020 (Fig. 5). A total of
42 upwelling events with a temperature range of 2—7°C were recorded from 2000
to 2020. Their duration varied from 4 to 32 days.

The most frequent upwellings in Martynova Bay were recorded in June—July.
The most intensive ones were recorded in June. The same pattern is typical of
upwelling in the area of the depth gradient off the western coast of Crimea [7].
Upwellings with a cycle duration of 4-8 days had the highest frequency of occur-
rence (31 %). Upwellings with a cycle of 20-32 days were observed much less
frequently. Their total frequency of occurrence was 11 %.
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The typical properties of the hydrological regime of Sevastopol bays include
surge phenomena [10]. The analysed dataset does not allow us to consider such
phenomena due to the discreteness of observations.

Observations of water temperature, which were conducted in the Sevastopol
marine fishing port in Kamyshovaya Bay and on the beach in Kruglaya Bay (Omega)
with a discreteness of 6 h, showed that water temperature fluctuations caused
by water surge winds were insignificant. Their magnitude did not exceed 1 °C and
the cycle duration was generally not more than 1 day.

This effect can be explained by the morphometric features and location of
the bays on the northern coast of the Heraclean Peninsula as well as by the wind
regime of the Sevastopol region. The axial lines of the bays — from Kazachya Bay
to Yuzhnaya Bay (see Fig. 1) — are oriented along the meridian, and the bays them-
selves face northwards with their open parts. The winds of the northern quarter
cause an upsurge, while the winds of the southern quarter cause a downsurge.

A special property of the breeze circulation in the Sevastopol region is that
the daytime northwesterly breeze as well as the nighttime northeasterly one have
a significant northerly component, which often prevails over the gradient wind
in the warm season. Therefore, during the warm half of the year, the northern coast
of the Heraclean Peninsula with its bays is mainly affected by the upsurge winds.
Southern quarter downsurge winds, which cause a decrease in water temperature,
are rare. Moreover, they have a very limited acceleration within each of the bays,
and the adjacent water area of the Sevastopol seashore has a relatively shallow depth.

The above mentioned allows us to suppose that near the northern shore of
the Heraclean Peninsula and in the corresponding bays, the wind-induced water
temperature fluctuations are insignificant and their range is not more than 1 °C.

Conclusion

Based on the analysis of a sample of daily coastal observations, the regularities
of temporal variability of surface water temperature in Martynova Bay from 2000
to 2020 were considered, and the factors causing this variability were analysed.

In the time course of water temperature, both actual and average ten-day tem-
perature, the response (in the form of positive and negative extremes) to synoptic
processes in the atmosphere and in the sea was traced.

During the cold season, three groups of such extrema were identified: distinct
maxima in November, minima in December—February and less significant maxima
in February—March.

The increase in water temperature in November by 0.6—1.7 °C against a sea-
sonal cooling was determined by the transfer of warm air masses from the Trans-
caucasia to the Black Sea in the circulation system of the southern south-western
periphery of the Siberian maximum. A drop in water temperature to a minimum
of 4-6 °C in December—February was provided by Arctic intrusions. The foehns
in February—March were accompanied with water warming in Martynova Bay
by about 0.5 °C.
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During the warm half of the year, two groups of extrema were identified
in the time course of water temperature: maxima in June—August and minima
in June—September.

Extremely high water temperatures of 28-30 °C were caused by overheated air
masses that travelled to the Black Sea from the Sal steppes, where the average
summer air temperature reaches 45 °C. The synoptic situation over the Black Sea
was determined by the eastern south-eastern periphery of the Azores High.

The cyclical changes of water temperature observed in June—September
on a time scale from several days to 2—3 ten-day periods, which were accompanied
with its decrease by 2—7 °C, were determined by the Black Sea upwelling.

In the bays of the northern coast of the Heraclean Peninsula, the water temper-
ature fluctuations caused by water surge winds were insignificant. Their magnitude
did not exceed 1 °C and the cycle duration was usually not more than 1 day.
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