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Purpose. The aim of the work is to clarify the regional features of synoptic variability of the Black 
Sea surface temperature, to reveal its intra- and inter-annual changes and to assess the features’ 
relations with the large-scale atmospheric processes. 
Methods and Results. The satellite-derived data on the sea surface temperature in 1982–2018 from 
the Copernicus array were used; their temporal resolution was daily average and the spatial one – 
0.04 degrees. These data showed that the maximum of temperature synoptic variability was observed 
in the coastal part of the northwestern shelf from the Dnieper-Bug estuary to the Danube delta, in 
the Karkinit Bay and in the Kerch Strait. In the deep sea, strong synoptic variability can be observed 
in the regions of the Eastern cyclonic gyre and the Batumi anticyclone. The greatest contribution of 
synoptic variability to the total temperature dispersion was observed in the Kerch Strait and to 
the south of the Kerch Peninsula. The level of multi-year average synoptic variability is lower or 
comparable with the level of the interannual variability in most of the water area, except for the Kerch 
Strait, the northwestern and the Bosporus shelves. It is revealed that in the climatic annual cycle 
the main maximum of synoptic variability is observed in May, a month before the maximum rate of 
surface water heating is achieved, the second maximum – in October, a month before the maximum 
rate of water cooling. The minimums are observed in February–March, during the period of 
maximum cooling of surface waters, and in August, during their maximum heating. Noticeable 
interannual changes of the level of temperature synoptic variability varying from −0.3 °С to 0.3 °С, 
were revealed. 
Conclusions. Synoptic variability of the Black Sea surface temperature is characterized by noticeable 
intra-annual and interannual variations. Its climatic annual cycle is of a semi-annual periodicity due to 
the processes of water cooling and heating. The maximum increase of the synoptic variability level on 
the interannual scale is observed after 2003 on the northwestern shelf. Significant correlation with 
the indices of the North Atlantic, East Atlantic and the East Atlantic–West Russia oscillations was not 
revealed. 
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Introduction 
Modern problems associated with the rational use of the Black Sea resources 

and its ecosystem conservation require further refinement of the spatio-temporal 
variability of the water structure. The most representative monitoring of sea surface 
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temperature (SST) variability is carried out using satellite measurements with high 
spatial and temporal discreteness. In modern publications, the main attention is 
paid to SST variability on time scales from seasonal to inter-decadal one. 
The dominant role of seasonal variations in the total spectrum of the Black Sea 
SST variability was shown [1–5], tendencies of interannual SST variability and its 
relationship with large-scale atmospheric processes were estimated [1–11]. 

In addition to seasonal and interannual scale processes, synoptic processes 
play an important role in the thermohaline structure and dynamics variability of 
the Black Sea waters [4, 12–19]. Some estimates of the Black Sea synoptic and 
mesoscale variability characteristics based on the analysis of various types of 
experimental data, the results of mathematical modeling and satellite measurements 
can be found in [4, 13, 17–19]. It was shown that, in general, the level of synoptic 
temperature variability in the coastal zone is higher than in the open part of the sea, 
while its increase from winter to summer is observed [4]. At the same time, 
the authors note that due to the insufficient number of long multi-day stations, it is 
impossible to reliably assess the characteristics of the intra-annual cycle of 
synoptic variability in the open part of the sea. An analysis of the spatial features of 
the distribution of the SST synoptic variability level along the northern part of 
the Chersonesus – Bosphorus section showed that to the north of the climatic 
position of the Rim Current (RC) jet, the level of synoptic variability decreases, 
while directly in the RC jet it increases markedly [17]. According to the numerical 
simulation data, the synoptic variability of hydrophysical fields is most pronounced 
when the RC intensifies, i.e., in the winter-spring period [18]. According to SST 
satellite measurements, it was found that on the northwestern shelf, the minimum 
synoptic variability of SST is observed in February – March, and the maximum – 
in May [19]. 

In this work, based on a modern array of satellite SST data with a high spatial-
temporal resolution, the regional features of the synoptic temperature variability on 
the Black Sea surface, its intra-annual and interannual changes are clarified, and 
their relationship with large-scale atmospheric processes is estimated. 

 
Materials and methods 

The data of SST satellite measurements for 1982–2018 from the Black Sea – 
High Resolution L4 Sea Surface Temperature Reprocessed (http://marine.copernicus.eu/ 
interactive catalogue/SST_BS_SST _L4_REP_OBSERVATIONS_010_022) array, 
obtained using the high-resolution radiometer AVHRR Pathfinder Version 5.2 
(PFV5.2) of the National Oceanographic Data Center NOAA, were used in the present 
work. The regular mean daily satellite SST data used at the 0.04° × 0.04° grid nodes 
were obtained by a single technique for the entire sea area using modern processing 
algorithms [20, 21]. According to [22], a time period of more than 35 assessing the 
interannual variability trends, and the average daily resolution makes it possible to 
analyze the synoptic variability of SST on an intramonthly scale. 

To analyze the synoptic variability level and assess its relationship with other 
types of variability at each grid node, the total, interannual and synoptic 
(intramonthly) root mean square deviations (RMSD) of the SST were calculated. 
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Total SST RMSDsyn was calculated over the entire 37-year time series of daily 
mean SST values. The level of interannual SST variability was estimated by 
the RMSDinterann calculated from the time series of 37 monthly average SST values 
for January, February, etc., which were then averaged over all 12 months. 
The intra-month RMSDs were calculated by the average daily SST series for each 
month of each year and then averaged over 37 years for January, February, etc. 
(climatic RMSDsyn) and for all 444 months (mean long-term RMSDsyn). 

The interannual variations of the SST synoptic variability were analyzed at 
each grid node in time series, containing 37 values of SST RMSDsyn averaged for 
each year for 1982–2018period. In addition, to assess the relationship between 
the SST synoptic variations and large-scale atmospheric modes, cross-correlation 
functions (at a 95% level of statistical significance) were calculated between time 
series consisting of 444 SST RMSDsyn and the indices of the North Atlantic (NAO) 
and East Atlantic (EAO) oscillations and the East Atlantic – Western Russia (EA/WR) 
fluctuation (https://www.cpc.ncep.noaa. gov/data/teledoc/telecontents.shtml). 

To interpret the regional features of the RMSDsyn spatial distributions, 
the structure of the large-scale geostrophic water circulation relative to 
the reference surface of 300 dbar was analyzed according to the climatic array data 
of thermohaline fields created at Marine Hydrophysical Institute [23]. 

 
Results of the research 

Spatial distributions of the mean long-term SST RMSDsyn (Fig. 1a) showed 
that their maximum values (~ 1.25–1.35 °С) are observed above sea depths of less 
than 20–30 m in the coastal part of the northwestern shelf from the Dnieper-Bug 
estuary to the Danube delta and in the Karkinit Bay and in the Kerch Strait. 
The synoptic variability level increase of (RMSDsyn ~ 1.1–1.25 °С) is also observed 
along the entire western shelf and in the pre-Bosporus area, almost up to Cape 
Olyudzhe above the sea depths less than 75 m. In the deep-sea part, high RMSDsyn 
values (up to 1–1.2 °С) can be traced in the areas of the Eastern cyclonic gyre 
(ECG) and the Batumi anticyclone, which is more clearly manifested according to 
actual surveys, satellite altimetry and model calculations [4, 12, 15, 24]. 
The minimum RMSDsyn values (below 1 °С) are observed in the coastal strip along 
the Anatolian coast between Cape Olyudge and Cape Fener, as well as in 
the region of the minimum seasonal variation of SST [5, 25] to the west of 
the Crimean coast. 

The RMSDsyn/RMSDtot ratio values throughout the entire water area vary in 
a relatively narrow range of 0.158–0.182 (Fig. 1, b). The greatest contribution 
of synoptic variability to the total dispersion of the SST field (RMSDsyn/RMSDtot = 
= 0.176–0.182) is observed in the Kerch Strait and above the dump depths south of 
the Kerch Peninsula. An increase in the RMSDsyn/RMSDtot values (above 0.17) is 
also observed on the northwestern shelf between the Dnieper-Bug estuary and 
the Danube delta, in the northeastern part of the sea and in the Batumi anticyclone 
area. The minimal contribution of synoptic variability to the total dispersion of 
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the SST field (RMSDsyn/RMSDtot below 0.16) was found in the Western cyclonic 
gyre (WCG), where an increase in the seasonal variability level was noted [5, 25]. 

 

 
 

F i g.  1. Distribution of the long-term average values of SST RMSDsyn (a), RMSDsyn/RMSDtot (b), 
RMSDsyn/RMSDinterann (c). The arrows indicate the vectors of the annual average geostrophic currents 
on the surface; the dotted lines are isobaths; points 1, 2 and 3 are the grid nodes for which the graphs 
of intra-annual distributions of the SST RMSDsyn values are represented on Fig. 3, d   
 

In most of the sea area, the synoptic variability level is lower or comparable to 
interannual one and the RMSDsyn/RMSDinterann values vary within 0.88–1 
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(Fig. 1, c). The SST synoptic variability exceeds the interannual 
(RMSDsyn/RMSDinterann>1) in the coastal regions of the western sea part, where 
the maximum RMSDsyn values are found, in the Karkinit Bay, in the Dnieper-Bug 
Estuary, on the western shelf from the Dniester Estuary to the Burgas Bay and 
on the Bosporus shelf. In the eastern sea part, the SST synoptic variations are lower 
than interannual ones and exceed them only in the Kerch Strait. Despite the high 
level of synoptic variability in the ECG and Batumi anticyclone zones, 
RMSDsyn/RMSDinterann is below 0.92, which is associated with a high level of 
interannual SST variability in these areas [5]. 

 

 
 

F i g.  2. Spatial distribution of the SST RMSDsyn climatic values in February (a), May (b), August 
(c), October (d) 

 
From an analysis of the spatial distributions of RMSDsyn values for each month 

and their intra-annual cycle along individual meridians, it follows that the 
minimum SST synoptic variability is observed in February – March (Fig. 2, a; 3, a 
– c), during RMSDsyn values in the entire water area do not exceed 0.3–0.4 °С. In 
April, when intense heating begins, a sharp increase in the synoptic variability level 
occurs, reaching maximum in May (Fig. 2, b; 3, a – c). This month, the SST 
RMSDsyn values in the water area vary within 1.8–2.6 °С. In June, the surface 
water heating rate is maximum [25], while the level of synoptic variability sharply 
decreases. In July, the heating rate slows down, and the level of synoptic variability 
continues to decrease and reaches minimum in August (Fig. 2, c; 3, a – c), when 
the SST is maximum in the entire water area. This month, the RMSDsyn values do 
not exceed 0.7–0.9 °C. In September, with the beginning of autumn water cooling, 
the synoptic variability level begins to increase, and in October its second 
maximum is observed with RMSDsyn values of ~ 1.2–1.9 °С (Fig. 2, d). In 
November, when the maximum rate of autumn-winter cooling of surface waters is 
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observed, the SST synoptic variability level decreases again and continues to 
decrease gradually until February – March (Fig. 3, a – c). 

 

 
 
F i g.  3. Intra-annual cycle of the SST RMSDsyn climatic values along 30E (a), 34E (b), 38E (c), and 
in separate grid nodes 1, 2, 3 (d) 

 
The nature of the seasonal signal of the SST synoptic variability level does not 

change in space even in areas with extreme values of the mean long-term RMSDsyn. 
Fig. 3, d shows that the seasonal signal RMSDsyn is at point 1 (in the region of 
the maximum average long-term RMSDsyn values on the north-western shelf), at 
point 2 (west of Crimea, where the minimum RMSDsyn is traced) and at point 3 (in 
the north-eastern peripheral ECG, where increased RMSDsyn values are observed) 
is the same. 

Despite noticeable intra-annual changes in of the SST synoptic variability 
level, the main spatial features revealed for the distribution of long-term average 
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values of RMSDsyn, are observed in all months. The maximum RMSDsyn values are 
traced throughout the year on the northwestern shelf (Fig. 3, a). Increased RMSDsyn 
values are observed on the Bosporus shelf (Fig. 3, a) and in the eastern sea part on 
the northern ECG periphery (Fig. 3, b). A decrease of RMSDsyn values is observed 
over the coastal part of the Anatolian coast (Fig. 3, c). 

Analysis of interannual SST RMSDsyn variations for 1982–2018 revealed 
noticeable changes in the SST synoptic variability level of the Black Sea from year 
to year. The values of interannual anomalies of the average annual RMSDsyn (An 
RMSDsyn) throughout the entire water area vary in the range −0.3 ... 0.3 °C. 
Moreover, the spatial distribution features revealed for the long-term average 
RMSDsyn values (see Fig. 1, a) are manifested throughout all years: the maximum 
average annual RMSDsyn values are always traced on the northwestern shelf 
(Fig. 4, a), and the increased RMSDsyn values – in areas of the Bosporus shelf and 
on the northern ECG periphery, lowered in the coastal part of the Anatolian coast 
and off the western coast of Crimea. 

In contrast to the climatic intra-annual variation of the SST RMSDsyn values, 
the nature of which does not change throughout the sea, the distributions of 
interannual SST RMSDsyn anomalies in different regions of the sea differ (Fig. 4, b). 
So, on the northwestern shelf (point 1), the average annual SST RMSDsyn values in 
1982–2002 were predominantly lower or close to their mean long-term value, 
while the largest negative anomalies of RMSDsyn (up to −0.15 °С) were noted in 
1989 and 1998. To the west of Crimea (point 2) and on the northeastern ECG 
periphery (point 3) in these years, the RMSDsyn values were close to the climatic 
norm. 

Since 2003, in the entire water area, the average annual SST RMSDsyn has been 
predominantly higher than the long-term average, except for 2009 and 2017. 
The maximum positive anomalies of RMSDsyn were observed on the northwestern 
shelf (point 1), in 2007, 2011, 2012 and 2016 they reached 0.25, 0.18, 0.2 and 
0.17 °C, respectively (Fig. 4, b). In the time series of the interannual RMSDsyn 
anomalies at point 1 and the average annual values of the EAO index, a significant 
positive linear trend is traced, and the EA/WR index is a negative trend (Fig. 4, b, 
4, c). At the same time, in the distributions of interannual anomalies of the average 
annual RMSDsyn and the EAO, NAO and EA/WR indices, the general periodicities 
are not explicitly manifested (Fig. 4, b, 4, c). Thus, high negative RMSDsyn 
anomalies (−0.2 ... −0.3 °C) in 2009 were observed with a positive EAO phase, 
a negative NAO phase and an EA/WR index close to zero, whereas in 2017 – with 
a positive EAO phase, a negative EA/WR phase and a close to zero NAO index 
value (Fig. 4, b, 4, c). 

The distributions of the R maxima of the cross-correlation functions calculated 
at each grid node between the time series of the monthly average values of RMSDsyn 
and the EAO, NAO and EA/WR indices for 1982–2018 showed that there is no 
significant relationship between these parameters in the entire sea area. The highest 
R maxima values were revealed for cross-correlation functions between RMSDsyn 
and the EA/WR index (Fig. 4, d), but even they do not exceed 0.125 in absolute 
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value. Note that, for the interannual SST variability itself, on the contrary, 
a significant correlation was found with the NAO index [5, 7]. 

 

 
 
 
F i g.  4. Inter-annual time series of the annual average values of the SST RMSDsyn along 30°E (a), 
interannual anomalies of the SST RMSDsyn at the grid nodes 1, 2 and 3 (b), the inter-annual time 
series of annual average values of the EAO and EA/WR indices and their linear trends (c), spatial 
distribution of the maximum R of the cross-correlation functions between the values of the SST 
RMSDsyn and EA/WR index (d) 
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Conclusion 
Based on the satellite data analysis for 1982–2018, it is shown that 

the maximum mean long-term synoptic SST variability (RMSDsyn ~ 1.25–1.35 °С) is 
observed above sea depths of less than 20–30 m in the coastal part of 
the northwestern shelf from the Dnieper-Bug estuary to the Danube delta, in 
the Karkinit Bay and in the Kerch Strait. The synoptic variability level increase 
(RMSDsyn ~ 1.1–1.25 °С) is observed along the entire western shelf, in the pre-
Bosporus region above the sea depths of less than 75 m and in the areas of 
the Eastern cyclonic circulation and the Batumi anticyclone. The minimum values of 
RMSDsyn (below 1 °C) are observed in a narrow coastal strip along the Anatolian 
coast and west of Crimea coast. 

The greatest contribution of synoptic variability to the total dispersion of 
the SST field is observed in the Kerch Strait and south of the Kerch Peninsula, and 
the minimal one – in the southwestern sea part in the WCG area. In most part of 
the sea, the average annual synoptic SST variability is lower or comparable with 
the interannual variability level. The synoptic SST variations exceed 
the interannual ones only in the Kerch Strait, on the northwestern and pre-
Bosphorus shelves. 

In the intra-annual cycle, the synoptic SST variability level is characterized by 
a semi-annual periodicity due to large-scale processes of cooling and heating of 
the waters. Maximums are observed in May and October, a month before the onset 
of maximums of the rate of heating and cooling of surface waters, and minimums 
are observed in February – March and August, during periods of maximum cooling 
and heating. 

Throughout the entire sea area, the values of interannual anomalies of 
the average annual SST RMSDsyn vary in the range of −0.3 ... 0.3 °С. In all years, 
the maximum average annual SST RMSDsyn values are traced on the north-western 
shelf, the minimum ones – on the coastal part of the Anatolian coast and off 
the western coast of Crimea. 

In the distributions of interannual anomalies of the mean annual RMSDsyn and 
atmospheric circulation EAO, NAO and EA/WR indices, common periodicities are 
not clearly observed. Only the presence of a positive linear trend in the time series 
of interannual anomalies of the mean annual RMSDsyn values on the northwestern 
shelf was noted, while the interannual distributions of the average annual values of 
the EAO index also showed a positive linear trend, and the EA/WR index showed 
a negative trend. No significant correlation was found between the time series of 
the values of the RMSDsyn and the EAO, NAO and EA/WR indices. 

 
REFERENCES 

1. Ginzburg, A.I., Kostianoy, A.G. and Sheremet, N.A., 2004. Seasonal and Interannual 
Variability of the Black Sea Surface Temperature As Revealed from Satellite Data (1982-
2000). Journal of Marine Systems, 52(1–4), pp. 33-50. doi:10.1016/j.jmarsys.2004.05.002  

2. Ginzburg, A.I., Kostianoy, A.G. and Sheremet, N.A., 2007. Sea Surface Temperature 
Variability. In: A.G. Kostianoy, A.N. Kosarev, eds., 2008. The Black Sea Environment. 
The Handbook of Environmental Chemistry. Berlin, Heidelberg: Springer-Verlag. Vol. 5Q, 
pp. 255-275. doi:10.1007/698_5_067  

PHYSICAL OCEANOGRAPHY   VOL. 27   ISS. 2   (2020) 194 



 

3. Tuzhilkin, V.S., 2007. Thermohaline Structure of the Sea. In: A.G. Kostianoy, A.N. Kosarev, 
eds., 2008. The Black Sea Environment. The Handbook of Environmental Chemistry. Berlin, 
Heidelberg: Springer-Verlag. Vol. 5Q, pp. 217-253. doi:10.1007/698_5_077  

4. Ivanov, V.A. and Belokopytov, V.N., 2013. Oceanography of the Black Sea. Sevastopol: 
ECOSY-Gidrofizika, 210 p. 

5. Artamonov, Yu.V., Skripaleva, E.A. and Fedirko, A.V., 2017. Regional Features of Long-
term Variability of the Black Sea Surface Temperature. Russian Meteorology and Hydrology,  
42(2), pp. 105-112. doi:10.3103/S1068373917020042 

6. Oguz, T., Dippner, J.W. and Kaymaz, Z., 2006. Climatic Regulation of the Black Sea Hydro-
Meteorological and Ecological Properties at Interannual-To-Decadal Time Scales. Journal of 
Marine Systems, 60(3–4), pp. 235-254. doi:10.1016/j.jmarsys.2005.11.011  

7. Kazmin, A.S. and Zatsepin, A.G., 2007. Long-Term Variability of Surface Temperature in 
the Black Sea, and Its Connection with the Large-Scale Atmospheric Forcing. Journal of 
Marine Systems, 68(1–2), pp. 293-301. doi:10.1016/j.jmarsys.2007.01.002 

8. Ginzburg, A.I., Kostianoy, A.G. and Sheremet, N.A., 2008. [Long-Term Variability of 
the Black Sea Surface Temperature and Its Response to Global Atmospheric Effects]. 
Sovremennye Problemy Distantsionnogo Zondirovaniya Zemli iz Kosmosa = Current 
Problems in Remote Sensing of the Earth from Space, 5(2), pp. 76-83 (in Russian). 

9. Shapiro, G.I., Aleynik, D.L. and Mee, L.D., 2010. Long-Term Trends in the Sea Surface 
Temperature of the Black Sea. Ocean Science, 6(2), pp. 491-501. doi:10.5194/os-6-491-2010 

10. Capet, A., Barth, A., Beckers, J.-M. and Marilaure, G., 2012. Interannual Variability of Black 
Sea’s Hydrodynamics and Connection to Atmospheric Patterns. Deep-Sea Research Part II: 
Topical Studies in Oceanography, 77–80, pp. 128-142. doi:10.1016/j.dsr2.2012.04.010 

11. Sakalli, A. and Başusta, N., 2018. Sea Surface Temperature Change in the Black Sea under 
Climate Change: A Simulation of the Sea Surface Temperature Up To 2100. International 
Journal of Climatology, 38(13), pp. 4687-4698. doi:10.1002/joc.5688 

12. Oguz, T., Aubrey, D.G., Latun, V.S., Demirov, E., Koveshnikov, L., Sur, H.I., Diaconu, V., 
Besiktepe, S., Duman, M., Limeburner, R. and Eremeev V., 1994. Mesoscale Circulation and 
Thermohaline Structure of the Black Sea Observed During HydroBlack ‘91. Deep-Sea Research 
Part I: Oceanographic Research Papers, 41(4), pp. 603-628. doi:10.1016/0967-0637(94)90045-0 

13. Sokolova, E., Stanev, E.V., Yakubenko, V., Ovchinnikov, I. and Kos’yan, R., 2001. Synoptic 
Variability in the Black Sea. Analysis of Hydrographic Survey and Altimeter Data. Journal of 
Marine Systems, 31(1–3), pp. 45-63. doi:10.1016/S0924-7963(01)00046-X 

14. Zatsepin, A.G., Ginzburg, A.I., Evdoshenko, M.A., Kostianoy, A.G., Kremenetskiy, V.V., 
Krivosheya, V.G., Motyzhov, S.V., Poyarkov, S.G., Poulain, P.-M., Sheremet, N.A., Skirta, 
A.Yu., Soloviev, D.M., Stanichny, S.V. and Yakubenko, V.G., 2002. Mesoscale Eddies and 
Horizontal Exchange in the Black Sea. In: A.G. Zatsepin and M.V. Flint, 2002. 
Multidisciplinary Investigations of the Northeast Part of the Black Sea. Moscow: Nauka, 
pp. 55-81 (in Russian). 

15. Zatsepin, A.G., Ginzburg, A.I., Kostianoy, A.G., Kremenetskiy, V.V., Krivosheya, V.G., 
Stanichny, S.V. and Poulain, P.-M., 2003. Observation of Black Sea Mesoscale Eddies and 
Associated Horizontal Mixing. Journal of Geophysical Research: Oceans, 108(C8), 3246. 
doi:10.1029/2002JC001390  

16. Kubryakov, A.A. and Stanichny, S.V., 2015. Mesoscale Eddies in the Black Sea from 
Satellite Altimetry Data. Oceanology, 55(1), pp. 56-67. doi:10.1134/S0001437015010105 

17. Artamonov, Yu.V., Alexeev, D.V., Kondratyev, S.I., Skripaleva, E.A., Shutov, S.А., 
Lobachyov, V.N., Shapovalov, R.O. and Fedirko, A.V., 2016. Hydrological Conditions in the 
Western Part of the Black Sea in November, 2015 (Based on the Data Obtained in the 81st 
Cruise of R/V Professor Vodyanitsky). Physical Oceanography, (4), pp. 57-70. 
doi:10.22449/1573-160X-2016-4-57-70  

18. Lishaev, P.N., Korotaev, G.K., Knysh, V.V., Mizyuk, A.I. and Dymova, O.A., 2014. 
Reproduction of Synoptic Variability of the Black Sea Hydrophysical Fields Based on 
Reanalysis for 1980–1993. Morskoy Gidrofizicheskiy Zhurnal, (5), pp. 49-68 (in Russian). 

PHYSICAL OCEANOGRAPHY   VOL. 27   ISS. 2   (2020) 195 



 

19. Artamonov, Yu.V., Kolmak, R.V., Skripaleva, E.A. and Fedirko, A.V., 2017. Variability of 
the Temperature Field and Temperature Fronts in the Northwest Black Sea Inferred from 
Satellite Data. Sovremennye Problemy Distantsionnogo Zondirovaniya Zemli iz Kosmosa = 
Current Problems in Remote Sensing of the Earth from Space, 14(3), pp. 237-245. 
doi:10.21046/2070-7401-2017-14-3-237-245 (in Russian). 

20. Nardelli, B.B., Colella, S., Santoleri, R., Guarracino, M. and Kholod, A., 2010. A re-analysis 
of Black Sea Surface Temperature. Journal of Marine Systems, 79(1–2), pp. 50-64. 
doi:10.1016/j.jmarsys.2009.07.001 

21. Nardelli, B.B., Tronconi, C., Pisano, A. and Santoleri, R., 2013. High and Ultra-High 
Resolution Processing of Satellite Sea Surface Temperature Data over Southern European 
Seas in the Framework of MyOcean Project. Remote Sensing of Environment, 129, pp. 1-16. 
doi:10.1016/j.rse.2012.10.012 

22. Monin, A.S., 1999. Hydrodynamics of the Atmosphere, Ocean, and Earth Interior. Saint-
Petersburg: Gidrometeoizdat, 524 p. (in Russian). 

23. Belokopytov, V.N., 2018. Retrospective Analysis of the Black Sea Thermohaline Fields on 
the Basis of Empirical Orthogonal Functions. Physical Oceanography, 25(5), pp. 380-389. 
doi:10.22449/1573-160X-2018-5-380-389 

24. Kubryakov, A.A. and Stanichny, S.V., 2015. Dynamics of Batumi Anticyclone from the 
Satellite Measurements. Physical Oceanography, (2), pp. 59-68. doi:10.22449/1573-160X-
2015-2-59-68 

25. Artamonov, Yu.V., Skripaleva, E.A., Latushkin, A.A. and Fedirko, A.V., 2019. Multi-Year 
Average Intra-Annual Cycle of Hydrooptical Characteristics, Chlorophyll a and Surface 
Temperature of the Black Sea from Satellite Data. Sovremennye Problemy Distancionnogo 
Zondirovaniya Zemli iz Kosmosa = Current Problems in Remote Sensing of the Earth from 
Space, 16(1), pp. 171-180. doi: 10.21046/2070-7401-2019-16-1-171-180 (in Russian). 

 
About the authors: 
Yuriy V. Artamonov, Leading Research Associate, Marine Hydrophysical Institute of RAS (2 

Каpitanskaya Str., Sevastopol, 299011, Russian Federation), Dr. Sci. (Geogr.), ResearcherID: AAC-
6651-2020, artam-ant@yandex.ru 

 

Elena A. Skripaleva, Senior Research Associate, Marine Hydrophysical Institute of RAS 
(2 Каpitanskaya Str., Sevastopol, 299011, Russian Federation), Ph. D. (Geogr.), 
ResearcherID: AAC-6648-2020, sea-ant@yandex.ru 

 

Aleksandr V. Fedirko, Junior Research Associate, Marine Hydrophysical Institute of RAS 
(2 Каpitanskaya Str., Sevastopol, 299011, Russian Federation), ResearcherID: AAC-6629-2020, 
vault102@gmail.com 

 
Contibution of the authors: 
Yuriy V. Artamonov – general scientific research guidance, setting of study aims and 

objectives, qualitative analysis of the results and interpretation thereof, discussion of the study results, 
drawing conclusions 

 
Elena A. Skripaleva – review of the literature on the research problem, qualitative analysis of 

the results and their interpretation, a description of the study results, discussion of the results of 
the work, formulation of conclusions, preparation of the article text 

 
Aleksandr V. Fedirko – development and debugging of computer programs for data processing 

and the necessary calculations, computer implementation of algorithms, construction of graphs and 
schemes, participation in the discussion of the materials of the article 

 
All the authors have read and approved the final manuscript.  
The authors declare that they have no conflict of interest. 

PHYSICAL OCEANOGRAPHY   VOL. 27   ISS. 2   (2020) 196 

mailto:AAC-6651-2020
mailto:AAC-6651-2020
mailto:artam-ant@yandex.ru
https://publons.com/researcher/AAC-6648-2020/
mailto:sea-ant@yandex.ru
mailto:AAC-6629-2020
mailto:vault102@gmail.com

