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Abstract. Using data from the MODIS-Aqua satellite scanner, seasonal changes in ocean surface
temperature (OST) in the Atlantic Ocean for the period 2003—-2019 were studied. Based on these data,
quasi-stationary zones were calculated based on the average monthly ocean surface temperature using
the moving window variance method. Zones were identified that are quasi-stationary in terms of the
seasonal dynamics of OST and that correspond to the present position of current boundaries. Significant
differences in ocean surface temperatures were revealed. Areas in the ocean were identified that differ
in absolute OST values, but have similar seasonal dynamics, as well as areas with different seasonal
OST dynamics. An interesting fact has been revealed when currents that geographically continue each
other do not always coincide in seasonal dynamics. For example, at the boundary of the North Atlantic
Current and the Gulf Stream, there is a vast zone with no stable seasonal dynamics. The possibility of
using this method for monitoring of mixing zones that arise at the boundaries of currents was shown.
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KBarmCTaunonapnme o AMHaAMHUKe HOBerHOCTHOﬁ
TeMIIEPATYPbl 30HbI B ATJIAHTHYECKOM OKeaHe
(mo pe3yJibTaTaM CIyTHUKOBOI0 MOHMTOPUHIA)
I. C. Boicoukas, T. . Ilucbman,
N.10. borBuy, A.II. IlleBbIpHOTOB

Huemumym 6uogpusuxu CO PAH
Poccuiickas @edepayus, Kpacnosapck

AnHotanus. [To nanueiM cnyTHHKOBOTO ckanepa MODIS-Aqua uccnenytorcs Ce30HHbIE H3MEHEHUS
Temrneparypbl noBepxHoctu okeana (TTI0) B AmnanTudeckom okeane 3a nepuoxa 2003—2019 rr. [To atum
JIAaHHBIM BBIYMCIIEHBI KBa3UCTAIIMOHAPHBIE 30HBI 0 CPEHEMECAUHON TeMIIepaType MOBEPXHOCTHU
OKeaHa C IIOMOIIBI0 METO/1a CKOJIb3AILEro OKHA JUCIepCUU. BblfeneHbl 30Hbl, KBa3UCTALIMOHAPHBIE
1o ce3oHHON quHaMuke TI1O, cooTBETCTBYIONIHNE TEKYILEMY MOIOKEHUIO TPaHULl TedeHHi. OOHapy KEeHbI
CYILIECTBEHHO 3HAUMMBIE TIepenaibl TEMIEPATyp NOBEPXHOCTH OKeaHa. BbIeIeHbl yUacTKU B OKeaHe,
paznuyHble 110 abcomoTHbIM 3HaueHusiM TT1O, HO ¢ 10100HOI Ce30HHOI AMHAMMKOMN, a TAKXKE YUaCTKH
¢ paznu4Hoit ce3oHHON nuHamukoi TI1O. BeisiBiieH nHTepecHbIH (aKT, Korjaa Te4eHus, reorpaduiecku
MPOJOJIKAOIIUE IPYT APYTa, HE BCEr/la COBNAJAIOT 110 CE30HHOM nuHamuke. Hampumep, Ha rpaHune
CeBepo-ATnantudeckoro teuenus u ['onbdcerprma HadogaeTes oONIMpHAs 30Ha C OTCYTCTBHEM
CTaOMIIBHOI Ce30HHON AMHaMUKH. [lokazaHa BO3MOXXHOCTH MCIIOJIB30BAHHU S JAHHOTO METOA JUIs
MOHMTOPUHIA 30H NepeMeIINBaHuUs, BOSHUKAIOIINX Ha FPpaHUIlaX TeUEHUH.

KuaroueBble ciioBa: ATIaHTHYECKHH OKeaH, TeMIlepaTypa nmoBepxHocTtu okeana (TIIO),
KBaszucTannoHapHsie 3086, MODIS-Aqua, ce30HHas THHAMUKA.

BaaromapHocTH. VcciaenoBanue BBIIIOJHEHO B paMKaX T'OCyIapCTBEHHOrO 3aaHuss MUHUCTEPCTBA
HayKH U BbIciiero oobpazoanus Poccuiickoit @eaepamnuu (mpoekt Ne 0287-2021-0018).

Iuruposanue: Boicoukas I'. C. KBazucranyoHapHble 110 JMHAMUKE TOBEPXHOCTHOM TEMIIEPATypbl 30HBI B ATJIAHTUYECKOM
okeaHe (10 pe3ynbTaram ciytHukoBoro Monutopunra) / I. C. Beicoukas, T. W. ITuceman, 1. 10. Boreuy, A.I1. IlleBsipHOroB
/| Kypn. Cub. dpenep. yn-ta. Texnuka u Texuonoruu, 2024, 17(2). C. 205-213. EDN: NGUPSM

Introduction

The ocean is a self-organizing system that occupies most of the Earth's surface. It has a major
influence on climate formation, which is due to the strong interaction between the atmosphere and the
ocean.

The patterns of temperature, salinity, and chlorophyll concentration being formed on the ocean
surface reflect the characteristics of the surface structure of the ocean. Ocean surface temperature (OST)
is one of the most important parameters of the marine environment, allowing us to assess the significant
influence of the ocean on the Earth's climate.

The problems of modern climate change and identifying the causes of climate change are among
the most discussed. The main recognized factors of climate change are: 1) an increase in atmospheric air
temperature due to an increase in the concentration of carbon dioxide, methane, and other greenhouse
gases, and 2) “wave-like” fluctuations in air temperature at the Earth’s surface with slow changes in OST.

The greatest attention has been drawn to the study of atmospheric air temperature. However, in

recent years, the role of the ocean in modern climate change has attracted attention [1, 2]. One of the
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factors accompanying these processes is the spatial variability of OST patterns since it is an indicator
of such dynamic processes in the ocean as currents, turbulence, upwelling, etc.

Changes in the structure of the ocean surface layer are significantly associated with vertical
movements of water, especially with the manifestation of such a process as upwelling. Due to the
redistribution of horizontal flows associated with currents, frontal zones and frontal interfaces between
water masses with significantly different properties are formed on the ocean surface [3].

The development of satellite methods for monitoring the state of the ocean opens up new opportunities
for continuous monitoring of changes in the ocean. Analysis of the ocean’s spatial structure makes it
possible to timely detect and predict hazardous phenomena and trends on regional and global scales [4,
5]. Satellite methods make it possible to regularly obtain data on surface temperature over the entire
ocean area.

It was previously shown that quasi-stationary zones (areas with a stable spatiotemporal structure
of the seasonal dynamics of chlorophyll concentration in the surface layer of the ocean) can serve as
a basis for characterizing fundamental biological and hydrological processes in the ocean [6]. Based
on satellite data from CZCS (1978-1986) and SeaWiFS (1997-2010), zones in the World Ocean were
discovered within which the seasonal dynamics of chlorophyll concentration changes quite smoothly.
Areas where sudden, often chaotic changes occur, were also found.

The Atlantic Ocean covers all climate zones of the Earth. Within its boundaries, the interaction of
ocean currents and air currents with significant differences in OST has determined significant climatic
features: the entire southern part of the ocean is strongly influenced by the Antarctic continent. Seasonal
fluctuations in temperature, salinity, oxygen saturation, and other indicators of ocean waters are much
less pronounced than atmospheric ones. This feature is determined by the constant movement of water
masses by ocean currents.

Changes in surface temperature affect almost all manifestations of ocean activity: the hydrosphere,
ocean biosphere, hydrochemistry, etc. Hence it is clear that studying the stability of the spatial position of
ocean currents is relevant. Their dynamics directly influences the climate and is an important indicator
of global trends in atmospheric temperatures, such as warming of atmospheric air.

The purpose of this work is to identify and analyze the seasonal dynamics of the surface temperature
of the Atlantic Ocean using MODIS/Aqua satellite data for the period 2003-2019.

Materials and methods

The object of study is the Atlantic Ocean, the second largest and deepest ocean after the Pacific
Ocean.

The work analyzes monthly data from the MODIS-Aqua satellite scanner on the temperature of
the surface layer of water with a resolution of 4320x2160 (9 km at the equator) for 2003—2019, obtained
from the Ocean Color Data website [7].

Based on these data, quasi-stationary zones were identified for the monthly average ocean surface
temperature using the moving window variance method with a window size of 21x21 pixels for each
month. Then the average temperatures for each year were calculated.

Quasi-stationary zones (QSZ) are areas with a stable spatiotemporal structure of seasonal
temperature dynamics in the surface layer of the ocean. The variance estimate characterizes the

variability of the variable, in this case, ocean surface temperature, over a set of observations within a
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selected square. Variance characterizes the degree of dispersion of individual values of a characteristic
in the aggregate from the average value.

For those zones where the values of the variables inside the selected square change slowly, the
values of the moving variance are insignificant, but increase sharply where the seasonal dynamics
of the variables begins to change. Depending on the number of pixels inside the window, areas with
different spatial characteristics are distinguished.

The moving variance method for isolating QSZ of chlorophyll concentration in the ocean was first
used in 1996 [6]. A modification of this method also makes it possible to identify zones that are stable
in terms of the seasonal dynamics of ocean surface temperature, within which the variance is small.
At the boundary of quasi-stationary zones, there are frontal zones and interfaces in which the variance

sharply increases.

Results and discussion

Ocean surface temperature characterizes the thermal state of the ocean's surface layer. It is
determined mainly by the absorption of solar radiation, evaporation, and currents.

In Fig. 1, numbers from 1 to 8 mark characteristic quasi-stationary zones associated with various
hydrological and hydrobiological features of the Atlantic Ocean. Blue color indicates zones with the
same seasonal dynamics of ocean surface temperature (quasi-stationary) and with low variance.

Transition areas between quasi-stationary zones are marked brown. They are characterized by high

90°W  60°W  30°W 0° 30°E

Fig. 1. The Atlantic Ocean: zones that were quasi-stationary in terms of ocean surface temperature in 2019: 1.
The Labrador Current, 2. The Gulf Stream, 3. The Argentine Basin, 4. The Falkland Islands zone, 5. The south-
ern part of the subtropical gyre, 6. The equatorial gyre, 7. The Benguela Current, 8. The Gibraltar region. The
QSZ in which the variance is low are highlighted in blue. The transition zones in which variance is increased are
highlighted in brown
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variance. The variance increases sharply when crossing the interface of waters with different seasonal
OST dynamics.

Using the example of the Atlantic Ocean, we can show quasi-stationary zones 1, 2, 3, and 4, the
formation of which is associated with large ocean currents and ocean floor profiles. These are the
Labrador Current, the Gulf Stream, the Argentine Basin, and the Falkland Islands zone. Mostly, their
location remains unchanged (Fig. 2), although some movement of boundaries occurs. The use of this
method made it possible to identify new zones in 2019: zone 5 (the southern part of the subtropical
gyre) and zone 8 (the Gibraltar region).

As a result of the analysis, the seasonal dynamics of OST was revealed for quasi-stationary zones
identified in the northern part of the Atlantic Ocean and its southern part. In the northern part of the
ocean, the shape of the curves of seasonal temperature dynamics for quasi-stationary zone 5 (the
southern part of the subtropical gyre) and zone 8 (the Gibraltar region) is similar, but the levels differ by
8 °C, which is quite significant (Fig. 3). This is due to the fact that water masses come to the Gibraltar
area from the north, where the cold Canary Current begins.

Fig. 2. Scheme of the main currents of the Atlantic Ocean
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Fig. 3. Seasonal dynamics of ocean surface temperature for zone 5, the southern part of the subtropical gyre, and
zone 8, the Gibraltar region
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Fig. 4. Seasonal dynamics of ocean surface temperature for zone 2, the Gulf Stream, and zone 1, the Labrador
Current

For quasi-stationary zone 1 (the Labrador Current) and zone 2 (the Gulf Stream), the seasonal
dynamics of OST is different, in August the temperature is relatively similar, and in the winter months
it differs by 18 °C. (Fig. 4). This is due to different temperatures and directions of currents.

The Labrador Current is a cold sea current in the Atlantic Ocean that flows southward from the
Baffin Sea to the Grand Banks of Newfoundland. Accordingly, the temperature of the quasi-stationary
zone associated with the Labrador Current approaches 0 °C in the winter months, rising to 19 °C in
August.
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The Gulf Stream is a warm sea current in the Atlantic Ocean. The temperature of the quasi-
stationary zone associated with the Gulf Stream reaches 27 °C in August, and drops to temperatures
close to 20 °C in the winter months.

Fig. 5 shows the seasonal dynamics of OST for quasi-stationary zones identified in the southern
part of the Atlantic Ocean. An example has been revealed of how, in very close areas of the ocean
for zones 3 (the Argentine Basin) and 4 (the Falkland Islands zones), the seasonal dynamics of OST
differs in absolute values (the difference is 4 °C), but is similar in the dynamics of seasonal changes.
At the same time, the temperature decreases in the summer and autumn months and increases in
winter.

The Argentine Basin is an underwater basin in the southwestern part of the Atlantic Ocean. The
depth of the basin reaches 6,681 m. There are seasonal changes in temperature and salinity of the
surface layer, extending to a depth of approximately 200 m. Seasonal OST dynamics for the Argentine
Basin is typical for the Southern Hemisphere: lowest in August and highest in February.

The Falkland Islands are an archipelago in the southwest Atlantic Ocean. It is influenced by
powerful cold currents. One of them, the Falkland (Malvinas) current, runs from the Falkland Islands
to the Rio de La Plata Bay.

Zone 6 (the equatorial gyre) and zone 7 (the Benguela Current) were also identified, in which
the absolute values of the OST seasonal dynamics were quite close, but from September to December
changes in the shape of the curve of seasonal temperature dynamics were observed (Fig. 6).

The equatorial gyre is determined by several factors, including temperature, humidity, and ocean
currents. Warm surface water from the equator is carried by ocean currents to the poles, and cold water
from the poles returns to the equator. This process regulates the Earth's climate and is an important
part of the ocean water cycle.

The Benguela Current is a cold Antarctic current located near the South Equatorial and Brazil

Currents. The Benguela Current is a special type of ocean current in which warm waters from the
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Fig. 5. Seasonal dynamics of ocean surface temperature for zone 3, Argentine Basin, and zone 4, Falkland Islands
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Fig. 6. Seasonal dynamics of ocean surface temperature for zone 6, the equatorial gyre, and zone 7, Benguela
Current

western part of the ocean move towards the eastern part. Thus, it influences the distribution of heat in
the ocean and atmosphere. This current has a significant impact on the climate, influencing weather
conditions and, in turn, ecological systems [8].

Ocean surface temperature is determined by the dynamics of the structure of ocean waters and,
in part, by latitude. It is possible to clearly observe the highest temperature values (+28-29 °C) at
the equator and their decrease near the poles. The proximity of the cold Antarctica affects the rate of
temperature decrease. To the south the decrease occurs much faster than to the north.

The dynamics of QSZ may also be associated with a disturbance in the location of the current.
Currents have a huge impact on the redistribution of heat in the ocean [9]. In the northern hemisphere,
the warm waters of the western part of the ocean go to the poles, and in the east, they return cooled
to the equator. On the other hand, changes in the temperature of ocean currents may be the result
of global warming, since their dynamics is significantly influenced by the salinity of ocean waters,
which is decreasing due to the melting of ice in the Arctic and Antarctica. There may also be an effect
of the decreasing temperature difference between the poles and the equator due to an increase in the

greenhouse effect.

Conclusion

This article presents the results of calculations of seasonal changes in surface temperature of the
Atlantic Ocean for the period 2003-2019 according to MODIS/Aqua satellite data. Based on the results
obtained, the following conclusions were drawn.

— Identifying zones that are quasi-stationary in terms of the seasonal dynamics of OST makes it
possible to identify areas that correspond to the present location of current boundaries.

— Significant differences in ocean surface temperatures were revealed. Areas were identified
that differ in absolute temperature values, but have similar seasonal dynamics, as well as areas with

different seasonal dynamics.
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— An interesting fact has been revealed when currents that geographically continue each other do
not always coincide in seasonal dynamics. For example, at the boundary of the North Atlantic Current
and the Gulf Stream, there is a vast zone with no stable seasonal dynamics.

— The possibility of using this method for extensive mixing zones that arise at the boundaries of
currents was shown.

— Express determination of quasi-stationary zones can be used in practice for ocean fisheries,
as it marks frontal interfaces, zones that are potentially attractive due to increased productivity at

upwellings.
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