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Abstract. 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 2002-2021,
obtained from the Ocean Color Data website (https:/oceandata.sci.gsfc.nasa.gov/MODIS-Aqua/Mapped/
Monthly/9km/). It was shown that the degree of influence of changes in ocean surface temperature on
the atmosphere depends not only on the absolute values of temperature changes, but also on the surface
area on which these changes occur. It was revealed that starting from the end of 2009 — beginning of
2010, the climate system of the tropical zone was destabilized, and reliably positive temperature trends
began to prevail over most of the ocean surface in the tropics. At the same time, in the circulation belts
of temperate latitudes, processes occur that are not synchronous either with the processes in the tropics
or with each other. It was noted that zones with predominant warming or cooling are sometimes located
nearby on the scale of the World Ocean, practically not separated by buffer zones. This could destabilize
the ocean-atmosphere system. It was revealed that the predominance of warming processes in the Gulf
Stream does not lead to a corresponding predominance of warming processes in the North Atlantic
Current. The opposite is observed.
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AHOMAaJIbHBIE SIBJICHUS B TPONMYECKOH YACTH
MupoBoro oxkeana
1o JaHHbIM cnyTHUKAa MODIS-Aqua
I. C. Boicoukas, T. . Ilucbman,
N.10. boruy, A.II. IlleBbIpHOTOB

Huemumym 6uogpusuxu CO PAH
Poccuiickas @edepayus, Kpacuosapck

AnHoTanms. B pabore aHanu3upyroTcs exeMecsyHble JaHHbIe CIIy THUKOBOro ckanepa MODIS-Aqua
0 TeMIIepaType NOBEPXHOCTHOTO CJIOS BOIIBI ¢ pa3pernerueM 4320%2160 (9 kM mo 3xkBaTopy) 3a 2002—2021
ronbl, noiyueHHbIe ¢ caiita Ocean Color Data (https: /oceandata.sci.gsfc.nasa.gov/MODIS-Aqua/
Mapped/Monthly/9km/). I[TokazaHo, 4TO cTeNeHb BIMSIHUS U3MEHEHU ST TEMIIEPATy Pl TIOBEPXHOCTH
OKeaHa Ha aTMocdepy 3aBUCUT HE TOJIBKO OT a0COJIIOTHBIX BEJINYWH U3MEHEHUH TeMIlepaTyphbl,
HO M OT ILJIONIA/IM IOBEPXHOCTH, Ha KOTOPOH MPOUCXO/AST 3TH U3MEHEHU . BBISBIICHO, UTO ¢ KOHIIA
2009 — nayana 2010 r. KIUMaTHYECKasi CUCTEMa TPOITMUECKOM 30HBI JIeCTa0MIIN3UPOBAJIACh, U HAJ
OoJIbIIeH YaCThIO MOBEPXHOCTH OKEaHa B TPOIMKAX CTaJIU NPeodiaiaTh JOCTOBEPHO MOJIOKHUTEIbHbIC
TPEHJIbl TeMIepaTypbl. B TO e BpeMst B LIUPKYJISILIUOHHBIX 10sICAaX YMEPEHHBIX IIUPOT MPOUCXOAST
IIPOLIECCHI, HE CHHXPOHHBIE HU C ITPOLIECCAMHU B TPOIMKAX, HU APYT € IpyroM. Belio oTMedeHo, 4To 30HbI
C IPEUMYILIECTBEHHBIM ITOTEINICHUEM MJIH TIOXOJIOAaHUEM WHOT/Ia PacloyiaraloTcst psiioM B MaciiTadbax
MupoBOro okeaHa v MPaKTUYECKH He pa3ziesieHbl Oy(hepHBIMH 30HAMHU. DTO MOXKET 1eCTaOUIN3NPOBATh
cucreMy okeaH-aTMocdepa. BrisiieHo, uTo nmpeobiananue rnpoueccos noremieHus B [onbderpume
HE TIPUBOJIUT K COOTBETCTBYIOLIEMY NPeo0IIalaHiIo IpoLieccoB noTeruieHus B CeBepo-ATIaHTHYECKOM
teueHnn. Habmonaercst odparHoe.

Kuarouessle cjioBa: MupoBoii okeaH, cnyTHUKOBBIE naHHBIe, MODIS-Aqua, Tponuku, TeMieparypa
MMOBEPXHOCTHU OKeaHa, TpeHasI OST.
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Introduction

The World Ocean is the totality of the four oceans of our planet: the Pacific, Atlantic, Indian, and
Arctic. The ocean occupies 71 % of the surface of our planet (about 360 million km?2).

Climatic variations in tropical latitudes associated with ocean surface temperature (OST) anomalies
significantly influence the climate regime of extratropical latitudes and the earth's climate system as a
whole [1]. Therefore, a lot of studies have been devoted to climate processes in tropical latitudes that
influence the global climate. Of particular importance are studies of the role of various factors in the
dynamics of OST in tropical oceans and the relationships between them [2, 3].

It is known that in the tropical part of the Pacific Ocean, the key mode of interannual OST variability
is the quasi-cyclic El Nifio—Southern Oscillation (ENSO) process, which manifests itself, in particular,

in an increase in OST in the eastern and central regions with a periodicity in the range of 2—8 years
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[1]. It is associated with the strongest interannual variations in global surface temperature. The risk of
anomalies in temperature, hydrological, and circulation regimes in the atmosphere not only in tropical
latitudes depends on ENSO [1].

Less known is a similar phenomenon that is periodically observed in the tropical zone of the
Atlantic Ocean [4, 5]. The analog of ENSO in the tropical latitudes of the Atlantic Ocean is the equatorial
Atlantic mode (EAM), which manifests itself in OST variations in the eastern part of the equatorial
Atlantic. Moreover, the contrasts between the eastern and western regions in the equatorial Atlantic are
smaller than in the Pacific Ocean, and the characteristic time scales of 2—4 years are also shorter than
for ENSO. The difference in the characteristics of EAM and ENSO is significantly associated with the
smaller extent of the Atlantic Basin at equatorial latitudes [6].

A lot of studies have been devoted to climate processes in tropical latitudes that influence the global
climate. Of particular importance are studies of the role of various factors in the dynamics of OST in
tropical oceans and the relationships between them [1].

The purpose of this study is to assess trends in OST changes in the tropical part of the World Ocean
using MODIS-Aqua satellite data for 2002—2021.

Data and methods

The work analyzes monthly data from the MODIS-Aqua satellite scanner on the temperature of
the ocean surface layer with a resolution of 4320%2160 (9 km at the equator) for 2002-2021, obtained
from the Ocean Color Data website [7].

The surface of the tropics from 30°N to 30°S makes up half of the Earth's surface, and
most of the tropical zone is made up of oceans. In the tropical part of the oceans, such powerful
currents as the Gulf Stream and Kuroshio originate, carrying heat from the tropics to the middle
latitudes. The Gulf Stream plays a key role in the transfer of mass and heat from low latitudes
to the north and has a significant impact on the climatic conditions of the Atlantic-European and
Arctic regions [8].

For the tropical part of the ocean from 30°N to 30°S, deviations of water surface temperature
from monthly averages for 2002-2021 were calculated for each pixel. Weighted average temperature
deviations were then calculated for each month for the tropical zone, taking into account changes in
pixel area depending on latitude (Fig. 1).

Results and discussion

As can be seen from the graph presented in Fig. 1, temperature variations are within 1 °C. However,
the extent to which changes in ocean surface temperature influence the atmosphere depends not only
on the absolute values of temperature changes, but also on the surface area over which these changes
occur. Moreover, after 2012, there was a stable increase in the average deviations of ocean surface
temperatures from monthly averages in the tropics compared to the previous period. The variability of
the indicator also increased. In this regard, it is interesting to study the stability of processes occurring
in different areas of the ocean.

For this purpose, an interval of 5 years (60 months), starting from July 2002, was chosen. OST
trends were calculated for each pixel. Seasonal dynamics was subtracted from the time series. Further,

similar trends were calculated for a period of the same length with a shift of 1 month up to the period
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Fig. 1. Dynamics of average values of OST deviations from monthly averages from 30°N to 30°S

from August 2016 to July 2021. When calculating each trend, the statistical significance of the positive
or negative dynamics of the OST trend was assessed.

Next, for each pixel, the number of reliably positive and reliably negative OST trends and
the difference between these numbers were calculated (Fig. 2). During the study period, a clear
differentiation could be seen. It was most pronounced in the part of the Atlantic Ocean located between

the equator and 30°S, where warming processes prevailed.
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Fig. 2. Spatial distribution of differences between the number of positive and negative OST trends
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As can be seen from Fig. 2, in the tropical zone there was a predominance of warming processes
in the space from the Atlantic Ocean, in tropical Africa, in the Indian Ocean, and in the western Pacific
Ocean. At the same time, in the eastern part of the Pacific Ocean, including in the El Nifio and La Nina
zones, a predominance of cooling periods was observed.

Next, for each period, taking into account the dependence of the pixel area on latitude, the areas
occupied by pixels with each type of trend were calculated.

Fig. 3 shows that starting from the end of 2009 — beginning of 2010, the climate system of the
tropical zone was destabilized, and reliably positive temperature trends began to prevail over most of
the ocean surface in the tropics. The process was the most pronounced in the period from 2011 to 2016.
It must be noted that the warming process is not limited to the El Nifio zone. Similar warming processes
are also observed in the Atlantic and Indian Oceans, as well as in the northern part of the Pacific
Ocean. Unlike the usual El Nifio, apart from the Pacific Ocean, the process occurred simultaneously in
both the Atlantic and Indian Oceans.

Further, starting from mid-2013, areas where the temperature did not change significantly in
terms of statistics began to predominate, and, starting from the beginning of 2014, in the tropical part
of the ocean, areas, where temperature decrease processes occur, began to exceed in the area the areas
with positive trends (Fig. 3).

In the circulation belts of temperate latitudes, processes occur that are not synchronous either
with the processes in the tropics (Fig. 4) or with each other. In the northern hemisphere, the OST
dynamics is weakly related to the tropical one, and in the dynamics of the ocean surface temperature

of the southern temperate latitudes (30°S — 60°S) a response is observed with a time lag of about a year.
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Fig. 3. Temporal dynamics of the shares of areas with different directions of OST trends within the total ocean
surface area in the tropical zone
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Fig. 4. Temporal dynamics of the shares of areas with positive OST trends within the total ocean surface area in
different circulation belts

Thus, when considering the area data, it is clearly seen that there is a pronounced spatial
heterogeneity in OST trends (Figs. 3 and 4). This circumstance is important for the study of climate
regulation mechanisms, since, as can be seen from Fig. 1, the process of OST changes is not linear.
Linking the processes of warming and cooling to specific centers of atmospheric action and other
meteorological and hydrological objects can help in identifying the direct-feedback mechanisms of the

climate system.

Conclusion

The ocean occupies most of the Earth's surface, and the heat capacity of ocean water is much
greater than that of air. Besides, the depth of the mixed layer can reach hundreds of meters. Therefore,
studying the dynamics of ocean OST appears to be extremely important for climate research.

Based on the results obtained, the following conclusions were drawn.

— With the stabilization of the increase in average OST, there is no clear picture of the warming
or cooling of the World Ocean.

— Zones with predominant warming or cooling are sometimes located nearby on the scale of
the World Ocean, practically not separated by buffer zones, which cannot but destabilize the ocean-
atmosphere system.

— The predominance of warming processes in the Gulf Stream does not lead to a corresponding
predominance of warming processes in the North Atlantic Current. The opposite is observed.

— During the study period, the main driver of warming was the tropical part of the Atlantic Ocean

and the western part of the tropical Indian Ocean.
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