B pesysnbTare BbIno/THeHUs1 padot nmo npoekty PH® N 24-44-20006 «IIpocTpaHCTBeHHOE
IJIAHUPOBaHMe M CIIyTHUKOBBIH MOHUTOPHHT MOPCKHX 0XpPaHsAeMbIX MPUPOAHBIX
akBaropuii Kacnuiickoro mopsi» (2024-2026) B 2025 rojy 06114 M0/Ty4eHbI C/IeAYIOLIHE
pe3y/ibTaThl:

(1) BoinosiHeH aHa/KM3 MEXKI0I0BOM M3MeHUMBOCTU THPOMETE0POJIOTUUECKUX U
O6uoonTHUecKUX TapameTpoB Kacmuiickoro Mopsi, ornpe/iesieHbl UX TMHEHHbIe TPEH/IbI B TIePUO/]
2000-2024 rr. Beun nccnenoBaHbl CaeAyOLIKe TapaMeTphl: TeMIepaTypbl BO3yXa U
noBepxHocty Mopsi (TTIM), atMocdepHbie 0caiki, CKOPOCTb BeTpa, CTOK Bosiru, ypoBeHb
Kacnus u 3anuBa Kapa-boras-I'on (KBI'), KoHIjeHTpaiiu xnopoduia-a, oKas3aTe/ib pacCessHus
Hasa/| B3BeLLIeHHbIMM YaCTUL[aMU Ha JJIMHE BOJHBI 555 HM, KOHLIeHTpaLus B3Becu TSM,
TI0Ka3aTeslb MOTJIOIeHUsI OKpallleHHOT'0 pacTBOPeHHOro opraHudeckoro BeirjectBa (OPOB) Ha
JUTHe BO/THBI 443 HM. VccieioBaHMe BBITIOJTHEHO Ha OCHOBe JJaHHBIX aTMOC(hePHOro peaHam3a
MERRA-2, cnytHuKOBOro ckaHepa 1jseta MODIS-Aqua, abTUMeTprUYeCKUX CIIyTHUKOBBIX
nanHeix (HYDROWEB, LEGOS), a Takke ganabiM KACITKOM 151 BbISIB/IEHUSI BO3MOKHBIX
TIPUUMH U3MeHeHUs XapaKTepa TOHWKeHUs1 YDOBHel MOpsI 1 3a/11MBa B MIepBYIO UeTBepTh 21-T0
Beka. I3MeHeHus1 TeMIiepaTyphl BO3JjyXa, CKOPOCTU BeTpa B KacrnuiickoM pervoHe u
TemriepaTypbl BoZibl B Kacrvu, onpezie/isiroIyux BeJTMUMHY UCTIapeHust, He 00Hapy>KUBaeT
cyiiectBeHHOTO u3MeHeHus B 2020—2024 rr., Korzia HabMr01amock pe3koe yBelndeHrne CKOPOCTH
naseHus: ypoBHs Kacrivs u 3anvBa KBI'. VI3MeHeHve TeMIIOB TajjeHrsi YpOBHSI MODSI B
NOC/IeJHHE TO/bl CBSI3aHO C PE3KUM YMeHbIlleHrueM cToka Bosru B 2021-2024 rT. n
yBe/TM4eHUueM UCTiapeHuUs..

(2) UccnenoBaHa MexXro/ioBasi U3MeHUMBOCTh Cpe/JHEMeCSTUHbIX 3HaueHH i OMO0ONTUYeCKUX
xapakTepucTvK v TTIM g5t 16 BBISIBJIEHHBIX 3KOJIOTUYECKH U OMO/IOTHUeCKH 3HAUMMBIX
mopckux 30H (EBSAs) Kacrimiickoro Mopsi 1o JJaHHbIM CITyTHUKOBOT'O cKaHepa 1iBeta MODIS-
Aqua. PaccunTansl IMHeVHbIe TPeH bl BDeMeHHOW M3MeHUMBOCTH 3HaUeHUM KOHLIeHTPaLuu
XJI0pousIa-a, B3BELIeHHOT 0 BelljecTBa U TeMIlepaTypbl IOBepXHOCTH Mops 3a 2002—2025 rr.
PoCT KOHIIEHTpaIMY B3BEILIeHHOTO BelleCTBa Hab/I0AaeTCsl B 30HaX, MPUYPOUYEHHBIX K
MeJIKOBOJHBIM YaCTsM MOPS, UTO CBSA3aHO CO CHIDKEHHEeM ero ypOBHs.

(3) B 2025 roay npoBefieHbl KOMIJIEKCHbIE 3KOCUCTEMHbIE MCC/IeJ0BAHUS aKBATOPUU J1€/IbThI
Bonru u npunesarero K Heii menbda Kacrnuiickoro Mopsi B ZiBa K/IHOUeBbIX THIPOJIOTHYECKUX
reprozia: B Mae, B a3y BeCEHHero T0JI0BO/IbsI, U B CEHTSIOpe, B TIepHOJ, JIeTHe-0CeHHeH MeKeHH.
W3mepsinuch TeMriepatypa, 3J1eKTPONPOBOJHOCTD (COMEHOCTD), MyTHOCTb M PAaCTBOPEHHBIN
Kucnopoz. B mpobax onpeensiyiuchk KOHI[eHTpayy Xjaopoduia a U GpeodeTrHa Kak
VH/MKaTOPOB (PUTOIIAHKTOHHOW aKTUBHOCTH, COZlep>KaHhe paCTBOPEHHOTO 1 B3BELLIeHHOT0
OpraHA4ecKOoro yryiepo/ia, 3HaueHust BOJJOPOAHOTO TIOKa3aTesis ¥ 0011l IIe/IOUHOCTH.
OTtobpanbl MPoOKI AJIs OTIpeiesieHHst BUJJOBOTO cOCTaBa (PMTOTIAaHKTOHA. BhIMOTHEHbI aHaMU3bl
OCHOBHBIX OMOTeHHBIX 371eMeHTOB (MUHepaibHbIX GopM a30Ta, hochopa, KpeMHUS B
pacTBopeHHOI Gopme). XUMUKO-O1OI0Ornyeckue ToKa3aTe/lM akBaTOPUU B BeCEHHU TIepro/|
TroKa3anu 6osiee BEICOKYIO MPOAYKLMOHHYIO aKTUBHOCTb SKOCHCTEMBI [IeJTbThI M aBaHAE/bTHI B
BeCeHHUM ce30H. DTO BbIpPaKEHO B BbICOKMX 3HaueHUssX AOU (kaxyliuerocsi motpebieHus
kucnopoza) u DOC (pacTBOpeHHbIN OpraHuuecKuit yriiepos). [Ipu 3ToM B ceHTSIOpe BBICOKHE
3HaueHus xjopoduina a, DOC oTMeueHbI Ha 1iebge MOpsi, IPH TOM, UTO COZlep>KaHUe 3/1eCh
(opM OHOTeHHBIX /IEMEHTOB HIKe, UeM B Jie/ibTe U aBaH/je/ibTe. BbIcOKasi MPOAYKTUBHOCTE BOJ
JenbThl Bosiru Hab/roiaeTcsi B BeceHHUM ce30H (TIepuoz, TT0JI0BO/IbsT) U OoJiee HU3Kast - Ha
menbde CeBepHoro Kacrvst. B oceHHMIA ce30H (0CeHHSISI MeXXeHb) 6oJiee POAYKTUBHOM
siBJIsieTcst 00/1acTh 1enboa.

(4) KapTrpoBaHue cpelHEr0[J0BOr0 pacrpeziesieHus: TeMriepaTyphbl BO3/jyXa, TeMIlepaTypbl
TIOBEPXHOCTH MOPsI, KOHLIEHTPAIL[|H Jib/la, aTMOC(HEPHBIX 0CaZIKOB, 00/1aUHOCTH, CKOPOCTH BETpa,
KOHILIeHTpa1uu xsopoduiia, @AP) 3a 2010-2023 rT. BLITIOJIHEHO 10 CpeZiHEMEeCSTUYHbIM /JaHHbIM,



TMoJIyuYeHHBIM 13 atMocdepHoro peaHanu3a MERRA-2, ¢ nomoiisio NASA online data system
Giovanni. BeirosiHeHO KapTHpOBaHUe OMOONTHUECKUX XapaKTepucTUK Kacruiickoro Mopsi o
JJ@aHHBIM CIIyTHUKOBOTrO cKaHepa 1jseta MODIS-Aqua. ITocTpoeHs! KapThl CpeiHeMeCIYHbIX
pacrpeiesieHUI KOHLIEHTpaLK xyiopoguna-a (Xi1), moKasaressi paccesiHUs Ha3az,
B3BeIlleHHbIMU YaCTULIAMU Ha JJiiHe BoJiHbI 555 HM bbp(555), KoHLleHTpaluu B3Becu TSM,
ToKa3saress MOrJIOLLeHUs] OKpallleHHOr0 PaCTBOPEHHOr 0 opraHnueckoro Bellectsa (OPOB) Ha
JJ/1iHe BO/THBI 443 HM ag(443) 3a 1998-2025 rr. IIpoaHanv3upoBaHbl IOCTPOEHHBIE
cpepHekMMaTrueckue (2003-2023 rr.) pacripeiesieHust STUX MapaMeTPOB U BBISIBJIEHBI X
pervoHabHbIe 0COOEHHOCTH.

(5) IIpoaHa/M3MpoOBaHbl JIUTEPATYPHbIE JaHHbIE TPUMePHO 1o 90 BUJaM MOPCKHUX PbIO,
BCTpeyYarLuxcsi B akBaTopur Kacrnmiickoro Mopst. OToO6paHbl BU/IbI, BCTPeYaroLecs B
POCCUICKUX BOJ]aX, U dH/IeMUUHbIe BU/Ibl, B OCHOBHOM Tipe/icTaBUTe/u ceMeiicTB Gobiidae u
Clupeidae (Bcero 36 BU/I0B), a TaK>Xe BUbI, HAXO/SAIHECS TI0/, yIpo30ii ncue3HoBeHus (5
BUzIoB). Becero 6610 0TOOpaHo 40 BUOB PhIO U OT/e/IbHBIE BU/IbI KPYTIOPOTHIX. Pe3y/ibTaThl
aHaJIM3a MMO3BOJIW/IM Pa3/eIuTh paccMaTpUBaeMble BUBI Ha [iBe KaTeTOpUU: BH/IbI, TpeOytolye
JIOTIOJTHUTE/TbHBIX Mep oxpaHbl (13 BUJOB), U BUIbI, He TpeOyroIiye Takux Mep (28 BUIOB).
YcraHoB/eHO, UTO Harbo/iee HY>KJAIOIUMUCS B ZIOTIOJTHUTETbHOM OXpaHe BUAAMH, KaK
TIPABUJIO, SIBJISIFOTCSI BU/IbI, IMeEIOLI[1e BbICOKYHO TIPOMBIC/IOBYIO LIEHHOCTD (OCEeTPOBbIE,
HEKOTOpbIe BUABI Ceb/I1, KacruiicKas benopbibulia u ap.).

(6) Ha ocHOBe KOHTYPOB He()TSHBIX ISATEH, BbISIB/IEHHBIX TI0 CITYTHUKOBBIM M300pakKeHHsIM,
rosiyueHHbIM 11pu oMot C-SAR MC3 Sentinel-1A, -1B , MSI UC3 Sentinel-2A, -2B 1 OLI u
OLI-2 NC3 Landsat-8, -9, cobpannbIM 3a niepro; 2022—2024 1T., COCTaB/IeHbI TOAPOOHbIE
KapThl He(TSHOTO 3arpsi3HeHHsI MOPCKOM TIOBEPXHOCTH [I/Is C/IeAYIOIHUX PaiiOHOB: PalioH
HedTe00b1un «Hed1ssHbie KaMHM»; palioH eCcTeCTBEHHBIX BBIXO/IOB YTIEBOAOPOAOB C MOPCKOTO
[THa Ha MpaHCKOM I1iesib(e B paiioHe Mbica Cedu Py; paiioH Ha TYPKMeHCKOM Iiiesibde B
paiioHe nonyocTpoBa YenekeH. PaccuntaHa niomia/ib ¥ MIOTHOCTb MPOCTPAHCTBEHHOTO
pacripeziesieHus1 HepTIHOTO 3arpsi3HeHUsT MOPCKOM roBepxHOCTU. O1jeHeHa BepOSITHOCTh
He(TSHOTO 3arpsi3HeHHs1 Pa3/IMUHBIX Y4aCTKOB MOPCKOW MOBEPXHOCTH. BhISIBIeHbI U
KapTorpadupoBaHbl MHOTOUHC/IEHHbIE TTOBEPXHOCTHbIE He(TSIHbIE CJIUKU, BEI3BAHHBIE I'PSI3€BLIM
ByJsiKaHu3MOM. Ocoboe BHUMaHUe y/ie/ieHO BbISIBJIEHHUIO aHTPOTIOT@HHOTO 3arpsisHeHMs],
CBSI3aHHOTO CO cOpocoM HedTecopepskauux Bog ¢ cyaoB (300 ciyuaeB). CocTaByieHa CBOAHAs
KapTa BCeX TMepeurc/ieHHbIX Bhlllie BUZ0B HeTAHOTO 3arpsi3HeHus Kacruiickoro Mopsi, Asst
COCTaBJ/IeHUs1 KOTOpOU ucnoJsib3oBaHbl 4306 PJIV u 1689 onTrueCkux CHUMKOB BBICOKOTO
paspelleHus], MoJyYeHHbIX 3a epuog ¢ 2022 no 2024 rog.

(7). B pamkax BbirosiHeHus1 [IpoekTa ObUTH MTOTOTOBIEHBI U Oy O/IMKOBAHBI 7 CTaTell B
BBICOKOPEMTHUHIOBBIX JKypHaslax, BCe LIMTUPYIOTCs B 6a3ax JaHHBIX WOS 1 Scopus; 2 paboTbl B
TpyZAax KoH¢epeHLuii, qutrpyeMbix B PUHL. Ha 4 Me)xiyHapOZHBIX 1 pOCCUICKUX
KOH(epeHLUsIX C/leslaHo 4 YCTHBIX U CTEHOBBIX AoK/aza. OnybsukoBaHo 6osee 80 HOBOCTel B
CMMU 006 3kcnieuIusx B iefbTy Bosry, mpuueM B TaKUX BbICOKOpeHTHHroBbix CMU Kak
TACC, PUA Hosoctu, Poccutickas razeta, Hayunasi Poccusi, 3Bectusi, Bejomoctu, PBK u

Jpyrue.

Ccplnka Ha MH(pOpPMaLMOHHbIe pecypchl B ceTy MHTepHeT: http://caspian.geosmis.ru/c_static/?
proj-24-44-20006



Ha aHr/IMicKoM si3bIKe

As a result of the work carried out under the RSF Project RSF Grant N 24-44-20006
«Spatial Planning and Satellite Monitoring of Marine Protected Areas in the Caspian Sea»
(2024-2026), the following results were obtained in 2025:

(1) The analysis of interannual variability of hydrometeorological and bio-optical parameters of
the Caspian Sea was performed, their linear trends were determined for the period 2000-2024.
The following parameters were studied: air and sea surface temperatures (SST), precipitation,
wind speed, Volga runoff, level of the Caspian Sea and Kara-Bogaz-Gol Bay (KBG),
chlorophyll-a concentration, the particulate backscattering coefficient at a wavelength of 555 nm,
the suspended matter concentration (TSM), and the absorption index of colored dissolved
organic matter (CDOM) at a wavelength of 443 nm. The study was based on the MERRA-2
atmospheric reanalysis data, the MODIS-Aqua satellite color scanner, altimetry satellite data
(HYDROWEB, LEGOS), and CASPCOM data to identify possible causes of changes in the
nature of the decrease in the Caspian Sea and KBG levels in the first quarter of the 21st century.
Changes in air temperature, wind speed in the Caspian region, and water temperature in the
Caspian Sea, which determine evaporation, show no significant change in 2020-2024, when a
sharp increase in the rate of sea level decline in the Caspian Sea and KBG Bay was observed.
The change in the rate of sea level decline in recent years is associated with a sharp decrease in
the Volga River runoff in 2021-2024 and an increase in evaporation.

(2) The interannual variability of monthly average bio-optical characteristics and SST for 16
identified ecologically and biologically significant marine areas (EBSAs) of the Caspian Sea was
studied using MODIS-Aqua color satellite data. Linear trends in the temporal variability of
chlorophyll-a concentrations, suspended matter, and sea surface temperature were calculated for
2002-2025. An increase in suspended matter concentration is observed in zones confined to the
shallow parts of the sea, which is associated with a decrease in the Caspian Sea level.

(3) In 2025, comprehensive ecosystem studies of the Volga Delta waters and the adjacent
Caspian Sea shelf were conducted during two key hydrological periods: May, during the spring
flood phase, and September, during the summer-autumn low water period. Temperature,
electrical conductivity (salinity), turbidity, and dissolved oxygen were measured. Concentrations
of chlorophyll a and pheophytin as indicators of phytoplankton activity, the content of dissolved
and suspended organic carbon, pH, and total alkalinity were determined in the samples. Samples
were taken to determine the species composition of phytoplankton. Analyses of the main
biogenic elements (mineral forms of nitrogen, phosphorus, and silicon in dissolved form) were
performed. Chemical and biological parameters of the water area in the spring period showed
higher productive activity of the delta and delta-front ecosystem in the spring season. This is
reflected in high values of AOU (Apparent Oxygen Utilization) and DOC (Dissolved Organic
Carbon). In September, high chlorophyll a and DOC values were recorded on the shelf, despite
the fact that the nutrient content there is lower than in the delta and delta front. High productivity
of the Volga Delta waters is observed in the spring (flood period) and lower on the shelf of the
Northern Caspian. In the fall (fall low water), the shelf area is more productive.

(4) Mapping of the annual mean distribution of air temperature, sea surface temperature, ice
concentration, precipitation, cloudiness, wind speed, chlorophyll concentration, PAR) for 2010-
2023 was performed using monthly mean data obtained from the MERRA-2 atmospheric
reanalysis, using the NASA online data system Giovanni. Mapping of the bio-optical
characteristics of the Caspian Sea was carried out using data from the MODIS-Aqua color
satellite scanner. Maps of the monthly mean distributions of chlorophyll-a (Chl) concentration,
the particulate backscattering coefficient at a wavelength of 555 nm bbp(555), suspended matter
concentration TSM, and the absorption index of colored dissolved organic matter (CDOM) at a
wavelength of 443 nm ag(443) were constructed for 1998-2025. The constructed average



climatic (2003-2023) distributions of these parameters were analyzed, and their regional
characteristics were identified.

(5) Literature data on approximately 90 marine fish species found in the Caspian Sea were
analyzed. Species found in Russian waters, as well as endemic species, were selected, primarily
representatives of the Gobiidae and Clupeidae families (36 species in total), as well as
endangered species (5 species). A total of 40 fish species and some cyclostomes were selected.
The analysis allowed us to divide the species under consideration into two categories: species
requiring additional protection measures (13 species) and species not requiring such measures
(28 species). It was found that species most in need of additional protection are generally those
with high commercial value (sturgeon, some herring species, Caspian whitefish, etc.).

(6) Based on the contours of oil slicks identified from satellite images obtained using C-SAR of
Sentinel-1A, -1B, MSI of Sentinel-2A, -2B and OLI and OLI-2 of Landsat-8, -9, collected over
the period 2022—-2024, detailed maps of oil pollution of the Caspian Sea surface were compiled
for the following areas: the Oil Rocks oil production area; the area of natural hydrocarbon seeps
from the seabed on the Iranian shelf near Cape Sefid Rud; an area on the Turkmen shelf near the
Cheleken Peninsula. The area and density of spatial distribution of oil pollution of the sea
surface were calculated. The probability of oil pollution of various areas of the sea surface was
assessed. Numerous surface oil slicks caused by mud volcanism were identified and mapped.
Particular attention was paid to identifying anthropogenic pollution associated with the discharge
of oil-containing water from ships (300 cases). A consolidated map of all the above-mentioned
types of oil pollution in the Caspian Sea was compiled, using 4,306 radar images and 1,689 high-
resolution optical images acquired between 2022 and 2024.

(7). As part of the Project, seven articles were prepared and published in highly regarded
journals, all cited in the WoS and Scopus databases; two papers were included in conference
proceedings cited in the Russian Science Citation Index (RSCI). Four oral and poster
presentations were given at four international and Russian conferences. Over 80 news stories
about expeditions to the Volga Delta were published in the media, including highly regarded
media outlets such as TASS, RIA Novosti, Rossiyskaya Gazeta, Nauchnaya Rossiya, Izvestia,
Vedomosti, RBC, and others.

Link to information resources on the Internet: http://caspian.geosmis.ru/c_static/?proj-24-44-
20006



