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PaccMoTpeHBl pa3InyHble MOOXOIbI K UCCAESA0BAHUIO M IPOrHO3Y MHOTOJIETHUX U3MEHEHUI CpeIHEeromno-
Boro ypoBHs1 Kacruiickoro Mopsi. B paMkax HanboJjiee pacnpoCcTpaHeHHBIX METONMK MPUHSTO CYMTATh,
YTO TAKOTO POJa OLIEHKUA BO3MOXHBI TOJIBKO B BEPOSITHOCTHOM CMEBICJIE, [IOCKOJIBKY IIABHBIE KOMITOHEHTBI
BOJIHOTO OayiaHca MOpsI BeAyT cebst cirydaitHbIM oO6pa3oM. OmHaKo [j1s1 GOIBIIMHCTBA ITOTpeOUTEICi BaxkKHA
KOHKPETHO 0003HauYeHHas IIepCIEeKTUBA U3MEHEHUSI yPOBHSI 1 000CHOBAHUE OTBETA Ha BOIIPOC: €CJIU IIPO-
KWCXOOUT OUepeIHOe 3HAYUTEIbHOE U3MEHEHME, TO KaK JOJITO U 10 KAaKOTO 3KCTPEeMaIbHOIO 3HaYEeHUSI OHO
nponokutcs? I1o Mepe HaKOMJIEHUS JaHHBIX O IMHAMMKE IapaMeTPOB aTMOC(ephl M OKeaHa, B TOM YKC-
JIe ¥ 110 pe3yabTaTaM KOCMHYECKOTO MOHUTOPUHTA, MOSIBIISIETCSI BCe OOJIbIIIE COOOIIEHMIT O BEISIBJIEHNU B
UX BPEMEHHBIX psiIaX MyJbTUAEKATHON! MOBTOpsieMocTy. Ha MpoTsKeHUM MOCIeqHUX JIET HEOTHOKPATHO
MpEeaIPUHUMAINCH ITOITBITKA HAa OCHOBE M3YyYeHUs TMHAMUKI YPOBHS MOPS BBISIBUTH BHYTPY €0 BpEMEH -
HOTO psiia IMKJINYECKIE KOMITIOHEHTHI C LIeJIbIO UCITOJIb30BAHUS X KAK JJIs1 ONTMUCAHUS [IPOMU3OIIEIIINX pa-
Hee Pe3KUX CIaJd0B 1 MOAbEMOB, TaK U JIJIsI IPOrHO3a MOJ00HBIX UBMEHEHMIT B OyaylleM. AHAJIM3 JaHHBIX
IIPY 3TOM 3aKJIIOYAETCI B MIOMCKE TaKUX MEPUOAOB U3MEHYUBOCTU, B pAMKaX KOTOPBIX BBIITOJIHSIJIUCH ObI
TpebGoOBaHUsI OIPAaHUYEHHOCTH ITEPUOINYECKOTO COCTaBa M YCTOMYMBOCTA KOMIIOHEHT, (POPMUPYIOIINX
BpeMeHHO# psia. C MOMOIIBIO CHELMAIbHO CO3IaHHOM MPOrpaMMHOI Cpeabl IIPOBEASHO UCCIeI0BaHIe
psiia, COCTOSIIIIETO U3 NICTOPUYECKHUX M COBPEMEHHBIX JaHHBIX ITO HaOIIoaeHUsIM 3a ypoBHeM Kacnuiickoro
MopsI B TeueHre nociaenHux 230 JIeT C LeIbIO BhISIBICHUS! YCTOMYUBBIX EPUOIUYHOCTE U MTOCTPOEHUS C
MX TOMOIIBIO aIlIIPOKCUMUPYIOIero nojrnHoMa. [TokaszaHo, 4To Ha JaHHOM BpeMEHHOM MHTepBaJjie KpoMe
MHOTOBEKOBOIO TpeHAa IPUCYTCTBYIOT ABE SIBHO BbIpaXKE€HHBIC KBA3ULIMKIMYECKHE KOMIIOHEHTHI. AIl-
MPOKCUMAIIMsI, CAeJTaHHAs C UX VICITOJIb30BAaHUEM, TTO3BOJISIET OMUCATh BCIO MPEIIIECTBYIOIIYIO TMHAMUKY
YPOBHS BILTOTH 10 2021 I. 1 MOXeT ObITh UCIOIb30BaHAa B KAUECTBE OCHOBBI JJISI IIOCTPOEHUS IIPOTrHO3HBIX
OLICHOK.

Knioueswie crosa: Kacnuiickoe Mope, U3BMEHEHUE YPOBHS, aHAJIM3 BpDEMEHHBIX PSIOB, MYJIbTUIEKA HAS OC-
LIMJUISILIMST, allIIPOKCUMALIKSI MHOTOJIETHETO X0a YPOBHSI HAOOPOM rapMOHUK

DOI: 10.31857/S2587556623060067, EDN: EGCZBH

BBEAEHWE

Bonpocy nsyuenust uasmeHenust ypopHs Kacnmii-
ckoro mops (YKM) ynensercss 00Jbliioe BHUMaHUE
KaK C HayYHOM TOYKM 3pEHUSI, TaK U C LIeIbIO TTaHM-
pOBaHMSI XO3SIMCTBEHHOM nedaTeabHOocTH. B cumny
000Cc00JIEHHOTO pacItoNokeHusT Mopst caM xon Y KM
SIBJISICTCSI YHUKAJIbHBIM MHCTPYMEHTOM, pearupylo-
UM Ha IoOallbHble M3MEHEHUsI KJIMMAaTa U Jalo-
LM BO3MOXKHOCTh UX IJIMTEILHOTO OTCICKUBAHMSI.

Ha ceromHsgImHMii MOMEHT OOIIENPHUHSITO, YTO
MOJIOKEHUE YPOBHSI MOPSI ONpenessieTCs IJIaBHbIM
o0pa3oM u3MeHEHNEM ITapaMEeTPOB €ro BOTHOIo 0a-
JlaHca: 00beMa CTOKa peK, UCTIapeHUs C TOBEPXHOCTU U
CyMMBbI aTMOC(epHBIX ocankoB. [1py 3ToM Ha 10110 BO-
JIocbopHoro b6acceitHa p. Boaru npuxomurces He MeHee

80% cymmapHOTO pedHOro cToka M okojo 70% mpwu-
XOIMHOM yacTu BogHOro 6anaHca (Peraaros, 2011).

B TeueHue Tpex mocieaHUX AeCITUIETU, Hapsiay
C TPaAWLIMOHHBIMW Ha3eMHBIMU HWCCJIEAOBAHUSIMU
YPOBHSI, Pa3BUTUE MOJTYUYUIU CITYyTHUKOBBIC aJIbTU-
MeTpryeckre HabmoaeHus 3a YKM (I'mH30ypr u ap.,
2021; Chen et al., 2017, 2023). Ha puc. 1, mony4yeH-
HOM T10 JaHHBIM CITyTHUKOBBIX HAOJIIOACHUA, TTOKa-
3aHO, KaK MeHsJcs ypoBeHb Kacrnuiickoro Mopsi B
MOoCJeIHUE TOABI.

CyliecTByloIe METObl OMIMCaHUSI U TIPOTHO3M -
poBaHMSI MHOroJjieTHUX uaMeHeHuii YKM MoxHO
yciioBHO pasgenuthb (Bombiii ..., 2016) Ha cienyio-
II1e TPYIIbI: UCIIOJIB3YIOIINE TTPOCThie (POPMBI ari-
MPOKCUMAalIM KPUBOW YPOBHSI, HalIpuMep, JUHe -
HYIO WU CTENEHHYIO0 3aBUCUMOCTb, C 1I€JIbIO MpPO-
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Puc. 1. JuHamuka ypoBHs Kacnuiickoro mops.
Hcemounuk: (Tma30ypr u np., 2021).

IOJDKEHUSI ee BIlepel Ha HEKOTOpBIii WHTEpBAI,
Gasupylolyecss Ha ITOMCKE U aHAJIN3e YCTOMYMBBIX
MEePUOINYECKUX KOMIIOHEHT BO BPEMEHHBIX psaax
VKM; ocHOBaHHBIE Ha BEPOSITHOCTHBIX MOJCIISIX N
NPUMEHSIONINE IJIS 3TOTO CTOXAaCTUYECKOE ypaBHEe-
HUE BOOHOIO OajaHca; Ipeaiarapline pasHoodpas-
HBIE CXEMbl MPEAUKTOPOB, paccMaTpUBalOIINE He-
npsiMOe, 3aITa3abIBalollee BIUSTHUE PA3INYHBIX TPU-
POIHBIX MPOIECCOB HAa ypoBeHb Mops (ManuHuH,
T'opmeena, 2020; Hukonosa, 2008; Ty:XWiIKnH U Ip.,
2011; dponos, 2019; Elguindi and Giorgi, 2006).

JBa 1ociaemHMX IIOOXO0ma, K COXaJeHUIO, CaMu
TpeOYyIOT MPOTHO3HBIX OLIEHOK IUISI BXOMHBIX ITapa-
MmeTpoB. Hanmpumep, MOryT UCITOIB30BaThCSI HA0OPHI
ClieHapHeB, KOTa IIPOCYUTHIBAIOTCS OTIAEIBHO IIPO-
THO3bI [JIsI MaJIOBOOHOI, CpedHEeil U MHOIOBOJHOM
CUTyaluu ¢ BOIHBIM OanaHcoM. Bompoc, kakoii mipu
9TOM OyIeT peanbHasl CUTyalMsl M CKOJIbKO OHa IIPO-
IUINTCSI, OCTAaeTCsI OTKPHIThIM. KpoMme Toro, BeposT-
HOCTHBIC MOMEIM NAIOT JUIIb OLEHKY ITOoITagaHUs
YPOBHSI B HEKOTOPBIN Jrana30H 3HAU€HU I, KOTOPbIit
C yBeJIMUYeHMEM 3a0j1arOBPeMEHHOCTHM IPOTHO3a Ha
JIeCITUIETUS BIIEPEI MOXKET IOCTUTATh B pa3Maxe He-
CKOJILKMX METPOB. IJIsT CTpaTernyecknx OleHOK Ka-
TaCTPO(PUIECKNX PUCKOB TaKue€ ITPOTHO3BI BITOJHE
omnpaBgaHbl 1 HeoOxoguMbl. Ho mis OGoipImmHCTBA
noTpeduTesieid BaxkHa KOHKPETHO O0OO0OO3HaueHHas
nepcrnekTnBa n3MeHeHUsS YKM n HaygHOe 000CHO-
BaHME OTBETAa Ha BOMPOC — €CJIM MPOMCXOIUT OUe-
peaHOe 3HAUYUTEJIbHOE U3MEHEHNE YPOBHSI MOpSI, TO
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KakK JIOJITO M OO0 KAaKOTO 3KCTPEeMaJIbHOTO 3HAYCHUS
OHO MPOJOIKUTCS.

Xots aBTopHl psiaa pabot (bonros, @uimMMoHOBa,
2005; boaroB u ap., 2007) cyuTalT, YTO IIPOTrHO3
MHoroJjieTHUX u3MeHeHuii YKM Bo3MOXKeH TOJIBKO B
BEPOSITHOCTHOM CMBEICIIE, IIOCKOJBKY ITOBEICHUE
IJIABHBIX COCTABJISIONIMX BOTHOIO OajaHca MOpSI Ha
JUINTEJIbHBIX BPEMEHHBIX MacIluTadax HOCUT, IO UX
MHEHHMIO, YMCTO CIIyJalHBIN XapakTep, CIeayeT OT-
METHUTh, YTO I10 Mepe HAKOIUICHUST JaHHBIX O TMHA-
MUKE MapamMeTpoB aTMOc(depbl U OKeaHa, B TOM YUC-
JIe ¥ TI0 pe3yabTaTaM KOCMHYECKOTr0 MOHUTOPMHTIA,
MOSIBJISIETCSI BCe OOMbIIE COOOIEHMIT, HAaIIpUMeED, O
BBISIBJIEHUM BO BPEMEHHBIX PSAax MYJIbTHUACKATHOM
(mmectunecarmieTHeli) noBTopsemoctu. IlomoOoHOe
OTMEUaJIOCh KaK B MpoIlecce TpaHCIopTa Biaru 13
Atnmantuku (®epopos, @poios, 2019), Tak u B pe-
3yJAbTUpPYIONIeM 3(pdeKTe OT NepUOAUICCKOTO yCHU-
JIEHUSI BOCTOYHBIX ITyCTBIHHBIX BETPOB B IPUKACITUIi-
ckoM pervoHe (BoipyuankuHa u ap., 2020) (puc. 2).
JBa mmocnemHux pakTopa 0Ka3bIBalOT CYILLIECTBEHHOE
BIUSTHME Ha U3MEHEHME BOTHOro OamaHca B Oacceii-
He Kacnimiickoro Mops.

Henb3s He comtacuThess ¢ MHEHHMEM aBTOPOB pa-
ootnl (I'yceitnoBa, Adaycamanos, 2015, c. 124) B ToMm,
YTO “B HACTOSILEE BpEMS HET U, BUAMMO, Ha COBpE-
MEHHOM YPOBHE Pa3BUTHSI HAYKH HE MOXKET OBITh Ha-
JIEKHBIX TTPOTHO30B, IO KOTOPHIM MOXHO Mpeayra-
JIaTh aMIUIMTYIy U HaIlpaBJIcHUE N3MEHEHU YPOBHSI
Kacnug. C yueToM 3TOr0 onpaBIaHHOI MOXET CTaTh
pabouas TUIIOTe3a O MOUCKEe Ha HEKOTOPOM BpPEMEH-
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Puc. 2. DBomonus cpeqHerogoBoro ucnapeHus B riepuon ¢ 1948 mo 2017 r., B3sitast ¢ 0OpaTHBIM 3HAKOM BMECTE C XOJIOM YPOB-
Hs1 Kacrmmiickoro mopsi. B xome KprMBBIX XOpOIII0 BhIpaXkeHa U3MEHYUBOCTb, OJTM3Kasl K IeCTUACCATUICTHEM.

Hcmounuk: (Belpyyankuna u np., 2020).

HOM WHTEpBajie KBA3ULIMKIMYECKUX KOMITOHEHT B
MHOTOJIETHUX U3MEHEHUSIX YPOBHS MOPsI, OCHOBaH-
Has Ha aHaJW3€ COYETAaHWM Pa3IMIHBIX JaHHBIX 00
YKM (reoMopdoIoTM4ecKNX, UCTOPUYECKUX, Ha-
OJIIONCHHEBIX) .

Ha npotsckeHun mocieqHuX OecITUIETU aBTO-
pamu psina paboT HEOTHOKPATHO IIPEAIIPUHUMAINCH
TOITBLITKY Ha OCHOBE U3y4yeHUs1 AMHaMuK Y KM BbI-
SIBUTh BHYTPU COOTBETCTBYIOILIETO BPEMEHHOTIO psiia
MUKJIAYECKNE KOMIIOHEHTHI C 1I€JIbI0 MCIIOJIb30Ba-
HUS UMX KakK JUISI ONIMCAHUS IIPOU3OLIEIIINX paHee
PE3KUX CIAIOB U IIOIbEMOB YPOBHS MOPSI, TaK U OIS
IIPOrHO3a ITOM00HBIX M3MeHeHn B Oyayiem (bao-
kuH, 2005; bopucoB u ap., 2019; Jlanno, Pesa, 1997;
ConoBnéBa, 2004; HlnsamuH, 1962). AHanu3 faHHBIX
P 3TOM 3aKJIIOYAJICS B IIOMCKE BHYTPHM HUX TaKMX
IEPUOAOB U3MEHUYMBOCTH, B KOTOPBIX BBITTOJHSUIMCH
OBl TpeOOBaHMUSI OrPAaHUYEHHOCTU MNEPUOINISCKOTO
COCTaBa M YCTOMYMBOCTU KOMIIOHEHT, (hopMUpYIO-
1IMX BpeMeHHOM psij. B kauecTBe nmpuMepa Ha puc. 3
IokKa3aH o0pa3sell BeiiBIeT-CIIeKTpa, IOJIYyYCHHBI B
(bopucoB u ap., 2019) mist UICTOPpUYECKUX JAHHBIX IO
VKM (bepr, 1949), nonoiHeHHBIX COBpEeMEHHBIMU
3HAYEHUSIMU YPOBHS OT ['ocymapCcTBEHHOTO OKeaHO-
rpadpmyeckoro mHeruryra mMmeHn H.H. 3yboBa —
I'OMH (HuxkoHosa, 2008).

B uenoMm, pe3yabTar TaKMX MOMNBITOK HEJIb3s Ha-
3BaTh YIOBJETBOPUTEIbHBIM (XaycToB, KocTeHKo,
2018; Twun3oypr u ap., 2021). OgHOIT 13 TPUYUH ITO-
ro, Ha Halll B3MISIA, ObLIO BBIHY>KIEHHOE MCIOIb30-
BaHUE aBTOpaMM CJIMIIKOM KOPOTKMX Ha MOMEHT
MPOBENEHUs UCCIIEIOBAHUIT BpEMEHHBIX PSIIOB Ha-
OsromeHuit 3a ypoBHeEM. [Ipyroii IpUammHOM, BO3MOX-
HO, ObLIIO BKJIIOUEHUE UMY B 00J1aCTh aHAIM3a HE Ya-
CTU, a BCETO MAaCCHUBa HE COBCEM TOUYHBIX, TAK HA3bI-
BaeMbIX WCTOPMYECKUX, HaHHBIX 1506—1836 IT.

N3BECTHA PAH. CEPUSA TEOTPAOUYECKAA

(kpuBasi bepra) 06 yposHe mops (bepr, 1949; Bapy-
IIeHKO U Ap., 1987; Peruaros, 2019; lnsamun, 1962),
MMOJIYYEHHBIX 110 CTAPUHHBIM JIOLIUSIM, PACKOIIKAM 1
TeOJIOTIECKUM MU3BICKAHUSIM.

I EJIb PABOTHI

Ha ocHoBe 0030pa paHee BBIMMOJTHEHHBIX MCCIe-
JOBAaHUI II0 aHaAIWU3y IUHAMUKU CPEIHETOMOBBIX
3HadeHn YKM paccMoTpeTh BO3MOXKHOCTD OO -
HEHUSI UX HOBBIMM JaHHBIMU, MOJTYYEHHBIMU 32 MO~
CJieIHUE TOObI, ¥ TIPOBECTU MCCIENOBaHUE 3aKOHO-
MEPHOCTEMN X01a ypoBHS. B3gB 3a 0CHOBY OITyOJIMKO-
BaHHBbIE B JIUTEPATYPHBIX WCTOYHMKAX OaHHBIE O
caesraHHbIX B 1837—2021 IT. ”HCTpyMEHTaIbHBIX Ha-
OMOOECHUSIX 32 YPOBHEM MOPSI, PACCMOTPETh OIHO-
BpeMEHHO ¢ HUMU 1 OoJjiee paHHUE, TaK Ha3bIBacMble
HUCTOpUYECKYE, JaHHbIe U3 Auara3zoHa 1506—1836 rr.,
HO HE BCE, a TOJIbKO TY 4aCTh, KOTOpPasl IIPUMbBIKAET C
oTnajeHreM He O0oJjiee yeM Ha 50 ynetT. BeiscHUTB, Ha-
CKOJILKO Takoil KoMOumHMpoBaHHBIA 1790—2021 rr.
PsiI, TO3BOJISIET MPOBECTU €TI0 alIIPOKCUMAIINIO TPU-
TOHOMETPUUYECKUM ITTOJJMHOMOM C MUWHUMAaJbHBIM
(He OoJiee YeThIpeX) KOJIMIECTBOM TAPMOHUK.

METOANKA ITPOBEAEHUWA
NCCIEOAOBAHUU

I[IpoBeneH aHanu3 BpeMEHHBIX PSIIOB CPEIHEro-
JnoBbIX 3HaueHMit YKM Ha Hanuuue B HUX ePUOIU-
yeckux KoMnoHeHT. IIpu 3ToM 3a yCJIOBHBIII HOJIb
Opayioch cpegHee 3HaYeHNEe YPOBHS Ha UCCIEIyEeMOM
WHTEPBAJIE U METOAOM HAaMMEHBIIMX KBaJIPAaTOB OCY-
LIECTBJISLJICS MOMCK ONTUMAaIbHBIX 3HAUYSHU aMILIH-
Ty, 9aCTOT U (pa3 amIpoOKCUMUPYIOIIET0 TPUTOHO-
METPUYECKOTIO ITOJIMHOMA 110 aJITOPUTMY, OITMCAaHHO-
Ne 6

TOM 87 2023



MHOTOJETHUE U3BMEHEHUSA YPOBHS KACITUMCKOT'O MOPSI U COBPEMEHHBIE

-23

—-25

-29

YKM, m

— > Bpewms, roasl, H.3.
1 1

933

-

1600 1700

150

[lepuonsl, rogbl

100

50

0 50 100 150 200

250

1800

CaBUTH, TOIBI

0
500

300 350 400 450

Bpewmst, ronbr

Puc. 3. KpuBast MHOTOJIETHMX U3MeHEeHU I ypoBHsI Kacruiickoro Mopsi 1 pe3yJibTar ee BeiBJIeT aHaIn3a.

Hcmounurk: (bopucos u np., 2019).

my B (badkun, 2005). st 06paboTKM JaHHBIX ObLIa
npUMeHeHa clielanabHas mporpamMHas cpena (bo-
pucoB u np., 2019), koTopast MO3BOISIET B peaIbHOM
MaciuTabe BpeMeHHU, HabIo1ast 3a pe3yIbTaTOM B BU-
JIe TOTOBBIX GOPMYII U TpaddUKOB, MHTEPAKTUBHO Me-
HSITh ITapaMeTphl MOACIMPOBAHMS: 3aJaBaTh HAYaI0
U KOHEII UCCIIeAyeMOro MHTepBaja, IPUMEHSITh pa3-
JIMYHBIE METOIBI CIIIAXKWUBAHUSI, TOOABIISTH IIIYyM, Ba-
pPbUPOBATh MapaMeTPbl BCIOMOTATEJIbHOTO aHAIN3a-
TOpa CHEKTpPa, BECTM MOKOMIOHEHTHBIII KOHTPOJb
MOJIEJIbHOTO Y Pa3HOCTHOI'O CUTHAJIOB.

Ha puc. 4 mokasan By mHTepdeiica mporpaMMBI.
CreBa OT BepTHUKAaJIbHOI OCU 3eJICHBIM LIBETOM ITOKa-
3aHbl UCTOPUYECKME M COBPEMCHHEIC HAaHHBIC IJIs
YKM (1506—2021 rT.), COOTBETCTBYIOIIUE KPUBOIA
Bbepra ¢ nononmxaenussmu ot FTOMH. CripaBa mmoka3za-
Ha TeM e IIBETOM, HO YK€ TOJIbLKO YaCTh JaHHBIX HA
BbIOpaHHOM 11 aHajau3a uHrepBaie 1790—2021 rr.
ITyHkTHpOM KpacHOTO IIBeTa BAOJb XOAa KPUBOM
YKM o603HaueHa ee alnpoKCHUMAalIYs B BUIE CYMMBI
JIBYX IJIABHBIX IIEPUOAUYHOCTEN 1 TpeHIa. AHAJINTH -
yeckasl 3aIluch IoJIyJarolieiicss Moaeau JaHa clipaBa
BBepxy. 2KenToii 1nHueit 0603HauYeH BCIIOMOTaTeIb-
HBIT Dypbe-CIeKTp, NPeACTaBICHHbBIA MEPUOIO-
rpamMoii. IIITpuxoBoii cuHE TMHNUEH MOMeYeH YpOo-
BEHb —28 M.

PE3VJIBTATDI

ITo utoram aHanuza BpeMeHHOro psaa YKM B
uHTepBaye 1790—2021 rr. HaiineHO, YTO XapaKTep ero
U3MEHEHUsI B IaHHOMW 00JjacTu, MOMMMO TpeHa,
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MIaBHBIM 00pa3oM (puc. 5) orpenenseTcss IByMs Tap-
MOHMKaMU, UMEIOLINMU MepUoabl Oam3kue K 67 u 98
rogaM ¢ cooTBeTCTBytoIMMU amIuuTyaamMu 0.4 1 0.9 m.

Ha rpanuuax aHaau3upyeMoro BpeMeHHOTO WH-
TepBaJia OHU MPaKTUIeCKN CUH(MA3HEI, a B ICHTPE —
MpOTUBOMAa3HBI, YeM OTpeAesIeTcs] XapaKTePHBIi,
CHUMMETPUYHBINM BU KPUBBIX, TIOKa3aHHBIX HA pUC. 5
cIipaBa OT BePTUKAJbHOI ocHU. DP(PEKT OT TaKOro
CJIOXXEHUS IBYX OJIM3KUX I10 YaCTOTE TApMOHUK TIPO-
WJUTIOCTPUPOBAH Ha puc. 6.

Eciu npuHATH BO BHMMaHMUE Pa3HOCTb YacTOT
paccMaTprBaeMBIX 3IeCh TAPMOHMK, TO MOXHO BU-
IIeTh, YTO MHTEPBaJI OMEHMI TAKOTO pOAa COCTABIISIECT
BeJInuMHY Topsiaka 200 jeT. DTo 3HaYeHUe, B YaCTHO-
CTH, OMpenelideT ITMHY BPEMEHHOTO OTpe3Ka, KOTO-
phIif HEOOXOMUM UTSI HAIEKHOTO Paclio3HaBaHUS Ta-
KHUX OTHOCUTEJIbHO OJIM3KUX 1O YaCTOTE KOMITOHEHT.

JIBe ykazaHHBIC IEPUOAUYHOCTH, HAa HAIll B3IJISI,
UTPAIOT CYIIECTBEHHYIO POJIb B IMHAMUKE CPEIHETO-
nmoBoro YKM, mo KpaiiHeii Mepe B muamna3oHe I10-
ciaeqHux 230 net. Bo3aMOXXHO, 4TO TaKoe AJUTEIbHOE
MpOSIBIIEHUE YIOPSIIOYEHHOCTU B MHOTOJIETHEM M-
Hamuke YKM gBiseTcs cmydaifHbIM COBITaicHUEM U
TOBOPUTH O TOM, IIPOJOJIKUTCS JIM TaKOE MOBEICHMUE
YPOBHS B OyiKaiilime uim 6oJiee OTaaIeHHbBIE TOIbI,
clieyeT C U3BECTHOI OCTOPOXKHOCTBIO. TeM He MeHee
¢aKkT BBISIBJIEHHON 3aKOHOMEPHOCTH HE CJIEAYET UT-
HOPUPOBATh, B TOM YKCJIE Y B YACTH €TI0 BO3MOXKHOTO
dusmyeckoro obocHoBaHms. IlomoOHasT KBa3sWIIMK-
JIMYHOCTh B paiioHe 60 JieT oTMeYasiach Kak B CBSI3U C
MYJIBTUIEKAIHOM TTOBTOPSIEMOCTBIO TPAHCIIOPTA BJaru
n3 Atiantuku (@enopos, @posos, 2019), Tak U B SIB-
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232 Touek

Puc. 5. O¢ddexr ot BeiunTaHUs TpeHAa (KpacHas IITPUXOBasi TMHUsA) s KpuBoil bepra Ha yyactke 1790—2021 rr.: (a) 6e3

cotakuBaHus U (0) ¢ 16-JIeTHUM CITIaXKUBaHUEM.

JIEHUM TIePUOINYECKOIO YCMJIEHMS BOCTOYHBIX ITIy- B YaCTHOCTH, oOcyxmanachk B padbore (ConoBnéBa,
CTBIHHBIX BeTpoB (BbipydasikunHa u ap., 2020). YUto 2004) B cBSI3U C COOTBETCTBYIOIIUM IO IJIUTEIBHO-
KacaeTcsi KOMITIOHEHThI 0yin3koii K 90 rogaMm, To OHa, CTU LIMKJIOM COJTHEYHOM aKTMBHOCTU U KJIMMaTUye-
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Puc. 6. CymMupoBaHMe JBYX TapMOHMK, OHA U3 KOTOPBIX BIBOE OOJIbIIIE IPYTOii MO aMIUIUTYIE, HO B ITOJITOpa pa3a MEeHbIIIe

I10 4aCTOTE.

HpuMe!taHue: CUHUM U KpaCHBbIM ITYHKTHUPOM ITOKa3aHbl TapMOHUKMU, 3€JICHOI TMHUEeN — nux CyMMa, TOHKas 4Y€pHad JUHUA —

pe3ysbTar 100aBIeHUs TMHEHHOTO TPeHaa.

CKUM OTKJIMKOM Ha Hero. IlociemHee oOCTOSITENIb-
CTBO HE O3HAYaeT, OOHAKO, U TO, UYTO JaHHBINA, TaKk
Ha3bIBaeMBIil BEKOBOI, IIMKJI HE MOXET OBITH 00Y-
CJIOBJIEH COBCEM JIPYTUMU IIPpUYUHAMU, HATIpUMED,
MpOSIBIIEHUEM aBTOKOJIe06aTelIbHOrO mpolecca B CU-
creMe okeaH—aTMmocdepa (Xpomos, 1973).

AHaJUTUYECKas 3allUCh MOJAEILHOTO OIMCAHUS
kpuBoit YKM mjist yaactka 1790—2021 rr. (B MeTpax):

2 (t - 1803))
— |+
67

+ 0.92COS(WJ + (1)

+ 2.37cos (M) -27,
725

[ae ! — TeKyllee BpeMsI B roaax.

YKM () = 0.44 cos(

Tpetbe cnaraemoe B (popmysie (1) BBeAeHO HaAMU
WCKYCCTBEHHO, CO CHELMAaIbHO MOIOOpPaHHBIM ITe-
pYOIOM M3MEHEHUS paBHBIM 725 rogam. DTo croena-
HO B KQYeCTBE MOTMBITKU YUeTa TPYAHO BHIYUCISIEMO-
O MHOTOBEKOBOTO TpeHIa, KOTOPHI, B CBOIO OUYe-
penb, Ha paccMaTpuUBaeMOM ydJacTKe 0e3 ToTepu
TOYHOCTU aMIMpPOKCUMAIIMM BIOJHE MOXHO 3aMe-
HUTb JUHEWHOM 3aBUCUMOCTBIO, HO TOTIA 3a TpaHu-
IIaMU paCCMaTPUBAEMOTO AMara30Ha MOJIyJIINCh ObI

MN3BECTUA PAH. CEPUS TEOTPAOUYECKAA
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HepeaJbHO OOJIbIINE 3HAYEHUST U3MEHEHUST YPOBHSI.
C 3TOi LIeJIbI0 aMIUIUTYIa U (pa3a TpeHIa aBTOMAaTH -
YeCcKM MOaOUpaliuCh MPOrpaMMOil IS yKa3aHHOIO
nepruoaa ¢ y4YeToM aMIUIUTYI APYTMX TApMOHUK Tak,
yTOOBI OOIIUI pa3Max MOJEIBHOIO YPOBHS ObLI HE
oonee 7.5 m. TlocimenHee ciaaraemoe B popMyiie xa-
pakTepu3yeT cpeaHee 3HaueHue YKM.

ITpu uccnenoBaHuM 60s1€€ BELICOKOYACTOTHBIX CO-
CTaBJISTIOIIMX BPEMEHHOIO psiia U3BMEHEHUI YPOBHS
MOpSI CIeAyeT OTMETUTD IOSIBJIEHUE B CHEKTpe I10-
CJIEJTHETO JBYX OTUETJIMBBIX MAaKCUMYMOB, COOTBET-
CTByIOIIUX ItepronaM okojio 30 u 38 jieT, MMeIoIImnxX
Majible aMIIuTyabl (MeHee 0.2 M) 1 XxapakTep IoBe-
JIeHUs B BUae OrMeHuii. JlaHHOe sIBJIeHUE YITIOMWHAETCS
B uccnenoBanuax YKM (LnsmuH, 1962) Kak HEKHeE TO
0oOHapyX1BaeMbI€, TO TTOJTHOCTHIO CUYE3aI0IINE KBa3U-
TpUILATUIIETHIE “OpUKHEPOBCKUE YaCTOTHI .

):[O6EIBI/IB B MOJECJIb O9TU IBE KOMITOHCHTbLI, MOKHO
IOBBICUTb TOYHOCTb allIIPOKCUMAaLIN:

VKM _4(t) = VKM (¢) +

+ 0.19008(WJ+ 2)

+ 0.16005(Mj.
38
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YpoBeHb, M
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EPMAKOB

1790 1810 1830 1850 1870 1890 1910

Puc. 7. Pesynbrat MogenmpoBaHus 11t ydactka 1790—2021 rr.

1930 1950 1970 1990 2010 2030 2050 2070
Tlonbr

IIpumeuanue: CTUIONITHOM JIMHUEN MTOKa3aHa KpMBasi MHOTOJIETHUX U3MeHeHM i ypoBHs Kacnuiickoro Mmopst (YKM), Toukamu
obo3HaueH TpeHn. ToHKasi KpacHas JUHMS — pe3yiabTar pacueta YKM(f) ¢ ydyeToM OBYX IJIaBHBIX TapMOHUK, CHUHUM

nyHKTUp — YKM_4(f) ¢ yueToM 4yeTbipex rapMOHUK.

XOTs UX ydeT, KaK BUIHO U3 PUC. 7, HECKOJILKO
yilydiiaeT oOlIyl0 annpoKCUMAalIMIO, ONMHAKO BKJIAJ
9TUX NBYX JOMOJHUTEIbHBIX FAPMOHMK B OOIIYyIO
KapTuHy noBeneHuss YKM 11 BpeMeHHOro MHTEp-
Basia 2021—2060 rr. He3HAYUTEJICH W MaJIO U3MEHSIET
0oO0IIyI0 KapTUHY, TaK KakK 3T JBE TapMOHMKM Ha
JIAaHHOM y4JacTKe TMTPOTUBO(a3HbI.

Pacuer no ¢opmynam (1) u (2) mokasaH Ha puc. 7
B BUJE KPHUBBIX, KOTOPbIC ANIIPOKCUMUPYIOT XOI
ypoBHSsI Mops B oonactu 1790—2021 rr., a TakKe B Ka-
YyeCcTBe IpHMepa 3KCTPAIlOJMPYIOT €ro Ha HEKOTO-
pBIii BpEeMEHHOM OTpe30K Brepea. BugHo, uto, eciau
MNPUHSTH TaKylo Moaeb nu3MeHeHns1 Y KM, To nocie
2021 r. oxugaeTcst IpOAOIKEHE CHUKEHUST YPOBHS
BILIOTH 10 2045 I. ¢ OCTMKeHMEM MUHUMAIIbHOM OT-
MeTKHU B paiioHe —30 M, Tocjie Yero Ha4yHeTCsI OTHO-
CUTEJILHO IIJIABHOE YBEJIMYCHUE YPOBHS MODSI.

Crhenyer OTMETUThb, 4YTO TIIOJIOXKEHUE MOMEHTa
CMEHbl 3HaKa WM3MCHEHMsI YPOBHSI OIIpeHesIeTCs
371eCh 3HAYCHUSIMU YaCTOT IBYX HAIEHHBIX IIABHBIX
rapMOHUK M OHO ropasfao MeHee YyBCTBUTEJbHO O
OTHOIIIEHUIO K BBIOOPY ITApaMEeTPOB MHOTOBEKOBOI'O
TpeHAa, 4eM BeJIMYMHA ITPOTHO3MPYEMOr0 MHWHMU-
MaJIbHOTO CHUKEeHUS ypOBHSI. [ToaTOMy K mociienHen
HY>KHO OTHOCUTBCSI B OOJIBIIICH CTEIIEHU KaK K IIpU-
MEPHOMI OIIEHKE, KOTopas IMpu M3MEHEHUU Mepuruoaa
TpeHaa Ha 200 jieT B OOJBbIIYIO UJIUM MEHBIIYIO CTOPO-
HY MOXKET MEHSITh CBOIO BeJIMYMHY B penenax 0.5 m.

Yto KacaeTcs oOuIell TOYHOCTU IoJaydarolieiics
anmpoKCUMAaIN, TO U3 pUC. 7 U 8 XOPOIIO BUIHO,
YTO pa3dpoC 3HAYCHUI YPOBHSI OTHOCUTEJILHO HEe He

N3BECTHA PAH. CEPUSA TEOTPAOUYECKAA

npeBuimaoT 10% TIOMHONM BEJTWYWHBI W3MEHEHUS
VKM misa yyactka 1790—2021 rr. CpenHekBagpaTiy-
HOE OTKJIOHEHME IIPU 3TOM yMeHbIaeTcs ¢ 1.4 10 0.2 M,
a TUCTOrpaMma MEHsIET BUI OT MHOTOMOIAJILHOIO
pacnpeneaeHusl, XapaKTepu3yIoIIero MoMMUMo Tpo-
Yero BO3MOXHOCTh HaJIMYMSI KojieGaTeIbHBIX IPO-
LIECCOB BHYTPU BPEMEHHOIO PsIa, 10 OTHOMONAJIb-
HOTro OJIM3KOrO K clIydyaifHOMy. DTO, Ha Halll B3IJIsI,
TaKKe€ CBUICTENILCTBYET B IIOJIb3Y BHIBOAA O CYIIE-
CTBOBAaHUM II€PUOIMIECKMX KOMIIOHEHT, IJIAaBHBIM
00pa3oM OIpeAesIONINX MHOTOJIETHIO TUHAMUKY
YPOBHSI MOPSI.

1 OlleHKM yCTOMYUBOCTY PE3YILTATOB alIPOK-
CUMAalIUH K TTOJIOXKEHUIO TPaHULLl MHTepBaJla aHaJIn3a
MOXHO CeJlaTh TECTOBBIN pacyeT, HallpuMep, CMO-
JIeINPOBAB CUTYALIUIO, MPEAIIeCTBYIOIIYI0O U3BECT-
HOMY MPOEKTY MepeOpPOCKM YaCTU CTOKA CEBEPHBIX
peK 1 B3sB I aHanu3a ydyactok 1790—1977 rr., pac-
CUMTATh AUHAMUKY YPOBHS MOPSI Aajiee ISk BpeMeH-
Horo orpe3ka 1978—2021 rr. B pe3ynbraTe, Kak 31O
BUIHO Ha puc. 9, HaGI0gaeTCsl BIIOJHE XOPOIIIee Co-
OTBETCTBUE MEXIY BOCCTAHOBJICHHBIMU U PEaTbHbBI-
MU 3HadyeHusIMu Y KM.

3AKJIFOUEHHME

Ha ocHoBaHMM 0630pa pe3yabTaTOB MCCJIEIOBa-
HUS KoJjiebaHuii ypoBHs1 Kacnuiickoro Mopst 1 COB-
MECTHOI'O MCITOJIb30BAHUS COBPEMEHHBIX U UCTOPU-
YEeCKUX TaHHBIX IIPOBEACH aHAJIN3 BPEMEHHOTO psaa
C LIEJIbIO BBISBIIEHUS TIEPUOAUYECKMUX KOMIIOHEHT U
IMOCTPOECHUS C UX TMOMOIIBIO aNIIPOKCUMUPYIOIIETO
Ne 6
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Puc. 8. Tucrorpamma pasdpoca 3HaueHuit ypoBHst Kacnuiickoro Mopsl.
Tlpumeuanue: cepbIM LIBETOM IMOKa3aHbl OTKJIOHEHUS YPOBHSI OT cpeHero 3HaueHust (—27 M) Ha uHtepsaie 1790—2021 rr., ro-

JIyOBIM — €r0 OTKJIOHEHMSI OT aIlllMpPOKCUMUPYIOILIEH KPUBOIA.
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Puc. 9. TecroBsrit pacueT ypoBHS Mopst 11st 1978—2021 rr. mo nanHbsM 1790—1977 .
[lpumeuanue: KpacHasi ITPUXOBAsT TMHKS — PE3yJIbTaT MOACIMPOBaHUs. 3eJIeHBIMU TOYKaMU CITpaBa ITOKa3aHbl “YCJIOBHO He-

U3BECTHBIE”, HO 11O (haKTy HAOJIOAABIINECS B PeAIbHOCTU 3HaYeHMsT ypoBHsI Kacnuiickoro Mopsi.
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moJimHOMa. B pesyibTrare IoydeHo, 9TO MpU yCIIo-
BUU KOMIIEHCAIIMM MHOTOBEKOBOTO TpeHIA TaKue
KosiebaHus ypoBHs B nuana3oHe 1790—2021 rr. Mmox-
HO YCITEIITHO OITMCaTh MOJEIIbIO Ha OCHOBE JIBYX BBI-
SIBJICHHBIX IJIaBHBIX TapMOHMK C NepuogaMu 67 u
98 neT 1 B KauyeCcTBE I'MMOTE3bI OLIEHUTh JaJTbHEUITN i
Xon ypoBHS Mops. HaiineHHbIe nBe KBa3UITMKIIMIEC-
CKMe KOMIIOHEHTHI, KaK 1 Iapa Apyrux 6osee ciadbix
¢ nepuonamMu 30 u 38 JieT, COOTBETCTBYIOT KJIUMAaTH-
YeCKMM BPEMEHHBIM MacITabaM W OTHOCHUTEIHHO
YCTOMYMBBI BHYTPU PACCMOTPEHHOTO MHTEpBaia, B
TO BpeMsl Kak OoJjiee MeJIKoMacllTaOHasi TMHaMMKa
CPEIHErolOBOTO YPOBHS, IO HAIIUM OIleHKaM, HO-
CUT MPaKTUYECKU CIIyJalHbIN XapaKTep.

CIIMCOK TUTEPATYPBHI

babkun A.B. YcoBepilleHCTBOBaHHASI MOJE/Ib OLIEHKU IIe-
PUOIMYHOCTH U3MEHEHUI YPOBHS U 2JIEMEHTOB BOJI-
Horo 6anaHca Kacnuiickoro Mopst // MeTteopoiorus
u rugpoJjiorud. 2005. Ne 11. C. 63—73.

bepe JI.C. YpoBenbp Kacnuiickoro Mops 3a UCTOPAIECKOE
BpeMs // Ouepku 110 husndeckoii reorpapun. M.—JI.:
N3n-8o AH CCCP, 1949. C. 205-272.

boazoe M.B., Kpacroxcon I’ D, Jlrobyuun A.A. Kacnuiickoe
MOpe: 9KCTpeMalbHble TUIPOJIOTUIECKHE COObITUS /
pen. M.T". Xy6napsH. M.: Hayka, 2007. 381 c.

boazoe M.B., Puaumonosa M.K. O6 NCTOYHUKAX HEOIIpE-
NIeJICHHOCTH TTpU TTIPOTHO3UpPOBaHMM ypoBHs Kacnuii-
CKOTO MODSI M OLIEHKE pUCKa 3aTOTJIEHUST MPUOPExK-
HBbIX Tepputopuii // Bomuwie pecypcsl. 2005. T. 32.
Ne 6. C. 664—669.

bopucos E.B., Epmaxoé B.b., Meavrnuxkoe B.A. AHanu3 ne-
PUOIUYECKOM CTPYKTYPBI KITUMAaTUIECKUX KOJIeOaHW i
ypoBHs Kacmmiickoro mopst // Ilpoieccel B reocpe-
nmax. 2019. Ne 2. C. 146—152.

Bapywenko C.U., Bapywenxo A.H., Kiuee P. K. 3meHeHUs
pexxuma Kacrmmiickoro Mopst 1 6eCCTOYHBIX BOTOEMOB
B najeoBpeMeHu. M.: Hayka, 1987. 240 c.

Bonnerit 6ananc 1 KonebaHus ypoBHs1 Kacnmiickoro Mmo-
pst. MonenupoBanue u rmporHos / pen. E.C. Hectepos.
M.: Tpuana, 2016. 374 c.

Buopyuankuna T 1O., Juanckuii H.A., @omun B.B. BiusiHue
Ha 3BOJTIOLINIO ypoBHsI Kacniuiickoro Mopst MHOTOJIET-
HUX U3MEHEHUI pexXuMa BeTpa Haj ero perioHoM B
1948—2017 rr. // BonHbie pecypcbl. 2020. T. 47. Ne 2.
C. 230-240.

Tunzbype A.H., Kocmsanoit A.I', Cepvix U.B., Jlebedes C.A.
KiumaTtudyeckue M3MEHEHUS TUIPOMETEeOpPOJIOruye-
ckux mapametpoB Kacnmiickoro mopst (1980—2020) //
CoBpeMeHHbIe MPOOJEeMbl TUCTAHIIMOHHOTO 30HINPO-
BaHMs 3emuin 13 kocmoca. 2021. T. 18. Ne 5. C. 277—291.

Iyceiinosa C.A., A6dycamados A.C. TIporHo3 AuHaAMUKU
ypoBHs1 Kacruiickoro Mopst ¥ ee ITOCISICTBUS IS
npubpexHbix Tepputopuii // FOr Poccuu: skonorusi,
paszButue. 2015. T. 10. Ne 4. C. 119—126.

Jlanno C.C., Pesa I0.A. CpaBHUTEIILHBII aHAJIN3 JOJITOIEe-
puogHOII M3MEeHYMBOCTH ypoBHelli YepHoro u Kac-

MN3BECTHSA PAH.

EPMAKOB

nuiickoro Mopeit // MeTeoposiorusi U TUAPOJIOTHS.
1997. Ne 12. C. 63-75.

Manunun B.H., Iopdeesa C.M. YpoBeHb Kacnuiickoro Mo-
ps KaK MHIMKATOPp KPYITHOMACIITAOHOTO BJIaroooMe-
Ha B cucrteMe “okeaH—atMmocdepa—cyma” // Tpyabl
Kapenbckoro HayuHoro uneHtpa PAH. 2020. Ne 4.
C. 5-20.

Hukonosa PE. O mpuyrHax U IOCIEICTBUIX KOJIeOaHUIA
ypoBHs1 Kacnuiickoro mopst B 20—21 cronerusix //
Tpyast TOWH. 2008. Boim. 211. C. 127—151.

Poiwaeoe I'. Konebanms ypoBHs Kacmmiickoro Mops:
OPUYMHBI, TOCIEACTBUS, NporHo3 // BectH. Mock.
yH-Ta. Cepus 5. I'eorpadus. 2011. Ne 2. C. 4—11.

Poiuacoe I'U. K meTonnke reoMop@dOI0rndecKnX NUCCIIe-
moBaHUil (reoMmopdoiiornueckue ypoku Kacnwust) //
Teomopdonorus. 2019. Ne 4. C. 27—-39.

Conosvéea H.H. ViccnenoBaHue 3aBUCUMOCTU KOJIEOaHMIA
ypoBHs Kacnuiickoro Mopst OT COJTHEYHOM aKTUBHO-
cru. CII6.: U3a. PITMY, 2004. 70 c.

Tyacunxun B.C., Kocapes A.H., Apxunkun B.C., Huxonoea P.E.
MHOTOJIETHSISI U3MEHUYNBOCTh THAPOJIOTUIECKOIO pe-
xnMa Kacnumiickoro Mopsi B CBSI3M C BapHalUsIMU
kiauMmara // BectH. Mock. yH-Ta. Cepus. 5. I'eorpa-
dust. 2011. Ne 2. C. 62—71.

Dedopoe B.M., Pponoe .M. O BO3MOXKHOM PpU3NUIECKOI
MpUpOae MYJbTUACKATHOTO KOJIeOaHUs B KIUMaTH-
yeckoii cucteme 3emnu // CioxHble cuctembl. 2019.
Ne 1 (30). C. 26—40.

®Ppoaoe A.B. ClieHapHbIe TPOTHO3BI KOJEOAHUI YPOBHSI
Kacrus ¢ yaeToM KIIMMaTU4eCKUX U TEXHOTEHHBIX BO3-
IeCTBUIT HAa BOMHbIA OajaHc Mopst // OkeaHOJIOrMYe-
ckue uccnenoanust. 2019. T. 47. Ne 5. C. 130—148.

Xaycmoe B.B., Kocmenko B./[. K IporHO3upOBaHUIO KOJIE-
6anuit ypoBHs Kacnmiickoro Mmops // HayuHbie Beno-
moctu. Cepust EcrecrBennbie Hayku. 2018. T. 42. Ne 2.
C. 162—171.

Xpomog C.I1. ConmHeuHble LMKIIBI U KiuMat // Meteopo-
Jjorust u ruaposorust. 1973. Ne 9. C. 93—110.

IHInamun b.A. CBepXIoJaTrocpOUHbIil TpoTrHO3 ypoBHs Kac-
miickoro Mopst // W3B. BI'O. 1962. T. 94. Brim. 1.
C.26-33.

Chen J.L., Pekker T., Wilson C.R., Tapley B.D., Kostianoy A.G.,
Cretaux J.-F, Safarov E.S. Long-term Caspian Sea level
change // Geophys. Res. Lett. 2017. Vol. 44. Neo 13.
P. 6993—7001.
https://doi.org/10.1002/2017GL073958

Chen J., Cazenave A.,Wang S.-Y., Li J. Caspian Sea Level
Change Observed by Satellite // Altimetry. Remote
Sens. 2023. Vol. 15. Ne 3. Article 703. P. 1—12.
https://doi.org/10.3390/rs15030703

FElguindi N., Giorgi F. Projected changes in the Caspian Sea
level for the 21st century based on the latest AOGCM
simulations // Geophys. Res. Lett. 2006. Vol. 33. Ne 8.
L08706.
https://doi.org/10.1029/2006G1.025943

CEPUSA TEOTPAOUYECKAA Ttom 87 Ne6 2023



MHOTOJETHUE U3BMEHEHUSA YPOBHS KACITUMCKOT'O MOPSI U COBPEMEHHBIE

Long-Term Changes in the Level of the Caspian Sea and Modern Options
for Their Forecasting

V. B. Ermakov*
Zubov State Oceanographic Institute (FSBI “SOI”), Moscow, Russia
*e-mail: vitalerm @mail.ru

Various approaches to the study and forecast of long-term changes in the average annual level of the Caspian
Sea are considered. Within the framework of the most common methods, it is considered that such estimates
are possible only in a probabilistic sense since the main components of the seawater balance behave randomly.
However, for the majority of consumers, a specifically designated perspective of a level change and a justifi-
cation for the answer to the question are important: if there is another significant change, then how long and
to what extreme value does it continue? With the accumulation of data on the dynamics of the atmosphere
and ocean parameters, including the results of space monitoring, there are more and more reports on the
identification of multidecadal recurrence in their time series. Over the past years, attempts have been repeat-
edly made, based on the study of sea level dynamics, to identify cyclical components within its time series in
order to use them both to describe sharp declines and rises that occurred earlier and to predict similar changes
in the future. Data analysis in this case consists of searching for such periods of variability within which the
requirements of limited periodic composition and stability of the components that form the time series would
be met. With the help of a specially created software environment, a study of a series consisting of historical
and modern data on observations of the level of the Caspian Sea over the past 230 years was carried out in
order to identify stable periodicities and build an approximating polynomial with their help. It is shown that
in this time interval, in addition to the centuries-old trend, there are two clearly expressed quasi-cyclical com-
ponents. The approximation made using them well describes the entire previous dynamics of the level up to
2021 and can be used as a basis for constructing forecast estimates.

Keywords: Caspian Sea, level change, time series analysis, multidecadal oscillation, approximation of the
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