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The Caspian Sea level (1836-2025)
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A further drop in the level of the Caspian Sea
will lead to a regional socio-economic
catastrophe. By 2100, the sea level is
predicted to fall by 2-18 m, which
corresponds to a reduction in sea area by
23-34%.
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The other side of sea level change

Matthias Prange ® ' Thomas Wilke? & Frank P. Wesselingh3#
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The water balance of the Caspian Sea is quite simple: the incoming part of the water balance
consists of river runoff and atmospheric precipitation falling on the sea area, and the outgoing
part consists of evaporation from the sea surface and natural runoff into the Kara-Bogaz-Gol
Bay. If the incoming part of the water balance is compensated by the outgoing part, the sea
level does not change. If the incoming part exceeds the outgoing part, the sea level rises or,
conversely, falls if the outgoing part exceeds the incoming part. Thus, the water balance
equation must also take into account changes in the Caspian water volume over time by
which it has increased or decreased, for example, over a year. However, the exact
calculation of all components of the water balance is very difficult, and their long-term

forecast is a virtually impossible task.
The sustainable economic and social development of the Caspian region countries depe

on many factors including the significant regional climate change, which directly affectsfre

the tens of fundamental studies (Terziev et al., 1992; Malinin, 1994; Golitsyn et al.,
Shiklomanov, Dobrovolskiy, 2002; Vasiliyev, 2003; Frolov, 2003; Kosarev, 2005; Le

Elguindi et al., 2011; Arpe et al., 2012; Nesterov, 2016; Chen et al., 2017; Kostianoy et al., 2019;
Frolov 2019, Kostianoy et al., 2025, etc.); however, it should be admitted that the Caspian Sea
level is still poorly predicted.



No prediction of the absolute minimum of the Caspian Sea level in 1977 (-28.92 m) and
the subsequent dramatic rise in the level was made, neither of the intermediate
maximum of 1995 (-26.54 m) and the subsequent sea level decline, which has been
continuing now. The same is true for the three-year period of the sea level stabilization
from the middle of 2015 to the middle of 2018. In 2018, the average annual sea level in
the Caspian Sea dropped below —28.0 m BS, and the sea level in 20002015 was
decreasing with the mean rate of 10.3 cm/year . In the winter of 2024/2025, the level of
the Caspian Sea, according to satellite altimetry data, dropped to -29.4 m.

The Caspian Sea level is determined by the water balance, 80% of whose input is riv
runoff, where the conftribution of the Volga River flow makes up 80%. Obviously, t
inferannual variability of the Caspian Sea level should be largely determined by
Volga runoff, which has been confirmed for many years. For example, the Vol
growth by about 100 km3 from 1992 to 1994 led to the sea level rise by 28 cpAinA993—
1995, and the sea level drop from 1995 to 1997 approximately by 40 cm responded
to the Volga runoff reduction by 168 km3 from 1994 1o 1996, that is equiwalent to the
water layer decrease by 43 cm.

rynoff



However, there Is no such clear correlation after 1996, especially in 1996-1999
and 2005-2016, when the Caspian Sea level drop continued even under the
runoff increase by 80 and even 120 km3 between some years, which should
have caused the sea level rise by 20-30 cm. Thus, the increased evaporation
form the sea surface has evidently been a key factor for the sea level decline
under conditions of average river runoff reduction since 1996, and this is clearly

demonstrated in [Chen et al., 2017].
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The evaporation growth in that period was mainly favored by the wind speed increase and
water temperature rise, as well as by the slight decrease in the cloud amount and sea ice.
However, taking info account cardinal differences in the climate of coastal zones of the
Caspian Sea, evaporation from its surface is highly affected (in addition to wind speed) by the
wind direction. The Caspian Sea region is generally characterized by the eastern zonal
component of wind, i.e., zonal wind mainly blows from the deserts of Central Asia. It has
negative values along the eastward measurement axis. Thus, the positive anomalies of the
zonal component should lead to the weakening of this dry eastern wind and, consequently, to
evaporation decline and the Caspian Sea level rise; on the contrary, the negative anomalies of

zonal wind should result in the strengthening of eastern wind, in the evaporation growth and
the Caspian Sea level drop. /

Another important factor which could also cause the evaporation increase is sea depth
reduction. As early as in 1987, G.N. Panin revealed a significant dependence of evaporgh
the Caspian Sea level [Panin, 1987]. Namely, during the warm season (April-August),
evaporation from the shallow Northern Caspian Sea (the mean depthis 4.4 m) is mgch
than that from the Middle (192 m) and Southern (345 m) Caspian Sea. For exampt&, the layer of
evaporation from the Northern Caspian Sea is 2-3 times higher than the respegfive value for the
middle and southern parts of the sea: 100, 35, and 42 mm/month, respectively [Panin, 1987].
Such essential differences in evaporation across the sea are not indicated’in the modern
models of the Caspian Sea water balance and atmospheric reanalyses.

igher



As the water balance of the Caspian Sea (as well as its level) is poorly predicted at the
regional level (on small spatiotemporal scales), it is reasonable 1o suppose the
existence of teleconnections and try to find long-term changes in climatic
characteristics in the Caspian region, which may be caused by the inferdecadal
(multidecadal) oceanic modes of climatic variabllity. Therefore, we investigated
connections with two such modes: the Aflantic Multidecadal Oscillation (AMO) and
Interdecadal Pacific Oscillation (IPO).

Serykh and Kostianoy (2020) have shown that the Atlantic Ocean's influence on the
Caspian Sea weakened in the 1930s and that the Pacific Ocean's influence increas
resulting in a sharp decline in the Caspian Sea level. In the 1970s, the Atlantic Oc
influence increased, leading 1o an increase in the Caspian Sea level. Since the |
1990s, a weakening of the Atlantic's influence on the Caspian Sea has been
over a quasi-eight-year period, possibly leading to a decline in the Caspia
and a slower growth in the air temperature.
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Forecasts of the Caspian Sea level change
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Shallowing of the Caspian Sea by 2.5-18 m and coastal and marine infrastructure
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Shallowing of the Caspian Sea by 2.5-18 m and a distance from ports to the sea
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The Caspian Sea level forecasts
(Lahijani et al., 2023)
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Fig. 10. The Caspian Sea level forecasts and observed curves. All forecasts were
made during the period of CSL high stand. a) Observed, b) Malinin, 1994, c)
Kazanskii, 1994, d) Ratkovich and Bolgov, 1994, e) Klige, 1994.
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Fig. 11. The Caspian Sea level variability from 1900 to 2100, a) observed. b)
reconstructed after Arpe and Leroy (2007), lowest and highest ranges for the
forecast of the CSL using different models and scenarios of shared socioeco-
nomic pathways (SSPs) and representative concentration pathways (RCPs); ¢)
RCP4.5, d) RCP 8.5, e) SSP245 and f) SSP585 for 2021, 2050 and 2100 after
Koriche er al. (202]a), g and h) ensemble average Caspian Sea level forecast
based on the IPCC A2 and Alb scenario emissions respectively, Elguindi and
Giorgi (2006), i) Renssen et al. (2007).




The Caspian Sea level forecasts from CMIP6 (Hoseini et al., 2025)

(a) Caspian Sea Level Fluctuations
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Fig. 7 Determunistic projections of the CSL based on CMIP6-GCMs under four scenarios, 1.e., low, mediom, medinm-to-high  and high emission
scenarios during the 21st century; (a) CSL fluctuations relative to the CSL 1 2021 (b) CSL in the Baltic system




The Caspian Sea level forecasts from CMIP6 (Hoseini et al., 2025)
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Fig. 9 Probabilistic projections of the CSL fluctuations relative to the CSL in 2021 based on CMIPS6-GCMs under the low, medinom, medinm-to-
high_ and high enission scenanos during 21st cenfury




What do we do?

1. Monitoring the Caspian sea level and KBG Bay using satellite altimetry

2. Validation and intercomparison of the Caspian Sea level at 23 level gauges (5 countries) and
3 altimetry data bases HYDROWEB (France), DAHITI (Germany), GREALM (USA)

3. Investigation of the Caspian Sea water balance and reasons of the Caspian Sea level
decline.

4. Investigation of atmospheric moisture transport with ERAS.

5. Investigation of the Caspian regional climate change.

6. Determination of the climate scenario according to which climate change deyglops in the
Caspian region.

/. Studies of wind-wave dynamics in the Caspian Sea under strong changgs of the environment



Pe4yHoun cTok. B Kacnmmckoe mope Bnaaaet 6oaee 130 pek, KOTopble MOCTABAMMOT B MOPE OKOAO 300
KM3/roA (0T 240 km3/roa B 1970-1977 . A0 336 km3/roa B 1900-1929 rr.), M3 KOTOPbIX OAHQA TOAbKO BOATa

AQET NPUMEPHO 250 KMm3/roa
> > ATMmocdepHble 0CAAKU. ATMOCADEPHbBIE OCAAKM HOA

QKBATOPUEN MOPSA PACTIPEAEAEHDBI BECbMA
HEPOBHOMEPHO: HOMOOAbLLIEE KOAMYECTBO OCAAKOB —
AO 1700 MM/TOA BbINMAACQET BO BAOXHbIX CYOTPOMMKAX
AEHKOPAHCKOM HM3MEHHOCTM B A3epOanaXaHe, d
HOMMEHbLLIEE — AO 95 MM/TOA HO BOCTOYHOM Depery
MOP4H, K KOTOPOMY MOAXOAAT MYCTbIHM LLEHTPAABHOM
A3nun .

UcnapeHune. CpeaHss OLLEHKA MCNAPEHMS C 3ePKA
Kacnmmnckoro mopsa — 910 MM/TOA, 4TO COOTBETCT
npumepHo 345.8 km3/roa (BamnamH, Kocapes, 19
AQHHbIM HectepoBa (Hectepos, 2016) exeroas
BEAMYMHA UCNAPEHMI C MOBEPXHOCTM Kacn
MOPA B XX—=XXI BB. UBMEHIAACH OT 9220 AO
A B CPEAHEM MOPE TEPAAO OKOAO 970 pAM CAOS BOADI
(0KOAO 375 KM3) B TOA. BAM3KOS oLeRKO HOPMbI
mcnapeHusa 3a nepmoa 1900-1996 pr. (261 mm/roa)
NoAy4yeHa B paboTe (Feoprmesckim, Ffoayoes, 2003).
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(km3/roa) ¢ 1881 no 2016 .



Ctok B 3aAMB Kapa-boras-foA. 3aAmB Kapa-boras-foA - 310 MEAKOBOAHOE MOHMXEHME B PEAbETDE, C
MNAOCKMM AHOM U HEMOCTOIHHOM OEPErOBOM AMHMENM, CAMAL OBLLMPHAL HO KACMM AQTYHO PA3ZMEPOM
oKOAO 18,000 KM2, OTAEAEHHAS OT MOPA ABYMS MECHAHbBIMM KOCOMM, MEXKAY KOTOPBIMM HOXOAMTCS
MNPOAUB AAMHOM 7-9 KM, LLMPUHOM OT 120 A0 800 M 1 TAYOUHOMU 3-6 M.

N3-30 pA3HMLbI YPOBHEM KACMS 1M 30AMBA U B 3ABUCUMOCTU OT €€ BEAMYMHBI MOPCKAOS BOAQ CO
ckopocTbto 50-100 cM/C YCTPEMAFETCH MO MPOAMBY B 3AAMB, TAE MOAHOCTBIO McrapgeTcs (B cpeaHem 800-
1000 MM/roa). TOKMM OBPA3OM, MPU CPEAHETOAOBOM CYMME OCOAKOB B 3TOM panoHe He Boaee 110
MM, Kapa-boras-FoA npeAcTaBAseTr COOOM OrPOMHbBIM ECTECTBEHHbIM MCNAPUTEAL MOPCKOM BOAbI. 10
AQHHbIM BanamHa n Kocapesa (1986) cpeaHeroAosom CTok B 3aAmB Kapa-boras-Moa B 1900-1929 rr.
COCTAOBAAA 21.8 KM3, B 1930-1941 1. — 12.4 kM3, B 1942-1969 1. — 10.6 kM3, B 1970-1977 1. — 7.1 KM3.

B HOCTOSLLLEE BPEMS, B CBA3M C NMPOAOAXKAIOLLIMMCA MAOAEHMEM YPOBHA KOCnma CTOK B 30AMB

COKPALLAETCH, OAHAKO TOYHbIX AQHHbIX O BEAMYMHE CTOKA B 3AAMB HET. OTMETUMM, YTO COTAQCHO
[Hectepos, 2016] otmeTtka aHa npoamsa Kapa-boras-foa (Kbl coctasasetr —30,6 m bC, noato
TOKOM YPOBHE KACMMA CTOK B 30AMB AOAXKEH MNPEKPATUTLCH, YTO COXPAHUT KACTUIO MPUMEP O M3 B
[OA.



YpoBeHb Mops. KOK 3TO HE 3BYYUT MAPAAOKCOABHO, HO Mbl ACKE HE MOXXEM TOYHO OMPEAEAMTb YOOBEHbD
Kacnumckoro mops. Ha Kacnmm oTCyTCTBYIOT COBPEMEHHbBIE M3MEPUTEABHBIE CUCTEMbI YPOBHA MOPA.
[1oAKTMYECKM BCE YPOBEHHbIE MOCTbl PACMOAOXEHbBI HO Oeperax Kacrnms, U Mbl HE 3HOEM
NPOCTPAHCTBEHHOIO PACMPEAEAEHNT YPOBHA MOPA. M3MEPEHUA HA YPOBEHHbLIX MOCTAX HE YYMUTbIBAIOT
BEPTUKAABHOE ABMIXKEHME 3EMHOM KOPbI, KOTOPOE PA3HOHAMPABAEHO HA PA3HbIX Beperax Kacnusa u
AOCTUIAET 1 CM B TOA. YPOBEHHbIE MOCTbl HE OCHALLLEHbI BBICOKOTOYHbIMM TPEXMEPHbIMKM GPS-
NPOUEMHUKAMM, KOTOPIE MO3BOAIOT M3MEPATb BEPTUKAAbHBIE M TOPU3OHTAABHBIE CKOPOCTM ABMXKEHMS
3€MHOM KOPbI, T.e. NEPEMELLLEHNE HYAEUN BOAOMEPHbLIX MOCTOB. [TOCAEAHME KAAMDPOBKM (HYAEM) MOCTOB
BbIMOAHAAUCH B 1975-1980 roAax (TOABKO HQA 3AMNMAAHOM MobBepexXbe), KPOME TOro, MHOTME MOCTb
NEPECTABAAAMCH M MEHAAMCH CUCTEMBI M3MepeHns (Hectepos, 2016). MHTEPKAAMDOPOBKKM BCEX MOCTOB
Ha Kacnmm € Tex Nop TakKXKe HE MPOBOAMAMUCS.



YTo Mbl HE Y4YUTbIBAEM B pac4yeTax BOAHOro 6anaHca?

Kpome Bcex MpoBAEM, CBA3ZAHHbBIX C TOYHOCTBIO OMNPEAEAEHUA BCEX YETbIPDEX OCHOBHbIX KOMMOHEHT
BOAHOIO OAAQHCA M YPOBHS MOPS, Mbl HE YYUTBIBOAEM PAA AONOAHUTEABHbBIX JDAKTOPOB, KOTOPbLIE MOTYT
CKA3bIBATbCH HO BOAHOM OAAQHCE MOPA.

(1) Bo-nepBbIX, 3TO MOA3EMHbIM CTOK B MOPE, KOTOPbLIM HO KACNUKM HE M3MEPSIETCH, OAHAKO, MPU AAMHE
©eperoBon AUHMKM NOPIAKA 6.5-7.0 TbIC. KM, OH MOXET MMETb 3HOYEHME, OCODEHHO BAOAb 3AMAAHOIO
M KOXKHOTO Bepera, rA€ HO HEKOTOPOM PACCTOAHMM OT MOPT HOXOAATCA TOpPHble cncTembl KOBKA3A
(A3zepOanaxaH, Poccus) n Sabbypca (MpaH). B HOyYHOM AUTEPATYPE BCTPEYAOTCH OLEHKM A0 5%
OT MPUXOAHOM YOCTU BOAHOTO BAAQHCA (T.€. A0 20 KM3/ToA), OAHAKO, OHM OCHOBAHbI HO (HEBA3KEN
BOAHOTO OAAQHCA C M3MEHEHMEM YPOBHA Mop4. Lahijani et al. (2023) npmBOAAT OLLEHKY B 4 KM3/TOA.

(2) ApYrviM BAXKHBIM OAKTOPOM, KOTOPbIM Mbl HE YYUTBIBAEM, HO KOTOPbIM MOXET CYLLLECTBEHHO
M3MEHUTb OLLEHKM MCMAPEHMI B CTOPOHY €0 YBEAMYEHUS ABAFETCH PA3HAA TAYOMHA MOPS B
CesepHom, CpeaHem m tOxxHom Kacnmm, 1 0oCOOEHHO B MEPMOAbLI YMEHbBLLIEHUS TAYOUHbBI M
HECKOABKO METPOB. ELe B 1987 roay I'.H. lAHMH YCTAOHOBUA 3HAYUTEABHYIO 30BUCUMOCTb
oT ypoBHa Kacnug (MaHuH, 1987). A UMEHHO, B TEMAbIM MEPUOA TOAQ (AMNPEAb—ABIYCT) U petHue C
MEAKOBOAHOTO CesepHoro Kacnuma (cpeaHss rayouHa 4.4 M) HOMHOIO OOAbLLIE MCMAREHUI CO
CpeaHero (192 m) n KOxHoro Kacnimg (345 m). Hanpumep, B Mae CAOM ncrnapeHmngc CepepHoOro
Kacnug B 2-3 pa3a O0AbLLE, HEM COOTBETCTBYIOLLLAA BEAMHYMHA AN CpeaHero n KkHoro Kacnms:
100, 35 1 42 mm/mecau, cooTBETCTBEHHO ([MaHMH, 1987). Takme CyLleCTBEHHbIZ PA3AMYMS B
MCMAPEHMM MO AKBATOPMM MOPS HE OTPCXKAIOTCA B COBPEMEHHbBIX MOAEAIX BOAHOTO OAOAQHCA
Kacnumg n atMocdpepHbIX PEAHAAM3IAX.



(3) CeBepHbint Kacnumm 3MMom NPEeACTABAIET COOOM HOMDOAEE DHEPIOAKTMBHYIO 30HY, KOTOPASA C
HABAIOAQEMBIM YMEHBLLIEHMEM MAOLLLOAM AEAIHOTO MOKPOBA U €0 CMAOYEHHOCTHU (B PE3YALTATE
PETMOHAABHOIO MOTEMAEHMSA) AOAXKHA MPUBOAMTb K 3HAYUTEABHOMY YBEAMHEHMIO MCMAPEHMA. AEAO B TOM, HTO
NpuM TEMMEPATYPE BOAbI OKOAO O IPAAYCOB, TEMMNEPATYPA BO3AYXA HOA CeBepHbIM KACcnmMem exeroAHo
onyckaetcsd Hmxke 10-15 rpaAyCOB MOPO3ad, A MHOTAQ 1 A0 -25°C (Lavrova et al., 2022). MOKCHUMAAbHAS
AEAOBUTOCTb 30 MOCAEAHME 25 AeT HOBAIOAOQAACH 31MOoM 2011/2012 1. (103,5 ThiC. KM2), O MUHUMOABHOS -
3umon 2019/2020 r. 1 coCTaBMAQ BCETO 36 ThiC. KM2, TOKME 3HAYUTEABHBIE MEXIOAOBBIE BAPUALMM AEASHOTO
NOKPOBA, TOYHEE, MAOLLAAM OTKPLITOM BOAbI B 3MMHMIKA MEPUOA, MOTYT 3HAYUTEABHO YBEAMYMBATL MOTOKM BACTM
B ATMOCOEPY, YTO HE YYMUTLIBAETCS B COBPEMEHHBIX ATMOCDEPHbBIX PEAHAAM3AX.

(4) MeXroaoBblE CTEPUYECKME UIMEHEHMS YOOBHS 30 CHET YBEAMYEHMI TEMMNEPATYPLI KOCMMMCKOro MOpPs H
MOTYT OKQ3bIBATb CYLLLECTBEHHOTO BAMAHMSI HA YPOBEHb MOPA, OAHAKO, CE30HHbIE CTEPUMYECKME M3MEHEHM
YOOBHS MOTYT AOXOAUTE A0 8 Cm (Lahijani et al., 2023).

(5) NMAoLLLaAb KOCMMMCKOro Mops MPUCYTCTBYET B PACHETAX MCNAPEHMS M B OLLEHKAOX ATMOCADEPHDI
OCOAKOB, KOTOPbIE BbINAAQIOT HO €ro 3€PKAAO, O TAKXKE B M3IMEHEHMIX OObEMA BOA. batnrpadom
KPWBbIE, CBA3bIBAIOLLME YOOBEHb MOPS M €0 MAOLLLAAbL, AA KOCIMMCKOro MOPS M3BECTHbI MO MYy, LLLAM
PAAC ABTOPOB (KpULikm U AP., 1975; My3bIA€B 1 AP., 1982; BanamH, Kocapes, 1986; PpOAOSB, 3; Hectepos,
2016). OHM HECKOABKO OTAMYAIOTCSH APYT OT APYTrQ, M OHM BCE OblAM MOAYYEHbI BO BDEMEHA, KOTAQ ELLLE
OTCYTCTBOBOAM CMYTHMKOBBIE OMTUYECKME M30BPAXKEHMA BBICOKOTO NPOCTPAHCTBEHHOIO PA3peLLeEHMd, a
TAKXXE CMYTHUKOBbIE AABTUMETPMYECKME AQHHbBIE. BAXKHOCTh MOCTPOEHUA TOYHBIX BATUFDAdOMYECKMX KPMBbIX
AAT AMANA30HA TAYOUH Kacnmg oT -26 A0 -30 M 1 HMKe A0 -50 M OY4EBUAHA, MOCKOARKY AAS MHOTUX 30AQH
HEODXOAMMO 3HATb TOYHYIO MAOLLLOAL MOPS. HaONPUMMEP, HOCKOABKO MPOUCXOAdLLLEE COKPALLLEHME
MNAOLLLOAM MOPS BAMIET HA BOAHbIM OAAQHC KAcrnma HEM3BECTHO.



(6) 3arpsasHeHne aKBATOPUM MOPA HECDTEMPOAYKTAOMM: ACOBIMA M TRAHCMNOPTUPOBKA HEJOTU 1 O340 B
BOAQOX Poccum, KasaxcTtaHa, AzepbamnaxaHa, MpaHa 1 TYPKMEHUCTAHA; NMOCTYNAEHUE 3ArPA3HAOLLLMX
BELLLECTB U3 BOATM 1 APYTMX PEK, BNAAQIOLLLMX B MOPE; YTEYKU C MPUOPEXKHBIX HEADTAHbIX PA3PADOTOK;
ABAPUMN HO OYPOBbLIX MAATADOPMAX; COPOCHI HECPTECOAEPKALLIMX BOA C CYAOB, CUMAXM HEADTU CO AHA
mop4 (Mityagina, Kostianoy, 2024). C T04kM 3pEHNI BOAHOTO OAAQHCA MOPA HOMOOABLLLIMIM MHTEPEC
MNPEACTABAJET HEQTAHAA MAEHKQA, ODPA3YIOLLLAICA BO BPEMS PA3ZAMBOB HEADTU. TAK, MPU AOCTATOYHO
TOACTOM (23,6 MKM) MAEHKE ACXKE HO AECHATBIE CYTKM MCMNAPEHME C YUCTOM NMOBEPXHOCTM MPEBBILLAET
MCMNAPEHME HAA MAEHKOM eLLLe MOoYTM B 2 pa3ad [[TaHuH, 19858]. B 3uMmHeEE BpeMa ITOT NMEPUOA MOXET ObITb
eLle amamHHee. OAHOKO CTeNeHb BAMAHMS PA3AMBOB HEADTM HAO MCMNAPEHME B HOCTOSLLLEE BPEMS
HEM3BECTHA.

B obLuem cAydae OOAbLLIOE YUCAO PA3AMYHBIX MO CBOEM MPUPOAE CDAKTOPOB, AEMUCTBYIOLLIMX HO
DOPMUPOBAHME YPOBHS LLEAECOODPA3HO OObEAMHUTL B YETLIPE OOAbLLME TPYIMIMbI:
KOCMOreoomsamieCckme CHAbI,

[€OAOTO-TEOAMHAOMMYECKME MPOLLECCHI,

QHTPOMNOreHHbIE AOAKTOPbI U

TMAPOMETEOPOAOTMHECKME MPOLLECCHI (KAMMATUYECKME CDAKTOPDI).
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