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Reproducing Historical Change of Water Balance by Land Surface Model in the Caspian Sea Basin
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Synopsis

Drastic fluctuation of the Caspian Sea was reported in 20th century, and serious flood
and ecological damage were induced. Therefore, the reason of its fluctuation has been
studied, but still unclear.

The main purpose of this study is to explain the reason of fluctuation. Therefore, first
of all, historical water balance was reproduced from 1960 to 2000 by physical water
circulation model. And secondly, four hypotheses were discussed, which are climate
change, saving water demand, developing dam to cut discharge to Kara-Bogaz-Gol Bay
and sea temperature rise. As a result, few fluctuations were reproduced by the model.
Since global dataset was used for meteorological data, local measured data is required to
review. As for artificial water use, impacts were small, however, since irrigation
efficiency was reported to be improved, this can be a part of the reason as well as
developing dam in KBG. Sea surface temperature was measured by AVHRR satellite
data, and it slightly increased.
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WEEHITH Y, FIIEH350 7 km*IZPE % (Fig.1) .
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(Bolgov et al., 2005; Arpe et al., 2000; Arpe et al.,
2007) .
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Fig.1 Caspian Sea Basin (GIWA, 2003)
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Fig.2 Fluctuation of the Caspian Sea level
(Klige et al., 1992)
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Fig.3 Study flow
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Fig.4 Water demand
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Fig.5 Water discharge to KBG (Frolov, AV., 2003)
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Fig.6 Bathymetry map of the Caspian Sea
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Fig.7 Water balance in the Caspian Sea Basin
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Fig.8 Annual discharge of Volga River
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Caspian Sea Water Balance [Gt/yr]
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Fig.9 Water balance of Caspian Sea
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Fig.10 Averaged annual evaporation and precipitation on

the Caspian Sea

3.2 AREBEBDKIREZ

WA, Ik Z@ L CHirshs I A
HE D KIS fRMTRE R &2~ 3. Figoe, Q@) T &
DI AEMOKNIZEEREZ RS, 22T
(P-E)caspl®, 71 A CMFHEFEIC K E ARTET D08, BLER
BECIIVFEDO KRN EE % & il = ORFELE(L % Ek
ICHBTE TWenwk®, P AEMHEEET VE A
WIS R 2 ZR IS HE T &S U7 W RIS 6 L AT
L7=. [, B ACWOITKEZEbdelViE, KAT
EENOMFFE L SRR T — 2 2 HTHEE L, Qin
WIXRTHT CHAT SN2 EREZHW TV 5. Fig9nkh
RCIIP-EDQEN I A MO EREEITIG U T
LTWHA, T TIEHEHOBINPCRIRD E5H%%
WU A EOKBEEBORER N ERN
», Fig. 10128 A L TORFEE & Bk E % mm/yr
TERLL., T2 TOMRIEELEFEKEL, 40FHOfF
Wi 2@ 0 CHICHE L THoTm A v a2 DBITE
WTERETo TN S,

FPdelVE R D &, 1970414 - £ TIX0Gt/yr& #
BLOOETORDER TH 722y, 1978F % 51T
200 Gt/yrilt < @G L, & D% 150G/ yrfli#h & #HER L T
WD . (P-E)eplXIFE—ETH oM, I AEWEOMHE
FENEEIN T DI o THEBENEIMEMIZH 5.
OxpalTIFF20GUyr L Z#HERB L, ¥ LABRELR T
7 HARIE0~-2Gt/yr& 72 > TV 5.

3.3 AREBOKEEFHICOVTDER
AKRFZETIE, W ACHOWEDKMEEDIRK %
AT, FBEREEBEETIC L B KIEEREN 51T -
72. LML, FiglamT X2 721978F %255 & L7-1H
ErERTobcal RbhRdoiz. RiEiC
X ZOBEIRZ & D CKRMEE DR ZLLTF D451
WD BEEITS.

a) SUERZH

BETEMFZE CHBICE M S N TV D KA L
TiX, Fig7IZR o5 L 9 I219784F % 5l L /- B
REBIGITR BN o7, LR ORBKELKIRIC
HIS -7 bi37e <, I A HE DR JA LT
BN LT T 50580 & 503, Fig. 100 X 9
WCHEMARBEOREICE(LITIZER OGN o 7.

ZO—oDFRKE LT, ANITHWERSRT —X
IR EDORBEEE D+ I KB ST e Do 72 A
HEPEDY® 5. APHRODITEZ DLOKRT — 4% TH[H
EOEREELZN, ThbDTF—Fy MIEHKSL
KEBBETHEINLTWELDOTHY, F A= R
A 2=T 4 IARSR TV ARG T — & 135
KBFEEENTNBEHOD, LA HERT 7 13N
EINTET—FRE LI DRV CTCH D DT, FEEE
ICRBEEESH PR X T THAN S h 2 nWiEE-C8ll
ENTOTHABRESNTWARWATREERND 5. FEx
R TRELEHNFE RSN TWDLZ LY, &
BIX AR NN O 8% E D TEMOKITT — & DIL
EERDLDVLENRD S .

Fig.81Z 5. 5 L5 RV )1 0 FE 5 B O BRIE I,
19784E 7> b DFISFEMIE50~80Gt/yriE iR EMN % <
2o T2, Fig9DdelV e W5 &, 19784ERI# T
200Gt/yriE EH 2 TV D DT, RV OFEER ML
SR BER LS. RS, Z ORIV O TR
DFERIZHOWTH BAERMICIR O L ER H 5.

b) KFAREDEIL

TR FEROREZIZONT, SETTo 72K
TEEBRFRHT TIZ, FAOSTAT) 515 & 41 % WML A D 28
EDOBNREFBEN TR, 13T X5 il
RO ) OB FEME DRV B 0 MEESS 1L, EER
RPEEN TERNTZDICE/BTE ootz 5T
B OE®E LV IET 5 LI, SRRSO
AL Z BB EICHONT b ERMICHRE T
LDRENDHD.

c) NSRAXTINEDT LDELE

KBGIZ & L3 1E SN =B BN A B O K EIRFF
Thol-Z &R0, KBGE A AN NEEE N T\
e & o 2 WD KAL FH OREANIFIE T B 7=

— 283 —



W, B AECHKMNMD EHOERO—2LEEZ LT,
U2y UE BB RAT U772 iE 8, delv oo ffa 5t 1 23
100Gt/yrEA T T o - 72 19704 R % - £ TiX, 20Gt/yr
AT & 72 D Qgpe D BT LI K Z W%, 19804E L
B X del VO HEXHE 23 150G yrfR BEIZ T 5 72, 8
HIREMTHD L E 2 5.

d ®BKEDEIE

SEEFHOEEL L TOKNXOELIZEIRESN S
T EBZNR, I AR KEEHA1000mEL | H
L7, AEOHIR B LR, [EAENC X -
THFKIEN EFT 5L B A ORI S LRI BT
MR H 5.

% Z T, AVHRRODOH 2 RATE Z AT A D
£ OWEEIRE DL\ A HEE LT (Fig.11) . Fig.11
XV, AVHRRO T — & 3 EFA A GE & 72 5198240 5
20004F F T O HI IV K IR I 2 BB I &
v, ZOLFEEF2CLLTFTH o7z, ZHUITKDOEE
EREEZD L, RITEATELI00mT—HRICIEE L
HL7EE L TH40emfEE D KN EHTH B -8, JF
KD—>2>EFEZLNDD, EFERIIBNCH 5 AlHE
PEDSE.

4. fEmESHRORE

AW T, BURCHERA R SROKRRET — X
Ty FEANERFICEERREET VEHANWT, IR
EHOMEDO KNI OTHEZRK AT, Mx T, HA
EHFEOKNMEBOFIAIC DN TEREIT- 2.

TR R O KIS T1E, AT OFEE—
EORE THETE -2 LIIRETH D, 19784
PO OEAER TRV TN ORENEIN L2 & 2 F
BWCoxhhot., 5%, 1984FELIFEDORILATND
MET—FE2ET LI, ZOREHMOERIZ-
WTHFHETS.

Yearly SST of Caspian Sea (NCDC-AVHRR)
20 [T T e

A RRARASEN
Average
North_—

12 - R

Sea Surface Temperature [degC]

10 Il Il 1 Il Il 1 1 1 1
1982 1984 1986 1988 1990 1992 1994 1996 1998 2000

time

Fig.11 Historical change of annual averaged sea surface

temperature

A WDKK TrE, BrKEDEdelVE Kat
EHBHEEL, ZORKICHOWVWTERLE. JEE
HARKE TH 2D LT HBEEMRITZL V0D, Bk
THHAWRERESE T — 2ty MCIZBEER LR
BRONRNTEDIZ, KNS FEHT 2@ L THimED
R[EEZHET HERIIELN o7, Z DM
DERZONWTHEBNRBENM TR, i
HKIE CRIERdelVOELZRATE D H O TR
Wi, kkx BRBERPEEGHICERALEERTH D
EEzZzoND.

A Bl FEEHE & L il 2 0 KIS ARAT OARHL & L C
T Fig 2l R TR AEB OB AT — 9 1%, H
AW ETARDOHLTHD -0, KALORFEMDRE
WCOWTHBEDBPMETHD.

SE Xk

LEHEZ (2012): T A NMIARIKIZ BT 5 2 EHFEIK
R 7Y 7 MCET L%, K RT
20104 FE1E i

B IEE (1997) @ F A D@ & BE, AL - K
PR 4EE, Vol 10, No. 1, pp.87-95.

IRsrik - HPEHA - 0@ - NRFR 2011): 7
Z A O NP HE AR IR D VEE AL R D B A B R
L 7oK « BUNZ ORRFEEOTE, R SR
JEpTAE R, #5545 B, pp. 691-698

Arpe, K., Bengtsson, L., Golitsyn, G.S., Mokhov, LI,
(2000):
Connection between Caspian Sea level variability and
ENSO, Geophysical research letters, Vol.27, No.17,
pp-2693-2696.

Arpe, K. and Leroy, S.A. (2007): The Caspian Sea Level

forced by the atmospheric circulation, as observed and

Semenov, V.A. and Sporyshev, P.V.

modeled,
pp.144-152.
Barannik, V., Olena B., and Felix S. (2004): The Caspian

Sea region environmental change, 4 Journal of the

Quaternary  International, Vol. 173,

Human Environment, Vol. 33,No. 1, pp. 45-51.

Bolgov, M.V, M.K. Filimonova, and M. D. Trubetskova.
(2005): On the Problem of the Caspian Sea Level
Forecasting, NATO Science Series, Vol. 46, pp.27-35.

Dumont, H.J. (1998): The Caspian Lake: history, biota,
structure, and function, Limnology and Oceanography,
Vol. 43, No. 1, pp. 44-52.

Frolov, AV., (2003): Modelling of multiyear oscillations
of the Caspian Sea level: theory and applications.
GEOS, Moscow, Russia

Hirabayashi, Y., Kanae, S., Motoya, K., Masuda, K. and

Dsll, P. (2008): A 59-year(1948-2006) global

— 284 —



near-surface meteorological data set for land surface
models. Part I: Development of daily forcing and
assessment of precipitation intensity, Hydrological
Research Letters, Vol. 2, pp. 36-40.

Klige, R.K. and Myagkov, M.S. (1992): Changes in the
water regime of the Caspian Sea, Geojournal, Vol. 27,
No, 3, pp. 299-307.

Kosarev, A.N., Kostianoy, A.G. and Zonn, L.S. (2009):
Kara-Bogaz-Gol Bay: physical and chemical evolution,

Aquatic geochemistry, Vol. 15, pp.223-236.

Onogi, K., et al. (2007): The JRA-25 reanalysis, J.
Meteorol. Soc. Jpn, Vol. 85, No, 3, pp.369-432.

Rodionov, S. (1994): Global and Regional Climate
Interaction: The Caspian Sea Experience, Kluwer.

Tanaka, K. (2004): Development of the new land surface
scheme SiBUC commonly applicable to basin water
management and numerical weather prediction model

doctoral dissertation, Kyoto University.

(R ZIEA : 2014F6A8118)

— 285 —





