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Annual Amplitude of Water Storage Change (om)
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Annual Water Balance over Land
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Target Sea of Discharge from Land
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Annual Discharge (10!2m®year~!) by Water Balance
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K E ST IR D 2N e Bbind. 7700
FPERA Congo(Zaire) JIl, 77 U HEFEHS Oranje JIIT,
EH b REFEICES. PE»SORKHIL Changjiang
N (FiL) T, £ DMBER 7Y 7 O Mekong JI[ XY
T O Amur JIIS B RBORHZ2RH, KFHICE
<. T YT KEEALH CIMBECEC N O S b, E-12
RERTWADIEEMND Ob )i, Yenisey JIf, Lena JIl,
% LT Kolyma JIITTh 5. 47 A Y H KK E DI
FEH TR EEEIZES Yukon JIIR° Santiago JII, LR
#EIZE < Mackenzie )72 EB K& <, KEEIZESH
Iz ixdkA> & Nelson JIl, St. Lawrence JIl, Mississippi
M, ZELTT AY BERE & A% 2 [EFEOD RioGrande
e E2d3. BT AV AKETIET 500 Amazon
JI1%e Tocantins Ji|% LC Parnaiba JIl, 7VEF D
Parana )|, XX XX 7 ? Orinoco Jll, EHlzaw v
7 @ Magdalena J1172 £ O IS KEEEIZLBOYKE
fiE LTV 5.

728, 77U A Chari JIIR Cubango )Il, 7Z7 Vi
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~< Amu-Darya )Il, Syr-Darya JIl, 72 & O PEERI
TR T ¥ 7 KB N RERE R IR - SV THRMgE~D
FHEZER L TRV, RIS 5 HEEH ORI
FRREEOWBE~FEHTH b D & L. T, TPTH
PEfER (B-110 7 & 7 REER I OR3-S s e
VNZE BERIR) OB OKINZIIR-BDOREIZ 2> TS, F
bbb, ZOEBOATIHIABRIIIME L TWT, BE
iRk E LEEAERERD > T u— UL kERH
FOETIH B L Ui Starr and Peixoto?® DR L IR
2o TNA,

-
——

(3) XEOSFMKERX

BFRTVINT —F% 25° Ay vallfi—LTHE
hébt, EEICEH LEHENR-4 TH B, K
B ORI & & EEOERBRKIRE & Db hriEn
IZERNEBEOREZE 0.04x10%° kg year™! (ZEE T3
By BIFBETHY, EKEA~D —Vy-§ OIELEE
~DE D, OEZFIEICHER~OIRE (EEICIER
BE)BEENTWEEDTHS. BARIZEBRETSH L,
f L OFHREKEIT 850 mm year~! BETH Y, MBI
£ 1,270 mm year™! (ZHRB &MY/ hEV, L
LABRLEFOSHIZIHBEIRH ST, BT A Y b DK
B35 1,600 mm year™! LD TEWMEEZRL, £
DEHEBRL LT TWBZ L ilbh b, Zhiclkit
BDEEZFODOIIEFETLIRFEENLTHS. HHE
LRIV ET A Y L TH 750 mm year™! ERE < fih
TiX 200 ~ 300 mm year—! FREE L2V, BEL L
THEEEN-ZRZRELET7 A H2 800 mm year—! &



F-4 BERMOERAKINE. SEEVNOERANRE. —Vi-§, P, E, D, it th ZhREAERTIUEE, BAR, KEKIX
NOHRE LR RE LUKESN HE~DIRMBOFRE L/ L, BUEREY Y OKES (£R) L EE (G) ©F
LTND. FoeeDFE 0.2 IINERE~OHH2 YIcRAT 5.

Area || —Vy- @ P E|-V4- @ P E D, Fpe
102 m? mm year—! 10 kg year—!
Asia 46.7 244 762 518 114 356 24.2
Europe 12.0 197 746 549 2.4 8.9 6.6
Africa 32.4 4 7180 776 01 253 251
N.America 27.7 318 709 391 88 196 108
S.America 19.3 773 1,600 827 149 309 159
Australia 10.7 24 915 891 03 98 96
Antarctica 14.1 130 620 490 1.8 88 69
Japan 0.7 541 1,752 1,211 04 13 09
70 rivers 91.5 300 914 614 274 836 56.2
Continents 162.9 244 852 608 39.7 1389 99.2
N.Pacific 76.6 130 1,685 1,555 9.9 1291 1191 80 179
S.Pacific 99.1 ~112 1,396 1,508 | -—11.1 1384 1495 1.9 —9.2
N.Atlantic 435 -292 1,120 1,412 | -127 487 615 122 —05
S.Atlantic 45.8 —~305 808 1,113 | —~14.0 370 51.0 93 —47
Indian Ocean 70.8 -198 1,192 1,390 | -140 844 984 40 —10.0
Arctic Ocean 10.6 208 325 117 2.2 34 1.2 45 6.7
Oceans 346.5 115 1,273 1,387 | —39.7 441.0 480.7 39.9 (0.2)
Global | 5094 | 0 1,138 1,138 | 0.0 5799 579.9

£~5 BREEH DEWFE~OYIKFHRE (10" kg year™). K OIFE~DHHED Total(39.68x 10" kg year~!) & —Vy-§
@ Total(39.72x10'® kg year™') & DL, £IINKBREDTEZE —0.04 10%° kg year™! TH 5. Inner 1 Asia IB&
T Africa OPIEFHE TORMMER (KERIKE) 277, MIEEAICEES BEOD, ROFHREHN—HLALAVRED

b5
N.Paci. S.Paci. N.Atlan. S.Atlan. Indian Arctic | Inner Total
Asia 4.65 0.42 0.19 3.33 2.66 0.13 11.38
Europe 1.66 0.03 0.65 2.35
Africa -0.16 091 -0.23 —0.38 0.14
N.America '2.88 4.79 1.14 8.80
S.America 0.46 0.42 5.74 8.29 14.91
Australia 0.13 0.13 0.26
Antarctica 0.98 0.07 0.79 1.83
Total 7.99 1.95 12.22 9.28 4.05 4.45 | —0.26 39.68
—Vg- é 9.95 -11.13 -12.73 -13.97 -14.04 2.20 -39.72
Grand Total 17.94 -9.18 -0.51 —4.69 —9.99 6.65 | —0.26 | —0.04

EBMIzKE <, thoE ETO 500 mm year™ BELX B3I libh3.

KRELBIZBLTWS. 2D LIz, Bk - %% - il

LWVHIERPHERBETERXD L, BT AV HOFERIC AL B LIEROL LTS L2 RD L, B

BOTEMCIZL - & bIERSABRMNMT DA Ty ROBARITE SICIKEEOMELETHY, BED
BEEIC RS LD TREVETHA Z 2 Bb,h5. @
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Water Balance of the Oceans
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0-13 MR OEROEKIE & YOKOME. KKH O DEROPAMER OFNIFEH &, FANSTH & HEE U7 e O3t
K7 F v 7 AERL TS (10'° kg year *). FA, FB 3 X TR FP AN 6 OF Tl 2 WiEE TE 20 R

ReESTH Y, (M) NITROEEERRICRT.

BEZDLN TS EEOFNOFHERIZH RS &k
KU EIX 500 mm year™! LRRpESHEEESN, B
BLLTREANENORDFEEABENKERST
LEoTnA,

Fio, K CRO o1 70 OEJUFEROFEH %
2EFMOFH L HRZ L, BHELBARLEBFRURE
12, AERITLEHOEHEL IZER L 600 mm
year~! {272 5T 3. $b BRSNS LT3
MR RREIIFICE <D< b2 <, BARERS
HIRTHD L5 T EREHMICITE RS,

(4) BWEOKREEABE

KEED b OBRAKBRITBEEOERBRICHEBEEX
Bz, HIREIZIBHT 5 KA L OB KOHEINT Tik
72 I B DFEHIZ & o T b BEEA SRR IR D
SEV AT AICELBEH>TW5. Bryan and Oort?
2 Wijffels 52D OB TIREIIZZ 5 LEREMBRE
ARILFESAV S TSR, M2 OB EEERTE
BETNAOESREH HFJIFH B HEE L TWD
HELHD.

KEeCrEREA, R, MESEREATRE LT
BDxE LT, MEOKIEICIZEBOF) A b DA
(D) RHEEERDER DKL (Fpee) BEEL TS,

Thbb, Foa = =V Q + D, BIETHRADORRSH S
WIEFRERE L TWT, RO EROERRZIZL T
BWETLIZNATUVALTWE D EELLNS.

F-UTR LEBEWHEOKNEE RS L, KPE#EICE
WTREDERKE R0 TN B DM THD. T
bbb, EAREETIIRARBRITH V BIEKFEET
IREERDNERI L 22 o THWT, D SFIZEROBRADE
FitmEBT bR TWA I B EEShS. Thix
Bryan 50 OB % AWVT Wijffels 52U BHEE Lk
BLREHTHS. BEFEHLTLEI LREED
B TRARLARELINZE T UALTHAS.
KEBEZ DOV TR ATEEED RN (Fpet) PHH
FEBRDSRL, b SBE~OBAKBERTTRDR TN
LEEEXND. Zhit Wijffels bOBRERLTHS.
£-1°%-2128.3 L5 12, Bryan b7 OBEIIMOBERE
LiEDe b BB, FDT—F VW Wijffels &
DFER LY IAFFEOEROFN L Y EFEIENI &
BHIFTE B,

& biT, FREN D BWE~ORE E@EINR LT
BERE-5THD. ANTD 7Y BRED S O
I NEER)IFR 2 S A TEL T, KEOWKRENLER
ELIEREZBET LD Total DRF L IXHTMIC
EZRHSDH. ZOBEEN Grand Total OEZEL LTHNh



Vapor Flux
min the Atmosphere

Water Flux
in the Ocean
Water Flux
in the Land
Runoff
= Water Flux

B-14 AKoRdtmAREOELSE

TW5., AOMEITHE A UREE» b RKBE~DOFH
TV, Z OIFEOEAIRI R EORKBIRIZ oL Li-5
BIZZDKOIRERLDB. ZOXHTTF—FOEER
»BHHEERNRBEMEIZIIRIT B8, ERARE»S
BOENER»BHEE Uiz K- RN O IEBRO K
FERLIEOBRE-183THS. BTN & DOFHAR
K& 6 DIEROBKEHA R Z N2 CTHEAIR AR
L2oTWVHDIALKFE L LBETH Y, Zhbh» b
OB ABHB S TOH BT THS. 2ot
b FERIZ, ERBKIRE TREIOREVIFENH/AEN
EEIC L IEESROBKBIRIII TR b2 W HilfE
P RELTCREX2ED. L LEELZD 31
FIZHOWTIHRBOERIC S b THN X OBEL K
ELE.

LA LR SEEORNZIT T T v 7 20#
SHEZ BB Z LITTELRODOT, BREENSEAHE
E~EPS 7T w2 R, KFEED LA~ 5 7
Fv 7R, FLTKRKEENS AV RE~ANS 75y
TAEENENFA,FB £ LTCFP L L #IZES
L, THD 3 SOEEMOBRL: LITESHTED
U, R COEROYKERES HIRGFHE CERMN
bbb Z iizhd. REOBEBA > TWTIHRER
BAZLKVOT, ZZTIRE-13D () RO L5 ITHE
ExE 2. SHBRAHET— Y OBERR L+
EEMRENEDLS IS H AN, EHMIZIZEEZ-
THEHNWARWTHAH. Thebb, ERFEEOHRKDEKR
BEREEL A FEORBER>TWT, EEOR
FAEIELKBESETIN TSI EBREESRS.

(5) AEBEMEIS &k 3 EMORILKEHE

BREIZ, B-1408 R R UEH EIC#S Lizi
FEOKBREE 2 5. & bIT, BAFERICX T34
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~Discharge from Land to Ocean
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Bl-15 AREENE 2.5° 51 Y BRI HBEHEA~OEPI K HE

RDOKREDOAEZIRES —Vy-Q & L, D,(¢) &Hk
B ¢ 128V B KD OHE~DRIEHE L T5 &, &
WL RANEDNS.
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L _ 2 A
R*(¢o) = /—;fllanda cos ¢ Vi Q drde
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- ["Du(#) a9 ©

RO(¢) = — /4’:7{ a®cos¢p V-G drdg
—zJSea
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Z T, frand A & foea AX LIZEN TN KREROWIEIZ
DNTOZREH AN TS LEFL, [% do 1
D & F DB ¢, I TOFILFAOEITHS. =
N DRBE ¢ \CBIT SBEREONBETORILKT T >
7 2 RE(¢yg), RO(¢o) BEEEIhS. H-12 O#ESE
HEGICED LT, BHEEREHOKED O FE~D
W& D(¢) &R LIEOBE-15Th 5. FHEROFES
# (D) RIcETRONDADHEIIKRET —F DFR5E
I LHMETHS.

INBOF—ZhbEE L KR -BE- WL S
EFOADBEIBREL T LEORE-16 TH S, KK
& BAKROBECEE (W) &P & KOS (R
) BEE2Y H>TWT, KEEEOT)INC & BAOHE
JeidE (BR) 1T 0 1 FRETHEZ LBb23. &
By R 7 HICBIT HHREKCEROFE & L Tidi
RETOBRL KD EEREERE L TNBNR, 7
Mz L 3A08%LE-161Z 2.5 & 5 127 m— 307K
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~ Toward North (Mean 1989- 1992)
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B-16 EMOAORIGEE. FORY T 7 i3EREHICRIT %D LD 3B (%) 27T, 20 x10'?

DBIEILH 1.6 x10'°W OBBGXITHY T35

YRF LRI LTEHETHD.

5. #HBRESHDOEE
RERDFHAIL TN Z TRED 4 WEFILEEAR
W — & &I L, BRSO OAE & o7 HERiE e
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hic. 2R EROF —FORECES BRI IIES
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Ei, 2BAKINKRZDBENT, 5V LAk
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DI LB B E R ole. RROEKELBNREERD
AR RICRIF TR B RE T3 BAITIEIO L
RS EERTALERDHEESDS.

S481% 2.5° 2 V5 AEAV b BB ST
DZEERBREE R ETS & L b, BYES W) E
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1 REHRE T 7L CHE Sh B8R KINE & 1SS
3T, 9 LEXRSHRARXFEORELFTR-T
W LELHS.
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bhEED TS, Lo T, tHROFI DO
F—F AT S LT LY BRI O KIS RAIE
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5 LI FMicBREETVE W,

W a—uy PYRE T L ¥ —OFERTT—
ZIIHERKREEME Y AT DR F—CHRELTY
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ATMOSPHERIC WATER BALANCE AND
GLOBAL HYDROLOGIC CYCLE

Taikan OKI, Katumi MUSIAKE, Hiroshi MATSUYAMA and Kooiti MASUDA

Considering the water balance of an atmospheric column, annual vapor flux convergence is nearly equal
to the precipitation minus evapotranspiration. Connecting this information with the conventional basin
water balance can estimate the annual runoff, evapotranspiration and the change of basin water storage.
Such a method to evaluate the water balance is called as the atmospheric water balance method and
used for the analysis in giobal scale. The global distribution of vapor flux convergence is estimated using
the objective analysis data of 4 dimensional data assimilation by ECMWF(European Centre for Medium-
Range Weather Forecasts). The accuracy of the vapor flux convergence is compared with the climatic mean
runoff by defining the geographic information on the boundaries of large river basins. Global distribution
of precipitation and river runoff are overlaid in 2.5° degree mesh of the globe, and the global distributions
of evapotranspiration and the basin water storage are estimated. The fresh water transportations between
oceans and the role of rivers in the south to north transportation of water in the globe are evaluated by
defining the position of discharge from continents to the ocean. The atmospheric water balance method
is one of the powerful tool to estimate the global water balance and water cycle, and it is expected to be

used for the monitoring of their variabilities.
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