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Current Situation and Future Perspectives on Global Hydrologic Cycles,

Water Balances, and World Freshwater Resources

Taikan OKI” and Shinjiro KANAE"

Abstract

0 O Water is a naturally circulating resource that is constantly recharged. Therefore, even
though stocks of water in natural and artificial reservoirs help increase water resources avail-
able to human societies, the flow of water should be the main focus of water resources assess-
ments. The climate system puts an upper limit on the circulation rate of available renewable
freshwater resources] RFWRO Although current global withdrawals are well below the upper
limit, more than two billion people live in highly water-stressed areas because of the uneven dis-

tribution of RFWR in time and space. Climate change is expected to accelerate water cycles, and
thereby increase the available RFWR. This would slow down the increase of people living under
water stress; however, changes in seasonal patterns and increasing probability of extreme events
might offset this effect. Reducing current vulnerability is the first step to prepare for such antic-

ipated changes.

Key words( river discharge, water stress, global warming, residence time, water demand and

supply

goboooooooo, gbobo, ooooo, boobg, obo

IDoooao

goooboobobooooooobooboobobo
gboobooboooooboooobooobo, obo
gbogooboobooooboooobobobobo
gooooobooooboooboboooboobooboo
gbobooboooobooooboobobobo
gooooobo, bobooobobobobo
gooooooooooo, DDDQHI;IHDDD

U, gboboooboooboooobobobobo
gbogooboobooooboooobobobobo

Jooooooooooooobobobboboboo
OOki, 20050 0000000, OOOO 200
o000 0ooooooooooboooooon
000000000 OO Rosegrant et al., 200211
dooooooooo, oooooboooooo
oooooooobo, booooooo 2500
god, ooooooooobobobobobobooo
goood, oooooooobooboooooo
odooooo, oooooooooboooooo
Jooooooooooooobobobboboboo
dodooooooooooooo, oboooo

" 00000O0ooOooo
Y Institute of Industrial Science, The University of Tokyo



gooooboooo, oooooooo, 0o
gbobooboooboooboooobog, obobo
goobooboooooon

nooooooooooooooo

Jlioobodooooooooooooa
godooooooooooboobobooooo
2,000km*000000000, 0000000
000 3,800km¥*year 000000000000
100 Korzun, 1978; Shiklomanov, 1997; Oki, 2005;
Dirmeyer et ol., 20060 000, OOOOOOO
0000O0O0ooooO, 000 3,800 km?/year
0, 00000000 45,500 km¥year 0 0 O O
gobooboooooo0 1moooooobooa
00, ddooooooooooooooooog
Ooo, dooooooooooooooooo
goooooo, bobo1obooooooooa
godboboooboooboooboa
gz2000o00000000000000
gooooddddooooooog, oooog
goooododdooooooooooooog
Ogoooo, dddooooooooooooo
gooooboooboobbooooooog,
goooododdooooooooooooog
ooo, oo, oo, ooooooooooo
gooooddddouooo, oooooooog
goooo, oo booooooooooa
goooodddoooooooooooooo
g oooooooog
goooodooddooog, ooooooooog
goooodddoooooooooooooo
gooood, doooooooooooog
goooododdooooooooooooog
goooodddoooooooooooooo
1oooooooooooo, oooooag
godoodooboo2000ooo0oooo, d
goooodddoooooooooooooo
oo, dodddoouoog, oooooooog
0000000000000 O000OoOKi et al.,
2040 000000000000 O0000O0O
good, dddddoooooooooooog

doooooooooooooooooooa,
Jooooooooooooobobobboboboo
doddoooooooooooooboooooo
dodooooooooooobooooooon
od, oooooooooobobobobobobooo
goood
O3000oodooonooooooooooon
Jooooooooooooobobobboboboo
doddoooooooooooooboooooo
oood, oooooooooboooooooo
goooooooooooooboobooo, oo
doooooboooobooooooooobooa,
dodooooooooooobooooooon
gooooooooooooobo, bbboobooo
dodoooooooooooooooo, oo
dooooooooooooo, obobooooo
Jooooooooooooobobobboboboo
dodooooooooooobooo, oooo
dodooooooooooobooooooon
Joodoooooouooooooobooooon
O, ooooooooooobooboooooo
dodooooooooooobooooooon
goooo, oooooooobobobobobobooo
dodooooooooooooooo, ooo
dodooooooooooobooooooon
goooo, ooooooooboobooo, oo
goooolooooooooooo, obbooo
do0odoodooooooooooooooon
O Church, 1996[1]

dooooooooo, oooooboooooo
dodooooooooooobooooooon
gooooogo, oooooobobobbobbooo
doddoooooooooooooboooooo
doodoooooooooooboo, ooooo
gooooooooooooobo, bbboobooo
doddoooooooooooooboooooo
0 O 0 O Falkenmark and Rockstrom, 200411 [J
Jooooooooooooobobobboboboo
0, Dodoooboooooboobooooboooo
dodooooooooooooooooo, O
Jooooooooooooobobobboboboo



09007 ‘@eues]
pue 30 ut peaeadde 1sI1j [TOSILYISIP ISALL U POPN]IUT ST ‘A[[RO[S 2SIRYDSIP JIOALI [B10) JO [JOT INOQE 9q 0} PIIRWIISS ST YITYM ‘@SIRYDSIP Jo)empunoisd
3091p Y, [J,W] UOL[[IW [eade 9)BdIpUl sosayjualed smouie [edraea [[ews £q pajuasaid [jaeek/ wy 00T [sodeospue] Jofew ur uoneiidsuerjodess pue
uorjejidoead [enuue spnoul yorym flaesk/,ws 000‘T [JUBe20 pue pue| 1040 uorjeiidsuerjodess pue uorjejdooad [enuue (830} MOUS SMOLIE [BI1)I0A S
'SOOINOS SNOLIBA WOJ POZISOUIUAS oae so[04d drueSodolyjue pue [eINJRU LM [J Wy (00T [JS9SeI0)s pue [Jaeak/ws] 000‘T (JSOXNY [ed150[0apAY [eqo[H) (T “Siq

(11900g PeuEPUB O : 0 J (00D 0000000000000 00DOD0O0DODO0DODO0DDO0
ooo0oO0oOoOooorooO0oOoO0O0OO0OO0O0OCOW 0000000000000 O0OO0O0000mMODOO0000O0O0O0O0OOOOO0O0O0O000
0000000000000000000000000000 ‘000044uie0T00000000000000000000000
000000000000 00000000000000000000000 MW{000T00 0000000 T00000000000T O

Prd o e WY
iy 0L s [




01oobo00o0o000o0000o0b000000, 0000, 000000000000, 0000000Korzun,
19780 0000000000 Oki,etal.,20040 0000

Table 10 World water reserves: their storage, their coverage, mean water depth, share of water in storage to all of the
water on the Earth, and mean residence timel] updated from OKi, et al., 2004, compiled based on Korzun,

197801
Form of water Total volume Covering area ~ Mean depth] m[J  Share] [ Mean residence
O km’0 O km?0 time

World ocean 1 338 000 000 361 300 000 3700 96.539 2 500 years
Glaciers and 24 064 100 16 227 500 1463 1.736 1 600 years
permanent snow cover
Ground water 23 400 000 134 800 000 174 1.688 1 400 years
Ground ice in zones of 300 000 21 000 000 14 0.0216 10 000 years
permafrost strata
Water in lakes 176 400 2 058 700 85.7 0.0127 17 years
Soil moisture 16 500 82 000 000 0.2 0.0012 1 years
Atmospheric water 12 900 510 000 000 0.025 0.0009 8 days
Marsh water 11 470 2 682 600 4.28 0.0008 5 years
Water in rivers 2120 148 800 000 0.014 0.0002 16 days
Biological water 1120 510 000 000 0.002 0.0001 a few hours
Artificial reservoirs 7200 58 days
Total water reserves 1385984 610 510 000 000 2718 100.00
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Fig. 40 Global distribution of water stress index R.,. Larger R, indicates higher water stress region.
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Fig. 50 Time evolution of each index of which the value in year 1961 is set at 1 based on the data

from FAO.
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Fig. 60 Current and future projections of population subject to high water stress under three business-as-usual sce-

narios of the Intergovernmental Panel on Climate Change's Special Report on Emissions Scenarios. Thresh-
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