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Abstract: D uring 1990- 1996 the scien tists of the State H ydro logical Inst itu te, St. Petersburg,

under the scien tific gu idance of the au tho r of th is art icle, m ade a new com bined assessm ent of the

w o rld w ater resources, w ater use and w ater availab ility in the dynam ics including a fo recast fo r a

remo te fu tu re. T he art icle gives in brief som e new quan tita t ive data on the dynam ics of renew able

w ater resources of con tinen ts. Physiograph ic and econom ic regions and selected coun tries of the

w o rld w h ich are generalized from the w o rld hydro logical netw o rk data. T he values of the global

w ater use fo r the needs of popu lat ion, industry and agricu ltu re are given as w ell as the value of the

w ater availab ility in the dynam ics fo r the curren t cen tu ry and fo r the fu tu re befo re 2010- 2025.

T he analysis of long2term trends of the w o rld w ater resources, w ater use and w ater availab ility

changes has been m ade depending on the clim atic facto rs and socio2econom ic condit ions. It is

p lanned to pub lish all the resu lts of these studies as a monograph“W o rld W ater R esources at the

Beginn ing of XX I Century”in 1999, Cam bridge, U niversity P ress.
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1　In troduc tion

D ata on Earth′s to ta l river runoff, as a m ajo r componen t of the global hydro logica l cycle and

basic characterist ic of renew ab le fresh w ater resou rces, are cited in m any studies pub lished

since the end of past cen tu ry in differen t coun tries of the w o rld. Fo r the past 30 years the re2
su lts of g lobal est im at ion s have been pub lished w ith differen t ex ten t of comp rehen siveness in

(N ace, 1967; L vovitch, 1974; W o rld W ater Balance⋯, 1974; Baum gartner and R eichel, 1975,

Berner and berner, 1987) as w ell as they are being regu larly pub lished in p roceedings of the In2
st itu te of W o rld R esou rces (W o rld R esou rces, 1992).

T he mo st deta iled and comp rehen sive est im at ion s of Earth′s w ater balance and w ater resou rces

are p resen ted in the tw o above cap ita l monograph s pub lished mo re than 20 years ago by the
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R u ssian (W o rld W ater Balance⋯, 1974) and the Germ an (Baum gartner and R eichel, 1975) sci2
en t ists. So far these data are w idely u sed by specia lists of m any coun tries as the mo st reliab le.

A t the sam e t im e, as seen from comparison of the data cited in these monograph s, they can dif2
fer of individual con t inen ts by up to 30% 240%. T h is d ifference is m ain ly at t ribu ted to the

m ethods u sed fo r est im at ing the to ta l river runoff. In R u ssian studies, they are determ ined di2
rect ly from the data of ob servat ion s at hydro logica l sta t ion s, in the Germ an ones by indirect

w ay—by the evapo ra t ionöp recip ita t ion difference. T he la t ter app roach, natu ra lly, g ives espe2
cia lly great erro rs w ith sm all values of river runoff. It is unu sab le fo r assessing w ater re2
sou rces, and mo reover their dynam ics fo r coun tries and region s located in zones w ith in suff i2
cien t mo isten ing.

It shou ld be m en t ioned that la ter pub lica t ion s cit ing som e data on w ater resou rces of the con t i2
nen ts, reg ion s and coun tries of the w o rld give no new info rm at ion as compared w ith the above2
m en tioned studies. Fo r in stance, the values of w ater resou rces cited in the au tho r′s studies

(Sh ik lom anov, 1990, 1993) are fu lly based on the m ateria ls of the monograph (W o rld W ater

Balance⋯, 1974). T he data, periodica lly pub lished by the In st itu te fo r W o rld R esou rces in

W ash ington, D. C. (W o rld R esou rces, 1992) , rep resen t a comp ila t ion from differen t sou rces.

T hey refer to differen t years of assessm en t (from 1970 to 1987). T hey m ain ly belong to the In2
st itu te of Geography, the R u ssian A cadem y of Sciences ( in p ract ice, the data by P rof.

L vovitch M. I. , 196921972) , and som e of the data are nat ional est im ates. T h is refers a lso

largely to the study (Su sta in ing W ater⋯, 1993) , w here cita t ion is m ade of average values of

renew ab le w ater resou rces fo r mo st of w o rld coun tries. T here are also specif ic indica to rs fo r

per cap ita w ater availab ility in 1955, 1990, and 2025 w ith demograph ic fo recast taken in to ac2
coun t. In tu rn, pub lica t ion s of the In st itu te of W o rld R esou rces are w idely u sed by m any au2
tho rs to globally analyse w ater resou rces and w ater availab ility (Berner E. K. and Berner R.

A. , 1987; Falkner M. and W idstrand C. , 1992; Ku lsh resh tha S. N. , 1992; Po stel S. , 1992,

etc. ).

A s to the global w ater u se assessm en ts, they have been m ade w ith differen t ex ten t of comp re2
hen siveness and reliab ility in m any coun tries of the w o rld. T hey are being regu larly pub lished

beginn ing w ith the study by Dox iadis (1967). O f the mo st sign if ican t studies of th is line, these

by L vovitch ( 1968, 1974) , Ho ly ( 1974 ) , Falkenm ark and L indth ( 1974 ) , D e M are L.

(1977) , U. S. Geo logica l Su rvey [T he Global 2000⋯, 1980 ], and Am b roggi (1980) are w o r2
thy of no t ice. T he mo st deta iled assessm en ts of w o rld w ater u se in dynam ics fo r the cu rren t

cen tu ry w ith the fo recast to 2000 by all con t inen ts w ere first m ade and pub lished by the au tho r

jo in t ly w ith G. P. Kalin in in 1974 (Kalin in and Sh ik lom anov, 1974). Specif ied and mo re de2
ta iled data by con t inen ts and natu ra l2econom ic region s are p resen ted by the au tho r in the mono2
graph (Sh ik lom anov and M arkova, 1987). L ater pub lica t ion s on w ater u se by coun tries of the

w o rld (W o rld R esou rces, 1992) give the data taken from differen t sou rces fo r d ifferen t years.

How ever there are no analysis and fo recast of tendencies of their fu tu re changes.

D ue to the ex ist ing situa t ion w ith assessing w o rld w ater resou rces and their u se, the p ro ject
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M 1321 to analyse new data on w o rld w ater resou rces w as included in to the IH P2IV UN ESCO.

Fu lf illing the p ro ject w ill resu lt in pub lish ing the monograph“W o rld W ater R esou rces a t the

Beginn ing of the 21th cen tu ry”. T he Scien t if ic Comm it tee of the R u ssian Federa t ion fo r IH P

w as respon sib le fo r fu lf illing th is p ro ject, and scien t ists of the Sta te H ydro logica l In st itu te

w ere charged w ith conduct ing the research and p reparing the monograph.

By the p resen t t im e th is study is comp leted, and the m anu scrip t of the monograph is p repared

to be pub lished in English by the Cam b ridge U n iversity P ress by the end of th is year. T he

monograph p resen ts the new data on renew ab le w ater resou rces and w ater u se dynam ics (fo r 65

years ) th roughou t the cu rren t cen tu ry and fo r the fu tu re to 201022025 fo r the Earth, as a

w ho le, a ll of the con t inen ts and natu ra l2econom ic region s of the w o rld, selected coun tries and

river basin s.

2　In itia l D a ta a nd M e thodo log ica l Fe a ture s

To assess g lobal w ater resou rces fo r the con t inen ts, reg ion s, and coun tries located in differen t

physiograph ic condit ion s, the ob servat ion m ateria ls from the w o rld hydro logica l netw o rk have

been u sed. A lso the u se w as m ade of m ateo ro logica l info rm at ion, how ever as an aux iliary.

O b servat ion data (mon th ly and annual values) from abou t 2500 hydro logica l sites, w ho se

sp read by con t inen ts is show n in F ig. 1, have been selected to direct ly assess renew ab le w ater

resou rces a t the global sca le. T he hydro logica l sites have been selected basing on the fo llow ing

condit ion s:

　2the availab ility of the mo st long2term ob servat ion series;

　2locat ion of sites on b ig and m edium rivers, un ifo rm ly sp read over the terito ry, if po ssib le;

　2ob servat ion s shou ld reflect river runoff reg im e, natu ra l o r clo se to natu ra l.

T he availab ility of long2term ob servat ion series w as one of m ajo r condit ion s of select ing hydro2
log ica l sites, as th is co rresponded to the basic accep ted m ethodo logica l p rincip le: assessing w a2
ter resou rces by all con t inen ts and region s of the w o rld is to be carried ou t in dynam ics fo r the

single suff icien t ly du rab le long2term period.

T he 192121985 period served as th is single period. T he data fo r la ter years w ere impo ssib le to

ob ta in fo r m any region s of A frica, A sia, and Sou th Am erica. To ob ta in con t inuou s data fo r the

selected long2term period, the series w ere updated and the gap s in ob servat ion s resto red. Fo r

th is pu rpo se the u se w as m ade of the m ethodo logica l app roaches w ell know n in hydro logy: co r2
rela t ion models and hydro logica l analogy m ethods. In m any cases to ob ta in mo re reliab le re2
su lts, m eteo ro logica l data w ere u sed: ob servat ion s of p recip ita t ion and air tempera tu re. T he

accep ta t ion of the single suff icien t ly du rab le design period allow ed ob ta in ing fo r a ll reg ion s of

the w o rld average values of w ater resou rces comparab le w ith each o ther and est im at ing ra ther

reliab ly their ex trem e values and characterist ics of long2term variab ility.

A s a con siderab le part of land ( to 15% 220% ) is no t covered w ith ob servat ion data, hydro logi2
cal models and the m ethods fo r m app ing runoff layer have been app lied to calcu la te runoff from
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F ig111 T he natu ral2econom ic regions of the w o rld and gauge sta t ions

图 1　世界自然经济区和测站分布

these territo ries.

To assess w ater resou rces of individual coun tries and natu ra l2econom ic region s, if their bo rders

do no t co incide w ith river d ivides, specia lly developed hydro logica l m ethods w ere u sed to de2
tem ine by ob servat ion data m ajo r characterist ics of renew ab le w ater resou rces of reg ion s: local

river runoff and river w ater inflow from adjacen t territo ries.

In the p resen t study, values of renew ab le w ater resou rces are iden t if ied w ith annual river

runoff. Fo r g lobal assessm en ts th is is qu ite adm issib le, as renew ab le ground w ater resou rces

no t dra ined by rivers comp rise a sm all p ropo rt ion of the to ta l river runoff (fo r in stance fo r

A frica, as a w ho le, abou t 5% ). A t the sam e t im e fo r individual coun tries located in arid re2
gion s these values can p lay a very great ro le in the to ta l vo lum e of renew ab le w ater resou rces.

T he global w ithdraw al of w ater resou rces in the past and in the com ing decades w as assessed

tak ing in to accoun t w ater u se fo r pub lic services, indu stria l p roduct ion ( including pow er engi2
neering) , agricu ltu re ( irriga t ion) , as w ell as w ater lo ss by addit ional evapo ra t ion from reser2
vo irs. T hese facto rs, cau sing one2sided decrease in su rface and ground runoff, are w idely

sp read, mo st in ten sively develop , and are ab le to exert an especia lly p ronounced effect on w a2
ter resou rces in large region s.

A ll assessm en ts have been m ade fo r d ifferen t design levels of the cu rren t cen tu ry, the p resen t

t im e (1995) , and the fu tu re (2000, 2010, and 2025).

T he values of w ater u se w ere est im ated fo r individual coun tries and then genera lised fo r large

222 水 科 学 进 展 第 10卷



natu ra l2econom ic region s of the w o rld show n in F ig. 1, as w ell as fo r the con t inen ts. Fo r th is

pu rpo se nat ional data on actual and calcu la ted w ater u se in individual coun tries o r group s of

coun tries w ere p rim arily u sed. W ith the ab sence of these data the p roxy m ethods have been

u sed. T hey w ere based on tak ing in to accoun t the m ajo r facto rs determ in ing w ater u se value

and dynam ics. In th is case the w ide u se w as m ade of the analogy m ethod. T he coun tries cov2
ered w ith reliab le w ater u se data, located in analogou s physiograph ic condit ion s, and having

sim ilar level and featu res of econom ic developm en t, w ere taken as analogues.

To fo recast w ater u se, the m ethodo logy w as developed to take accoun t of fea tu res and tenden2
cies of w ater u se fo r the p reviou s decades as w ell as the availab le long2term demograph ic fo re2
casts fo r coun tries and their econom ic developm en t. T he long2term UN IDO fo recast (Strzepek

et a l. , 1995) fo r indu stria l w ater u se dynam ics in coun tries to 2025 w as also taken in to

accoun t.

Specif ic w ater availab ility of reg ion s and coun tries ( in m 3 per cap ita ) w as analyzed fo r the

period of 1950 to 2025 tak ing in to accoun t no t on ly the popu la t ion num ber bu t a lso the values

of w ater con sump tion.

A ll the assessm en ts fo r the fu tu re have been accomp lished fo r a sta t ionary clim at ic situa t ion, as

in acco rdance w ith recen t studies the mo st con siderab le an th ropogen ic changes in global clim ate

due to increasing CO 2 in the atmo sphere are to be expected beyond 203022040

3　Re new a b le W a te r Re source s: T im e V a ria tions a nd S p re a d O ve r the Te rrito ry

R enew ab le w ater resou rces determ ined by u sing the in it ia l da ta and m ethodogical app roaches

fo r the con t inen ts of the Earth are p resen ted in T ab le 1. By new data the to ta l value of renew 2
ab le w ater resou rces calcu la ted fo r the period of 1921 to 1985 is est im ated at 42 700 km 3öyr

(w ithou t the A n tarct ic). It is app rox im ately 4 800 km 3 above the values ob ta ined by Baum gart2
ner and R eichel (1975) and 1 800 km 3 below the p reviou s deta iled est im ates of SH I (W o rld W a2
ter Balance⋯, 1974). O n the average, fo r 1994 po ten t ia l popu la t ion w ater supp ly w as 716

thou sand m 3öyr per cap ita varying by con t inen ts from 314 fo r A sia to 38 fo r Sou th Am eric, and

84 fo r A u stra lia and O cean ia. T he value of w ater availab ility of Earth′s popu la t ion since the

t im e of the p reviou s est im at ion (fo r 25 years from 1970 to 1994) decreased by 117 t im es (from

1219 to 716 thou sand m 3öyr). T h is occu rred basica lly due to popu la t ion grow th by almo st 2

m illia rd peop le. Popu la t ion w ater supp ly in A frica decreased mo st of a ll (by 218 t im es) , A sia

(by 2 t im es) , and Sou th Am erica (by 117 t im es) ; w hereas po ten t ia l w ater availab ility of Eu ro2
pean popu la t ion decreased as m uch as by 16%. It shou ld be no ted that actual w ater availab ility

tak ing accoun t of w ater con sump tion rise in addit ion to popu la t ion grow th decreased even mo re

in coun tries of A frica, A sia, and Sou th Am erica.
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Table 11 Renewable water resources and poten tia l water ava ilabil ity by con tinen ts

表 1　各大洲可更新水资源量和潜在的可利用水量

Continen t
A rea,

(m ln1km 2)

Popu lation,

(m ln)

W ater resources,

(km 3öyr)

Po ten tial w ater
availab ility,

(1 000m 3öyr)

A verage M ax M in Cv per 1 km 2 per cap ita
Europe 10146 1 685 2 900 3 210 2 440 0110 277 4124

N o rth Am erica 2413 1 453 7 870 8 820 6 660 0110 324 1714

A frica 3011 1 708 4 047 5 082 3 073 0110 134 5172

A sia 4315 3 403 13 510 15 000 11 800 0106 311 3197

Sou th Am erica 1719 1 315 12 030 14 350 10 330 0107 672 3813

A ustralia and O cean ia 8195 2817 2 400 2 880 1 890 0110 268 8316

T he wo rld 135 5 590 42 757 44 460 39 660 0102 317 7165

L ong2term varia t ion s in to ta l river runoff of the con t inen ts and the Earth, as a w ho le, po in t to

their cyclic character (F ig. 2). A s seen from F ig. 2, there are cycles of w et and dry years

changing each o ther and differing in du ra t ion and values of devia t ion s from averages.

F ig121 R enew able w ater resources (km 3öyr) of the w o rld and the con tinen ts

图 2　世界和各大州可更新的水资源

A long w ith the cyclic character of g lobal river runoff varia t ion s, typ ica l is the ab sence of any

trend in changes fo r the en t ire 652year period of study: rising river runoff of Sou th Am erica fo r

the past tw o decades is compen sated fo r by decreasing river runoff in A frica fo r the sam e period

(F ig. 2). In mo st reg ion s of the w o rld, river runoff is irregu larly sp read du ring a year. Its

grea ter part (60% 270% ) is fo rm ed du ring the flood period. To a sign if ican t m easu re th is refers

a lso to the average data by con t inen ts, w here fo r fou r f lood mon th s almo st half the to ta l annual
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river runoff passes. By modern est im ates, in Eu rope, du ring A p ril2Ju ly- 46% of annual runoff

pass, A sia, du ring June2Sep tem ber- 54% , A frica, du ring Sep tem ber2D ecem ber- 46% , N o rth

Am erica, du ring M ay2A ugu st- 49% , Sou th Am erica, du ring A p ril2June- 45% , A u stra lia and

O cean ia, du ring January2A p ril- 46%. A s a w ho le fo r the en t ire land w et season lasts from

M ay to A ugu st. Fo r th is season the to ta l runoff of Earth′s river comp rises app rox im ately 45%

of the annual (T ab le 2).

Table 21 Streamf low distr ibution dur ing a year by the con tinen ts ( in % of the mean annual va lue)

表 2　各大洲河川径流的年内分配 (以占年均值的%表示)

Continen t

M ean annual
w ater resources

( local)
km 3öyr

month s

1 2 3 4 5 6 7 8 9 10 11 12

Year

Europe 2 900 612 616 619 819 1413 1313 912 716 713 619 616 612 100

N o rth Am erica 7 870 417 419 510 710 1116 1512 1216 919 916 816 519 510 100

A frica 4 047 814 715 710 711 715 616 611 611 810 1016 1217 1214 100

A sia 13 510 511 411 417 511 818 1317 1419 1318 1112 712 618 416 100

Sou th Am erica 12 030 519 710 811 1010 1114 1211 1111 917 716 610 515 516 100

A ustralia and O cean ia 2 400 1013 1312 1214 1011 714 711 612 619 514 616 712 712 100

T he wo rld 42 757 519 611 615 716 1012 1215 1117 1014 910 714 618 519 100

T he values of renew ab le w ater resou rces of natu ra l econom ic region s averaged fo r 192121985

are p resen ted in T ab le 3. T here are also the data on long2term w ater resou rce variab ility (C v )

and po ten t ia l specif ic w ater availab ility. T he data on w ater resou rces are p resen ted as local w a2
ter resou rces (average, m ax im um and m in im um ) that are fo rm ed in the territo ry of the region,

and an average inflow from adjacen t territo ries. T he num bers of reg ion s in T ab le 3 co rrespond

w ith num bers on the m ap (F ig. 1)

Table 31 Renewable water resources and poten tia l water ava l iabil ity

by natura l-econom ic reg ion s of the world

表 3　世界各自然经济区的可更新的水资源量和潜在的可利用水量

N um ber

of region
Continen t, region

A rea

(m ln1km 2)

Popu lation

( in m ln)

1994

W ater resources

Inflow
(km 3öyr)

L ocal

average m in m ax

CV

Po ten tial w ater
availab ility

( in thou1m 3öyr)

per 1 km 2 per cap ita
Europe 10146 68417 2 900 2 440 3 210 0110 277 4124

1 N o rthern 1132 2312 705 585 828 0110 534 3014
2 Cen tral 1186 29310 610 617 353 836 0121 332 2112
3 Sou thern 1179 18810 109 546 377 838 0118 305 3119
4 N o rth of the European part of FSU 2171 2815 27 589 434 775 0112 217 2111
5 Sou th of the European part FSU 2178 15210 123 443 266 756 0117 159 3132

North Amer ica 2413 45310 7 870 6 660 8 820 0110 324 1714
6 Canada and A laska 13167 2910 13010 4 980 4 360 5 830 0110 364 174
7 U SA 7184 26110 7010 1 800 950 2 480 0117 230 7103
8 Cen tral Am erica and Caribbean 2174 16310 215 1 090 530 2 000 0120 398 6169

Afr ica 3011 70810 4 047 3 073 5 082 011 134 5172
9 N o rthern 8178 15710 140 41 1910 9610 0134 4167 0171

10 Sou thern 5111 8315 8610 399 270 549 0114 7811 5129
11 Eastern 5117 19315 2610 749 504 940 0111 145 3194
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续表 3

N um ber

of region
Continen t, region

A rea

(m ln1km 2)

Popu lation

( in m ln)

1994

W ater resources

Inflow
(km 3öyr)

L ocal

average m in m ax

CV

Po ten tial w ater
availab ility

( in thou1m 3öyr)

per 1 km 2 per cap ita
12 W estern 6196 21113 3010 1 088 581 1 948 0128 156 5122

of w h ich, Sahel 5130 4619 7714 104 5213 175 0129 1916 3104
13 Cen tral 4108 6218 8010 1 770 1 453 2 263 0109 434 2818

A sia 4315 3 403 13 510 11 800 15 000 0106 311 3197
14 N o rth Ch ina and M ongo lia 8129 409 1029 590 1735 0123 124 2152
15 Sou thern 4149 1 207 300 1 988 1 535 2 458 0110 443 1177
16 W estern 6182 232 490 227 931 0135 7118 2111
17 Sou th East 6195 1 442 120 6 646 5 342 7 607 0109 956 4165
18 Cen tral A sia and Kazakh stan 3199 54 4610 181 121 265 0117 4514 3178
19 Siberia and Far East of Russia 12176 42 218 3 107 2 628 3 500 0106 243 7616
20 T ranscaucasia 0119 16 1211 68 5115 8818 0112 358 4163

South Amer ica 1719 31415 12 030 10 330 14 350 0107 672 3813
21 N o rthern 2155 5713 3 340 2 390 4 670 0115 1310 5813
22 Eastern 8151 15911 1 900 6 220 5 200 7 640 0108 731 4511
23 W estern 2133 4816 1 720 992 2 380 0118 738 3514
24 Cen tral 4146 4914 720 750 531 1310 0117 168 2215

Austra l ia and Ocean ia 8195 2817 2 400 1 890 2 880 0110 268 8316
25 A ustralia 7168 1719 352 228 701 0124 4518 1917
26 O cean ia 1127 1018 2 050 1 515 2 570 0110 1614 190

　　The world 135 5 590 42 757 44 460 39 660 0102 317 7165

T he analysis of average values of w ater resou rces of the region s show s that they are m ain ly de2
term ined by clim at ic facto rs and inversely dependen t on dryness index.

Year2to2year variab ility of w ater resou rces of reg ion s can be ra ther sign if ican t and con siderab ly

exceed the averaged data by con t inen ts. E specia lly th is perta in s to arid and sem iarid reg ion s,

w here these values of w ater resou rces are no t large. H ere the varia t ion coeff icien ts (C v ) are

0120～ 0135 and in individual year the values of renew ab le w ater resou rces can be 115～ 2 t im es

less than averages over a long2term period (T ab le 3). Fo r w et reg ion s the varia t ion coeff icien ts

are 0105～ 0115, and the difference betw een annual and average long2term values of w ater re2
sou rces is u sually in the range of 15% to 25%. T he dynam ics of renew ab le w ater resou rces by

region s of A frica is show n as an examp le at the F ig. 3. It can be seen that a t rend of w ater

resou rces decreasing is mo re rem arkab le fo r the Sahel zone and W est A frica.

M any region s of the w o rld show ex trem ely uneven dist ribu t ion of w ater resou rces du ring a

year, w hen du ring the flood season last ing 3 - 4 mon th s, 50% - 70% of the annual runoff

pass. A t the sam e t im e fo r 3- 4 mon th s of low flow period in som e region s, river runoff com 2
p rises as m uch as 2% - 10% of the annual.

O f the greatest p ract ica l in terest is a reliab le assessm en t of renew ab le w ater resou rces of coun2
t ries. T h is assessm en t has been m ade w ith differen t ex ten t of comp rehen siveness fo r mo re than

60 coun tries on all con t inen ts. Among the selected coun tries, there are developed and develop2
ing coun tries, coun tries w ith tran sit ional econom y, the largest in area and popu la t ion and

sm all, no rthern and sou thern, w ith deficit and excess of w ater resou rces. In the territo ry of
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F ig131 D ynam ics of renew able w ater resources (km 3öyr) by the natu ral2econom ic regions of A frica

图 3　非洲自然经济区可更新的水资源 (km 3öa) 的动态变化

these coun tries , 70% of renw ab le w ater resou rces are fo rm ed, and abou t 70% of Earth′s pop2
u la t ion live. T he data ob ta ined are test imony to an ex trem ely uneven dist ribu t ion of w ater re2
sou rces and w ater availab ility by coun tries of the w o rld. T he values of specif ic w ater availab ili2
ty vary w ith in a w ide range: from 014- 5 thou sand m 3 to 1 000- 1 800 thou sand m 3 per year

per 1 km 2, and from 0118- 115 thou sand m 3 to 100- 150 thou sand m 3 per year per cap ita. Six

p rincipal coun tries of the w o rld po ssess the greatest renew ab le w ater resou rces: B razil, R u ssi2
a, Canada, U SA , Ch ina, and India. In the territo ry of these coun tries, mo re than 40% of the

to ta l annual river runoff of the w o rld are fo rm ed. Year2to2year variab ility of w ater resou rces of

Canada, U SA , Ch ina, and India is characterised by the values of C v = 0110- 0112, B razil2C v =

0108, R u ssia2C v = 0105. Fo r B razil and Canada fo r the period under con sidera t ion, there are lit2
t le tendencies tow ard increase, and fo r India and Ch ina tow ard decrease of renew ab le w ater re2
sou rces.

4　R ive r W a te r Inflow to the W o rld O ce a n

Genera lising the w o rld river runoff data m akes it po ssib le to est im ate the dynam ics of fresh w a2
ter inflow to the w o rld ocean, w h ich is necessary to study its w ater balance and dynam ic p ro2
cesses. It shou ld be m en t ioned that river w ater inflow to the w o rld ocean w ill be con siderab ly

less than the value of renew ab le w ater resou rces of the con t inen ts. T h is is cau sed by the tw o

reason s. F irst, mo st of river basin s en ter the so2called endo rheic, o r dra in less, runoff reg ion s,

no t connected w ith the w o rld ocean. Second, in the region s direct ly connected to the w o rld o2
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cean w ater resou rces of river basin s can be con siderab ly greater than runoff a t river mou th s.

T h is is especia lly typ ica l of som e region s w ith ho t clim ate, w here w ater resou rces of the basin s

are fo rm ed in moun ta inou s zones w ith great amoun ts of p recip ita t ion, and as moving to the

mou th, a con siderab le po rt ion of runoff is lo st by evapo ra t ion in the p la in and low land parts of

the basin.

F ig141 R iver w ater inflow to the w o rld ocean by lat itudinal

zones

图 4　纬向带流入世界海洋的河川径流量 (km 3öyr)

A pp rox im ately half the to ta l river w a2
ter inflow to the w o rld ocean fa lls on

the A tlan t ic O cean accep t ing fou r ou t

of six p rincipal rivers of the w o rld (A 2
m azon, Congo, O rinoko , Parana ).

T he least amoun t of river w ater (4 300

km 3öyr ) f low s to the A rct ic O cean,

how ever fo r its reg im e river w ater be2
ing of especia lly great impo rtance. It

can be exp la ined in a simp le w ay: in

the A rct ic O cean, 112% of the to ta l o2
cean w ater resou rces are concen tra ted,

and abou t 11% of the w o rld river w ater

f low to it. T he analysis of the data ob2
ta ined show s that the to ta l w ater inflow to the w o rld ocean is qu ite stab le and has no any dis2
t inct t rend. A t the sam e t im e du ring the period at issue, there is a no t iceab le tendency to de2
creased inflow to the Indian and Pacif ic O cean s and increased to the A tlan t ic O cean.

R iver runoff inflow to the w o rld ocean is ex trem ely uneven by territo ry. T h is is seen from the

data p resen ted in F ig. 4, w here the demon stra t ion is m ade of the dist ribu t ion of inflow to the

w o rld O cean by la t itud inal zones. In the equato ria l belt betw een 100N and 100S, abou t 40% of

the to ta l river runoff, on the average, f low in to the ocean.

5　D ynam ics of F re s h W a te r Us e

F igu re 5 dep icts w ater u se dynam ics by con t inen ts and fo r the w o rld, as a w ho le, th rough the

p resen t cen tu ry and to 2025. the modern (fo r 1995) w ater w ithdraw al in the w o rld is 3 750

km 3öyr, con sump tion- 2 280 km 3öyr. In the fu tu re w ater w ithdraw al w ill grow by abou t 10%

- 12% fo r each period of 10 years and reach 5200 km 3öyr to 2025 (a 11382fo ld increase). A t

the p resen t t im e abou t 5% of global w ater w ithdraw al and 70% of con sump tion fa ll on A sia,

w here p rincipal irriga ted lands of the w o rld are located. T he mo st in ten sive grow th of w ater

w ithdraw al fo r the nex t decades is expected to occu r in A frica and Sou th Am erica (by 1152116

t im es) , the least in Eu rope and N o rth Am erica (by 112 t im es).

A t the p resen t t im e, 67% of w ater w ithdraw al and 86% of con sump tion fa ll on agricu ltu re

(F ig. 5). In the fu tu re the ro le of agricu ltu re w ill sligh t ly decrease due to an expected mo re in2
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ten sive grow th of o ther w ater u sers, p rim arily, indu stry and pub lic services. By specif ied data

the to ta l irriga t ion area in the w o rld in 1995 w as 254 m illion ha; by 2010 it is expected to in2
crease app rox im ately to 290 m illion ha and by 2025 to 330 m illion ha.

F ig151 D ynam ics of w ater w ithdraw al (a) and w ater consump2
t ion (b) in the w o rld by the con tinen ts & dynam ics of

to ta l w ater w ithdraw al ( c ) and w ater consump tion

(d) in the w o rld over the k inds of econom ic activit ies

图 5　世界各大洲的取水量 (a) 和耗水量 (b) 的动态变化及世

界各种经济活动的取水量 (c) 和耗水量 (d) 的动态变化

T he above p redict ion est im ates refer to

modera te clim at ic condit ion s (w ithou t

tak ing in to accoun t po ssib le an th ro2
pogen ic changes in global clim ate) and

to the mo st rea list ic scenario of devel2
op ing w o rld econom y. T ak ing accoun t

of uncerta in t ies in develop ing econom y,

popu la t ion grow th and clim at ic situa2
t ion, by 2025 the to ta l w ater w ith2
draw al is expected to be w ith in the

range of 10% - 12% of the above aver2
age value, i. e. , 4 600- 5 800 km 3öyr.

In 1996 due to p reparing a repo rt on as2
sessing the condit ion and p ro spects of

fresh w ater u se in the w o rld fo r the

UNO Comm ission on Su sta inab le D e2
velopm en t, the fo recasts w ere m ade of

w o rld w ater u se by 2025 by the In ter2
nat ional Group of Experts under the

Stockho lm In st itu te fo r the N atu ra l

Environm en t ( SE I). T hese fo recasts

w ere based on the fu tu re scenario of

conven t ional developm en t (“Conven2
t ional D evelopm en t Scenario”) crea ted

by SE IBo ston. Sim u ltaneou sly in 1996

the w ater u se fo recast fo r 2025 w as de2
veloped by FAO. T h is fo recast p ro2
ceeded from dem ands fo r fresh w ater to

p rovide the grow ing Earth′s popu la t ion

w ith food. T he values of the SE I and

FAO fo recasts fo r 2025 are p resen ted in F ig. 5. T hese la test, apparen t ly mo st sub stan t ia ted

from differen t po sit ion s, fo recasts of g lobal w ater u se con siderab ly differ from each o ther (on

the average, from 4 500 to 7 000 km 3öyr by 2025). T he SH I p redict ion est im ates ob ta ined ear2
lier (1995) independen t ly are betw een the ex trem e values of the SE I and FAO fo recasts, w h ich

po in ts to their suff icien t reliab ility.

W ater u se dynam ics w as ob ta ined fo r a ll na tu ra l2econom ic region s of the w o rld; the m ain re2
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su lts of the values of the to ta l w ater u se du ring 190021995 and fo r the fu tu re befo re 2025 are

show n at the T ab le 4. T he in ten sity of w ater u se grow th from 1995 to 2025 is d ifferen t by re2
gion s. In developed coun tries and in these w ith lim ited w ater resou rces, w ater u se is expected

to increase by 15% - 35% , in region s w ith develop ing coun tries w ith suff icien t w ater re2
sou rces2by 100% - 200%.

T he analysis of w ater u se values ob ta ined show s that they are determ ined to a large ex ten t by

no t on ly socia l2econom ic condit ion s bu t a lso by clim at ic facto rs.

Table 41 D ynam ics of water withdrawal by

con tinen ts and natura l-econom ic reg ion s of the world in km 3öyr

表 4　世界各大洲和自然经济区的取水动态变化 (km 3öyr)

N um ber
of region Continen t, region

A ssessm en t Fo recast
1900 1940 1950 1960 1970 1980 1990 1995 2000 2010 2025

Europe 3715 7110 9318 185 294 445 491 511 534 578 619
1 N o rthern 114 218 319 715 918 11 1114 1213 1312 1418 1614
2 W estern and Cen tral 1218 2115 3115 8712 120 142 150 161 173 192 208
3 Sou thern 16 2711 3714 5319 8816 155 174 184 194 208 212
4 N o rth of the European part of FSU 013 018 019 118 311 1319 1613 1514 1419 1618 2013
5 Sou th of the European part of FSU 619 1818 2012 3414 72 123 139 139 139 146 162

North Amer ica 70 221 286 410 555 677 652 685 705 744 786
6 N o rthern 216 818 1312 1912 2611 4114 5214 5611 5814 6419 7317
7 Cen tral 5412 191 247 347 470 538 492 503 512 530 550
8 Sou thern 1218 2019 2516 4412 5914 9715 108 127 135 149 162

Afr ica 4110 4913 5610 8519 116 168 200 215 230 270 331
9 N o rthern 37 41 43 65 78 100 106 110 114 127 144

10 Sou thern 119 414 615 10 16 23 2415 2614 28 33 43
11 East 1 211 317 611 12 23 4417 5014 56 68 83
12 W est 1 115 213 318 814 19 2217 2610 29 37 52

　　of w h ich, Sahel 5171 6149 7127 9163 1318
13 Cen tral 011 013 015 1 116 218 2 215 3 415 9

A sia 414 689 860 1222 1499 1784 2067 2157 2245 2483 3104
14 N o rth Ch ina and M ongo loa 37 67 98 165 217 241 234 254 273 305 373
15 Sou thern 201 312 367 429 524 668 895 932 969 1060 1370
16 W estern 43 69 91 136 158 192 227 238 248 283 346
　　of w h ich, A rab Pen insu la 2119 2611 3014 3612 4419

17 Sou th East 99 170 230 399 469 484 499 525 551 617 781
18 Cen tral A sia and Kazakh stan 29 55 57 67 94 151 156 154 151 160 169
19 Siberia and Far East of Russia 017 419 516 1014 1613 2514 3113 3016 30 32 38
20 T ranscaucasia 412 1113 1114 1518 2017 23 2414 2317 23 26 27

South Amer ica 1512 2717 5914 6815 8512 111 152 166 180 213 257
21 N o rthern 116 412 614 717 1113 1514 2211 2415 27 32 41
22 Eastern 111 211 3 713 1211 2312 43 4910 55 69 88
23 W estern 819 1419 3617 3715 3518 40 45 4711 49 55 64
24 Cen tral 316 615 1313 16 26 3216 42 4516 49 57 64

Austra l ia and Ocean ia 116 618 1013 1714 2313 2914 2815 3015 3216 3516 3916
25 A ustralia 115 612 914 16 2114 27 2515 2711 2819 3117 3512
26 O cean ia 011 016 019 114 119 214 3 314 317 319 414
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6　Re new a b le W a te r Re s ource s a nd W a te r Us e

T he ex ten t of u sing fresh w ater is found by the coeff icien t K w equal to the ra t io betw een w ater

w ithdraw al and renew ab le w ater resou rces. T he K w values have been ob ta ined fo r a ll na tu ra l2
econom ic region s and selected coun tries of the w o rld. In the p resen t study all reg ion s and coun2
t ries by the level of u sing w ater resou rces are un ited in to fou r catego ries:

Catego ry 1: K w = 10% - a low load on w ater resou rces;

Catego ry 2: K w = 10220% - a modera te load;

Catego ry 3: K w = 20240% - a h igh load;

Catego ry 4: K w = > 40% - a very h igh load on w ater resou rces.

Basing on the above classif ica t ion it m igh t be concluded that in 1950 in the w o rld, there w as

qu ite a favou rab le situa t ion w ith w ater resou rces. T here w as no region w ith a very h igh load on

w ater resou rces. Catego ry 3 ( load of 20240% ) included on ly tw o region s (N o rth A frica and

Cen tra l A sia, and Kazakh stan) , in the rest reg ion s of the w o rld, there w as a low o r modera te

load on w ater resou rces.

By the p resen t t im e the pat tern has card inally changed. In m any region s of the w o rld, there is

a h igh o r very h igh load on w ater resou rces; in these region s, there are mo re than 70% of

Earth′s popu la t ion. By 2025 the situa t ion w ill deterio ra te even mo re, especia lly in develop ing

coun tries of a ll con t inen ts. By that t im e Earth′s popu la t ion by 80% is expected to live in the

condit ion s of h igh and very h igh load on w ater resou rces. T he th ird part of Earth′s popu la t ion

w ill p roduce a load on w ater resou rces w ith K w > 60% , w h ich can be classif ied as a catast roph i2
cally h igh.

7　Te nde nc ie s to C ha ng ing W a te r A va ila b ility: W a te r Re source s D e fic it

T he analysis of specif ic w ater availab ility values fo r a ll reg ion s and selected coun tries of the

w o rld betw een 1950 and 2025 show s their ex trem ely great unevenness of sp read over the

p lanet′s territo ry. Fo r 1995 the greatest w ater availab ility of 170 - 180 thou sand m 3öyr per

cap ita w as reco rded in region s of Canada w ith A laska and O cean ia. A t the sam e t im e in den sely

popu la ted region s of A sia, Cen tra l and Sou th Eu rope, and A frica, w ater availab ility is in the

range of 112 to 510 thou sand m 3öyr. In no rthern A frica and on the A rab Pen in su la, it is as

m uch as 012- 013 thou sand m 3öyr. L et u s no te that w ater availab ility of less than 2 thou sand

m 3öyr per cap ita is assum ed to be very low , and below 1 thou sand m 3 - ca tast roph ica lly low.

W ith these values of w ater availab ility very seriou s p rob lem s w ith popu la t ion life2suppo rt, de2
velop ing indu stry and agricu ltu re are unavo idab le. A t p resen t to ta lly 76% of the w o rld popu la2
t ion live in the condit ion s of specif ic w ater supp ly of below 510 thou sand m 3öyr per cap ita, and

35% have a very low o r catast roph ica lly low w ater supp ly.

T he situa t ion w ill be m uch w o rse in the beginn ing of the nex t cen tu ry. By 2025 a greater part
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of Earth′s popu la t ion is expected to live in the condit ion s of a very low and catast roph ica lly low

w ater availab ility o r clo se to th is, and abou t 30%～ 35% of the w o rld popu la t ion w ill have a

catast roph ica lly low w ater supp ly.

F ig161 D ynam ics of specific w ater availab ility

by natu ral2econom ic regions of the

w o rld in percen tage 1950- 2025

图 6　1950- 2025 年世界自然经济区的特定可

利用水量的动态变化 (% )

Impo rtan t inferences have been draw n in analysing

the tendencies and ra tes of changing specif ic w ater

availab ility of coun tries and region s depending on

socia l2econom ic and physiograph ic condit ion s (F ig.

6). Fo r indu stria lly developed coun tries the level

of specif ic w ater availab ility reduct ion is compara2
t ively low , and independen t of clim at ic condit ion s

and w ater resou rces values it comp rises on the

average 118 t im es fo r 1950- 2025. Fo r develop ing

coun tries the ra tes of decreasing specif ic w ater

availab ility are being drast ica lly increased amoun t2
ing to 415 t im es, on the average, fo r suff icien t and

excessive mo isten ing condit ion s. Fo r in suff icien t

mo isten ing and arid condit ion s they are being in2
creased by 815 t im es, on the average.

T hu s a very great natu ra l unevenness in w ater

availab ility sp read that takes p lace on the Earth w ill be ever increasing w ith t im e by qu ite fast

ra tes due to econom ic act ivit ies and popu la t ion grow th.

In conclu sion it shou ld be no ted again that a ll the above assessm en ts fo r the fu tu re are based on

the stab le clim at ic situa t ion, it m ean s that they do no t take in to accoun t the po ssib le an th ro2
pogen ic global clim ate change cau sed by the increasing of greenhou se gases in the atmo sphere.

T he con sidera t ion of the global w arm ing p rocesses can be especia lly impo rtan t fo r the w ater

availab ility assessm en t in the region s of the in suff icien t ly mo isten ing, w here the hydro logica l

characterist ics are very sen sib le (Sh ik lom anov I. A. & L in s H. 1991) to the in sign if ican t cli2
m ate changes.
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世界水资源和用水: 当代评价和未来展望α

I. A. 谢克洛莫罗夫

(俄罗斯国立水文研究所, 圣彼得堡)

摘要: 1990～ 1996, 俄罗斯国立水文研究所的科学家, 在本文作者的科学指导下, 对世界水资源、

用水和可用水量的动态变化作了新的综合评价, 也对其未来状况进行了预测。

依据世界水文站网资料, 简明地给出了世界各洲、不同自然地理和经济区, 以及一些选定国

家的可更新水资源动态数据; 给出了满足人口、工农业需要的全球用水量, 以及本世纪和未来

(2000、2010和 2025年) 的动态可利用水量; 分析了世界水资源、用水和可利用水量变化的长期

趋势, 后者与气候因素和社会经济因素的有关。

本项研究成果将以专著《21世纪初期世界水资源》于 1999年由剑桥大学出版社出版。
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