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Abstract: During 1990- 1996 the scientists of the State Hydrological Institute, St Petersburg,
under the scientific guidance of the author of this article, made a nev combined assessnent of the
worldw ater resources, w ater use and w ater availability in the dynamics including a forecast for a
remote future The article gives in brief some nev quantitative dataon the dynamicsof renew able
w ater resources of continents Physiogrgphic and economic regions and selected countries of the
world w hich are generalized from theworld hydrological network data The values of the global
w ater use for the needsof population, industry and agriculture are given asw ell as the value of the
w ater availability in the dynamics for the current century and for the future before 2010- 2025

The analysis of long-tem trends of theworld w ater resources, water use and w ater availability
changes has been made depending on the climatic factors and cio-economic conditions It is
planned to publish all the resultsof these studies as amonograph“ W orldW ater Resources at the
Beginning of XX | Century” in 1999, Cambridge, U niversity Press
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1 Introduction

Data on Earth's total river runoff, as amajor component of the global hydrological cycle and
basic characteristic of renewable fresh water resources, are cited in many studies published
since the end of past century in different countries of theworld For the past 30 years the re-
sults of global estimations have been published with different extent of comprehensiveness in
(N ace, 1967; L vovitch, 1974; WorldW ater Balance , 1974; Baumgartner and Reichel, 1975,
Berner and berner, 1987) aswell as they are being regularly published in proceedingsof the In-
stitute of W orld Resources (W orld Resources, 1992).

Themost detailed and comprehensive estimationsof Earth’ sw ater balance and w ater resources
are presented in the two above capital monographs published more than 20 years ago by the
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Russian @WorldW aterBalance , 1974) and the Geman (B aum gartner and Reichel, 1975) sci-
entists So far these data arew idely used by gecialistsof many countries as themost reliable

At the same time, as seen from comparison of the data cited in thesemonographs, they can dif-
fer of individual continents by up to 30%-40%. T his difference ismainly attributed to the
methods used for estmating the total river runoff. In Russian studies, they are detemined di-
rectly from the data of observations at hydrological stations, in the Geman ones by indirect
w ay—by the evaporation/precipitation difference The latter approach, naturally, gives epe-
cially great errorsw ith snall values of river runoff. It is unusable for assessing w ater re-
urces, and moreover their dynamics for countries and regions located in zonesw ith insuffi-
cient moistening

It should bementioned that later publications citing some data onw ater resources of the conti-
nents, regions and countriesof theworld give no nev information as comparedw ith the above-
mentioned studies For instance, the values of water resources cited in the author's studies
(Shiklomanov, 1990, 1993) are fully based on the materials of themonograph W orldW ater
Balance , 1974). The data, periodically published by the Institute for World Resources in
W ashington, D. C World Resources, 1992), represent a compilation from different sources

They refer to different yearsof assessnent (from 1970 to 1987). They mainly belong to the In-
stitute of Geography, the Russian A cademy of Sciences (in practice, the data by Prof.

L vovitch M. |, 1969-1972), and ome of the data are national estimates T his refers al
largely to the study (SustainingW ater , 1993), w here citation ismade of average values of
renewn able w ater resources for most of world countries There are also gecific indicators for
per capitaw ater availability in 1955, 1990, and 2025w ith demographic forecast taken into ac-
count In turn, publications of the Institute of W orld Resources arew idely used by many au-
thors to globally analysew ater resources and w ater availability (Berner E K. and Berner R.

A., 1987, FalknerM. andW idstrand C. , 1992; KulshreshthaS N., 1992, Postel S , 1992,

etc ).

A s to the global w ater use assessnents, they have been madew ith different extent of compre-
hensiveness and reliability in many countries of theworld They are being regularly published
beginning w ith the study by Doxiadis (1967). Of themost significant studiesof this line, these
by L vovitch (1968, 1974), Holy (1974), Falkenmark and L indth (1974), De M are L.

(1977), U. S Geological Survey [The Global 2000 , 1980], and Ambroggi (1980) arewor-
thy of notice Themost detailed assessnents of world water use in dynanics for the current
century w ith the forecast to 2000 by all continentsw ere first made and published by the author
jointlywith G P. Kalinin in 1974 (Kalinin and Shiklomanov, 1974). Specified and more de-
tailed data by continents and natural-econom ic regions are presented by the author in themono-
graph (Shiklomanov andM arkova, 1987). L ater publicationsonw ater use by countries of the
world World Resources, 1992) give the data taken from different sources for different years

How ever there are no analysis and forecast of tendencies of their future changes

Due to the existing situation w ith assessing world w ater reources and their use, the project
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M . 3-1 to analyse nev dataonworldw ater reourcesw as included into the IHP-NM UN ESCO.
Fulfilling the project will result in publishing the monograph® W orld W ater Resources at the
Beginning of the 21th century”. The Scientific Committee of the Russian Federation for IHP
w as regonsible for fulfilling this project, and scientists of the State Hydrological Institute
w ere charged w ith conducting the research and preparing the monograph

By the present time this study is completed, and themanuscript of themonograph isprepared
to be published in English by the Cambridge U niversity Press by the end of this year The
monograph presents the nav dataon renew ablew ater resources andw ater use dynamics (for 65
years) throughout the current century and for the future to 2010-2025 for the Earth, as a
whole, all of the continents and natural-economic regions of theworld, selected countries and
river basins

2 Initial Data and M ethodological Features

To assess global w ater resources for the continents, regions, and countries located in different
physiographic conditions, the observation materials from theworld hydrological network have
been used A | the usewasmade of mateorological information, how ever as an auxiliary.
Observation data (monthly and annual values) from about 2500 hydrological sites, whose
gread by continentsis shown in Fig 1, have been selected to directly assess renew ablew ater
resources at the global scale The hydrological sites have been selected basing on the follow ing
conditions

-the availability of themost long-tem observation series

-location of siteson big and medium rivers, uniformly gread over the teritory, if possible

-observations should reflect river runoff regime, natural or close to natural
T he availability of long-tem observation seriesw asone of major conditionsof selecting hydro-
logical sites, asthiscorreponded to the basic accepted m ethodological principle assessingw a-
ter reources by all continents and regions of theworld is to be carried out in dynam ics for the
single sufficiently durable long-tem period
The 1921-1985 period served as this single period The data for later yearsw ere mpossible to
obtain formany regionsof A frica, A sia, and SouthAmerica To obtain continuous data for the
selected long-tem period, the seriesw ere updated and the gaps in observations restored For
thispurpose the usew asmade of themethodological approachesw ell know n in hydrology: cor-
relation models and hydrological analogy methods In many cases to obtain more reliable re-
sults, meteorological dataw ere used: observations of precipitation and air temperature The
acceptation of the single sufficiently durable design period allow ed obtaining for all regions of
theworld average values of w ater reurces comparablew ith each other and estimating rather
reliably their extrame values and characteristics of long-tem variability.
A s a oconsiderable part of land (to 15%-20%) isnot covered w ith observation data, hydrologi-
cal models and themethods for mapping runoff layer have been applied to calculate runoff from
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Fig- 1. The natural-econom ic regions of theworld and gauge stations
1

these territories

To assessw ater repurcesof individual countries and natural-econom ic regions, if their borders
do not coincide w ith river divides, secially developed hydrological methodsw ere used to de-
tem ine by observation datamajor characteristics of renew ablew ater reurcesof regions local
river runoff and river w ater inflow from adjacent territories

In the present study, values of renewable water resources are identified with annual river
runoff. For global assessnents this is quite admissible, as renew able ground w ater resources
not drained by rivers comprise a snall proportion of the total river runoff (for instance for
Africa, asawhole, about 5%). At the sane time for individual countries located in arid re-
gions these values can play a very great role in the total volume of renev ablew ater resources

The global withdrav al of w ater resources in the past and in the coming decadesw as assessed
taking into account w ater use for public services, industrial production (including pow er engi-
neering), agriculture (irrigation), aswell aswater loss by additional evaporation from reser-
voirs These factors, causing one-sided decrease in surface and ground runoff, are widely
gpread, most intensively develop, and are able to exert an egecially pronounced effect onw a-
ter resources in large regions

A |l assessnents have been made for different design levels of the current century, the present
time (1995), and the future (2000, 2010, and 2025).

T he values of w ater usew ere estimated for individual countries and then generalised for large
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natural-econom ic regionsof theworld shown in Fig 1, aswell asfor the continents For this
purpose national data on actual and calculated w ater use in individual countries or groups of
countrieswere primarily used W ith the absence of these data the proxy methods have been
used They were based on taking into account the major factors detemm ining w ater use value
and dynamics In this case thew ide useswasmade of the analogy method The countries cov-
ered with reliable w ater use data, located in analogous physiographic conditions, and having
similar level and features of econom ic development, w ere taken as analogues

To forecast w ater use, themethodology w as developed to take acoount of features and tenden-
cies of w ater use for the previous decades asw ell as the available long-tertm demographic fore-
casts for countries and their economic development The long-term UN DO forecast (Strzepek
et al , 1995) for industrial water use dynamics in countries to 2025 was also taken into
acoount

Specific water availability of regions and countries (in m® per capita) was analyzed for the
period of 1950 to 2025 taking into account not only the population number but als the values
of water consumption

A 1l the assessnents for the future have been accomplished for a stationary climatic situation, as
in accordancew ith recent studies themost considerable anthropogenic changes in global climate
due to increasing CO: in the atmohere are to be expected beyond 2030-2040

3 RenewableW ater Resources: Time Variations and Spread Over the Territory

Renav able w ater resources detemined by using the initial data and methodogical approaches
for the continentsof the Earth are presented in Table 1 By nen data the total value of renew -
able w ater resources calculated for the period of 1921 to 1985 is estimated at 42 700 km®/yr
(w ithout theA ntarctic). It isapproximately 4 800 km*® above the valuesobtained by Baumgart-
ner and Reichel (1975) and 1 800 km®below the previous detailed estimatesof SH | W orldW a-
ter Balance , 1974). On the average, for 1994 potential population water supply was 7.6
thousand m®/yr per capita varying by continentsfrom 3.4 for A sia to 38 for South Americ, and
84 for A ustralia and Oceania T he value of water availability of Earth’s population since the
time of the previous estimation (for 25 years from 1970 to 1994) decreased by 1.7 times (from
12.9 to 7.6 thousand m®/yr). This occurred basically due to population grow th by amost 2
milliard people Population w ater supply in A frica decreased most of all (by 2. 8 times), A sia
(by 2 times), and South America (by 1.7 times); w hereaspotential w ater availability of Euro-
pean population decreased asmuch as by 16%. It should be noted that actual w ater availability
taking account of w ater consumption rise in addition to population grow th decreased even more
in countriesof A frica, A sia, and South America
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Table 1. Renewable water resourcesand potential water availability by continents

1
. W ater resources, Potential w ater
Continent Area,  Population, Yy availabilip/,
ontinen km 3
min.kmd  (min) (km=/y) (1 00Gm°/yr)
A verage M ax M in Cv per 1km? per capita

Europe 10. 46 1 685 2900 3210 2 440 0.10 277 4.24
North America 24.3 1453 7 870 8 820 6 660 0.10 324 17.4
Africa 30.1 1708 4 047 5 082 3073 0.10 134 5.72
A sia 43.5 3403 13 510 15 000 11 800 0. 06 311 3.97
South America 17.9 1315 12 030 14 350 10 330 0.07 672 38.3
A ustralia and O ceania 8.95 28.7 2 400 2 880 1890 0.10 268 83.6
Theworld 135 5 590 42 757 44 460 39 660 0.02 317 7.65

L ong-tem variations in total river runoff of the continents and the Earth, asaw hole, point to
their cyclic character (Fig 2). A's seen from Fig 2, there are cycles of wet and dry years
changing each other and differing in duration and values of deviations from averages
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Fig-2. Renewablew ater resurces (km®/yr) of theworld and the continents
2

A long w ith the cyclic character of global river runoff variations, typical is the absence of any
trend in changes for the entire 65-year period of study: rising river runoff of South America for
the past wo decades is compensated for by decreasing river runoff in A frica for the same period
(Fig 2). Inmost regionsof theworld, river runoff is irregularly goread during a year. Its
greater part (60%-70%) isformed during the flood period To a significant measure this refers
alo to the average data by continents, w here for four flood months almost half the total annual
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river runoff passes By modern estimates, in Europe, duringA pril-July- 46% of annual runoff
pass, A sia, during June-September- 54%, A frica, during September-Decanber- 46%, North
America, duringM ay-A ugust- 49%, South America, duringApril-June- 45%, A ustralia and
Oceania, during January-April- 46%. A sawhole for the entire land wet seaon lasts from
M ay to A ugust For this seaon the total runoff of Earth’s river comprises approximately 45%
of the annual (Table 2).

Table 2. Streamflow distr ibution during a year by the continents (in % of themean annual value)

2 ( % )
M ean annual h
: w ater resources months
Continent (Iog:al) Y ear
km3/yr 1 2 3 4 5 6 7 8 9 10 11 12
Europe 2900 6.2 6.6 6.9 89 14.3 13.3 9.2 7.6 7.3 6.9 6.6 6.2 100
North America 7 870 4.7 4.9 50 7.0 11.6 15.212.6 9.9 9.6 8.6 59 50 100
Africa 4 047 8.4 7.5 7.0 7.1 7.5 6.6 6.1 6.1 8.0 10.6 12.7 12.4 100
A sia 13 510 51 4.1 4.7 5.1 88 13.714.9 13.8 11.2 7.2 6.8 4.6 100
South America 12 030 59 7.0 81 10.0 11.4 12.111.1 9.7 7.6 6.0 55 5.6 100
A ustralia and O ceania 2 400 10.3 13.2 12.4 10.1 7.4 7.1 6.2 6.9 54 6.6 7.2 7.2 100
Theworld 42 757 5.9 6.1 6.5 7.6 10.2 12.511.7 10.4 9.0 7.4 6.8 5.9 100

The values of renewv able w ater resources of natural economic regions averaged for 1921-1985
are presented in Table 3 There are al the data on long-tem w ater resource variability (Cv)
and potential specificw ater availability. The dataonw ater resources are presented as local w a-
ter reurces (average, maximum andminimum) that are formed in the territory of the region,
and an average inflow from adjacent territories The numbersof regionsin Table 3 corregpond
w ith numberson themap (Fig 1)

Table 3. Renewable water resourcesand potential water avaliabil ity
by natural-econam ic regions of the world

3

Population W ater resources Potential w ater

N umber Continent, region Area (inmln) Cv ; availabili3ty
of region - e (MmIn. km2 Infel’cw L ocal (in thou.m?3/yr)

1994 (km/y) average min m ax per 1 km? per capita

Europe 10.46 684.7 2900 2440 3210 0.10 277 4.24

1 Northern 1.32 23.2 705 585 828 0.10 534 30.4
2  Central 1.86 293.0 6.0 617 353 836 0.21 332 2.12
3 Southern 1.79 188.0 109 546 377 838 0.18 305 3.19

4 North of the European partof FSU  2.71 28.5 27 589 434 775 0.12 217 21.1
5 South of the European part FU 2.78 152.0 123 443 266 756  0.17 159 3.32

Nor th Amer ica 24.3 453.0 7870 6660 8820 0.10 324 17.4

6 Canadaand A laska 13.67 29.0 130.0 4980 4360 5830 0.10 364 174

7 USA 7.84 261.0 70.0 1800 950 2480 0.17 230 7.03
8 Central America and Caribbean 2.74 163.0 2.5 1090 530 2000 0.20 398 6. 69
Africa 30.1 708.0 4047 3073 5082 0.1 134 5.72
9 Northern 8.78 157.0 140 41 19.0 96.0 0.34 4.67 0.71
10 Southern 5.11 83.5 86.0 399 270 549 0.14 78.1 5.29
11 Eastern 5.17 193.5 26.0 749 504 940 0.11 145 3.94
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3
Population W ater resources Potential w ater
N umber Continent, region Area (inm1n) C availabili3ty
, v i
of region (mIn. km?) (IJ?]‘!‘}N ) L ocal (in thou.m®/yr)
1994 YO average min max per 1 km? per capita
12 W estern 6.96 211.3 30.0 1088 581 1948 0.28 156 5.22
of which, Sahel 5.30 46.9 77.4 104 52.3 175 0.29 19.6 3.04
13 Central 4.08 62.8 80.0 1770 1453 2263 0.09 434  28.8
Asia 43.5 3403 13510 11800 15000 0.06 311 3.97
14 North China andM ongolia 8.29 409 1029 590 1735 0.23 124 2.52
15 Southern 4.49 1207 300 1988 1535 2458 0.10 443 1.77
16 W estern 6. 82 232 490 227 931 0.35 71.8 2.11
17 South East 6. 95 1442 120 6 646 5342 7 607 0.09 956 4. 65
18 Central A sia and Kazakhstan 3.99 54 46.0 181 121 265 0.17 45.4 3.78
19 Siberia and Far East of Russia 12.76 42 218 3107 2 628 3500 0.06 243 76.6
20 Transcaucasia 0.19 16 12.1 68 51.5 88.8 0.12 358 4.63
South Amer ica 17.9 314.5 12030 10330 14350 0.07 672 38.3
21 Northern 2.55 57.3 3340 239 4670 0.15 1310 58.3
22 Eastern 8.51 159.1 1900 6220 5200 7640 0.08 731  45.1
23 W estern 2.33 48.6 1720 992 2380 0.18 738 35.4
24 Central 4. 46 49. 4 720 750 531 1310 0.17 168 22.5
Australia and Ocean ia 8.95 28.7 2400 1890 2880 0.10 268 83.6
25 Australia 7.68 17.9 352 228 701 0.24 45.8 19.7
26 Oceania 1.27 10.8 2 050 1515 2570 0.10 1614 190
The world 135 5 590 42 757 44460 39660 0.02 317 7. 65

T he analysis of average values of w ater resources of the regions show s that they aremainly de-
temined by climatic factors and inversely dependent on dryness index.

Y ear-to-year variability of w ater resources of regions can be rather significant and considerably
exceed the averaged data by continents Eecially this pertains to arid and semiarid regions,
w here these values of w ater resources are not large Here the variation coefficients (Cv) are
0.20 0.35 and in individual year the valuesof renew ablew ater reourcescan be 1.5 2 times
less than averagesover a long-tem period (T able 3). Forw et regions the variation coefficients
are 0.05 0.15, and the difference betw een annual and average long-term values of w ater re-
sources is usually in the range of 15% to 25%. The dynamicsof renavablew ater resources by
regions of A frica is shown as an exanple at the Fig 3 It can be seen that a trend of w ater
repurces decreasing ismore remarkable for the Sahel zone andW est A frica

M any regions of theworld show extrenely uneven distribution of water resources during a
year, when during the flood season lasting 3- 4 months, 50%- 70% of the annual runoff
pass At the same time for 3- 4monthsof low flow period in some regions, river runoff com-
prises asmuch as 2%- 10% of the annual

Of the greatest practical interest is a reliable assessnent of renew ablew ater resources of coun-
tries Thisassessnent has been madew ith different extent of comprehensiveness formore than
60 countrieson all continents Among the selected countries, there are developed and develop-
ing countries, countries with transitional economy, the largest in area and population and
snall, northern and southern, with deficit and excess of water reources In the territory of
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these countries, 70% of renw ablew ater resources are formed, and about 70% of Earth’spop-
ulation live The data obtained are testimony to an extrenely uneven distribution of w ater re-
ources and w ater availability by countriesof theworld T he valuesof ecificw ater availabili-
ty vary within aw ide range. from 0.4- 5 thousand m®to 1 000- 1 800 thousand m° per year
per 1 km?, and from 0.18- 1.5 thousand m® to 100- 150 thousand m®per year per capita Six
principal countries of theworld possess the greatest renev ablew ater resources Brazil, Russi-
a, Canada, U SA, China, and India In the territory of these countries, more than 40% of the
total annual river runoff of theworld are formed Y ear-to-year variability of w ater resources of
Canada, U SA, China, and India is characterised by the valuesof Cv= 0.10- 0.12, Brazil-Cv=
0.08, Russia-Cv= 0.03 ForBrazil and Canada for the period under consideration, there are lit-
tle tendencies tow ard increase, and for India and China tow ard decrease of renew ablew ater re-
vurces

4 RiverW ater Inflow to the W orld Ocean

Generalising theworld river runoff datamakes it possible to estimate the dynanicsof freshw a-
ter inflow to theworld ocean, w hich is necessary to study itsw ater balance and dynam ic pro-
cesses It should bementioned that river water inflow to theworld ocean w ill be considerably
less than the value of renew ablew ater resources of the continents This is caused by the wo
reaons First, most of river basins enter the o-called endorheic, or drainless, runoff regions,
not connected w ith theworld ocean Second, in the regions directly connected to theworld o-
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cean w ater resources of river basins can be considerably greater than runoff at river mouths

This is egpecially typical of some regionsw ith hot climate, w herew ater resourcesof the basins
are formed in mountainous zonesw ith great anounts of precipitation, and asmoving to the
mouth, a considerable portion of runoff is lost by evaporation in the plain and low land parts of
the basin

Approximately half the total river wa-
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Fig-4. River water inflow to theworld ocean by latitudinal
zones
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flow to it The analysisof the data ob-

tained show s that the total water inflow to theworld ocean is quite stable and has no any dis
tinct trend At the sane time during the period at issue, there is a noticeable tendency to de-
creased inflow to the Indian and Pacific O ceans and increased to the A tlantic O cean

River runoff inflow to theworld ocean is extranely uneven by territory. This is seen from the
data presented in Fig 4, where the demonstration ismade of the distribution of inflow to the
world Ocean by latitudinal zones In the equatorial belt betw een 10N and 10°S, about 40% of
the total river runoff, on the average, flow into the ocean

5 Dynamics of FreshW ater Use

Figure 5 depictsw ater use dynamics by continents and for theworld, asawhole, through the
present century and to 2025 the modern (for 1995) water w ithdraw al in theworld is 3 750
km®/yr, consumption- 2 280 km®/yr. In the futurew ater w ithdrav al will grow by about 10%
- 12% for each period of 10 years and reach 5200 km®/yr to 2025 (a 1.38-fold increase). At
the present time about 5% of global water w ithdrav al and 70% of consumption fall on A sia,
w here principal irrigated lands of theworld are located Themost intensive grow th of w ater
w ithdraw al for the next decades is expected to occur in A frica and South America (by 1.5-1.6
times), the least in Europe and North America (by 1.2 times).

At the present time, 67% of water withdraval and 86% of consumption fall on agriculture
(Fig 5). In thefuture the roleof agriculturew ill slightly decrease due to an expected more in-



I A. Shiklomanov: WorldW ater Resources andW ater U se
M odern A _ssessnent and Qutlook for Future

229

tensive grow th of other water users, primarily, industry and public services By secified data
the total irrigation area in theworld in 1995w as 254 million ha, by 2010 it is expected to in-
crease gpproximately to 290 million ha and by 2025 to 330 million ha

T he above prediction estimates refer to

moderate climatic conditions (w ithout £

taking into account possible anthro-
pogenic changes in global climate) and
to themost realistic scenario of devel-
oping world economy. Taking account
of uncertainties in developing economy,
population growth and climatic situa-
tion, by 2025 the total water with-
draval is expected to be within the
range of 10%- 12% of the above aver-
age value, i e, 4600- 5800 km°/yr
In 1996 due to preparing a report on as
sessing the condition and progects of
fresh water use in the world for the
UNO Commission on Sustainable De-
velopment, the forecastsw ere made of
world water use by 2025 by the Inter-
national Group of Experts under the
Stockholm Institute for the N atural
Environment (SEI).
were based on the future scenario of

These forecasts

conventional development (“ Conven-
tional D evelopment Scenario”) created
by SEIBoston Simultaneously in 1996
thew ater use forecast for 2025w as de-
veloped by FAO. This forecast pro-
ceeded from demandsfor freshw ater to
provide the grow ing Earth’ s population
w ith food The values of the SEI and
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FAO forecasts for 2025 are presented in Fig 5 These latest, apparently most substantiated
from different positions, forecastsof global w ater use considerably differ from each other (on
the average, from 4 500 to 7 000 km®/yr by 2025). The SH | prediction estimates obtained ear-
lier (1995) independently are betw een the extreme valuesof the SE| and FAO forecasts, w hich

points to their sufficient reliability.

W ater use dynamicsw as obtained for all natural-economic regions of theworld; themain re-
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sults of the values of the total water use during 1900-1995 and for the future before 2025 are

shown at the Table 4 The intensity of water use grow th from 1995 to 2025 is different by re-

gions
to increase by 15%-

urcesby 100%- 200%.
T he analysis of w ater use values obtained show s that they are detem ined to a large extent by

not only social-econom ic conditions but alo by clmatic factors

Table 4. Dynam icsof water withdrawal by

continentsand natural-econam ic regions of the world in km?/yr

In developed countries and in thesew ith limited w ater reources, w ater use is expected

35%, in regions with developing countries with sufficient water re-

4 (km®/yr)
N umber . . A ssessnent Forecast
of region Continent, region 1900 1940 1950 1960 1970 1980 1990 1995 2000 2010 2025
Europe 37.5 71.0 93.8 185 294 445 491 511 534 578 619
1 Northern 1.4 2.8 3.9 7.5 9.8 11 11.4 12.3 13.2 14.8 16.4
2 W estern and Central 12.8 21.5 31.5 87.2 120 142 150 161 173 192 208
3  Southern 16 27.1 37.4 53.9 88.6 155 174 184 194 208 212
4 North of the European partof FU 0.3 0.8 0.9 1.8 3.1 13.9 16.3 15.4 14.9 16.8 20.3
5 South of the European partof FU 6.9 18.8 20.2 34.4 72 123 139 139 139 146 162
North Amer ica 70 221 286 410 555 677 652 685 705 744 786
6 Northern 2.6 8.8 13.2 19.2 26.1 41.4 52.4 56.1 58.4 64.9 73.7
7 Central 54.2 191 247 347 470 538 492 503 512 530 550
8 Southern 12.8 20.9 25.6 44.2 59.4 97.5 108 127 135 149 162
Africa 41.0 49.3 56.0 85.9 116 168 200 215 230 270 331
9 Northern 37 41 43 65 78 100 106 110 114 127 144
10 Southern 1.9 4.4 6.5 10 16 23 24.5 26.4 28 33 43
11 East 1 2.1 3.7 6.1 12 23 44.7 50.4 56 68 83
12 West 1 1.5 2.3 3.8 8.4 19 22.7 26.0 29 37 52
of which, Sahel 571 6.49 7.27 9.63 13.8
13 Central 0.1 0.3 0.5 1 1.6 2.8 2 2.5 3 4.5 9
Asia 414 689 860 1222 1499 1784 2067 2157 2245 2483 3104
14 North China andM ongoloa 37 67 98 165 217 241 234 254 273 305 373
15 Southern 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 which, A rab Peninsula 21.9 26.1 30.4 36.2 44.9
17 South East 99 170 230 399 469 484 499 525 551 617 781
18 Central A sia and Kazakhstan 29 55 57 67 94 151 156 154 151 160 169
19 Siberia and Far East of Russia 0.7 4.9 5.6 10.4 16.3 25.4 31.3 30.6 30 32 38
20 Transcaucasia 4.2 11.3 11.4 15.8 20.7 23 24.4 23.7 23 26 27
South Amer ica 15.2 27.7 59.4 68.5 85.2 111 152 166 180 213 257
21 Northern 1.6 4.2 6.4 7.7 11.3 15.4 22.1 24.5 27 32 41
22 Eastern 1.1 2.1 3 7.3 12.1 23.2 43 49.0 55 69 88
23 W estern 8.9 14.9 36.7 37.5 35.8 40 45 47.1 49 55 64
24 Central 3.6 6.5 13.3 16 26 32.6 42 45.6 49 57 64
Australia and Ocean ia 1.6 6.8 10.3 17.4 23.3 29.4 285 30.5 32.6 356 39.6
25 Australia 1.5 6.2 9.4 16 21.4 27 25.5 27.1 28.9 31.7 35.2
26 _Oceania 0.1 0.6 0.9 1.4 1.9 2.4 3 3.4 3.7 3.9 4.4
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6 Renew ableW ater Resources and W ater Use

T he extent of using fresh w ater isfound by the coefficient Kw equal to the ratio betw een w ater
w ithdrav al and renew ablew ater reources The Kw values have been obtained for all natural-
econom ic regions and selected countriesof theworld In thepresent study all regionsand coun-
tries by the level of using w ater resources are united into four categories

Category 1. Kw= 10%- a low load onw ater resources

Category 22 Kw= 10-20%- amoderate load;

Category 3 Kw= 20-40%- a high load;

Category 4 Kw= > 40%- a very high load onw ater reources

Basing on the above classification it might be concluded that in 1950 in theworld, therew as
quite afavourable situationw ith w ater reources Therew asno regionw ith avery high load on
w ater resources Category 3 (load of 20-40%) included only two regions (North A frica and
Central A sia, and Kazakhstan), in the rest regionsof theworld, therewas a low or moderate
load on w ater resources

By the present time the pattern has cardinally changed Inmany regionsof theworld, there is
a high or very high load on water resources in these regions, there are more than 70% of
Earth’s population By 2025 the situation w ill deteriorate even more, esecially in developing
ocountries of all continents By that time Earth’s population by 80% is expected to live in the
conditions of high and very high load onw ater resources T he third part of Earth’s population
w ill produce a load onw ater resourcesw ith Kw> 60%, w hich can be classified as a catastrophi-
cally high

7/ Tendencies to Changing W ater Availability: W ater Resources D eficit

The analysis of gecific water availability values for all regions and selected countries of the
world between 1950 and 2025 show s their extranely great unevenness of read over the
planet's territory. For 1995 the greatest w ater availability of 170- 180 thousand m®/yr per
capitaw as recorded in regionsof Canadaw ith A laska andOceania At the sane time in densely
populated regions of A sia, Central and South Europe, and A frica, w ater availability is in the
range of 1.2 to 5.0 thousand m®/yr. In northern A frica and on the A rab Peninsula, it is as
much as 0.2- 0.3 thousandm®/yr. L et us note that w ater availability of less than 2 thousand
m®/yr per capita is assuned to be very low, and below 1 thousand m®- catastrophically low.
W ith these values of w ater availability very seriousproblen sw ith population life-support, de-
veloping industry and agriculture are unavoidable A t present totally 76% of theworld popula-
tion live in the conditions of ecificw ater supply of below 5.0 thousand m®/yr per capita, and
35% have a very low or catastrophically low water supply.

T he situation w ill bemuch worse in the beginning of the next century. By 2025 a greater part
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of Earth’spopulation is expected to live in the conditionsof a very low and catastrophically low
w ater availability or close to this, and about 30% 35% of theworld population will have a

catastrophically low w ater supply.

120
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Fig- 6. Dynamics of gecific water availability

by natural-economic regions of
world in percentage 1950- 2025
6 1950- 2025
(%)

the

important inferences have been drav n in analysing
the tendencies and rates of changing ecific w ater
availability of countries and regions depending on
social-econom ic and physiographic conditions (Fig

6). For industrially developed countries the level
of gecific water availability reduction is compara-
tively low, and independent of climatic conditions
and water resources values it comprises on the
average 1. 8 times for 1950- 2025 For developing
ocountries the rates of decreasing ecific water
availability are being drastically increased anount-
ing to 4.5 times, on the average, for sufficient and
excessive moistening conditions For insufficient
moistening and arid conditions they are being in-
creased by 8.5 times, on the average

Thus a very great natural unevenness in w ater

availability gpread that takesplace on the Earth w ill be ever increasing w ith time by quite fast

rates due to econom ic activities and population grow th

In conclusion it should be noted again that all the above assessnentsfor the future are based on
the stable clmatic situation, it means that they do not take into account the possible anthro-
pogenic global climate change caused by the increasing of greenhouse gases in the atmoghere
The consideration of the global wam ing processes can be egecially mportant for the w ater
availability assessnent in the regions of the insufficiently moistening, w here the hydrological
characteristics are very sensible (Shiklomanov | A. & LinsH. 1991) to the insignificant cli-

m ate changes
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