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Chapter 2
World fresh water resources

Igor A. Shiklomanov

Introduction ,
The rational use and protection of water resources and supplying human-
kind with adequate clean fresh water, or, to be concise, '‘water prob-
fems,” are among today’s most acute and complex scientific and
technical problems. They increasingly reach beyond national and re-

1 borders and are becoming global in nature. Shortages of fresh
water and the increasing polluticn of water bodies are becoming limiting
factors in the economic and social development of many countries
throughout the world, even countries not located in arid zones. Under
these conditions the reliable assessment of water resources is extremely

important, pasticularly the quantitative estimation and calculation of an-
nual stream flows and their fluctuations in time and space. This is due to
the fact that the mean annual river runofT and annually renewable ground
water resources almost everywhere support the bulk of water consump-
tion and determine the available water supply for a given region.

Scientists from around the world have prepared assessments of global
waler resources and their use. Information on water resources and the
water balance, water use, and the impact of economic activity on water
resources is available from several publications prepared over the last
20-25 years.' Additional information can be found in the tables in Part 11,
and in the references described there. More recently, three major mono-
graphs on global probiems of water resources and the water balance have
been published.” The conclusions presented in this chapter are based
primarily on the results of the assessments given in the cited works, which
remain pertinent today.

TABLE 2.1 Water reserves on the earth

World water stocks

Reliable estimates of water resources stored in various water bodies and
in different physical states are critical to a clear understanding of the
namral water cycle and the effect that buman activities might have. Data
on global water resources collected by Soviet scientists are presented in
Table 2.1,

It should be noted that the data on the amount of water on earth {as the
authors of the cited monograph themselves note) should not be censid-
ered very accurate; they are only approximations of the actual values. The
data on water stored in undergrourd ice in permafrost regions, on the
amount of soil moisture, and on water stored in bogs and marshes, which
were oblained computationally undet fairly crude assumptions, are espe-
cially rough, Al the same time, much more reliable estimates are now
available of water stored in the oceans, in lakes and reservoirs, in polar
ice, and in mountain glaciers, and of stocks of fresh and saline ground
water.

According to the data in Tabte 2.1, the total volume of {long-term) fresh
water stocks is 35 million km?, or just 2.5% of the total stock of water in
the hydrosphere. A large fraction of the fresh water (24 million km®, or
68.7%) is in the form of ice and permanent snow cover in the Antarctic
and Arctic regions. Fresh water lakes and rivers, which are the main
sources for human water consumnption, contain on average about 990,000
km® of water, or just 0.26% of total global fresh water reserves.

The totai area of all fresh water lakes in the world is about 1.5 million
km?; basic morphometric data on the 28 Jargest fresh water lakes in the

Distribution Percentage of global reserves
area Volume Layer Of total Of fresh
{10 km?) (10%km’ ) {m} water water
World pcean e T s 361,300 1,338,000 3,700 26.5 -
Ground water e 134,300 23,400 174 1.7 L -
Fresh water oo Te 10,530 78 076 - 31
Soil moisture 16.5 0.2 0001 - e 0.05
Glaciers and permanent snow cover 16,227 24,064 1,463 1.74 68.7
Antarctic 13,980 21,600 1,546 1.56 61.7
Greenland 1,802 2,340 1,298 017 6.68
Arctic islands 226 815 169 0.006 0.24
Mountainous regions 224 40.6 181 0.003 0.12
Ground ice/permafrost 21,000 00 i4 0.022 0.86
Water reserves in lakes 2,058.7 176.4 85.7 0.013 -
Fresh 1,236.4 91 73.6 0.007 0.26
Saline 8223 85.4 103.8 0.006 -
Swamp waler 2.6826 11.47 428 0.0008 003
Riverflows 148,800 242 0.014 0.0002 0.006
Biclogical water £10,000 1.12 0.002 0.000t 0.003
Atmospheric water 510,000 12.9 0.023 0.001 0.04
Total waler reserves 510,000 1,385,084 78 100
Total fresh water reserves 148,800 35,029 235 253 100




14 Essays on fresh water issues

TABLE 2.2 Large fresh lakes of the world (with surface area preater world, each with an area of more than 5,000 km?, are presented in Table
than 3,000 k") 2.2. Additional data on lakes can be found in Table B.10. These lakes
Arca Volume  Maximum together account for approximately 85% of the voiume and 40% of the
Lake (km?) k®)  depthim) Continent waler surface area of all fresh water lakes on earth. )
- - The largest accumulations of fresh water lakes are concentrated in
3uper19r 82,680 11,600 406 i?nh America regions of ancient and recent glaciations and in regions of large tectonic
tctona 69,000 2,700 32 niea . fractures in the earth’s crust. The Great Lakes in North America form the
mﬁ?gan ;g?gg i‘ggg ;g? Eg:‘; ﬂ::g: largest lake complex. Lake Baikal, in the fonmer Soviet Union, which
) 8 : : o - .
Tanganyika 32,900 18,900 435 Africa ;:::l:la:; 'fpromealelyZS % of global lacustrine fresh water, is the larpest
Baikal 31,500 23,000 1,741 AS'? The creation of artificial takes and reservoirs is of great importance ta
Nyasa 30,500 7,725 706 Africa . the use of water resources and the cantrol of river flow. The earliest water
g:::: ;';fe gg‘igg :g;g :g; 1;“22: mz;z: reservoirs were built on rivers thousands of years ago, in the heyday of
Erie > 5’ 200 : 545 4 North America ancient civilizations, but they have become g]obal-scal_c c_rb]ccts only
Winii 24‘600 129 ' 19 North America "wnhm the last few decades. The total volume of Teservoirs in the world
Onlaril;eg ) 9' 000 1710 216 Notth Ametica mcgeased nearly tenfold from 1951 10 1989; at present it exceeds 5,0(2){3]
Lad 17’,?00 !908 230 E km®. The total surface area ot_”lth_e reservoirs is more than 400,000 km®.
acoga ! urope The largest volume of water in artificial reservoirs is found in three coun-
Chad . 16,600 44 1 Affica . tries: the United States, the former Soviet Unien, and Canada, where
Mara’calbo 13,300 y 33 Sopt.h America appraoximately half the tetal volurne of reservoirs in the world is concen-
Tonlé Sap 10,000 40 12 Asla trated.
Unega 9,630 295 127 Europe The largest reservoirs in the world by volume are Owen Falls off Lake
R‘_Jdolf 8,660 - ;3 Africa . Victoria in Uganda (205 km?), the Kariba reservoir on the Zambesi river
Jicaragua o o py Noah fmerica (182 km"), and the Bratsk reservoir on the Angara river (169 km’).
tcaca ' o enca Among the largest reservoirs by surface area are the Volia in Ghana
At}.labasca 7,900 110 60 North Amer!ca (8,500 km?) and the Kuybyshev reservoir in the former Soviet Union
%emd;g t gggg B I 0 Eo.nh America (6,500 lam®}. According o long-range plans that exist in many countries,
ang ling i s1a the total volume of the world's reservoirs may reach 7,000-7,500 km’ by
Vinemn 5,550 180 {00 Europe the end of this century
Zaisan 5,510 53 8.5 Asia :
Winnipegosis 5,470 16 12 North America
Aiben 5,360 64 57 Africa
Mweru 5,100 32 15 Africa
Water vapor fluxes Water income
to space from space

|

P

P'l = 9,000 cukm Pl = 110,000 cukm Poc = 458,000 cu.km 3
{or 300 mm) (or 924 mm) {or 1,270 mm)
E®l = 3,000 cukm E'l = 63,000 cukm Eoc « 505,000 cukm i
(or 300 mm) {or 529 mm) tor 1,400 mm) ;
] Fig. 2-1. The
N N g!oball vyatcl;\ i
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internal runoft Qgr = 2,200 cukm {or 376 mm)l l , l global hydrologic
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Endorheic areas | here, including
A = 30 milion sq.km Areas of external runotf ! precipitation (), |
{ Al = 119 millian sq.km i Ocean cvaporation (), 4
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/ areas (4).
Water losses
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AB‘LE 2.3 Water balance of the land

Precipitation

(mum) (ki)

790 8.290

740 32,200

740 22,300

756 18,300

: 1,600 28,400
. Angtralia and Oceania 791 7,080
* astarctica 165 2310
Land as 2 whole 300 119,000
Areas of external runoff 924 110,000
Areas of internal runoff’ 300 9,000

' "_[.fcfudmg underground water not drained by rivers.
" % Logt in the region throngh evaporation,

_The hydrologic cycie and the w._‘erbalance

. AIJ types of water on earth interact closely as water passes ffom ane form
_tpppother and moves from the ocean to land and back under the mfluence
- e solar energy and gravity.

.>& All types of natural waters are renewed annually, but the rates of re-

*aewal differ sharply. Water inriversis completely renewed every

become

== ey ellectively becom
quent disruptions of the natura|

The main link in the water eycle in nature is exchange between the
s and land, which includes not only quantiative renewal but — what
is especially important - qualitative restoration as wefl, An overal| dig-
gram of the global hydrologic cycle with jis main quantitative indices js
presented in Figure 3.1,°
AR enormous amount of water, equal to about 505,000 k.mJ, or a layer
1,400 mm thick according to current estimates, evaporates annugl] y from
the ocean surface. Of this amount, nearly 90% (458,000 km® DET year)
Feturns to the ocean in the form of atmospheric precipitation that fails on
the ocean surface, and 10% (50,500 kmm® per year) falls on 1o dry land.
Together with atmospheri¢ precipitation of local origin (68,500 kg per
year), the total precipitation falling on dry land and supplying ali types of
land water js 119,000 km? Per year, or on average aboyt 1,000 mm per
year. Of this amount, 47,000 km® Per year (about 35%) is returned fo the
oceans in the form of river, ground, and glacial ninoff. On the whole, an

Natural river flow and water supply

The main source of fresh water is surface runoff, which s used exten-

sively to satisfy widely varying human needs. The most important feature

World fresh water resources
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—— FEvaporalion _ _ Runoff
{am) (fm* ) {mm) (k)
507 5,320 283 2970
416 18,100 324 14,100
587 17,700 153 4,600
418 19,100 339 8,180
910 16,200 685 12,200
511 4,570 280 2,510
1] 4] 165 2,310
485 72,000 ns 47,000
529 63,000 395 47,000¢
300 9,000 34 1,000°
of runaff compared with other natural resources is its annual renewal in

course of the hydroTogic cycle in namire. RingH 8 a dynamic part of

lang-term water reserves, and serves as a characteristic of potential re-

The total global runoff averages (excluding the ice flow of Antarctica
44,500 km' per year (Table 24). Of this volume, 43,500 km® per year
enters the oceans directly. Runoff 1o interior hydrologically-closed re
Bfoms (such as the basins of the Caspian Sea and the Aral Sea, the Jakes
of Chad, the Great Sajt Lake, and so on}, where the stream flow goes
entirely to evaporation, account for about 1,000 km? per Year, or approx-
imately 2.4%. 1t is important to emphasize that from the standpaint of
practical yse, the stream flows of exterior 1

and interior (closed)

water-sait balance, and can affact 10 one degree or angther only the re-
gims: of marginal and interior seas (the Baltic Sca, Black Sea, etc.). The
(unrecoverable) use of the runoff of interior regions can lead to a funda-
mental change in the water—sa]t balance of water bodies mnto which the
streanms flow (the Caspian Sea, Aral Sea, etc.).

It is well known that global runoff is distribused extremely unevenly -
2 fact apparent from a simple comparison of runoff by continent (Table
2.4). More than half the global nnoff oceurs in Asia and South America
(31% and 25%, respectively), while Europe accounts for Jjust 7% and
Austratia for only 1%. Most of the runoff (over 80%) is concentrated in
the morthern and equatotial zones, which have fairly smail populaticns.

TABLE 24 River runoff resources in the world

Portion
of
total Specific
A—M‘M runoff Arez  discharge
Terzitory nm}  Gan’) (W) (10kn’) (Uefkm?)
Eurnpe 306 3,210 7 10,500 97
Asia’ 332 14410 kY] 43475 {05
Africa® 151 457 10 30320 43
North America® 139 8,200 17 24200 107
South America 661 11,760 25 17800 2.0
Australia? 45 348 l 7683 144
Oceania 1610 2040 4 1267 51
Antarctica 160 2230 5 13977 5

Total land area 314 46,770 100 149000 100
® Asiaimcludes Japan, the Philippines, ang Indonesia,
4 Africa. includes Madagascar,

© North and Central America,
4 Austrada inciudes Tasmanja,
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Fig, 2-2. Long-term runoff by region. The dependence of mean long-tenn
river mnofF () is plotted for physiographic and ¢conomic regions of the
wotld as a function of the aridity index {Ro/(LP).

In the temperate zones (the southem forest Zone, the forest-—steppe zone,
the steppe zone) that are most suitable far human life and activities (es-
pecially for agricultural production), where most ofthe earth's population
lives, flowing water resources are extremely {imited.

On the continents and in large regions of the earth, the distribution of
water resources is still more uneven. An anatysis of the shortfat] and
excess of water resources in the world shows that within the confines of
each continent there are vast regicns with arid climate and regions with
limited water resources; these regions occupy 33% of Europe, 60% of
Asia, a large fraction of Africa, the south-western regions of North Amer-
ice, about 30% of South America, and the overwhelming majority of
Australia. On the other hand, cn all the continents listed there are wet
regions with abundant water resources.

With respect to the major naturat and economic regions of the ¢arth, it
is not hard to identify quantitative relationships between total ranoff and
climatic factors. For instance, such a relationship is presented in Figure
2.2. This relationship shows the close dependence between the total pe-
rennial stream flow layer (3., determined for major natural apd econormic
regions of the earth, op a complex climatic parameter expressed in the
form of the *‘dryness index’":

ROALP)

where Ry is the radiation balance of the wet surface, L is the specific
heat of evaporation, and P is precipitation. This index has been deter-
mined on an approximate basis for each region by using very detailed
global charts of the radiation balance and precipitation. The names of the
regions and the values of the runoff layer and dryness index for each are
presented in Table 2.9.

According to Figure 2.2, the smallest value of a region’s natural water
resources corresponds to the fargest dryness index; conversely, the largest
ﬂc:]w layer is associated with regions with minimuzn values of the dryness
index.

The development of the siream network and the water capacity of rivers
depend on climatic factors, ruggedness of terrain, and peologic structure.
The main characteristics of the world’s largestrivers withan average flow
of more than 200 km® per year are presented in Table 2.5. The Amazon,
the largest river in the world, carries more than 15% of the annual global
runoff, and the total annual flow of all rivers presented in Table 2.5 js
approximately 40% of global runoff,

In most regions on carth the values of natural annual flow are not a

TABLE 2.5 Large rivers of the world (with mean annual runoff
greater than 200 km?)

Average Area of
runoff’ basin Length

River km¥y)  (10km?) (k) Continent
Amazon 6,930 6,915 6,280  South America
Congo [.460 3,820 4370 Africa
Ganges (with

Brahmaputra 1,400 1,730 3,000 Asig
Yangzijiang 995 1,800 5520 Asia
Orinoco 914 1,000 2,740 Scuth America
Parani 725 2970 4,700 South America |
Yenisei 10 2,580 3490 Asia i
Mississippi 580 » 3,220 5,985 North America
Lena 532 2,490 4400  Asia
Mekong 510 80 4500  Asia
Irrawaddy 486 410 2300  Asia
St. Lawrence 439 1,290 3,660  North America
Ob 395 2,990 3,650  Asia
Chutsyan 363 437 2130 Asia
Amur 355 1,855 2,820 Asia
Mackenzie 350 [,800 4,240  North America
Niger 320 2,090 4,160  Africa
Columbia 267 669 1,950  North America
Magdalena 260 260 1,530  South America
Volga 254 1,360 3,350  Europe
Indus 220 960 3,180  Asia
Danube 214 817 2,860 Europe
Salween 21 125 2,820 Asia
Yuken 207 £52 3000  Norh Amerca
Nite 202 2,870 6670  Aftica

realistic index of water supply, since runofTis distributed quite unevenly
throughout the year. Most of it (60%-70%) occurs in the flood (high 3
water) period. Naturally, for the continents as a whole tota) stream flow
varies significantly throughout the year; these variations are shown by
rmonth in Figure 2.3. Most of the runoff {48%) in Europe occurs in April |
through July, in Asiz in May through October (80%), in Africa in January
tharough June (74%), in North America in May through August (54%), in §
South America in March through September {70%), and in Australia in }
Jamuary through March (68%). For ait dry land as a whole, the highest
water period extends from May to October, when the rivers transport 63% 3
of the annual flow.
Naturally, for regions that are small in area, the non-uniformity of the:
stream flow increases sharply in both time (from year to vear and within
the: year) and space. The values of the variability generally are largely 1
dependent on total moisture and water resources. The higher the dryness:
index of aregion, the greater the vaniability of water resources from year 4
to year and by season and the more unevenly they are distributed in space. |
To estimate the quantitative characteristics of the water resources of 2
given country or region, relative or specific indices of potential water:
supply are uswally used in addition to absolute indices (such as km® per’
year or in a season), Relative or specific indices represent the volume of 3
ansual (or seasonal) runoff per wmit area (for example km’ per year per
) or per papulation {m* PET year per capita}. 1
Among the countries of the world, first place in absotute voiume of' 3
runoffbelongs to Brazil, whose water resources exceed 20% of all global ¥
renewable water resources (Table 2.6). This is nearly twice as much as 3
the: water resources of the former Soviet Union, which is second among 3
the other countries (10.6%). China (5,7%) and Canada (5.6%) hoid third 4
and fourth place. :
In terms of specific water supply, Norway is first both per unit area §
(1.250,000 m” per year [per kmz]) and per capita (98,800 m” per year per 3
capita). For comparison, the potential specific water supply per unit area §
is 213,000 m? per year per ke’ in the former Soviet Unior, and 207,000 4
m* per year per km? in the United States, or approximately one-sixth as 3
much as in Norway. Some smaller countries, such as Iceland, exceed even 3§

-
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TABLE 2.6 Water availability in some countries, lale 1980s

Long-term mean annual river runoff

RuncfF per unit
Rumoff area Runoff per capita Percentage
Area Population tatal a0’ (10'm? of globat

Country (10° km®) (10%) {km®) per km?) per person} runoff
Brazil 8,512 129.9 9230 1,084 711 20.7
USSR 12274 275 4,740 213 17.2 10.6
China 9,561 1,024 2,550 267 249 5.7
Canada 9,976 24.9 2470 248 99.2 5.6
India 3,288 718 1,680 511 234 KR
United States 9,363 2342 1,940 207 828 44
Norway 324 4.1 405 1,250 98.8 0.9
Yugoslavia 256 22.8 256 1,000 112 0.6
France 544 54.6 183 336 ! 3.35 04
Finland 337 4.9 110 326 224 0.2
World total’ 134,800 4,665 44,500 330 9.54 100

¢ World total does not include Antarctica,

the values of Norway, while many countries have far fewer water 1e-
sources per capila or per unit area,

And these numbers are not fixed. As we know, the earth’s pepulation
is growing rapidly. Whereas it was 1,170 miltion in 1350, today it already
exceeds 5,400 millien, and accerding to demographic forecasts it will
exceed 6,000 million by the turn of the century. Population has been
growing especially qulck]y since the 1950s. Population growth is accom-
panied by a progressive reduction in specific pet capita water supply in
the world, whlch has decreased from 33,300 m” per year per capita in
1850 to 8,500 m? per year per capita today. A change in specific water
supply due 1o human tmpact on water resowrces and on the quality of
natural water is occwrring to no less a degree in many parts of the world,

Impact of economic activities on water resources

The problem of studying water resources includes not only an assessment
of their natural state, territorial distribution, and fluctuations in time, but
also of changes due to human economic activities. Despite the ability of

stream flow to renew and self-purify, in recent decades the intensive
development of industry and agriculture throughout the world, population
grawth, the opening of new territories, the associated sharp increasc in
water withdrawals on all continents (except most recently in the United
States and parts of Europe), and the transformation of the earth’s natural
cover bave begun to exert a significant impact on the natural fluctuations
of the stream flow and the state of fresh water resources.

In the regions that have been most developed to date, no major river
systems remain with a repime that has not been disturbed by human
activities to one degree or another.

Within major river drainage basins and vast territories located in re-
gions that have been mast developed economically, runoff is usually
affected by a host of anthropogenic factors that have various effects on
the characterigtics of the water regime, total annual flow, and water qual-
ity. According to the nature of the effect on hydrologic processes {quan-
titative characleristics of the regime and the quality of natural waters),
factors of economic activities may be combined into the following
groups:® -

1. Factors that principally affect flow due to direct diversions of water
from water sources (the stream network, lakes, reservoirs, aquifers),
the use of these stocks and flows, and the discharge of water back
inlo the river systemn (water intakes for irdgation, industnial and
municipal water use, agricultural water supply, and runoff diver-
sions).

2. Factors that affect the hydrotogic cycle and water resources as a
result of direct transformations of the stream network {construction
of reservoirs and ponds, damming and straightening of channels,
excavation of earth from river channels, etc.).

3. Factors that alter the conditions of formation of flow and other

components of the water balance by affecting the surface of drain<§

age basins (agrotechnical measures, drainage of swamps and$
marshlands, cutting and planting of trees, urbanization, etc.).

4. Factors of economic activities that affect the flow, water baladg]
and hydrologic cycle through alterations of overall climatic chacsl
teristics on global and regional scales as a result of anthropogeil
madifications of atrmospheric gas composition and air pollution, a3}

well as changes in characteristics of the hydrologic cycle dus 10§
incremental evaporation resulting from the development of large-3

scale water management measures. :

In examining anthropogenic changes in the charactetistics of runoffon §
the global scale and within continents and major natural and economic}
regions, it is practically impossible to give a quantitative assessment of§
the importance of all the factors of economic activity listed above, and
indeed there is scarcely any need to do so. We believe that one may full 3
well ignore the effect of factors that act on drainage basins (the third;
group). These factors have their primary impact on the flow of small ands
medium-sized drainage basins, and usually not on annual flow but on the 2
distribution within the year, the extreme characteristics of the flow, 2
water quality. Here, depending on specific geophysical conditions, the§
anthropogenic factors indicated above usually affect the flow in different 3
directions, i.e., under certain conditions they may even promote some3
increase inthe perenmal flow of smalt and medium-sized rivers by reduc-
ing totai evaporation. 3
Of the anthropogenic factors acting in the stream network (the second
group) as applicable 1o the discharge of large basins and regions, we may
well confine ourselves to an assessment of the role of large reservoirs;y
other factors are of local importance, and their impact on the quantitative})
characteristics of water resowrces is limited. 3
Thus, 10 assess the impact of economic activities on the state of global !
waler resources, we must first take account of anthropogenic factors re-§
lated to direct water consumption, as well as flow regulation by large’g
reservoirs. These factors, which cause a one-way decrease in surface and §
subsurface flows, are ubiquitous, develop most intensively, and are capa-
ble of exerting an especially large impact on the state of water resource:
in large regions. !
Ia the past 20 years many attempts have been made in various countries §

to estimate the size of current and future water withdrawals and consump- &
tion throughout the world for vanious economic needs.
Reliable and detailed data were obtained in 1974 at the State Hydro- §
logical Institute of the former Soviet Union and in [980 by the US Geo- §
logical Survey.'® These estimates were made mdcpendent!y, and for this 4
reason comparing them with each otber is of particular interest
{Table 2.7). !
In analyzing the data in Table 2.7, et us note first that the data on total ;
global water withdrawals match very well {to within 5%), and in generzl, 3
water diversions throughout the world are in quite good agreement for 3



World fresh water resources 19
s by continents and individual countries, 1975-1877

Water withdrawal
Industrial and Irmigation Commercial-

energy residential Total
water Area Water water water

withdrawals (10% withdrawals withdrawals withdrawals

{ country Source (e’ per year) hectares) (km? per year) (kem? per year) (km” per year)
- SHI [ i 120 & 170
usGs? 154 6.4 60.8 12 38
SHI 80 187 1,500 50 1,760
: USGS 98.7 1474 1,400 98 1,597
i Oceani SHI 10 I8 14 1.5 30
paid id ¢ UsGs 13.6 14 13 2 29
SHI 195 24 150 36 380
USGs 350.6 ' 122 116 40 516
SHI g3 14 181 14 290
USGS 182.8 99 94 I8 295
SHI 340 27 230 46 640
UsGS i08.6 216 2058 38 351
SHI1 305 2k 181 42 540
UsSGS 2854 16.9 160 32 477
SHI 12 .4 60 7 a0
USGS 0.8 3.7 35 11 57
SHI 630 260 2,100 150 3,020
USGS 887 192.7 1,830 201 2838

gical Irstitute, forecasts published m 1974,
Greological Survey, estimates published in 1980,

conswmners (the differences are 13%~25%). The values
thdrawals by continent are in fair agreement, with the
es in the data for Africa and South America. There are
ences (up to a factor of 2) in the assessment of the im-
dual consumers for countries and continents. Unfortu-
3 of the data presented in these two works is possible

v indices — the work of most US bydrologists does not
on consumptive water use or on water losses to incre-
tldp from reservoirs, nor does il give an analysis of the

ot [ considerably waorse for the continents, although some
long-term forecasts) are available,'" Nevertheless, having
15 years ago, those data undoubtedly need to be refined
d by using more complete data gathered in recent years. Data
dynamics of water withdrawals and consumption for individual
economic regions of the world were, until recently, almost

vai lzlc. In 1985 new data on these variables were published

of water use in various large regions of the earth are deter-

e mail factors: the level of economic development, popu-

o geophysical (especially climatic) peculiarities of the

alyze the temporal and spatial variability of global water with-
Wilhlnﬁach continent, we identified major natural and economic
atacterized by more or less uniform geophysical conditions and
‘?’5}9@3 umfom? level of development of economic activity; in all,
o af:giﬂns were identified, each continent having between 3 and 8.
) Yl':ffl;n es‘umfales were obtained of total water withdrawals and
O v 1 use for needs of the urban and rural popuiation, indus-
' :{l(:foh:;ngw the heat and power industry}, and irrigation, as well as
" Were mads o d;l;r:mental evaporation from reservoirs, All estimates
: hwmth dmm years from 1900 to 2000. This made it possihle
E h : ynamics of global waler use in space and time throtigh-
Y th:“"n :n:}:g, with some extrapolation beyond the year 2000,
fora regimab‘::: wohal ta ﬂ;m water withdrawals for each large country or
‘- cotimation, using ds tac’o n e ca]cu'lanor}s made use of indirect methods of
" thag 1 Close in their 1o lcounmes with similar gtleophyswal conditions
AT Use by the gy el and featu_ruj.s of economic deve_lgpment._
‘ Public was determined scparately for cities and inhab-

i T I T—— - p——. ——

ited rural points by using actual data available for each country on the
dymamics and predicted total size of the urban and rural papulation, as
wel as specific water withdrawals per capita, as obtained from similar
coumtries. For extrapolation inte the future, allowance was made for
fremeds in the change in per capita water use by the urban and rural popu-
lace and for consumptive use of water as a percentage of total water
withdrawals.

The estimate of water used for irrigation was based on data on irrigation
areas and specific water withdrawals for irmgation that had been obtained
for many countries and averaged for certain regions. Irrigation is the
primary consumer of water on earth. Therefore, the accuracy of the deter-
mination of global water use overall, and especially for continents such
as Asia, Africa, and South America, where irmigation determines 70%—
90% of total water withdrawals, largely hinges on the accuracy with
which irrigated areas are taken into account.

Im calculations of imigated areas for continents and natwral and eco-
nomic regions throughout the world for the period 19902000, the author
used long-term forecasts and data on irrigation-developmeni programs,
which are available for many countries, To estimate the required volumes
of weater for irrigation needs, we took into account decreases in per capita
water consumption because of measures that are being taken to improve
the efficiency of production processes, equipment, and methods of irmiga-
tion. According 1o available detailed analyses, recoverable water from
irmigation was assumed to be 20%—50% of water diversion {see Chapter
5, this volume).

Imdustrial water use was calculated on the basis of the dynamics of
indastrial production in various regions of the carth. Here, available data
on the dynamics of this rype of water use in the countries [isted above,
inchuding countries with different icvels of economic development that
have the most disparate geaphysical cenditions, were adopted as counter-
parts. The calculations were done separately for the heat and power in-
dustry and for all other branches of industry, which have significantly
different trends and rates of deveiopment and consumptive use, and then
were sunmed for each region.

Cansumptive use of water in the electric utility industry was assumed
to he 1%4%, and in other branches of industry from 10% to 40%, de-
penmsding on the level of industrial development, the presence of circulat-
ing water supply systems, and climatic conditions. In the long tenm,
industrial preduction (and accordingly water consumption) will develop
at aanuch faster pace in developing countries than in developed ones.
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Fig. 2. Estimafes of consumptive water use in the United States and the former Soviet Union. The dynamics of water consumption in (a) the United States,
and (b) the area of the former Soviet Union, computed and predicted in different years in lam’ per year. Computations and forecasts: (+), 1965-1970; (A),
1977-1981; (), 1983-1985, Total water consumption is indicated by solid lines; industrial water consumnption (including power generaticn) by broken lines.

Incremental losses to evaporation from reservoirs were caleulated for
all of the world's largest reservoirs with a volume of mare than 3 km
from the difference in mean evaporation from the water surface and from
dry land; here allowance was made fot a factor that gives the ratio of the
incremental surface area of a reservoir to its total area. The total volume
of evaporative loss was computed for each region by adding the data for
each large reservoir {larger than 5 km’) and increasing the result by 20%,
since reservoirs larger than 5 km? in volume account for approximately
80% of the total reservoir volume 2nd surface area. For the long term,
losses to evaporation from reservoirs in each region were computed, with
consideration for the rates of and plans for construction of large reservoirs
in different countries and regions and for their geophysica) pecutiarities.

Before turning o an analysis of water use by region and continent, it
would be of interest to consider the dynamics of water use in different
countries throughout the world, especially the United States and the for-
mer Soviet Union, for which detailed analyses are available (Figure 2.4).

In the United States a detailed estimate and long-range forecasts (for
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in the approach to the use ofwater resources, with a great deal of attention
being given o problems of conservation and reuse of water resourees, and
2 transition from extensive 1o intensive and comprehensive use taking
place. All these factors have led to the stabilization of the volume of water
withdrawals and have been the basis for a fundamental review of predic-
tions of water needs for the future. Data from actual accounting of water
withdrawals attest to this stabilization, beginning in tbe 1980s, of the
amount of fresh water withdrawals in the United States and even 10 3
slight decrease in withdrawals, mainly through a reduction of water use
in agriculture, industry, and the electric utility sector (Figure 2.4a).’ E

Analogous trends also hold in the former Soviet Union: whereas inthe
1960s and 1970s an increase in water withdrawals 1o 600-700 jan® per §
year by the tum of the century was planned for the Soviet Union, present
Sorecasts now pastulate a very slight increase to 400450 km’ per year
(Figure 2.4b). It should be noted that in addition to the United States, °
beginning in the 1970s and 19805, the volume of tota] water withdrawals
thas stabilized in 2 number of countries in northern and western Europe

the period 2000-2020) of water required for various economic needs were {Sweden, Great Britain, and the Netherlands, for example), and will even
first carried out in the 1960s.> According to predictions from thatperiod,  decrease somewhat by the tum of the century.
between 1970 and 2000 there would be an increase of 100%—150% in Despite the progressive trends toward stabilization of water needs that
annual fresh water use in the United States (Figure 2.4a) to a total of  have clearly taken shape ina number of cauntries, for the world as a whole -
850-1,100 km? per year. Most of the increase was expected to be for water water requirements are growing and will continue 1o grow lhroggh_ﬂ;c_i
supply for industry and power plant cooling. In the United States, the turm of the century in all types of economic activity (Table 2.81), Present’
period since 1975 has, in fact, been characterized by fundamenta! changes (as of 1990) gross water withdrawals in the world are 4,100 kou” per year,
TABLE 2.8 Dynamics of water use in the world by human activity
1900 1940 1950 1960 1970 1975 1980 1990 2000°
(’per (knper (kmper (km’per (km’per (lam’per (ko per (ke per (km’ per
Water users® year} year) year} year) year) year) year) (%) year) (%) year) (%)
Agriculture
Withdrawal 525 893 1,130 1,550 1,850 2,050 2,290 69.0 2,680 649 3,250 626
Consumption 409 679 B39 1,180 1,400 1,570 1,730 83.7 2,050 86.9 2,500 B6.2
Industry ]
Withdrawal 172 124 178 330 540 612 710 214 a3 236 1,280 247 k
Consumptica 35 9.7 14.5 24.9 380 47.2 619 iz 88.5 38 17 40
Municipal
supply - L
Withdrawal 16.1 363 520 820 130 161 200 6.0 300 73 441 85 i
Consumption 40 9.0 14 203 292 343 41.1 21 524 22 64.5 2.2
Reservoirs
Withdrawal 03 7 6.5 230 66.0 103 120 e 170 41 220 42
Consumption 03 N 6.5 230 66,0 103 120 62 170 7.2 py.t) 7.6
Total (rounded
off)
Withdrawal 579 1,060 1,360 1,990 2,590 2,930 3,320 100 4,130 100 5190 100
Consumption 417 701 894 1,250 1,540 1,760 1,950 100 2,360 100 2,900 100 b
" Total water withdrawal is shown in the first line of each category; consumptive use (irretrievable water loss) is shown in the second line.
¥ Estimated.

o i
[ 4






P 2,300 km?® per year (56% of total water withdrawals) are unre-
. o le (consumed). By the turn of the ccm;my we should expect an
: Wb in total water withdrawals t0 5,200 km’ per year, and an increase
W jve use of about 30%, to 2,900 km’® per year.
W currently accounts for approximately 69% of total water
%m})ﬁw water use in the world. In the long term, the
P g accounted tor by agriculture will decrease somewhat, principally
fragpon t of an increase in the fraction used by industry. Incremental
W% jon from rescrvolrs plays a prominent part in total unrecoverable
*1er Ipgses throughout the world: it exceeds consumptive use by indus-
and municipal services combined.
Aheplute amounts of water use by region vary quite significantly, For
opls, in 1980, withdrawals ranged from 530-670 ke’ in the United
* Sigtes and South Asia 0 2.4-2.8 km’ in Cenwal Africa and Oceania
(’[_ablel9). ) .

“In considering the dynamics of water use throughout the world, we
M pote that a continual increase in water withdrawals during this
ey has been chamcieristic of all regions, the largest growth oceusring
in the 1950s and 1960s.” A significant increase in water requirements

} ‘oyer 1980 levels is also expected through the tum of the century, with the
Jargest increases expected to occur in South America and Africa (95%

angd 70%). Decreases are possible in many major industrialized countries.

) 7 The volume of water needed in each region depends on population,
! olimatic factors, and the Ievel of economic and social development; here

Cima -
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clignatic characteristics are especially important. The graphs presented in
Figure 2.5 confim this reiationship. In these graphs we see the direct
rekationships between the volumes of consumptive water use per capita
and the dryness index - the higher the dryness index, the greater the
comsumptive use in a regton.

Analysis of the relationships presented in Figures 2.2 and 2.5 shows
comvincingly that under the conditions of a dry, hot climate, where water
resources are minimal, all other conditions being the same, water con-
sumnption for economic needs increases sharply, creating a shortage of
warter resources and an exceptionally low actual level of water supply.
Thwe reverse picture is observed in moist regions, where there is a surfeit
of water resources under natural conditions. Here the dryness index has
its minimum value and consumptive waler use is small.

“Thus, under the conditions of intensive economic activity the impact
of climatic factors on water resources is hot diminished but rather is
significantly enhanced. In anid regions, climatic factors determine not
only the natural stream flow but also, to a significant extent, the degree
of reduction of natural runoff as a result of human activities.

It is of interest to compare the amounts of water withdrawals and
comsumption throughout the world with stream flow resources; this is not
hard to do by using the data in Table 2.9.

For the entire earth, totat water withdrawn for use in 1990 was 9.3%
total surface nnoff and unrecoverable consumptive use was 5.2%; by 1
year 2000 these values will be ] 1.6% and 6.5%, respectively. Al the sa;

N _ TABLE 2.9 Annual runoff and water consumptien by continents and by physkographic and economic regions of the world

Water consumption (km’ per yearn)

- Mean annual
- runoff Aridity 1980 1990 2000
o {km’ per index
T "Continent and region {mm) year) (R/LP) Total  Irretrievable Total  Imetdevable Total  Irrettievable
" Europe 310 3,210 415 127 555 178 673 222
“=. North 480 737 0.6 99 1.6 12 20 13 2.3
Central 380 705 0.7 143 by 176 28 205 3
South 320 564 1.4 132 5t 184 64 25 73
European USSR (North) 330 601 0.7 18 21 24 14 29 52
European USSR (South) 150 525 1.5 134 50 159 &1 200 108
North America 140 8,200 663 224 724 25% 9 302
Canada and Alaska 390 5,300 0.8 ar 8 57 11 97 15
United States 220 1,700 L5 527 155 546 171 531 194
Ceotral America 450 1,200 12 95 61 120 13 168 93
Afsica 150 4,570 168 129 232 165 317 211
North 17 154 8.t 100 79 125 97 150 112
South 68 349 2.5 23 16 36 20 63 14
East 160 20¢ 22 23 18 32 2 45 28
West 159 1,350 25 1% 14 33 23 51 34
Central 470 1,909 0.8 2% 1.3 4.8 21 8.4 14
Asia 330 14,4i0 1510 1,380 2,440 1,660 3,140 2,020
North Chiia and Mongolia 160 1,470 22 395 270 527 314 677 360
South 490 2,200 1.3 568 518 857 638 1,200 865
West 72 490 2.7 192 147 220 165 262 190
Soutk-east 1,090 6,650 1% 461 337 609 399 741 435
Central Asia and Kazakhstan 70 170 ER| 135 87 157 109 174 128
Siberia and Far East 230 3,350 0.9 34 11 40 17 49 25
Trans-Caucasus 410 77 1.2 24 14 26 18 13 21
South America 660 11,760 t1 71 150 86 216 116
Northern area 1,230 3,126 0.6 15 1 23 16 33 20
Brazil 720 6,148 0.7 23 10 33 14 43 21
West 740 1,714 1.3 40 30 45 32 64 44
Central 170 812 20 33 20 48 24 70 il
Australia ond Oceania 270 2,390 29 15 3% 17 47 22
Australia 39 301 4.0 27 13 34 16 42 20
Oceania 1,560 2,090 0.6 2.4 1.5 33 18 45 23
Land area (rounded off) 44,500 1320 1,450 4,130 2,360 5,190 2,900
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Fig. 2-5. Consumplive water use by region as a function of climatic
conditions. Estimates of the consumptive use of water {**specific
irretrievable water losses™) are shown for different physiographic and
economic regions of the world {1980) as a function of the aridity index
(Ro/LPY}. (O), Africa; () Europe and Australia; (»} North and South
America, and Asia.

TABLE 2.10 Dynamics of actzal water availability in different regions of the world
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time, in many major regions of the world total water withdrawals ape
already 20%—65% of annual runoff (North Africa, Central Asia ang; 1
Kazakhstan, Westand South Asia, the Trans-Caucasus, the United States, |}
southern and central Europe, the southem part of the European part of the [
former Soviet Union), and in the long term wilf reach 40%-—100% by the
turn of the century, i.e., in some regions total demand wilt equal the entu-e
stream flow (Table 2 9)

Thus, in the long term the change in the evaporation regime as a resyl
of economic activities may lead to seme transformation of the ratios ;i
between elements of the water balance in different parts of continents and 3
Rarge regions. Quantitative estimates of these changes are of great scien.
tific and practical importance ta long-term planning of large-scale meg.-
sures to ensure the rational use of water resources. These problems should 3
became a subject of research based on international collaboration be-3
tween hydrologists and climatologists.

Populatien dynamics as well as ciimatic factors and economic activi. 3
ties contribute to the extremely uneven distribution of water supply in
various regions throughout the carth. The unevenness of the distribution §
of water resources and the fact that they are ill matched to the disposition 3
of the population and economy can be vividly iltustrated by comparin
the actual or residual water supply per capita of individual regions for the’
same periods of time. For each period the specific (per capita) actual watef ¥
supply of regions was determined by dividing the fota! runoff of a region;
fess the volume of unrecoverable water consumption, by the number of 3
inhabitants.'® §

The values obtained for the actual water supply (in 10° m? per ycarper.
¢apita} are presented in Table 2.10 for all regions and continents at the'3
tevels for the years 1950, 1960, 1970, 1980, and 2000, Te analyzs them, 3
it is convenient to group them on the following scale (10° m’ per year per §

Area Actual water availability (10° m’ per year per capita)
Continent and region 0% km?) 1950 1960 1970 1980 2000
Europe 10.28 5.9 54 49 4.6 4.0
North 1.32 392 36.5 339 327 309
Central 1.B6 3.0 28 26 24 23
South 1.76 3.8 is 3.1 28 25
European USSR {Narth) 1.82 338 29.2 26.3 24.1 20.9
European USSR (South) 3.52 44 L} s 32 24
North America 24.16 372 30.2 25.2 21.3 17.5
Canada and Alaska 13.67 384 294 246 219 189
United States 7.83 10.6 8.8 7.6 6.8 56
Central America 2.67 22.7 17.2 12.5 04 7.1
Africa 30.10 20.6 16.5 12.7 9.4 51
North 8.78 23 1.6 1.1 0.69 0.21
South 5.1 12.2 10.3 7.6 57 3.0
East 517 15.0 12 8.2 6.9 3.7
West 6.96 20.5 16.2 12.4 9.2 4.9
Central 408 92.7 79.5 591 46.0 254
Asia 44 36 9.6 7.9 6.1 5.1 i3
North China and Mongolia 9.14 38 3.0 2.3 1.9 i2
South 449 4.1 34 25 21 11
West 6.82 6.3 4.2 33 23 L3
South-east 747 13.2 11§ 86 7.1 49
Central Asia and Kazakhstan 243 1.5 55 33 2.0 4.7
Siberia and Far East 14.32 124 112 102 96.2 953
Trans-Caucasus 19 8.8 0.9 54 4.5 3.0
South America 17.85 105 802 61.7 4B.8 283
North 2.55 179 128 94.8 729 374
Brazil 8.51 115 86 64.5 503 322
West 233 97.9 711 58.6 458 25.7
Central 4.46 34 27 239 20.5 104
Australia and Oceania 8.59 1i2 913 74.6 64.0 500
Australia 7.62 35.7 284 23 19.8 15.0
Oceania 1.34 161 132 108 92.4 73.5
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pita): <1 extremely low; 1.1-2.0 very Iqw; 2.1-5.0low, 5.1-10.0 aver-

ags §0.1-20.0 above averags, 20.1-50 high; >50 very high.
" [ 1950 (Tabie 2.10) the level qf per capita water supply throughout
mostof the carth was average of higher, and the level was low (from 24
0 5.0 X 10* m* per year per capita) only in North Africa, central and
southern Europe, China, and South Asia, In no region on carth was the
Jevel of water supply very low or extremely low, .

Thirty years Jater, in $980, the actual level of per capita water supply
piad decreased sharply in many regions throughout the world due to pop-
ulation increases. It had become extremely low in North Africa, very low
in North China and Mongolia, Central Asia, Asia, and Kazakhstan, and
1gw in stx other regions (Table 2.10). By the tum of the century, & low
actyal levelof pet capita availability is anticipated in three regions (North
Africa, Central Asia, and Kazakhstan), very low in three (Morth China
and Mongolia, South Asia, apd West Asiz), and low in seven {central and
southern Europe, the southern Furopean part of the former Soviet Union,
Goulh-cast Asia, and West, East, and South Africa). At the same time, in
all periods in question there is a high or very high level of water supply
in North Europe, the narthern European part of the former Soviet Union,
Canada, and Alaska, nearly all of South America, Central Africa, Siberia,
the Far East, and Oceania. It is important to note here that the dynamics
of the actual [evel of water supply is such that the rate of decrease initis

’ ially significant inregions with alow absolute level of water supply,
i ¢., where there is a shortage of water resoutces. For example, in regions
with the lowest water supply (Central Asia, Kazakhstan, and North Af-

"rica) per capita availability decreases by a factor of 11 in the period
1950~2000, but in regions with a larger supply (Siberia, the Far East,

*North Europe, Canada, Alaska, Centra} Africa) it decreases by a factor of
nist 1.5-5 over the same period. Thus, the very high narural non-unifor-
ity in the distribution of water supply throughout the earth is increasing
still more with time as a result of human economi¢ activities and popula-
tjon change, and at an extremely rapid rate. Because of this, the urgency
of the problem of the territorial redistribution of water resources on the
global scale will increase significantly with time.

In conclusion, it should be noted that the values presented above for
water resources and for volumes of water withdrawals were calculated for
the long term on the basis of the assumption of steady climatic fluctua-
tions, and are characteristic of the mean climatic conditions of each re-
gion, i.e., it was assumed that the possible anthropogenic global-scale
climatic changes through the year 2000 are not inciuded (see Chapter 9).
Allowing for the impact of possible anthropegenic changes in global
climate on world water resources and water consumption is a problem for
the next decade, and, the authar believes, the role of effective interma-
tional cooperation in resolving it would be hard to overestirmate.

Conclusions and tasks for further research

Considerable advances have been made in the study of the global water
balance and water respurces, but as more complete ohservational data are
vollected and the requirements for water use and environmental protec-
tion grow, the imperfection and inadequacy of our knowledge of water
resources become increasingly apparent.

In the development of research on water resources and regional and
world water balances, 2 transition is needed to a qualitatively new slage:
expansion of theoretical and expetimental research on the mechanism of
hydrologic phenomena and processes, alt components of the water, heat,
and salt balances, and the changes therein as a result of anthropogenic
factors. A transition is needed from the study of water resources and the
water balance under static conditions based on perennial data to the pur-
suit of an immeasurably more complex undertaking: the consideration of
hydrologic processes under dynamic conditions, over shorter time inter-
yals —~ the year, season, or month, on a global scale, and for the most
important natural and economic regions of the world. To date no patierns
bav¢ been identified in perennial fluctuations in water resources, and 1o
U‘BHQS in or causes of the appearance of protracted periods of abundant
precipitation and dreught that ofien have catastrophic consequences 10
the public and the economy have been elucidated. The rale of the oceanic
and sunospheric component of the hydrologic eycle in the formation of
water resources of large regions is not entirely clear; no summarization

of the dynarics of the world water balance has been performed with

consideration for changes in water reserves in glaciers, ground waters and

soils, of in the lake and stream nctwork; and no reliable assessments of
predictions are available for anthropogenic changes inthe water resources

of many regions and river basins as a result of the use of fresh water, the

conversion of the surface of drainage basins, and pollution of water bod-

ies.
Allowance for the impact of economic activities on the hydrologic

cycle is of very great importance in the problem of studying water re-

sources and their fluctuations in time and space, and of cvalvating the

dypamics of the level of water supply in various regions.

Human economic activities and popuiation grawth already have fed, in
the most oversettled regions of the worid, lo a sharp decrcase in per capita
water availability, some actual decreases in surface runoff, a decrease in_
the levels of jnterior closed water bodies, and contamination of both
surface and ground waters. The impact of anthropogenic facters on sur-
face runoff depends not only on their scale and rates of development, but
also largely on natural fluctuations of climatic churacteristics. These cir-
cumstances largely govemn the attitude toward large water management
projects,

In arid and semi-arid regions and during bot, dry periods the impact of
economic activities has an especially pernicious effect an water resources
and the level of water supply, greatly aggravating the waler management
situation and providing an incentive for the planning and deveiopment of
measures intended o provide a fundamental selution to water supply
problems.

In cooler regions and during cold, moist periods lasting many years,
the impact of economic activities manifests itself to a much lesser degree
in a decrease in the water content of rivers, the water management situa-
tion improves sharply, the development of water management measures
often grinds to a halt, and projects that have been drawn up are subjected
to bitter criticism, with attention focused on their negative aspects.

As economic activity increases, the dependence of water resources and
the level of water supply on climatic characteristics increases signifi-
cantly, especially in zones of variable moisture and arid regions. Here
chimatic conditions determine not only natural runoff, but also largely the
degree of the reduction of flow as a result of ail anthropoagenic factofs.
The great natura} non-uniformity in the distribution of water suppiy on
earth is increasing still further as a resuit of population growth and the
intensification of buman economic activities, and at an extremely rapid
pace. Plans for new large-scale flow diversions are now extremely unpop-
ular in many developed countries because of their substantial ecological
and economic costs. However, there may be objective grounds for further
development, panticularly in poorer countries. They offer one way of
reducing both the shortage of water resources in particular countries and
regions and the impacts of severe floods. For this reason, comprehensive
research should be continued and developed in this area, including re-
search within the framework of international cooperation, especially 10
provide a reliable assessment of the impact of flow diversions on the

emvironment under the conditions of anthropogenic changes in global

chimate.

The cver-growing dependence of water resources and water supply on
climatic factors accounts for the very close linkage between moderm prob-
iems of supplying fresh water to humankind and problems of natural and
anthropogenic changes in climate.

From the standpoint of future water resources, changes in global cli-
rmate due lo an jncrease in the carbon dioxide concentration in the atmo-
sphere as a result of buman activities are of primary impoertance. The
anthropogenic changes in climate predicted by climatologists in the next
D030 years are so significant in scale, especially for the temperate and
Tuigh latitudes, that scientists alrcady are confronted with major scientific
meobiems: above all, to cstimate water resources and the water balance in
the future and changes in them as a result of cconomic activities; water
supply for the public, industry, and agncultire in the long term; and the
territorial redistribution of water resources and regulation of runoff.

The resolution of all these probiems requires effective international
cooperation in conducting comprehensive research, with participation by
tiydrologists, climatologists, and specialists in water management and
environmental protection.
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