Resources and Needs: Assessment of the
World Water Situation *

INTRODUCTION

THE POTENTTAL WORLD WATER CRISIS: A CALL FOR ACTION

Leonardo dn.Vinci described water as "the driver of nature". An overstatement?
P?rh§ps. St11! the fact remains: water makes human life possible., And it is
difficult to imagine any programme for human development or improvement that
does not presuppose or require a readily available supply of water.

Readily available for much of the world's population, water has traditionally
been regarded as an inexhaustible gift of nature by many societies, Such com-
placency about this life-giving resource threatens human welfare, livelihood,
development, and indeed life itself in the years to come.

One.only has to consider that right now population growth accompanied by
agricultural development is straining water resources even in humid lands —
n;t onl{dxn highly industrialized regions but also in less developed areas of
the world,

?he projected doubling and trebling of the world population, coupled with
increasing world industrialization and agricultural development, accelerates
this trend. At the same time, population growth together with industrial and
agricultural development all contribute to a serious deterioration in the
quality of water.

It is consequently a statement of fact rather than mere conjecture to say that
there will be a critical shortage of water of suitable quality to sustain
future growth unless water management is radically improved.

In any discussion about water, it is important to stress that we are speaking
of a fixed total stock. Unlike other natural resources, the total global supply
of water can be neither increased (as timber or fish) nor diminished (as pet-
roleum or coal). Since water is continuously being renewed through nature's
hydrological cycle, it is potentially inexhaustible. While this is so, locally
available supplies can at the same time be quickly depleted or made unusable

by inadequate conservation, pollution or over-all careless management,

In theory, the global stock of water could meet greatly expanded human needs,

In reality, the traditional sources of water supply, surface run-off and ground-
water stores, are inequitably distributed among peoples and countries. Some
communities live where regular precipitation gives them an ample surplus at
present., Others have far more water than they want or need, but not necessarily
in the right place or at the right time. Still others have barely enough water
for current needs, and drought is perennial through the wide belt of arid lands.

* This document has been prepared by the Conference secretariat in co-operation
with the interested organizations and programmes of the United Nations system.
The secretariat gratefully acknowledges the assistance of Professor Gilbert F.
White, who acted as consultant in the preparation of the document.
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In short, globally there may be potentially enough water to meet forthcoming
needs. But, frustratingly, it tends to be available in the wrong place, at the
wrong time, or with the wrong quality. And in one way or another, all societies
are affected, however rich, however poor.

This general assessment of a world-wide condition becomes a specific reality
when one considers:

(a) Reasonably safe supplies of drinking water are unavailable for at least
one fifth of the world's city dwellers and three quarters of its rural people;
in many countries, less than one half of the urban population and less than one
tenth of the rural population are served with an adequate and safe water supply;

(b) Increasing and unplanned concentration of population and industry in
large urban areas strains water supply: this leads to problems of waste disposal
which, in turn, degrade the quality of life and environmental health;

(c) Proliferation of industrial processes, greater use of energy and increased
agricultural activity are causing progressive and chronic degradation of the
quality of available water by the increase of toxic compounds and other poll-
utants: the mutagenic and carcinogenic effect of these substances poses a
potential threat to human life;

(d) Backwardness and relative isolation of rural areas where the great
majority of the world population now lives aggravate the difficulty of providing
adequate and safe supplies of drinking water, improved sanitation and waste
disposal;

(e) Expansion of food production in water-short areas and in marginal lands
has necessitated rapid development of irrigation and land reclamation, to the
degree that water and land resources have been exploited to their limit in
many areas;

(f) Ever—-growing land degradation from such causes as water-logging, salin-
ization and erosion is leading to losses in production potential, investment
and employment;

(g) Ground-water supplies are being exhausted, while both surface- and
ground-water sources are deteriorating in many areas;

(h) Water use is often needlessly inefficient and wasteful, considering
the possible application of scientific knowledge and the setting of appropriate
service levels;

(i) Expensive technology for water development to compensate for shortage
is straining inadequate resources in many regions;

(j) Conflicts about rights and_priorities among users intensifies as the
demand for available water accelerates.

These problems affect different societies in different ways. The immediate
concern may be unpotable water and human waste in the shanty town of a tropical
city, multiplying wastes in an industrialized high-income country, shortage of
water impeding agricultural development in an arid land, watershed destruction
and ground-water depletion in an entire nation.

One may perceive these as local, regional and national problems. And indeed
they are. But while it may be said that arid lands, for instance, have their
exclusive set of problems — as have industrialized nations — still, many
problems are common to many regions and communities. In many instances, the
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resnlgtinn of these problems would benefit greatly from the sharing of national
experience and the rational management of whole river basins that know no
national bounqary. For this reason, it is useful and practical to view current
lucn% ?nd regional ?roblems about this global resource as a global concern
requiring co-operation among nations. Without such collaboration, it will not

only be Qifficu}t to alleviate current short-comings, but more important, to
curb their proliferation and avert a world water crisis.

Obstacles to such salutary co-operation are deeply rooted, Water has tradit-
ionally been regarded as a local concern, and much past management has been
exclusively limited to local programmes. The major constraint, however, to
broader ?o—operation is complacency about a natural resource that may currently
be p?rce1ved as inexhaustible in some areas, This constraint is compounded by
varying policies, or even lack of policies, that stem from widely varying
national priorities, opportunities and limitations, Today circumstances of

population and industrial growth, as well as technological complexities, force
us to take a more comprehensive international view.

Nations may attempt to solve water problems unilaterally. But this may result
in unnecessary and wasteful duplication of effort, What is more, many nations
are limited not only in their ability to estimate the long-term effects of
any new local water system they may initiate but also in their capability to
appraise the full implications of such a system on the future well-being of
the entire nation and its neighbouring countries,

This preamble serves as a brief statement of a grave condition and as an introd-
uction to matters that will be developed and expanded in subsequent papers

prepared by the secretariats, interested organizations and programmes of the
United Nations system.

The first of these papers, "Resources and needs: an assessment of the world
water situation", is a preliminary step in the understanding of the problem
and its possible solution. The second paper will treat technology and how it
may best be used under different socio—economic conditions.* A third paper will
explore policy options and consider how institutions and water policies may

best be adapted to the physical, economic and cultural conditions of individual
countries,**

Finally, it is expected that concern about this vulnerable resource will be
translated into a series of concrete proposals for action at national and
international levels. Water resources might then be efficiently and ratiomally
developed and used for the betterment of all concerned nations and mankind.

To quote from the conclusion of this first paper: "It should ... not be taken

for granted that any sector of the world's population need drink contaminated
water, that industry need continue its present pattern of largely unregulated
water use and discharge, that agriculture cannot alter its current pattern of
irrigation loss and misuse of water, or that productive soils need be destroyed
and aquifers exhausted beyond our ability to replenish them in our own lifetime."

*See Water Development and Management, edited by Asit K. Biswas, Pergamon
Press, Oxford, 1978.
*#*Included in this volume, see pp. 70-110.
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I. AN OVERVIEW OF THE WORLD SITUATION

The total amount of world water is constant and can be neither increased nor
diminished. Most is ocean water. Only a small proportion is fresh, and of this
fresh supply, less than 1 per cent is available for human use in streams,
lakes, swamps and in the ground; the rest is locked away in ice-caps and

glaciers.

Estimates of the volume of fresh-water supply can be derived from observation
and measurement of precipitation, evaporation and ground water. Short-comings
in appraisal methods, however, and lack of basic hydrological data in some
areas limit the accuracy of these estimates. Still, rough estimates can be made
for continents and for the world as a whole, These reveal tremendous variations
in local supply, ranging in scale from rocky deserts with virtually no water

to tropical forests with a water surplus throughout the year. At any one place,
the available supply may vary from day to day and from year to year, Water
supply also varies in mineral, chemical and bacteriological quality.

Water is mostly used for domestic, industrial and irrigation purposes, and

of these, irrigation often accounts for more withdrawal than all the other uses
combined. Some water is used for on-site agriculture and mining. Livestock,
fish and wildlife all require water, Lakes and streams are used for transport-—
ation, recreation, and the generation of hydroelectric power. Other water is
stored, diverted or confined to reduce losses from floods. A rapidly growing
use is for the conveyance and disposal of wastes from cities, factories and

farms.

What will be the future demand for these uses? What effect will this demand
have upon supply and its quality? How will this, in turn, affect human health

and welfare?

These questions are crucial. Faced with fixed supply and growing demand, their
solution in any area will depend upon prevailing economic and social conditions,
administrative and judicial processes, the availability of funds to effect
change, and the availability and suitability of technology in so far as it
affects the environment and the health of the population.

Since these are dynamic considerations, any measure taken for the improvement
of water supply and use in a country may become inappropriate in that country
at a later time and may be entirely inapplicable to the aims and policies

of other countries at any time,

In a world context, the long-term effects of man-inspired development are
conjectural, Just as shifts in the relative properties of the land surface
may influence climate, so may the construction of new water reservoirs and the
diversion of streams and ocean currents, Further, alterations in the chemical
content of streams flowing into the ocean may affect ocean life,

In the short run, the welfare of humanity is likely to be measurably affected
by the success with which nations adapt their activities to the realities of
available water supply and human needs in specific river basins or regions,
With few exceptions, supply is highly variable in each region; information
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about water resources is inadequate, potential uses are multiple and involve
trade-offs in allocating supply; standards of quality tend to be determined

by local or national preference; the application of scientific knowledge about
water and its use lags far behind the findings of basic research.

These generalities only take on their full meaning when expressed in terms of
concrete situations. However important global statistics may be, they have more
significance when expressed in terms of a specific water basin or country. Only

then do they reveal the problems affecting the capability of peoples and nations
to develop and even survive.

II., ASSESSMENT OF FRESH-WATER SUPPLIES: PHYSICAL RESOURCES
A. Water and Fresh Water in the Global Cycle

Recent estimates show that the total volume of water on earth is about 1.4 x 102
cubic kilometres., More than 97 per cent is ocean water. At any given moment,

an estimated 77.2 per cent of fresh water is stored in ice-caps and glaciers,
22.4 per cent is ground water and soil moisture, 0,35 per cent is in lakes

and swamps, 0.04 per cent is in the atmosphere and less than 0.0l per cent is
in streams (see table 1),

Table 1, Total volume of water on earth

Percentage
Ocean water 97.3
Fresh water 2.7
Location of fresh water:

Ice-caps and glaciers 77.2

Ground water* and soil moisture 22.4

Lakes and swamps 0.35

Atmosphere 0.04

Streams 0.01

Source: A, Baumgartner and E, Reichel, The World Water Balance
(Munich, 1975).

* About two thirds lies deeper than 750 metres below the surface,

While ice-caps, glaciers and ground water account for most fresh water resources,
for all practical purposes, it is surface water that constitutes the basic
available supply for most people.

Through the hydrological cycle, water circulates from earth to atmosphere to
earth: driven by the suns's energy, water moves endlessly from the oceans to

the atmosphere to the continents, and back again to the oceans; much precipitated
water that falls on land is evaporated into the atmosphere; some is absorbed by
plant roots and re-enters the atmosphere via leaf-pore transpiration; some
travels over or under the earth's surface and eventually reaches the sea,

Because oceans cover seven tenths of the earth's surface, it is evident that a
major part of precipitation falls directly into the sea; it has passed through
the hydrological cycle without having been a natural resource at all,
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With a few minor exceptions, the only water that can thus be considered as a
potential resource for man is that portion of total precipitation that happens
to fall on land. It is a usable resource only from the moment it strikes the
land surface until the moment it re-enters the oceans or one of the land-locked
seas or salt lakes, and only so long as it remains comparatively pure.

Although surface water provides most of man's available supply, ground-water
use has been heavily developed in some parts of the world and this has resulted
in the excessive exploitation of some water-bearing formations. With improved
knowledge, reliance on ground water will undoubtedly increase. But there is
much to learn about ground water and its rational use, and it will require
particularly intelligent management. In contrast, surface water has been far
more thoroughly and systematically studied.

Given favourable circumstances, water supplies can be increased by such tech-
niques as watershed management and the direct harvesting of precipitation.

Less conventional sources of increased availability include cloud-seeding,
desalination and waste water re-use. While these non-conventional sources may be
important in a particular local context and may become more important in the
future, surface and ground water will probably remain the most important supplies
for some time to come.

The usefulness of water and its socio—economic value depend upom its quality.
For this reason, any assessment of fresh water must take into account both
quality and quantity.

B. Methods of Appraising Surface Water

All the water reaching the streams within a river basin is potentially avail-
able as surface-water supply. The degree of availability will vary at different
places along the flow of a stream; the quantity of water available at any
specific location can be determined by estimates of discharge flow, measurement
of stage, velocity and channel section of the stream flow,

Since the design, planning and management of water resources require knowledge
of the time characteristics of flow, it is important to have a continuous
record of stream—flow data for many years at points of withdrawal or use, Of
course, it is rarely possible to forecast the locations for which streamflow
data will be needed in the future. Moreover, lack of funds and trained manpower
often preclude the possibility of maintaining extensive data-gathering networks,
Great skill and care are required in the design and operation of basic data
networks to maximize the benefits from limited expenditure. For these and other
reasons, it is necessary to rely heavily on estimates. These may be derived
either from measurements miade at other locations or from analysis of the
relationship between stream-flow and other hydrometeorclogical data and physio-
graphic characteristics. Observations from similar locations may be judiciously
pooled to provide better data than could be derived exclusively from any one

location.

Whether estimated or directly measured, the mean annual flow of a stream over
a period of many years will thus represent available surface-water supply. Full
use of this supply would require that demand coincide with flow at any given
time, The extent to which supply is in fact used will depend upon the inter-
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relation of rate of flov at a particular time, areal distribution and the tech-
nology that can be applied by the people concerned.

Consequently, any appraisal of water supply must take economic and environmental
as wel% as hydrological data into account if we are to develop plans that
harmonize demand and supply within acceptable economic limits. The physical
studies require frequency and sequential analyses of flow data, and should also
pay heed to the availability of ground water supplies.

&“ﬂ“a¥ analysis of discharge data will yield adequate information for the
planning and management of very large reservoirs such as Lake Volta. In such
large reservoirs, a series of annual discharge data may permit evaluation of

the possxb}llty of critically low inflow for periods of several years. In
contrast, 1n.th§ case of smaller water supply reservoirs, it is necessary to

know the variability of discharge within the year. And for many projects it is
even necessary to consider datly discharges and possible extreme flood conditions.

Although sufficiently_reliable estimates of the volume and variability of
stream flow can sometimes be made by direct comparison with flow at nearby

locations, it is more often necessary to use relationships between flow itself
and other factors,

Hydrologists and engineers have many scientific tools and methods for assessing
water supply in the absence of direct measurements, The improvement of these
methods and their dissemination was the main objective of the International
Hydrological Decade (1965-1974) and of the International Hydrological and
Operational Hydrology Programmes of UNESCO and WMO, respectively, particularly
concerning the water balance.

Fundamental to the water balance concept is the equation of continuity. That is,
for any hydrological unit and specified time period:

Outflow = inflow + change in storage.

This principle is applicable to a small catchment, a major river basim, a
reservoir, a continent, or the world as a whole. Since changes in storage become
negligible when projected over a long period of time, the mean annual water
balance for a river basin can be stated:

Run-off = precipitation - evapotranspiration.

(Evapotranspiration may be defined as transpiration and evaporation from soil,
water and other surfaces.)

Maps of average annual precipitation, evaporation and run-off, are best derived
from systematic water balance analysis, The isolines can be constructed so that
a balance of the three terms of the equation is achieved at all locations,
thereby providing a quick, approximate estimate of the three terms on a

geographical basis.

The water balance concept is basic to water resource analysis because it provides
a means for estimating the value of hydrological and meteorological data in
assessing the effects of proposed developments. The water bﬁlance is applicable
for any period of time. For short periods of time, changes in storage become'

a predominant consideration and cannot be neglected. In such circumstances, it

is helpful to apply conceptual modelli?g techn}ques in which factors and natgral
laws governing the movement of waters im a basin are represented by mathematical
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formulae. Modelling involves repetitive solution of complex functions requiring
the aid of an electronic computer. Such techniques can provide estimated daily
values of several components in the cycle and may serve many purposes. They are
particularly helpful in evaluating the consequences of man's activities on water
resources.

C. Methods of Appraising Precipitation and Evapotranspiration

Precipitation is the primary source of water supply for world food production:
though irrigation places many demands upon stream flow and ground water, it
only supplements precipitation in meeting the basic consumption requirement of
crops. Precipitation data therefore play a vital role in water resource devel-
opment and management. Records are generally more extensive and more numerous
than those for stream flow, largely because the measurements can be made by
lay observers and the equipment used is less costly. Consequently, measurement
networks are often densely concentrated in some regions. Average annual pre-
cipitation values can be correlated with physiographic characteristics. The
resulting relationships can then be used for interpolation of data in areas of
sparse measurement networks. On the whole, however, precipitation is generally
undermeasured and reliable averages are difficult to obtain.

The common methods of projecting water supply assume a continuation of pre-
vailing climatic conditions. Since planning for the development and use of
water supplies is, by necessity, based on the recently recorded past, the
possibilities of significant changes in climate are of critical concern. For
example, it is important to know whether widespread and prolonged drought —
such as that experienced recently in the Sudano-Sahelian zone of West Africa —
can be expected to occur within the natural year-to-year cycle or should rather
be considered the result of climatic change.

There is abundant evidence that major changes in climate have occurred during
the history of the earth (the ice-ages, for example), and there is no reason
to presume that the present climatic régimes will not change within the next
1000-5000 years. More important, but less evident, is the magnitude and prob-
ability of natural changes which can occur within periods of, say, 50 to 100
years. Such information, if it were available, could be advantageously used
for planning purposes. There is, therefore, an obvious need for improved
understanding of the nature and causes of trends in climatic change.

Evapotranspiration is the most difficult term to evaluate in the water-balance
equation, Observations are usually restricted to measurements of loss from

tanks containing water, plants and soil, or soil alone. There are many techniques
for computing free-water evaporation and potential evapotranspiration (the
maximum water loss under prevailing meteorological conditions uninfluenced by
soil-moisture deficiency). These techniques involved the observation of the
influence of radiation, wind movement, temperature and humidity, for example.
While it is hoped that ways will be found to improve methods of estimating
evapotranspiration in the future, reasonably reliable analyses can be made,

even at present, where an adequate data-gathering network exists. The techniques
for estimating free-water evaporation are more reliable than for evapotran-
spiration, This is a matter of some importance in project planning and design.
For example, the evaporation from Lake Nasser represents about one quarter of
the normal flow of the Nile at Aswan.
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D. Methods of Appraising Ground Water

Gfi:“d :?ter ?“d surface water commonly form a linked system., Flow can be in
either direction, and the rate of flow varies geographically and chronologically

The interchange is not significant for some aquifers (rock or soil containing
and transmitting water). But it has been estimated that about 30 per cent of

the total flu? in surface streams is supplied from ground water, and seepage
ffcm streams is gnou? to be a principal source of inflow to some aquifers. Water
withdrawn from riparian wells along an alluvial stream can effect an appreciable
reduction in surface flow, and the diversion of surface flow can reduce ground-
water recharge. But in other instances, withdrawal from either source has no
effect on supply from the other. Although the methods of appraisal are differ-
ent for ground and surface water, supply from either source cannot be evaluated
independently unless it is established that the interchange is minimal.

It is important to mnote that there are two distinct types of circumstances
concerning the development and management of ground-water supplies, Normally,
ground water is considered a renewable resource with optimal use restricted to
the average rate of recharge. "Mining" of ground water, however, is sometimes
carried out with fixed-term objectives: the aquifer which supports 1.5 million
hectares of irrigated land in the Texas Panhandle will be exhausted within a
few decades at current pumping rates.

Average annual recharge can in extreme cases be relatively insignificant, as
in the large artesian basin of the intercalary of the northern Sahara. This
basin contains immense quantities of fresh water, some of it with ages up to

40,000 years.

To reflect the possible mining of water in appraisals of total regional or
global supply, it is necessary to assume withdrawal rates and take into account
the total storage and planned development. The appraisal of aquifer storage in
particular requires extensive on-site exploratiom.

The estimated rate of withdrawal of ground water on a continuing basis is a

key factor in the appraisal of regional or global water supply. The maximum
rate at which water can be withdrawn without adversely affecting the source may
be termed "safe yield". Since supply recharge in many cases tends to increase
with draw-down, the safe-yield concept must incorporate economic considerations
if it is to serve any practical purpose. Safe yield may also depend upon the
location, spacing and depth o

f the bore-holes in relation to the speed of move-
ment of water underground.

slow, and time lags in under-
efore be very long. It may take more than a century
level in the recharge area of an extensive artesian

to remote locations in the aquifer, It is important,
water level be correctly related to
lags in time.

Flow rates in aquifers are normally extremely

ground phencmena can ther
for an increase in water

aquifer to be transmitted
therefore, that variations in pressure or

causal factors, with due consideration given to

under specified conditions may be estimated

The quantity of water available _
The equation can be written for surface and

from the water-balance equation.
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subsurface components of the basin as a whole, or for the ground-water reser-—
voir only. The latter approach is essential for adequate understanding of the
ground-water régime and for management purposes, while the former is more
suitable for evaluation of total surface and ground-water supplies.

Either way, a sound estimate requires accurate hydrological data and extensive
information about aquifer characteristics, Because of the interrelationships
involved, the solution may become extremely complex and the results somewhat
less accurate than for surface-water evaluation alone. Various types of models
have been devised to cope with ground-water assessment — physical, analogue
and mathematical — and these are acquiring widespread use.

E. Methods of Appraising Water Quality

The physical, chemical and biological properties of water determine the suit-
ability of its quality for various uses.

Water is considered to be polluted when it is altered in composition, directly
or indirectly, to the degree that it is less suitable or even unsuitable — for
a particular use or function. Pollution increasingly results from man's activ-
ities, but water in its natural state is not always of sufficiently good
quality to serve all uses. For example, saline waters are sometimes found in
arid and semi-arid regions, some streams in their natural state carry heavy
loads of silt in suspension or as bed load.

Pollutants reach water bodies from "point sources' such as power stationms,
factories, mines and city sewer outlets, and from "non-point sources" such as
eroding banks and cultivated fields.

Measurement of the concentration of pollutants can be made at points of waste
discharge and in downstream reaches or aquifers. The monitoring of quality is
made difficult by two conditions., First the concentration of pollutants in
aquatic ecosystems is affected by many external conditions, including stream
flow, turbidity and temperature, and these episodic effects are rarely prop-
ortionate to the average volume of the pollutant. Secondly, it is uncertain
how a given dose of a particular polluting substance will adversely affect
humans, fish, benthic and other organisms in the environment.

It is impractical and incorrect to consider data from one measurement station

as representative of the characterisitics of a long water stream, Accordingly,
cbservations of water quality are made by collecting and analysing samples
periodically at a network of stations along streams, lakes and at bore-holes.

On a stream such as the Rhine or the Ohio, the analyses take into account:
temperature, sediment load, dissolved solids, major nutrients such as phosphorous
and nitrogen, organic material as measured by biochemical oxygen demand and
dissolved oxygen, salts, acidity, bacteriological contamination as measured by
coliform organisms, and heavy metals.

The difficulties of monitoring quality are intensified by the proliferation

of man-made chemical compounds that find their way into water bodies. As a

result, it is debatable whether existing networks and current monitoring methods
are truly effective in identifying the existence and point of entry of potentially
harmful substances. It should also be noted that some chemical pollutants are
removed in conventional water-treatment processes, while others remain.
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F. Reliability of Water Supply and Quality Appraivalo

The reliability of appraisal varies according to the method used and the amount
and accuracy of the data available for study.

1. Surface water

At gauged stations, surface-water supply may be reliably estimated depending

upon how long records have been kept and the accuracy of the measurements
themselves.,

At ungauged stations, reliability will be contingent upon the historical length
of records and the accuracy of measurement for other components in the water—

balance equation as well as the relative density of observation stations in
the area,

2. Precipitation

As a rule, reasonably accurate measurements of rainfall can be made with less

than 10 per cent error, but wide margins of error are to be expected in meas—

uring snowfall under windy conditions. Here again, an adequate network density
is crucial. Precipitation is extremely variable in a mountainous terrain where
network density is usually low, while snowfall may be high.

3. Evapotranspiration

Although evapotranspiration is less variable, measurements from pans and tanks
serve only as an indication of potential evapotranspiration. Actual evapotran-
spiration is also a function of the evaporation of soil moisture and is diff-
icult to estimate, When estimated from one of many equations, then reliability
also depends upon the adequacy of whatever other types of data are used:
radiation, temperature, rainfall, humidity and wind, for example.

4, Ground water

While appraisals of ground-water supply reply in part on the same observation
networks as surface water, they are largely dependent upon measurements of
aquifer characteristics, artificial withdrawals and water levels, as well as
geological studies of the formation. The accuracy of these measurements varies
widely according to the nature of the aquifer and the thoroughness with which
the study is conducted. Even well executed surveys sometimes result in estimates
of recharge which later prove to be from 50 to 100 per cent wide of the mark.

5. Water quality

The accuracy of quality measurement varies considerably among the many parameters
observed and with the methods of sample analysis, The long-term goal in the
United States of America and the United Kingdom is for a system accuracy within

1 per cent, Automatic water quality monitors will certainly gain widespread

use in the future, at least for the more common parameters, The achievable
accuracy of such instruments at a reasonable cost is within 1 to 5 per cent
variant. But most observation networks currently have a much wider range of
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error. The rEIiaPility of appraisals once again depends to a great extent on
thﬁ_net:ork density, the parameters observed and the degree of standardization
achieved.

In shoft the reliability of all water appraisals depends heavily on the adequacy
of n§t1ona1 obs?rvation networks, The present status of streamflow, water-—
quality and sediment networks is presented in table 2. Ground-water networks
(water levels) exist in a few countries but for the most part the only data

on groun?-water resources are those collected in connexion with water develop-
ment projects or with oil prospecting.

Table 2 compares the existing density of stations with the densities recommended
in the World Meteorological Organization (WMO) Guide to Hydro-meteorological
Practices. Because these "required” densities are for average conditions, and
because more than 20 countries, including China and the USSR are omitted, the
resulting measurements are, at best, very rough, They suggest that networks

are conspicuously in excess of the minimum in Europe, less so in Central and
North America and the south-west Pacific, least dense in Africa, and generally
less than minimum both in Africa and Asia. The more obvious deficiencies are

in rain gauges and discharge stations for the latter two regioms. But it should
be stressed that network density in excess of the recommended minimum does not
imply that this is unwarranted, The optimum density is always greater than the
minimum, and the statistics in table 2 include many stations required for
operating purposes.

The inadequacy of networks is not restricted to deficiencies in the number of
stations and their period of record. In both developing and industrialized
countries, it is often the areal distribution of stations and the over-all
network design that limit the accuracy of assessment.

It is also important that the various types of network (water-quality, water—
quantity, precipitation etc.) and related services be closely co-ordinated to
take advantage of the physical relationships involved, Although much has been
written about network design, practical application has lagged behind knowledge

gained through research and experience.

The organization of comprehensive national networks and data-processing services
s one of the most urgent tasks in water development and management. At the
international level, this is the core of the WMO Operational Hydrology Programme.
Such services may sometimes be advantageously organized on a regional basis.

The operation of unified networks is critical wherever basins or aquifers are
shared by two or more countries that require commonly accepted data for manage-
ment. Several UNDP/WMO projects have taken this approach.

remain

G. Global Supplies of Fresh Water

global water balance was the principal topic of the Inter-
jcal Decade (IHD) and three important monographs on the
towards the end of the Decade (Baumgartner, 1975; Lvovich,
1 Committee for IHD, 1974), Although the methodology
jes differs to some extent, the results are relatively

The study of the
national Hydrolog
subject were published
1974; the USSR Nationa
used in the three stud
consistent (see table 3).
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Table 3. Average annual water balances of the world according to authors
published since 1970.

Precipitation
Evaporation
Run-off

A md
[

Volume of water

(thousands of cubic kilometres)

Baumgartner USSR Monograph Lvovich,
Region 1975 1974 L 1974
P E R P E R P E R
Europe 6.6 3.8 2.8 8.3 5.3 3.0 7.2 4,1 3.1
Asia 30.7 18.5 12.2 32.2 18.1 14.1 32.7 19.5 13.2
Africa 20.7 17.3 3.4 22.3 17.7 4.6 20.8 16.6 4.2
Australia 7.1 4.7 2.4 71 4.6 2.5 6.4 b.4 2.0
North America 15.6 9.7 5.9 18.3 10.1 8.2 13.9 7.9 6.0
South America 8.0 16.9 11,1 28.4 16.2 12.2 29.4 19.0 10.4
Antarctica 2.4 0.4 2.0 2.3 0 2.3 ERa e e
Land areas* 1 71 40 119 72 47 13 72 41
Oceans 385 425 =40 458 505 =47 412 453 =41
World 496 496 0 577 577 0 525 525 0

Depth of water
(Millimetres)

Europe 657 375 282 790 507 283 734 415 319
Asia 696 420 276 740 416 324 726 433 293
Africa 696 582 114 740 587 153 686 547 139
Australia 803 534 269 791 511 280 736 510 226
North America 645 403 242 756 418 kK] 670 383 287
South America 1564 946 618 1595 910 685 1648 1065 583
Antarctica 169 28 141 165 0 165 cee rea veu

World 973 973 0 1130 1130 0 1030 1030 0

Sources: USSR, National Committee for IHD, World Water Balane
I ; ¢ and Water R
the Earth (Leningrad, 1974); Lvovich, Global Water Resources and the Future (Hnazzzgr?;g&?{
A. Baumgartner and E. Reichel, The World Water Balance (Munich, 1975), ’ ’

*Values are adjusted upwards to include Antarcti i i
S rctica for co i
volumes derived by the other two authors. SpELAO M) taerenpodting
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The major ?iffer?nces among the estimates stem from the difficulty of calcul-
ating preclpitation and evaporation in the ocean basins. In contrast, estimates
for land areas, where more stations record both precipitation and evaporation,
are very close.

1. Surface run—off and run-off to the sea

The run-off of roughly 40,000 to 47,000 cubic kilometres, annually occurs
chiefly in Asia and South America. The heaviest concentration in terms of
average depth by region is found in South America. The volume in Africa,
Australia, Europe and North America combined is less than 40 per cent of the
total (see table 3).

Frequently "run-off to the sea" is treated as a limiting measure of water
available for the support of human needs. Run-off to the sea may, however, be
the best available measure of the real water resources of human society,
provided one considers and understands the underlying possible deficiencies.,
For instance, it must be assumed that:

(a) Land areas which do not contribute run-off to the sea are without
water supply;

(b) Losses from streams and ground-water storage, such as non-beneficial
evapotranspiration by vegetation in the valley bottom, are either
inconsequential or would not be reduced by upstream withdrawals;

(¢) Possible mining of ground water is inconsequentialj;

(d) Average consumptive use during the period analysed is inconsequential
unless observed discharges are not used in the analysis or adjustment
is made for measured withdrawal.

It must also be considered that there are many closed basins, some as large

as the Caspian drainages, which contribute no run-off to the sea but do,
however, experience surface run-off and ground-water recharge. Non-beneficial
evapotranspiration from ground storage is a serious problem in some areas, and
lowering the water table tends to reduce such losses., Much water is lost in
transit to the sea, particularly in swampy areas such as the Sudd of the Sudan,
and constitutes available supply at upstream locations. Moreover, while the
quantities of water involved may not be significant on a regional or global
scale when considered individually, yet they all constitute incremental
increases to the supply as measured by run-off to the sea. They cannot be
presumed to be inconsequential when one considers available supply for an
individual basin or any other relatively small area. In these cases, as with
other sources of supply, the definition of available water is shaped by demand
in relation to technology and cost. The estimated volume of water that can be
abstracted from a stream or aquifer is influenced by judgement concerning
feasible storage facilities, pumping lifts and the like. The demand component,
as will be shown in the following section, should not be obscured by physical

calculations.
2. Lakes and reservoirs

The total volume of fresh water stored in lakes (about 2 x 10° cubic kilometres)
represents about four times the average yearly run-?ff from all land areas,
The volume of water accumulated in man-made reservoirs (about 5 x 103 cubic

kilometres) represents about 11 per cent of the yearly run-off.
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Lakes and reservoirs play an important role in regulating stream flow and thus
facilitate its use, although they do not themselves constitute a major source

of supply. The "mining" of water in lakes would lower their levels and adversely
affect the water balance. Lowering of lake levels can result from changes in
upstream areas. The Caspian Sea is a classic example of this.

3. Ground water

Except for Europe, part of Africa, part of North America and small parts of
Asia, the availability of ground-water resources is not well established,

Recent estimates of the global store of Eresh ground water above 4000 metres
in depth range from 8.1 x 10°® to 10,5 x 106 cubic kilometres. Ground-water
reserves, however, only have significance where conditions are favourable for
their exploitation.

A relatively small quantity of ground water (about 13 x 103 cubic kilometres
or roughly 0.1 per cent of total reserves) participates in the hydrological
cycle in the average year. Most of this takes place through contribution to
stream flow and is therefore included in the appraisal of surface supply.

There are no available estimates for global or continental recharge, or the
difference between recharge and contribution to stream flow, Detailed studies
have been made, however, for selected areas such as the Lake Chad basin.

H. Climate and Human Activity

Just as there is no substantial agreement among the world scientific community
whether or not climate is changing at a rapid rate, there is similarly no general
agreement that human activities per se have a significant effect upon climatic
change,

Some scientists believe, however, that some activities are likely to effect
significant climatic changes: burning of fossil fuels, burning of grasslands
and forests, cultivation of semi-arid lands, cutting of forests, ploughing of
grasslands, and transfer of pollutants destructive to the ozone into the

stratosphere, for example,

These potential material changes seem to warrant a major and continuing end-
eavour to improve our ability to assess the present and predict the possible
future consequences of human activities upon changes in climate. Unfortunately,
the extensive lag in time between cause and effect, the difficulties in limit-
ing or even isolating possible causes, and the complex relationships involved
virtually preclude our arriving at positive conclusions through correlation
analysis of climatic and other relevant data,

Models have been developed which depict the principal features of global climate
with limited application, Once it is possible to develop models which simulate
climate accurately, it may be possible to determine how specific activities of
man influence the input parameters and thus stimulate how these activities
correspondingly effect changes in climate. This approach could also be used to
test hypotheses for modifying climate, such as the damming of the Bering Strait.
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Fig. 1. Estimated erosion products and dissolved solids
carried by streams.

Source: Lvovich, Global Water Resources and Their Future
(Moscow, 1974).
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coastal zones are ggneral}y heavily populated, with growing demands for water
supply, salt-water intrusion can become a serious problem. While the encroach-
ment process may be slow, it tends to become irreversible.

Ground-w?ter pollution induced by man is also an increasing concern, Fecal
pathogeqlc ?rganisms die off relatively quickly and seldom constitute a hazard,
except in limestone areas where underground water may travel long distances
relatively rapidly. On the other hand, drainage waters from urban or agric-
ultural lands may contain objectionable chemicals which percolate into the soil
and irreversibly contaminate the adjacent aquifer, Since surface water is a

B of ground-water recharge, this, too, is a source of contamination, Here
again, the process may evolve slowly, but the effects are persistent,

J. Non-conventional Sources of Water Supply

Many technological devices are used either to change salt water into fresh
water or to change the place of water in the hydrological cycle so as to
increase its availability. These technologies include: desalination, weather
modification, phreatophyte modification, evaporation suppression, waste water
re-use, geothermal water exploitation, and the transport of icebergs.

0f these, only desalination has had a significant, yet moderate result. A few
islands and countries, such as Kuwait, derive virtually all their fresh water
from desalination plants. Between 1961 and 1971, the output of large desalting
plants for brackish or ocean water expanded at an annual rate of 18 per cent.
By 1972, the output from 812 land-based plants was 1.39 x 10® cubic metres
daily. By 1975, the number of plants of 100 cubic-metre capacity or greater
had increased to 1036 and world capacity had risen to 2.1 x 10% cubic metres.

Weather modification has been practised on such a limited scale so far that
it is difficult to make a sound assessment of its potential effect on the
water balance of large areas.

Waste water re-use is a growing source of supply. Already well established in

Chinese agriculture, it is now more widely applied in industry as well as in
irrigation.

III. ASSESSMENT OF USE AND DEMAND

The particular significance of estimates for water use and prospective demand
is that they show the relative volumes of use for different purposes.

It is important to recognize that these uses, purposes, and their resulting

effects are interwoven regionally and nationally. Any strategy that is devised
to satisfy prospective demand must take this into account.

As Multiple Uses, Purposes and Impacts

The uses that make most demand upon water supply and water-related services
are shown in table 4.
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TABLE 4. Components and impacts of water use

Components Common Type Impacts
Substitutes With- In- On- Potential Potential
drawal stream site qualicy consumptive
effect use
(percentage
consumed)
Drinking None x 1-15
Other domestic x 1-15
Public, urban x 1-15
Livestock None x x Organic 1-15
Soil moisture
conservation None x Sediment 0-100
Irrigation None x Salt 10-80
Drainage Salt 0
Wetland habitat None x 0-10
Aquatic habitat None x x 0
Navigation Land transport x 0-10
Hydropower Other energy
sources x 0
Mining x 1-5
Manufacturing:
Cooling
(including steam
power) Air x Thermal 0-3
Processing Mechanical x Organic, 0-10
toxic
Waste disposal Air and
mechanical x x Organic
Recreation
Aesthetic x 0
Flood loss
reduction Land use x x 0

Source: Gilbert F. White, 1976.





