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A BSTRACT W ater use since the daw n of hum an history has increased steadily, and the
current trend is no exception. Fo r m any reasons it w ould be a dif® cult task to alleviate
the w ater crisis sig ni® cantly in m any parts of the w orld w ithin a reasona ble timefram e.
Environm enta l and social aspects of w ater developm ent have becom e im portant factors
to consider in recent decades, but m any serious m ethodological and operational constraints have to be overcom e before environm entally-sound w ater m anagem ent can
becom e a reality. There are m any fund am ental problem s w ith the env ironm ental
assessm ent procedures. This paper provides a com prehensive ana lysis of the present
status of operationa lizing the concept of sustainable w ater developm ent in the real w orld.

Introduction
Throughout history w ater has alw ays been consid ered to be a critical natural
resource on w hich mank ind’ s very survival depen ds. H uman history , from the
earliest evolution of the human being s around the lake shores of northern Keny a
to the development of the main civilizations on the banks of certain m ajor rivers ,
can gen erally be consid ered to be w ater-centred . Th e early im portant civilizations developed and ¯ ourish ed on the banks of major riv ers like the N ile,
Euphrates, Tigris and Ind us. In fact, the history of mank ind can be w ritten in
term s of human interactions and interrelations w ith w ater (Bisw as, 1970).
It is not dif® cult to realize w hy civilizations and habitats often developed
along the banks of severa l strategically important rivers. Easy availability of
w ater for drink ing, farm ing and transportation w ere important requirem en ts for
survival. H uman survival and w elfare generally depen ded on regu lar availability and control of w ater. Floods and droughts in¯ icted m ajor pains, often
contributing to the deaths of human being s and lives tock. Because w ater played
a very important role, w hen Rishi N arada of India, probably the earliest leading
authority on politics and w ho lived m any centuries before the Christian era, m et
the great Pandava Kin g, Yuddhistira, his greetin g w as w ater-centred because of
its importance: ª l hope your realm has reserv oirs that are large and full of w ater,
located in differen t parts of the land , so that agriculture does not depen d on the
caprice of the Rain God.º Proper w ater control meant that the ravages due to
drough ts and subsequen t famines could be sign i® cantly red uced.
Somew hat later, again in India, ® scal policies w ere often lin ked w ith w ater.
Because of the critical im portance of w ater availability to en sure a good
agricultural harvest in a semi-arid country, the em inen t Ind ian statesm an
Kautilya discussed the importance of rainfall for the econom ic and social
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w ell-b eing of the nation. In his epic A rthasastra (scien ce of politics and administration), w hich w as probably w ritten tow ard s the end of the 4th century BC ,
Kautilya discussed the org anizations of a netw ork of raing auges through out the
country. Th e netw ork w as consid ered important, ind eed essen tial, for tw o very
good reasons. First, land taxes w ere based on the amounts of rainfall received
each year, sin ce rainfalls w ere consid ered to be proxies for agricultural production, and hen ce the incomes of the farm ers. Second, good information on
rainfall w as essential for farm ers to plant crops, and thus maximize agricultural
production on w hich national security and w ell-bein g depend ed.
Sim ilarly , in Egy pt, a country w hich the historian H erod otus consid ered to be
a `gift’ of the River N ile, the ¯ ood levels of the river have been noted for some
5000 years. Agricultural production, and therefore the very survival of the
ancient Egy ptians , depend ed on the ann ual inund ation of the N ile, and henc e its
¯ ood levels w ere consid ered to be an important indicator of the next agricultural
harves t and thus their future w elfare.
The very fact that w ater control and managemen t received such emphasis in
countries as far aw ay as India or Egy pt some 3 to 5 millenn ia ago indicates
clearly that the im portance of this res ource in the development process of the
arid and sem i-arid region s w as recogn ized in differen t parts of the w orld from
very ancient tim es. In spite of very sign i® cant technological development, this
situation has not chang ed much over the past severa l millenn ia, especially for
the arid and sem i-arid countries of the w orld . On the contrary, the importance
and releva nce of w ater in such reg ions, if anyth ing, has increased in recen t
decades, and it is likely to continue to do so in the foreseeable future.
T otal G lobal W ater U se
Total global w ater use has increased steadily through out record ed history , and
the tren ds observ ed in the 20th century have been no exception. H ow ever, a
closer and detailed analysis of total global w ater use in recen t decades indicates
tw o sig ni® cant differen ces compared w ith the trend s observed in earlier times,
w hich are w orth noting . Firs t, the rates of in crease in total global w ater use have
accelerated rem arkably in the 20th cen tury compared w ith earlier period s. The
change is even more pronounced if the post-1940 period (Figure 1) is consid ered .
C urren tly there are no visible indications that this increase in the rate of w ater
use is likely to level off in the near future. Since w ater is a lim ited resource,
clearly such high rates of grow th cann ot be sustained ind e® nitely in the future.
A t some stage, and most likely w ithin the next one to four decades, total w ater
uses in differen t parts of the w orld are likely to level off ow ing to phys ical,
technical, econom ic and env iron mental constrain ts, ® rst in certain ind ivid ual
countries and then globally.
The second factor w orth noting is the extraordina rily high annual global w ater
3
use at present. At nearly 5000 km per annum, the current level of w ater use is vast
compared with the past requirem en ts, and total demand is still increasing rapidly.
Figu re 1 also indicates that total global w ater use is lik ely to have increased
some tenfold durin g the 20th century. It should, how ever, be noted that the
estim ates of global w ater use, as show n in Figu re 1, sh ould be taken as indicative
rather than de® nitive because of the paucity of reliable data on total w ater uses
at national levels even for advanced in dustrialized countries such as the United
States or the Fed eral Republic of Germ any . The situation is even w orse for major
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Figu re 1. Expected increase in total w ater use durin g the 20th century.
w ater-consum ing developing countries lik e C hina or India, w here the quality of
data on total national w ater uses leaves m uch to be desired . Thus, all data
available at present on total global w ater use should be consid ered to be gross
estim ates, and therefo re only indicative at best.
It is often gen erally assumed, somew hat erroneously , that the increase in
global w ater use has paralleled population grow th. W hile population grow th is
unquestion ably an im portant factor in increasing total global w ater requirem en ts, there are other contrib utory factors as w ell, some of w hich w ill be
discussed later in the presen t paper. Suf® ce it to note at pres en t the fact that the
total grow th rate in w ater use has been sign i® cantly high er than the population
grow th rate in the present cen tury. In fact, if recen t decades are considered , total
global w ater use has grow n almost three tim es faster than the population grow th
rate. If these tren ds contin ue w ell into the future, a doublin g of the w orld ’s
population w ould mean a six -fold increase in total global w ater requirem ents
(Falken mark & Bisw as, 1995). This w ould m ost likely be an unsustainable
situation on a long -term basis.
The very high rate of increase w itnessed in the recent past does not axiomatically mean that total global w ater use w ill continue to rise at this rate
in de® nitely w ell into the distant future. It is lik ely that as w ater requirem ents
escalate, and as the prices charged for w ater for all uses gradually increase so as
to approach the real cost of obtaining and m anagin g that resource, w ater use
practices w ill become increasing ly more ef® cient in all sectors in m ost parts of
the w orld . This, in all probability , w ould decrease demand grow th rates by
encouragin g w ater conserv ation practices. Accordingly, there is a high probabil-
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ity that during the earlier part of the 21st century there w ill be certain fund amen tal structural changes which w ould signi® cantly alter the grow th trend s w itnessed
in the past. Similar structural changes w ere w itnessed in the early 1970s in the
energy sector, w hen high er en ergy prices signi® cantly altered its demand and use
patterns fundamen tally on a long-term basis by making the sector increasingly
ef® cient in term s of production and use. There is no reason to believe that the
w ater sector w ould beh ave any differently compared with the energy sector, if
w ater prices increased perceptibly in the future to re¯ ect their true cost.
Equally, it is highly unlikely that the general pattern of various types of w ater
uses would rem ain somewhat sim ilar to what they are at present. Past experien ces
ind icate that as the structure of economic activities changes with time in different
countries, and as it becomes more expensive and dif® cult to develop new sources
of water and thus continually increase the supply of water available, continuing
trade-offs occur betw een the various uses. This pattern is most likely to continue
in the future. For example, on a global basis, agriculture accounted for nearly 90%
of all w ater used in 1900. By the year 2000, its share is expected to declin e to
around 62%, that is a 28% red uction in 100 years. An analysis of all the current
trend s ind icates that the percentage sh are of agricultural water use is likely to
continue to erod e steadily w ell into the next century, even though more and more
food has to be produced to feed an ever-ex panding global population.
In contrast, for the industrial w ater use sector, w here value-added is much
high er than in agriculture, and in w hich the process of industrialization started
to accelerate signi® cantly durin g the post-1940 period in many parts of the
w orld , the percentage sh are of total in dustrial w ater use in the 20th century is
expected to increase nearly fourfold, from 6% to about 24% . In all probability ,
this tren d is likely to continue w ell into the 21st cen tury.
The above ® gures are global averages. This means there are often signi® cant
differen ces in w ater use pattern s betw een differen t countries, depend ing upon
their resp ective levels of economic developmen t, prev ailing physical and clim atic conditions, social norm s, en vironm en tal req uirem en ts and other releva nt
factors. For example, in m ajor agrarian developing countries lik e C hina or India,
agriculture still accounts for more than 85% of all w ater used. Corresponding
® gures for ind ustrialized countries sh ow Japan at around 60% , the United States
42% and the U nited Kin gd om 3% .
As w ater requirem en ts have increased w ith time, countries have progres sively
in creased supply by steadily increasing the extent of utilization of their available
resources. Figure 2 show s the overall macro picture of the extent of w ater
available that has been exploited in the various continen ts over tim e durin g the
presen t century. C urren t estim ates ind icate that the ratio of w ater consumption
to w ater availability in A sia, w hich has the highest volum e of w ater requirem en ts of all the contin en ts at pres en t, is likely to reach 22% by the year 2000. The
grow th rate in w ater requirem en ts in A sia durin g recen t decades has been
phen omenal, since as recently as 1960 the corresponding ratio w as only about
6% . Furth erm ore, at a ratio of 22% , the extent of available w ater utilization in
A sia w ould be the highest among all the continen ts, and w ould be nearly tw ice
the global average (Bisw as, 1994).
Figu re 2 also indicates that the extent of w ater utilization in Europe has closely
sh adow ed that of Asia durin g the post-1940 period . H ow ever, the total volum e
of w ater used in Europe is signi® cantly less than that of A sia, and thus the
problem faced in A sia is unquestion ably that of a high er order of m agnitu de.
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Figure 2. Dyn amic of ratio of w ater consumption to w ater resources.

The fund amental question that cannot yet be answ ered is to w hat extent w ater
available in a country could be developed econom ically w ith appropriate social
and env iron men tal safeguard s. At presen t even appropriate m ethodologies to
carry out such analyses w ith a reasonable degree of accuracy are still lackin g.
This is an area that w ill need in creasing attention in the future.
As demand s for all types of traditional w ater uses (domestic, industrial and
agricultural) grow , the signs of con¯ icts betw een the various types of
ben e® ciaries are becoming increasing ly evid en t in m ost parts of the w orld . For
example, in the w estern U nited States the con¯ ict betw een urban-industrial
users and the agricultural sector is becom ing ever m ore ® erce. In the Philip pines,
the dom estic and hy dropow er gen eration demand s for M etro M anila are creating w ater sh ortages for irriga tion in central Luzon. In India, increasin g w ater
demand s for the city of H yd erabad are having an advers e im pact on irriga tion
of neigh bourin g areas. Similarly, in Indonesia, municipal w ater requirem ents for
the Jakarta reg ion and Surabaya are now in direct con¯ ict w ith the existin g
irrig ation arrang ements for the surrounding areas. In South Africa, agricultural
and domestic w ater requirem en ts upstream are red ucing ¯ ow s of the rivers
passing through the Kruger N ational Park , as a result of w hich many advers e
env iron mental impacts can already be observ ed in this w orld -famous protected
area.
W hile con¯ icts betw een various w ater uses are increasing, analysts so far have
gen erally not consid ered the ¯ ow rates neces sary to preserve the ecosystem s of
the areas around the rivers. A t present, adequate kn ow led ge is not available on
how to estim ate w hat percen tage of ¯ ow is necessary for the ecosys tem need s of
any riv er. A s the societal concern for environmen tal conservation continues to
in crease, it is high ly likely that ecosystem need s w ill become a legitim ate form
of w ater use durin g the early part of the 21st century. If so, the con¯ icts betw een
all the various w ater uses can only intensify further.
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W ater C risis
As all the different w ater uses have continued to increase, many countries,
especially those that are located in arid and sem i-arid region s, have started to face
crises, though the magnitude, intensity and the extent of the crisis may vary from
one country to another, or even w ithin the same country, and also over time. Not
surprisin gly, the responses of individ ual countries, or even states or provin ces
w ithin a large country, to red uce the impacts of that crisis could vary as w ell.
There are many reasons , w hich are often interrela ted, that could make a w ater
crisis more pervasive in different parts of the w orld in the com ing years. O nly
® ve major factors w ill be discussed .
First, it is an unfortunate fact that the amount of fresh w ater that is available
to any country on a long -term basis is nearly constant for all practical purposes .
Because of technical and econom ic considera tions, only a certain percentage of
the total w ater available can be used at any speci® c time. Even though technological advances have steadily increased the percen tage of w ater available to any
country that could be utilized econom ically, the fact still rem ains that a very
high percentage of w ater w ill contin ue to rem ain und eveloped due to advers e
economic cond itions and en viron mental constraints. There is no question that
extensive recyclin g and reuse can continue to increase the total volume of w ater
that could be made usable in all countries over a period of tim e. H ow ever, total
recycling or reuse is neith er techn ically possible not economically feasib le.
Equally , only lim ited know led ge is curren tly available as to how many times
w ater can be reused w ithout serious deteriora tion of its quality and attendant
ecosys tems degradation.
It should also be noted that the total volume of freshw ater that can be used in
any country cann ot genera lly be sign i® cantly increased by arti® cial transportation
over long distances. Low unit price of w ater means that, unlike oil, it is gen erally
not economic to transport w ater from one country to another. Furth erm ore, in
contrast to the export of all other natural resources, even discussion of w ater
export from a surplus to a de® cient country generally gen erates strong public
emotion s. Even for tw o neighb ouring countries like Canada and the United States
that have had historically good diplomatic and economic relation s with each
other, the issue of export of water from Canada, a high ly w ater surplus country,
to the United States has always become so emotion al and politically charged that
successive Canadian govern ments have consistently considered even the techn ical
analysis and discussion s of possible w ater export unacceptable. Th e situation is no
different in other parts of the world .
W ater availability cannot be increased by desalin ation to any signi® cant extent
for economic reasons. C urren tly desalin ation can be a feasible option only under
certain speci® c conditions and in very lim ited locations.
Second , w ater is an essen tial requirem ent for all human activities, rangin g
from drin king to agricultural production, and industrial development to all
form s of large-scale en erg y gen eration. A ccordingly, as the total global population increases, so do the agg regated hum an activities, w hich in turn increase
w ater requirem ents. This contributes to tw o contradictory trend s w hich make
the w ater managemen t process yet more complex. On the one hand a country ’s
w ater requirem ents increase steadily ow ing to high er levels of human activities,
and on the other hand per capita w ater available declines steadily since the total
amount of fresh w ater available is lim ited . This is sh ow n for a few select
countries in Table 1.
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T able 1. Population and per capita w ater availability for selected countries
Pop ulation
M illions

A rgen tina
B ang lad esh
B razil
C anad a
C h ina
E gypt
Ind ia
Ind on esia
Japan
M ex ico
N igeria
T urkey
UK
U SA

1994

2025

2050

Grow th rate
% per ann um
1985± 94

34.2
117.8
150.1
29.1
1190.9
57.6
913.6
189.9
124.8
91.9
107.9
60.8
58.1
260.6

46.1
196.1
230.3
38.3
1526.1
97.3
1392.1
275.6
121.6
136.6
238.4
90.9
61.5
331.2

53.1
238.5
264.3
39.9
1606.0
117.4
1639.1
318.8
110.0
161.4
338.5
106.3
61.6
349.0

1.4
2.0
1.8
1.3
1.4
2.0
2.0
1.6
0.4
2.2
2.9
2.1
0.3
1.0

A n nual
ren ew ab le
freshw ater
available
3
(k m )

1994

2025

2050

994
2357
6950
2901
2800
59
2085
2530
547
357
308
203
120
2478

29.06
20.00
46.30
99.69
2.35
1.02
2.28
13.32
4.38
3.88
2.87
3.34
2.07
9.51

21.56
12.02
30.18
75.74
1.83
0.60
1.50
9.17
4.50
2.61
1.29
2.23
1.95
7.48

18.71
9.88
26.30
72.70
1.74
0.50
1.27
7.94
4.97
2.21
0.91
1.91
1.95
7.10

Per capita fr esh w ater
3
availability (1000 m )

N o te : 1994 population estimates and population grow th rates are fr om the W o rld Ba n k A tlas (1996);
population projection s (m ed ium varian t) for 2025 and 2050 are fr om the U n ited N ations (1994).

Table 1 sh ow s that for a country like N igeria, w hose population is expected
to increase sign i® cantly from about 108 million in 1994 to some 339 million by
3
the year 2050, per capita w ater availability is likely to declin e from 2870 m /year
3
to only 910 m /year by 2050. W hile this is likely to be the gen eral global tren d
in the future, there w ould be some exceptions in a few countries lik e Japan,
w hose total population is lik ely to decline modestly durin g this period.
W hile w ater planners have generally considered high er w ater req uirem en ts in
the future due to increasing population numbers, another associated issue has
been mostly ign ored . This is the establish ed fact that, as the stand ard of living
in creases , lifestyles of people change and this increases per capita w ater requirem en ts. For example, for Eng land and W ales, if the presen t tren ds continue, total
w ater requirem en ts by the year 2020 are expected to increase by more than 20% ,
even though the increase in population is likely to be very modest. Lifestyle
changes, prim arily in term s of sign i® cant increases in dishw ash ers and w ashin g
m achin es, are prim arily expected to account for this increase.
Sim ilarly , per capita w ater use in Japan has exactly doubled in the 26-year
period betw een 1965 and 1991, from 169 to 338 litres /capita/day (Figure 3). This
in crease in per capita w ater requirem ents is an important consid eration in
estim ating future w ater need s for the plann ers of developing countries, w hose
w ater demands are accelerating at a very rapid and alarm ing rate. This aspect
has thus far received very lim ited attention from both the countries concern ed
as w ell as the appropriate intern ational organizations.
The steady increase in per capita w ater requirem en ts, especially in developing
countries, can no long er be ign ored . A s far as a country like India is concern ed,
around 10% of its curren t population can be consid ered to have a middle-class
standard of living. A ccording ly their w ater requirem en ts are sign i® cantly high er
than the rest of the country ’s population. W hile 10% of Ind ia’s population may
not seem much, as an absolute number it is more than 95 million, w hich is
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Figure 3. A nn ual dom estic and com mercial and daily per capita w ater consumption in Japan, 1965± 91. So urce: N ational Land Agen cy.
equivalent to more than 1.5 tim es the total population of the United King dom or
around 75% of the population of Japan. Furtherm ore, because of high population
grow th and rapid economic developm en t, the situation in India can only become
even more seriou s and complex in term s of future w ater requirem ents. Since the
total number of af¯ uen t people in India is expected to ris e rapidly, this m eans
that by the year 2025, the ® gure could be equivalent to 2.35 times the Japanese
population, and their w ater requirem ents w ould increasingly become closer to
the Japanese req uirem en ts. H ence, increase in per capita w ater demand in
developing countries because of the improved lifestyles can no long er be
ign ored for future ef® cient w ater managem ent.
Third , through out the w orld, for the m ost part all easily exploitable sources of
w ater have alread y been developed or are currently in the process of developm en t. This means that the costs of developing new w ater sources in the future
are lik ely to be sig ni® cantly high er in real term s than has been observed in the
3
past. For exam ple, the average cost of provid ing storage for each m /sec of river
¯ ow in Japan has in creased nearly fourfold durin g the past 10 years. Approxim ately 20% of this additional cost can be attributed to new social and en vironm en tal req uirem en ts w hich w ere not pres en t earlier. The major part of the
additional cost, around 80%, is due to the fact that the new projects are
in heren tly more com plex techn o-economically, and thus sig ni® cantly more expen sive to construct. Similarly, W orld Bank (1992) analyses of domestic w ater
supply projects from various developing countries indicate that the cost of
development of each cubic m etre of w ater for the next gen eration of projects is
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Figu re 4. C urrent and projected future w ater costs per m (US$1988).
often tw o to three times higher than that of the presen t genera tion. Figu re 4
sh ow s the curren t and projected costs in 1988 constant dollars for supplyin g
each cubic metre of w ater to many major urban centres of the developing w orld .
The sig ni® cant increase in the construction costs of future w ater developm en t
projects is a factor that has still not been realistically consid ered by planners in
almost all parts of the w orld . This is likely to be an especially important factor
for nearly all the developin g countries, w hich are alread y facing high levels of
extern al and intern al debts. Accordin gly, the amount of new investm ent funds
that m ay be available to them in the future from differen t sources for the
constru ction of new w ater projects is likely to be somew hat restricted. Furtherm ore, inters ectoral as w ell as intrasectoral competition for the available funds
w ill be more intense in the future. All these econom ic issues are likely to have
an adverse impact on the implem entation and managemen t of the next and later
gen erations of w ater projects. A realistic assess men t has to be that most new
w ater projects w ill experience major delays in implem entation, certainly much
greater than their planners gen erally anticipate at presen t. Since w ater demands
w ill increase steadily in the future, but there are likely to be considerable delays
in constructing new projects, the magn itude of the total w ater crisis is lik ely to
be further exacerb ated, at least in the near to medium term .
Fourth, as hum an activities have increased , so have ef¯ uent discharges to the
env iron ment, w hich have contaminated many currently used sources of surface
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and groundw ater. The degree of contamination may vary from place to place,
but the prob lem is seriou s in most parts of the w orld . Among the many
contaminants are untreated or partially treated sew age, and all types of industrial ef¯ uen ts and agricultural chemicals. As compreh ensive global w ater-quality
m onitorin g programmes sim ply do not exist at present, a clear picture of global
w ater contamination, and the extent to w hich w ater quality has been impaired
for different purposes, sim ply is not available at present. H ow ever, on the basis
of lim ited and anecdotal information available, it can be said that the problem
is often serious near centres of den se population, especially for comparatively
closed system s like groundw ater and lakes, and for stretch es of rivers near such
centres.
It sh ould be noted that once w ater is contam inated, its decontam ination may
not be an easy or economic process. For example, cost-effective techn ologies
curren tly sim ply do not exist for rem oving m any pollutants such as nitrates, or
contaminated lake sedimen ts.
Groundw ater is extensively used as an important source of domestic w ater
supply, rang ing from 73% for the form er Fed eral Republic of Germ any , to 70%
in The N etherla nds and 30% in Great Britain. In the U nited States, groundw ater
is the prim ary source of drink ing w ater for over 90% of the rural population and
50% of the total population. Increased contam ination could mean that som e of
the groun dw ater sources m ay no long er be appropriate for all types of municipal uses. For example, in the U S state of N eb rask a alone, there are at present 38
tow ns w here concentrations of nitrates in domestic w ater supply are so high that
babies und er the age of six months have to be given bottled w ater for health
reasons (Bisw as, 1993). Thus, increasing contamination w ould further accelerate
the dif® culty of ensu ring that an adequate quantity and quality of w ater is
available for m unicipal uses in the future.
Fifth , during the past tw o decades, the various env iron mental and social
impacts of w ater developm en t projects have gradually become increasin gly
important issues. W hile the importance of en viron mentally sound w ater development can no longer be questioned, and has to be consid ered to be an integral
component of any long-term sustainable developmen t strategy , the fact rem ains
that the en vironm en tal analyses must be based on proven and scienti® c analyses
and reliab le data. H ow ever, it has not been uncommon to ® nd in recen t years
that objective and scienti® c analyses have been replaced by unsubstantiated and
untested hypotheses, short-term political expediency and em otional arg um en ts.
A ll these have not help ed in the developm en t of an objective and integrated
framew ork w ithin w hich assessm en t of the env iron mental and social im pacts of
the proposed w ater projects could be reliably carried out. This aspect w ill be
discussed further later.
Of all types of major infrastructure developm en t projects, opposition to larg e
w ater development projects has been gen erally more in tensive and more w idespread globally com pared w ith other types of projects. In certain w estern
countries, w here for the most part the major w ater developm en t projects have
already been constructed, and additional projects are not considered essential,
opposition to the construction of new w ater projects in other parts of the w orld
is often w idespread. M ajor intern ational funding organizations like the W orld
Bank are curren tly under consid erable political pressu re from some of their
m ajor donors not to support large- scale w ater develop men t projects in differen t
parts of the w orld .
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The very noticeable declin e in the donors’ interes t in providing investm en t
funds for major w ater development projects in developing countries and the
high capital req uirem en ts for new projects m ean that there are lik ely to be
sign i® cant delays in the implem en tation tim etable of the future projects. U nfortunately, these delays are yet to be recogn ized by the various national plannin g
agenc ies, w hich means that additional new sources of w ater w ill not be available
in the future as expected at presen t. This complacency, in all lik elihood , w ill
m ake future w ater crises even more serious than is expected at presen t.
The above ® ve and other associated reasons m ean that it w ill be an extrem ely
dif® cult task to alleviate future w ater crisis in many parts of the w orld in any
sign i® cant m anner w ithin any reasonable timeframe. Th e techn ological problem s
m ay prove to be comparatively easy to solve; the real com plex issues are lik ely
to be in the env iron mental, social, political and institutional aren as. H erein w ill
probably lie the m ost dif® cult w ater-related challen ge of the 21st cen tury. The
future w elfare of millions of people all over the w orld w ill depen d upon how
the w ater profess ion meets this challeng e of provid ing an adequate quantity of
w ater of the righ t quality in an env iron mentally and socially acceptable w ay.
This w ill not be an easy task.
Environ m e nt and W ater M anage m ent
Interest in the en vironm en tal impacts of econom ic development started to
becom e an in creasing ly important consideration in the late 1960s, ® rst in the
U SA and later in the rest of the w orld . Public interest in the various environmen tal issues peaked around 1972± 73, and then started to decline steadily for much
of the next decade and a half. The overall interes t in the various en viron men tal
issues w as rekin dled again in the late 1980s. It became a key political issue in the
early 1990s, and probably reached its peak w ith the United N ations Conferen ce
on Environ ment and Development, w hich w as conven ed in Rio de Janeiro,
Brazil, in June 1992. The current anecd otal inform ation available ind icates that
in teres t has declined som ew hat sin ce the 1992 peak. W hile it is lik ely that
the public and thus political interes t in the env iron ment w ill eb b and ¯ ow w ith
time, it is equally likely that a certain m inimum thresh old of interes t w ill be
m aintained on a perm anen t basis.
Interes t in the en vironm en tal aspects of w ater development has also ¯ uctuated
w ith time durin g the past three decades. N ot surpris ingly this has paralleled
gen eral overall interes t in en vironm en tal issues. W hile forecastin g future developments is alw ays a hazardous task , one can say w ith almost total certainty that
the days w hen w ater developmen t projects could be plann ed, design ed, constructed and m anaged w ithout explicit consid eration of the en vironm en tal and
social factors are now history in nearly all parts of the w orld . In some countries,
a certain am ount of lip-service only is still bein g given to en viron men tal
protection. H ow ever, curren t ind ications are that it is high ly likely that formal
and real consid eration of env iron mental factors in such countries w ill becom e a
reality in the near future.
This, how ever, does not m ean that the env iron mental impacts of w ater
projects w ere completely neglected in the past. C loser analysis indicates that
m any speci® c en vironm en tal and social impacts have alw ays been consid ered ,
among w hich are developmen t of salinity and w aterlogg ing due to inappropriate irrig ation managem ent practices, and resettlemen t of people because of
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in undation caused by new ly constructed reserv oirs. H ow ever, com prehensive
and integrated en viron men tal and social impact studies w ere not formerly
carried out, nor w ere the study results properly implem en ted.
It should be noted that the en vironm en tal iss ues associated w ith w ater
development projects w ere treated no differently in the past compared w ith all
other types of infrastructural developm en t activities . As societal interest in
env iron mental issues accelerated, so too did concern w ith the en viron men tal
impacts of large developm en t projects. It is a fact that no com prehensive
env iron mental and social im pact studies of any type of m ajor projects w ere
carried out anyw here in the w orld durin g the pre-1965 era. W ater projects w ere
thus not an exception. The curren t techniques for carry ing out en viron men tal
impact assess men t (EIA ) w ere developed only after 1965, and the term EIA itself
® rst gain ed w idespread use in the 1970s.

Sustainable D eve lop m ent
C ontrary to popular belief , the concept of sustainable develop men t is not new .
The gen eral philosophy behin d the concept has been expound ed for centuries , if
not millen nia. The term itself started to becom e popular in the early 1980s, even
though conceptually there is very little difference betw een this and other
concepts lik e ecodevelopmen t, w hich w ere prevalen t in the early 1970s.
Sustainability has unq uestion ably been a popular notion in recen t years, but
unfortunately it m eans differen t thing s to differen t people. The situation is
somew hat sim ilar to the popular support w itness ed for the conservation movem en t in the USA during the earlier part of the presen t century, w hen Pres ident
Theodore Roosevelt exasperatedly exclaim ed: ª Every one is for conserv ation, no
m atter w hat it m eans !º Th e situation is somew hat analogous at present for
sustainable developm en t.
It sh ould be noted that the term `sustainability’ has been used techn ically for
several decades for harvestin g reproducible natural resources, e.g., maximum
sustainable yield of ® sh eries. This concept w as broaden ed in the late 1970s by a
sm all group of en viron men tal scientists meetin g under the aeg is of the United
N ations Environ ment Programme in N airob i, Ken ya, and w as expected to be a
`new ’ idea for asses sin g and managin g hum an impacts on the en viron men t and
natural res ources.
The term became popular follow ing the publication in 1987 of the Report of
the W orld Com mission on Environ men t and Development (popularly know n as
the Brund tland C omm iss ion) en titled O ur Com m on Future. The C ommission
de® ned sustainable development in a som ew hat am orphous and am biguous
w ay as ª developmen t that meets the need of the presen t w ithout compromising
the ability of the future gen erations to m eet their ow n needs º . N ot surprisin gly,
w ith such a vague, sim plistic and intern ally inconsisten t and static de® nition, the
C omm ission w as totally unable to specify w hat w as to be sustained. The report
is replete w ith referen ces to sustainability, but w as incapable of recom mend ing
how the concept could be operationalized. Sustainability w as expected to be
achieved in an uns peci® ed and und eterm ined w ay.
Once the concept becam e popular, dozens of new de® nitions w ere offered .
C urren tly one can readily identify more than one hund red de® nitions of
sustainable developmen t w ithout much dif® culty. Even an organization like the
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U nited N ations does not have a uniform consisten t de® nition for use by all its
component organs.
In spite of the present rhetoric, it has to be admitted that operationally it has
not yet been possib le to de® ne a developmen t process w hich could be planned
and im plemen ted in such a w ay from the very begin ning that it w ould become
in heren tly sustainable, how ever this may be de® ned. Th e best that can be
achieved at presen t is to iden tify certain aspects of developmen t w hich may
contribute to unsustainability, and then take appropriate rem edial steps to
red uce, or even som e ins tances elim inate, these und esira ble sid e-effects. U nfortunately, it is sim ply not possib le to devise a holistic process at presen t w hich
could make a project intrin sically sustainable from its very begin ning.
For example, if sustainable w ater development is consid ered , it has been
know n for m ore than a century that irriga tion w ithout appropriate drainage
results in w aterlogging and salin ity, w hich in turn progressively red uces agricultural yield s over a period of tim e. Since the main objective of introducing
irrig ation is to increase agricultural yield s, clearly any system that does not ful® l
this purpose over the long term cann ot be considered to be sustainable. Similarly , if extensive use of fertiliz ers by the farm ers increases the nitrate content of
the groundw ater so that its use for drin king purposes is impaired , then the
practice cann ot be considered sustainable. H ow ever, ens uring the system has
proper drainage and that fertilizer use is ef® cient does not provide suf® cient
cond itions to m ake an irriga tion project autom atically sustainable. There are
numerous other factors w hich, sing ly or in combination, could contribute to its
unsustainability. Som e of these factors could be gen eric, and others may be
project speci® c, and thus it may be dif® cult to iden tify all of them a priori.
A ccording ly, it is a very com plex and gen erally an im possib le task to en sure that
every factor w hich could contribute to the unsustainability of a w ater developm en t project can be iden ti® ed durin g the plann ing and design phases, and then
appropriate rem edial measures be taken to elim in ate all undesira ble impacts.
W hile there are many issues that need to be considered sim ultaneously w ithin
the context of sustainable w ater developmen t, the follow ing three factors are
w orth looking at from a policy view point:
(1) Sh ort- versus long -term considerations: One of the fundamental assum ptions
behin d the concept of sustainable developmen t is that it w ould be viable
over the long term . H ow ever, w hat constitutes `long term ’ has neith er been
clari® ed nor featured much in curren t discussion s. The time factor, eith er
inadverten tly or because of its com plex ity, has basically been left fuzzy: does
sustainability cover 50 years, or 100, 500 or 1000 years or even more? Som e
have referred vaguely to several generations.
Th ere are som e fundam en tal dichotomies in the time framew ork for
sustainability for practical application. For example, it is illogical to expect
that the life period of a small check dam w ould be sim ilar to that of a larg e
multipurpose dam. Accordingly, how ever, if the timeframe for sustainability
is de® ned, there sh ould be considerable ¯ exibility in term s of the type of
projects bein g consid ered .
Sim ilarly there are some sign i® cant practical dif® culties w hich may have
to be resolv ed if long time horizons are alw ays to be taken into account in
the real w orld . For example, if irrig ated agriculture is to be considered , the
normal plann ing horizon of farm ers w orld w ide ex tends to the next cropping
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season, or at most to the next tw o to three seasons. Th e overrid ing concern
is how to m axim ize income w ithin the timefram e of the next harvest. Thus,
farm ers’ mind -sets are inh eren tly based on m aximizing pro® ts over a contin ual series of sin gle seasons. C learly these successive short-term approaches
could have long-term individ ual and societal costs (e.g. in term s of soil
eros ion, salin ity developm en t, etc.), but sh ort-term individ ual ben e® ts have
alm ost alw ays w on over the long-term societal costs.
According ly, if the societal goal is long -term sustainable irrig ation development, a main considera tion has to be how to reconcile the sh ort-term
expectations of the main users (farm ers) w ith the long -term need s of society.
Both conceptually and practically, it has not been easy to make these tw o
diverg ing need s converg e.
(2) Externa lities: Extern alities occur w hen private costs or bene® ts do not equal
social costs or bene® ts. People operate prim arily on the basis of their ow n
priv ate costs and ben e® ts. If they perceive opportunities w hich could red uce
their costs and/or increase potential ben e® ts, they often take actions w hich
could be ben e® cial to them but are unlikely to serv e the common good.
Examples include use of excessive irrig ation w ater by farm ers in the headreaches of canals, w hich means that tailenders have an insuf® cient and /or
unrelia ble w ater supply. This, in turn, could decrease agricultural yield s and
thus incomes of the tailen ders substantially. Sim ilarly, w astes from municipalities could be discharged into canals and riv ers, w hich could impair
existin g w ater uses dow ns tream.
Such costs could be intern alized, at least conceptually, through taxes,
subsid ies and reg ulations. But in reality , even in developed countries, it has
not been easy to intern alize the externalities for four im portant reasons . First,
method ologically , calculations of the precise value of extern alities has been
a very dif® cult task. Second, frequently there are politically pow erful individ uals and organizations w ho vociferously defend their ow n consid erable
priv ate advantages against a large num ber of unorganized and disadvantaged individ uals w ho may be experienc ing additional costs somew hat
ind irectly. Third , extern alities could develop steadily over tim e, and thus
there could be a time gap before those affected realize the real costs they
may have to pay, directly or indirectly. Finally, reg ulations to control such
externalities in nearly all developin g countries have proved to be somew hat
ineffective and expen sive.
(3) R isks and U ncertainties: A major issue confron ting sustainable w ater resources
developmen t is ris ks and uncertainties that are inheren tly associated w ith
such complex system s. For example, w ith the in creasing population base of
the A sian developing countries, there is no question that resources such as
land and w ater have to be used in tensively in order to maximize agricultural
production. The fundam en tal question , for w hich there is no real clear-cut
ans w er at the presen t state of know led ge, is: up to w hat level can an
agricultural production sy stem be in tensi® ed, w ithout sacri® cing sustainability? Th ere are other dif® cult question s as w ell. For example, w hat early
w arnin gs could indicate the beginn ing of a trans ition process from sustainable to unsustainable? W hat are the param eters that should be monitored to
ind icate that such a transition is about to occur or, indeed , is occurring ?
C learly , existin g kn ow led ge and databases are inadequate even to iden tify
the parameters that could ind icate the passage from one stage to the other.
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Thus, curren tly it is not possible to accurately detect, much less pred ict, the
transition of such a sustainable system to an unsustainable one, or vice vers a.
In addition, w ater resources system s are notoriously variable by nature.
Their normal ¯ uctuations could be so great that statistically sig ni® cant data
could be very ex pensive or even impossib le to obtain in order to state
categorically that such variations are due to natural causes or are sign s of
uns ustainability . If, on already complex issues, additional factors such as
potential clim atic changes are superim posed, the deg ree of uncertainty in
term s of detecting or pred icting the trans ition process increases greatly
(A bu-Zeid & Bisw as, 1992). One is then confronted w ith the dif® cult issue of
even iden tifying the direction of any chang e, let alone the magn itude of that
chang e.
These types of fund amental issue need to be resolved successfully before
the concept of sustainable w ater resources developm en t can be holistically
conceived and then implem ented . U nfortunately, w hile m uch lip-service is
given to sustainable w ater developm en t at present, most of the publish ed
w ork s on this subject are either somew hat gen eral or a continuation of earlier
`busin ess as usual’ undertakin gs that have only been given the latest tren dy
label of `sustainable development’ . If sustainable w ater developmen t is to
becom e a reality, national and intern ational organizations w ill have to
addres s many real and com plex question s, w hich they have not done so far
in any measurable and m eanin gful fashion . If not, and unless the curren t
rh etoric can be trans lated effectively into operational reality, sustainable
development w ill rem ain a tren dy catchphrase for another few years, and
then gradually fade aw ay like the earlier concept of ecodevelopm en t.
Environ m e ntal A ssessm ent
W hatever term inology one uses, or w hich ever concept is `popular’ at any very
speci® c period of time, the fact rem ains that w ater resources developm en t
projects must be plann ed, design ed and operated in an en viron mentally sound
m anner. It is no long er adequate to consid er only the technical feasib ility and
economic ef® ciency of a project: it is equally essential to consid er its en vironm en tal desira bility and social acceptability . Simultaneous consid eration of all
m ajor technical, econom ic, en vironm en tal and social factors is a very dif® cult
task, both conceptually and m ethodologically, but it is a task that need s to be
accomplish ed. C urren t practices can be consid ered to be a useful initial step.
H ow ever, these practices need to be review ed objectively in term s of their
application and then improved very substantially before w ater resources
projects can be managed in an env iron mentally optimal w ay. It is now becom ing
in creasing ly apparen t that w hile som e progress has been made durin g the past
tw o decades on how to plan, design , construct and operate w ater projects in an
env iron mentally friend ly w ay, much still rem ains to be done.
An essen tial ing red ien t for en viron men tally sound w ater management has to
be proper env iron mental assessm en t. Experien ces gained from different parts of
the w orld during the past tw o decades in dicate that reliable en viron men tal
assessm en t is at the heart of any env iron mental managem ent process. Good and
comprehen sive assessm ents durin g project plannin g, constru ction and operation
are pre-conditions for sound env iron mental managem en t. Furtherm ore, assessm en ts by them selv es are not en ough : assessm en ts need to be properly integrated
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w ith the managem ent and decision -makin g processes so that there is regu lar
feedb ack betw een the results of the asses sment and m anagem en t decisions. An
objective analysis of the presen t situation ind icates that there are four fund amental problem s w hich need to be res olved before proper en vironm en tal m anagem en t of w ater projects, from the plannin g stage all the w ay to the operational
phase, could be carried out successfully w ith any degree of con® dence. These
four in terrela ted problem s are:
(1)
(2)
(3)
(4)

lim ited framew ork for en vironm en tal asses sment;
absen ce of integra tive approach;
lack of scien ti® c kn ow led ge;
absen ce of monitorin g and evaluation durin g construction and operational
phases.

Even though, for the most part, both the w ater and env iron mental profession als
often believe that it is possib le to manage w ater projects optimally , until and
unless the above four problem s are properly resolved, en viron mentally sound
w ater m anagem ent w ill rem ain sub-optim al at best. Unfortunately this fact has
still not been properly recognized by eith er profession . O nly w hen the real
problem s are recogn ized, and determ ined attempts are made to solve them by
the professions concerned , w ill some progress in this area be noted. Progres s,
how ever, is likely to be painfully slow .
Lim ited Fram ew ork for Env ironm ental A ssessm ent
The assessm en t of en viron men tal impacts becam e a form al req uirem en t in the
U SA w ith the passage of the N ational Environ men tal Protection A ct (N EPA) in
1970. Soon thereafter, en viron men tal impact assess men t (EIA ) became necess ary
in C anada and certain European countries. M any Asian countries follow ed suit.
In fact, EIA became mandatory in certain Asian countries like the Philippines
and Thailand before som e m ajor W est European countries like the Fed eral
Republic of Germ any, w hich adopted the process only in 1977. In general, the
A sian countries have m ade more progress in instituting EIA than their Latin
A merican and African counterp arts.
A careful and objective global analysis of the existing practices for carrying
out EIA ind icates that the gen eral techniques that are bein g used at presen t have
undergon e very minor changes, both conceptually and methodologically , compared w ith w hat w as practised in the early 1970s w hen EIA w as ® rst introd uced.
The major notable change durin g the past 25 years is the fact that available
computers have becom e progressively more and more pow erful, as a result of
w hich an increasin g num ber of parameters and data can be analysed at present
m ore cost-effectively than ever before. Equally, use of computers to carry out
EIA has become far w idespread all over the w orld .
In retros pect, the concepts used w ere acceptable and even laudable in the
early 1970s since they constituted a sign i® cant im provement over the then
prev ailing practices. U nfortunately, the fact that these techniques have been
used continuously for more than 25 years has meant that both the w ater and
env iron mental profession als have now automatically assumed that the EIA
analyses and processes as practised at presen t are reliable, usable, and contribute
to sign i® cant en vironm en tal improvem en t. Interna tional organizations, rangin g
from the United N ations Environ ment Programme to the W orld Bank, now
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follow the sam e techniques and processes w ithout havin g carried out any
seriou s analyses as to w hat extent they actually preserv e and /or improve the
env iron mental issues on a long-term basis. N or have there been seriou s attempts
to identify the real sh ortcoming s of the techniques in term s of application, and
then take steps to improve them . Interestin gly, more than one hundred EIA
guidelines are available at present, but they vary only in very minor w ays in
term s of gen eral approaches and concepts.
A careful and objective analysis w ould clearly indicate that signi® cant changes
and modi® cations are necessary for the techn iques for environ mental assessm ent,
as used almost universa lly at present, to be considered appropriate for use during
the latter half of 1990s. Yet, most unfortunately, these inappropriate techniques
continue to be used w ithout any seriou s questions being asked about their
effectiven ess in terms of total environ men tal ben e® ts. It appears that w ithout any
exten sive review or discussion of the overall valid ity and desirability of the
techniques, these are currently being accepted, at least implicitly, to be the only
available reliable alterna tives. Since in genera l very limited , if any, reserva tions
have been made as to the ef® cacy of current practices used for environ mental
assessm ent, there does not appear to be any long-term solution in sight.
There are at least three fundam en tal problem s w ith the curren t en viron men tal
assessm en t techniques. First, at the policy level, the lin kages betw een en vironm en tal assessm en t and the social and economic aspects of w ater developm en t
are not clear. The link ages are gen erally fuzzy, even at the conceptual level.
N orm ally, lim ited attempts, if any , are made to lin k en viron men tal impacts at
the policy level w ith economic and social issues. Even in the few ins tances w here
such attempts have been m ade, the link ages w ere basically descriptive at best.
Q uantitative lin kages are seld om made, and even theoretical methods to establish such interlin kages w ith any degree of reliability are conspicuous by their
absen ce at presen t.
Second , w hile some progress has been made on the application of EIA at the
project level, comm en surate progress at policy and programm e levels has sim ply
been m iss ing. At the presen t state of know led ge, it is sim ply not possible to
carry out en viron mental assess men ts of w ater policies and programmes in any
detailed and reliable fash ion. Because of the generalized nature of the assessm en ts, the results can at best be used operationally in a very lim ited w ay. In
other w ords, usable env iron mental assessm en t techn iques for w ater policies and
programmes are still in their early stages. M uch progress need s to be made
before w ater policies and programmes can be analysed to make them en vironm en tally sound prior to implem entation. This area, unfortunately, has received
very little research attention thus far.
Third , durin g the past 25 years m any thousand s of ElAs have been conducted
all over the w orld for various types of in frastructural development projects,
in cluding num erous ones for the w ater area. Irresp ective of w here these ElAs
have been carried out, from Albania to the USA , the overall processes and the
underlyin g philosophies are som ew hat sim ilar; only the depth and rigorousness
of the analyses may vary from one place to another.
A review of the ElAs carried out during the past 25 years w ould ind icate that
uniform ly and univers ally, analysts have alw ays concentrated on w hat is no t
env iron mentally sound w ater development rather than w hat is. The emphasis
exclusively has been on certain aspects of developmen t w hich may not be
sustained . By try ing to analyse and de® ne sustainable w ater developmen t by
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only those factors that could contribute to unsustainability, clearly the en tire
focus of the analyses has been on just one part of the equation. The other part,
w hich could possibly be as im portant as the non -sustainable negative factors,
has been com pletely ign ored . The w hole focus of sustainable w ater developm en t, as it is construed at presen t, concentrates on w hat it is not, and then tries
to am eliorate the neg ative impacts. A holistic approach to the issue w ould be to
consid er ® rst w hat contrib utes to sustainable w ater developmen t. This approach
is sim ply missing at pres en t. Instead, the overridin g emphasis has been on how
to identify and am eliorate the negative im pacts. C learly this approach to
env iron mental asses sment is highly skew ed, and is unlikely to yield optimal
env iron mental, economic and social ben e® ts.
Furtherm ore, it is w orth noting than even though all m ajor w ater developm en t projects w ould have m any im pacts, some of w hich w ould be positive and
others negative, the w ord `impact’ in the context of EIA has developed alm ost
exclusively negative conn otations. W hile any large project, irresp ective of its
nature, w ill unquestion ably have both positive (otherw ise w hy sh ould a decision
be taken to construct them ?) and negative impacts, all current analyses of the
env iron mental and social impacts invariably consid er only the negative ones and
their potential amelioration. M aximization of positive en viron mental impacts
sh ould be an equally important consid eration, but it is completely ign ored at
presen t.
To a sign i® cant extent this overw helm ing and almost total em phasis on the
neg ative aspects of development projects can be explain ed by review ing the
historical conditions w ithin w hich the EIA techniques w ere ® rst developed and
used . D urin g the pre-1970 period , all project plann ing and analyses prim arily
consisted of techn ical and econom ic consid erations ; en vironm en tal and social
analyses w ere mostly neglec ted. To the extent these w ere consid ered , they w ere
lim ited to a very few select issues only, e.g. w aterlogging and salinity developm en ts and resettlem en t of people from the reserv oir areas. Even these issues,
though invariably analysed, w ere often not properly considered , especially in
term s of implem en tation. Because of this gen eral neg lect of en vironm en tal and
social factors, and num erous visible and adverse impacts of certain developm en t
projects on the env iron ment and society as a w hole, a movement gradually
developed for en vironm en tal protection in a few w estern countries in the 1960s.
W ithin a very short period , en vironm en tal protection became an increasin gly
important item on the political agen das of a few countries such as the U SA and
C anada. N umerous env iron mental press ure groups and other non-govern men tal
organizations focused on the negative en vironm en tal impacts of various development projects to show , in many cases justi® ably, that these projects w ere
contributing to serious unw anted en viron men tal and social sid e-effects. W ater
projects w ere not an exception to this gen eral overall trend .
N ot surprisin gly this gen eral attitude to and perception of en viron men tal
issues w as re¯ ected durin g the discussion s of the United N ations C onferen ce on
the H uman Environ ment held in Stockholm , Sw eden , in 1972. This w as the ® rst
of the several meg a-conferences that w ere convened by this w orld body durin g
the 1970s at a very high governm en tal decision -makin g level. A retrosp ective
analysis of the Stockholm Action Plan, as approved by all mem bers of the U N ,
clearly indicates an overall negative approach to en viron men tal m anagem en t:
stop all pollution res ulting from any development activity; stop exhausting
non-ren ew able res ources, and stop usin g renew able resources faster than their
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regen eration. The plan focused on w hat should not be done rather than w hat
sh ould be done and how this could be achieved. The result w as not surprisin g
sin ce the Stockholm A ction Plan re¯ ected the prevalen t attitude of that time, that
is, that developm en t activities prim arily have adverse en viron men tal impacts.
Positive en vironm en tal impacts w ere basically ign ored .
Accordingly, EIA techniques w hich w ere developed durin g that period
re¯ ected the concerns of that tim e, w hich w ere exclusively related to the
iden ti® cation and amelioration of negative impacts. The implicit assumption w as
that large development projects can only have negative en vironm en tal impacts,
and the positive impacts, if any, w ere so m inor that they could safely be ign ored .
Because of this incorrect and somew hat unfortunate beginn ing , the term `impact’
in the context of EIA very quickly assumed negative connotations only. This
emphasis only on negative impacts has rem ained generally unquestion ed and
unchallen ged during the past 25 years.
One undesirab le side-effect of this one-sided concern has been that w hile
m uch is kn ow n about the adverse en viron men tal im pacts of large w ater development projects, very lim ited progress has been m ade on iden tifyin g and
quantifying positive impacts. The few examples that are curren tly available are
case-speci® c, and according ly may not be adequate to draw generic conclusions
on the prev alence and ex tent of the occurren ce of such positive im pacts, w hich
are likely to be extensive and substantial.
In addition, and speci® cally for the area of w ater resources development,
another factor m ay have had a perceptible and continuing impact on gen eral
think ing on the env iron men tal im pacts of large dams. This w as the publication
of a series of articles in the popular media in the USA by the w ell-k now n
journ alist C laire Sterling on the advers e en viron men tal impacts of the Asw an
H igh Dam in Egypt. H er w ell-w ritten articles at the beg inning of the en vironm en tal movemen t, w hen the philosophies and techn iques for en viron men tal
assessm en t processes w ere bein g formulated, caugh t the im agination of the
gen eral public, including most scientists . H er articles w ere a good interpretation
of the then prevailin g view s of w estern env iron mentalis ts as w ell as some
prominen t Egyptian scien tists, that the A sw an H igh Dam has contrib uted to
numerous env iron mental problem s only, and that these overw helm ed the positive ben e® ts. These opinion s w ere of course hy potheses since virtually no
seriou s monitoring and evaluation of the env iron mental param eters w ere carried
out for the dam on a compreh en sive basis until the late 1980s. Sterling’ s articles
rein forced the gen eral bias that had started to develop in that era that larg e
in frastructure developmen t projects gen erally contributed to only major advers e
env iron mental impacts.
The articles suited the times of a `sm all is beautiful’ era very w ell for at least
four important reasons:
The Asw an H igh D am w as a large infrastructure w hich had the m isfortune of
bein g completed in 1968, exactly w hen the new and em ergin g en viron men tal
movement had started to ¯ ex its muscles.
The U SA, w hich had initially ind icated that it w ould ® nance the construction
of the dam, declin ed to do so prim arily because Presid en t N asser of Egypt
became one of the four major pers onalities of the tim e w ho launched the new
N on-Alig ned M ovemen t. Egypt w as thus no longer allied to the W estern
group. W ith the w ithdraw al of the U SA offer, the Soviet Union promptly
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stepped in to ® nance the project and to provide the neces sary technical
assistan ce. Since it w as the ® rst ever major structure that w as built in any
African country by the Soviet Union, the dam generated consid erable
publicity in the W est.
Prime M inister Khrushchev req uested and receiv ed an of® cial inv itation from
Egypt to participate in the opening cerem ony of the dam w hen he boasted that
the Soviet U nion w ould drow n capitalism in Africa, and their assistance in the
construction of the dam w as the beginn ing of this process. These political
factors m ade the reputation of the dam a casualty of the cold w ar, and further
contributed to its adverse public image in the W est.
It w as much easier to severely criticize a new m ajor structure built w ith Soviet
help in a far-off country than one in the W est. Since techn ically the dam w as
properly constructed, and its economic bene® ts w ere never in any doubt, it
w as only possible to criticize it on en viron mental ground s, even though no
scien ti® c evid en ce w as available for such criticism s.

Sterlin g’ s high -pro® le articles on only the negative en viron men tal impacts of the
dam found a very receptive audien ce in the W est, w ho w ere mostly convinced
that such large developm en t projects could only be env iron mental disasters.
Very few people, if any, realized that the articles w ere based on conjecture and
not on facts. Sterlin g’ s w ritin gs sim ply rein forced the then prevailing biases and
helped to m ake the Asw an H igh D am a cause ceÂ leÁ bre am ong en vironm en talists as
a shin ing exam ple of a bad, large developmen t project. These gen eric criticism s
w ere soon extended to m any other major new w ater projects that w ere being
constru cted, nearly all of w hich w ere in developin g countries. Sadly attitudes do
not appear to have changed much in the past tw o decades.
Thus, the A sw an H igh Dam very quickly became a sym bol of everyth ing that
could be w rong w ith a m ajor w ater development project. U nfortunately this
view rem ains w idely held , and most intern ational publications available on this
subject still do not provid e an objective discussion of all the real ben e® ts and
costs of the dam. Extens ive data collected over the past tw o decades, prim arily
w ith the support of the C anadian Intern ational Developmen t Agen cy, ind icate
that many myth s now surround the dam that are gen erally accepted as facts.
This is especially true outsid e Egy pt, since the Egyptians had no doubt concernin g the overall true ben e® ts and costs of the dam.
In reality, the A sw an has been a rem arkably successful dam w ithout w hich
Egypt w ould have been in dire economic and political straits. It has unq uestionably contributed to some adverse env iron mental impacts. H ow ever, the real
issue can no longer be w hether the dam sh ould have been built, sin ce w ithout
it Egypt w ould have been facing a continuing catastrophe, but rather w hat steps
sh ould have been taken to maximize the positive en viron men tal impacts and
red uce the neg ative ones (Bisw as, 1992, 1996).
In retrospect, how ever, these developm en ts had one major bene® cial im pact.
The eng ineerin g profession, w hich dom inates the w ater developm en t ® eld all
over the w orld , has recogn ized explicitly that there are other important issues in
addition to the regu lar techno-econom ic analyses w hich need to be seriou sly
consid ered to maxim ize human w elfare. According ly env iron mental and social
assessm en ts, w hich w ere mostly neglected durin g the pre-1970 period , increasin gly became accepted as an establish ed procedure.
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A bsence of Integrative A pproach
Environm en tal assessm ent method ologies have continued to consid er only certain selective aspects of w ater develop men t projects: an integrative approach has
basically been missing . M any instances of this narrow and restrictive approach
can be cited, but only one example w ill be discussed here: the health im pacts of
irrig ation projects.
An objective and compreh en sive analysis of the curren t practices and existin g
literature in this ® eld w ill clearly ind icate that almost exclusive emphasis has
been only on one issue: vector-borne diseases lik e malaria and schistosom iasis .
Irresp ective of the accuracy of the oft-quoted evidence for increases in w aterborne disea ses due to the construction of irriga tion projects, an issue that w ill be
discussed later, it is becoming increasing ly evid ent that the presen t generally
accepted conceptual approach is not only sim plistic but also som ew hat incorrect
for the follow ing reasons .
View ed in any fash ion, irrig ation has to be consid ered an important com ponen t of the rural developmen t process. W ith expansion of the irriga ted area due
to a new project, agricultural activities and production increase as w ell. W ith
high er per capita food availability and diversi® cation of crop production in the
area, sig ni® cant im provement occurs in the food and nutrition al status of the
local people. N ew em ploym en t opportunities are gen erated because of intens i® cation of agricultural and associated econom ic activities, w hich in turn
improves the ® nancial conditions of the population, including landless labourers. Evid en ce from different parts of the w orld indicates that the nutritional
status of rural people is often further improved through increased livestock
holdings and the developmen t of inland ® sh eries in the new ly created
reserv oirs.
Furtherm ore, if irrig ation is properly planned to be an integra l part of rural
development, the health of the rural population is enh anced sign i® cantly because of improvem en ts in education, health care and transportation facilities and
the lifes tyles of w om en . These overall interrelationsh ips are sh ow n diagrammatically in Fig ure 5. All current en viron mental assessm ents of the health impacts
of irriga tion projects totally ign ore these positive im pacts, thus resultin g in an
in complete and overall skew ed assessm en t. N or are these im pacts monitored
later.
At the pres en t state of kn ow led ge, method ologically it is possib le to carry out
post-project reliable and integra tive env iron men tal m onitorin g and assess men t.
For in stance, the evaluation carried out for a m ajor intern ational developm en t
agenc y for the Bhim a C omm and A rea D evelopm en t Project in India is a good
example of how such integrated analyses can be carried out (Bisw as, 1987). Such
analyses, how ever, are exceptions rather than the rule.
Only tw o impacts of the Bhim a Project w ill be discussed here as examples of
how the absen ce of this integrated approach clearly could contrib ute to suboptim al results and incorrect conclusions. The ® rst is w omen’ s education. Before
irrig ation w as introduced in this economically disadvantaged region , landless
labourers had to move constantly from one place to another searchin g for
employment opportunities. Their daugh ters invariably m oved w ith them durin g
this nomadic lifestyle, and thus could never attend schools. W ith the introd uction of irrig ation, employm ent opportunities in the rural areas have increased
sign i® cantly. C onseq uently, such labourers can stay in one village and ® nd
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employment w ithin daily commuting distance. Because of this stability and the
in creased econom ic opportunities due to irriga tion developmen t, they have
started sen ding their daughters to schools w ithout any form al en couragem en t
and support from the govern ment. Environ mental assessm ents have not even
cursorily consid ered w omen ’s education as a possib le important ben e® t of the
in troduction of irrig ation.
The second en viron mental im pact noted w as the changing pattern s of biomass
fuel utilization in the project area as a direct result of irriga tion. The percen tage
of people purchasing fuelw ood for cooking, or the total amount of fuelw ood
purchased per family , or both, in irriga ted areas soon became sign i® cantly low er
than in non -irriga ted areas for three reasons:

·

·

H igher cropping intens ities as w ell as yield s signi® cantly increased the availability of agricultural resid ues, w hich w ere then used for cooking.
Increased livestock holding s in the irriga ted areas produced more dung than
ever before. Dry dung cakes became an important fuel for cooking.
Increased em ploym en t opportunities and incom es en couraged people to move
aw ay from biomass fuels to more convenien t comm ercial forms of en ergy .

·

The reasons for the redu ction in the use of biomass fuels are sh ow n diagrammatically in Figure 6. These developmen ts contributed directly to the follow ing three
m ajor en vironm en tal and social bene® ts:

·

·

red uction in pressu re on the forests in and around the region since fuelw ood
demands w ere noticeably red uced;
decline in time spen t by w om en and child ren in collecting fuelw ood; and
money saved by many families in not buyin g as much fuelw ood as used
before could be used for other productive purposes.
There are just tw o examples of how an integra ted approach could contribute to
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an objective and more accurate en vironm en tal assessm en t. Unfortunately such
an approach is for the m ost part lacking at present.

Lack of A dequa te K no w ledge
There are many areas of en vironm en tal assessm ent w here adequate scienti® c
know led ge sim ply does not exist. Equally there are many areas w here the
curren t kn ow led ge can at best be misleading and at w orst totally erron eous.
Regrettably, often the righ t questions are not even being ask ed. For example, the
tw o most w idesp read and important vector-borne diseases are probably malaria
and schistosom iasis, but it is not possible at pres en t to pred ict to w hat extent a
w ater development project per se may increase or decrease their inciden ce.
N eith er is any attempt being m ade to answ er such question s. The problem
is furth er complicated by the site-speci® city of the ans w ers, and num erous
in terlin ked associated factors.
An exhaustive study by the Indian M alaria Res earch Cen tre has indicated that
the resurgen ce of m alaria in that country occurred indepen den tly of irriga tion
expansion durin g the Green Revolution (Sharma, 1987). There is, how ever, no
doubt that irrig ation and agricultural practices, rice cultivation and migration of
agricultural w orkers have important bearin gs on the m osquito vector fauna and
m alaria transm ission processes. The lin kages are not clear, and there is no
scienti® c evid en ce that a one-to-one relations hip exists betw een irriga tion development and malaria in ciden ce.
Figu re 7 sh ow s a district-by-district average annual parasite rate (API) betw een 1982 and 1984 on a rice area map of India. Rice cannot be grow n w ithout
extensive rainfed or peren nial irriga tion. The API registe rs the num ber of
m alaria cases per thousand population in one year. The map ind icates that for
large parts of the country, w ith high areas of rice cultivation, malaria incid en ce
rates are neglig ib le (A PI , 0.5), or extrem ely low (API , 2). Equally there are
some rice-grow ing areas w here the incidence of malaria is m oderate (API 2 to
, 10) or high (API . 10). This analysis indicates there is no speci® c direct
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Figure 7. Relationsh ip betw een area under rice cultivation and average annual
parasite rate in India, 1982± 84. Source: Sharm a (1987).

in terrela tionsh ip betw een irriga ted areas and malaria transmission rates. Th ere
appear to be many other important factors w hich govern disease transmission .
There are other issues w hich further complicate the lin kages betw een irrigation and malaria. A study of tw o villages in the Kano plains of Keny a, one a
new ly establish ed village w ithin the Ahero irriga tion scheme and the other an
older village nearby in a non-irriga ted area w ith traditional mixed agriculture,
sh ow ed rem arkable differen ces in term s of mosquito species presen t. In the new
village, 65% of mosquito bites w ere from A no pheles gam biae (the prin cipal vector
of malaria in tropical Africa), 28% w ere of M ansonia species (vectors of lymphatic
® lariasis and Rift Valley fever) and 5% w ere of the Culex quinquefasciatus variety
(another vector of lymphatic ® lariasis). In contrast, 99% of the mosquitoes in the
older village belon ged to the M ansonia species and less than 1% w ere A nopheles
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gam biae. Thus, irriga tion may change the trans mission patterns of mosquitoborne diseases by changin g species composition through habitat m odi® cation.
There are other strati® cation issues as w ell. The evaluation of the Bhima
project indicated that malaria appears to be attacking w omen more than m en .
H ow w idespread this type of strati® cation is, in India or elsew here, is sim ply
unkn ow n at pres en t. These types of speci® c question s have not been considered
thus far, and hen ce no de® nitive answ ers are available.
As regard s schistosomiasis, there is no doubt that the construction of an
irrig ation system in a tropical or sem i-tropical country, w ith extend ed reserv oir
sh orelines and canal and drainage system s, creates a favourable habitat for sn ails
w hich are the vector of this disease. H ow ever, extensive studies in Egy pt and
several Asian countries indicate that much of the infection occurs not durin g the
irrig ation process but during domestic interactions w ith canal w aters due to the
absen ce of w ater supply and sanitation facilities. Improving the availability of
dom estic w ater supply, and the provision of sanitation facilities, health education and care have red uced total schistosom asis inciden ce in Egypt very
sign i® cantly. C urren tly it is estimated that w ithin a decade the disea se w ill no
longer be consid ered en dem ic, for the ® rst time since the Pharonic era.
A major dif® culty in term s of how best to consid er the interrela tionsh ips
betw een irriga tion and vector-borne diseases aris es from a plethora of misleadin g and unrelia ble data, and the absence of an adequate number of scienti® cally
rigorous studies. The area is thus replete w ith poor and con¯ icting inform ation,
extensive repetition of data that have seld om been critically exam ined and the
elaboration of person al biases. To som e extent, major intern ational organizations
have contrib uted, albeit not deliberately, to this sad situation. Scientists have
automatically assumed that data and information publish ed by such organizations are accurate. Unfortunately, many times they are not. For example, the
curren t estim ate of the W orld H ealth Organization (W H O) is that globally 200
m illion are in fected w ith schistosom iasis. Incredibly, this number has rem ained
constant at least for the last 27 years! The United N ations Environ men t Program me (UN EP) has incorrectly stated that schistosom iasis has been (completely
eradicated in C hina. The Food and Agricultural Org anization (FAO ) has stated
that w ater developmen t sign i® cantly increases onchocerciasis, w hereas all available data indicate otherw ise. Unquestion ably, a m ajor prob lem in this area has
been caused by the uncritical acceptance and repetition of publish ed information
that is unrelia ble. As these dubious data are quoted and requoted by differen t
scientists and institutions w ithout any quali® cations, they becom e `facts’.
A ccording ly, the existing kn ow led ge base need s to be substantially im proved .
M onitoring and Evalua tion
W hile EIA has become a necessary pre-project activity to obtain the necess ary
govern mental approval for implem entation of w ater developmen t projects, there
is very little regular m onitorin g and evaluation of the important en viron men tal
param eters durin g construction or after projects become operational. This is the
normal situation all over the w orld . There are no institutional arrang ements as
to w ho sh ould monitor and evaluate such projects, the process by w hich these
sh ould be m onitored, to w hom such information sh ould be provid ed, how the
in formation sh ould be used, and w ho sh ould pay for the en tire process.
Regrettably, the en tire emphasis at present is on the preparation of ElA s and
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their clearance as a discrete activity; monitorin g and evaluation of environmen tal parameters during the operational phase only receives lip-service at best,
both from national and in tern ational organizations.
This practice has contributed to m ajor problem s in term of ef® cient en vironm en tal managem en t of large w ater projects. This is because in m any w ays EIA
is still an art and not a science. There are many intera cting phy sical, technical,
economic, env iron mental and social factors, and it is impossible to pred ict in
advance the net results of all the complex interactions. In addition, many
impacts are site speci® c, and thus m ay not be easy to pred ict in advance. Equally
m ost impacts depen d, at least to a certain extent, on post-project managemen t
practices. For example, if the managem ent of drainage system s is poor, salin ity
and w aterlogging w ill becom e problem s. H ow ever, w hen such problem s could
surface depen ds on the managem ent practices: it m ay take 5, 15, 25, 50 or even
m ore years. A ccordingly reg ular monitorin g and evaluation at appropriate
in tervals is essential to iden tify w hen problem s are developing so that the
necessary rem edial actions can be taken to rectify them.
In addition, because of the complexities involved , it is currently sim ply
impossible to pred ict all the en vironm en tal impacts of a major developm en t
project, the time w hen ind ivid ual problem s may surface, the magn itude of each
impact and the spatial distrib ution of the impacts over the project area. Accordin gly, unless the project managers receive regu lar tim ely inform ation on the
problem s durin g their early phases, appropriate rem edial actions cannot be
taken. By the time some of these problem s become clearly visible, many of the
possible dam ages may have alread y occurred . N ormally it is sign i® cantly more
expensive to rectify problem s w hen they have become serious compared w ith
takin g rem edial action in the earlier phases.
H ow ever, one of the m ost fund amental problem s that has been created by this
near total absen ce of monitoring and evaluation of w ater developmen t projects
is the valid ity of the hypotheses that are bein g used to make forecasts durin g the
EIA process. Irresp ective of the current rh etoric, the number of large dams
anyw here in the w orld w hose env iron mental and social impacts have been
scienti® cally and objectively evaluated can be counted on the ® ngers of one’ s
hand s, w ith a few ® ngers left over. In the absen ce of monitored results, the
hypotheses on w hich EIA forecasts are bein g m ade cannot be validated, and
thus the biases and errors are bein g continually perpetuated w orld w ide. The
impact evaluation of the A sw an H igh D am is a good example, w hich clearly
in dicated that the perceived w isdom at presen t on issues such as increases in
schistosom iasis or rates of bed and bank eros ion are clearly erron eous and
require extensive revision. W ithout extensive monitoring of actual environmen tal and social impacts of larg e dam s in different parts of the w orld , gen eric
conclusions, w hich could be used to substantially improve the existin g techniques for forecastin g env iron mental impacts, cann ot be draw n.
Thus, monitoring and evaluation of the environ men tal impacts of large w ater
projects is not only necessary to improve management practices and thus enh ance
their overall contribution to the socioeconomic conditions of the region, but is also
essentia l to improve the existing EIA forecastin g techniques signi® cantly.
C learly proper en viron men tal assess men t of w ater projects is an im portant
requirem en t to en sure achievem en t of the planned and expected econom ic and
social ben e® ts. H ow ever, the current alm ost exclusive em phasis on carryin g out
env iron mental assessm en t only durin g the pre-construction phase is an import-
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ant requirem en t but is not a suf® cient condition to en sure that the en viron men tal
ben e® ts of the project are maximized and the costs minim ized. Regular m onitorin g and evaluation at the requisite interva ls during the operational phase of a
project, and feedback of these results to the decision-m aking levels are absolutely essen tial to ens ure long-term en viron men tally sound managem en t of
w ater projects.
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