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ow-flow toilets and showers are twice as efficient as con
Lventional devices. The industrial sector has already made
great advances in increasing efficiency, malllly to control water
Mysterlou$,J~atural
pollution. Because ofteclmological and other changes, total
water withdrawals in the United States has actually decreased
over the past decade, while the economy has enjoyed
unprecedented prosperity. These considerations have led
many people to believe that with appropriate policies,
such as pricing water at full marginal cost,
sufficient water can be conserved and
saved to meet most if not all future
needs. But water is a rather mysterious
nattIral resource where not all is as it might
appear to be.
This fact may be illustrated by briefly
comparing conservation in water \'\'itll
conservation in the energy sector. When
an energy device such as an engine or
a boiler is inefflcient, all of the wasted
energy is truly lost to the system in
the form of waste heat to the atmosphere.
Indeed, one of the principle ways of
increasing energy efflciency is by cap
A study by the International Water Management Institute turing this waste heat and using it to produce more energy,
1"l.indicates that by the year 2025 about one third of the pop
as in co-generation plants, or other useful applications such
ulation ofdeveloping countries-some 1.3 billion people-will
as heating buildings. These "combined cycle" systems effec
live in areas of chronic water scarcity. TIlls means that even
tively recycle the energy in the form of heat that would oth
if they fully develop their water resources, they will not
erwise be lost to the system. Thcy do not change the efficiency
have enough water to maintain even the 1990 per capita
of the pans of the system, the engine or boiler, so much as they
levels of use for agricultural, domestic, industrial and envi
change the system efficiency of all the parts together.
rorunental purposes. In most cases, 1990 levels of per capita
In an inefficient water system, however, the water that is
water use are already too low for
not utilized in one particular use is not
adequate health, environmental qual
necessarily lost to the system as a
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ity and economic development. Many
whole, that is, the river basin. Instead,
Dlrector-General of the International Water
of the countI~es in this category will
the outflow of water from one use is
Management Institute, Sri Lanka
have to withdraw water from agri
likely to become the inflow ofwater
culture and rely on food imports to meet their needs. Some
to another use. In irrigation, for example, it is righdy said that
of them can afford tIlls, many cannot. An additional 500 mil
one farmer's drainage is another farmer's water supply. In
lion people, mallllY in sub-Saharan Africa, will experience acute
other words, water resource systems tend to be naturally recy
water scarcity. They potentially have sufficient water resources
cling systems. Because of this, high-system efficiency is frequently
to meet reasonable standards of per capita use, but the costs
attained although all the parts of the system are inefficient~
of actually developing this much water are likely to be pro
Egypt provides some interesting examples of the difference
hibitive. Of course, as in all cases of extreme scarcity, poor peo
between application and system efficiency in water resources:.
ple will suffer the most.
Studies have demonstrated that the average application
With this outlook, the task of conserving water through
efficiency of irrigation water applied to farms in Egypt is only
better technology, demand management and by other means
45 per cent. But much of the outflow of water from these funn.s
becomes especially important. Since agriculture consumes over
re-enters the system and is recycled by downstream fanners or
80 per cent of all the developed water supplies of the world,
by other users. Thus, the system efficiency of the irrigation sec
people are naturally interested in conserving water in this sec
tor as a whole is around 80 per cent, and that of the entire sys
tor. Most of the world's irrigation is by traditional gravity irri
tem, including all the sectors and beneficial discharge to the
gation systems that have an average application efficiency (hence
Mediterranean, is over 90 per cent. In this situation, investing
forth, unless otherwise noted, simply "efficiency") of only 45
heavily in high-efficiency irrigation technology would make
per cent. In contrast, sprinkler, level basin and surge systems
hardly any difference at all to Egypt's water supply and utilization
have efficiencies ofaround 70 per cent, and drip systems can
in most cases. Much the same is true of the domestic and
attain efficiencies of 90 per cent. Much the same is true in the
industrial sectors in Egypt. Most of the outflows from these
other sectors.
sectors return to the Nile system where it is recycled.
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n upstream areas like Cairo, low-flow showers and toilets
would not result in :eal water savings. But in areas like
Alexandria, next to the Mediterranean sea, the outflows are
truly lost to the sea, and high-efficiency technologies in all the
sectors would result in real water savings.
Thus, in water there is an important difference between real
and only apparent or paper water savings. The difference depends
on what happens to the outflow from an application. If it is
beneficially recycled, then increasing efficiency is likely to pro
duce only paper water savings. If, however, the outflow is truly
lost to the system through non-beneficial evaporation or
flows to sinks, such as internal or external seas and saline aquifers,
then high-efficiency systems can result in real water savings.
There are other advantages ofhigh-e£E.ciency systems. They
can reduce water pollution, whether of salt, fertilizer and pes
ticide residues in irrigation, or domestic and industrial waste
iD~ those sectors. They reduce the amount of water that
must be diverted from a source to serve applications and thus
leave more water in lakes, reservoirs, rivers, etc., for envi·
.ronmental and other uses. High-efficiency irrigation sys
tems provide greater control of plant-soil-water relation
ships, frequently resulting in increased crop yields of 20 to
50 per cent. All of these effects support the use of high
efficiency systems, quite apart from their direct contribution
to water conservation.
However, in one important area, these high-efficiency sys
tems could produce highly counter-productive effects: ground
water supplies. In India, for example, over one half of the total
irrigated area is in pump irrigation, and nearly all of the drink
ing water for the rural population 1:; hom groundvv'altr. In rnany
areas of India, groundwater tables are falling by one meter or
more per year. This threatens the only supply of reasonably
sanitary drinking water in rural areas and the single greatest
source of food production in the country. Nor is the ground
water depletion problem confined to India; it is rapidly
becoming a universal problem in the arid and semi-arid
regions of developing countries.
The solution to this problem does not lie in restricting with
drawals of groundwater; this merely reduces the supply of the
most valuable water to needy people. Rather, groundwater
supplies must be recharged through surface water that would
otherwise be wasted. But this is not an easy task. Surface water
must either be treated to potable quality before pumping it into
aquifers to avoid pollution of the aquifers, or allowed to
-slowly percolate through soils to be naturally purified.
However, treatment is prohibitively expensive, and natural per
colation and purification require vast areas of land recharge
facilities.
Irrigated areas have historically filled this role through deep
percolation flows of irrigation water from surface areas to
the aquifers. But, by definition, these deep percolation
flows only occur in inefficient irrigation systems. It is no acci
dent that many of the areas with the highest rates of deple
tion are areas with high-irrigation efficiency. Here is a clear
case where high-application efficiency leads to low-system
efficiency.
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nother, and perhaps the most important, way to achieve
water conservation in agriculture through technology is
indirectly by increasing crop yield per drop of water consumed.
The Green Revolution increased average yields per unit ofland
by about two and one half times, and decreased the length of
the growing season. Together, these effects amount to a
330 per cent increase in the agricultural productivity of
water. Or to put it the other way around, more than three times
as much real water would be required to achieve today's food
production had the Green Revolution not occurred.
In sum, there is great potential for achieving water con
servation through technology and other means. In some cases,
as in the Green Revolution, water conservation may arise
by unintended and even unexpected means. In other cases,
where outflows are beneficially recycled, measures that
appear to conserve water may result only in paper water sav
ings at substantial cost. And, if one is not careful, one can
create counter-productive, even catastrophic, effycts in this
field,as in the case of groundwater depletion: Water con
servation is a tricky business, but it is one of the most
important and interesting things we can do. 0
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