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Water today is a scarce resource facing heavy and unsustainable demand from users of all kinds. In many areas, such as this drought-
stricken village in western India, groundwater supplies are depleted before the water table can recharge, and access to clean water is
limited. Such scenarios underscore the formidable challenges of meeting the world’s water needs.

Demand for the world’s increasingly

scarce water supply is rising rapidly, chal-
lenging its availability for food production
and putting global food security at risk.
Agriculture, upon which a burgeoning
population depends for food, is competing
with industrial, household, and environ-
mental uses for this scarce water supply.
Even as demand for water by all users
grows, groundwater is being depleted,
other water ecosystems are becoming pol-
luted and degraded, and developing new
sources of water is becoming more costly.

These challenges are receiving signifi-
cant international attention, notably with
the third World Water Forum that was
convened in Japan from 16 to 23 March
2003. This meeting was the third in a
series of meetings held every three years,
bringing together water experts, govern-

ment leaders, representatives from non-
governmental organizations (NGOs), and
other interested parties to examine the
major dilemmas facing the water sector
and to seek solutions to these problems.
The third forum hosted more than 24,000
participants from more than 180 countries
and held sessions focusing on many of the
most crucial water issues facing the world
today. Some of the key issues addressed
include the need for safe, clean water for
all individuals; good governance in water
management, including an integrated
water resources management approach;
capacity building, including education
and access to information; financing of
water resources infrastructure; and
increased participation of all stakeholders,
including women and the poor. More than
100 commitments on water were made

during the forum, based primarily on the
key water issues.

But despite this attention, the challenge
of meeting both water and food security
remains formidable. Planning of how to
meet the increasing needs of various water
users depends upon an understanding of
the current situation and potential impacts
of policy decisions. To this end, a global
model of water and food supply and
demand was developed to examine long-
term prospects for water and food security
under alternative policies.

A Thirsty World

Water development underpins food
security, people’s livelihoods, industri-
al growth, and environmental sustain-
ability throughout the world. In 1995
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— Figure 1. Total water withdrawal by region in 1995 and business-as-usual

projections for 2025
5000 —
| REES
4000 — M 2025
E
-
®
& 3000
°
£
H
8
g 2000 —
=
)
1000
0 -
Asia Latin Sub-Saharan  West Asia/ Developed Developing World
America Africa North Africa countries countries

SOURCE: M. W. Rosegrant, X. Cai, and S. A. Cline, Global Water Outlook to 2025: Averting an Impending Crisis (Washington, D.C.:
International Food Policy Research Institute, 2002), 2.

the world withdrew 3,906 cubic kilo-
meters (km?) of water for these purpos-
es (see Figure 1 on this page). By 2025
water withdrawal for most uses
(domestic, industrial, and livestock) is
projected to increase by at least 50 per-
cent. This will severely limit irrigation
water withdrawal, which will increase
by only 4 percent, in turn constraining
food production.’

About 250 million hectares are irrigated
worldwide today, nearly five times more
than at the beginning of the twentieth cen-
tury. Trrigation has helped boost agricul-
tural yields and outputs and stabilize food
production and prices. But growth in pop-
ulation and income will only increase the
demand for irrigation water to meet food
production requirements. Although the
achievements of irrigation have been
impressive, in many regions poor irriga-
tion management has markedly lowered
groundwater tables, damaged soils, and
reduced water quality.”

Vorume 45 NumBEer 7

Water is also essential for drinking
and household uses and for industrial
production. Access to safe drinking
water and sanitation is critical to
maintain health, particularly for chil-
dren. But more than 1 billion people
across the globe lack enough safe
water to meet minimum levels of
health and income.® Although the
domestic and industrial sectors use far
less water than agriculture, the growth
in water consumption in these sectors
has been rapid.

Water is integrally linked to the
health of the environment. Water is
vital to the survival of ecosystems and
the plants and animals that live in them,
and in turn ecosystems help to regulate
the quantity and quality of water. Wet-
lands retain water during high rainfall,
release it during dry periods, and puri-
fy it of many contaminants. Forests
reduce erosion and sedimentation of
rivers and recharge groundwater. The

importance of reserving water for envi-
ronmental purposes has only recently
been recognized.

Alternative Futures for Water

The future of water and food is highly
uncertain. Some of this uncertainty is
due to relatively uncontrollable factors
such as weather. But other critical factors
can be influenced by the collective
choices of the world’s people. These fac-
tors include income and population
growth; investment in water infrastruc-
ture; allocation of water to various uses;
reform in water management; and tech-
nological changes in agriculture. Policy
decisions—and the actions of billions of
individuals—determine these fundamen-
tal, long-term drivers of water and food
supply and demand. Three alternative
futures for global water and food show
the very different outcomes that policy
choices produce.*

ENVIRONMENT 27
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Business-As-Usual Scenario

In the business-as-usual scenario, cur-
rent trends in water and food policy, man-
agement, and investment would remain as
they are. International donors and national
governments, complacent about agricul-
ture and irrigation, would cut their invest-

ments in these sectors.
Governments and wa-
ter users would imple-
ment institutional and
management reforms
in a limited and piece-
meal fashion. These
conditions would leave

Policy the world ill-prepared
decisions— to meet major chal-
and the lenges facing the water
actions of and food sectors.
billions of Over the coming
individuals— decades, the area (?f
determine lan§ devoted to culti-
fundamental, vating food crops
would grow slowly
Iol_lg-term in most of the world
drivers of because of urbaniza-
water and tion, soil degradation,

food supply
and demand.

and slow growth in
irrigation investment,

as well as the fact that
a high proportion of arable land is already
cultivated. Moreover, steady or declining
real prices for cereals would make it
unprofitable for farmers to expand harvest-
ed area. As a result, greater food produc-
tion would depend primarily on increases
in yield. Yet growth in crop yields would
also diminish because of falling public
investment in agricultural research and
rural infrastructure. Moreover, many of the
actions that produced yield gains in recent
decades—such as increasing the density of
crop planting, introducing strains that are
more responsive to fertilizer, and improv-
ing management practices—cannot and
would not easily be repeated.

In the water sector, the management of
river basin and irrigation water would
become more efficient, but slowly. Govern-
ments would continue to transfer manage-
ment of irrigation systems to farmer organ-
izations and water-user associations. Such

28 ENVIRONMENT

transfers would increase water efficiency if
they are built upon existing pattems of
cooperation and backed by a supportive
policy and legal environment. But these
conditions are often lacking.

In some regions, farmers would adopt
more efficient irrigation practices. Eco-
nomic incentives to induce more efficient
water management, however, would still
face political opposition from those con-
cemned about the impact of higher water
prices on farmers’ income and from
entrenched interests that benefit from exist-
ing systems of allocating water. Water
management would also improve slowly in
rainfed agriculture as a result of small
advances in water harvesting, better on-
farm management techniques, and the
development of crop varieties with shorter
growing seasons.

In the business-as-usual scenario, public
investment in expanding irrigation and
reservoir storage would decline as the
financial, environmental, and social costs
of building new irrigation systems escalate
and the prices of cereals and other irrigated
crops drop. Nevertheless, where benefits
outweigh costs, many governments would
construct dams, and reservoir water for irri-
gation would increase moderately.

With slow growth in irrigation from
surface water, farmers would expand
pumping from groundwater, which is sub-
ject to low prices and little regulation.
Regions that currently pump groundwater
faster than aquifers can recharge—such as
the western United States, northern
China, northern and western India, and
West Asia and North Africa—would con-
tinue to do so.>

The cost of supplying water to domestic
and industrial users would rise dramatical-
ly. Better delivery and more efficient home
water use would lead to some increase in
the proportion of households connected to
piped water. Many households, however,
would remain unconnected. Small price
increases for industrial water improve-
ments in pollution control regulation and
enforcement and new industrial technolo-
gies would cut industrial water-use intensi-
ty (water demand per $1,000 of gross
domestic product). Yet industrial water

prices would remain relatively low and
pollution regulations would often be poor-
ly enforced. Thus, significant potential
gains would be lost.

Environmental and other interest groups
would press to increase the amount of
water allocated to preserving wetlands,
diluting pollutants, maintaining riparian
flora and other aquatic species, and sup-
porting tourism and recreation. Yet because
of competition for water for other uses, the
share of water devoted to environmental
uses would not increase.

Almost all users would place heavy
demands on the world’s water supply
under the business-as-usual scenario.
Together, consumption of water for domes-
tic, industrial, and livestock uses—that is,
all nonirrigation uses—would increase
dramatically, rising by 62 percent from
1995 to 2025 (see Figure 2 on page 29).
Because of rapid population growth and
rising per capita water use, domestic con-
sumption would increase by 71 percent,
more than 90 percent of which would be in
developing countries. Industrial water use
would grow much faster in developing
countries than in developed countries. The
intensity of industrial water use would
decrease worldwide, especially in develop-
ing countries (where initial intensity levels
are very high), thanks to improvements in
water-saving technology and demand poli-
cy. Nonetheless, the sheer size of the
increase in the world’s industrial produc-
tion would still lead to an increase in total
industrial water demand. Direct water con-
sumption by livestock is very small com-
pared with other sectors. But the rapid
increase of livestock production, particu-
larly in developing countries, means that
livestock water demand is projected to
increase 71 percent between 1995 and
2025. Although irrigation is by far the
largest user of the world’s water, use of irri-
gation water is projected to rise much more
slowly than other sectors.

Water scarcity under the business-as-
usual scenario would lead to slower growth
of food production and substantial shifts in
where the world’s food is grown. Farmers
would find themselves unable to raise crop
yields as quickly as in the past in the face

SEPTEMBER 2003
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— Figure 2. Water consumption by sector and region in 1995 and business-as-usual ——

1995 2025

1995 2025

Developing countries

SOURCE: M. W. Rosegrant, X. Cai, and S. A. Cline, Global Water Outlook to 2025: Averting an Impending Crisis (Washington, D.C.:
International Food Policy Research Institute, 2002), 6.

1995 2025
World

of a decline in relative water supply. Crop-
harvested area is expected to grow even
more slowly than crop yield in the coming
decades, with all of the growth projected to
occur in developing countries.

By substituting cereal and other food
imports for irrigated agricultural produc-
tion (so-called imports of virtual water),
countries can effectively reduce their agri-
cultural water use.® Under the business-as-
usual scenario, developing countries
would dramatically increase their reliance
on food imports by 2025. The water (and
land) savings from the projected large
increases of food imports by the develop-
ing countries are particularly beneficial if
they are the result of strong economic
growth that generates the necessary for-
eign exchange to pay for the food imports.
But even when rapidly growing food
imports are primarily a result of rapid
income growth, national policy makers
concerned with heavy reliance on world

VoLuME 45 NUMBER 7

markets often see them as a signal to set
trade restrictions that can slow growth
and food security in the longer term.
More serious food security problems
arise when high food imports are the
result of slow agricultural and economic
development that fails to keep pace with
basic food demand driven by population
and income growth. Under these condi-
tions, countries may find it impossible to
finance the required imports on a continu-
ing basis, causing a further deterioration
in the ability to bridge the gap between
food consumption and the food required
for basic livelihood.

Water Crisis Scenario

A moderate worsening of many of the
current trends in water and food policy and
in investment could build to a genuine
water crisis. In the water crisis scenario,
government budget problems would wors-
en. Governments would further cut their

spending on irrigation systems and accel-
erate the turnover of irrigation systems to
farmers and farmer groups but without the
necessary reforms in water rights.
Attempts to fund operations and mainte-
nance in the main water system, still oper-
ated by public agencies, would cause water
prices for irrigators to rise. Water users
would fight price increases, and conflict
would spill over to local management and
cost-sharing arrangements. Spending on
the operation and maintenance of sec-
ondary and tertiary systems would fall dra-
matically, and deteriorating infrastructure
and poor management would lead to
falling water-use efficiency. Likewise,
attempts to organize river basin organiza-
tions to coordinate water management
would fail because of inadequate funding
and high levels of conflict among water
stakeholders within the basin.

In the water crisis scenario, national
governments and international donors

ENVIRONMENT 29
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would reduce their investments in crop
breeding for rainfed agriculture in devel-
oping countries, especially for staple
crops. Private agricultural research
would fail to fill the investment gap for
these commodities. This loss of research
funding would lead to further declines in
productivity growth in rainfed crop areas,
particularly in more marginal areas. In
search of improved incomes, people
would turn to slash-and-burn agriculture,
thereby deforesting the upper watersheds
of many basins. Erosion and sediment
loads in rivers would rise, in turn causing
faster sedimentation of reservoir storage.
People would increasingly encroach on
wetlands for both land and water, and the
integrity and health of aquatic ecosystems
would be compro-
mised. The amount of
water reserved for
environmental purpos-
es would decline as
unregulated and illegal
withdrawals increase.

The cost of building

A moderate
worsening
of many of
the current
trends in
water and
food policy
and in
investment
could build
to a genuine
water crisis.

new dams would soar,
discouraging new in-
vestment in many pro-
posed dam sites. At
other sites, indigenous
groups and NGOs
would mount opposi-
tion over the environ-
mental and human
impacts of new dams.
These protests and
high costs would vir-
tually halt new invest-

ment in medium and
large dams and storage reservoirs. Net
reservoir storage would decline in devel-
oping countries and remain constant in
developed countries.

In the attempt to get enough water to
grow their crops, farmers would extract
increasing amounts of groundwater for
several years, driving down water tables.
But because of the accelerated pumping,
after 2010, key aquifers in northern China,
northern and northwestern India, and West
Asia and North Africa would begin to fail.
With declining water tables, farmers would

30 ENVIRONMENT

find the cost of extracting water too high,
and a big drop in groundwater extraction
from these regions would further reduce
water availability for all uses.

As in the business-as-usual scenario, the
rapid increase in urban populations would
quickly raise demand for domestic water.
However, governments would lack the
funds to extend piped water and sewage
disposal to newcomers. Governments
would respond by privatizing urban water
and sanitation services in a rushed and
poorly planned fashion. The new private
water and sanitation firms would be under-
capitalized and able to do little to connect
additional populations to piped water. An
increasing number and percentage of the
urban population must rely on high-priced
water from vendors or spend many hours
fetching often dirty water from standpipes
and wells.

Total worldwide water consumption in
2025 under the water crisis scenario
would be 13 percent higher than under the
business-as-usual scenario, but much of
this water would be wasted and of no ben-
efit to anyone. Virtually all of the increase
would go to irrigation, mainly because
farmers would use water less efficiently
and withdraw more water to compensate
for water losses. The supply of irrigation
water would be less reliable, except in
regions where so much water is diverted
from environmental uses to irrigation that it
balances the lower water-use efficiency.

For most regions, per capita demand for
domestic water would be significantly
lower than under the business-as-usual sce-
nario, in both rural and urban areas. The
result is that people would not have access
to the water they would need for drinking
and sapitation. Compared with outcomes
under the business-as-usual scenario, the
total domestic demand under the water cri-
sis scenario would be 28 percent less in
developing countries, 7 percent less in
developed countries, and 23 percent less
globally (see Figure 3 on page 31).

The water crisis scenario would also
have significant impacts on other water
users. Demand for industrial water would
increase, owing to failed technological
improvements and economic measures.

With water diverted to make up for less
efficient water use in other sectors, the
water crisis scenario would hit environ-
mental uses particularly hard.

The water crisis scenario would have
severe consequences for food production.
Total cereal production, for example,
would be 10 percent less than under the
business-as-usual scenario—the result of
declines in both cultivated area and yields.
This reduction is the equivalent of an annu-
al loss of the entire cereal crop of India, or
the combined annual harvest of sub-
Saharan Africa and West Asia and North
Africa. The decline in food production
would help push up food prices sharply
under the water crisis scenario. These high
prices would in turn dampen food demand.

The ultimate result of this scenario is
growing food insecurity, especially in
developing countries. Per capita cereal
consumption in 2025 in the developing
world would be 2 percent lower than 1995
levels. This scenario makes it clear that
increasing water scarcity, combined with
poor water policies and inadequate invest-
ment in water, has the potential to generate
sharp increases in cereal food prices over
the coming decades. Price increases of this
magnitude would take a significant bite out
of the real income of poor consumers. Mal-
nutrition would increase substantially,
given that the poorest people in low-
income developing countries spend more
than half their income on food. Sharp price
increases could also fuel inflation, place
severe pressure on foreign exchange
reserves, and have adverse impacts on
macroeconomic stability and investment in
developing countries.

Sustainable Water Scenario

A sustainable water scenario would
dramatically increase the amount of
water allocated to environmental uses,
connect all urban households to piped
water, and achieve higher per capita
domestic water consumption while main-
taining food production at the levels
described in the business-as-usual sce-
nario. It would achieve greater social
equity and environmental protection
through both careful reform in the water

SEPTEMBER 2003
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sector and sound government action.

Governments and international donors
would increase their investments in crop
research, technological change, and reform
of water management to boost water pro-
ductivity and the growth of crop yields in
rainfed agriculture. Accumulating evi-
dence shows that even drought-prone and
high-temperature rainfed environments
have the potential for dramatic increases in
yield. Breeding strategies would directly
target these rainfed areas. Improved poli-
cies and increased investment in rural
infrastructure would help link remote
farmers to markets and reduce the risks of
rainfed farming.

To stimulate water conservation and
free up agricultural water for environmen-
tal, domestic, and industrial uses, the effec-
tive price of water to the agricultural sector
would be gradually increased. Agricultural
water price increases would be implement-
ed through incentive programs that provide

— Figure 3. Domestic consumption of water by region, business-as-usual and crisis ——

scenarios, 2025
300 —

250

200

150

Water demand km®

100

50

Asia Latin
America

SOURCE: M. W. Rosegrant, X. Cai, and S. A. Cline, Global Water Outlook to 2025: Averting an Impending Crisis (Washington, D.C.:

farmers income for the water that they
save, such as charge-subsidy schemes that
pay farmers for reducing water use, and
through the establishment, purchase, and
trading of water-use rights. By 2025, agri-
cultural water prices would be twice as
high in developed countries and three times
as high in developing countries compared
with the business-as-usual scenario. The
government would simultaneously transfer
water rights and the responsibility for oper-
ation and management of irrigation sys-
tems to communities and water user asso-
ciations in many countries and regions.
The transfer of rights and systems would
be facilitated with an improved legal and
institutional environment for preventing
and eliminating conflict and with technical
and organizational training and support. As
a result, farmers would increase their on-
farm investments in irrigation and water
management technology, and the efficien-
cy of irrigation systems and basin water

. Business-as-usual

B crisis

West Asia/
Africa North Africa

Sub-Saharan

International Food Policy Research Institute, 2002), 11.

Developed
countries

use would improve significantly.

River basin organizations would be
established in many water-scarce basins to
allocate water among stakeholder interests.
Higher funding and reduced conflict over
water, thanks to better water management,
would facilitate effective stakeholder par-
ticipation in these organizations.

Farmers would be able to make more
effective use of rainfall in crop production,
thanks to breakthroughs in water harvest-
ing systems and the adoption of advanced
farming techniques, like precision agricul-
ture, contour plowing, precision land level-
ing, and minimum-till and no-till technolo-
gies. These technologies would increase
the share of rainfall that goes to infiltration
and evapotranspiration.

Spurred by the rapidly escalating
costs of building new dams and the
increasingly apparent environmental
and human resettlement costs, develop-
ing and developed countries would

Developing World
countries

VoLume 45 Numger 7
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reassess their reservoir construction
plans, with comprehensive analysis of
the costs and benefits, including envi-
ronmental and social effects, of pro-
posed projects. As a result, many
planned storage projects would be can-
celed, but others would proceed with
support from civil society groups. Yet
new storage capacity would be less nec-
essary because rapid growth in rainfed
crop yields would help reduce rates of
reservoir sedimentation from erosion
due to slash-and-burn cultivation.

Policy toward groundwater extraction
would change significantly. Market-
based approaches would assign rights to
groundwater based on annual with-
drawals as well as the renewable stock of
groundwater. This step would be com-
bined with stricter regulations and better
enforcement of such tigher controls.
Groundwater overdrafts would be phased
out in countries and regions that previous-
Iy pumped groundwater unsustainably.

Domestic and industrial water use
would also be subject to reforms in pricing
and regulation. Water prices for connected
households would double, with targeted
subsidies for low-income households. Rev-
enues from price increases would be
invested to reduce water losses in existing
systems and to extend piped water to pre-
viously unconnected households. By 2025,
all households would be connected. Indus-
tries would respond to higher prices, par-
ticularly in developing countries, by
increasing in-plant recycling of water,
which reduces water consumption.

With strong societal pressure for
improved environmental quality, alloca-
tions for environmental uses of water
would increase. Moreover, the reforms in
agricultural and nonagricultural water sec-
tors would reduce pressure on wetlands
and other environmental uses of water.
Greater investments and better water man-
agement would improve the efficiency of
water use, leaving more water instream for

— Figure 4. Total and irrigation water consumption, by region, business-as-usual

Developing countries

SOURCE: M. W. Rosegrant, X. Cai, and S. A. Cline, Global Water Outlook to 2025: Averting an Impending Crisis (Washington, D.C.:
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environmental purposes. All reductions in
domestic and urban water use, due to high-
er water prices, would be allocated to
instream environmental uses.

In the sustainable water scenario, the
world consumes less water but reaps
greater benefits than under the business-
as-usual scenario, especially in develop-
ing countries. In 2025, total worldwide
water consumption would be 20 percent
lower under the sustainable scenario than
under the business-as-usual scenario (see
Figure 4 on this page). This reduction in
consumption would free up water for
environmental uses. Higher water prices
and higher water-use efficiency would
reduce consumption of irrigation water by
296 km® compared with the business-as-
usual scenario. The reliability of irrigation
water supply would be reduced slightly in
the sustainable scenario—as compared
with the business-as-usual scenario—
because of a higher priority on environ-
mental flows. Over time, however, more

World
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efficient water use in this scenario would
counterbalance the transfer of water to the
environment and would result in an

improvement in the reliability of supply of

irrigation water by 2025.

This scenario would improve the domes-
tic water supply through universal access to
piped water for rural and urban households.
Other water sectors would also be affected
under the sustainable water scenario.
Industrial water demand would be reduced
under
through technological improvements and
effective economic incentives. The envi-

the sustainable water scenario

ronment would be a major beneficiary of

the sustainable water scenario, with large
increases in the amount of water reserved
for wetlands, instream flows, and other
environmental purposes.

The sustainable water scenario can
raise food production slightly over the
business-as-usual scenario, while achiev-
ing much greater gains for domestic water
use and the environment. The total harvest-

ed area under the sustainable water sce-
nario in 2025 would be slightly lower than
under the business-as-usual scenario,
owing to less water for irrigation and
slightly lower crop prices. With faster
growth in rainfed yields making up for
slower growth in harvested area and irri-
gated yields, total cereal production in
2025 would be 19 million tons more (a 1
percent difference) under the sustainable
water scenario than under the business-as-
usual scenario.

The sustainable scenario shows that
with improved water policies, invest-
ments, and rainfed cereal crop manage-
ment and technology, growth in food
production can be maintained while uni-
versal access to piped water is achieved,
and environmental flows are increased
dramatically. Compared with the water
crisis scenario, the increase in environ-
mental flows under the sustainable water
scenario would be about 1,490 km?,
equivalent to 5 times the annual flow of

the Mississippi River, 20 times the annu-
al flow of the Yellow River, and 4 times
the annual flow of the Ganges River.

Implications for the
Future

Water scarcity will get
much worse if policy and
investment commitments

from national govern- IM the

ments, international don- SUstainahble
ors, and development WWater

banks weaken further. scenario,
The water crisis sce- the world
nario—predicated on the  sancumes
v\[mrszning <:jf a numbjr of less water
already evident trends—

would lead to a break- but reaps
down in domestic water greater
service for hundreds of benefits,
millions of people, adev- €Specially in
astating loss of wetlands, developing
serious reductions in countries.
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Strategies to mitigate the effects of water scarcity, such as this method to retain dew and irrigation water for a melon crop near Seville,
Spain (above, left), may offer a sustainable future. Without such strategies, drought-ravaged landscapes (right) could be more the norm.

food production, and skyrocketing food
prices that would force declining per capi-
ta food consumption in much of the world.
Failure to adopt water-saving technology
improvements and policy reforms could
make demand for nonirrigation water grow

even faster than pro-
jected, further worsen-
ing water scarcity.
Water scarcity can
lead to declining food
demand and increas-
ing food prices. As
shown in the water

Water crisis scenario, major
1 ]

» “rcity cereal crop prices

will get may be more than

much worse
if policy and

double the projections
under the business-as-

investment usual scenario, and at
commitments the same time food
from national demand may be sig-
governments, niﬁca-mly _ reduced,
international ?spemally I.Il develop-
donors, and ing c0u1‘1tne§. More-
over, price increases
development can have an even larg-
banks er impact on low-
weaken income consumers.
further. Excessive diversion
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of water flows and

overdraft of groundwater have already
caused environmental problems in many
regions around the world. The analysis
shows that the problems, from a local to
a worldwide scale, will likely be even
more serious in the future. If current
investment plans and recent trends in the
water and food sectors continue, expand-
ing the environmental uses of water
would require reducing the consumption
of irrigation water or domestic and
municipal water or both. Thus, in the
absence of policy and investment reform,
competition over water between house-
holds and industries and between farmers
and environmental uses will increase in
many parts of the world.

With water becoming increasingly
scarce, continued high flow diversions
would become self-defeating. Excess
extraction speeds the recession of ecolog-
ical systems and lowers water quality,
finally reducing the qualified water sup-
ply for human uses. This has already
occurred in the Aral Sea Basin in Central
Asia. Groundwater overdraft can likewise
lead to the loss of an important water
source for human uses, as is already hap-
pening in many regions.

However, the analysis also reveals
cause for hope. The scenarios explored

here point to three broad strategies that
can address the challenge posed by water
scarcity for food production:

* investment in infrastructure to
increase the supply of water for irriga-
tion, domestic, and industrial purposes;

« conservation of water and improve-
ments in the efficiency of water use in
existing systems, through reforms in
water management and policy, including
stronger incentives for water conserva-
tion; and

* improvements in crop productivity
per unit of water and land through inte-
grated water management and agricultur-
al research and policy efforts, including
crop breeding and water management for
rainfed agriculture.

Although the financial, environmental,
and social costs of new water supply pro-
jects are high, in some regions, especial-
ly in developing countries, it is still cru-
cial to selectively expand water supply,
storage, and withdrawal capacities. Stor-
age and water distribution systems (such
as water lift projects and canals) are par-
ticularly needed for sub-Saharan Africa,
some countries in South and Southeast
Asia (such as Bangladesh, India, and
Vietnam), and some countries in Latin
America. These countries must consider
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not only the full social, economic, and

environmental costs of development but
also the costs of failure to develop new
water sources. Projects must be designed
to account for full costs and benefits,
including not only irrigation benefits but
also health, household water use, and
catchment improvement benefits. It is
also essential to improve compensation
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programs for those who are displaced or
negatively affected by water projects.
Expanding water supplies can help
alleviate water scarcity, but the results
show that the most promising avenue is
likely to be water management reforms,
incentive policies, and investments in
infrastructure and technology to enhance
efficiency in existing uses. Feasible

improvements in the efficiency of basin-
scale irrigation water use can, on a global
scale, compensate for irrigation reduction
resulting from the phasing out of ground-
water overdraft worldwide, increased
committed environmental flows, higher
prices for agricultural water use (which
themselves encourage investments in
improved efficiency), and low irrigated
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area development. In addition, improving
irrigation water-use efficiency is an effec-
tive way to increase water productivity.

In severely water-scarce basins, how-
ever, relatively little room exists for
improving water-use efficiency, and
food production and farm incomes
could fall significantly if water for irri-
gation is transferred to other uses. In
these basins, governments will need to
seek alternative means to compensate
for the negative impact of growing
water scarcity on agriculture, such as
investing in agriculture to obtain more
rapid growth in crop yields, promoting
the diversification of farming into less
water-intensive crops, and diversifying
the economy to reduce the economic
role of agriculture over time.

Making big improvements in river-basin
efficiency in specific river basins will
require site-specific analysis and imple-
mentation. Basin efficiency depends on
improvements both in water-saving tech-
nologies and in the institutions governing
water allocation, water rights, and water
quality. Industrial water recycling, such as
recirculation of cooling water, can be a
major source of water savings in many
countries. Much potential also exists for
improving the efficiency of domestic water
use. Steps may include anything from
detecting and repairing leaks in municipal
systems to installing low-flow shower-
heads and low-water or waterless toilets.
Treated wastewater can be used for a vari-
ety of nonpotable purposes including land-
scape and recreational irrigation, mainte-
nance of urban stream flows and wetlands,
wastewater-fed aquaculture, and toilet
flushing. To encourage water-saving inno-
vation, domestic and industrial water
prices should be increased. Generalized
subsidies should be replaced with subsidies
targeted to the poor. Water providers
should charge low prices for a basic enti-
tlement of water, with increasing prices for
greater amounts of water.

Improvements in the irrigation sector
can be made at the technical, managerial,
and institutional levels. Technical improve-
ments include advanced irrigation systems,
such as drip irrigation; sprinklers; conjunc-
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tive use of surface and groundwater; and
precision agriculture, including computer
monitoring of crop water demand. Man-
agerial improvements include the adoption
of demand-based irrigation scheduling sys-
tems and improved equipment mainte-
nance. Institutional improvements involve
the establishment of effective water user
associations and water rights, the creation
of a better legal environment for water allo-
cation, and the introduction of higher water
prices. Great care must be taken in design-
ing a water pricing system for agriculture.
Direct water price increases are likely to be
punitive to farmers because water plays
such a large role in their cost of production.
Better alternatives would be pricing
schemes that pay farmers for reducing
water use, and water rights and water trad-
ing arrangements that provide farmers or
water user associations with incentives to
reduce wasteful water use.

Rainfed agriculture is a key to sustain-
able development of water and food. Rain-
fed agriculture still produces about 60 per-
cent of total cereals, and its role remains
very important in both the business-as-
usual and the sustainable water scenarios.
Improved water management and crop
productivity in rainfed areas would relieve
considerable pressure on irrigated agricul-
ture and on water resources. Exploiting
the full potential of rainfed agriculture,
however, will require investing in water-
harvesting technologies, crop breeding tar-
geted to rainfed environments, agricultural
extension services, and access to markets,
credit, and input supplies in rainfed areas.

A large part of the world is facing severe
water scarcity, but the impending water cri-
sis can be averted. The precise mix of
water policy and management reforms and
investments, and the feasible institutional
arrangements and policy instruments to be
used, must be tailored to specific countries
and basins. They will vary based on level
of development, agroclimatic conditions,
relative water scarcity, level of agricultural
intensification, and degree of competition
for water. But these solutions are not easy,
and they take time, political commitment,
and money. Fundamental reform of the
water sector must start now.
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Cline, World Water and Food to 2025: Dealing with
Scarcity (Washington, D.C.: International Food Policy
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