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“You ain’t gonna miss your 
water until your well runs dry”
Bob Marley

“The frog does not drink up 
the pond in which he lives”
Native American saying
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Human security means having protection against unpredictable events that disrupt 
lives and livelihoods. Few resources have a more critical bearing on human security 
than water. As a productive resource, water is essential in maintaining the liveli-
hoods of the world’s most vulnerable people. But water also has destructive proper-
ties, as witnessed by storms and floods. Security in access to water as a productive 
input and protection against the vulnerabilities associated with uncertainty in water 
flows is one of the keys to human development.

Perceptions of water security today are heavily 
influenced by ideas about scarcity. Shortages of 
water are widely perceived as the defining feature 
of water insecurity. Concerns that the world is 
“running out of water” are aired with growing 
frequency. But scarcity is both a distorting and 
limiting lens for viewing water insecurity. It is 
distorting because much of what passes for scar-
city is a policy-induced consequence of misman-
aging water resources. And it is limiting because 
physical availability is only one dimension of 
water insecurity. 

There is a striking similarity between percep-
tions of the world water crisis today and fears about 
an impending food crisis in an earlier era. In the 
early 19th century Thomas Malthus prophesied a 
bleak future for humanity. In his Essay on Popula-
tion he famously—and wrongly—predicted that 
population growth would outstrip productivity 
growth in agriculture, giving rise to a growing 
imbalance between mouths to feed and supply of 
food. Food shortages, so the argument ran, would 
lead to recurrent cycles of hunger. “The power of 
population is so superior to the power of the earth 
to produce subsistence for many,” concluded Mal-
thus, “that premature death must in some shape 
or another visit the human race.” 1

That apocalyptic vision resonates with 
some of the more pessimistic assessments of 

future scenarios for water availability. The 
World Commission on Water has identified 
“the gloomy arithmetic of water” as one of the 
foremost threats to humanity.2 “Water scar-
city,” writes another commentator, “will be the 
defining condition of life for many in this new 
century.”3 Images of shrinking lakes and disap-
pearing rivers reinforce the perception that the 
world is drifting into a Malthusian crisis, with 
competition for an increasingly scarce resource 
driving conflicts within countries and causing 
water wars between countries.

This chapter starts out by looking at water 
availability. Physical water scarcity, defined as in-
adequate resources to satisfy demand, is a feature 
of water security in some countries. But absolute 
scarcity is the exception, not the rule. Most coun-
tries have enough water to meet household, in-
dustrial, agricultural and environmental needs. 
The problem is management. Until fairly recently, 
water has been seen as an infinitely available re-
source to be diverted, drained or polluted in gen-
erating wealth. Scarcity is a policy-induced out-
come flowing from this deeply flawed approach, 
the predictable consequence of inexhaustible de-
mand chasing an underpriced resource. As one 
commentator wryly notes, “If someone were sell-
ing Porsches for three thousand dollars apiece, 
there would be a shortage of those too.”4

Water scarcity, risk and vulnerabilityC
H

A
P

T
E
R

4

Scarcity is a policy-induced 

outcome flowing from the 

predictable consequence 

of inexhaustible 

demand chasing an 

underpriced resource



 134 HUMAN DE VELOPMENT REPORT 2006

4

W
at

er
 s

ca
rc

it
y,

 r
is

k 
an

d 
vu

ln
er

ab
ili

ty

Beyond scarcity, water security is also about 
risk and vulnerability—themes taken up in 
the second part of this chapter. From the ear-
liest civilizations to the globalizing world of 
today, the success—or failure—of societies in 
harnessing the productive potential of water 
while limiting its destructive potential has de-
termined human progress. The predictability 
and reliability of access to water, and protec-
tion against water-related risks, are crucial to 
human well-being. As the images of suffering 
from floods in Mozambique and New Orleans 
and from droughts in northern Kenya power-
fully demonstrate, too little or too much of a 
good thing like water can be a force for destruc-
tion. Progress is shaped partly by how and where 
nature delivers water, but more decisively by the 
institutions and infrastructure through which 
people and societies secure access to predictable 
flows of water and resilience against shocks.

Some shocks are more predictable than 
others. This chapter concludes by looking at 
the implication of one impending shock that, 
managed badly, could roll back the human 

development gains built up over generations 
for a large section of humanity. Climate change 
poses a profound, and profoundly predictable, 
threat to water security for many of the world’s 
poorest countries and millions of its poorest 
households. Of course, the threat is not lim-
ited to poor countries. Rich countries will 
feel the impact of changing rainfall patterns, 
extreme weather events and rising sea levels. 
But poor countries—and poor people in those 
countries—lack the financial resources avail-
able to rich states to reduce risk on the scale 
required. International action to limit carbon 
emissions is important because it will limit the 
future damage caused by climate change. How-
ever, dangerous climate change will happen be-
cause current atmospheric concentrations bind 
us to future global warming. For millions of 
poor people across the world, who have played 
a minimal role in generating current emissions, 
the priority is to improve capacity to adapt. Un-
fortunately, strategies for adaptation are far less 
developed nationally and internationally than 
strategies for mitigation. 

Just how scarce is the world’s water? There is 
no simple answer. Water scarcity can be physi-
cal, economic or institutional, and—like water 
itself—it can fluctuate over time and space. 
Scarcity is ultimately a function of supply and 
demand. But both sides of the supply-demand 
equation are shaped by political choices and 
public policies.

Understanding scarcity

“Water, water everywhere, nor any drop to 
drink,” laments the sailor in Samuel Coleridge’s 
Rime of the Ancient Mariner. The observation 
remains a useful first approximation for under-
standing the world’s supply of fresh water. 

Earth may be the water planet, but 97% 
of its water is in oceans.5 Most of the remain-
der is locked in Antarctic icecaps or deep un-
derground, leaving less than 1% available for 
human use in easily accessible freshwater lakes 
and rivers. Unlike oil or coal, water is an infi-
nitely renewable resource. In a natural cycle 
rainwater falls from the clouds, returns to the 
salty sea through freshwater rivers, and evap-
orates back to the clouds. The cycle explains 
why we cannot run out of water, but supply 
is finite. Planet Earth’s hydrological system 
pumps and transfers about 44,000 cubic kilo-
metres of water to the land each year, equiva-
lent to 6,900 cubic metres for everyone on the 
planet. A large part of this flow is accounted for 

Rethinking scarcity in a water-stressed world
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by uncontrollable floodwaters, or water too re-
mote for effective human use. Even so, the world 
has far more water than the 1,700 cubic metres 
per person minimum threshold that hydrolo-
gists by (admittedly arbitrary) convention treat 
as the amount needed to grow food, support in-
dustries and maintain the environment.6

Unfortunately, the international average 
is a largely irrelevant number. At one level the 
world’s water is like the world’s wealth. Glob-
ally, there is more than enough to go round: the 
problem is that some countries get a lot more 
than others. Almost a quarter of the world’s sup-
ply of fresh water is in Lake Baikal in sparsely 
populated Siberia.7 Differences in availability 
across and within regions further highlight the 
distribution problem. With 31% of global fresh-
water resources, Latin America has 12 times 
more water per person than South Asia. Some 
places, such as Brazil and Canada, get far more 
water than they can use; others, such as coun-
tries in the Middle East, get much less than 
they need. Water-stressed Yemen (198 cubic 
metres per person) is not helped by Canada’s 
overabundance of fresh water (90,000 cubic 
metres per person). And water-stressed regions 
in China and India are not relieved by Iceland’s 
water availability of more than 300 times the 
1,700 cubic metre threshold. 

Within regions too there is often a large 
mismatch between water resources and popula-
tion. As a region Sub-Saharan Africa is reason-
ably well endowed with water. Factoring in dis-
tribution changes the picture. The Democratic 
Republic of Congo has more than a quarter of 
the region’s water with 20,000 cubic metres or 
more for each of its citizens, while countries like 
Kenya, Malawi and South Africa are already 
below the water-stress threshold.

Because water, unlike food or oil, is not 
readily transferable in bulk quantities, there 
is limited scope for trade to even out imbal-
ances. What matters is local availability and ac-
cess between populations through water infra-
structure. This applies within countries as well. 
Northern China, for example, has less than a 
quarter of the per capita water availability of the 
south.8 National data for Brazil put the coun-
try near the top of the world league for water 

availability. However, millions of people living 
in the huge “drought polygon”, a semi-arid area 
spanning nine states and 940,000 square kilo-
metres in the northeast, regularly experience 
chronic water shortages. Ethiopia, with several 
major lakes and rivers, abundant groundwater 
and a large volume of rainfall, almost crosses the 
water-stress threshold. Unfortunately, rainfall is 
both highly seasonal and exceptionally variable 
over time and space. Combined with a limited 
infrastructure for storage and poorly protected 
watersheds, that variability exposes millions to 
the threat of drought and floods. 

Time is another important part of the water 
availability equation. For countries that depend 
on monsoons or short rainy seasons, national 
averages provide a distorted view of real avail-
ability. Much of Asia receives almost 90% of 
its annual rainfall in less than 100 hours, gen-
erating risks of short, intensive flooding during 
some parts of the year and prolonged drought 
during the rest.9 Real availability over the 
course of a year therefore depends not only on 
rainfall, but also on capacity for storage and the 
degree to which river flows and groundwaters 
are replenished.

Increasing stress and scarcity
Hydrologists typically assess scarcity by look-
ing at the population-water equation. As noted, 
the convention is to treat 1,700 cubic metres per 
person as the national threshold for meeting 
water requirements for agriculture, industry, 
energy and the environment. Availability below 
1,000 cubic metres is held to represent a state of 
“water scarcity”—and below 500 cubic metres, 
“absolute scarcity”.10

Today, about 700 million people in 43 
countries live below the water-stress thresh-
old. With average annual availability of about 
1,200 cubic metres per person the Middle East 
is the world’s most water-stressed region; only 
Iraq, Iran, Lebanon and Turkey are above the 
threshold. Palestinians, especially in Gaza, ex-
perience some of the world’s most acute water 
scarcity—about 320 cubic metres per person. 
Sub-Saharan Africa has the largest number of 
water-stressed countries of any region. Almost 
a quarter of Sub-Saharan Africa’s population 

Globally, there is more 

than enough water  to 

go round: the problem is 

that some countries get 

a lot more than others



 136 HUMAN DE VELOPMENT REPORT 2006

4

W
at

er
 s

ca
rc

it
y,

 r
is

k 
an

d 
vu

ln
er

ab
ili

ty

lives in a water-stressed country today—and 
that share is rising. 

With many of the most water-stressed coun-
tries experiencing very high population growth 
rates, per capita availability is shrinking fast. 
With 1950 as a benchmark, the distribution 
of global population growth has dramatically 
reshaped the per capita availability of water. 
While availability stabilized in rich countries 
in the 1970s, the decline continued in devel-
oping countries, especially in arid developing 
countries (figure 4.1).

Just how rapid the decline has been becomes 
apparent when current trends are projected into 
the future. By 2025 more than 3 billion people 
could be living in water-stressed countries—and 
14 countries will slip from water stress to water 
scarcity (figures 4.2 and 4.3). Developments to 
2025 will include: 

Intensifying stress across Sub-Saharan Af-
rica, with the share of the region’s popula-
tion in water-stressed countries rising from 
just above 30% to 85% by 2025.
Deepening problems in the Middle East and 
North Africa, with average water availabil-
ity falling by more than a quarter. By 2025 
average water availability is projected to be 
just over 500 cubic metres per person, and 
more than 90% of the region’s people will 
be living in water-scarce countries by 2025. 
High-population countries such as China and 
India entering the global water-stress league.
As gloomy as this projection is, it under-

states the problem. Consider the case of India. 

The country may be heading for water stress, but 
224 million people already live in river basins 
with renewable water resources below the 1,000 
cubic metres per person water-scarcity thresh-
old. The reason: more than two-thirds of the 
country’s renewable water is in areas that serve 
a third of the population. In China national per 
capita levels are already low, about a third of the 
global average. But unequal distribution within 
the country makes the situation far more seri-
ous: 42% of China’s population—538 million 
people—in the northern region have access to 
only 14% of the country’s water. If northern 

Water availability in declineFigure 4.1
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China were a country, its water availability—
757 cubic metres a person11—would be compa-
rable to that in parts of North Africa: it is lower 
than in Morocco, for example. 

There are many problems associated with 
thresholds for water stress. As demonstrated 
above, national averages can mask real avail-
ability. Beyond questions of distribution, 
countries vary widely in the amount of water 
they need to produce a given volume of out-
put, maintain their environment and meet 
human needs. Only the rainfall that runs 
off into rivers and recharges groundwater is 
counted as renewable water in national ac-
counts. This “blue water” represents only 40% 
of total rainfall. The remainder—the “green 
water”—never reaches rivers but nourishes the 
soil, evaporates or is transpired by plants.12

This is the resource that maintains rainfed ag-
riculture, the livelihood for a large share of the 
world’s poor. However, for all of these prob-
lems and omissions national water availability 
levels do capture some important dimensions 
of availability.

Growing water demand outstrips 
population growth
In the history of water use some things change 
but others remain the same. Today, as in the 
past, humans use water mainly for irrigation. 
Some of the greatest civilizations—Egyptian, 
Mesopotamian, Indic and Chinese—were 
based on control of river water for agriculture. 
Now, as then, irrigation and agriculture remain 
the dominant users of water. However, since 
the early 20th century, water use for industry 
and municipalities has been increasing. So, too, 
has the gap between population growth and 
demand for water: as the world has become 
richer and more industrialized, each person in it 
has been using more water.13 These trends have 
lent a superficial credence to Malthusian con-
cerns over future water shortages.

Water use has been growing much faster 
than population for at least a century—and 
that trend is continuing. Over the past hun-
dred years population quadrupled, while water 
use grew by a factor of seven. As the world got 
wealthier, it also became thirstier (figure 4.4). 

Water use patterns have also changed. In 1900 
industry used an estimated 6% of the world’s 
water. It now uses four times that share. Over 
the same period municipalities’ share of water 
tripled, to 9%.14

However, while industrial and municipal 
demand for water grew spectacularly in the 
20th century, agriculture still takes the lion’s 
share. In developing countries agriculture still 
accounts for more than 80% of water consump-
tion (figures 4.5 and 4.6).

It is not difficult to see why. Sometimes 
it is assumed that water scarcity is about not 
having enough water to meet domestic needs 
or the demands of cities. While some cities 
face problems of water stress, it is agriculture 
that will face the real challenge. Basic arith-
metic explains the problem. People have a 
minimum basic water requirement of 20–50 
litres each day. Compare this with the 3,500 
litres to produce enough food for a daily mini-
mum of 3,000 calories (producing food for a 
family of four takes the amount of water in 
an Olympic-size swimming pool). In other 
words, it takes roughly 70 times more water 
to produce food than people use for domes-
tic purposes.15 Growing a single kilo of rice 
takes 2,000–5,000 litres of water.16 But some 
foods are thirstier than others. It takes eight 
times more water to grow a tonne of sugar 
than a tonne of wheat, for example. Produc-
ing a single hamburger takes about 11,000 
litres—roughly the daily amount available to 
500 people living in an urban slum without a 
household water connection. These facts help 
to explain why rising incomes and changing 
diets—as people get richer they consume more 
meat and sugar—keep the growth of water use 
above that of population.

Looking to the future, it is clear that the 
pattern of demand for water will continue to 
change. As urbanization and the growth of 
manufacturing continue to gather pace, demand 
for water from industry and municipalities will 
continue to grow (see figure 4.6).17 At the same 
time population and income growth will boost 
demand for irrigation water to meet food pro-
duction requirements. By 2025 there will be 
almost 8 billion people in the world, with the 

Our wealthier, 
thirstier world 

Figure 4.4
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developing world’s share rising from 79% to 
82%. By 2050 the world’s agricultural systems 
will have to feed another 2.4 billion people. 

Two important consequences flow from 
these broad trends. First, water withdrawals in 
developing countries will increase: projected 
withdrawals are 27% higher for developing 
countries in 2025 than in the mid-1990s. This 
is the reverse of the trend in rich countries. In 
the United States water use is lower today than 
it was three decades ago, even though popula-
tion has increased by some 40 million.18 Sec-
ond, there will be a redistribution of water from 
agriculture to industry and municipalities. Pro-
jections point to a steady decline in the share 
of irrigated agriculture in global water use, to 
about 75% of the total by 2025.19 But this global 

figure understates the scale of the adjustment. 
In some parts of South Asia the share of non-
agricultural users in water use will rise from 
less than 5% today to more than 25% by 2050 
(table 4.1).

Behind these statistics are some questions 
with profound implications for human develop-
ment. Most obviously, how will the world feed 
another 2.4 billion people by 2050 from a water 
resource base that is already under acute stress? 
In a world with about 800 million malnour-
ished people, that question merits serious con-
sideration. So, too, does a less prominent con-
cern in international debate. As the distribution 
of water between sectors changes, there will be 
important implications for the distribution of 
water among people. An obvious danger is that 
people whose livelihoods depend on agricul-
ture but who lack established rights, economic 
power and a political voice will lose out—an 
issue to which we return in chapter 5.

Breaching the limits of 
sustainable use—problems, 
policies and responses

Throughout history human societies have been 
largely river based. Historically, people had to 
locate near water supplies that could provide 
drinking water, carry off waste, supply irriga-
tion and power industries. Over the past hun-
dred years, industrial development came with an 
increased capacity to move and control water—
along with a parallel increase in capacity to use 
more, waste more and pollute more. In many 
parts of the world humanity has been operating 
beyond the borders of ecological sustainability, 
creating threats to human development today 
and costs for generations tomorrow.

Beyond the limits of sustainability
What happens when the limits to the sustain-
able use of water are breached? Hydrologists 
address that question by reference to complex 
models designed to capture the functioning of 
river basin ecosystems. The simplified answer 
is that the integrity of the ecosystems that sus-
tain flows of water—and ultimately human 
life—are ruptured. 

Source: FAO 2006.
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Perceptions about water have changed 
slowly over time. In 1908 Winston Churchill 
stood near the northern shores of Lake Vic-
toria watching the world’s second largest lake 
flow over Owen Falls into the Nile. He later 
recorded his thoughts: “So much power run-
ning to waste… such a lever to control the natu-
ral forces of Africa ungripped.”20 Two decades 
later, Joseph Stalin famously lamented the water 
going to waste through the Volga, the Don and 
other rivers, ushering in an era of huge irrigation 
schemes and giant dams that shrank the Cas-
pian Sea. By the mid-1970s the Soviet Union 
used eight times as much water as in 1913, most 
of it for irrigation.

What Churchill and Stalin had in com-
mon, along with most other political lead-
ers in the first nine decades of the 20th cen-
tury, was the idea that water was there to be 
exploited without reference to environmental 
sustainability. That approach has thrown deep 
roots in water governance models. For much 
of recent history policy-makers have focussed 
their attention on three great users of water: 
industry, agriculture and households. Lack-
ing a vocal political constituency, the fourth 
great user, the environment, has been ignored. 
Today, we are learning the hard way that the 
water resources developed for agriculture and 
industry through infrastructure investments 
had not previously been “wasted”. Inland water 
systems such as wetlands, lakes and floodplains 
all provide vital ecological services that depend 
on water.

Natural flows of water provided through 
rivers, or stored in lakes and aquifers, define the 
parameters of water availability. When those 
parameters are broken, water assets are depleted. 
An analogy with finance explains what this 
means. People and countries can increase con-
sumption beyond their current income flows by 
borrowing and running up debt against future 
earnings. If incomes rise enough over time to 
cover repayments, the debt will remain sustain-
able. But water is not like income in one crucial 
respect. Because future flows of water (unlike 
income) are more or less fixed, overconsumption 
leads to asset depletion and an unsustainable hy-
drological debt.21 In effect, we are dealing today 
with a hydrological debt crisis built up over sev-
eral decades. That crisis is growing in scale and 
severity.

Hydrological debt, by its nature, is diffi-
cult to measure, but it has highly visible con-
sequences in many regions. The International 
Water Management Institute uses a four-part 
scale to classify countries on the sustainability 
of water use, taking into account the water re-
quirements of ecosystems. These requirements 
are not a matter of theoretical environmental 
accounting. If ecological requirements are not 
respected, the environment that sustains live-
lihoods is eroded, to the long-term detriment 
of human development. Ecological stress shows 
up where human water use exceeds the level re-
quired to maintain the ecological integrity of 
river basins (map 4.1). These are the flashpoints 
for the hydrological debt crisis.

2000 2050

Region

Volume
(cubic

kilometres)

Share of
total
(%)

Volume
(cubic

kilometres)

Share of
total
(%)

Sub-Saharan Africa 10 6 60 38

East Asia 101 6 511 35

South Asia 34 3 207 25

Central Asia and Eastern Europe 156 29 301 49

Latin America 53 15 270 53

Middle East and North Africa 24 6 93 28

OECD 518 93 774 72

World 897 18 2,216 41

Source: IWMI forthcoming.

Table 4.1 Projected water use and diversions to nonagricultural 
sectors by region, 2000 and 2050
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High overuse tends to occur in regions 
heavily dependent on irrigated agriculture—
such as the Indo-Gangetic Plain in South Asia, 
the North China Plain and the High Plains in 
North America—and in areas undergoing rapid 
urbanization and industrial development. An 
estimated 1.4 billion people now live in river 
basin areas that are “closed”, in that water use 
exceeds minimum recharge levels, or near clo-
sure.22 Such basins cover more than 15% of the 
world’s land surface. Among the more promi-
nent examples:

In northern China an estimated quarter of 
the flow of the Yellow River is needed to 
maintain the environment. Human with-
drawal currently leaves less than 10%. Dur-
ing the 1990s the river ran dry at its lower 
reaches every year and for a record 226 days 
in 1997, when it was dry for 600 kilometres 
inland.23 The drying up of the river caused 
a drop in agricultural production averaging 
2.7–8.5 million tonnes a year, with losses es-
timated at $1.7 billion for 1997.
In Australia’s Murray-Darling Basin ir-
rigated agriculture uses almost 80% of 

available water flows. With estimated en-
vironmental requirements of about 30%, 
the result is extensive environmental de-
struction, including salinity, nutrient pol-
lution and the loss of floodplains and wet-
lands. The basin contains two-thirds of the 
country’s irrigated lands. Its production of 
rice, cotton, wheat and cattle accounts for 
about 40% of the country’s agricultural 
output—but at a high and unsustainable 
environmental price. In recent years virtu-
ally no Murray River water has made it to 
the sea.24

The Orange River in southern Africa is the 
site of growing environmental stress. The 
upstream reaches of the basin have been so 
modified and regulated that the combined 
reservoir storage in the basin exceeds annual 
flows.25

As millions of people in water-stressed areas 
are discovering, the environment is foreclosing 
on unsustainable water debts on an extensive 
scale. For example, farmers near Sana’a in Yemen 
have deepened their wells by 50 metres over the 
past 12 years, while the amount of water they 

Water overuse is damaging the environment in many major basins

Source: Smakhtin, Revenga and Döll 2004.
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can extract has dropped by two-thirds.26 Some 
people in water-stressed areas have the economic 
resources, skills and opportunities to leave their 
water problem behind. Many millions—small 
farmers, agricultural labourers and pastoralists 
in poor countries—do not. 

Does a high level of ecological stress in water 
systems support the Malthusian thesis that the 
world is running out of water? Only on the 
most superficial reading. Take the case of the 
Murray-Darling Basin. Evidence of water stress 
is unequivocal. That stress is the product of past 
public policies that have decided it is worth sac-
rificing an entire ecosystem to grow rice, cotton 
and sugar—three of the thirstiest agricultural 
products—for export. Within the basin the 
country’s largest reservoir—Cubbie Station—
holds more water than Sydney Harbour, and 
loses 40% of it to evaporation.27 Until recently, 
water users have been paying negligible fees for 
using and wasting a precious asset—and Aus-
tralian taxpayers have been footing the bill for 
multimillion dollar engineering programmes 
to intercept salty drainage water. The problem 
in the Murray-Darling Basin is not that there is 
too little water. It is that there is too much cot-
ton and rice and too many cattle.

Governments in water-stressed regions have 
started to acknowledge the need to tackle un-
sustained hydrological debt. In China demand 
management plays a growing role in water gov-
ernance. Since 2000 the Yellow River Commis-
sion has imposed restrictions on water with-
drawals by upstream provinces, increasing flows 
in the lower reaches of the river. Provisions have 
also been made along the Hei River Basin for 
the environment as a water user, though more 
stringent action will be needed in the future. 
The Murray-Darling Commission in Australia 
provides a far reaching institutional framework 
for rebalancing the needs of human users and 
the environment. That framework sets annual 
extraction rates at a ratio determined by the 
pattern of water use in 1993, even though some 
commentators argue that this still exceeds eco-
logical limits. Governments in South Africa and 
elsewhere have enacted legislation that requires 
taking into account environmental needs before 
issuing permits for human uses (see box 4.7 later 

in the chapter). Each of these examples demon-
strate how governments are now being forced to 
respond to the consequences of past public pol-
icy mistakes. But far more radical approaches 
will be needed in the future.

Wider symptoms of stress
The physical symptoms of water overuse vary. 
Among the least visible but most pervasive 
problems are declining water tables, the result of 
using groundwater faster than the hydrological 
cycle replenishes it.28 In Yemen, parts of India 
and northern China water tables are falling at 
more than 1 metre a year. In Mexico extraction 
rates in about a quarter of the country’s 459 
aquifers exceed long-term recharge by more 
than 20%, with most of the overdraft building 
up in arid parts of the country.29

River desiccation is another symptom of 
water stress. According to the UN Millennium 
Ecological Assessment, water-based ecosystems 
are now the world’s most degraded natural re-
source—an outcome that can be traced to the 
breaching of ecological boundaries.30 In China 
the Yangtze and Yellow Rivers are dry in their 
lower reaches for much of the year. The list of 
river systems registering major overabstrac-
tion and reduced flows includes the Colo-
rado, the Ganges, the Jordan, the Nile and the 
Tigris-Euphrates. 

Lakes and inland water provide another 
indicator for asset depletion. In 1960 the Aral 
Sea was the size of Belgium, sustaining a vibrant 
local economy. Today, it is a virtually lifeless 
hypersaline lake a quarter of its previous size. 
The reason: an earlier era of Soviet state plan-
ners determined that the great rivers of Central 
Asia—the Syr Darya and the Amu Darya—
should be put to the service of creating a vast 
irrigated cotton belt. This cavalier approach 
to water management sealed the fate of an en-
tire ecological system, with devastating conse-
quences for human well-being (see chapter 6). 
Overexploitation has contributed to the shrink-
ing of many of Africa’s greatest lakes, including 
Lakes Chad, Nakivale and Nakaru. Lake Chad 
has shrunk to 10% of its former volume, partly 
as a result of climate change and partly because 
of overextraction.

Among the least visible but 

most pervasive problems are 

declining water tables, the 

result of using groundwater 

faster than the hydrological 

cycle replenishes it
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Since 1979 China has been the 

world’s fastest growing econ-

omy. Poverty has fallen sharply, 

albeit with rising inequality, and 

education and health have im-

proved at an impressive rate. 

But rapid growth has strained 

China’s water resources. Eco-

nomic success has been main-

tained partly through a mounting 

ecological overdraft, with north-

ern China now facing a mounting 

crisis in water management.

Northern China is at the epi-

centre of that crisis. The Huai, 

Hai and Huang (Yellow) River 

Basins (3-H river basins) sup-

ply just under half the country’s 

population, 40% of agricultural 

land, a large share of major grain 

production and a third of GDP. 

About half the country’s rural 

poor live in the basin area. Yet 

the area accounts for less than 

8% of national water resources. 

Thus each basin falls below 500 

cubic metres of water per cap-

ita, making them areas of acute 

scarcity.

Rapid growth has increased 

demand for water. Since 1980 

annual withdrawal rates in the 

3-H basins have increased by 

42 billion cubic metres, the total 

average run-off in the Hai River. 

There has also been a shift in de-

mand, with agriculture losing out 

to industry and municipal users 

(figure 1). The share of industry 

in water use has doubled since 

1980 to 21%, and the urban 

share has tripled. 

Current projections indi-

cate that demand will rise a fur-

ther 20% by 2030. The resulting 

pressure threatens to exacerbate serious quality-related stress:

• Surface water pollution. More than 80% of the Hai and Huai 

basins are highly polluted. Agriculture and rural industry ac-

count for about half the pollution. High-growth industries 

such as textiles, chemicals and pharmaceuticals account for 

a quarter, and untreated human sewage the remainder. Ac-

cording to the State Environment Protection Administration, 

more than 70% of the water in the 3-H system is too polluted 

for human use.

• Reduced run-off. Flows to the ocean from the 3-H rivers have 

fallen by 60% since 1956–79. Water use across the three river 

systems now exceeds sustainability levels by very large mar-

gins. One assessment of scarcity suggests that withdrawals of 

more than 20% of available flow represent a threat to sustain-

able use, with 40% withdrawals an indicator for extreme stress 

(figure 2). In the 3-H system withdrawals range from more than 

50% for the Huang (Yellow) River, to 65% for the Huai River and 

more than 90% for Hai-Luan River Basin. This is well beyond 

the bounds of sustainability. The transformation that has taken 

place over the past few decades is captured by the flow of the 

Huang River, once referred to as China’s sorrow because high 

waters caused so much flooding. Today, the lower streams of 

the river have been reduced to a trickle that barely reaches 

the sea. Low-flow periods increased from 40 days in the early 

1990s to more than 200 at the end of the decade.

• Groundwater mining. Water inputs for agriculture have been 

sustained by tapping groundwater, but aquifers are being 

depleted faster than they are being replenished. In the Hai 

basin sustainable groundwater supply is about 17.3 billion 

cubic metres a year, while withdrawals exceed 26 billion 

cubic metres. Water tables today are 50–90 metres lower 

than they were four decades ago, contributing to saline intru-

sion and ground subsidence of several metres in cities such 

as Beijing, Shanghai and Tianjin—and increasing the cost of 

pumping water.

These are classic symptoms of water stress. To them can be 

added the growing strains on water in cities across the north. The 

problems of Beijing are well known, but there are seven other cities 

in the northern region with populations over 2 million—and all of 

them face water shortages.

Is this a water shortage crisis? In one sense, not entirely. Cur-

rent stress levels reflect past incentives for unsustainable water 

use patterns. Until fairly recently, water was not priced. One result 

has been the absence of incentives to conserve water. Low-value 

water-intensive cereals have dominated agricultural production. In 

industry Chinese companies use 4–10 times more water than their 

counterparts in industrial countries, partly reflecting technology 

but also pointing to the weakness of price incentives for reducing 

water use. 

China has responded to the water crisis with supply- and 

demand-side policies. On the supply side is the South-North water 

transfer to divert more than 40 billion cubic metres of water—more 

than the total flow of the Colorado River—to industrial and urban re-

gions in the Hai basin, a distance of more than 1,000 kilometres. 

On the demand side the focus is on realigning water use with 

ecological capacity. Since 2000 the Yellow River Conservation 

Commission has been authorized to make transfers to environ-

mental systems—a move prompted by recurrent droughts. Effi-

ciency measures have been introduced to increase the productivity 

Box 4.1 China—managing a water crisis in a high growth economy

Agriculture is losing
out to other users

Source: Cai 2006.
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Water quantity is not the only benchmark 
indicator for scarcity. Quality also has a bearing 
on the volume available for use—and in many 
of the most stressed water basins quality has 
been compromised by pollution. All of India’s 
14 major river systems are badly polluted. In 
Delhi, to take one example, 200 million litres 
of raw sewage and 20 million litres of waste are 
dumped into the Yamuna River every day. In 
Malaysia and Thailand water pollution is so se-
vere that rivers often contain 30–100 times the 
pathogen load permitted by health standards. 
The Tiete River flowing through São Paulo, 
Brazil, is chronically polluted with untreated 
effluent and high concentrations of lead, cad-
mium and other heavy metals.31 Why does all 
this matter for scarcity? Because water pollu-
tion adversely affects the environment, threat-
ens public health and reduces the flow of water 
available for human use.

The physical symptoms of stress and the 
competition between users do not operate in 
isolation. Northern China demonstrates starkly 
how different forms of stress can create a vi-
cious cycle—the lethal interaction of dwindling 
river flows, falling water tables, rising demands 
from urban and industrial users and increasing 

pollution has generated a major water crisis.32

That crisis not only threatens to undermine 
future economic growth. It also poses a major 
threat to food security, poverty reduction and 
future ecological sustainability. Reversing that 
cycle is now a central concern of policy-makers 
in China (box 4.1).

Sinking aquifers—who pays the price?
Intensive development and the unsustainable 
depletion of water resources create winners and 
losers. The environment is a loser every time—
while the balance sheet between human users 
is mixed. In some cases short-term increases in 
income are being generated in ways that com-
promise long-term livelihoods. Elsewhere, the 
depletion of water resources is generating profit 
for some while exacerbating poverty and mar-
ginalization for others. The deepening problem 
in groundwater highlights the difficulties.

Groundwater exploitation has done much 
for human development. It has given small-
holder farmers—16 million of them in India 
alone—access to a reliable flow of water for 
production. In the words of one commentator 
groundwater has been “a great democratising 
force” in agricultural production.33 One study 

of water in agriculture, including advanced irrigation technologies 

and incentives for producing higher value crops. In industry water 

prices are rising, and new regulatory measures are in place.

Efforts to realign supply and demand through administrative 

reallocation under conditions of water stress present major gover-

nance challenges:

Social equity. Government support for expansion of advanced 

irrigation systems means higher costs for water. Poor farm-

ers may be unable to afford access because of low income 

and the high costs of inputs. This could force them to use less 

water, give up higher value crops or leave agriculture. Working 

through water user associations to provide support and protect 

vulnerable groups could address this.

Fragmentation and power politics. Current water transfer poli-

cies follow the priorities of local governments, often driven 

by short-sighted economic concerns in order to meet na-

tional objectives. Pollution monitoring and enforcement pro-

grammes are applied selectively. To keep industries profit-

able, local officials often sidestep legislation and regulations 

to curb pollution.

Weak rights and entitlements. Farmers are losing their entitle-

ments to water, often without compensation. Water user asso-

ciations, commonly supported by local government, mark an 

attempt to establish water rights and claims linked to transfers. 

But reallocation patterns reflect decisions by often fragmented 

water bureaucracies that come under pressure from powerful 

groups in industry and municipalities. An additional problem is 

that existing river basin commissions operate under the Minis-

try of Water Resources and lack authority to impose on other 

ministries and provinces. 

Managing ecological claims. For local governments the im-

peratives of economic growth continue to take priority over 

ecological considerations, perpetuating serious environmental 

stress.

Several provinces and municipalities are promoting reforms to 

merge the functions of different water management units into a 

single Water Affairs Bureau. These bodies could delineate secure 

and consistent water rights by working through water user associa-

tions to create a transfer system consistent with a commitment to 

social equity and ecological sustainability.

Box 4.1 China—managing a water crisis in a high growth economy (continued)

Source: World Bank 2001; Shen and Liang 2003; CAS 2005; Cai 2006; Shalizi 2006.



 144 HUMAN DE VELOPMENT REPORT 2006

4

W
at

er
 s

ca
rc

it
y,

 r
is

k 
an

d 
vu

ln
er

ab
ili

ty

suggests that it contributes $25–$30 billion 
a year to Asian agricultural economies.34 But 
what happens when groundwater exploita-
tion goes too far? Water tables sink, the costs 
of pumping rise and environmental problems 
such as soil salinization become widespread. In 
Pakistan groundwater depletion has gone hand 
in hand with soil salinity, compromising rural 
livelihoods by reducing productivity.35

The costs and benefits of unsustainable 
groundwater mining are not distributed equally. 
In some countries the depletion of groundwater 
is associated with processes that are marginal-
izing agriculture (box 4.2). Within the agricul-
tural sector the overexploitation of groundwater 
can reinforce wider inequalities. As water tables 
fall the energy costs of pumping water rise, along 
with the costs of digging wells. Because wealth-
ier farmers can dig deeper and pump more, they 
have developed monopolies in water markets in 
some areas. 

The Indian state of Gujarat demonstrates the 
problem. In the north of the state falling water 
tables pose a direct threat to the smallholder 
dairy industry, compromising the livelihoods 
of hundreds of thousands of vulnerable people. 
In some areas large landowners with access to 
capital markets have financed the construction 

of deep wells, depriving neighbouring villages 
of water. “Waterlords” now dominate an ex-
tensive market for both irrigation and drink-
ing water—often selling water back to the same 
villages and neighbours whose wells they have 
effectively emptied. Thousands of villages have 
become waterless, left dependent on deliveries 
by water tankers.36

Groundwater mining highlights how the 
practices of private users can generate wider 
public costs. Water provides a vehicle for trans-
ferring environmental costs, or “externalities”, 
distorting market signals. Individuals might 
be less likely to overuse or pollute water if they 
bore the full costs of the consequences. In Java, 
Indonesia, textile factories have polluted water 
supplies to the point where rice yields have 
fallen and the availability of fish in downstream 
ponds has been compromised.37 The farmers, 
not the factories, bear the costs. Similarly, in 
India the Bhavani and Noyyal Rivers in Tamil 
Nadu are virtually unusable to downstream 
users in agriculture because of labour-intensive 
dyeing and bleaching industries in upstream 
Tiruppur.38

Policy-induced scarcity 
Symptoms of scarcity appear to confirm some 
of the worst Malthusian fears about the inter-
action between people and water. The com-
bined effects of rising population growth and 
increasing demand on a fixed water resource 
base produce water stress on an unprecedented 
scale. Often overlooked is the role of policy in 
inducing stress, through acts of commission and 
omission.

Acts of commission take many forms. 
Perverse incentives for overuse are among the 
most damaging. Once again, groundwater pro-
vides a good example. Groundwater extraction 
costs depend on the capital cost of pumps and 
the recurrent cost of electricity. Once a pump 
is installed, the only constraint on pumping is 
the price of electricity. In many cases electric-
ity for agricultural users has been free or sub-
sidized, removing incentives to conserve water. 
In India agriculture accounts for about a third 
of the sales of electricity boards but only 3% 
of revenue. According to the World Bank the 

Water and poverty are closely linked in Yemen, which has one of the world’s low-

est freshwater availability levels—198 cubic metres a person—and one of the 

highest rates of water use for agriculture. Worsening the scarcity are spatial and 

temporal variations. And with a population projected to double by 2025, water 

availability per capita will fall by one-third.

The physical and social symptoms of acute water stress are already appar-

ent. Groundwater extraction started to exceed recharge 20 years ago. Around the 

city of Sana’a aquifer extraction rates are 2.5 times the recharge rates. Growing 

urban demand is coming up against the barrier of agricultural use. Unregulated 

extraction in rural areas (of the 13,000 wells in operation, only 70 are state-owned) 

and the development of private markets for transferring water to urban users now 

pose acute threats to smallholder agriculture—heightened by uncertain custom-

ary water rights. In other cities such as Ta’iz urban tensions over water use and 

groundwater exploitation have led to violent confrontation.

Efforts to recharge the aquifers are being undermined by uncontrolled extrac-

tion, notably by private tanker companies delivering water to the city. About two-

thirds of water in the city comes from private sources. At the current rate of deple-

tion water stress will reduce the viability of rural livelihoods on a large scale.

Box 4.2 Yemen under stress

Source: Molle and Berkoff 2006; Grey and Sadoff 2006; SIWI, Tropp and Jägerskog 2006.
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electricity subsidies accounted for about a third 
of India’s fiscal deficit in 2001.39 These subsidies 
have created disincentives for water conserva-
tion and incentives for inappropriate cropping 
patterns. For instance, it is unlikely that a water-
intensive crop like sugarcane would be grown on 
its current scale across much of Gujarat if water 
were sensibly priced and regulated.40 Because 
electricity subsidies tend to rise with the size of 
holding and depth of wells, they are highly re-
gressive: the wealthier the producer, the bigger 
the support (box 4.3).

Perverse subsidies are visible in many 
water-stressed environments. An extreme ex-
ample is the past practice in Saudi Arabia of 
using oil revenues to pump irrigation water 
from a nonrenewable fossil aquifer to grow 
water-intensive wheat and alfalfa in the des-
ert. In the 1980s the country embarked on a 
program of rapid irrigation development using 
a fossil aquifer. With price supports, input sub-
sidies and state underwriting of investments 
in infrastructure, Saudi Arabia first attained 
self-sufficiency in wheat and then became an 
important exporter. Almost a third of arable 
land is still devoted to irrigated wheat produc-
tion. Production costs are estimated at four to 
six times the world price, discounting the costs 
of subsidies and groundwater depletion. Every 
tonne of wheat is produced with about 3,000 
cubic metres of water—three times the global 
norm. In 2004 a new water conservation strat-
egy was launched to reduce water use and con-
serve the aquifer.41

Pricing policies often underpin perverse 
subsidy systems. Producer subsidies for water-
intensive produce such as oilseeds, sugar, wheat 
and beef create incentives for investment, pat-
terns that lead to overexploitation. Meanwhile, 
the underpricing of irrigation water creates dis-
incentives for conservation. Even in the Middle 
East and North Africa, where the scarcity value 
of water is much in evidence, the cost of water 
is set well below cost-recovery levels. In Alge-
ria current tariffs are estimated at only 1%–7% 
of the marginal cost of providing water.42 Such 
pricing policies discourage efficient use and 
threaten sustainability. For the Middle East 
and North Africa as a region, it is estimated that 

only 30% of the flood water used in irrigation 
ever reaches the crop.43

Would the use of pricing policies to promote 
efficiency and environmental sustainability 
damage equity by excluding poor farmers from 
water markets? The answer depends on the wider 
policy environment and a range of distributional 
factors. Research in Egypt suggests that a fee cov-
ering operations and maintenance costs would 
be equivalent to 3% of average farm revenues 
(double if capital costs are included). While not 
an insignificant amount, it is also one that com-
mercial farms could afford. By linking charges 
to farm size, location and revenue, it would be 
possible to limit the impact on poor rural house-
holds. Governments often justify current subsi-
dies for water on equity grounds. However, the 
skewed distribution of land in some countries 
calls that justification into question because 
water use rises with landholding size. In Tunisia, 
for example, 53% of landowners occupy only 9% 
of the land, suggesting that most water subsidies 
are captured by large producers.

Perverse subsidies are not restricted to 
developing countries. The United States and 
Europe provide generous subsidies for water 
mining. Farmers in the Central Valley Proj-
ect in California—a centre for the production 
of major water-intensive export crops such as 
rice and wheat—use about a fifth of the state’s 
water. They pay prices estimated at less than 
half the cost of water, with a total subsidy of 
$416 million a year. Here, too, transfers are 
highly regressive: the largest 10% of farms re-
ceive two-thirds of total subsidies.44 In south-
ern European countries such as Spain the pro-
duction of water-intensive crops is a source of 
water stress. That production is made possible 
in part by subsidies under the Common Agri-
cultural Policy. 

Rich country water subsidies have impli-
cations beyond the border, especially in crops 
for which the European Union and the United 
States are major exporters. When the United 
States exports water-intensive crops such as 
rice—it is the world’s third largest exporter—it 
is also exporting very large virtual water sub-
sidies. Producers in other exporting countries 
(such as Thailand and Viet Nam) and importing 

Producer subsidies for 

water-intensive produce such 

as oilseeds, sugar, wheat 

and beef create incentives 

for investment, patterns that 

lead to overexploitation
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countries (such as Ghana and Honduras) have 
to compete in markets distorted by these 
subsidies.

Damaging as the acts of commission of 
perverse subsidies can be, acts of omission are 
perhaps more serious. Water may be available 
in finite quantities—but it has been treated as 

an environmental resource with no scarcity 
value. Water-based ecosystems create the con-
ditions and maintain the processes that sustain 
human life, including the provision of water 
for production. Yet these services are seldom 
traded in markets, have no price and thus are 
not properly valued—despite the very real 

Aquifers store water beneath the earth’s sur-

face. This groundwater maintains wetlands 

and provides water for drinking and irrigation. 

But in many countries the rate of use far ex-

ceeds the rate of renewal, with implications for 

human development prospects. That overuse 

has been systematically encouraged by per-

verse incentives.

Mexico has a good history of water man-

agement in many areas. But in the northern and 

central parts of the country demand for water 

for irrigation and industry is outstripping sup-

ply (see map). Groundwater mining has cov-

ered the gap. 

Agriculture accounts for 80% of water use 

in Mexico. Irrigated production accounts for 

more than half of total agriculture production 

and about three-quarters of exports, dominated 

by such water-intensive products as fruit, veg-

etables and livestock. Groundwater now rep-

resents an estimated 40% of total water use in 

agriculture, but more than 100 of the country’s 

653 aquifers are overexploited, causing exten-

sive environmental damage and undermining 

smallholder agriculture.

Overextraction, encouraged by electricity 

subsidies, threatens long-run agricultural productivity. In the state of Sonora the coastal aquifer of 

Hermosillo provided water at a depth of about 11 metres in the 1960s. Today, pumps extract water 

from a depth of 135 metres—uneconomical without electricity subsidies. Overpumping has led to 

saline intrusion and losses of agricultural land. Agribusiness export firms are moving inland from the 

worst affected coastal areas, tapping new sources. 

The annual cost of electricity subsidies is $700 million a year. Because electricity use is linked to 

farm size, the transfers are highly regressive (see figure). What this means is that many of the largest 

users receive an average of $1,800 a year, while the smallest receive $94 on average. The Gini coef-

ficient, a measure of inequality, is 0.91 (1 is perfect inequality) for subsidy distribution compared with 

a national Gini coefficient of 0.54.

By subsidizing consumption, electricity subsidies maintain artificially high demand for water. 

Econometric analysis suggests that withdrawing the subsidy would result in three-quarters of irriga-

tors adopting more efficient practices, such as sprinkler systems. It would also give an incentive for 

farmers to produce crops less intensive in water use. The overall water savings would represent about 

one-fifth of current use—a volume equal to total urban consumption.

Box 4.3 Groundwater mining subsidies in Mexico

Source: CNA 2004; Ezcurra 1998; Guevara-Sanginés 2006; Ponce 2005; Texas Center for Policy Studies 2002; 
Tuinhof and Heederik 2002.
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contribution to wealth of water-based ecosys-
tems (box 4.4). 

National accounting conventions rein-
force the market blind spot for water. There 
is obvious asymmetry in the way that govern-
ments measure, and therefore think about, 
the value of financial capital and natural re-
source capital, such as water. The deteriora-
tion or depletion of water does not show up 
in the accounts as a loss, or depreciation, in 
natural resource assets. Perversely, in fact, the 
mining of groundwater, the draining of lakes 
and the polluting of rivers can show up in na-
tional accounts as income growth. Adjusting 
GDP accounts for losses of water capital would 
markedly change economic performance indi-
cators for a large number of countries, while 
at the same time signalling a threat to future 
generations.45

At the core of the idea of sustainability in 
resource use is the proposition that produc-
tion systems should be managed so that we 
live off our resources today, without eroding 
the asset base to be inherited by future gen-
erations. This is vital for human development. 
Implicit in this idea is the principle of cross-
generation distributional equity—the belief 
that we have an obligation to future genera-
tions.46 Governments today are widely violat-
ing that principle by running down national 
water assets. 

The core challenge in water governance is 
to realign water use with demand at levels that 
maintain the integrity of the environment. 
While policies will vary across countries, five 
broad elements are needed:
• Developing a national strategy. A core aim 

of integrated water resources management 
is to adjust water use patterns to water avail-
ability, taking into account the needs of the 
environment. Achieving this goal requires 
a high level of information about water re-
sources. It also requires a capacity on the 
part of national and local governments to 
implement pricing and allocation policies 
that constrain demand within the bounds 
of sustainability. Effective national plan-
ning has to make provisions for the environ-
ment as a water user.

• Cutting perverse subsidies and rethinking 
water pricing. Eliminating state-sponsored 
water mining by reducing or removing elec-
tricity subsidies for irrigation would relieve 
some pressure on water resources. More 
broadly, governments can no longer treat 
water as a free good. Raising prices while 
implementing policies to protect the in-
terests of poor farmers has the potential to 
advance both efficiency and environmental 
sustainability goals.

• Make polluters pay. Ensuring that indus-
tries pay for cleaning up the pollution that 
they cause would reduce pressure on water 
resources. This is partly about government 
regulation. By enshrining the polluter pays 
principle in tax provisions and enforcing 
strong environmental laws, government 
policies can enhance the water resource 
base. Effective regulation can also create 
incentives for new technologies and pat-
terns of intervention. In India, for exam-
ple, private companies have introduced 

What is water worth? Markets provide only a very limited answer because ecosys-

tem services are not widely traded—and because they provide public goods that 

are hard to price.

Ecosystems are a source of great wealth. They provide ecological services—

such as water filtration—and sustain environments vital to the production of food 

and other products. One estimate of the economic value of wetlands in the Zam-

bezi Basin by the World Conservation Union values their ecological services at 

$63 million, more than half of it in water purification and treatment services. In the 

Hadejia Nguru wetlands of Nigeria the traditional use of floodplains yields $12 per 

cubic metre of water in rice production, compared with $0.04 per cubic metre on 

irrigated schemes. 

Wetlands are also crucial in the livelihoods of the poor. In Mali wetland areas in 

the Niger Delta support 550,000 people, including fisher folk, pastoralists and the 

producers who grow half of Mali’s rice. 

New York City provides one of the clearest examples of an ecoservice in op-

eration. It derives most of its water from reservoirs in the Catskill Mountains. As 

this region developed, pollution threatened the city’s drinking water. Faced with a 

choice between a $6–$8 billion filtration plant or $1.5 billion in environmental res-

toration, city authorities chose restoration. Using proceeds from an environmental 

bond issue, the city bought up land in and around the watershed and provided 

incentives for sustainable resource management. 

As the city’s environmental commissioner remarked: “All filtration does is solve 

a problem. Preventing the problem, through the watershed protection, is faster, 

cheaper and has lots of other benefits.”

Box 4.4 The real value of water-based ecosystems

Source: Bos and Bergkamp 2001; Postel and Richter 2003; WRI 2005.



 148 HUMAN DE VELOPMENT REPORT 2006

4

W
at

er
 s

ca
rc

it
y,

 r
is

k 
an

d 
vu

ln
er

ab
ili

ty

technologies that reduce water pollution 
and increase availability to downstream 
users (box 4.5). 

• Valuing ecological services. Going beyond 
the polluter pays to the pollution preven-
tion pays principle offers further benefits. 
As the value of water as a productive re-
source has increased, awareness of eco-
nomic benefits linked to ecosystem trading 
has developed through payments for water-
shed services. In Costa Rica the town of 
Heredia uses an environmentally adjusted 
water tariff to finance watershed conserva-
tion upstream, paying farmers $30–$50 
per hectare for good land management.47

This is an approach that could be more 
widely applied.

• Regulating groundwater extraction.
Groundwater is a strategic ecological re-
source. Managing that resource to meet 
human and environmental needs is one 
of the great water security challenges of 
the early 21st century. Countries like Jor-
dan have embarked on a regulatory offen-
sive in groundwater. It carried out detailed 

groundwater basin studies as a precursor to 
a range of supply-side (regulation through 
the use of permits) and demand-side (in-
stallation of meters and increased prices) 
measures. These themes could be more 
widely followed, combining strategies that 
monitor local groundwater levels and set 
flexible extraction limits accordingly.

Augmenting supply—
options and constraints

From time immemorial governments have 
responded to tensions between supply and 
human demand for water as a productive 
resource by changing the supply side of the 
equation. The large engineering works of the 
20th century bear testimony to that approach. 
So does supply augmentation offer a way out of 
21st century water constraints?

Diverting rivers
Some governments still see the diversion of riv-
ers, one of the great hydrological interventions 
of the 20th century, as a partial solution to 

Pricing water at levels that bear no relation to scarcity, or to ecological 

protection, can create a hidden incentive for wasteful use and pollution. 

Creating the right incentives can dramatically increase water availabil-

ity. India demonstrates both the problem and potential solutions. 

Legislation in 2003 introducing charges to control pollution has 

been ineffective. The charges represent only a tiny fraction of costs 

for the most polluting industries. For thermal power, paper, and iron 

and steel the range is 0.1%–0.5% of operating costs. Tariffs have 

been similarly ineffective. Many industries self-provide through 

groundwater pumping. Even where tariffs are applied, they are usu-

ally based on average rather than marginal-cost pricing. And they 

ignore environmental externalities.

Water scarcity has started to generate innovative technological 

solutions. The operating costs of such technology have become 

more competitive with the higher cost of buying water in water-

scarce areas. For example, the cost of treating municipal sewage 

water by reverse osmosis in Chennai is 25–50 rupees per cubic 

metre, similar to charges by the Madras Water Supply and Sewer-

age Board for fresh water. 

Some of the best water use practices in India have emerged in 

water-scarce regions, exemplified by Chennai, one of the country’s 

most water-stressed cities. Several industries there have invested 

in reverse osmosis water treatment and recycling technologies, ef-

fectively filtering wastewater. With an initial investment of just under 

$3 million, Madras Fertilisers recycles more than 80% of its daily 

use of 15.12 million litres of water to the plant’s cooling towers. 

The company also supplies 3 million litres per day of fresh water 

to Chennai City. 

Improved water efficiency has been taken up in other areas. 

One of the most water-efficient pulp and paper companies in the 

country, J K Papers, is located in the water-scarce Rayagada Dis-

trict of Orissa, and the most water-efficient sugar industry, Natural 

Sugar and Allied Industry, is in the water-scarce district of Latur in 

Maharastra. The first “zero-discharge” textile mill in the country, 

Arvind Mills, is in Santej in Gujarat, where water shortages are a 

recurring problem. 

These success stories highlight how incentives and technol-

ogy can shift the parameters of water scarcity. Most of the in-

novation has been driven by the private sector. Looking to the 

future, there is scope for tax and other incentives to encourage 

the spread of water-efficient technologies in the wider public 

interest.

Box 4.5 Increasing supply by reducing pollution—markets and technology

Source: Bhushan 2004.
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water stress. The south to north river diversion 
scheme in China is one of the world’s greatest 
planned infrastructure programmes. With a 
price tag of $40–$60 billion it dwarfs even the 
expenditure on the Three Gorges Dam. The aim 
is to divert more than 40 billion cubic metres 
of water a year—roughly the volume of another 
Yellow River—from the Yangtze to the water-
stressed North China plain and the megacities 
of the north. The Chinese plan is not an iso-
lated case. In India the River Interlinking Proj-
ect is a breathtakingly ambitious framework 
for redrawing the country’s hydrological map, 
harnessing the great perennial monsoon rivers 
of the north, such as the Brahmaputra and the 
Ganges, to the perennially dry and shrinking 
rivers of the south, such as the Kavery and the 
Krishn, which have been diminished by exces-
sive withdrawals for agriculture, industry and 
urban centres.

Measured in a purely quantitative sense, 
river diversion offers a short-term ameliorative 
for a long-term problem. It does not provide a 
panacea for overuse. Moreover, any river trans-
fer faces the risk of creating large social and 
ecological costs and of running up against new 
environmental barriers. In Spain a scheme to 
divert the Ebro River from the north to com-
mercial agricultural areas in the south has been 
shelved, partly because of a political reassess-
ment of the costs and partly because the proj-
ect failed to meet EU Water Directive guide-
lines for environmental sustainability. In China 
the most ambitious part of the south to north 
scheme envisages taking water from the glacial 
headwaters of the Yangtze in Tibet to the Yel-
low River. Yet global warming raises serious 
questions over the future volume and timing of 
glacial flows.

Desalinization
“If we could ever competitively, at a cheap rate, 
get fresh water from saltwater, this would be 
in the long-range interests of humanity [and] 
really dwarf any other scientific accomplish-
ment”, observed US President John F. Ken-
nedy. Practiced since biblical times, the creation 
of fresh water by extracting salt from sea water 
is not a recent human endeavour. But does it 

offer a solution to problems of water stress and 
scarcity?

The major constraint on commercial de-
salinization has been energy costs. With the 
development of new reverse osmosis technolo-
gies, production costs have fallen sharply and 
output is rising. Israel, one of the world lead-
ers, can desalinate water at costs per cubic 
metre comparable to those of conventional 
water utility plants. However, the sensitivity 
of production costs to energy prices, allied 
to the high costs of pumping water over long 
distances, creates restrictive conditions. For 
oil-rich countries and relatively wealthy cities 
close to the sea, desalinization holds out prom-
ise as a source of water for domestic consump-
tion. The potential for addressing the prob-
lems of poor cities in low-income countries is 
more limited—and desalinization is unlikely 
to resolve the fundamental mismatch between 
supply and demand in water. It currently con-
tributes only 0.2% to global water withdrawals 
and holds limited potential for agriculture or 
industry (box 4.6).48

Virtual water
Virtual water imports are another supply-
side option for alleviating water stress. When 
countries import cereals and other agricultural 
products, they are also importing the water 
embedded in the produce. Virtual water trade 
generates water savings for importing countries 
and global water savings because of the differ-
ential in water productivity between exporters 
and importers.

Trade in virtual water has been rising ex-
ponentially with trade in food. Globally, the 
trade in 2000 was estimated at about 1,340 
billion cubic metres, or three times the level in 
1960. To put this figure in context, it represents 
about a quarter of the water required to grow 
food worldwide. Some analysts see virtual water 
trade as a way for water-scarce countries to save 
water by importing it from countries that face 
lower opportunity costs in water use and higher 
productivity. From this perspective virtual 
water trade is seen as an exercise in compara-
tive advantage that overcomes the constraints 
on trading water itself.49

River diversion offers a 

short-term ameliorative 

for a long-term problem. 

It does not provide a 

panacea for overuse
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Does agricultural trade offer a route out 
of water stress? For some countries, especially 
in the Middle East and North Africa, virtual 
water trade is already an integral element in 
national food security strategies.50 Were Egypt 
to grow a volume of cereals equivalent to na-
tional imports, it would require one-sixth of 
the water in Lake Nasser, the Aswan Dam’s 
main reservoir. For developing countries as a 
group virtual water imports in 2025 will rep-
resent a projected 12% of irrigation consump-
tion. However, the case for reducing water 
stress by expanding virtual water trade has 
been overstated, not least from a human de-
velopment perspective.

Consider first the argument that virtual 
water trade represents an exercise in compar-
ative advantage. Rich countries account for 
more than 60% of agricultural exports world-
wide. Considering that these countries pro-
vided more than $280 billion in agricultural 

support in 2005, it follows that virtual water 
markets suffer from the same distortions as the 
markets for the products that facilitate water 
exchange.51 As for the opportunity costs asso-
ciated with water use, it is not clear that major 
exporters of water-intensive products such as 
cotton and rice—Australia and the United 
States, for example—factor in environmental 
damage (or virtual water subsidies) to their ex-
port prices.

The complex interaction between food 
imports and food security is another concern. 
Serious food security problems can arise when 
food imports are the result of slow growth 
and declining agricultural productivity, as in 
much of Sub-Saharan Africa. For example, 
Sub-Saharan African cereal imports are pro-
jected to more than triple by 2025, to 35 mil-
lion tonnes.52 It is unlikely that the region will 
be in a position to finance these imports on a 
predictable and sustainable basis, suggesting a 

Desalinization is a technical option for creating fresh water from sea 

water. Distilling sea water by boiling it and collecting the vapour is 

an age-old activity—an activity transformed over the past 20 years 

through new technologies. But there are limits to its scope.

In 2002 the global market for desalinization stood at $35 billion. 

There are now more than 12,500 plants operating in 120 countries. 

Traditionally, desalinization has taken place through thermal heat-

ing, using oil and energy as the source. The most modern plants 

have replaced this technology with reverse osmosis—forcing water 

through a membrane and capturing salt molecules. The costs of 

producing water from this source have fallen sharply, from more 

than $1 per cubic metre a decade ago to less than half that today. 

The energy to drive the conversion is a significant part of the cost.

Israel provides the gold standard in water desalinization. Fol-

lowing implementation of a planning strategy launched in 2000—

the Desalinization Master Plan—the country now generates about 

a quarter of its domestic fresh water through desalinization. The 

$250 million Ashkelon Plant, which began operation in 2005, is the 

world’s largest and most advanced reverse osmosis facility, pro-

ducing fresh water at a cost of $0.52 per cubic metre. It supplies 

about 15% of Israel’s fresh water used for domestic consumption. 

Current plans envisage an increase in production from desaliniza-

tion plants from 400 million cubic metres today to 750 million cubic 

metres by 2020.

Current desalinization capacity is heavily concentrated. The 

Gulf states account for the bulk of capacity, with Saudi Arabia 

accounting for one-tenth of total output. Elsewhere, Tampa Bay in 

Florida and Santa Cruz in California have adopted reverse osmosis 

plants, and China has announced plans for a plant in Tianjin, its 

third largest city. In Spain the new government abandoned plans 

to pump water across the country from the wet north to the arid 

south in favour of 20 reverse osmosis plants (enough to meet 1% of 

needs), though the costs of desalinized water may not entice farm-

ers from their current groundwater irrigation sources. In the United 

Kingdom the water utility serving London has a reverse osmosis 

plant that will come into operation in 2007.

This pattern of distribution highlights both the potential and the 

limits of desalinization. While costs are falling, the capital costs of 

new plants are considerable and operating costs are highly sensi-

tive to energy prices. Recent projects in Israel and other countries 

demonstrate this, with tenders for water supply rising to $0.80–

$1.00 per cubic metre. The cost of pumping water rises sharply with 

distance as well, so that inland cities would face higher cost struc-

tures. These factors help to explain why oil-rich states and coastal 

cities in water-stressed areas will probably remain the main users. 

Overall use patterns are likely to change slowly. In some coun-

tries desalinization can be expected to account for an increased 

share of domestic and industrial water use. Municipalities currently 

account for two-thirds of use and industry for a quarter. The po-

tential in agriculture is limited by cost. That is especially so for pro-

ducers of low value-added staple crops that require large volumes 

of water. 

Source: Rosegrant and Cline 2003; Schenkeveld and others 2004; Rijsberman 2004a; BESA 2000; Water-Technology.net 2006.

Box 4.6 Desalinization—and its limits
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growing dependence on food aid. Moreover, 
when countries import virtual water they are 
also importing virtual and actual subsidies 
against which their own farmers will have to 
compete in local markets. These subsidies can 
lower prices and reduce market shares with 
damaging implications for rural poverty re-
duction efforts.

Recycling wastewater
Some simple water management policies allied 
to appropriate technology can help to allevi-
ate the mismatch between water supply and 
demand. One example is the reuse of wastewa-
ter by treating sewage so that it can be safely 
restored to rivers, used for irrigation or deployed 
for industry. 

Recycling wastewater for peri-urban ag-
riculture already happens on a large-scale. 
Wastewater is estimated to directly or indi-
rectly irrigate about 20 million hectares of land 
globally—almost 7% of total irrigated area.53

In the Mezquital Valley in Mexico about half 
a million rural households are supported by ir-
rigation systems maintained through untreated 
wastewater. In Ghana farmers around Kumasi 
use wastewater on 12,000 hectares, more than 
twice the area covered by formal irrigation sys-
tems across the whole country. It is estimated 
that dry season irrigation with wastewater 
raises average agricultural incomes in Kumasi 
by 40%–50%, with the predictability of supply 
and the high nutrient content of the wastewa-
ter enabling farmers to enter higher value-added 
vegetable markets.54

Expanding capacity for wastewater recy-
cling, by increasing the supply and productiv-
ity of water, could generate multiple benefits 
for poor and vulnerable agricultural produc-
ers. Wastewater can also be used to replenish 
aquifers, alleviating problems of groundwater 
depletion. With urban and industrial water use 
projected to double by 2050, wastewater could 
become an expanding and dependable sup-
ply: what goes into cities has to come back out 
again in some form. However, using wastewater 
sources without adequate safeguards can expose 
agricultural producers and peri-urban areas to 
acute health risks. One study in Haroonabad, 

Pakistan, found rates of diarrhoea and hook-
worm infection among wastewater farmers 
twice as high as those among irrigation canal 
farmers.55

The regulated use of treated water could 
significantly alleviate the adjustment pressures 
now facing water management in agricul-
ture. Israel demonstrates the potential. Over 
two-thirds of the wastewater produced in the 
country every year is now treated and used for 
irrigation in agriculture. Most comes through 
the national water company, which also sets 
stringent rules for treatment levels: lower qual-
ity wastewater is allocated to tolerant crops 
such as cotton, with higher treatment stan-
dards applied to water for irrigating vegetables 
or replenishing groundwater.56 Thus Tel Aviv’s 
wastewater supports agricultural irrigation in 
the arid southern region. Other countries are 
following Israel’s lead. Cities in water-scarce 
parts of California are investing heavily in 
plants that treat all domestic and industrial 
waste to a high standard, reusing the water for 
agriculture and industrial cooling. The Mexi-
can city of San Luis Potosi recycles 60% of the 
city’s wastewater for distribution to farmers 
through a modern sewerage plant. 

Many developing countries start from a po-
sition of considerable disadvantage in develop-
ing wastewater resources. Most cities in low-in-
come developing countries have either minimal 
or zero wastewater treatment capacity. In con-
trast to Israel or California they also lack the 
technological and wider capacity to segment 
wastewater into different treatment and alloca-
tion regimes. So does this rule out a substantive 
supply-side impetus from wastewater?

Even with severe resource constraints far 
more could be done. The underdevelopment of 
wastewater capacity in some countries is itself a 
product of fragmented and piecemeal planning. 
Many governments have seen investment in 
treatment plants as an unaffordable luxury, but 
factoring in the potentially high economic and 
social returns to an increased supply of water for 
irrigation would change the cost-benefit equa-
tion. If water and sanitation departments spoke 
to irrigation departments, there would almost 
certainly be more investment in this area. While 

The regulated use of treated 
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few developing countries are in a position to 
duplicate Israel’s wastewater allocation system, 
simple rules can make a difference. Mexico uses 
the expedient of banning wastewater for fruits 
and vegetables. Jordan and Tunisia have devel-
oped highly innovative public education cam-
paigns among rural producers to communicate 
strategies for reducing health risks associated 
with the use of wastewater.

Regulating demand for 
a scarce resource

“When the wells dry”, observed Benjamin 
Franklin, one of the architects of the US Dec-
laration of Independence, “we know the value 
of water.” Today, people and governments 
across the world are discovering the value of 
water and the costs of having ignored the real 
value of water in the past. Public policies today 
are picking up the bill for the past practice of 
treating water as a resource to be exploited 
without limit.

As awareness of the value of water has in-
creased, there has been a growing concern for 
raising water productivity. What does this mean 
in practice? There are two broad approaches to 
water productivity that figure in debates on 
water use, though they are often confused. One 
approach stresses the importance of increasing 
physical productivity by increasing the “crop per 
drop” ratio. Running parallel to this approach 
is a focus on raising productivity as measured 
by value added in production: water is a scarce 
capital resource that should be deployed where 
it generates the greatest wealth.

Increasing crop per drop
What do these shifts in perspective imply for 
human development? The case for raising water 
productivity in terms of crop per drop is over-
whelming. Meeting the water requirements of a 
growing population while protecting the natu-
ral ecosystems on which life itself depends is a 
critical condition for sustained human devel-
opment. Addressing this challenge will involve 
making water management in irrigation leaner 
and smarter—substituting technology and 
knowledge for water. 

Increased productivity is one route to re-
duced water stress—and there is great scope 
for generating more crop per drop. The good 
news is that the increase in water productivity 
recorded over recent decades has been spectac-
ular. The amount of water needed to produce 
cereals for one person has halved since 1960. 
The bad news is that in many of the world’s 
most stressed water basins productivity re-
mains very low. Comparisons across countries 
amply demonstrate the scope for raising water 
productivity as measured on a simple crop 
per drop scale. In California 1 tonne of water 
yields 1.3 kilograms of wheat. In Pakistan it 
produces less than half as much.57 Producing 
a tonne of maize in France takes less than half 
as much water as in China. Variations between 
irrigation systems in developing countries are 
equally large: China produces twice as much 
rice as India with the same volume of water, 
for example.

The benchmark for water efficiency in agri-
culture is drip irrigation, a method that supplies 
water directly to the root zone of plants.58 In 
Jordan drip irrigation has reduced water use by 
about a third. However, Jordan is the exception. 
Drip technology has been adopted on less than 
1% of irrigated lands worldwide—and 90% 
of capacity is in developed countries.59 Global 
partnerships for technology transfer sup-
ported through international aid could make a 
difference.

From a human development perspective 
the problem with drip irrigation and wider 
technologies is distributional. New technolo-
gies have the potential to realign supply and de-
mand at reduced water use levels. However, the 
technologies are seldom distribution neutral. 
At a global level technologies for conserving 
water are concentrated in rich countries partly 
because of the capital costs involved. Within 
countries, access to water-thrifty innovations 
requires access to capital, knowledge and wider 
infrastructure. Poor farmers in marginal areas 
are the least likely to have access to these assets, 
especially female farmers. The danger is that by 
raising productivity and reducing water use, 
new water technologies will help resolve one 
aspect of the water crisis while exacerbating 
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wider social and economic inequalities. But 
that outcome is not inevitable: as we show in 
chapter 5, affordable drip technologies are in-
creasingly available.

Diverting water to higher 
value-added uses
Diverting water use into higher value-added 
areas raises some analogous problems. This 
is one of the core recommendations of advo-
cates for “soft-path” solutions to water stress. 
Rather than getting more crop per drop, the 
aim—crudely summarized—is to get more 
money per cubic metre. The underlying assump-
tion is that water, as an increasingly scarce 
resource, has to be deployed where it generates 
high returns.60

At face value that assumption appears en-
tirely reasonable. Applied to California, where 
water used in, say, the production of micro-
chips, produces more income and employment 
than water used in heavily subsidized, capital-
intensive rice and cotton farming, the policy op-
tions appear clear-cut.

In practice, though, advocates of soft-path 
solutions tend to overstate their case—and to 
suffer from an equity blind spot. The case is 
overstated on two counts. First, it is difficult to 
separate the value of water from other inputs 
in the production of high value-added manu-
factured goods. Second, and more important, 
there is surprisingly little evidence that the 
development of higher value-added industries 
has been held back because of competition 
with agriculture for water. In most cases ag-
riculture has lost out in any competition (see 
chapter 5). 

The equity blind spot concerns the failure 
to consider the range of distributional con-
sequences that can flow from water transfer. 
That there are large variations in value added 
by water use in agricultural production is not 
in doubt. One cross-country study of irriga-
tion systems covering 40 countries found a 
tenfold difference in the gross value of output 
per unit of water consumed.61 Other things 
being equal, an equivalent amount of water 
might be expected to generate larger revenue 
flows when applied to the production of high 

value-added fruits and vegetables or beef and 
dairy products than to staple foods such as 
rice.62 The same is true for high value-added 
industry.

However, in countries where the vast major-
ity of the population depend on agriculture for 
their livelihoods, and where the production of 
food staples represents a large share of income 
and employment for poor households, losses of 
water can translate into a major human develop-
ment threat. The obvious danger is that water 
diversion will generate more wealth while de-
stroying the livelihoods of some of the most vul-
nerable people.

Integrated water management
These distributional problems are taken up in 
chapter 5. The backdrop though is a new emerg-
ing consensus on water governance. At the 
World Summit on Sustainable Development 
in 2002 governments embraced integrated 
water resources management as the model for 
the future. This approach emphasizes man-
aging water allocations within the ecological 
limits of availability, with a premium on the 
three Es: equity, efficiency and environmen-
tal sustainability (box 4.7). In practice it is 
difficult to balance the competing claims of 
different users for a resource that goes to the 
heart of power relationships in society—and 
to questions of political voice and institutional 
accountability. 

The deeper challenge is to develop a new 
ethic for water management backed by a com-
mitment to address the deep inequalities that 
drive water insecurity. The central question has 
been powerfully expressed by Sandra Postel and 
Brian Richter:63

It would make us stop asking how we 
can further manipulate rivers, lakes, and 
streams to meet our insatiable demands, 
and instead ask how we can best satisfy 
human needs while accommodating the 
ecological requirements of healthy water 
systems. And it would inevitably lead us 
to deeper questions of human values—in 
particular, how to narrow the unaccept-
ably wide gap between the haves and the 
have nots.

The deeper challenge is 
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The coordinated development and management of 

water, land and related resources, in order to maximise 

the resultant economic and social welfare in an equitable 

manner without compromising the sustainability of vital 

ecosystems. 

That is the stated objective of integrated water resources man-

agement. Adopted by the World Summit on Sustainable Develop-

ment in Johannesburg in 2002 as part of the wider international 

strategy for the Millennium Development Goals, the concept marks 

the latest in the evolution of water governance frameworks devel-

oped since the 1992 International Conference on Water. That con-

ference established three key principles for good governance:

• The ecological principle for integrating water management 

around river basins rather than independent institutional users, 

with land and water governance integrated for environmental 

reasons.

• The institutional principle for basing resource management on di-

alogue among all stakeholders through transparent and account-

able institutions governed by the principle of subsidiarity—the 

devolution of authority to the lowest appropriate level, from user 

groups at the base to local government and river basin bodies.

• The economic principle for making more use of incentives and 

market-based principles to improve the efficiency of water as 

an increasingly scarce resource.

As broad principles these are sound foundations for any water 

governance system. The starting point for integrated water re-

sources management is that all water should be treated as a single 

environmental resource and allocated within a coherent public pol-

icy framework among the main groups of water users: agriculture, 

industry and households. By factoring in sustainability, the model 

also recognizes that there are ecological limits to water use and that 

the environment has to be treated as a user in its own right. Trans-

lating these principles into public policies is more problematic.

Perhaps one of the most widely cited models of good practice 

in integrated water resources management at the basin level is the 

Murray-Darling Basin Initiative in southeastern Australia, covering 

20 rivers and a large number of groundwater systems extending 

across five states. The basin accounts for three-quarters of Aus-

tralia’s irrigated land area, more than a quarter of its cattle farms 

and half of its sheep and cropland. The initiative is a cooperative 

attempt at integrated water management in response to a crisis 

generated by severe ecological degradation and the overallocation 

of water for irrigation in a semi-arid region.

The scope of this cooperation is impressive. The Murray-

Darling Basin Commission (MDBC), created in 1988, sets a cap 

on water use, taking into account the ecological requirements for 

maintaining the integrity of the system. Quantitative water use rights 

are allocated by state for distribution to different users. Disputes 

are settled through an established procedure, with provisions for 

states and individuals to trade water use rights. 

Public participation in governance has evolved over time to 

include environmental groups, catchment committees, farmer 

organizations and other stakeholder representatives engaged in 

consultation processes. A Community Advisory Committee makes 

technical information on water allocations widely available. The po-

litical authority of the MDBC is rooted in an institutional structure 

that delegates authority from a high-level Ministerial Council.

Reproducing these conditions in developing countries is not 

easy. South Africa’s post-apartheid water governance structure 

has some of the institutional features of the Murray-Darling Initia-

tive. National planning for water is highly decentralized. A strong 

apex body brings together all ministries involved in water alloca-

tion. Water allocations also provide for environmental use rights 

that take the form of a nonnegotiable reserve set by government 

to ensure the quantity, quality and reliability of water required to 

maintain the integrity of ecological systems. In the annual planning 

cycle no water is licensed for use until the environmental reserve 

has been fixed.

Institutional development takes time, however. Brazil is some-

times cited as a model for some aspects of integrated basin man-

agement. But even in Ceará, arguably the best performing state, it 

has taken over a decade to develop a model of participatory water 

governance. 

The National Water Act of 1997 revolutionized water manage-

ment in Brazil. Legislation was drawn up after five years of struc-

tured national dialogue, with thousands of meetings and public 

hearings. Decentralization of water management emerged as a 

critical policy objective, with river basins identified as the appro-

priate unit for devolved authority. New institutions were created at 

all levels of governance, with an apex body bringing together rep-

resentatives of all ministries with water functions, state representa-

tives, water users and nongovernment agencies. 

The state of Ceará has been among the most successful re-

formers. In a drought-prone, semi-arid region of the northeast, it is 

one of Brazil’s poorest states, with more than 70% of rural house-

holds below the poverty line. Ceará has five large river basins, but 

no naturally perennial rivers. Conflict within these basins has inten-

sified as growing demands from industrial users and municipalities 

in Fortaleza, the state capital, compete with irrigated agricultural 

users, who consume more than 80% of the water.

Water reform in Ceará has been part of a wider process of 

democratization and decentralization. The Lower Jaguaribe Basin 

illustrates the political process. An assembly of 180 user groups 

was convened by Ceará Water Resources Management Company 

(COGERH), the publicly owned river basin agency. The assembly, 

which included industry, commercial farmers, rural labour unions 

and cooperatives, developed an operational plan for managing 

water use in the river basin with technical advice from COGERH 

hydrologists. Implementation has been overseen by a Committee of 

Representatives elected by the assembly. After a year of low rainfall 

in 2000, the Users Commission met to draw up strategies for reduc-

ing water flows, which were voted on in the assembly.

Success was made possible by high levels of user participation 

and public debate within the Users Commission, which helped to 

Box 4.7 Integrated Water Resources Management
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The physical availability of water is one dimen-
sion of scarcity. But in all countries the relation-
ship between water security and water availabil-
ity is mediated through the infrastructure and 
institutions that govern water. Countries vary 
enormously in their capacity in these areas, with 
implications for water security. Nowhere are 
those implications more apparent than in the 
threat of global warming—a threat that can be 
addressed only through a strong infrastructure 
base that facilitates adaptation.

The crucial role of infrastructure

There are large global inequalities in water 
infrastructure. In all industrial countries flows 
of rivers are regulated and managed, with water 
stored for multiple uses. Few people in those 
countries are aware of how investments in water 
infrastructure create the conditions for water 
security, economic growth and employment—
or how they protect against the destructive 
powers of water in floods and drought. It is only 

during periods of crisis that water infrastructure 
figures prominently in public policy debates. In 
the United States Hurricane Katrina provided a 
tragically powerful reminder of the importance 
of infrastructure—and of human vulnerability. 
That event was so shocking partly because the 
loss of life and the destruction were so unex-
pected. By contrast, in much of the developing 
world the human costs of weak infrastructure 
and vulnerability to water shocks are experi-
enced daily. 

Mitigating risk in rich countries 
The sheer scale of water infrastructure invest-
ment in rich countries is not widely appreciated. 
Investments in hydraulic infrastructure have in 
some cases generated great environmental dam-
age, but they have also supported economic 
prosperity and social progress.

In the United States many of the largest 
federal investments in history were made to 
store water, harness it for electricity and curb 
the potential for floods. By one estimate the 

institutionalize the rules for managing competition. A strong techni-

cal advisory body, perceived as both competent and independent 

of individual user interest groups, has also been important. And 

cross-party support for COGERH and similar participatory policy-

making processes across the state in health and education depo-

liticized some aspects of water management. 

Experience elsewhere has been mixed. The Johannesburg 

Summit called on all countries to draw up integrated water re-

sources management plans within five years, an unrealistic tar-

get since revised in the face of capacity constraints. At the end of 

2005 only 20 of 95 countries surveyed by the Global Water Part-

nership had produced such a plan or had plans well under way. 

Only five were in Sub-Saharan Africa, and one (Brazil) was in Latin 

America.

In some cases great effort has been put into planning with no 

tangible outcomes. For example, Nicaragua spent more than two 

years drawing up a 13-volume plan, but failed to establish effec-

tive follow-up mechanisms. None of this is meant to understate 

the progress that has been made. From a weak base, Bangladesh, 

Burkina Faso, Namibia and Uganda have undertaken major institu-

tional reforms, though implementation will prove a stern test.

Integrated water resources management requires institutions 

that take several years to develop, even with strong political com-

mitment, and it offers no ready-made solutions to some of the clas-

sic problems in water management. A nominally integrated water 

resource management plan says little about whose interests are 

served or whose voice is heard. In many cases integrated water 

resources management has a narrow technical focus. Far more at-

tention has gone to increasing the efficiency of water use through 

transfers into higher value-added areas or through new technolo-

gies than to the equity and social justice central to human develop-

ment (see chapter 5).

Box 4.7 Integrated Water Resources Management (continued)

Source: GWP 2000, 2004, 2006a; Biswas 2004; Shah 2005; Haisman 2005; Kemper, Dinar and Bloomquist 2005; Muller 2006; Lemos and de Oliveira 2005; 
Tortajada 2006a; Rogers 2002. 

Dealing with risk, vulnerability and uncertainty
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US Army Corps of Engineers has spent $200 
billion since 1920 on flood management and 
mitigation alone (yielding a benefit of about 
$700 billion).64 The Tennessee Valley Author-
ity, established in 1933 as part of the New Deal 
to build dams, hydropower facilities and reser-
voirs, transformed the Tennessee Valley from 
a flood-prone, impoverished part of the Dust 
Bowl, with some of the worst human develop-
ment indicators in the United States, to an area 
of agricultural prosperity. The cycle of rural 
poverty afflicting more than 2 million people in 
one of the poorest regions of the United States 
was broken in a generation.65

Risk mitigation in water management 
through flood control systems and develop-
ment of an economic infrastructure has been 
fundamental to human progress in many rich 
countries. Nowhere is this more evident than 
in Japan, where heavy post-war investments in 
infrastructure supported the rapid development 
of hydropower, flood control and irrigated ag-
riculture. Until World War II flooding caused 
by heavy seasonal rains and typhoons had enor-
mously detrimental effects on the Japanese 
economy, with losses sometimes exceeding 20% 
of GNI. Since the 1970s the impacts of floods 
have never exceeded 1% of GNI.66 Most of Ja-
pan’s population and 60% of its productive as-
sets are on low-lying plains vulnerable to flood-
ing, but infrastructure and water management 
have curtailed risk at an average cost of about 
$9 billion a year. 

Infrastructure deficits in poor countries
The global distribution of water infrastructure 
is inversely related to the global distribution 
of water insecurity risks. Seasonal climates, 
variable rainfall and the risks of floods and 
droughts are a much greater threat in develop-
ing countries than in rich countries, while the 
institutions and infrastructure needed to pro-
vide water security are much weaker.67

Droughts provide powerful demonstra-
tion effects for the costs of weak infrastructure. 
Failed rains deplete watersheds, farmlands and 
pasture, degrading land and destroying crops. 
From the dustbowl of the 1930s in the United 
States to the Sahel in the 1970s and East Africa 

today, droughts have shown an enormous capac-
ity for destruction and the erosion of hard won 
human development gains. Droughts affect the 
rural poor through decreased production, loss of 
livestock and soil fertility and extreme shortages 
of drinking water. When livestock perish and 
crops fail, poor households lose income and nu-
trition worsens. Restoring assets can take years. 

Sub-Saharan Africa is the worst affected 
region. In 2005 more than 20 million people 
were at risk from drought in the Horn of Africa 
alone. Across much of the Sahel, East Africa and 
Southern Africa droughts are endemic, with 
significant events occurring every 3–5 years. 
But Sub-Saharan Africa is not the only region 
affected. In South Asia about 15% of people live 
in areas that were affected by drought over the 
past two years. More frequent and longer lasting 
droughts have also been recorded in the Middle 
East. In Morocco a major drought in the mid-
1990s reduced agricultural output by 45%, 
and rural labourers and small landholders lost 
an estimated 100 million days in agricultural 
employment.68

The variability of water supply is another 
major source of water insecurity—for people and 
national economies. Consider Ethiopia, better 
endowed with water than most drought-prone 

Annual rainfall compared
with the mean 1982–90

GDP growth

Income variability trails rainfall 
variability in Ethiopia

Figure 4.7

Source: World Bank 2006f. 
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countries. It covers 12 river basins and has just 
over 1,600 litres of water per person per year.69

The problem for Ethiopia, where livelihoods for 
the vast majority of people depend on rainfed 
agriculture, is uncertainty. Rainfall variability 
is estimated to have pushed an additional 12 
million people below the absolute poverty line 
in the second half of the 1990s. With more than 
80% of the population living in the countryside 
and half of them undernourished, water holds 
the key to human development prospects for 
households. That is why poor people themselves 
identify variable rainfall as the greatest threat 
to their livelihoods. But as in other predomi-
nantly agricultural countries, failed rains in 
Ethiopia send shock waves beyond the house-
hold and across the entire economy (figure 4.7). 
A single drought event in a 12-year period will 
lower GDP by 7%–10% and increase poverty by 
12%–14%. Economic modelling by the World 
Bank suggests that the inability to mitigate the 
effects of rainfall variability reduces Ethiopia’s 
potential for economic growth by a third—with 
obvious consequences for reducing poverty.70

Hydrological variability is estimated to increase 
poverty levels in 2015 by between a quarter and 
a third, or some 11 million people.

Water infrastructure has a major bearing 
on the vulnerability and capacity of house-
holds to absorb shocks. Indonesia loses an es-
timated 25,000 lives a year to drought-related 
problems—Australia, with a similar drought-
risk exposure, loses none. Investments in Japan 
have mitigated the impact of floods so that 
flood damage costs seldom rise above 0.5% of 
GNI and losses of life are rare. But when floods 
struck Mozambique in 2000, they left 700 peo-
ple dead and half a million homeless. Crops 
were destroyed, and infrastructure was dam-
aged. Total losses amounted to an estimated 
20% of GNI, with economic growth falling 
from 8% in 1999 to 2% in 2000. The floods also 
damaged or destroyed 500 primary schools and 
seven secondary schools.71

Taken as a single episode, Mozambique’s ex-
perience underlines how climatic events can roll 
back development gains across a broad front. In 
many cases, though, countries have to deal with 
consecutive, or even simultaneous, floods and 
droughts (box 4.8). The poor invariably are at 
greatest risk from weak infrastructure. In Mo-
zambique poor households in low-lying areas 
along river banks bore the brunt of the flooding. 
In New Orleans the devastation wrought by 

The drought in Wajir and Turkana, in northeastern Kenya, is a hu-

manitarian catastrophe. The scale of the tragedy has attracted in-

ternational media attention, but this is not an unusual event: Kenya 

has been affected by a succession of droughts and floods since the 

mid-1990s. The floods of 1997–98 were immediately followed by a 

drought from 1998 to 2000. Today’s drought in the northeast is a 

continuation, and more than 3 million people risk starvation.

Beyond the human suffering, the costs have been enormous. 

Entire pastoral communities have seen their herds and assets de-

pleted, increasing their vulnerability. The wider economic costs 

have held back the entire economy and efforts to reduce poverty. 

The 1997/98 El Niño–related flood caused damage estimated 

at 11% of GDP (see table). Droughts in 1998–99 and 1999–2000 

led to losses in excess of 16% of GDP. Industry and hydropower 

accounted for an estimated 80% of the losses. The full economic 

costs are probably much greater since the losses fail to count the 

effects of malnutrition, reduced investment in agriculture and a loss 

of investment in industry. 

Crop and livestock losses represented a relatively small 

share of the aggregate loss, amounting to less than 16% of the 

total, but they have had a devastating impact on the poor, lead-

ing to extensive malnutrition, asset depletion and increased vul-

nerability to future risks.

Box 4.8 Droughts, floods and water insecurity in Kenya

Impact
Amount

(US$ millions)
Share of total

(%)

1997–98 flood
Transport infrastructure 777 88

Water supply infrastructure 45 5

Health sector 56 6

Total 878

    Share of GDP (%) 11

1998–2000 drought

Hydropower losses 640 26

Industrial production losses 1,400 58

Agricultural production losses 240 10

Livestock losses 137 6

Total 2,417
    Share of GDP (%) 16

Impacts of flood and drought in Kenya, 1997–2000

Source: World Bank 2004c, 2006e.



 158 HUMAN DE VELOPMENT REPORT 2006

4

W
at

er
 s

ca
rc

it
y,

 r
is

k 
an

d 
vu

ln
er

ab
ili

ty

Hurricane Katrina affected the whole city, but 
poor black neighbourhoods were affected most. 
While the effects of extreme weather events hit 
all in society, poor households are more exposed 
to risk and less able to mitigate that risk through 
insurance or savings.

Inequalities in hydraulic assets show up in 
the human and economic costs associated with 
extreme weather events. Too little or too much 
water is the cause of most natural disasters. Cy-
clical factors and climate change are combining 
to increase the frequency of extreme weather 
events such as droughts and floods. All coun-
tries are affected. But rich countries can protect 
their citizens and their economic performance 
through extensive hydraulic infrastructure. 
Water storage capacity is one proxy indicator for 
comparing infrastructure capacity across coun-
ties (figure 4.8). The United States stores 6,000 
cubic metres of water per person, and Austra-
lia about 5,000, compared with 43 in Ethiopia. 
The Colorado River has 1,400 days of storage, 
the Indus roughly 30 days.72

Cross-country water storage comparisons 
provide insights into one aspect of risk miti-
gation capacity. However, storage capacity is 
only one guide to the linkage between infra-
structure and vulnerability. Countries such 
as Ghana and Zambia have very high levels of 
water storage per capita—higher, in fact, than 
the United States—but a limited capacity to 
mitigate risk. Most of the storage capacity is 
geared towards power generation, with a very 
limited infrastructure for smallholder produc-
ers in agriculture. There is also a flip side to 
large-scale water infrastructure, highlighted in 
the ongoing debate about the appropriate scale 
of interventions. 

Large dams have figured prominently in 
that debate—and for good reason. An estimated 
40–80 million people have been displaced in 
the last 50 years by poorly designed dam proj-
ects, many of them without adequate compen-
sation. In the rush to develop large-scale infra-
structure for irrigation or power generation, 
many governments have ridden roughshod over 
the rights and claims of communities lacking 
bargaining power, with indigenous people often 
among the worst affected.73 In addition, many 

dams have caused immense social and ecological 
damage. Upstream effects include siltation, sali-
nization and deforestation; downstream effects 
range from reduced fish stocks, damaged wet-
lands and lower sediment and nutrient flows. 
In some cases the economic benefits have been 
exaggerated. Offsetting the productivity gains 
for upstream users have been detrimental ef-
fects downstream and changes in flood ecosys-
tems. The World Commission on Dams found 
a systematic bias towards underestimating the 
capital costs of dams (by an average of 47%) and 
overestimating the economic returns to large-
scale irrigation.74

This backdrop makes clear that large infra-
structure programmes should be subject to criti-
cal scrutiny for the impacts on the environment 
and the poor. At the same time, the contribu-
tion of large-scale infrastructure to human de-
velopment should not be overlooked. In many 
countries such infrastructure provides water for 
irrigation, reducing the variability of water flows 
to producers and mitigating the water security 
risks from fluctuating rainfall. Access to irriga-
tion is one of the most basic strategies for miti-
gating water insecurity.75 In Asia the prevalence 
of poverty is typically 20%–40% higher outside 
irrigation schemes than inside (see chapter 5). 
Water infrastructure also offers an important 
source of renewable energy: it provides 22% of 
electricity generation in Sub-Saharan Africa.

While the contribution of large-scale infra-
structure to irrigation and power generation 
should not be understated, neither should the 
potential contribution of small-scale infrastruc-
ture. Small-scale water harvesting has the po-
tential not just to store water efficiently, thereby 
mitigating risk, but also to store water close to 
the people who need it. The fact that large vol-
umes of water are stored in Zambia’s Kariba 
Dam does not help small farmers in drought 
prone parts of the country. 

Polarized debates about the relative merits 
of large and small infrastructure increasingly 
represent a diversion from the real challenge. 
The appropriate mix of infrastructure is best 
decided at national and local levels through 
dialogue between governments and people. But 
the real choice is not usually between big and 

Large inequalities 
in risk mitigation 
capacity

Figure 4.8

Source: World Bank 2005c.
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small. Most developing countries do not need 
more of one and less of the other: they need 
more of both. 

Global warming—the 
predictable emergency

In 1992 the Earth Summit in Rio de Janeiro 
produced a Framework Convention on Climate 
Change, establishing the principle that green-
house gases should be stabilized at levels that 
would prevent human influence on climates. 
Developed countries were encouraged to stabi-
lize emissions at 1990 levels by 2000. The con-
vention also adopted a precautionary approach, 
warning that “where there are risks of serious and 
irreversible damage, a lack of full scientific cer-
tainty should not justify postponing action.”76

Few warnings have been more perilously 
ignored. Climate change now poses what may 
be an unparalleled threat to human develop-
ment. Much of that threat will be transmitted 
through shifts in hydrological cycles and rain-
fall patterns and the impact of higher surface 
temperature on water evaporation. The overall 
effect will be to exacerbate risk and vulnerabil-
ity, threatening the livelihoods, health and se-
curity of millions of people.

Climate modelling exercises point to a com-
plex range of possible outcomes as a result of 
climate change. Beyond the complexity, there 
are two recurrent themes. The first is that dry 
areas will get drier and wet areas wetter, with 
important consequences for the distribution 
of agricultural production. The second is that 
there will be an increase in the unpredictability 
of water flows, linked to more frequent and ex-
treme weather events. While outcomes will vary 
across regions and within countries, some broad 
consequences can be predicted:
• Agriculture and rural development will bear 

the brunt of climate risk. This starting point 
matters because the rural sector accounts for 
about three-quarters of the people living on 
less than $1 a day and anything from a quar-
ter to two-thirds of GNI for low-income 
countries. For some regions a reduction in 
water availability combined with a shift in 
rainfall could reduce yields by as much as a 

third by 2050, threatening millions of rural 
livelihoods.77

• Extreme poverty and malnutrition will 
increase as water insecurity increases. At-
tempts have been made to assess the quanti-
tative impact of climate change on food se-
curity and nutrition. Inevitably, projections 
are hazardous because climate change, itself 
subject to considerable variation, will inter-
act with many other variables and trends. 
Even so, the warning signs are clearly evident 
in the results of modelling exercises. Such 
exercises suggest that climate change could 
increase global malnutrition by 15%–26%, 
increasing the absolute number of malnour-
ished people by 75–125 million by 2080.78

But the systemic poverty risks will affect a 
far greater number. Production losses in ag-
riculture will produce multiplier effects that 
spread across entire economies, transmitting 
poverty from rural to urban areas.

• More extreme weather patterns will increase 
risk and vulnerability. Climate change will 
enhance the Asian monsoon and the El Niño 
effect, with major implications for agricul-
tural production. Susceptibility to drought 
and flood will increase over time.79

• Shrinking glaciers and rising sea levels will 
pose new risks for human security. The retreat 
of glaciers will threaten short-term flooding 
and long-term declines in water availability 
across Asia, Latin America and parts of 
East Africa.80 Rising sea levels will reduce 
the availability of fresh water, affecting mil-
lions of people in low-lying countries and 
river deltas.81

For a large share of the world’s people in 
developing countries climate change projec-
tions point to less secure livelihoods, greater 
vulnerability to hunger and poverty, worsen-
ing social inequalities and more environmental 
degradation. Climate change—unlike the tsu-
nami in the Indian Ocean or the earthquake in 
Kashmir—threatens not a one-time catastro-
phe but a slowly unfolding disaster. While the 
extent of future climate change can be moder-
ated, we are beyond the point of no return. Dan-
gerous climate change is now inevitable. How 
the international community responds will 

For a large share of the 

world’s people in developing 

countries climate change 

projections point to less 

secure livelihoods, greater 

vulnerability to hunger and 

poverty, worsening social 

inequalities and more 

environmental degradation
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determine human development prospects for 
current and future generations. An immediate 
priority is to supplement strategies to mitigate 
climate change with strategies to support adap-
tation to inevitable shifts in climate.

Our warming world 
In the 20th century human activity increased 
the presence of greenhouse gases—mainly 
carbon dioxide, methane and ozone—in the 
atmosphere by about 30% over pre-industrial 
levels. That development will have momentous 
consequences for humanity in the 21st century 
and beyond.

The impact of the surge in greenhouse 
gases is already becoming apparent. The Earth 
has warmed by 0.7°C over the past century—
but the pace of change is quickening. The 10 

warmest years on record have occurred since 
1994. As a decade the 1990s were the hottest 
on record since the 14th century. Glaciers are 
shrinking and sea levels are rising far more rap-
idly than climate modellers anticipated even a 
decade ago.

Concentrations of carbon dioxide, the main 
greenhouse gas, are climbing steadily upwards. 
Currently, emissions are running at about 7 bil-
lion tonnes a year, with atmospheric concentra-
tions reaching 380 parts per million (ppm). The 
exact path for future emissions will depend on 
many factors—including population growth, 
economic growth, technological change, fossil 
fuel prices and, above all, government actions. 
But the overall trajectory for carbon dioxide is 
clearly upwards. The World Energy Outlook pre-
dicts that carbon dioxide emissions will increase 
by 63% over 2002 levels by 2030.82

What does all of this mean for climate 
change? Even if all emissions stopped tomor-
row, temperatures would continue to rise as a 
result of the delayed effect of past emissions. 
Were the trends of the past 50 years to continue, 
carbon dioxide concentrations would increase 
to 550 ppm by the middle of the 21st century 
and continue rising thereafter.

International bodies such as the Intergov-
ernmental Panel on Climate Change (IPCC) 
have been consolidating the scientific base for 
understanding climate change for more than 
two decades.83 Their nonmitigation scenarios 
suggest that emission trends could raise global 
temperatures by 1.4°C–5.8°C by 2100. In a 
more positive scenario, with stabilization of 
emissions at 450 ppm, the world would still 
be committed to an increase of about 2°C (fig-
ure 4.9 and table 4.2).84 What these projection 

Note: IPCC climate change projections are based on scenarios that model for the impact of economic growth, population and other 
factors. The (A2) nonmitigation scenario assumes mid-range economic growth and high population growth, but no measures to reduce 
greenhouse gas emissions. The stabilization scenarios assume reductions in greenhouse gas emissions with specified ceilings.

Global mean temperature change: departures in temperature from the 1990 value
(degrees Celsius) 

Our world will get much warmer in the next centuryFigure 4.9

Source: IPCC 2001.
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400 2020–30 –40% to –55% 1.2–2.5

450 2030–40 –15% to –40% 1.3–2.7

550 2045–65 –10% to +10% 1.5–3.2

Note: IPCC temperature stabilization scenarios: all major greenhouse gases included, expressed as carbon dioxide equivalent.
Source: Stern Review on the Economics of Climate Change 2006.

Table 4.2 Global warming thresholds and targets
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scenarios highlight is that current atmospheric 
and oceanic concentrations of greenhouse gases 
bind us to a certain degree of climate change.

While an analysis of the prospects for achiev-
ing stabilization at different levels is beyond the 
scope of this Report, two observations have a 
very direct bearing on water security. The first is 
that the current multilateral framework falls far 
short of what is required. The Kyoto Protocol 
envisages a reduction in carbon dioxide emis-
sions of 5% against the 1990 level by 2012 on 
the part of signatory states. However, two major 
industrial countries (Australia and the United 
States) have not ratified the protocol, and its tar-
gets do not apply to developing countries. The 
upshot: it now covers less than a third of global 
emissions. 

The second observation is that stabilization 
at 550 ppm or below will require an unprece-
dented level of international cooperation. Emis-
sions are currently increasing: stabilization at 
550 ppm will require carbon dioxide emissions 
to be brought back roughly to current levels by 
2050 and continue to decline from that point 
onwards to near-zero net emissions; lowering 
the level to 450 ppm (still a dangerous climate 
change scenario) will require global emissions of 
carbon dioxide in 2050 to be about a half of cur-
rent levels. The gap between these requirements 
and the IPCC development scenarios speaks 
volumes for the challenge now facing the inter-
national community (figure 4.10). 

Meeting that challenge will require a level of 
ambition far beyond that reflected in the current 
Kyoto Protocol. Some developed country govern-
ments are pressing for the next protocol to set a 
stabilization limit of about 550 ppm—almost 
double pre-industrial levels. Others—including 
the European Union—have argued for a tem-
perature-based target, with the goal of restrict-
ing temperature increases to no more than 2°C 
above pre-industrial levels. By one assessment 
this would imply a commitment by developed 
countries to reduce emissions to 15%–30% below 
1990 levels by 2020, rising to 80% by 2050.85 To 
put the scale of the challenge in context, emis-
sions per person for the world as a whole will 
have to fall from about 4 tonnes of carbon diox-
ide today to 1.2–2.8 tonnes by 2050. The longer 

the delay in arriving at a peak for emissions, the 
deeper the cuts that will be required.86

Successful mitigation of climate change will 
require new multilateral approaches. The cur-
rent international framework recognizes a cen-
tral principle of “common but differentiated 
responsibilities” between developed and devel-
oping countries. Rich countries manifestly have 
to do more to “decarbonize” their economies. 
At the same time the deepening environmen-
tal footprint of developing countries cannot 
be ignored. That is why any successor to the 
Kyoto Protocol will need to cover not just the 
entire developed world, but also major develop-
ing countries such as Brazil, China and India. 
Financing, technology transfer and equitable 
burden-sharing hold the key to bringing all 
countries within a multilateral framework ca-
pable of achieving effective mitigation.

Climate change and water security
Global warming may already be with us, but the 
much greater warming forecast for the 21st cen-
tury will produce vast changes in evaporation 
and precipitation, allied to a more unpredict-
able hydrological cycle. Higher air temperatures 

IPCC nonmitigation
scenario (A2)

Ceiling for 
stabilization
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Ceiling for stabilization at 450 ppm

Our warming world:
stabilization will require
drastic emissions cuts

Figure 4.10
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will increase evaporation from the world’s 
oceans, intensifying the water cycle. They will 
also mean faster evaporation of water from land, 
so that less rainfall reaches rivers. These changes 
will be accompanied by new rainfall patterns 
and more extreme weather events, including 
floods and droughts.

What will these changes mean for water 
security and human development in the 
world’s poorest countries? In any one coun-
try there may be numerous shifts in hydro-
logical cycles linked to micro-climates. Some 
hydrologists also point to the potential for 
“tipping events” as climate change gives rise 
to new, less predictable cycles of change.87 Ac-
celerated melting of the Arctic ice sheet, for 
example, could set off a range of unpredictable 
hydrological events. What is predictable is a 
widespread increase in water stress for a large 
group of countries.

One plausible set of outcomes based on 
IPCC scenarios is captured in water avail-
ability projections for 2050 (map 4.2). These 

projections point to a decline of 30% or more 
in water run-off from rainfall for large swathes 
of the developing world, including:
• Drought-prone countries in southern 

Africa, including Angola, Malawi, Zam-
bia and Zimbabwe. This region faces some 
of the gravest food security challenges in 
the world, with high levels of poverty, mal-
nutrition and a protracted crisis in rainfed 
agriculture.

• A long strip from Senegal and Maurita-
nia across much of North Africa and the 
Middle East. These countries include some 
of the world’s most water-stressed nations, 
with high population growth and low per 
capita availability already at the heart of 
major water security challenges.

• Much of Brazil, including the semi-arid re-
gions of the North-East, as well as parts of 
Venezuela, and Colombia.
In some important respects projections 

of run-off such as those in map 4.2 under-
state the problem. Water availability will also 

Climate change will cause a decline in water run-off for many regionsMap 4.2

Source: Arnell 2004.
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be influenced by changes in temperature and 
the timing of flows. Parts of Sub-Saharan 
Africa—including the Sahel region and East 
Africa—will experience more water run-off 
but diminished availability as a result of in-
creased evaporation. Similarly, much of South 
Asia faces the prospect of an increase in aver-
age annual water flows, but with fewer rainy 
days. The reason: monsoons will become more 
intense as rising temperatures increase the vol-
ume of water pumped from the oceans through 
the hydrological cycle.

Extrapolating from water availability to 
livelihoods is difficult, but three broad conclu-
sions can be drawn. The first is that rainfed agri-
cultural production, the source of livelihood for 
most of the world’s poorest people, faces grave 
risks in many regions. For Sub-Saharan Africa 
the threats are particularly acute, both because 
of the region’s overwhelming dependence on 
rainfed agriculture and because of the vulner-
ability that comes with high levels of poverty. 
But the threat to rural livelihoods goes beyond 
Sub-Saharan Africa. For example, simulations 
of the impact of climate change on agricultural 
production in Brazil point to a decline in yields 
of 12%–55% for dry areas in the states of Ceará 
and Riaui, which have extremely high concen-
trations of poverty and malnutrition in rural 
areas.88

The second broad conclusion is that vulner-
ability and water insecurity will increase. Pro-
ductivity in agricultural production, especially 
rainfed production, is influenced as much by the 
timing of water flows as the volume. And one 
of the clear results from a range of simulation 
exercises is that water flows will become more 
variable and uncertain. There will also be an in-
creased incidence of extreme events in the form 
of droughts and floods, exacerbating the risks 
facing people in countries with a limited infra-
structure to support adaptation. 

The third conclusion to emerge from the 
IPCC is that, in broad terms, grain productiv-
ity will increase in developed countries while 
declining in many developing countries. Here 
too the impact of increased dependence on food 
imports has potentially adverse implications for 
food security in many countries.

Sub-Saharan Africa—a whole region at risk 
Sub-Saharan Africa demonstrates both the 
complexity and the scale of the water security 
threat created by global climate change.89

Any evaluation of the threat posed by cli-
mate change for Sub-Saharan Africa has to 
start with the high level of pre-existing pov-
erty and vulnerability. Almost half the region’s 
population—some 300 million people—live 
on less than $1 a day. The majority live in rural 
areas, where income and employment depend 
almost entirely on rainfed agriculture. Sub-Sa-
haran Africa already has a highly variable and 
unpredictable climate and is acutely vulnerable 
to floods and droughts. A third of the people 
in the region live in drought-prone areas, and 
floods are a recurrent threat in several countries. 
With climate change large parts of the region 
will become drier, increasing the number of 
people at risk of hunger and poverty by the tens 
of millions.

Climate change is already affecting the re-
gion. Reduced rainfall across the Sahel, an in-
crease in the incidence of drought and greater 
volatility are among the current symptoms. But 
the future points to far more extreme changes: 
warming between 0.2°C and 0.5°C per decade, 
with 10% less rainfall in interior regions under 
intermediate global warming scenarios, and 
water losses increased by rising temperatures. 
The warming will be greatest over the semi-arid 
margins of the Sahara, along the Sahel and inte-
rior areas of southern Africa. Climate-induced 
changes to crop yields and ecosystem boundar-
ies will dramatically affect some of the poorest 
people in Sub-Saharan Africa (as well as Latin 
America and South Asia) partly because many 
of them live in areas most prone to extreme cli-
mate events and partly because they have little 
capacity to adapt by turning to irrigated agricul-
ture, improved seeds or alternative livelihoods. 

Simulating the impact of climate change on 
crop yields and output is a hazardous affair. It 
should be emphasized at the outset that this is 
not an exact science. However, recent modelling 
has provided important insights that should 
serve as an early warning system. One illustra-
tion, shown on map 4.3, is based on one of the 
IPCC’s climate change scenarios and existing 
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evidence on the relationship between water 
availability and productivity for the cereals sec-
tor.90 It highlights areas of acute threat. These 
areas include a wide band across the Sahel re-
gion, stretching from Mauritania across Niger, 
Burkina Faso, Chad and Sudan. Large swathes 
of Southern Africa face the prospect of steep de-
clines in yields, along with chronically food in-
secure countries such as Ethiopia and Somalia. 
Taken in conjunction with an increasing like-
lihood of drought, falling yields will translate 
into increased poverty, lower income and less 
secure livelihoods, and an increased threat of 
chronic hunger episodes. 

Disconcerting as it is, even this bleak sce-
nario may err on the side of optimism. More 
than 600,000 square kilometres of agricultural 

land now classified as moderately degraded 
could become severely degraded as a result of 
climate change, much of it in the Sahel. That 
outcome would intensify the pressure on culti-
vable land, giving rise to growing environmen-
tal strains and potential conflicts over land use. 
Some staple crops could be far more adversely 
affected than captured in the scenario outlined 
above. Cross-country research suggests that the 
productivity of maize, a staple across much of 
the region, is highly sensitive to variability in 
water availability during its flowering. Subre-
gional scenarios for the medium-term capture 
some of the emerging threats:
• East Africa. Projections to 2030 indicate 

that the region will get more rain but be-
come drier as temperatures rise. For Tanza-
nia the predicted increase in temperature is 
between 2.5°C and 4.0°C. Parts of the coun-
try are projected to receive more rainfall, 
while the rest of the country—including the 
drought-prone southern areas—will receive 
less. Maize productivity is projected to fall 
on some simulations by 33%.91 Rainfall in 
Kenya is projected to increase on average but 
to decline in semi-arid areas. Crop produc-
tivity in both countries will suffer. Yields of 
basic food crops, coffee and tea could fall by 
a third because of climatic shifts according 
to some IPCC scenario projections.92

• Southern Africa. Average regional tempera-
ture is projected to register a 1.5°C–3.0°C 
increase for intermediate global warming 
scenarios, with a 10%–15% decline in aver-
age annual rainfall, much of it in the grow-
ing season. The Zambezi River faces a pro-
jected drop in run-off of about a third by 
2050, rising to 40% or more in the Zambezi 
basin. The chronic food emergencies that 
have afflicted Malawi, Mozambique, Zam-
bia and Zimbabwe are set to become more 
frequent. Yields for maize will fall sharply, 
with a 1°C–2°C rise in temperature and less 
water.93

 • The Sahel. In the past quarter century the 
Sahel has experienced the most substan-
tial and sustained decline in rainfall re-
corded anywhere, punctuated by recurrent 
droughts in Burkina Faso, Mali and Niger. 

Projected impact of climate 
change on cereal 
productivity, 2080 (% change 
on 2000), IPCC scenario A2
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Map 4.3 Climate change threatens to reduce cereal productivity across 
much of Sub-Saharan Africa
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In West Africa river discharge has fallen by 
more than 40% since the 1970s. Looking to 
the future, the Niger River, which provides 
water for 10 poor and arid countries, could 
lose a third of its flow. Simulations based on 
work in Sudan point to reduced production 
potential of 20%–76% for sorghum and 
18%–82% for millet.94

Glacial melt
In many parts of the world glaciers act as water 
banks. They store ice and snow in the winter and 
release it slowly as temperatures rise, sending 
flows of water down to agricultural producers 
in lowland areas. Today, these banks are melting 
at an accelerating rate. And as glaciers retreat, 
water stocks are being depleted on a large scale.

Across much of Central Asia, Latin Amer-
ica and South Asia rural livelihoods depend 
on glaciers. The glaciers of the Himalayas and 
Tibet alone feed seven of the world’s great-
est rivers—Brahmaputra, the Ganges, Indus, 
Irrawady, Mekong, Salween and Yangtze—that 
provide water supplies for more than 2 billion 
people. With global warming glaciers are melt-
ing more rapidly, increasing the risk of flooding 
in spring, followed by water shortages in sum-
mer. Over the next 50 years glacial melt could 
emerge as one of the gravest threats to human 
progress and food security (box 4.9).

Extreme climate events
The location and timing of extreme climate 
events and humanitarian emergencies remain 
unpredictable. But their increase can now be 
anticipated with a degree of certainty. For many 
millions of people water flows will be marked by 
mounting uncertainty and unpredictability.

Beyond the complex variations affecting 
individual weather systems, some basic shifts 
are taking place in the forces that govern the 
hydrological cycle. Global warming is raising 
the temperature of continents while glacial 
melt is decreasing the temperature of the sea. 
The variation between the two influences the 
Asian monsoons. Warmer climate means that 
the air can hold more water vapour, so sum-
mer monsoon winds will carry more moisture. 
Most climate models suggest that the monsoon 

rainfall patterns will change by 25%–100%. 
Fluctuations of just 10% are known to cause 
severe flooding or drought.95 Heavier rains can 
have devastating consequences, as the flooding 
in Mumbai in 2005 demonstrated: 500 people 
perished. 

Simple winner and loser models do not 
capture the real scale of the threat that climate 
change poses through hydrological systems. 
This is partly because modelling for aggregate 
changes can obscure large variations within 
countries. Some countries in Sub-Saharan Af-
rica, such as those in the Sahel, may get more 
water through rain but lose even more through 
evaporation as temperatures rise. Reduced 
moisture retention in the soil can be expected 
to lower productivity and raise the risk of crop 
failure, even if average annual rainfall rises. 

Projections for India highlight the com-
plexity of climate change patterns (map 4.4). 
Most modelling exercises point to an increase 
in rainfall for the country as a whole. How-
ever, an increased proportion of rain will fall 
during intensive monsoon episodes in parts 
of the country that are already well endowed 
with rainfall. Meanwhile, two-thirds of the 
country—including semi-arid areas in Andhra 
Pradesh, Gujarat, Madhya Pradesh, Maharash-
tra and Rajasthan—will have fewer rainy days. 
This will translate into a net loss for water secu-
rity, placing a premium on water harvesting and 
storage. One factor that will shape the profile 
of winners and losers is adaptive capacity. Irri-
gation systems will offer some protection, and 
large-scale commercial farmers are well placed 
to invest in technologies that raise water pro-
ductivity. Risk will be skewed towards produc-
ers who depend on rainfall and lack the assets to 
adapt through investment.

Wider rainfall patterns will also be pro-
foundly affected by shifting weather systems. 
The periodic El Niño Southern Oscillation 
is marked by a switching in the intensity and 
direction of currents and winds in the Pacific. 
It has been linked to droughts in East Africa, 
northern India, northeast Brazil and Austra-
lia and to catastrophic flooding and hurricanes 
from Mozambique to New Orleans. There is 
considerable debate about whether and how 

Over the next 50 years 

glacial melt could emerge 

as one of the gravest 

threats to human progress 

and food security



 166 HUMAN DE VELOPMENT REPORT 2006

4

W
at

er
 s

ca
rc

it
y,

 r
is

k 
an

d 
vu

ln
er

ab
ili

ty

El Niño is linked to global warming, one of the 
largest—and most threatening—unknowns in 
climate change scenarios.

What is known is that the incidence of ex-
treme weather events is increasing, along with 

the number of people affected by them. During 
the 1990s an average of 200 million people a year 
from developing countries were affected by cli-
mate-related disasters and about a million or so 
from developed countries. Injury, death and loss 

Glaciers are water banks. They save water in the form of ice and 

snow during winter months, releasing it slowly into rivers and lakes 

as temperatures rise. Global warming has registered its main im-

pact on glaciers. In the 1990s glacial mass fell at three times the 

rate of the previous decade, pointing to a global acceleration in 

melting. But the most profound consequences will be experienced 

in the decades ahead. 

Pakistan. Himalayan glaciers provide about 180 billion cubic 

metres of water each year for Pakistan, flowing into the Indus and 

other river systems. Glacial water flows sustained agriculture in 

some of the first human settlements that flourished on the banks 

of the Indus in Harappa and Mohenjo-Daro. Today, they maintain 

the Indus irrigation system, the largest contiguous irrigation system 

in the world. Even with corrective action at a global level, glacial 

retreat will continue for at least half a century. River flows will in-

crease, raising the likelihood of flash floods and exacerbating al-

ready acute irrigation drainage problems. In the second half of the 

21st century there is likely to be a dramatic decrease in river flows, 

conceivably by more than 30% (see figure). This major permanent 

reduction in run-off will have enormous consequences for liveli-

hoods in the Indus Basin and for Pakistan’s food supplies. 

Nepal. Glaciers are shrinking 30–69 metres per decade in Nepal, 

with more than 20 glacial lakes now identified as at risk of bursting their 

banks and causing flooding. Managing this threat will require huge new 

public investments.

China. Almost all glaciers in China have already shown sub-

stantial melting. Glacial retreat in Tibet has been described as 

an ecological catastrophe, and most glaciers could disappear by 

2100. As the catastrophe unfolds, China is under threat. It was once 

argued that retreating glaciers would help overcome water stress 

by releasing new flows into the arid north and west. Most models 

now suggest that this is an illusory benefit. While glacial melt in 

Tibet is releasing more water, higher temperatures will lead to the 

evaporation of most of the additional volume. The 300 million farm-

ers in China’s arid western region are likely to see a decline in the 

volume of water flowing from glaciers.

The Andes. During dry seasons Andean glaciers are the main 

source of drinking and irrigation water for urban dwellers and farm-

ers. These glaciers are registering some of the fastest reductions 

in mass in the world. Some small and medium-size glaciers are 

predicted to disappear by 2010. In Peru glacial coverage has fallen 

by a quarter in the past 30 years. In the short run water managers 

face the prospect of fast diminishing flows into reservoirs and ir-

rigation systems, with costs rising for urban consumers to finance 

new reservoirs. Longer term effects will include a reduced flow of 

water for agriculture during the dry season.

Central Asia. Most of Central Asia—Kazakhstan, Kyrgyzstan, 

Tajikistan, Turkmenistan and Uzbekistan—is in arid and semi-arid 

zones, where natural evaporation significantly exceeds precipita-

tion. Almost all fresh water originates from permanent snowfields 

and glaciers in the mountains of Kyrgyzstan and Tajikistan. Water 

from melting glaciers flows into the Amu Darya and Syr Darya Riv-

ers and their irrigated flood plains, sustaining 22 million livelihoods 

in Tajikistan, Turkmenistan and Uzbekistan. Irrigated agriculture ac-

counts for 25% of GNI in Uzbekistan and 39% in Turkmenistan. For 

upstream Kyrgyzstan and Tajikistan water from the same source is 

used to generate hydroelectric power. Glacial retreat poses a fun-

damental threat to livelihoods and economies across the region. 

The pace of that retreat is accelerating. In 1949 glaciers covered 

nearly 18,000 square kilometres of Tajikistan’s mountainous hinter-

land. Satellite images from 2000 indicate that this area has shrunk 

to just 12,000 square kilometres—a 33% decrease in 50 years. If 

current trends continue, Tajikistan’s glaciers will disappear within 

a century.

Box 4.9 Melting water banks—shrinking glaciers are changing water flows

Melting glaciers will dramatically change Indus River flows

Projected change in flows (%)

Source: World Bank 2005b. 
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of assets, income and employment from these 
events undermine the efforts of communities 
and governments to improve human develop-
ment. Inevitably, the adverse impacts are great-
est for people with the most limited resources. 
Since 2000 the growth rate in the number of 
people affected by climate-related disasters has 
doubled. Attribution may be uncertain—but 
there is at the very least a strong probability that 
global warming is implicated.96

Rising sea levels
Rising sea levels will be among the most pow-
erful determinants of water security for a large 
share of the world’s population in the 21st cen-
tury. Increased salinization could dramatically 
reduce freshwater availability for many coun-
tries, while coastal flooding threatens millions 
of livelihoods.

There is a substantial group of countries that 
stand to be affected. Bangladesh, Egypt, Nigeria 
and Thailand have large populations living in 
delta areas threatened by saline intrusion. The 
low-lying regions of Bangladesh support more 
than 110 million people in one of the most 
densely populated regions of the world, and 
more than half of Bangladesh lies at less than 
5 metres above sea level. The World Bank has 
estimated that by the end of the 21st century sea 
levels for the country could rise by as much as 
1.8 metres, with worst case scenarios predicting 
land losses of 16%. The area affected supports 
13% of the population and produces 12% of 
GDP. Similarly, in Egypt rising sea levels would 
weaken the Nile Delta’s protective sand belt, 
with serious consequences for essential ground-
water, inland freshwater fisheries and swathes of 
intensively cultivated agricultural land.97

The sheer scale of the potential adjustment 
pressures is not sufficiently appreciated. Some 
rich country governments have started to plan 
investment programmes to counter the effects 
of climate change. The Netherlands is an ex-
ample. The protection of low-lying coastal areas 
through enhanced sea defences and measures 
to improve storage capacity figure increasingly 
prominently in national planning for developed 
countries. Insurance companies are adjusting 
risk assessments and building reserves against 

future claims. But poor countries face problems 
of a different order, both in the people affected 
and in the costs of controlling rising seas. Peo-
ple in these countries face greater risks while 
their governments’ capacity to limit risk is con-
strained by financial capacity.

The international response—
weak on adaptation
Mitigation and adaptation are the two strands 
to any strategy for tackling the threat posed by 
climate change. Mitigation is about minimiz-
ing future climate change by weakening the link 
between economic growth and carbon emis-
sions. Adaptation is about facing up to the fact 
that climate change is inevitable and that many 
of the most threatened countries have the least 
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capacity to adapt. The international response on 
both fronts has been inadequate—spectacularly 
so in the case of adaptation.

Recent years have seen a step change in the 
multilateral response to climate change miti-
gation. The Kyoto Protocol, which came into 
force in 2005 with support from 130 countries 
(but not Australia and the United States), rep-
resents the most comprehensive attempt to ne-
gotiate binding limits on emissions. It includes 
flexibility mechanisms, which allow for carbon 
trading between countries, and the Clean De-
velopment Mechanism (CDM), which allows 
developed countries to gain emissions credits 
by financing projects in developing countries 
that lower greenhouse gas emissions. Though 
restricted to individual projects, the number 
of CDM interventions has been growing.98 Be-
yond Kyoto, important mitigation strategies 
are emerging at various levels. Linked to but 
independent of the Kyoto Protocol is trading 
among the 25 EU members through the Emis-
sions Trading Scheme. Seven northeastern US 
states are also participating in a voluntary trad-
ing scheme—the Regional Greenhouse Gas Ini-
tiative, launched late in 2005. Meanwhile, 28 
US states have developed action plans to reduce 
net greenhouse gas emissions. The state of Cali-
fornia has introduced its own groundbreaking 
emissions reduction targets.

The current Kyoto Protocol suffers from a 
limited time horizon (which has restricted de-
velopment of the carbon trading market), the 
absence of key developed countries and the non-
inclusion of developing countries. In effect, its 
remit extends to a small and shrinking part of 
the carbon and other greenhouse gas emissions 
that are driving global warming. Extending 
that remit raises important questions for equity 
and burden-sharing. Industrial countries with 
about 12% of world population account for 
half of current global emissions. Their citizens 
also leave a far deeper carbon footprint. Aver-
age per capita emissions range from 10 tonnes 
of carbon dioxide equivalent in the European 
Union to 20 tonnes in the United States. The 
equivalent figures are 1.2 tonnes for India and 
2.7 tonnes for China. High growth in countries 
such as China and India could, however, raise 

the developing world’s share of carbon emis-
sions from about one half today to about two-
thirds by 2050. Charting a growth path that 
raises living standards and reduces poverty in 
developing countries within a global strategy 
for containing global warming will require a 
radical shift in national policies to facilitate the 
spread of clean technologies, backed by interna-
tional cooperation.

What is needed beyond 2012 is an ambi-
tious set of well defined targets that provide a 
clear set of market signals and framework for 
action for national governments, industries and 
households. Keeping temperature increases to 
within 2°C above 1990 levels should be seen as 
a ceiling. For that to happen, global emissions 
in 2050 would have to be below the 1990 level 
(about 13% below the current level), with con-
centrations of greenhouse gases (measured in 
carbon dioxide equivalents) stabilizing at about 
450 ppm. Achieving this goal will require fun-
damental reforms in global energy policies. Car-
bon taxes, the deepening of markets for tradable 
emission permits, incentives for the develop-
ment of clean technologies, and—critically—
strategies for technology transfer to developing 
countries are among the policy instruments for 
reform. Contrary to some claims the adjust-
ment process would not jeopardize growth 
prospects in rich countries: the costs of reach-
ing the 450 ppm target for developed countries 
represents about 0.02%–0.1% of GNI per year, 
compared with average annual growth rates of 
2%–3% a year.99 For developing countries the 
prospect for sustaining growth within a multi-
lateral framework for limiting climate change 
will require financing for technology transfer 
on a scale far beyond that envisaged in the cur-
rent arrangements under the Clean Develop-
ment Mechanism.

Looking beyond mitigation, support for 
adaptation to climate change in developing 
countries is piecemeal and fragmented. The 
multilateral response has been woefully inad-
equate, highlighting wider failures in the way 
that global governance systems are responding 
to global problems. The same is true at a na-
tional level. Very few developing countries have 
prioritized adaptation in key planning docu-
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ments such as Poverty Reduction Strategy Pa-
pers or even in integrated water resource man-
agement documents.

Provisions for financing adaptation tell 
their own story. Various financing mecha-
nisms for adaptation have been put in place, 
but the flows involved are limited. The Kyoto 
Protocol includes a provision establishing an 
Adaptation Fund. Financing for this facility 
comes from a small levy (with a ceiling of 2%) 
on purchases of credits under the Clean Devel-
opment Mechanism. On current projections by 
the Organisation for Economic Co-operation 
and Development this will generate about $20 
million by 2012. The main multilateral mech-
anism for financing adaptation is the Global 
Environment Facility (GEF). But here, too, the 
financing parameters are modest: about $50 
million has been allocated to support adapta-
tion activities that create global environmen-
tal benefits. Under a separate Special Climate 
Change Fund, managed by GEF, donors con-
tributed another $45 million. In 2001 a special 
Least Developed Countries Fund was created 
under GEF auspices for national adaptation 
programmes, with support from 12 donors. As 
of August 2006, $100 million had been con-
tributed to this fund, but only $9 million had 
been spent on projects in 43 countries—a very 
limited response.100

Has bilateral aid covered for the failings 
of the multilateral system? Not if the bench-
mark is support for adaptation in agriculture, 

the sector that faces the gravest threats. The 
twin challenge in the sector is to put in place 
the infrastructure to mitigate risk and the pov-
erty reduction strategies to enhance adaptive 
capacity at the household level. Development 
assistance plays a critical role, especially in Sub-
Saharan Africa. However, aid flows to agricul-
ture have fallen from an annual average of about 
$4.9 billion in the early 1990s to $3.2 billion 
today, and from 12% to 3.5% of total aid. All 
regions have been affected: aid to agriculture in 
Sub-Saharan Africa has shrunk from $1.7 bil-
lion on average during 1990–92 to just under 
$1 billion in real terms in 2004. The Group 
of Eight (G-8) countries have cut their aid to 
agriculture in the region by $590 million—
more than half—over the same period (figure 
4.11).101 This is precisely the opposite of what 
needs to happen in the interests of long-run 
human development.

Of course, it has to be acknowledged that 
future climate change impacts are uncertain. 
But uncertainty cuts both ways: the outcome 
could be far more severe than indicated in cur-
rent projections. Successful adaptation strate-
gies will have to be developed in the context of 
wider strategies for sustainable development, 
including measures to reduce vulnerability to 
shocks and stresses. This implies that adapta-
tion is highly context specific and that national 
planning based on local participation holds the 
key to success. But international support is a 
precondition for successful adaptation.

The way ahead

The world is not running out of water. But many 
countries are running out of time to tackle the 
critical problems presented by water stress.

At a national level the starting point is that 
water has to be treated as a scarce resource, 
with a far stronger focus on managing demand 
within the frontiers of ecological sustainability. 

Integrated water resources management pro-
vides a broad framework for governments to 
align water use patterns with the needs and 
demands of different users, including the en-
vironment (see box 4.7). Public policies that 
shift market signals and price incentives to as-
sign more weight to conservation, increasing 

Source: OECD 2006b.

Figure 4.11 Declining aid flows 
to agriculture
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the crop per drop and reducing pollution, are 
also vital. 

Environmental accounting systems that 
value water as a natural resource asset and count 
its depletion as a loss would help to change the 
way that policy-makers view water. The Mil-
lennium Ecosystem Assessment identified the 
failure of markets and national income accounts 
to value ecosystems as a contributory factor in 
environmental degradation. Nowhere is this 
more evident than with water, where the deple-
tion of assets registers as an input to increased 
wealth. Environmental accounting that at-
taches real economic values to water-based eco-
systems would contribute to the policy debate 
on water pricing, allocation and environmental 
needs.102

Integrated water resources management 
provides an important vehicle for wider reforms, 
while the policy framework will vary inevitably 
across countries. Core requirements include:
• Developing national water strategies that 

monitor water availability, assess the sus-
tainable limits to human use and regulate 
withdrawals within these limits.

• Adopting pricing strategies that reflect the 
real scarcity value of water while maintain-
ing equity among users.

• Cutting perverse subsidies for water over-
use, ensuring that polluters pay and creat-
ing incentives for preventing pollution.

• Carrying out national audits of ground-
water recharge and extraction rates and in-
troducing pricing and regulatory systems to 
prevent overuse.

• Valuing ecological services provided by wet-
lands and other water-based systems.
Climate change presents challenges of a dif-

ferent order. Mitigation is an imperative. If the 
international community fails in this area, the 
prospects for human development in the 21st 
century will suffer a grave setback. Bold targets, 

including a 450 ppm stabilization target for 
carbon dioxide equivalent emissions, should be 
backed by clear long-term strategies for carbon 
trading, incentives for clean technology and fi-
nancing for technology transfer.

Beyond mitigation, the development of ad-
aptation strategies should be seen as a first-order 
priority. That is true for both bilateral aid and 
multilateral initiatives. Once again, the start-
ing point is national planning. Constrained by 
limited capacity and sometimes by weak gover-
nance, few developing countries have initiated 
country strategies for adaptation.

International aid has a central role to play in 
changing this picture, especially in agriculture. 
In practice, it is difficult to separate the effects 
of climate change from wider problems facing 
poor agricultural producers in developing coun-
tries. However, additional resources are needed 
to address the problems of water stress that will 
accompany climate change. Expanding the aid 
envelope for agriculture from the current level 
of about $3 billion a year to $10 billion by 2010 
should be seen as a minimum requirement.

Sub-Saharan Africa is a priority. As in other 
regions aid flows need to reflect national plan-
ning estimates for financing agriculture. The 
Comprehensive Africa Agriculture Develop-
ment Programme (CAADP) developed by the 
African Union and the New Partnership for 
Africa’s Development provides a framework. 
CAADP is a medium-term financing strategy 
that aims at creating the infrastructure needed 
to raise productivity and reduce hunger, with 
an emphasis on the development of sustainable 
water systems. Financing provisions will require 
an increase in aid to primary agriculture from 
about $0.9 billion today to $2.1 billion by 2010. 
These figures are within the range of increase 
agreed by the G-8 countries at Gleneagles—and 
it is important to the well-being of millions of 
poor farmers that the pledge be honoured.
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