Overview of
Key Messages

Part 1:
Recognizing the centrality of
water and its global dimensions
access to water is critical to the well-being of people
in all domains – personal, familial and social. Water
also makes an essential contribution to economic output. it underpins the sound functioning of natural environmental and ecological systems. many economic
sectors compete for finite water resources. Water is
the only medium through which major global crises
(food, energy, health and climate change, as well as
economic crises) can be jointly addressed. explicit
trade-offs may need to be made to allocate water
to uses which maximize achievable benefits across
a number of developmental sectors. This is a critical
challenge, but one whose achievement is difficult and
complex in practice.

from The UniTed naTions World
WaTer developmenT reporT 4

Managing Water under
Uncertainty and Risk

protecting water resources, optimizing their use across
these activities, and ensuring an equitable distribution of benefits from water-intensive activities should
be at the centre of public policy and regulation. This is
true for all levels of water governance: local, regional,
river basin and central. failure to deal strategically with
these issues of allocation, resulting in a fragmented
approach to water management, will jeopardize future
availability and sustainability of water resources and is
likely to reduce economic and social welfare below attainable levels.
The task of delivering sufficient quantities of water for
social, economic and environmental needs has traditionally been regarded as the responsibility of those
directly involved in its extraction, collection and use
– the ‘water sector’. however, the availability of water
throughout the hydrological cycle is influenced by
many factors that lie outside the direct control of water authorities. effective and sustainable management
of water resources and allocation requires cooperation
and coordination between diverse stakeholders and
sectoral ‘jurisdictions’.
in future, global water resources are likely to come under increased pressure. The demand for water is growing at the same time as climate change is expected to
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threaten its availability. Water is not confined within
political borders. an estimated 148 states have international basins within their territory, and 21 countries
lie entirely within them. in addition, about 2 billion
people worldwide depend on groundwater supplies,
which include 273 transboundary aquifer systems.
multiple and increasing drivers of water use and the
uncertainties associated with them are likely to put
existing transboundary agreements under stress.

energy and water are intimately connected. all sources of energy and electricity require water in their
production processes: the extraction of raw materials,
cooling in thermal processes, cleaning processes, cultivation of crops for biofuels, and powering turbines.
energy is itself required to make water resources
available for human use and consumption through
pumping, transportation, treatment, desalination and
irrigation.

Ultimately, these issues can only be addressed in international forums. The Un framework Convention
on Climate Change (UnfCCC), the millennium
development goals (mdgs) and the Un Conference
on sustainable development (Csd) are particularly
important. Under the leadership of member states,
their activities need to be supplemented by proper consultation processes to ensure the effective
implementation of global policies at country level.
members of the water community have the duty to
inform and provide guidance to this process.

already, over 1 billion people lack access to electricity and other clean sources of energy. increases
in demand due to population growth and increasing economic activity are expected to cause a surge
of energy consumption, particularly in non-oeCd
countries.

Water demand
What drives consumption?
The demand for water originates from four main
sources: agriculture, production of energy, industrial
uses and human consumption.

There is a direct link between water and food production. production of crops and livestock is water-intensive and agriculture accounts for 70% of
all water withdrawn by the combined agriculture,
municipal and industrial (including energy) sectors.
The booming demand for livestock products in particular is increasing the demand for water. it is also
affecting water quality, which in turn reduces availability. responsible agricultural water management
will make a major contribution to future global water
security.
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The global demand for food is expected increase by
70% by 2050. however, predicting future water demand in agricultural uses is fraught with uncertainty,
depending on the methodologies and assumptions
adopted. demand is influenced by population levels,
the type of food in demand, and quantities consumed.
Crop types, yields and efficiency of agricultural production also affect the quantities of water required,
while climatic variations add to the uncertainties.
Best estimates of future global agricultural water consumption (including both rainfed and irrigated agriculture) are of an increase of about 19% by 2050. much of
the increase in irrigation water consumption will be in
regions already suffering from water scarcity.

regarding human consumption, the main source of demand comes from urban communities requiring water
for drinking, sanitation and drainage. The urban population of the world is forecast to grow to 6.3 billion
people in 2050 from 3.4 billion in 2009, representing
both population growth and net migration from countryside to town. There is already a backlog of unserved
urban populations, and the number of people in cities
who lack access to improved water supply and sanitation is estimated to have grown some 20% since the
mdgs were established.

The water resource: Variability,
vulnerability and uncertainty
Understanding the spatial and temporal distribution
and movement of water is crucial for efficient water
resources management. freshwater supplies are erratically distributed, geographically and over time. There
is considerable variability between arid and humid
climates and between wet and dry seasons. The distribution of freshwater is driven by a few large scale
climatic factors, for example, the el niño-southern
oscillation (enso).
groundwater is now a major source of water for human consumption, supplying nearly half of all drinking
water in the world. groundwater’s omnipresence and
unique buffer capacity have enabled people to settle and survive in dry areas where rainfall and runoff
are scarce or unpredictable. groundwater is crucial for
the livelihoods and food security of over 1 billion rural
households in the poorer regions of africa and asia,
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Water is an integral part of many industrial processes
and increasing demand for water for industrial uses
will result from increasing economic activity.

and for domestic supplies of a large part of the population elsewhere in the world.
during the twentieth century an unprecedented ‘silent revolution’ in groundwater abstraction took place
across the globe. The global groundwater abstraction
rate has at least tripled over the past 50 years, significantly boosting food production and rural development. no matter how large the volumes of water contained in these aquifers may be, the fact that many of
them are non-renewable means they can eventually be
mined to exhaustion if their use is not managed properly. in some hotspots, the availability of non-renewable groundwater resources has reached critical limits.
despite these real concerns over unsustainable abstraction rates and pollution, groundwater resources,
if carefully managed, can make a major contribution
to meeting the demand for water in the future and to
adapting to climate change. investment will be required to improve water measurement and control
and, where appropriate, increase surface water and
groundwater storage, both in constructed reservoirs
and in natural storage in wetlands and soil.
glaciers act as buffers. Water is released in years of
low snowfall and retained as ice in years of heavy
snowfall. in the short term, shrinking glaciers add
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weather events including floods, droughts and storms.
other measures likely to affect water consumption by
the energy sector are the development of more waterefficient technologies for both primary energy and
electricity. Water and energy policies, which are often
made in different government departments or ministries, will need to be harmonized, and policy-making
become better coordinated.
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water to streamflow over and above annual precipitation and so increase water supply. in the longer term,
however, glaciers are expected to disappear as an additional source of water, albeit very slowly.
The quantity of available water is also determined by
its quality. polluted water cannot be used for drinking, bathing, industrial uses or agriculture. The more
polluted the water, the greater the cost of treatment
required to return it to a useable standard.
poor water quality damages human health and degrades ecosystem services. The economic costs of
poor quality water in countries in the middle east and
north africa range from 0.5% to 2.5% of gdp.
The preventive and collaborative approach described
as Water safety planning has demonstrated cost savings and improvements in water quality. it requires the
engagement of principal stakeholders, including land
users or householders discharging industrial, agricultural or domestic waste into a catchment area; policymakers from various parts of government overseeing
the implementation and enforcement of environmental
regulations; and practitioners delivering water to consumers at the tap.

Reducing pressures on water resources
Climate change is of central importance: it is affected
by energy production and impacts directly on water.
mitigation measures focus on reducing energy consumption, which would alleviate energy-driven pressures on water demand. adaptation means planning
and preparing for increasing hydrological and extreme

The main challenge facing the agricultural sector is not
as much growing 70% of additional food in 40 years,
but making 70% more food available on the plate.
reducing losses in storage and along the value chain
would go some way towards offsetting the need for
more production (and water). innovative technologies
will also be needed to improve crop yields and drought
tolerance, and deliver more efficient ways of using
fertilizer and water. industrialized countries are well
placed to take advantage of these technologies, but
must also enable the least developed countries to have
access to them on equitable and non-discriminatory
terms.
for most industrial operations, water has not hitherto
been seen as a problem. improved water management
is generally reflected in overall decreased industrial
water withdrawals or increased wastewater treatment,
highlighting the connection between higher productivity and lower consumption and effluent discharges
and reduced pollution. however, industry will not be
immune from growing water pressures, the impacts of
which will extend beyond factory boundaries to affect
workers, customers, suppliers and members of host
communities. industry will need to consider not only
its own direct interests but also those of other stakeholders and the natural environment.
it is estimated that over 80% of wastewater worldwide
is not collected or treated, and urban settlements are
the main source of point-source pollution. The public
needs better information on the impact of its consumption on the quantity and quality of water resources. Tools are being developed for managing growing
urban demand for water; in particular, integrated urban
water management (iUWm), which links freshwater,
wastewater and stormwater management within a
common resource management structure.

Water’s social and environmental
impacts
measures to improve water resource management,
increase access to safe drinking water and basic
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Water-related disasters are a major obstacle to poverty
reduction and to meeting development objectives such
as the mdgs. a particularly pressing issue is that of
desertification, land degradation and drought (dldd).
recent estimates suggest that nearly 2 billion hectares
of land worldwide – an area twice the size of China
– are already seriously degraded, some irreversibly.
globally, dldd affects 1.5 billion people who live in degrading areas, and is closely associated with poverty.
dldd-induced water scarcity results in food insecurity
and malnutrition among affected communities, particularly in developing countries.
ecosystems underpin the availability of water, including its extremes of drought and flood, and its quality. They deliver multiple benefits (services) that are
essential for sustainable development. many of these
key services are derived directly from water, and all
are underpinned by it. Trends in ecosystems, including
the life they support, are telling us that things are out
of balance. policy-makers and managers need to recognize that ecosystems do not consume water – they
supply and recycle it – and water taken from ecosystems unsustainably reduces their ability to deliver the
benefits we need ecosystems to provide.

Water management, institutions and
capacity development
Understanding the multiple aspects and roles of water is crucial to governing it effectively. Water affects
social welfare and economic development within a
range of sectors. Water demands and uses are often
managed in isolation of each other (which can lead to
conflicts between competing sectors) rather than as
part of an overarching strategy to make the best use of
water throughout society and the economy.
effective institutions can reduce natural, economic,
technical and social uncertainties. however, the diverse
structure of water management in dealing with various
resource and use/service-related issues is reflected in
the complexity and fragmentation of the institutions
that exist to govern and manage it. a further problem
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sanitation, and promote hygiene have the potential to
improve the quality of life of several billion individuals,
reduce child mortality, improve maternal health and
reduce the burden of waterborne disease. supporting
women’s access to, and their control over, water will
in turn improve their access to secure sources of food
and livelihoods which will benefit their own health and
that of their families.

is that many water institutions are still heavily focused
on technological and other supply-side solutions. To
cope with the necessary changes, such institutions will
have to shift their emphasis towards the management
of processes and people.
Water cross-cuts all social, economic and environmental activities. integrated water resources management
(iWrm) aims to align water management across all
relevant sectors, policies and institutions to achieve national water, food and energy security. it requires different uses of water to be considered alongside each
other and provides a structure within which competing
interest groups (water utilities, farmers, industry and
mining, communities, environmentalists, etc.) can hammer out coherent strategies for meeting future challenges and uncertainties. iWrm involves a broad group
of stakeholders in the ‘rule-setting’ process for the
management of water resources, which in the case of
transboundary water systems will also involve international collaboration.

Informed decision-making
it is becoming increasingly important to national governments to have reliable and objective information
about the state of water resources and how they are
used and managed. in this context, the organisation
for economic Co-operation and development (oeCd)
has set as a policy goal ‘de-coupling environmental
pressures from economic growth’. Trends in water use
are an important parameter to be monitored.
information on water is needed from all parts of society, from local communities to global multilateral organizations, including farmers, urban planners, drinking water and wastewater utilities, disaster managers,
business, industry and environmentalists. data availability is generally particularly poor for groundwater
and water quality. it is essential to set up sustainable
systems for data collection and dissemination, and to
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establish forums for sharing this information. a key objective is to reduce uncertainty about water resources
and their use in order to improve the management of
risks.
an extensive array of indicators has been developed
to monitor the state, use and management of water
resources. alongside trends in water use, the water
efficiency of different sectors, measured in terms of
output per unit of water use, can be a helpful indicator. at a broader societal level, the widely used concept of national water stress measures the amount of
water available to a country per person. To achieve a
balanced allocation and protection of water resources,
indicators should be chosen to cover regulation (e.g.
technical and performance standards) quota-setting,
access rules and allocation procedures, as well as economic instruments (especially pricing mechanisms and
payments for ecosystem services).

(validated by hydromet networks and services) has
not yet been translated into serious flows of useful
processed information about water and its use. for
instance, the remote monitoring of indicators of water
quality would signal trends in eutrophication and other
problems affecting the status of natural ecosystems
such as wetlands.
data on water use are often even more difficult to
obtain than information on the state of the resource
itself. The direct use of water by field crops can now
be reliably assessed using remotely accessed data, but
it is more difficult to determine the amount of water
actually abstracted from rivers and dams to irrigate
fields. surprisingly little is known about how much water is actually withdrawn and consumed by industry.
Because water is cheap and widely distributed its use
is often not measured directly, rather estimated using
standard assumptions about water consumption in
specific industries. There may be an unwillingness to
share information. if actual use data are not obtained,
it will not be possible to track improvements in water
productivity, even if they are substantial.

a WWap expert group on indicators, monitoring and
reporting (imr) considered the availability of data and
the actions that could be taken to enhance the flow of
data. one of its findings was that a limited set of key
‘data items’ could support a wide range of different
indicators.

economic policy-makers have recognized that water
resources have an important but largely unaccounted
for influence on national economies. The most effective driver of efforts to improve the flow of information
on water will be a demand from policy-makers and
decision-makers in socio-economic sectors. There are
now significant opportunities for the global community of water practitioners, as well as water users and
those members of the wider community with a stake in
water, to make substantial improvements in the availability and quality of information about the resource,
its use, users, benefits derived from it, how these benefits are allocated, and who bears the costs and negative impacts.

however, the data required to populate the indicators are seldom systematically or reliably available
at a global, national, regional or basin level. Concern
about climate change is one of the factors which has
led to explicit recognition that the ‘stationary hydrology’ assumption can no longer be used as the basis
for assessment of water availability. This in turn has
focused attention on the limited amount of global data
on streamflows on which estimates of water resource
availability must be based. While there are a great deal
of available data on precipitation, which can be measured by remote sensing, changes in runoff to rivers or
recharge of groundwater are much harder to measure.
The huge resource base derived from remote sensing

The development of techniques that enable evapotranspiration from crops to be measured directly is an
example. accurate estimates of precipitation can be
made using data about signal attenuation between
mobile phone towers, which means that telecommunications service providers can help to fill data gaps.
The graCe family of satellites, which has enabled the
application of remote gravimetric measurement to
determine changes in the total water ‘stock’ in specific geographical areas, has already demonstrated the
potential to monitor changing groundwater reserves
in large alluvial basins. a pilot initiative of WWap, basing the estimate of available water on a combination of
observed hydrometeorological and surface elevation

data, produces long-term moving averages of total annual renewable water resources (TarWr).

Regional perspectives
Africa
The contribution which water will make to africa’s
development is widely recognized. The continent
faces endemic poverty, food insecurity and pervasive
underdevelopment. almost all african countries lack
the human, economic and institutional capacities to
develop and manage their water resources sustainably. access to improved water supply by both urban
and rural populations is still the lowest among the
world’s regions. most countries do not take full advantage of available arable lands for agricultural production and irrigation expansion, and hydroelectricity is
underdeveloped.
Coverage of drinking water supply in sub-saharan
africa is barely 60% overall. Coverage in rural areas has
grown to 47% in 2008, but has remained static at just
over 80% in urban areas over the period since 1990.
only 31% of the population uses improved sanitation
facilities and although the proportion of the population practising open defecation is declining, in absolute numbers it increased from 188 million in 1990 to
224 million in 2008. from the mid-1990s to 2008 the
number of persons who were malnourished in subsaharan africa increased from 200 million to 350–400
million. since the mid-1960s, agricultural production
has increased by an average of less than 2% annually,
while the population has risen at a rate of 3%.
overall, only one in four people in africa has electricity. hydropower supplies a third of africa’s energy, but
the region has vast hydropower potential – enough to
meet all the continent’s electricity needs. only 3% of
its renewable water resources are exploited for hydroelectricity. african countries have begun to address
transboundary water issues related to hydro development, such as through power pools like the south
african power pool (sapp) and West african power
pool (Wapp).
drought in sub-saharan africa is the dominant climate
risk. it destroys economic livelihoods and farmers’
food sources and has a major negative effect on gdp
growth in one-third of the countries. floods are also
highly destructive to infrastructure and transportation
and flows of goods and services. They contaminate
water supplies and increase the risk of epidemics of
waterborne diseases such as cholera.
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Europe and North America
north americans are the highest per capita water
users in the world, consuming some 2.5 times the
european rate. various estimates indicate that, based
on business as usual, approximately 3.5 planet earths
would be needed to sustain a global population
achieving the current lifestyle of the average european
or north american. however, pockets of water deprivation exist, particularly amongst indigenous people
– more than 10,000 homes on reserves in Canada have
no indoor plumbing and the water or sewer systems
are substandard on one in four reserves. in europe,
some 120 million people do not have access to safe
drinking water and even more lack access to sanitation, which results in higher incidences of water-related disease.
an important problem in europe and north america
is the pollution of water courses by agrochemicals,
namely nitrogen, phosphorus and pesticides. While
legal frameworks exist to regulate this problem, in the
drainage basins of the mediterranean sea, the east
atlantic ocean and the Black sea, anti-pollution enforcement is lagging and water quality suffers as a
result.
The intergovernmental panel on Climate Change
(ipCC) predicts that water stress will increase in
Central and southern europe, and by the 2070s the
number of people affected will rise by 16 to 44 million. summer flows are likely to decline by up to 80%
in southern europe and some parts of Central and
eastern europe. europe’s hydropower potential is expected to drop by an average of 6% over this period.
The ipCC considers that in north america climate
change will cause increased competition among users
for over-allocated water resources.
in the european Union, the Water framework directive
concluded in 2000, as well as more recent directives
on standards and groundwater, represent the only
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supra-national water arrangements in the world. it has
accelerated a historical process of transboundary water management.

Asia and the Pacific
This region is experiencing rapid urbanization, economic growth, industrialization and extensive agricultural development. These trends are, however, accompanied by intensive use of resources that pressurize
aquatic ecosystems and affect the region’s capacity to
meet its water needs. food security is an urgent issue
as two-thirds of the world’s hungry people live in asia.
internal migration and urbanization are driving the rise
in the number of megacities and the growing need for
municipal water services.
The proportion of the region’s population with access
to improved drinking water increased from 73% to 88%
between 1990 and 2008, an increase of 1.2 billion people. China and india together account for a 47% share
of the 1.9 billion people globally that gained access
to improved drinking water sources over this period.
however, the situation regarding sanitation coverage is
much less encouraging – 72% of the 2.6 billion people
who do not use improved sanitation facilities live in
asia.
asia and the pacific are the regions in the world that
are most vulnerable to natural disasters. much economic and population growth is generated in coastal

and flood-prone areas and the pacific’s small island
states are particularly vulnerable to environmental natural hazards such as tropical cyclones, typhoons and
earthquakes, and would be highly exposed to rises in
sea levels resulting from global warming.
in water resources management, a number of countries in the region are shifting from an emphasis on the
short-term development of water infrastructure to a
more strategic approach that recognizes the ecological
impact of economic development.

Latin America and the Caribbean
latin america and the Caribbean (laC) is basically a
humid region, although it contains some very arid areas. The pattern of water use in the region can be described as spatially sporadic and highly concentrated
in relatively few areas.
The population of the laC region grew by over 50%
between 1970 and 2009, although birth rates are now
declining rapidly and population growth is slowing accordingly. The region has seen a massive shift in the
relative shares of the population living in rural and urban areas and has seen large intercity migratory flows
as the urban population tripled over the past 40 years.
Urban growth has led to a high proportion of large cities (with over 1 million inhabitants) and in some cases
a high concentration of the population in the one or
two largest cities. however, a recent trend has been
the rapid growth of intermediate and small cities. an
estimated 35% of the population, or some 189 million
people, still live in poverty, of whom some 14% are in
the very poor social category.
many laC countries depend on the export of water-intensive goods and services, including minerals,
food and other agricultural products, timber, fish and
tourism. global demand has increased appreciably in
recent years. This ‘virtual’ export of water has important implications for competing water demands in the
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region. although most laC countries enjoy high levels of coverage of improved water and of sanitation,
there is a large variation in the quality of services and
important differences between rural and urban areas
and among countries. almost 40 million people still
lack access to improved water and nearly 120 million to
proper sanitation facilities. The majority of those without access to services are poor rural dwellers.
Transboundary water resources pose serious geopolitical problems. laC has 61 basins and 64 aquifers that
cross national borders. many laC countries have entered into transboundary water agreements, typically
to manage hydropower, but political obstacles have
often led to conflicts. There are few examples of agreements for managing shared groundwater.
With relatively weak water management capabilities,
the region’s poorest countries in Central america, the
Caribbean and the andes will be at the highest risk
from the impacts of climate change. on the positive
side, lessons learned from adaptation to the consequences of el niño events have led to technological
innovations and increased human capacity that are applicable to water management in the face of climate
change.

The Arab and Western Asia Region
about two-thirds of this region’s available surface water originates from outside the region and at times this
has led to conflict with ‘upstream’ countries. Water
scarcity inevitably leads to concerns about food insecurity given the high demands agriculture makes on
water consumption. imported foodstuffs, particularly
grain, account for a sizeable amount of virtual water
consumption in this region. local cereal production has
been boosted by the increased exploitation of groundwater for irrigation. however, as aquifers are drawn
down, pumping water is increasingly expensive and
unsustainable. against a background of water scarcity, key drivers affecting the region’s water resources
are population growth and migration; growing income,
wealth and consumption; and regional conflicts. Water
governance in the region urgently needs strengthening
to deal with these challenges.

Climate change is expected to produce increased temperatures and soil aridity and shifts in seasonal rainfall patterns (which are already being experienced
in some rainfed agricultural areas such as the syrian
arab republic and Tunisia). There is also likely to be
more frequent extreme weather events (floods and
droughts), reduced snowfall and snow melt in some
mountainous regions, and sea level and water salinity
rises in coastal aquifers.
past conflicts have created large numbers of internally displaced persons, which has increased regional
migration and strained water resources and services in receiving areas. violent conflict has also destroyed water infrastructure at different times in Beirut,
Kuwait and lebanon, absorbing resources needed for
rehabilitation.
To defuse potential conflict over water resources, attempts have been made to share scarce waters in a
coordinated manner across the region. The league of
arab states created the arab ministerial Water Council
and an arab Water security strategy. national ministries and authorities responsible for water production
are often linked to those for energy, agriculture and
irrigation. national water laws have been adopted in a
number of countries, many of which are also deploying
iWrm.

Regional–global links: Impacts and
challenges
The impacts of regional challenges are felt globally.
The incidence of natural disasters is increasing in most
regions of the world, and frequently affect socio-economic development. droughts, quite apart from their
direct impact on human needs, have a critical impact
on agricultural production and have contributed to
soaring food prices and shortages. The cost of wheat
has almost doubled since the summer of 2010 due to a
sharp decrease in world production.
Water shortages contribute to conflicts of varying intensity and scale. although these may appear localized, they have wider effects, such as displacement,
mass migration, disruption of livelihoods, social breakdown and health risks, all of which leave their mark on
the global community.
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Part 2:
Managing water under
uncertainty and risk
global political and social systems are changing in
unpredictable ways. Technology is evolving, and living standards, consumption patterns and life expectancies are changing. human populations are
growing and moving to expanding urban settings.
Consequently, land use and cover is changing, as is
the climate. The rate of change of these events is increasing and their long-term impacts are uncertain.
Water is the primary medium through which the
impact of these changes in human activity and the
climate will be felt. The carbon cycle (the realm of
climate change mitigation) and the water cycle (the
realm of adaptation) are inter-linked: ecosystems require water to store carbon and by doing so have an
impact on water. Without proper adaptation or planning for change, hundreds of millions of people will
be at greater risk of hunger, disease, energy shortages and poverty due to water scarcity, pollution or
flooding.
as an input to all economic activities, water will be
affected by decisions made in a wide range of sectors and domains, which typically have no direct

engagement with water policy. risk will be managed
in different ways in each sector or domain. providing
decision-makers with tools that show the broader
water resource consequences of alternative ways
forward will substantially contribute to better overall
management of the resource, with the possibility of
reducing adverse impacts.

Managing risk and uncertainty
risk and uncertainty are inherent in the decisions
which water managers and policy-makers must make,
and the emerging range of drivers and impacts often lie outside the traditional water arena. The more
these risks are understood, the more robustly water
systems can be designed and managed to reduce the
impact of future variability.
historically, water planners and engineers have been
able to base their decisions on characteristics of the
water cycle and hydraulics which could be described
within known statistical parameters and stable probability distributions. Today, however, these professionals are having to deal with future probabilities of
extremes of events that have not yet been observed
and are outside the envelope of variability defined
by past events. These uncertainties are due to future
changes in population growth and spatial distribution, changing water consumption patterns, socioeconomic development, and increasing climatic

variability. The latter influences future precipitation,
evaporation, groundwater infiltration, surface runoff
and channel flow in ways that are difficult to model
based on past experience. furthermore, as water is
an input to all economic and social activities, decision-makers need planning tools which reflect the
wider consequences of their decisions. long-term
decisions tend to have high fixed costs and are difficult to change or reverse. They include infrastructure
investments such as reservoirs and water and sewerage systems.
Two approaches for dealing with the extremes of uncertainty now encountered in complex water management problems are adaptive strategies and robust
strategies. an adaptive strategies approach selects
plans that can be modified to achieve better performance in the light of realized outcomes. These strategies can be responsive to new goals or objectives of
system performance as well as to changing inputs
over time.
Robust strategies identify the range of future circumstances, and then seek to identify approaches that
will work reasonably well across that range. This applies especially to decisions that cannot be easily or
cost-effectively modified in the future.
Scenario analysis is also an appropriate and tested
approach for dealing with uncertainty. analysing water issues in the context of sustainable development
requires a long-term view that takes into account the
evolution of some of the hydrological and social processes involved. scenarios are hypothetical sequences
of events, constructed for the purpose of focusing attention on causal processes, decision points and the
unfolding of alternatives – and to branching points
at which human actions can decisively affect the future. They are particularly helpful in situations where
it is difficult to assign probabilities to possible events
or outcomes, whether due to a limited initial understanding of processes involved, or due to the intrinsic
indeterminism of complex dynamic systems. WWap
is currently carrying out a project to develop potential scenarios for the world’s water resources and their
use up to 2050.

Understanding uncertainty and risks
associated with key drivers
Traditionally, the statistical analysis of past climatic
records has been a fairly reliable basis for predicting the water cycle and its hydrological extremes.
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historical climatic and hydrological information often forms the starting point for water managers and
extrapolations of the past are routinely conducted
to simulate future hydrological conditions. however,
water stress and sustainability are functions of the
available water resources and their withdrawal and
consumption. Both resources and projected pressures on water resources lie outside the control of
water managers. The WWap World Water scenarios
project undertook survey-based research on ten
drivers of change. The precise relevance of each of
these drivers varies in different regions of the world.
participants in these surveys identified and quantified a number of the most likely drivers, summarized
below.
Increased water productivity in agriculture has been
ranked as the most important development affecting
water. Between 1961 and 2001, water productivity for
agriculture increased by nearly 100%. participants estimated that agricultural productivity would be likely
to increase another 100% by 2040.
Climate change will affect the hydrological cycle and
hence the availability of water. participants estimated
that the number of people at risk from water stress
was likely to reach 1.7 billion before 2030 and 2.0 billion by the beginning of the 2030s. a 50% increase
in delta land vulnerable to serious flooding is seen as
likely to occur by the beginning of the 2040s.
participants considered that, as a result of infrastructure development, 90% of the global population
would probably have reasonable access to a reliable
source of safe drinking water, and 90% to appropriate
sanitation facilities, by the beginning of the 2040s.
The widespread adoption of rainwater harvesting,
combined with simple and cheap ways of purifying the collected water, was also considered a likely
development between 2020 and 2030. Better use
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of affordable technology by agriculturalists to check
crops and soil moisture will also increase the efficiency of irrigation schedules.
Population estimates put overall world population
size at almost 8 billion by 2034, 9 billion by the beginning of the 2050s and over 10.46 billion beyond
this. population growth could overwhelm past gains
in water and sanitation accessibility, particularly in
developing countries where recent improvements in
access to water supply and sanitation could be more
than negated.
The demand for water in developing countries could
increase by 50% over 2011 levels. over 40% of countries, mostly low-income countries or those in subsaharan africa and asia, could experience severe
freshwater scarcity by 2020. an important risk is that
unequal access to water will create new economic
polarities and give rise to political tensions.
The development of online forums on water issues,
including local government and civil society, could
help reduce the asymmetry of information between
user, provider and policy-maker. networked coordination at the national level to share information and
best practices between local water agencies could be
achieved in at least 95% of countries between 2020
and 2030. however, it is important that governments

should be able to respond to these information flows.
There is a concern that resistance from government
and vested interests could prevent the necessary flexibility, participation and transparency of governmental policy-making.
against these risks, the World Water scenarios
project has constructed various scenarios in which to
explore future water availability and its impacts on
human well-being and the health of ecosystems that
provide life support. The principal causal links have
been tentatively identified, and it is useful to examine how certain drivers could interact with each other
and how trends accumulate in order to examine possible futures for water resources.
in one possible future, the status quo continues, without further intervention. growth in food demand
resulting from population growth and changes in
nutritional habits, combined with increased urbanization, lead to a greatly increased demand for water.
expanding human settlements will encroach on fragile or marginal lands, and there will be increased deforestation and pollution. Climate change is expected
to result in decreased water availability in many regions, exacerbating economic polarities between water-rich and water-poor countries, as well as between
sectors or regions within countries. much of the burden of these impacts is likely to fall on the poor.
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a third possible future extrapolates current demographic and technology trends, and includes a set
of policy interventions that could be adopted over
the next two decades. a legally binding international agreement to combat climate change could
be in place by 2040, along with significant financing
for awareness-raising and adaptation in low-income
countries. Because most climate change impacts are
felt through water, this would have positive repercussions on the overall levels of financing for water. This
could mean high levels of investment in water infrastructure, leading to reductions in waste and increases in sustainable mobilization, as well as increased
sanitation network coverage.
several other policy interventions are considered in
this third scenario. investment in water management
and conservation, as well as sanitation, is expected to
have multiple poverty-reduction benefits, based on
development of solid property regimes, documented
land tenure arrangements, and clearly established
water rights and allocation systems. subsidies that
encourage inefficient uses of land, water and fertilizers, creating a bias in favour of high water users,
would be gradually replaced by flexible, index-based
insurance schemes that allow producers to make
short-term cropping decisions based on climate variability and extremes. Water-basin institutions and
decentralized authorities would be given increased
power and resources to effectively manage water within countries. This would promote local and
climate-responsive allocation of water among users,
facilitation by well-regulated pricing, and innovative
water rights trading mechanisms.

The impact of unvalued water on future
uncertainties
given that increasing pressures on water resources
are leading to a shortage of water to satisfy all needs,
choices must be made about how to share, allocate
and reallocate increasingly scarce water within sectors, from one user group to another, or between

sectors such as industry, mining, power and tourism.
valuing the many socio-economic benefits of water is
essential for improving the decisions of governments,
international organizations, the donor community,
civil society and other stakeholders. an appreciation
of the economic value of water in its different states
and uses is a necessary part of effective water management. in the absence of proper valuation water is
prone to suffer political neglect and mismanagement.
in turn this leads to suboptimal levels of investment
in water infrastructure and to the low priority given
to water policy in country development programmes,
poverty reduction strategies and other policies.
The price of water is a financial or fiscal transaction
between the provider and the user, which is often
closely controlled by public authorities, and often
bears little relation to either its value in specific uses
or its cost of supply. however, in well-functioning
water markets, economic values will establish themselves through trading prices. Where such markets
have been created, usually between farmers, prices
will typically reflect the value of marginal amounts of
water necessary to secure the most valuable, or water-sensitive, uses. a more complete analysis of differential water values is desirable for regulating water
trading; for example, when it is in the public interest
to allow trading between rights holders. Using water
values to inform management and allocation policies
does not imply that markets should not be regulated.
public authorities need to intervene to set the rules of
the game, ensuring adequate supplies of water and
sanitation services to satisfy basic needs and to safeguard public health.

Transforming water management
institutions to deal with change
The challenge for water authorities is to move from
planning for one defined future to the use of plans
responsive to a range of possible future scenarios, all
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a second possible future is one in which technological
advances are fully exploited, particularly the trend towards desalinization. Technological developments in
agriculture lead to sizeable water conservation. other
technological developments in urban water production and waste handling also contribute to reducing
absolute water withdrawals and waste. rapid uptake
of these technologies would be paired with an increased popular appreciation of water scarcity.
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uncertain but presenting varying degrees of probability. in this new paradigm, interplay is required
between technical specialists, government decisionmakers and society more broadly.
iWrm needs to embrace an adaptive approach to
management in response to exogenous changes.
another approach is to ask what can be done today
to shape a more desirable range of possible futures:
by seeking robust projects or strategies that do not
require a major revision of current economic and
optimization decision rules used in water resources
management. such robust strategies are revised as
better information becomes available and they use
computer-aided analysis for the interactive exploration of hypotheses, options and possibilities.
as iWrm becomes more adaptive it will involve more
multi-sector and multi-disciplinary collaboration. it
will also be necessary to look beyond what is traditionally considered water management and link it
with decisions made in other linked domains such as
land management, agriculture, mining and energy.

Investment and financing in water for a
more sustainable future
investment in water infrastructure is a driver of
growth and a key to poverty reduction. To function
sustainably, water resources management and the
supply of water services must be better funded than
at present. financing will be needed not just for investments in infrastructure, but for essential items
such as data collection, analysis and dissemination
and to develop human resources and technical capacities. generating data for policy-makers and managers is a necessary adjunct to good decision-making
and to reducing uncertainty, whereas it is currently
underfunded and underprovided. supplying this information can be regarded as a public good for countries, regions and the wider international community.
investment in upgrading national water information
bases to systematically report on a few key ‘data
items’ can show good returns and are being targeted
for support by international development agencies.
adequately funded water governance is also essential for reducing uncertainty and managing risks.
effective governance in areas such as environmental
controls, groundwater monitoring and abstraction
licensing, and monitoring and control of pollution
can reduce the risk of overexploitation of water, or of
catastrophic surface water pollution and irreversible

contamination of aquifers. some of these governance
functions can sometimes be self-financing through
abstraction and pollution charges.
There is a range of development funds available for
climate change adaptation and mitigation projects,
some created especially for this purpose. however,
much of the adaptation/mitigation effort will fall to
private companies, farmers and households who cannot tap into these development funds. for them, their
own resources or commercial finance will be critical.
public agencies have access to specialized climate
change funds, a few of which are available for adaptation in water.
generating finance for water infrastructure and services requires a pragmatic and eclectic approach.
Certain types of project, such as wastewater treatment, desalination, and wastewater reclamation and
reuse potentially lend themselves to stand-alone
commercial ventures funded from equity and other
types of commercial finance. however, raising commercial finance for water has become more difficult
due to the global financial situation since 2007, which
has discouraged new private interest in water infrastructure projects and adversely affected the supply
of risk capital and loan financing. some innovative
deals, developed with technical assistance and risksharing from donor agencies, are stalled. at the same
time, though many national governments are constrained by their fiscal position, others have benefited
from strong commodity prices and have used their
fiscal resources to invest in infrastructure, including
water.
Because most revenues arising from water services
are in local currencies, foreign exchange risk is a potential issue for water projects and providers, both
private and public. hedging against devaluation risk
is not a practical proposition. The more sustainable
long-term solution is to generate more internal revenues from tariffs and to rely as much as possible on
local financial and capital markets.
a number of donors and international financial institutions offer risk-sharing products to encourage
the growth of local current finance for water and
other infrastructure. as a general principle, the risk
of financial default can be managed by tailoring financial terms to the risk profile and expected cash
flow of the project concerned. for large and complex
projects it is becoming common to blend different
types of finance (commercial loans, concessionary
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Responses to risk and uncertainty from
a water management perspective
one of the most effective ways of reducing uncertainty is to generate new information about the availability and quality of water, now and in the future,
through better data collection, analysis and prediction. This in turn will improve the quality of decisions
made in crucial respects.
spreading risk is another way forward. The
international Water management institute (iWmi) has
proposed that a diversity of water storage schemes
should all form part of a balanced portfolio of funded
projects. This could range from small-scale rainwater tanks to larger-scale dams, systems that artificially recharge groundwater aquifers, and methods
of improving soil capacity to hold more water. Just as
modern consumers diversify their financial holdings
to reduce risk, smallholder farmers can use a wide array of ‘water accounts’ to provide a buffer against climate change impacts, including the important threat
to food security resulting from periods of drought.
Better use should be made of the natural environment as a component of water resources infrastructure; for example, wetlands can reduce peak flood
flows and assimilate many organic wastes in the same
manner as wastewater treatment plants.

Responses to risks and uncertainties
from outside the water box
more development usually means more water use,
while higher levels of economic growth often lead
to increased water pollution. different pathways and

models of economic growth have different implications, and risk. Conversely, water scarcity could act as
a driver of technological change. Water is a key element in ‘green growth’.
The water–food–energy nexus illustrates the difficult
choices, risks and uncertainties facing policy-makers
today. There are many examples of intended or unintended consequences of promoting one cause over
others (e.g. food security rather than energy or water security). a key challenge will be to integrate the
complex interconnections into response strategies
that take into account the various trade-offs and the
interests of different stakeholders.
insurance is one of the oldest risk mitigation mechanisms. index-based (or parametric) insurance is
emerging as a potentially powerful tool for risk
management in all sectors. This form of insurance
is linked to an index or event, such as rainfall, temperature, humidity or crop yields, rather than to the
amount of actual loss. The approach solves some of
the problems that limit the application of traditional
insurance in developing countries. a key advantage
is that the transaction costs are lower. in theory at
least, this makes index insurance financially viable for
private-sector insurers and affordable to individual
producers.
Water treaties or agreements such as those over water allocation in shared transboundary basins can also
reduce risks by increasing trust between the various stakeholders. likewise, agreements and treaties
signed for other purposes may help reduce the risks
and uncertainties over water where they provide mutual assurance of the other party’s behaviour towards
other natural resources.
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loans and grants, equity) to achieve an acceptable
overall mix.

15

16

overvieW of Key messages from The WWdr4

Conclusions
There is a need to replace the old ways of sectorbased decision-making with a wider framework that
considers the multiple facets of the development
nexus, and the multiple risks and uncertainties, costs
and benefits of every decision in light of a long-term
goal. in this regard, national governments have a major contribution to make by creating stronger, more
collaborative, flexible institutions, by adopting appropriate financing mechanisms to ensure the long-term
viability of water services and infrastructure, and by
ensuring that water considerations are mainstreamed
into everyday policy decisions as well as international
governance processes. Water managers have a responsibility to continuously inform these processes
and to raise awareness of the centrality of water in
the development nexus.
The current economic crisis could be seen as an opportunity: it provides an occasion for reflecting on
a desired collective future, and it provides a critical
glimpse of the interconnections between countries,

The United nations World Water assessment
programme (WWap) is hosted by UnesCo and brings
together the work of 28 Un-Water members and
partners in the triennial World Water Development
Report (WWdr).
This flagship report is a comprehensive review that
gives an overall picture of the world’s freshwater
resources. it analyses pressures from decisions that
drive demand for water and affect its availability. it
offers tools and response options to help leaders
in government, the private sector and civil society
address current and future challenges. it suggests
ways in which institutions can be reformed and their
behaviour modified, and explores possible sources of
financing for the urgently needed investment in water.

published by the United nations World Water
assessment programme
© UnesCo-WWap 2012

sectors and policies. similarly, looking at the future
through a water lens also provides the insight needed
to make decisions that maximize benefits to people,
the environment and the global economy.
The financial, food, fuel and climate crises are, even
individually, serious problems, but in combination
their effects could be catastrophic for global sustainability. The WWdr4 has sought to provide a new way
of looking at our water reality, through the perspective of risk and uncertainty. it has sought to encourage different ways of thinking about the world’s collective future by identifying tools and approaches
and by demonstrating that win–win scenarios are
indeed possible. political and business leaders as well
as water managers, water users and ordinary citizens
have a unique opportunity to see past immediate
challenges and risks and to effect long-term change
towards sustainable prosperity for all, through water.

The WWdr4 is a milestone within the WWdr series,
reporting directly on regions and highlighting hotspots,
and it has been mainstreamed for gender equality. it
introduces a thematic approach – ‘managing Water
under Uncertainty and risk’ – in the context of a
world which is changing faster than ever in often
unforeseeable ways, with increasing uncertainties and
risks. it highlights that historical experience will no
longer be sufficient to approximate the relationship
between the quantities of available water and shifting
future demands.
The WWdr4 also seeks to show that water has a
central role in all aspects of economic development
and social welfare, and that concerted action via
a collective approach of the water-using sectors
is needed to ensure water’s many benefits are
maximized and shared equitably and that waterrelated development goals are achieved.

