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Foreword
Climate change and other factors external to water management (such as demography, technology, politics, societal 
values, governance and law) are demonstrating accelerating trends or disruptions. Yet in spite of these challenges 
and the increasing complexity of dealing with them, we know less and less about water resources and how they are 
being used (WWAP, 2009b, figure 13.1). This creates new risks and uncertainties for water managers and for those 
who determine the direction of water actions.

The fourth edition of the United Nations World Water Development Report, Managing Water under Uncertainty and 
Risk, brings these issues to the forefront. 

Also in response to this challenge, the United Nations World Water Assessment Programme has launched two parallel 
initiatives: Indicators and Supporting Monitoring for the United Nations World Water Development Report, a project 
to gather the data for use in indicators to facilitate the task of decision-makers, and the World Water Scenarios 
Project, a set of alternative futures of the world’s water and its use to 2050.

The World Water Scenarios Project was deemed necessary since the last set of global water scenarios dates to 2000 
(Cosgrove and Rijsberman, 2000), and more recent scenarios are sectoral and do not fully incorporate all important 
external drivers of change. The approach for developing the new set of scenarios will be an iterative process of 
building qualitative scenarios and constructing simulation models, in which a Scenario Focus Group engages with 
scenario experts, stakeholders, data experts, modellers and decision-makers. Contacts will be maintained throughout 
the project with other organizations that may be doing scenario work in parallel.
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The Dynamics of Global Water Futures: Driving Forces 2011-2050 presents a summary of the findings of the first 
phase of the scenarios process: an analysis of the evolution of 10 major external forces (‘drivers’) that have direct 
and indirect consequences for water managers.

Part One describes the World Water Scenarios Project phases and the approach for the drivers’ analysis. Part Two 
highlights some of the key aspects of the current situation in each driver’s domain.

A list of possible future developments in each of the domains was extracted from research and submitted for discus-
sion and review through expert consultations to validate the degree of importance of the developments with regards 
to scenarios on water use and availability to 2050 and to gain an informed opinion on the likelihood of such develop-
ments occurring up to 2050. The results of these consultations are presented in Part Three. Part Four presents a 
framework for the causal linkages between these driving forces and their impact on human well-being, equity and 
degree of poverty.

These findings show the possible range of future outcomes and the magnitude of the challenges we are facing in 
each driver’s domain. The next phases of the World Water Scenarios Project will use these developments as reference 
points to consider the combined impact of the drivers through cross-sectoral qualitative and quantitative analysis and 
modelling. The framework illustrating the causal linkages between these driving forces and their impact on human 
well-being, equity and degree of poverty is illustrated in Part Four. 

As we move forward, the integrated picture that will result from the World Water Scenarios Project will play an 
essential role in identifying coherent sets of policy and management actions aimed at moving towards the sustainable 
development and use of water resources at the global, regional, national and subnational levels.

I would like particularly to express my appreciation to the researchers on the drivers1 and the expert consultation 
participants whose contributions were the foundation for this report. I also wish to acknowledge Jerome Glenn, 
Gilberto Gallopín, Gerald Golloway, Ted Gordon and Joana Talafré for their valuable input. Finally, my gratitude to 
report authors Catherine Cosgrove and William Cosgrove (Phase One Coordinator) for their excellent work in bringing 
it all together. 

Finally, I would like to acknowledge that publication of this report was made possible by a grant from the Government 
of Norway to UN-Water.

I trust you will find this report informative and stimulating. 
 

Olcay Unver

World Water Assessment Programme (WWAP) Coordinator 
United Nations Educational, Scientific and Cultural Organization (UNESCO)

1.	 Agriculture: Hayato Kobayashi; Climate Change: John W. Young; Demography: Unisféra International Centre; Economy and Security: Elizabeth 
Florescu; Ethics, Social and Cultural: Anita Kelleher; Governance: Jason Liszkiewicz; Infrastructure: Odette Gregory; Politics: Unisféra International 
Centre; Technology: William Foster; Water Resources and Ecosystems: Martina Bertsch.
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Background
1.1	World Water Assessment Programme 

Scenarios Project

The United Nations World Water Assessment Programme 
(WWAP) is undertaking a project that will explore alterna-
tive futures of the world’s water and its use to 2050. 

More than 10 years have passed since the last set of 
global water scenarios was developed under the sponsor-
ship of the World Water Council, during preparation of the 
World Water Vision (Cosgrove and Rijsberman, 2000).

Since then, technology and socio-economic conditions 
in the world have altered dramatically, both within and 
outside the water sector, and change continues to accel-
erate. New policy initiatives such as the Millennium 
Development Goals (MDGs) have also since emerged. 
Scenarios being developed in other sectors provide new 
links to explore, and new tools have become available to 
develop stronger scenarios reinforced by analysis through 
models at the national and subnational levels.

The approach for developing the new set of scenarios will 
be similar to the method followed for the World Water 
Vision: an iterative process of building qualitative scenarios 

and constructing simulation models, in which a Scenario 
Focus Group (SFG) engages with scenario experts, stake-
holders, data experts, modellers and decision-makers. 
Scenarios will be chosen to be useful to all decision-mak-
ers, including those at subglobal levels that present differ-
ing characteristics, such as in terms of the degree of law 
and order, financial systems or human and institutional 
capacity. Contacts will be maintained throughout the three 
phases with other organizations who may be doing sce-
nario work in parallel – including the Fifth Assessment 
Report of the Intergovernmental Panel on Climate Change 
(IPCC),2 the Environmental Assessments and Fifth Global 
Environmental Outlook of the United Nations Environment 
Programme (UNEP)3 and the Environmental Outlook and 
Indicators updates of the Organisation for Economic 
Co-operation and Development (OECD).4

2.	 For more information, visit www.ipcc.ch/ (accessed 28 June 2011).

3.	 For more information, visit www.unep.org/geo/ (accessed 28 June 2011).

4.	 For more information, visit www.oecd.org/department/0,3355,en_ 
2649_34283_1_1_1_1_1,00.html (accessed 28 June 2011).
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The project will run for about four years. It will have four 
principal phases:

•• 	The process began with an in-depth analysis (now 
complete) of the evolution of the major external 
forces (‘drivers’) that have direct and indirect con-
sequences for water managers and a discussion of 
existing scenarios. This was done by conducting an 
analysis of the possible future evolution of principal 
drivers (including identification of linkages among 
them), taking account of the applicability of drivers 
depending on major distinguishing characteristics of 
certain regions or groups of countries.

•• Next a set of four scenarios (storylines of possible 
futures) and one vision of ‘Water for All’ in 2050 
(storyline of a preferred future) will be developed 
through qualitative and quantitative analysis (model-
ling), eventually to be used as background material 
for the preparation of scenarios by local actors. These 
storylines, which describe how selected primary 
drivers could interact as they evolve, will provide an 
understandable and more transparent basis for sce-
nario assumptions and a more interesting method for 
communicating the substance of the scenarios than 
numerical data by themselves, and they represent the 
complex views of the individual members of the stake-
holders and expert groups, including those from coun-
tries sharing important distinguishing characteristics.

•• To develop these storylines, an SFG representing 
important regions and groups of countries sharing 
common issues will review the report of Phase One 
(analysis of the drivers of change). They will also be 
asked to describe their concept of ‘Water for All’ in 
2050. Based on this input, a group of experienced 
scenario development specialists will provide out-
lines for the scenarios and vision. The SFG, with the 
support of some of the scenario specialists, will then 
consider the proposed scenario outlines and give 
guidance on their development before modelling is 
done and the scenarios developed further. This inter-
active process will encourage communication and 
discussion between the SFG, scenario writers, data 
and sector experts, global and subglobal modellers 
and stakeholders. 

•• In parallel and subsequently, scenarios will be 
developed for selected transboundary and country 
basins and for some countries and states. In those 
cases, the global scenarios can serve as suggesting 
a general direction and providing a perspective for 
the national and subnational scenarios. Such sub-
global scenario exercises will initially be carried out 
in a few selected countries and transboundary river 
basins where there is an effective water management 
strategy or national water management plan, where 
data on water resource quality, quantity and uses and 
on economic and social development are available 
to construct useful indicators, and where there is an 
expression of interest and a willingness to work with 
and contribute to the scenario development process. 

•• The SFG will use the information gathered to review 
and adjust the global scenarios to take account of the 
views of the future at the local level. 

•• Finally, the project will provide dissemination, outreach 
and training to strengthen the capacity of water man-
agers and professionals as well as people in other sec-
tors at the local, national, transboundary and regional 
levels to work cross-sectorally on the issues raised by 
the scenarios. The materials and training will also seek 
to inform political decision-making and address risks 
and uncertainties linked to global changes. 

This report describes the process followed in the first 
phase of the project and its findings.

1.2		 Overview of 
the Phase One 
process: Identifying, 
reviewing and analysing the 
drivers of change

This report describes the process followed in the first 
phase of the project and its findings.

Work began by identifying the major external forces 
(‘drivers’) that should be reviewed in the scenarios pro-
ject. Scenario drivers are defined as follows (Alcamo and 
Gallopín, 2009):

[D]riving forces … represent the key factors, trends 
or processes which influence the situation, focal 
issue, or decisions, and actually propel the system 
forward and determine the story’s outcome. Some 
of these forces are invariant over all scenarios; that 
is, are to a large extent predetermined. Some of 
the driving forces may represent critical uncertain-
ties, the resolution of which fundamentally alter 
the course of events (Schwartz, 1991). Those driv-
ers influence, but do not completely determine, 
the future. Thus, while the initial drivers are the 
same in all scenarios, the trajectory of the system 
follows a different course in each of them.

A significant number of scenarios related to water at the 
global and other geographic scales were examined, along 
with other global scenarios, to ascertain which drivers 
should be reviewed to understand how they might evolve 
to 2050.

Ten drivers were identified for research of the literature 
describing the possible future of each domain. A list of 
possible future developments in each of the domains was 
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extracted from this research, taking into account inter-
linkages with some of the other selected drivers. 

The 10 drivers, which have varying influences and impacts 
in different regions of the world, are:

•• Agriculture*

•• Climate change and variability

•• Demography

•• Economy and security*

•• Ethics, society and culture (includes questions of equity)*

•• Governance and institutions (including the right to water)*

•• Infrastructure

•• Politics*

•• Technology*

•• Water resources, including groundwater and ecosystems

The list of possible future developments for each driver 
was submitted for discussion and review through expert 
consultations. The objective of the expert consultations 
was to validate the degree of importance of the devel-
opments with regards to scenarios on water use and 
availability to 2050 and to gain an informed opinion on 
the likelihood of such developments occurring by then. 
Annex 1 highlights the top five most important and top 
five most probable developments for each domain.

For the six more ‘controversial’ drivers (noted above by an 
asterisk), where the project team thought more divergent 
opinions could arise, the Real Time Delphi (RTD) con-
sultation approach was adopted since it is particularly 
useful not only in producing consensus where possible 
but also in crystallizing reasons for disagreement.5 The 
experts participating in the RTD consultations identified 
through discussion the most important events or devel-
opments and the probability of their occurrence by 2020 
and 2030. A report on the RTD consultations, provid-
ing a statistical analysis of the results, is provided in 
Annex 2 (prepared by The Millennium Project).

For the four other driver domains, a selected number of 
experts were invited individually to:

•• review the list of developments;

•• add missing possible developments of importance;

•• rank the importance of the listed developments;

•• and set time horizons for each development with 

5.	 Invented by the Millennium Project, Real-Time Delphi is a modern-
ized online version of the Delphi process developed at the RAND 
Corporation in the late 1950s to elicit and synthesize expert opinions 
about a central topic. The RTD’s online questionnaire allows users to 
modify their initial responses and comments to take into considera-
tion other’s responses while preserving the notion of anonymity. For a 
complete overview of the RTD process, including its history, descrip-
tion, strengths and weaknesses, see Gordon (2009).

regards to the earliest decade it might occur and the 
most likely decade in which it might occur.

The process followed for the surveys is described in 
Annex 3, and an overall list of participants in the RTD 
consultations and expert surveys is presented in Annex 4.

This report provides a summary of the key findings of these 
consultations. Part Two presents some of the highlights of 
the current situation in each of the drivers’ domains. Part 
Three describes the most important and most likely devel-
opments occurring within these forces of global change, 
based on the analysis of responses to the RTD consulta-
tions and expert surveys.

It is important to keep in mind that these developments 
and their assessments cannot be considered as the final 
independent compendium from which scenarios can be 
developed. The scenarios will draw upon qualitative 
and quantitative analyses of the possible interactions 
between all these driving forces and developments. The 
iterative and cross-sectoral nature of the scenarios pro-
cess will lead to the identification of other developments 
in addition to these, and both probable and less prob-
able developments will ultimately be incorporated into 
the storylines.

The suggested timelines provided by the experts during 
the RTD consultations and expert surveys provide possi-
ble reference points for chains of events – in reality some 
may happen sooner, some later, and some not at all.

The objective of presenting these findings is to under-
stand the possible range of future outcomes and the magni-
tude of the challenges the world is facing across all drivers 
in order to build more robustness in decision-making.

In conclusion, and in an introduction to the second 
phase of the project (the development of global water 
scenarios to 2050), Part Four presents a framework 
that illustrates the causal linkages between these driving 
forces and their impact on human well-being, equity and 
degree of poverty.
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	Highlights of the 
current situation

This part presents just some of the highlights of the cur-
rent situation in each of the drivers’ domains so as to gain 
a better overview of the drivers’ starting points before 
focusing on their possible evolution in Part Three. The 
relevance of these drivers to the situation of water use 
and quality in regions around the world varies, and these 
distinctions will be made more apparent in the full sce-
narios development process (Phase Two). The research 
for these references, unless otherwise indicated, dates 
from early 2010.

The present situation of water in the world is compre-
hensively monitored and reported on by the World Water 
Assessment Programme. The fourth edition of the United 
Nations World Water Development Report and informa-
tion on its structure and production process may be 
found at www.unesco.org/water/wwap/wwdr/index.shtml. 

Highlights are presented by driver domain in the following 
order:

•• Climate change and variability

•• Water resources, including groundwater and 
ecosystems

•• Infrastructure

•• Agriculture

•• Technology

•• Demography

•• Economy and security

•• Governance and institutions 

•• Politics

•• Ethics, society and culture
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2.1	Climate change 
and variability

The IPCC defines climate change as ‘a change in the state 
of the climate that can be identified (e.g., by using statis-
tical tests) by changes in the mean and/or the variability 
of its properties, and that persists for an extended period, 
typically decades or longer. Climate change may be due 
to natural internal processes or external forcings, or to 
persistent anthropogenic changes in the composition of 
the atmosphere or in land use’ (IPCC, 2007a, p. 78).

The IPCC Fourth Assessment Report noted a 100-year 
linear trend (1906–2005) increase of 0.74 [0.56–
0.92]°C, and this increase is widespread over the globe 
(IPCC, 2007b, p. 2). Some of the salient attributes of 
the changes in climate are the altered frequencies and 
intensities of extreme weather. It is expected that these, 
together with sea level rise, will have adverse effects 
for the most part on natural and human systems (IPCC, 
2007b, p. 12).

It is the observed increase in anthropogenic greenhouse 
gas concentrations (defined as ‘emissions of greenhouse 
gases, greenhouse gas precursors, and aerosols associ-
ated with human activities, including the burning of 
fossil fuels, deforestation, land-use changes, livestock, 
fertilisation, etc’) (IPCC, 2007a, p. 78) that very likely 
are responsible for the observed increase in global aver-
age temperatures since the second half of the twentieth 
century (IPCC, 2007b, p. 5).

The effects of climate change on water resources and 
their use can be seen primarily in the following areas 
(Figure 1) (WWAP, 2009a):

•• The disruptive timing changes that the higher air 
temperatures have on the acquisition and distribu-
tion of water by such water storage elements as 
glaciers, ice fields and rivers and lakes, leading to 
decreased flows in basins fed by shrinking glaciers and 
longer and more frequent dry seasons, in addition to 
changed timing in these flows – more than one-sixth 
of the world’s population lives in glacier or snowmelt-
fed river basins (IPCC, 2008, section 2.1.2). Over 
the past decade the glaciers have been melting 
and thinning at an accelerating rate, particularly in 
the subtropic zones, including parts of the Middle 
East, southern Africa, the USA, South America and 
the Mediterranean, with some glaciers disappearing 
entirely (WWAP, 2009b, p. 195).

•• Widespread changes in the distribution of precipitation, 
including inter-annual precipitation variability and 
seasonal shifts in streamflow, so that some regions 
are flooded and others face decreased summer precipi-
tation, leading to lowered aquifers and a reduction of 

stored water in reservoirs fed with seasonal rivers, and 
drought. The bulk of the world’s freshwater supply 
comes from rivers and lakes. For many rivers around 
the world, however, only their upper reaches have rea-
sonable flow, and, in some cases, they disappear before 
reaching their former mouths (IPCC, 2008, section 
2.3.6). A 2009 report from the National Center for 
Atmospheric Research says that rivers in some of the 
world’s most populous regions are losing water and 
suggests that in many cases the reduced flows can 
be attributed to dams and the excessive diversion of 
water for agriculture and industry (UCAR, 2009). The 
researchers found, however, that the reduced flows 
in many cases appear to be also related to global 
climate change, which is altering precipitation pat-
terns and increasing the rate of evaporation. The 
results are consistent with previous research showing 
widespread drying and increased drought over many 
land areas.

•• Damage to littoral (close to the shoreline) areas, in 
particular river deltas and coastal wetlands and aqui-
fers, from rising sea levels, with secondary impacts 
related to salinization of coastal aquifers and coastal 
erosion, which in turn affects fisheries and freshwa-
ter-dependent agriculture – sea level has been rising 
at an average of 3.4 mm/year over the past 15 years, 
almost double the rate of the previous 50 years and 
80  per cent above past IPCC predictions (Allison 
et al., 2009). This is consistent with a doubling of 
ocean input from melting ice worldwide, augmented 
by thermal expansion (Allison et al., 2009).

•• Lengthening of the growing season and increased irri-
gation water usage; increased use of water to replace 
evaporative losses and to satisfy human needs in 
warmer weather.

Higher temperatures and changes in flow can damage the quality 
of all freshwater sources (IPCC, 2008, section 4.4.3):

•• Lower flow levels reduce water’s dilution capacity, 
resulting in a higher pollutant concentration.

•• Increased water flows create fluvial erosion, displac-
ing and transporting diverse compounds from the soil 
to water resources; they also can lead to an increased 
presence of pathogens as well as increased turbidity 
and nutrient loading.

•• Warmer water temperatures, combined with higher 
phosphorus concentrations in lakes and reservoirs, 
promote algal blooms that can affect water quality, 
with the risk of possible toxic effects to humans, 
livestock and wildlife. Higher water temperatures 
also increase the capacity of volatile and semivolatile 
pollutants to transfer from water and wastewater into 
the atmosphere.

Climate change can also affect the function and operation 
of existing water infrastructure, from hydropower to struc-
tural flood defences and drainage and irrigation systems 
(IPCC, 2008, p. 4).
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2.2 Water resources

The total volume of water on the earth in its liquid, solid 
and vapour forms has been the same since the forma-
tion of the planet. The total rainfall on the earth’s land 
surfaces amounts to 110,000 km3. It returns to the 
atmosphere via evaporation and evapo-transpiration. 
Rain replenishes blue water sources (rivers, lakes, etc.,) 
and green water sources (soil moisture) (Molden, 2007).

Less than 3 per cent of global total water resources is 
represented by fresh water, and less than 1 per cent of 
that (less than 0.01 per cent of total water) occurs in the 
earth’s liquid surface fresh water. The remainder repre-
sents ice caps or groundwater (Mayers et al., 2009).

Although the global volume of stored groundwater is 
poorly known, estimates range from 15.3  million to 
60  million km3, including 8–10  million km3 of fresh 
water (Margat, 2008). Groundwater has become a signif-
icant source of water for human consumption, supplying 
nearly half of the world’s drinking water (WWAP, 2009b) 
and also representing approximately 43 per cent of all 
water used in irrigation (Siebert et al., 2010).

The small fraction of liquid surface fresh water hosts an 
extraordinary level of biodiversity, supported through a 
range of freshwater ecosystem types: running waters, 
standing waters and areas of transient water availability. 
Freshwater ecosystems include permanent and tempo-
rary rivers and streams; permanent lakes and reservoirs; 
seasonal lakes, marshes and swamps, including flood-
plains; forested, alpine and tundra wetlands; springs 
and oases; and groundwater systems and geothermal 
wetlands (Mayers et al., 2009).

While climate change will have an important impact on 
water quality and quantity (see previous section), it is 
the forces and processes generated by human activities 
that are creating the greatest pressures (WWAP, 2009b, 
p.  14). Agriculture and land use change, construction 
and management of reservoirs, pollutant emissions and 
water and wastewater treatment have a critical influence 
on water resources in terms of both quantity and quality 
(IPCC, 2008, p. 8).

The principal drivers of these pressures are the result of 
demographics and the increasing consumption that comes 
with rising per capita incomes (WWAP, 2009b, p. 14). In 
fact, rapid population growth has led to a tripling of water 
withdrawals over the last 50 years (WWAP, 2009c, p. 8). 
Of the total water withdrawn for human uses, withdrawals 

Source: Alcamo et al. (2003); IPCC (2008, p. 9).

FIGURE 1

Examples of current vulnerabilities of freshwater resources and their management; in the background, a water stress map based 
on WaterGAP
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for agriculture represent 70  per cent, those for industry 
20 per cent, and those for municipal use about 10 per 
cent (Shiklomanov, 1999).

Water stress is defined as having less than 1,000 m3 
per capita per year (based on long-term average runoff), 
since this volume is usually more than is required in a 
basin for domestic, industrial and agricultural water uses 
(IPCC, 2008, p. 8). It is estimated that the population 
living in water-stressed basins ranges from 1.4 billion to 
2.1 billion (IPCC, 2008, p. 8). This includes populations 
throughout northern Africa, the Mediterranean region, 
the Middle East, the Near East, southern Asia, northern 
China, Australia, the USA, Mexico, north-eastern Brazil 
and the west coast of South America.

Drought is defined as a sustained and regionally exten-
sive occurrence of below average natural water avail-
ability (Van Lanen et al., 2009). More intense droughts, 
affecting more people and linked to higher temperatures 
and decreased precipitation, have been observed in the 
twenty-first century (Zhang et al., 2007). It has been 
estimated that since the beginning of this century the 
land surface affected by drought increased from 1 to 3 per 
cent for extreme droughts, from 5 to 10 per cent for severe 
droughts, and from 20 to 28 per cent for moderate droughts 
(Burke et al., 2006).

In conditions of water stress, water resources considered 
as ‘renewable’ can be drawn upon beyond their ‘renew-
able’ threshold, rendering the resource unsustainable. This 
is already the case for West Asia and North Africa (where 
withdrawals as a percentage of internal renewable water 
resources have exceeded 75 per cent; Figure 2); south-
ern Asia and the Caucasus and Central Asia have nearly 
reached 60 per cent, the threshold signalling water scar-
city (UN, 2011a, p. 52).

Water quality is affected by chemical, microbiological 
and thermal pollution (Carr and Neary, 2008; Mayers et 
al., 2009; UNEP, 2010a):

•• Chemical contamination can occur as a result of 
excess nutrients, acidification, salinity, heavy metals 
and other trace elements, persistent organic pollut-
ants and changes in sediment loads. 

•• Microbiological contaminants, bacteria, viruses and 
protozoa in water pose one of the leading global 
human health hazards. 

•• Altering natural water temperature cycles can impair bio-
logical functions (e.g. spawning, growth patterns and 
migration) and can affect metabolic rates in aquatic 
organisms, leading to long-term population declines. 

Multiple contaminants often combine synergistically to 
cause amplified, or different, impacts than the cumulative 
effects of pollutants considered separately (UNEP, 2010a). 

Continued input of contaminants can ultimately exceed an 
ecosystem’s resilience, leading to dramatic and irrevers-
ible losses. Groundwater systems are particularly vulner-
able freshwater resources: once contaminated, they are 
difficult and costly to clean.

Pollution and degradation of water quality are growing 
risks, despite improvements in some regions (WWAP, 
2009c, p. 11):

•• Eutrophication, mainly due to high phosphorus and 
nitrogen loads in water, is the most prevalent water 
quality problem globally, substantially impairing the 
beneficial uses of water. The riverine transport of 
inorganic nitrogen and phosphorus has increased 
severalfold over the last 150–200 years.
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•• In developing countries, the share of sewage dis-
charged without being treated is above 80  per cent, 
polluting rivers, lakes and coastal areas.

•• Heavily polluting industries may be disappearing 
from high-income countries but they are moving to 
emerging market economies.

•• Natural arsenic pollution of drinking water is emerging 
as a global threat on all continents: up to 140 million 
people may be affected in 70 countries.

•• According to some estimates, less than 20 per cent of 
the world’s drainage basins exhibit nearly pristine water 
quality.

•• The degradation of lakes, rivers, marshes and groundwater 
is more rapid than that of other ecosystems (MA, 2005).

Wetlands provide ecosystem services, including food, 
fresh water and fuel, in addition to fulfilling vital roles 
in carbon storage, pollution control and protection from 
natural hazards, such as floods and storms (IUCN, 2011).

One estimate of the total economic value of the world’s 
wetlands (a global wetland area of 12.8 million km2) cited 
by the Ramsar Convention was in the order of US$70 billion 
per year (WWF, 2004). From 1900 to 1990, more than 
half of the world’s wetlands disappeared (Barbier, 1993).

It is estimated that 126,000 described species rely on 
freshwater habitats: this includes species of fishes, mol-
luscs, reptiles, insects, plants and mammals (IUCN, 
n.d.). This number could in fact be closer to more than 
1  million with the inclusion of undescribed species 
(IUCN, n.d.). In many freshwater groups of species, 
species richness in relation to location of habitat is 
extremely high (IUCN, n.d.) – this means that there is 
a high proportion of animals and plants found nowhere 
else in the world. Freshwater species populations were 
reduced by 50  per cent on average between 1970 and 
2005, a sharper decline than for other major regional or 
global biotic communities (WWAP, 2009c, p. 10).

Recent global assessments of the wetland species consid-
ered threatened stand as follows: 17 per cent of wetland 
birds, 38 per cent of freshwater-dependent mammals, 
33  per cent of freshwater fish, 26  per cent of fresh-
water amphibians, 72  per cent of freshwater turtles, 
86  per cent of marine turtles, 43  per cent of croco-
dilians and 27 per cent of coral reef-building species 
(Ramsar, 2010).

The causes leading to wetland biodiversity loss are habitat 
change (including drainage and infilling for agriculture 
or construction), climate change, pollution, overexploi-
tation of resources (e.g. overfishing) and the spread of 
invasive ‘alien’ (non-native) species (Ramsar, 2010). 
Unintentional introduction of exotic or invasive alien 
species is considered by some to be the primary cause 
of biodiversity loss due to their ability to outcompete 
native species for water, food, space and other resources 
(Circuna et al., 2004).

Land degradation of large areas of croplands, grasslands, 
woodlands and forests negatively affects the availability 
and quality of water resources, posing risks to critical eco-
system functions and increasing vulnerability to climate 
change. It is now estimated that almost 2 billion ha of land 
worldwide – equivalent to twice the land area of China – 
are seriously degraded, some irreversibly (FAO, 2008a).

Communities living in drylands represent 35 per cent of 
the world’s population, yet those in developing countries 
are ranked among both the world’s poorest and its fastest 
growing populations (Zelaya, 2009).

2.3 Infrastructure

Water infrastructure serves multiple needs, in both large 
industrial and small domestic spheres. This happens for-
mally when the needs are factored into the design of the 
system (like a dam built for hydropower and irrigation). 
And, perhaps more often, it happens informally when 
unauthorized end-users create their own modifications to 
single-use systems for their own, often unmet, water needs 
(extending the irrigated land area beyond the area agreed 
for irrigation, digging illegal bore holes to tap groundwater 
sources, siphoning water from existing pipelines for pur-
poses other than those intended, using irrigation canals 
for sewage disposal, etc.) (van Koppen et al., 2006).

The world is on track to meet the MDG target for sustain-
able access to safe drinking water. It is estimated that 
between 1990 and 2008, some 723 million people in 
rural areas and 1.1 billion people in urban areas gained 
access to an improved drinking water source (UN, 2011a, 
p. 4). Eastern Asia’s drinking water coverage increased 
from 69 per cent in 1990 to 86 per cent in 2008 (UN, 
2011a, p. 4). Although coverage in sub-Saharan Africa 
nearly doubled from 252 million in 1990 to 492 million 
in 2008 (UN, 2011a, p. 4), the coverage level was only 
at 60 per cent at that point (UN, 2011a, p. 54).

Progress has been uneven though, with coverage lagging 
behind that of cities and towns in all regions of the world 
(UN, 2011a, p. 5). In 2008, an estimated 743 million 
rural dwellers and 141 million urbanites relied on unim-
proved sources for their daily drinking water needs. An 
urban dweller in sub-Saharan Africa is 1.8 times more 
likely than a rural inhabitant to use an improved drinking 
water source (UN, 2011a, p. 54).

The world is currently not on track to meet the MDG 
sanitation target: in 2008, over 2.6 billion people 
lacked access to flush toilets or other forms of improved 
sanitation (UN, 2011a, p. 5). Improvements in sanita-
tion have disproportionately benefited the better-off, 
as seen in tri-country analysis in Southern Asia, which 
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showed that the coverage for the poorest 40 per cent of 
households hardly increased between 1995 and 2008 
(UN, 2011a, p. 5).

In 2008, it was estimated that 1.1 billion people prac-
ticed open defecation, leading to serious health risks, 
particularly among the poor who are more exposed to 
the dangers of inadequate waste disposal (UN, 2011a, 
p. 55). At the current rate of progress towards improved 
sanitation, it will take until 2049 to provide coverage to 
77 per cent of the global population (UN, 2011a, p. 55).

Constraints to providing access to drinking water and 
sanitation in developing countries include the following 
(WHO, 2010a):

•• low priority for both official development assistance 
(ODA) and domestic allocations when compared with 
other social sectors

•• difficulty in targeting the poorest and most unserved 
populations

•• lack of clearly defined policies with regards to sanita-
tion in particular

•• difficulty establishing clear roles and responsibilities 
for the different institutions involved

•• for some countries, inability to absorb the current 
level of aid

•• unpredictability of longer-term funding

•• human resource capacity

•• difficulties setting aside adequate funds for recurrent 
costs, including salary and replacement parts as well as 
essential operating inputs (energy, transportation, etc.)

•• lack of multi-stakeholder involvement

•• difficulties aligning a multitude of fragmented donor 
initiatives with government processes

Improving access through household investment is a con-
siderable challenge when almost two in three people who 
lack access to safe drinking water survive on less than 
US$2 a day and more than 660 million people without 
adequate sanitation live on less than US$2 a day. Yet 
typically the ratio of household to government invest-
ment in basic sanitation is 10 to 1 (WWAP, 2009c, p. 8).

Financing issues for continued maintenance does not only 
concern developing countries. In the United States of 
America, for example, the American Society of Civil 
Engineers forecasts a funding gap of US$108.6 billion 
over five years for drinking water and wastewater infrastruc-
ture system improvements and operations (ASCE, 2009).

Challenges posed in the delivery of public sector water 
supply and sanitation in the developing world are often 
linked to low motivation, poor management, inadequate 
cost recovery and political interference (WWAP, 2009b, 
p. 105).

Water use is a key component of energy development and 
use, whether directly for cooling and energy production 
or passively as the reservoirs built for energy production 
and other purposes lead to the evaporation of significant 
amounts of water (WWAP, 2009b, p. 116).

Energy is a key component of water transportation and 
treatment, accounting for 60–80 per cent of water trans-
portation and treatment costs and 14 per cent of total 
water utility costs (WWAP, 2009b, p. 117).

Hydropower has shaped water infrastructure in many 
parts of the world. When managed appropriately for 
multiple uses, hydro plants can allow for flow regulation 
and flood management, water for irrigation and drinking 
water supply during dry seasons and rapid response to 
grid demand fluctuations due to peak demands (WWAP, 
2009b, p. 118). 

Hydropower is the most important source of commercial 
renewable energy worldwide, supplying about 20  per 
cent of the world’s electricity. It is the most economical, 
and it is an increasingly popular source of clean energy 
in a context of the pressures to transition towards a green 
economy (WWAP, 2009b, p. 118). Although hydropower 
generation can require significant quantities of water, 
these are returned to the river after passing through 
turbines; substantial losses do, however, occur through 
evaporation of reservoirs (WWAP, 2009b, p. 118).

Challenges stymieing hydropower development include 
the following (WWAP, 2009b, pp. 118 and 119):

•• in developed countries, little remaining spatial and 
geophysical potential

•• in both developed and developing countries, lack of 
investment capacity and, perhaps more important, 
the social and environmental impacts of large dams 
and the controversy surrounding them; this includes 
the lack of regulation of hydropower dam releases to 
optimise downstream uses and to minimize the nega-
tive impacts on aquatic ecosystems

Hydropower is not the only driver of dam construction: 
the development of waterways for transport lies behind 
many large-scale river transformations. Although inland 
navigation is often considered to be the least polluting, 
cost-effective means of transportation, improved river 
transportation has often been the objective of building 
dams and dykes and dredging rivers. Of 230 major world 
rivers, some 60 per cent are now considered to be seri-
ously or moderately fragmented by these transformations 
(WWAP, 2009b, p. 119). In many instances, the trans-
formation of river courses has become irreversible, with 
negative impacts on vulnerable groups and ecosystems 
(WWAP, 2009b, p. 121).

Conservation of water, retrofitting of existing hydropower 
dams, better planning for dam siting and operation to 
secure environmental flows, improved water manage-
ment and custodianship of water storage opportunities 
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(including those provided by nature-like wetlands and 
aquifers and also rainwater harvesting) have been offered 
as methods to build storage capacity for projected 
increases in future populations, to minimize current neg-
ative outcomes from established dam storage facilities 
and to maximize economic, environmental and social 
benefits (IPCC, 2008; MA, 2005; Narain et al., 2005; 
UN-Water, 2010).

Sizeable outlays are required for repairing, strengthen-
ing or modifying older dams. Although rehabilitation and 
decommissioning costs are site-specific, rehabilitating or 
decommissioning existing infrastructure can entail enor-
mous costs. The decision often depends on whether the 
cost of maintaining the dam exceeds its expected future 
economic and financial benefits. Decommissioning a 
dam may make sense in cases where it has outlived its 
purpose, where it is old and unsafe, where sedimentation 
is high, or where river flows need to be maintained for 
fisheries and other ecosystems (WWAP, 2009b, p. 59).

2.4 Agriculture

Agriculture is the largest use of water. Today, the produc-
tion of food and other agricultural products takes some 
70 per cent of the freshwater withdrawals from rivers and 
groundwater, or roughly 3,100 billion m3. The withdraw-
als stand to increase to 4,500 billion m3 by 2030 if water 
efficiency gains are not instituted (WEF, 2011).

Some 925 million people in the world were undernour-
ished in 2010 (FAO, n.d.a). The MDG target of halving 
the proportion of people suffering from hunger is likely to 
be met overall in the regions of South-East Asia, Eastern 
Asia and Latin America and the Caribbean, albeit with 
strong disparities between countries in these regions. 
Sub-Saharan Africa is not on track to meet the target 
(UN, 2011a, p. 12).

Food prices hit an all-time high in February 2011 accord-
ing to the Food Price Index of the Food and Agriculture 
Organization (FAO), compared with the 2002–04 bench-
mark (Figure 3).

In a trend that had lasted until very recently, improve-
ments in agriculture known as the Green Revolution 
led to substantial improvements in global food security 
through higher and more stable food production and a 
30-year decline in food prices in most countries (WWAP, 
2009c, p. 9).

Agriculture-driven changes in land use, land cover and 
irrigation have made substantial modifications to the 
global hydrological cycle with regards to both water qual-
ity and water quantity (Gordon et al., 2010). Extensive 

use of fertilizer and agrochemicals has also led to severe 
pollution, causing health and environmental hazards 
(WWAP, 2009b, p. 44).

By far the most important driver in water use during 
the coming decades will be the increase and changes in 
global food demand due to population growth and changes 
in diet (WWAP, 2009b, p. 14). Several food-importing 
countries, including China, South Korea, Saudi Arabia 
and the United Arab Emirates, have started buying or 
leasing land in developing countries, particularly in sub-
Saharan Africa, to improve their food security, provoking 
a debate on ethical issues relating to food and water 
security (Braun and Meinzen-Dick, 2009).

Economic growth combined with increased individual 
wealth lead to a shift from predominantly starch-based 
diets to those centred on meat and dairy, which are more 
water-consumptive. According to the FAO, this dietary 
shift has had the greatest impact on water consump-
tion over the past 30 years and is likely to continue well 
into the middle of the twenty-first century (FAO, 2006). 
According to some estimates, meat production requires 
8–10 times more water than cereal production (WWAP, 
2009c, p. 9).

Rainfed agriculture covers roughly 80 per cent of agricul-
tural land worldwide (Rockström et al., 2007). Although 
this is generally associated with low yield and high on-
farm water losses, rainfed croplands meet about 60 per 
cent of the food and nutritional needs of the world’s 
population and are the backbone of marginal or subsist-
ence farmers (Rockström et al., 2007). The relatively low 
productivity of this form of agriculture and the large gaps 
between actual and attainable yields in many parts of 
the world suggest a large untapped potential for produc-
tion increases. In order to unlock the potential in rainfed 
agriculture, however, rainfall-related risks need to be 
reduced (Rockström et al., 2007).

Rainfed agriculture is generally known to be far more 
sustainable than irrigated agriculture, which is often 
associated with waterlogging and soil salinization, but 
uncontrolled expansion of rainfed farming and land 
conversions from forests, rangelands and protected 
areas also is environmentally costly and ecologically 
unacceptable (Richards, 1990). The key challenge is 
to reduce water-related risks posed by high rainfall vari-
ability rather than coping with an absolute lack of water. 
There is generally enough rainfall to double and often 
even quadruple yields in rainfed farming systems, even 
in water-constrained regions (Rockström et al., 2007).

Investment in water storage will be increasingly critical, 
with climate change leading to greater uncertainties in 
rainfed agriculture and reduced glacial runoff (World 
Bank, 2007).

Irrigated agriculture covers 275 million hectares – about 
20 per cent of cultivated land – and accounts for 40 per 
cent of global food production (WWAP, 2009c, p. 9).
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Irrigation has ensured an adequate global food supply 
and raised millions of people out of poverty, especially 
in Asia in the last decades (Faurès et al., 2007). In 
addition to its direct benefit of increased productivity, 
irrigation offers a number of secondary benefits, such 
as increased productivity of rural labour and promotion 
of local agro-enterprises. The overall multiplier effect of 
irrigation on the economy has been estimated at 2.5–4, 
with the largest positive impacts on poverty and liveli-
hoods (Faurès et al., 2007).

Many of irrigation’s negative environmental effects arise 
from withdrawal, storage and diversion from natural 
aquatic ecosystems and the resultant changes to the nat-
ural pattern and timing of hydrological flows (Falkenmark 
et al., 2007). Rivers have in many instances become dis-
connected from their floodplains and from downstream 
estuaries and wetlands – with, in some instances, total 
and irreversible wetland loss. Wetland water quality has 
deteriorated, especially in areas under high-intensity 
irrigation (MA, 2005). The water transfer and storage 
induced by irrigation also led to the introduction and pro-
liferation of invasive species, such as aquatic weeds, in 
both water management systems and natural wetlands.

Current irrigated cropping systems require the greatest 
share of water in most countries, and with an expected 
increase of 14 per cent in demand in the next 30 years, 
adaptation of these systems to this increase is crucial 
and will require variability and flexibility (UNCCD, n.d.b). 
Some alternatives for adaptation include:

•• changes to land use and cropping patterns

•• crops that are drought-resistant and require less water 

•• no-tillage (the practice of leaving residue of the pre-
vious season’s crops on farmland, increasing water 
infiltration while reducing evaporation as well as wind 
and water erosion)

•• soil fertilization techniques such as biochar (UNCCD, 
n.d.b)

Improving water productivity can play an important role in 
reducing increase in demand for agricultural water (Molden 
et al., 2007). Water productivity is the ratio of the net 
benefits from crop, forestry, fishery, livestock and mixed 
agricultural systems to the amount of water used to pro-
duce those benefits (Molden et al., 2007).

With no improvements in land and water productivity, 
global water consumption for agriculture will need to 
increase by 70–90  per cent by 2050 (Molden et al., 
2007). However, with improvements in the productivity 
of both rainfed and irrigated agriculture resulting from 
research and technology transfer at national and inter-
national levels, an optimistic yet plausible estimate is 
for a reduced 20–25 per cent increase in demand for 
agricultural water by 2050 (Molden et al., 2007).

Focusing only on reducing losses in irrigation when seek-
ing to improve water productivity will not likely have a 

significant impact on water use, since large irrigation 
schemes often serve many other informal purposes (such 
as providing water for drinking, bathing, swimming, fish-
ing and livestock). Management thus needs to focus on 
multiple use strategies (WWAP, 2009b, p. 115).

Productivity could be improved through better over-
all design and a better match between technologies, 
management and institutional arrangements, as well as 
through:

•• at the irrigation system level: waterlevel, flow control 
and storage management within surface irrigation 
systems at all scales

•• on the farm: storage, reuse, waterlifting (manual and 
mechanical) and precision application technologies 
such as overhead sprinklers and localized irrigation

•• across sectors: multiple-use systems in rural areas 
and urban agriculture with wastewater (WWAP, 
2009b, p. 115)

Fertilizers and pesticides played a key role in the Green 
Revolution, along with irrigation and high-yielding varie-
ties of maize, wheat and rice (WWAP, 2009b, p. 44). 
Nitrogen runoff from the fertilizer applied to farm fields, 
as well as the manure generated from the intensive live-
stock farming, has severely damaged river and marine 
ecosystems, leading to algal blooms, fish kills, habitat 
degradation and bacteria proliferations that endanger 
human health (WWAP, 2009b, p.  138). One recent 
study suggested that organic farming could lead to 
greater yield as well as better environmental outcomes 
than fertilizer-based farming practices (UNCTAD and 
UNEP, 2008).

Another driver influencing agricultural development is 
government agricultural subsidies. Agricultural subsidies 
in developed and developing countries alike can take 
many forms, but a common feature is an economic 
transfer, often in direct cash form, from governments 
to farmers (Lingard, 2002). These transfers may take 
the form of an input subsidy (e.g. for inorganic fertiliz-
ers or pesticides or energy for pumping groundwater) or 
can make up the difference between the actual market 
price for farm output and a higher guaranteed price. 
Subsidies shield sectors or products from international 
competition, but by artificially reducing the costs of 
production, agricultural subsidies encourage wasteful 
use of resources, including water, and also encourage 
overproduction (Lingard, 2002). Decisions to remove 
or reduce them would lead to improved efficiency, envi-
ronmental quality and economic cost savings (Lingard, 
2002). Offering support and complementary policies 
internalizing social and environmental externalities while 
removing subsidies would allow for an optimization of 
the economic system (Lingard, 2002).

With more than 45  per cent of the population in less 
developed regions now urban (UNDESA, 2009c), prox-
imity to urban markets is an important advantage in hot 
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climates where refrigerated transport and storage are lim-
ited (Qadir et al., 2007). Food losses in the field between 
planting and harvesting could be as high as 20–40 per 
cent of the potential harvest in developing countries 
due to factors such as pests, pathogens and the lack of 
adequate infrastructure (Nellemann et al., 2009).

Urban agriculture will have an important role to play 
in meeting the demand for food of urban populations, 
while wastewater management is critical in avoiding sig-
nificant health and environmental consequences that 
may accompany this demand (Qadir et al., 2007). Using 
wastewater for agriculture can also reduce the sector’s 
freshwater requirements (Qadir et al., 2010). Farmers in 
urban and peri-urban areas of many developing countries 
often have no other choice than to use wastewater (Qadir 
et al., 2010). Urban wastewater is often mixed with 
untreated industrial waste, constituting a significant risk 
to farmers and the consumers of their produce (WWAP, 
2009b, p. 141).

Fish is an increasing source of protein in diets around the 
world. It was estimated that the average global per capita 
consumption of fish in 2007 was 17.1 kg, representing 
16.1 per cent of all animal protein intake and 6.2 per 
cent of total protein intake globally (FAO, 2010).

According to FAO, the global total production of fish, 
crustaceans and molluscs is on the rise and reached 
142 million tonnes in 2008. While capture production 
has maintained a level of around 90 million tonnes since 
2001, aquaculture production increased at an average 
annual growth rate of 6.2 per cent – from 38.9 million 
tonnes in 2003 to 52.5 million tonnes in 2008. The 
value of aquaculture production worldwide for 2008 was 
estimated at US$98.4 billion (FAO, 2009a).

The maximum potential of wild capture fisheries from 
the world’s oceans has probably been reached (FAO, 
2008b). UNEP warns that 30  per cent of fish stocks 
have already collapsed (i.e. are at less than 10 per cent 
of their former potential yield), and virtually all fisheries 
risk running out of commercially viable specimens by 
2050 (UNEP, 2010b).

Inland fisheries play a key part in livelihood strategies at 
the household level. They provide both direct and indi-
rect employment to about 100  million people, mostly 
in developing countries (WWAP, 2009b, p. 121). Inland 
fisheries also constitute a safety net activity for the poor 
through catch and trade. These estimates do not include 
temporary fishing activities, which engage hundreds 
of  millions of people, mostly in inland areas (WWAP, 
2009b, p. 121).

Aquaculture has provided improved food security in 
many developing countries, especially in Asia, through 
its ability to produce low-value freshwater species des-
tined mainly for domestic consumption (WWAP, 2009b, 
p. 122). However, effluent from fish pens, including anti-
biotics, pollutes the surrounding waters, and escaped 

fish can transmit diseases to wild stocks and disturb 
local marine and freshwater ecosystems (Delgado et al., 
2003). Hundreds of thousands of hectares of mangrove 
forests – offering critical ecosystem services such as 
filtering nutrients, cleansing water and protecting eco-
systems from floods and storms – have been destroyed 
by coastal aquaculture development, especially shrimp 
farming (Delgado et al., 2003).

2.5 Technology

Information, communication and technological chal-
lenges and innovations have an impact on water manage-
ment and productivity.

There are large disparities in terms of the amount of 
hydrological information available to decision-makers 
in different parts of the world (WWAP, 2009b, p. 226). 
In many river basins, local decision-makers do not know 
exactly how much water is available and the risks to its 
future (Xu and Singh, 2004).

Information and communications technology can help 
overcome this problem. However, hydrological data 
are shared little, given issues related largely to limited 
physical access to data and policy and security con-
cerns, the absence of agreed sharing protocols and com-
mercial considerations. This complicates projects that 
would have to build on shared datasets for scientific 
and applications-oriented purposes, including seasonal 
regional hydrologic outlooks, forecasting, disaster pre-
vention and warning and integrated water resources 
management in transboundary basins (WWAP, 2009b, 
p. xxv).

When data are available, difficulties can arise around 
accuracy and comparability (WWAP, 2009b, p. 228).

In addition, the water management field is characterized 
by a diffused decision-making process that spans from 
farmers to regions, from municipal suppliers to countries 
and from country scale to global scale (WWAP, 2009b).

Decision-makers need information from scientists that, 
according to Jacobs (2002), is:

•• relevant to answering the specific policy question

•• readily accessible and understandable 

•• acceptable in terms of accuracy and trustworthiness

•• compatible and usable in the specific decision-
making context

•• provided in a timely fashion
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A considerable number of water technologies merit atten-
tion because they hold the prospect of increasing the 
amount of water for drinking, agriculture and manufac-
turing or of allowing more efficient use of water.

Water conservation technologies, for example, are slowly 
becoming more prevalent and can help reduce water 
use. These include low-flow sensored faucets, low-flow 
showerheads, pressure-reducing valves, horizontal-axis 
clothes washers, water-efficient dishwashers, low-flush 
tank toilets, low-flush flushometer toilets, low-flow uri-
nals and waterless urinals (DOE, 2002).

Grey water recycling and reclamation techniques increase 
the usage of reclaimed water from industrial and munici-
pal sources. These can have significant impacts on the 
ability to reduce water stress (WWAP, 2009b, p. 142). 
In fact, the greatest number of patents for monitoring 
environmental impacts between 1978 and 2002 was 
granted for water pollution treatment, attesting to the 
importance of information and communications technol-
ogy innovations in the sustainable management of water 
resources (WWAP, 2009c, p. 4).

No single method of desalination stands out as the best, 
since the selection of the optimal desalination process 
is based on site-specific conditions, such as the salt 
content of the water, economics, the quality of water 
needed by the end user and local engineering experi-
ence and skills (Cooley et al., 2006, p, 13). In 2005, 
about 46 per cent of the world’s desalination capacity 
used the reverse osmosis method, in which salt water is 
forced through a membrane, with the salt remaining on 
the upstream side of the membrane; 40 per cent of the 
desalination capacity came from thermal processes that 
use heat to distil fresh water from seawater or brack-
ish water (Cooley et al., p. 14). The salt brine resulting 
from the desalination process can also contain other 
chemical pollutants, making safe disposal of this efflu-
ent a challenge (Cooley et al., p. 6). Since desalination 
processes are energy-dependent, it is projected that the 
future cost of desalinated water will be more closely 
linked than other sources of water to variations in energy 
prices (Cooley et al., p. 5).

Remote sensing (Huang et al., 2005; Kao et al., 2009) 
subdivides light spectra into bands sensors to form mul-
tispectral images. Such images may be used to detect 
leakage of canals as well as from water storage locations, 
the types and health of crops, insect infestation, etc. 
The sensors may be placed on the ground, in the air or 
in satellites. This existing technology is being developed 
further for agricultural application in terms of resolution 
and precision. 

Probabilistic modelling may not adequately substitute 
accurate field measurements, but experience in this 
technique has progressed to the point that some data 
can now be successfully generated with models (WWAP, 
2009b, p.  261). Modelling can also be of benefit in 
understanding risks related to insect infestation and 

agriculture production. Additionally, models mapping 
insect infestation (USFS, n.d.) and agriculture produc-
tion (Marques et al., 2005) can be of benefit in under-
standing risks associated with water resources. The 
opportunities provided by technologies based on satellite 
remote sensing and modelling are however constrained 
by the ability to ground truth and validate the informa-
tion (WWAP, 2009b, p. xxv).

Precision farming uses information technology to moni-
tor crops and field conditions and to guide seed and 
agricultural chemical application. Real-time kinematic 
global positioning systems allow a tractor to position 
itself with an accuracy of 2 cm, thus reducing inefficien-
cies stemming from overlapping seed applications while 
improving fuel use (Cookson, 2010). By using satellite 
data to determine soil conditions and plant development, 
precision farming can lower the production cost by fine-
tuning seeding, fertilizer, chemical and water use and 
potentially increase production (Cookson, 2010).

Nanotechnology – using nanofiltration technology, nano-
materials and nanoparticles in the areas of desalination, 
water purification and wastewater treatment and using 
nanosensors to monitor – shows particular promise for 
water resources management (WWAP, 2009b, p.  45). 
The rate of nanotechnology development is increasing, 
as measured by the number of publications and patents 
in this field. This is in part due to the social, economic 
and scientific significance of such developments as well 
as the explosive growth in transdisciplinary research (Liu 
et al., 2009).

Rapid growth aeroponics allows plants to grow consider-
able root systems without soil and with far less water 
than traditionally considered necessary for plant growth 
(NASA, 2006).

The development of salt-tolerant agriculture could reduce 
food insecurity (FAO, 2002). Currently, only about 1 per 
cent of plant species can grow and reproduce in coastal 
land areas and inland saline sites (Rozema and Flowers, 
2008). There is a potential for developing many salt-
adapted plants – known as halophytes – and the speed at 
which they could be produced could be enhanced by bio-
technology. Saline crops could be used for human food 
consumption and as fodder for animals as well as for 
biofuel (Rozema and Flowers, 2008; see also Hendricks 
and Bushnell, 2009).

The production of meat without animals would reduce the 
amount of land, water and other resources that otherwise 
goes towards raising livestock. Meat cultured from cells 
has been accomplished but is yet some distance from 
commercialization, since the technical challenges of tissue 
engineering are still very expensive (Bartholet, 2011).
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2.6 Demography
In 2010 the world population was 6.9 billion, with about 
82 per cent of the people living in developing countries.6 
According to the medium variant of the United Nations 
(UN) 2010 Revision of the World Population Prospects, 
the population is projected to surpass 9.3 billion by 2050, 
with 86 per cent living in currently less developed regions 
(UNDESA, 2011b). And 70 per cent of the world will be 
living in urban areas (Ringler et al., 2010).

The medium variant projection for less developed regions 
is for a population increase from 5.66 billion in 2010 
to 7.99 billion in 2050.7 Least developed countries, in 
particular, will more than double in population in this 
scenario, increasing from 832 million in 2010 to 1.73 
billion in 2050. In the more developed regions, popula-
tion will increase slightly from 1.24 billion in 2010 to 
1.3 billion in 2050.

The working age population (25–59 years of age) world-
wide in 2010 was at an all-time high of 3.08 billion: 
605 million in the more developed regions and 2.47 bil-
lion in the less developed ones. According to the medium 
variant scenario of the 2010 Revision, in less developed 
regions the working age population will increase by close 
to 450  million in the next decade and reach nearly 
3.6 billion in 2050 – justifying the critical importance of 
supporting employment creation in these regions.

Employment levels in advanced economies are now only 
estimated to return to pre-financial-crisis levels by 2015. 
In emerging and developing countries, job levels were 
expected to reach pre-crisis levels in 2011; the incidence 
of underemployment and involuntary part-time employ-
ment is increasing in several developing countries (ILO, 
2010). This does not include the 8 million additional jobs 
needed yearly to meet the growing workforce.

6.	 Unless indicated otherwise, all projections in this section are from 
UNDESA (2011a).

7.	 The terms ‘less developed regions’ and ‘least developed countries’ 
refer to the statistical groupings used by the UN Department for 
Economic and Social Affairs Population Division in the 2010 
Revision online database. They are defined in the 2008 Revision 
Highlights (UNDESA, 2009b) as follows:

	 Less developed regions comprise all regions of Africa, Asia (excluding 
Japan) and Latin America and the Caribbean, as well as Melanesia, 
Micronesia and Polynesia. The designation ‘more developed’ and 
‘less developed’ regions are intended for statistical convenience and 
do not necessarily express a judgment about the stage reached by a 
particular country or area in the development process.

	 The group of least developed countries currently comprises 49 
countries: Afghanistan, Angola, Bangladesh, Benin, Bhutan, Burkina 
Faso, Burundi, Cambodia, Central African Republic, Chad, Comoros, 
Democratic Republic of the Congo, Djibouti, Equatorial Guinea, 
Eritrea, Ethiopia, Gambia, Guinea, Guinea-Bissau, Haiti, Kiribati, 
Lao People’s Democratic Republic, Lesotho, Liberia, Madagascar, 
Malawi, Maldives, Mali, Mauritania, Mozambique, Myanmar, Nepal, 
Niger, Rwanda, Samoa, São Tomé and Príncipe, Senegal, Sierra 
Leone, Solomon Islands, Somalia, Sudan, Timor-Leste, Togo, Tuvalu, 
Uganda, United Republic of Tanzania, Vanuatu, Yemen and Zambia.

The world population is ageing. Globally, the number of 
persons age 60 years or over is expected to increase more 
than 2.5 times between 2010 (759 million) and 2050 
(2 billion). In less developed regions, this demographic 
will more than triple, from 491 million (or 8.7 per cent 
of the population) to 1.6 billion (20 per cent of the total 
population).

Elderly people may be just as vulnerable as children to 
epidemics of malaria and diarrhoeal diseases (Bypass, 
2008), and they have the highest mortality due to heat-
waves (WHO, 2005). An increasing proportion of this 
population will be living with dementia – projected for 
2040 to reach 811 million, 71 per cent of whom will 
be in developing countries (Ferri et al., 2005). The dis-
ability weight for dementia is estimated to be higher than 
almost any health condition apart from spinal cord injury 
and terminal cancer, thus constituting a considerable 
burden in terms of resources and a challenge to mobility in 
crisis situations (Ferri et al., 2005). The overall shift in 
the old-age dependency ratio (the increase in the number 
of old-age persons versus persons contributing to the 
economy) will also pose significant challenges for the tra-
ditional welfare state (Christensen et al., 2009).

Small variations in fertility have considerable impact on 
population size over the long run (UNDESA, 2011b). 
The fertility level in the medium variant projection is 
foreseen to decline from 2.52 children per woman in 
2005–10 to 2.17 children in 2045–50. Realization of 
this projection is contingent on the continued declines 
in countries that still have fertility rates above replace-
ment level (that is, countries where women have, on 
average, more than one daughter) and on an increase in 
fertility rates in the countries that have below-replace-
ment-level fertility. This in turn is based on the assump-
tion of increased access to family planning and modern 
contraceptive methods. If fertility were to remain half 
a child per woman above the levels estimated in the 
medium variant, the world population would reach 10.6 
billion in 2050 (high variant). The low variant, in which 
fertility remains half a child below that of the medium, 
projects a population of 8.1 billion in 2050. Thus even 
with low fertility levels, population growth is inevitable to 
2050 (UNDESA, 2009a).

In fact, progress on access to family planning and 
modern contraceptive methods slowed in almost all 
regions between 2000 and 2008 (UN, 2011a, p. 33). 
Aid for family planning as a proportion of total aid to 
health declined sharply between 2000 (8.2  per cent) 
and 2008 (3.2 per cent) (UN, 2010b). In 42 of the 49 
least developed countries, donor funding for reproduc-
tive health per woman has dropped by more than 50 per 
cent since the mid-1990s, leading to shortages in sup-
plies and services (UNDESA, 2010).

Global life expectancy at birth is projected to increase 
from 68 years in 2010–2050 to 76 years in 2045–50. 
A considerable gap will still remain in 2050 between the 
life expectancy in more developed regions (82.7 years) 
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and less developed ones (74.4 years). The least devel-
oped countries, including the 27 highly affected by HIV/
AIDS, are experiencing higher mortality rates, and their 
life expectancy is expected to remain low, at 69 years in 
2045–2050 (compared with 57 years in 2005–2010). 
Key childhood health interventions such as in malaria 
and HIV control and measles immunizations have led to 
a decrease in child deaths from 12.5 million in 1990 to 
8.8 million in 2008. This is still not enough, however, 
to meet the MDG target of reducing the 1990 under-five 
child mortality rate by two-thirds by 2015 (UN, 2010b). 

Many issues affecting life expectancy at birth are related to 
access to safe drinking water and sanitation. Lack of safe 
drinking water, sanitation and proper hygiene directly 
affects the development of infectious diseases, including 
diarrhoea, schistosomiasis and malaria (Rosegrant et al., 
2010). Malnutrition is caused both by reduced food pro-
duction due to water shortages and by a lack of access 
to safe drinking water, particularly in sub-Saharan Africa 
(Rosegrant et al., 2010). Access to safe drinking water 
is thus important in preventing childhood malnutrition in 
particular (WHO, 2008, cited in Rosegrant et al., 2010). 
Half of all childhood deaths in sub-Saharan Africa are 
associated with being underweight, and the children who 
do survive have a higher probability of suffering from 
chronic illness and disability and of reduced physical 
and intellectual productivity (Pelleter et al., 2004, cited 
in Ringler et al., 2010). 

According to the World Health Organization (WHO), half of 
the hospital patients in the developing world are suffering from 
poor sanitation and diseases associated with water (WHO, 
2010b). These include, according to Gleick (2002):

•• waterborne diseases caused by the ingestion of water 
contaminated by human or animal faeces or urine 
containing pathogenic bacteria or viruses; includes 
cholera, typhoid, amoebic and bacillary dysentery 
and other diarrhoeal diseases 

•• water-washed diseases caused by poor personal 
hygiene and skin or eye contact with contaminated 
water; includes scabies, trachoma and flea, lice and 
tick-borne diseases 

•• water-based diseases caused by parasites found in 
intermediate organisms living in contaminated water; 
includes dracunculiasis, schistosomiasis and other 
helminths

•• water-related diseases caused by insect vectors, 
especially mosquitoes, that breed in water; includes 
dengue, filariasis, malaria, onchocerciasis, trypano-
somiasis and yellow fever

Malaria is a risk for 50 per cent of the world’s population. 
In 2008, it was estimated that there were 243 million 
cases, leading to 863,000 deaths, 89 per cent of which 
were in Africa. Greater increases in funding (from less 
than US$100 million in 2003 to US$1.5 billion in 2009) 
and attention towards malaria as well as more effec-
tive intervention strategies such as artemisinin-based 

therapies have shown results. Funding is still far short, 
however, of the US$6 billion needed in 2010 alone glob-
ally for global malaria control (UN, 2010b).

A final aspect of population dynamics that is leading to 
increased pressures on freshwater resources through 
increased need for water and increased pollution is migra-
tion (WWAP, 2009b, p.  45). The number of migrants 
worldwide is now estimated at 192  million, up from 
176 million in 2000 (WWAP, 2009c, p. 3). Eighteen of 
the world’s 27 megacities – those with at least 10 mil-
lion people – are in coastal areas, which are considered 
to be facing the most significant migration pressures 
(WWAP, 2009c, p. 3).

Nearly 43 million people were displaced as of the end of 
2010 because of conflict and persecution. This represents 
about half a million more than in 2009 and is the highest 
number since the mid-1990s. Some 15.4 million of these 
are refugees, including 4.8 million people from Palestine 
(UN, 2001, p. 15). Excluding the Palestinian refugees, 
who are under the mandate of the United Nations Relief 
and Works Agency, it has been estimated that 7.2 mil-
lion refugees spread across 24 countries are confined 
to camps and other settlements for many years with no 
solution in sight – the highest number since 2001 (UN, 
2011a, p. 15).

Climate change may have a significant impact on these 
numbers in the future, since a 10 meter rise in sea level 
could displace more than 600 million people (Speidel 
et al., 2009). The overall number of people vulnerable 
to flood disasters worldwide is expected to increase to 
2 billion by 2050 as a result of climate change, defor-
estation, rising sea levels and population growth in flood-
prone lands (Adikari and Yoshitani, 2009).

2.7		Economy and 
security

  Economy
The gross world product is expected to grow about 4.5 per 
cent in 2011 and 2012, with advanced economies 
expected to expand by about 2.5 per cent and emerging 
and developing economies by 6.5 per cent (IMF, 2011, 
p. xvii). This variation in growth is a reflection of the shift 
to come in the core balance of economic power, with 
Brazil, China, India and the Russian Federation, based 
on a Goldman Sachs forecast, expected to overtake the 
combined economic strength of the Group of Eight (G-8) 
by 2032 (WWAP, 2009b, p.  xx). The current focus in 
these emerging economies is on ensuring that robust 
demand will not lead to overheating (IMF, 2011, p. xvii).
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In advanced economies, concerns that the post-crisis 
diminishment of fiscal policy from public to private 
might induce a ‘double-dip’ recession are waning, even if 
financial conditions are still unusually fragile. The finan-
cial consolidations and entitlement reforms that would 
place fiscal positions on sustainable medium-term paths 
have yet to be fully addressed (IMF, 2011, p. xvii).

Developing economies are witnessing fast and sustaina-
ble growth (IMF, 2011, p. xvii). It is considered that there 
is sufficient momentum to sustain the progress needed 
to reach the MDG global target of halving, between 1990 
and 2015, the proportion of people whose income is 
less than US$1 a day (UN, 2011a, p. 6), even if rising 
food and commodity prices are a growing concern and a 
source of tension (IMF, 2011, p. xvii).

For many, economic globalization was supposed to be 
beneficial for all – with higher standards of living and 
greater access to economic opportunities (Stiglitz, 2007, 
p.  4). In fact, there are increasing concerns over the 
corporate and financial stronghold that has defined the 
globalization agenda to date – such domination can lead 
to corporations setting the rules and ultimately control-
ling even seeds and water (Faruqui, 2003). Concerns 
over industry concentration and corruption have been 
considered legitimate, and this is true in the water sector 
as well, where the two largest water firms control 70 per 
cent of the international private market (Faruqui, 2003).

World energy demand is projected to continue increasing 
through 2035, albeit limited to an increase of 36 per 
cent by then if the recent government commitments in 
Copenhagen are acted upon. In this scenario, non-OECD 
countries – led by China, where demand would surge by 
75 per cent – would account for almost all the increase 
(IEA, 2010b). Oil would continue to be the dominant 
fuel source in the energy mix – although with a dimin-
ished share – as natural gas increases 44 per cent and 
nuclear power 2 per cent (IEA, 2010a).

The scenario also projects a fourfold increase in biofu-
els (IEA, 2010a), with potentially important impacts 
on water quality and availability (WWAP, 2009c, p. 1). 
Although assessing the impact of bioenergy production 
is particularly complex, it is estimated to have caused 
70–75 per cent of the rise in the global prices of some 
food stocks, including about 70 per cent of the increase 
in maize prices (WWAP, 2009c, p. 5).

At the same time, vast amounts of energy are needed for 
water extraction, treatment and distribution. Research 
indicates that the most water-efficient energy sources 
are natural gas and synthetic fuels obtained through coal 
gasification techniques; geothermal and hydroelectric 
are more efficient than nuclear power plants, while etha-
nol and biodiesel are the least water-efficient (Younos et 
al., 2009).

Economic development without sustainable management 
practices for limiting the impact of wasteful consumption 

and unsustainable resource use has had a devastating 
impact on the world’s ecosystems and water resources; 
it has been estimated that we would need about three 
planet earths to sustain a global population achieving 
the current lifestyle of the average European or North 
American (Wacknagel and Rees, 1996). The value of 
ecosystem services is estimated at double the gross 
world product, with the role of freshwater ecosystems 
in purifying water and assimilating wastes evaluated to 
more than US$400 billion (UN, 2010c).

Improving infrastructure and transforming wastewater from a 
major health and environmental hazard into a resource of 
fresh water is an emerging key challenge (UNEP, 2010c). 
It is also an economic opportunity for the next few dec-
ades (UNEP, 2010c), since investments in safe drinking 
water and sanitation benefit economic growth. The WHO 
has estimated a return of between US$3 and US$34 for 
each US$1 invested in these improvements, depending 
on the region and the technology (WWAP, 2009c, p. 3). 
Lack of investment, on the other hand, translates into 
economic loss. Lack of access to safe water and basic 
sanitation in Africa has been estimated to cost the region 
US$28.4 billion a year, or about 5 per cent of its gross 
domestic product (GDP) (WWAP, 2009c, p. 3).

Although the growth of international trade has aggra-
vated water stress in some countries, it has reduced it in 
others through flows of ‘virtual water’ – water embedded 
in products and used in their production, particularly in 
the form of imported agricultural commodities (WWAP, 
2009b, p.  xx).The global volume of virtual water flows 
in commodities is 1,625 billion cubic metres a year, 
accounting for about 40  per cent of total water con-
sumption. About 80 per cent of these virtual water flows 
relate to agricultural products trade and the remainder to 
industrial products trade (WWAP, 2009c, p. 4).

Pressure is also increasing for bulk water exports, which 
already exist on a small scale – current trade agreements 
such as the North American Free Trade Agreement 
(NAFTA) and the World Trade Organization restrict the 
use of the precautionary principle (Faruqui, 2003). Thus, 
under existing international trade rules, if the Canadian 
government proposed an outright ban on bulk water 
export for environmental reasons, it risks a trade chal-
lenge from the other NAFTA signatories (Grant, 2008).

Climate change mitigation and adaptation preparedness 
is also becoming an increasingly important economic 
factor. Between 2000 and 2006, water-related disasters 
around the world reportedly affected over 1.5 billion 
people, killed more than 290,000 people and caused 
over US$422 billion in damages (Adikari and Yoshitani, 
2009). Looking to the future, by 2050 extreme weather 
could reduce the gross world product by 1 per cent, and 
climate change would have a yearly global economic cost 
of at least 5  per cent, according to the Stern Review 
(Stern, 2006). This cost could increase to more than 
20 per cent should more-extreme climate scenarios occur 
(WWAP, 2009c, p. 6). Although climate change affects 
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the entire planet, the poor are the most affected, often 
losing livelihoods, while not having the economic possi-
bilities to plan for alternative solutions (UNFCCC, 2010).

Over the next decade, ‘business interruption insurance 
coverage’ for climate change–related events will become 
routine and a decisive factor for companies – both busi-
ness and insurance – for continuing activity (CFR, 2006).

Businesses, communities and governments around the 
world will need adaptation plans to increase resilience 
against the damages caused by climate change as well as 
to reduce the long-term costs of climate-related impacts 
(Pew Centers, n.d.). Additional investments to adapt to cli-
mate change in developing countries were estimated by the 
secretariat of the United Nations Framework Convention 
on Climate Change (UNFCCC) to range between US$28 
billion and US$67 billion a year and as high as US$100 
billion a year several decades from now (WWAP, 2009c, 
p. 6). New investments for water supply infrastructure in 
particular in 2030 have been estimated at US$11 billion, 
85 per cent of which would be needed in developing coun-
tries (WWAP, 2009c, p. 6).

One avenue for reconciling economic development 
with equity and sustainability is through the creation of 
‘ethical markets’, based on socially responsible investing 
(Henderson, 2007). A ‘green economy’ has the poten-
tial to create  millions of jobs, greatly needed for the 
500 million young people who will be entering the global 
workforce over the next 10 years (UNEP, 2008). There 
are, however, concerns that the new concept of a green 
economy could also be a path in which protectionist 
trends could be reinforced, with further exacerbation of 
international inequalities (UNCSD, 2011).

New indicators for measuring sustainable economic pro-
gress, which would value uncompensated services and 
goods as well as the value and deterioration of ecosys-
tems, include the Calvert-Henderson Quality-of-Life 
Indicators (Calvert-Henderson, n.d.), the Happy Planet 
Index (NEF, n.d.), the Genuine Progress Indicator 
(Pembina Institute, n.d.), the Global Footprint (Global 
Footprint Network, n.d.) and the State of the Future 
Index (Millennium Project, n.d.).

  Security 
More than 1.5 billion people live in countries affected by 
repeated cycles of political and criminal violence (World 
Bank, 2011). A shift has occurred from traditional security 
threats based on conventional war between and within 
countries to concerns over organized crime, trafficking, 
civil unrest and terrorism (World Bank, 2011).

In addition:

•• Conflicts are not isolated events – over the last decade 
90 per cent of civil wars took place in countries that 
had already known a civil war in the last 30 years.

•• New forms of conflict can occur even after previous 
conflicts are solved – countries such as El Salvador 
and Guatemala negotiated successful political and 
peace agreements after violent political conflicts but 
are now dealing with high levels of violent crime.

•• Different forms of violence are linked to each other, 
such as organized crime and political violence; inter-
national ideological movements can make inroads 
using local grievances. 

•• When social, economic or political change lags 
behind expectations, grievances can transform into 
pressing demands for change, escalating the risks for 
violent conflict (World Bank, 2011, pp. 4 and 5). 

The impacts are also felt outside of the conflict’s geographical 
borders:

•• It is estimated that Tanzania loses 0.7 per cent of its 
GDP annually for each neighbour in conflict.

•• The number of refugees and internally displaced 
persons has tripled in the last 30 years.

•• Neighbouring countries host close to 75 per cent of 
the world’s refugees. 

•• In a study of 18 West European countries, each 
transnational terrorist incident reduced the country’s 
economic growth by an additional 0.4 per cent annu-
ally – even considering that more than 80 per cent of 
fatalities from terrorist attacks over the last decade 
were in non-Western targets (World Bank, 2011, p. 5).

Factors related to natural resources and/or environmental 
degradation have led to at least 18 violent conflicts since 
1990. Over 40 per cent of intra-state wars are linked to 
the exploitation of natural resources (UNEP, 2009).

Water and food scarcity are likely to further weaken already 
failing governments, fostering the conditions for internal 
conflicts, extremism and movement toward increased 
authoritarianism and radical ideologies (CNA Corporation, 
2007). A study of rainfall shocks in sub-Saharan Africa 
noted that there is an increased likelihood of civil conflict 
following years of poor rainfall (World Bank, 2011). In 
Afghanistan, military observers report that poverty induced 
by water scarcity increases conflict: since the opium poppy 
is a drought-resistant plant, it is easier for poor farmers to 
cultivate it in the dry areas, consequently supporting the 
illegal heroin trade and local warlords (Rollins et al., 2010).

Of the top 20 failing states, 17 have high population 
growth rates and almost half depend on UN food aid 
(Brown, 2009). In fact, not one of the countries consid-
ered to be low-income fragile or conflict-affected has yet 
to achieve any of the MDGs (World Bank, 2011). A child 
in a fragile or conflict-affected state has twice the likeli-
hood of lacking access to improved water as a child in 
another developing country (World Bank, 2011, p. 62).

Climate change will only continue to exacerbate these 
threats, as noted in UN Security Council Presidential 
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Statement of July 2011 (UN, 2011b): ‘The Security 
Council expresses its concern that possible adverse 
effects of climate change may, in the long run, aggra-
vate certain existing threats to international peace and 
security.’

Although in recent years water resources were more 
likely to be an instrument of multinational cooperation 
for regional peace than something that triggers violent 
conflict (Wolf et al., 2006), some observers warn that 
more than 50 countries around the world might face 
water disputes unless adequate measures are soon taken 
to improve water management (Global Policy Forum, 
n.d.). Strengthening the legitimacy of institutions and gov-
ernance will also be critical to break the cycles of conflict 
by providing security, justice and employment to citizens 
(World Bank, 2011, p. 2).

2.8	Governance and 
institutions

Water governance operates within a set of policy and 
legal frameworks at the local/national, regional trans-
boundary and global levels that must all support sound 
management goals (WWAP, 2009b, p. 49).

Generally speaking, at all levels of governance both bottom-
up contributions by water users and top-down interventions 
and commitment by government should be mutually rein-
forcing and are essential for the success of water sector 
reforms (Luzi, 2010). The principles of integrated water 
resources management – which seeks to coordinate the 
management of water, land and related resources in a way 
that equitably balances economic and social welfare while 
ensuring the sustainability of vital ecosystems and the 
environment – can also contribute to water sector reforms 
and sustainability (Global Water Partnership, 2009).

The allocation of shared water resources and their ben-
efits is not yet governed by internationally accepted and 
adopted criteria. At the international level, water rights 
allocation factors can include international treaties, 
customary law (based either on hydrography – i.e. from 
where a river or aquifer originates and the amount of that 
territory that falls within a certain state – or on chronol-
ogy – i.e. who has been using the water the longest) and 
economics (valuing from a social planning perspective or 
market-based approach among competing users).8

8.	 The 1997 Convention on the Law of the Non-Navigational Uses of 
International Watercourses, which has yet to enter into force, does 
provide a framework, even if it does not offer the specificity necessary 
for unequivocal allocations (Wolf, 1999).

  Local, subnational and national

In many parts of the world, the foundations for water 
security – which, according to the United Nations 
Committee on Economic, Social and Cultural Rights, 
include the provision of sufficient, safe, acceptable 
physically accessible and affordable water for domestic 
use – are widely absent (UNDP, 2006, p. 9). However, 
recognition is progressing, as more than 90 countries 
have included a right to water in their constitutions 
or have framed the right explicitly or implicitly within 
national legislation (UNDP, 2006, p. 63). Despite the 
depth of institutional rules and norms, equity in water 
use has been difficult to protect – an outcome that 
should figure prominently in any public policy debate 
(UNDP, 2006, p. 180).

Regulations, when poorly designed, can be dispropor-
tionately burdensome in relation to the policy goal they 
intend to underpin: in Nepal, for example, hydropower 
developers have to deal with 32 types of acts during pro-
ject development (Gangol, 2009, pp. 71–72). The larger 
problem in developing countries lies in the implementa-
tion and enforcement of policies, mainly due to the lack 
of government capabilities, intention and commitment 
and the scarcity of financial and skilled human resources 
(Seppala, 2002). Water allocation priority does not always 
reflect economic development priority: in Bangladesh, 
the National Water Policy gives irrigation a relatively low 
priority, yet rice cultivation is the single most important 
activity in the economy (Chowdhury, 2010).

Some jurisdictions have elaborated long-term water 
management plans, such as the Valley of Mexico Water 
Resources Sustainability Program, which provides 
for the construction of water treatment plants in the 
Valley of Mexico to treat 100 per cent of the wastewa-
ters of municipalities by 2020 (CONAGUA, n.d.) and 
Bangladesh’s National Water Management Plan for the 
period up to 2025 (Chowdhury, 2010).

Customary law, which often involves tight controls on 
water use, with structured water rights balancing claims 
based on inheritance, social need and sustainability, 
can enhance governance. However, customary law is not 
in itself a guarantee of equity – customary landholders 
often use their position in the community to circumvent 
formal rules and perpetuate their privileged access to 
land (UNDP, 2006, p. 185).

Several recent and varied approaches to the challenges of 
water governance around the world have been deemed 
successful:

•• Decentralization and democratization have occurred 
in Ceará Brazil. An assembly of 180 user groups 
consisting of industry, commercial farmers and rural 
labour unions and cooperatives elects a committee 
of representatives for oversight, has an independent 
technical advisory body and has a publicly owned 
river basin agency (UNDP, 2006, pp. 154–55).
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•• In Peru and Bolivia, a demand-driven, community 
management model, coupled with access to spare 
parts and some technical expertise, has come a 
long way towards unravelling the puzzle of how 
best to design and implement rural water supply 
programs in developing countries (Whittington et 
al., 2009).

•• In Sukhomajri, India, solving issues of downstream 
water quality and the silting up of the lake supply-
ing water to the city of Chandigarh demanded an 
approach that went beyond a traditional, narrower 
concept of water resources management. The 
solution included taking into consideration land 
management practices in the denuded hillsides 
upstream and supplying irrigation to the farmers 
trying to subsist there (Global Water Partnership, 
2009).

•• In Europe, the European Union (EU) Water Frame-
work Directive (WFD) represents a new vision and 
approach for the management of water resources 
that seeks to protect and restore the ecological and 
physical functions of water bodies as well as their 
overall quality. Article 14 of the WFD calls for pub-
licly available information about the status of water 
as well as consultation and public engagement in the 
process of identifying and implementing appropriate 
actions (Watson et al., 2009).

Corruption is a major challenge to water governance, is 
not exclusive to any particular type of government and 
can be found at every point along the water delivery 
chain (UNDP, 2006). It is estimated to increase the cost 
of achieving the MDG on water and sanitation by US$48 
billion (Transparency International, 2011, p. 285). Lack 
of accountability and corruption harm the poor in par-
ticular by favouring people with political connections 
and those who can pay money for bribes (UNDP, 2006, 
p. 189).

  Regional transboundary
Transboundary waters are those physically shared 
between two or more countries. Transboundary water 
management can raise important practical and politi-
cal issues (Loures et al., 2010). Some scholars suggest 
that conflict is likely when states construct hydrological 
infrastructure without proper coordination and con-
sultation. Such coordination and cooperation is likely 
on issues of joint management, quality and economic 
development (Yoffe et al., 2003).

There are 276 international basins, representing 60 per 
cent of global river flows. These basins serve 40  per 
cent of the world’s population and cross the territories 
of 145 countries (Loures et al., 2010). In these basins, 
unilateral development measures that have transbound-
ary impacts in neighbouring countries or that foreclose 
the right of other riparians to gain access to their fair 
share of the water source may lead to interstate conflict, 

environmental degradation and suboptimal water 
management and development. It is thus crucial that 
countries cooperate on the sustainable and equitable 
management of transboundary waters within the frame-
work of adequate governance mechanisms (Loures et 
al., 2010).

Joint bodies and river basin organizations have 
increasingly been evolving governance mechanisms 
to meet regional needs, resulting in nested govern-
ance arrangements (Tarlock and Wouters, 2009). 
There are 300 international freshwater agreements 
(UNEP, 2002); more than 200 of these are treaties 
signed in the last 50 years (Wolf et al., 2003). Few 
transboundary aquifer systems are covered by an 
international agreement specifically designed to deal 
with groundwater, and only 36 transboundary aquifer 
systems located within river basins have treaties con-
taining specific provisions for groundwater, making the 
development of innovative institutions to govern these 
commonly held resources paramount (Lopez-Gunn and 
Jarvis, 2009).

Thus with only 40 per cent of the world’s international 
watercourses governed by cooperative management 
frameworks, the majority of the transboundary water 
resources in the world have insufficient legal protection. 
Even when a management agreement is in place, it may 
be only partial or inadequate, and all states in the basin 
may not be party to the existing agreement (Loures et 
al., 2010).

Thirty years of rigorous study, codification and progres-
sive development by international bodies such as the 
UN International Law Commission led to the adop-
tion in 1997 of the UN Watercourses Convention. The 
framework is founded on the notions of equity, reasona-
bleness and full participation of watercourse states. 
It clearly defines the right of all riparian states to an 
equitable and reasonable use of shared waters, includ-
ing an obligation to manage the resource cooperatively 
and comprehensively. For example, it requires manda-
tory disclosure in order that all riparian states have the 
necessary information to establish what is an equitable 
share of the resource (Tarlock and Wouters, 2009). The 
Convention requires 35 ratifications to enter into force, 
yet as of July 2011 only 24 countries have ratified it, 
although the process has gained momentum in recent 
years (UN, 2011c).

In an attempt to foresee the impacts of climate 
change, it has been proposed that attention and sup-
port be offered to subregions with fragile riparian 
states. Agreements could be shifted from precise vol-
umes to percentages (given the potential for reduced 
flow), and benefit-sharing agreements from expanded 
basin development could be designed to benefit all 
riparians. The existence of cross-border or subregional 
water management agreements could allay regional 
tensions whether flow rates actually diminish or not 
(World Bank, 2011).



Global Water Futures 2050 21

The Dynamics of Global Water Futures

21

  Other global cooperation and global 
policy initiatives

International conventions and multilateral agreements 
related to water management include the following:

•• the Convention on Wetlands of International Impor-
tance, called the Ramsar Convention, an intergovern-
mental treaty that provides the framework for national 
action and international cooperation for the conser-
vation and wise use of wetlands and their resources 
(Ramsar Convention, n.d.)

•• the UNFCCC and the Kyoto Protocol, an international 
and legally binding agreement to reduce greenhouse 
gas emissions worldwide (UNFCCC, n.d.)

•• the United Nations Convention to Combat Desertifi-
cation (UNCCD, n.d.a)

•• the Convention on Biological Diversity, addressing 
all aspects of biological diversity: genetic resources, 
species and ecosystems (UNCBD, n.d.)

As presented in the UN Secretary General’s Report: ‘The 
adoption of the Millennium Declaration in 2000 by 189 
States Members of the UN, 147 of which were repre-
sented by their Head of State, was a defining moment 
for global cooperation in the twenty-first century. The 
Declaration captured previously agreed goals on interna-
tional development, and gave birth to the concrete and 
measurable development objectives known as the MDGs. 
Spurred by the Declaration, leaders from both developed 
and developing countries committed to achieve these 
interwoven goals by 2015’ (UN, 2010a).

The beginning of the Millennium was also critical with 
regards to the culmination of international cooperation 
efforts in the water domain specifically, as described by 
Wouters et al. (2009, p. 103):

At the second World Water Forum convened at The 
Hague in March 2000, the Ministerial Declaration 
entitled ‘Water Security in the Twenty-First 
Century’ listed seven ‘main challenges’ to achiev-
ing water security: (1) meeting basic needs; (2) 
securing food supply; (3) protecting ecosystems; 
(4) sharing water resources; (5) managing risks; 
(6) valuing water; and (7) governing water wisely. 
This declaration was the first inter-governmental, 
high-level pronouncement on the term ‘water 
security,’ and it builds on a large number of 
global water initiatives, beginning with the 1977 
Mar Del Plata conference and including, inter 
alia, the 1992 Dublin Principles, Chapter 18 of 
Agenda 21, the World Summit on Sustainable 
Development, the Millennium Development 
Goals, and the ongoing World Water Forums con-
vened by the World Water Council. In fact, the 
global focus on water continues to grow, with the 
UN having some 24 agencies involved with water-
related issues, a newly created UN-Water, and the 

leadership of several non-governmental organiza-
tions, including the World Economic Forum and 
the Global Water Partnership.

The most recent developments include the July 2010 
United Nations General Assembly adoption of a resolu-
tion recognizing ‘the right to safe and clean drinking water 
and sanitation as a human right that is essential for the full 
enjoyment of life and all human rights’ (UNGA, 2010a). 
In September 2010 the Human Rights Council affirmed 
this recognition and clarified that the right is derived 
from the right to an adequate standard of living (UNGA, 
2010b). In March 2011, the Council extended the man-
date of the Independent Expert on the issue of human 
rights obligations related to access to safe drinking water 
and sanitation and changed its title to Special Rapporteur 
on the human right to safe drinking water and sanitation 
(UNGA, 2011; UNOHCHR, n.d.).

2.9 Politics

Group – or political – decision-making involves filter-
ing information through individual and group priorities, 
experiences, worldviews and cultural archetypes (Glenn 
et al., 2008a, p. 49; Holland et al., 1989, p. 16) – with 
the re-filtering based on tacit or explicit decision-making 
criteria (Glenn et al., 2008a, p.  49; Saint-Onge and 
Armstrong, 2004; see also Saint-Onge, 2004).

A major challenge to sustainable decision-making is 
when society maintains its focus on the most immediate, 
visible, short-term needs (Dahle, 1999, pp. 46, 50). It is 
easy to name a few of the usual systematic impediments 
to anticipating warning signals and taking corrective 
action: pressure for action coming from opposition lead-
ers, lobbies and 24-hour media and politicians wanting 
to show tangible quick results on issues in view of an 
upcoming election (Chi, 2008, p. 10).

Issues that can seem critical to political survival (and 
thus put at the forefront for discussion) are not necessar-
ily those that are objectively the most important (Mackie 
and Hogwood, 1984, p.  305). Some politicians will 
defer paying ‘political prices’ for as long as possible. In 
the case of water systems, the price of implementing 
economically and environmentally sound policies may be 
so extreme that they might involve the loss of political 
power. Inordinate political courage may be required of 
a political leader in a country that has always believed 
itself to be ‘water secure’ to take required water-related 
decisions (Allan, 2001).

Chronic water scarcity triggers the interaction of old 
ethnic and religious conflicts, civil unrest, terrorism 
and crime (Ohlsson, 1995, p. 23) and it weakens the 
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political legitimacy of governments, leading to social 
instability and possibly to failed states (Solomon, 2010, 
p.  371). Climate-induced hunger has caused ancient 
civilizations to collapse (Fagan, 2009, p. 298). Social 
instability and violence are already prevalent in the 
most water-deprived regions, in countries such as Chad, 
Sudan, Somalia, Yemen, Iraq and Afghanistan (humani-
tarian crises, epidemics, corruption, failed states) – this 
happens to be where 20  per cent of humanity lacks 
access to sufficient clean freshwater for consumption 
and 40  per cent lack access to adequate sanitation 
(Solomon, 2010, p. 4).

Participatory processes are evolving. Public participation, 
including in a transboundary context, is critical to medi-
ate between competing interests with regards to water, 
to understand local customs and values, customary law 
and water management practices and to learn other ways 
in which humans relate to water (Cosgrove, 2010; Sule, 
2005).

Democracies that arise without prior economic develop-
ment – sometimes because they are imposed by former 
colonial powers or international organizations – tend not 
to last (Barro, 1999). Democracy has been found to be 
empirically positively related to an improved standard of 
living (per capita GDP), the importance of the middle 
class, and primary school attainment; a gap between 
male and female primary schooling has been found to 
have a negative correlation (Barro, 1999).

Through their participation, women can play a crucial 
role in political reform, broadening initial coalitions and 
representing the needs of wider groups of citizens. The 
Wunlit tribal summit in 1999, which led to the end of 
hostilities between the Dinka and Nuer peoples, was 
organized by southern Sudanese women in the New 
Sudan Council of Churches. The Wunlit Covenant led to 
agreements on water, fishing and grazing land-sharing 
rights, which had been central points of disagreement 
(World Bank, 2011).

The global share of women in parliaments reached an 
all-time high of 19 per cent in 2010 – a gain of 67 per 
cent since 1995, when 11 per cent of parliamentarians 
worldwide were women (UN, 2010b, p. 25). The pres-
ence of women in the executive branches of government 
is progressing more slowly: on average, women hold 
16 per cent of ministerial posts, and only 30 countries 
have more than 30  per cent women ministers (UN, 
2010b, p. 25). Quota arrangements and other affirma-
tive action measures taken by political parties continue 
to be key predictors of progress for women, as is the 
system of proportional representation (rather than major-
ity/plurality systems) (UN, 2010b, p. 25).

Over 2.3 billion people live in societies where fundamen-
tal political rights and civil liberties are not respected 
(Freedom House, n.d.). Only one in six people live in 
countries with a free press, and the numbers are gener-
ally in decline (Freedom House, n.d.).

Yet the free flow of communication is key to democracy’s 
survival in a context of globalization. The speed and scale 
at which decisions must now be made have surpassed 
the capacity of purely electoral systems to manage 
effectively (Florini, 2003, p. 16). Some observers sug-
gest we are in the midst of a transition to the planetary 
phase of civilization, where emerging political, economic 
and communications features are, respectively, global 
governance, globalization of the world economy and the 
information revolution (Raskin et al., 2002, p. 50).

Communications and information can facilitate improved 
decision-making. Cloud computing, knowledge visualiza-
tion and a variety of decision support software are increas-
ingly available at falling prices. Vast peer-reviewed data 
banks are being interconnected so that composites of 
data from many sources can present the best facts avail-
able for a given decision. Such systems can foster collec-
tive intelligence and an emergent new capacity in deci-
sion-making (Glenn et al., 2010, p. 28). There are an 
increasing number of international, transinstitutional 
large scientific research projects such as the International 
Geosphere–Biosphere Programme (IGBP, n.d.) and the 
International Human Dimensions Programme on Global 
Environmental Change (IHDP, n.d.).

Another aspect of global cooperation is official development 
assistance (ODA). Donors at the Gleneagles G-8 Summit 
and the UN World Summit in 2005 made a commitment 
to an increase in ODA. Based on expectations of future 
incomes, these pledges – combined with other commit-
ments – would have lifted total ODA from US$80 billion 
in 2004 to US$130 billion in 2010 (at constant 2004 
prices). To fill the growing financing gaps in developing 
countries, G-20 leaders agreed on April 2, 2009 to sup-
port a tripling of resources for the International Monetary 
Fund (IMF) to US$750 billion. They also supported an 
increase in multilateral development bank lending of 
US$100 billion to a total of US$300 billion over the next 
three years (World Bank, 2009).

However, the economic slowdown put pressure on gov-
ernment budgets in developed countries, and the World 
Bank/IMF Global Monitoring Report 2009 stated that 
the global financial crisis was imperilling attainment of 
the 2015 MDGs and creating an emergency for devel-
opment (World Bank, 2009). While the majority of 
the initial commitments remained in force, some large 
donors reduced or postponed the pledges they made for 
2010. Only five donor countries reached the UN target 
for official aid in 2009 (UN, 2010b, pp.  66–67). An 
unintentional effect of the multilateral campaign for 
clean drinking and sanitary water has been to divert 
increased investment away from also badly needed food 
production infrastructure (Solomon, 2010, p.  485). 
The Paris Declaration (2005) and the Accra Agenda for 
Action (2008) were adopted with the intent to improve 
aid effectiveness (OECD, n.d.).

There has been a shift in world economic and political 
influence. The USA, the world’s largest debtor, controls 



Global Water Futures 2050 23

The Dynamics of Global Water Futures

23

17 per cent of the votes at the IMF, while China, the 
world’s largest creditor (and now the second largest 
economy), controls only 3.66  per cent (Henderson, 
2009). Emerging countries now trade more between 
each other than with developed countries. Thus in 2009 
China became Brazil’s leading customer, purchasing 
more than 15 per cent of all Brazilian exports – ahead 
of the USA (almost 11 per cent) (Santiso, 2010). This 
may have an impact on development policy: at the UN 
Security Council, in the past China along with Russia 
has resisted expanding the Western doctrine of humani-
tarian intervention (Bosco, 2009, p. 254).

Many multinational bodies have been increasingly active for 
over a decade. The role of North Atlantic Treaty Organiza-
tion (NATO) in the Balkans, the EU force that deployed 
in eastern Congo in 2003, the Organization for Secu-
rity and Cooperation in Europe, the G-8 on MDGs, the 
role of the Economic Community of West African States 
in Sierra Leone, the African Union created in 2002, the 
New Partnership for Africa’s Development (which seeks 
to create continent-wide standards for economic and 
political reform) and the Organization of American States 
are among them (Traub, 2006, p. 403).

Foresight has been suggested as a key to improving political 
decision-making capacity, since it can offer an improved 
understanding of change, opportunities, challenges and 
perspectives; it can present an opportunity to build 
common ground through an exchange of knowledge and 
information; and it can support participatory political 
decision-making (Chi, 1991, p.  47; Desruelle, 2008, 
slide 14).

For example, Florida’s Century Commission held a 
Congress on the Future of Water in 2008, leading to 
unanimous recommendations on reinstating state fund-
ing mechanisms for alternative water supply develop-
ment and water quality improvement, developing regional 
partnerships and cooperative approaches and facilitating 
legal and financial statutes to allow for the adoption of 
water conservation best practices (Collins Center for 
Public Policy, 2008).

However, liberal democracy should not be seen as auto-
matically a necessary precursor to future-generations-
oriented political systems (Inayatullah, 1999, p. 117).

The lack of foresight in government processes is clearly 
reflected, for example, in the gaps between current 
infrastructure needs and investment levels. Globally, 
the World Water Vision estimated annual investment 
requirements at US$180 billion a year for 25 years, for 
a total of US$4.5 trillion. Current levels of investment 
were evaluated in the World Water Vision as being around 
US$70–80 billion a year, with the traditional public 
sector contributing about US$50 billion a year (Cosgrove 
and Rijsberman, 2000). As another example, the rates 
at which groundwater is withdrawn exceed the rates at 
which nature replenishes the stocks in many areas and 
countries (Sahagian et al., 1994).

2.10	Ethics, society 
and culture

Ethical, social and cultural drivers are at the heart of the 
human family’s interaction with the natural environment. 
They consist of human beliefs, values, thoughts, percep-
tions, knowledge, decisions, behaviours and demands on 
and use of water.

Ethical behaviour presumes a moral society in which the 
‘haves’ and the ‘have nots’ have equality in opportunity. 
Ethical issues appear at many places in the complex 
global water system and are woven through its intercon-
nected elements, as well as in other systems such as food 
production, energy, politics, economy, industry, climate, 
ecology and sociocultural aspects (Holling et al., 2002).

Culture can be viewed as a system of symbolic mean-
ings and beliefs, of explicit values and implicit codes, 
which structure the world and give us a way of orienting 
ourselves within it. Culture is adaptive and evolves as 
it interacts with other determinants of social perception 
and action (Cocks, 2003; Sen, 2009). Over the past 
three decades in particular, rapid advances in travel, 
information and communications technologies have facil-
itated these interactions, exposing once-remote peoples 
to new cultural influences that are disturbing patterns 
of behaviour that historically might have taken several 
generations to change (Cocks, 2003; Galtung, 2004; 
Huntington, 1996; Skrzeszewski, 2002; Triandis, 2009).

Prominent intercultural scholars concur that the relation-
ship to nature, and therefore water, is one of the key dimen-
sions of culture in which there are considerable differences 
in beliefs and values (Hall and Hall, 1990; Hofstede, 
1980; Kluckholn and Strodbeck, 1961; Trompenaars 
and Hampden-Turner, 2001). In some cultures water is 
a highly valued spiritual element, symbolizing purity, life 
and renewal and strongly associated with identity and 
place (CAN WA, 2009; Ingram et al., 2008) while in 
other cultures water is perceived as an endless resource 
or a commodity that can be bought and sold (Narain, 
n.d.). This diversity of uses for water as well as of values 
and beliefs associated with it in various parts of the 
world suggests the potential for an exacerbation of water 
conflicts in the near future as water scarcity becomes 
more widespread (WWAP, 2006).

Water plays an essential role in helping to eradicate pov-
erty, especially in the 50 least developed countries, 34 of 
which are in Africa (Marks, 2007). With greater climate 
variability, the rising demand for water for agriculture 
and other uses is likely to deepen current inequalities in 
access to water to the detriment of the poor, particularly 
women and marginal groups (Komnenic et al., 2009; 
Mayers et al., 2009). If equitable social transformation 
does not occur, many will continue to be excluded from 
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the mainstream economy and marginalized, leading to 
increased social tensions (Raskin et al., 2002).

A rights-based approach to community development, as 
distinct from an aid-based approach, educates people 
about their rights and entitlements and empowers them 
to achieve those rights. Rights-based development 
includes accountability, empowerment, participation, 
non-discrimination and attention to vulnerable groups.9 
If people are to assume responsibilities that come with 
rights to water, they will need access to detailed knowl-
edge of its distribution, availability, variability, environ-
mental contribution and current and possible future uses 
as well as information on the impacts of human actions 
on water’s quantity and quality (Marks, 2007, p. 189).

Public participation, supported by adequate policies 
and mechanisms that enable access to information and 
justice, is critical to understanding local customs and 
water management practices and to learn other ways in 
which humans relate to water. Public participation is a 
growing trend in Western cultures, a social norm in many 
indigenous societies and an aspiration in non-democratic 
nations (Cosgrove, 2010; Sule, 2005; UNDP, 2007).

In India communities have shown that they can be 
effective implementers of water and sanitation programs 
and have contributed to reducing costs by up to 20 per 
cent of what the programs would have cost if run by 
the government alone (Ghosh, 2007). The Royal Thai 
Government has incorporated integrated water resources 
management into its national policy by giving priority to 
people’s participation in identifying problems, policy-
making, planning and implementation (Marks, 2007, 
p.  165). Despite these positive developments and an 
array of international statements recognizing the need 
for public participation in water resource decisions and 
management – from the 1992 Agenda 21 to the 2002 
World Summit on Sustainable Development – the trans-
lation of commitment into practice still lacks substantial 
understanding of local contexts and complex relation-
ships between different stakeholders (Ahmed, 2006).

Ethical debate is now further complicated by the inclu-
sion of the rights of future generations and other life forms 
(Shiva, 2009). From the perspectives of intergenerational 
equity and living non-human consumers of water, some 
commentators are asking how much water is needed for 
other species of the planet and what must be conserved 
for future generations (Marks, 2007).

According to some, signals are appearing of an emerging 
global consciousness and growing awareness of the inter-
connectedness of living systems: a reawakening to the 
knowledge that we are an integral part of nature (Capra, 
2002; Cosgrove, 2010; Hunt, 2004; Shiva, 2002; 
Suzuki and Dressel, 1999). The beginnings of a global 
civil society hold the promise of a strong social platform 
to counterbalance the historical dominance of political 

9.	 See hrbaportal.org/?page_id=2127.

and economic systems of governance and to effect the 
transformation required for human survival in the twenty-
first century (Baker and Chandler, 2005; Bennis, 2006; 
Eisler, 1991; Gidley, 2007; Kaldoor, 2003; Kelleher, 
2009; Laszlo, 2008; Risse et al., 1999; Sandel, 1996).

One of the primary challenges in raising global awareness 
is that water, as an issue, is in certain respects not a global 
problem. It is a series of local and regional challenges 
complicated by multiple, interdependent issues. It will 
be very difficult to address these myriad issues without 
people understanding this global water web (I.B.M. 
Corporation, 2009).

Storytelling is one of the few human traits that are univer-
sal across cultures and throughout history (Hsu, 2008). It 
also has the ability to influence our beliefs and decisions. 
The re-emergence of storytelling as an art, a means of 
communication and a potential means for societal trans-
formation is being realized in developed nations, corpora-
tions and governments and has the potential to reawaken 
human water consciousness (Eisler, 1995; Inayatullah, 
2002; Kelleher, 2010; Snowden, 2005; Wheatley, 
2009). The Internet, mobile phones, language transla-
tion, radio and television are converging to provide the 
human family with the means to unite to share stories, 
experiences and the knowledge gained from interacting 
with local water (Glenn et al., 2009; Raskin et al., 2002).

P2P (peer to peer) communications are gaining in popular-
ity as people become more aware of the unreliability of 
information on the Internet (Bauwens, 2005) and as trust 
in large organizations diminishes. The awareness stem-
ming from increased communications will be paramount 
to finding a sustainable pathway to development, since 
history shows that the fate of our industrial civilization 
depends on our awareness of global warming and on 
unprecedented levels of cooperation and commitment to 
create a self-sustaining world (Fagan, 2009, pp. 310–11).

Studies show that conventional engineering approaches 
to water-related education are being augmented with more 
flexible trial-and-error techniques, user participation, two-
way learning and multidisciplinary collaborative learning 
in order to create innovative solutions suited to complex 
systems and to empower impoverished communities to 
achieve their own development goals (Marquardt, 2000, 
p. 233; Marsick, 1998; Murphy et al., 2009). Education 
in wealthier nations to counter overconsumption, waste 
and prevailing resource-intensive development patterns 
is equally important (Slaughter, 2009).

One quarter of humanity, 1.7 billion people worldwide, 
now belong to the ‘global consumer class’, having adopting 
the diets, transportation systems and lifestyles that were 
once mostly limited to the rich nations of Europe, North 
America and Japan. China, India and other developing 
countries are home to growing numbers of these consum-
ers. While the consumer class thrives, 2.8 billion people 
on the planet struggle to survive on less than US$2 a day 
(Worldwatch Institute, 2004).
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Consumerism can be defined as ‘a cultural pattern that 
leads people to find meaning, contentment, and accept-
ance primarily through the consumption of goods and 
services’ (Worldwatch Institute, 2010, p. 8). While this 
takes different forms in different cultures, consumerism 
leads people everywhere to associate high consumption 
levels with well-being and success. Such consump-
tion, even at relatively basic levels, is not sustainable 
(Worldwatch Institute, 2010). Environmentalists, con-
sumer advocates, economists and policy-makers have, 
however, been making efforts to help consumers curb 
consumption and to offer creative solutions for products 
that continue to meet consumer needs with less environ-
mental impact (Worldwatch Institute, n.d.).

In a planetary civilization, transnational corporations have 
become one of the new actors in global systems (Kelleher, 
2005). Enlightened self-interest and continued consumer 
pressure on corporations to be good citizens – socially, 
economically and ecologically – has led to the develop-
ment of private sector water initiatives with the potential 
to make a difference in tackling water challenges (India 
Water Portal, 2010; UN, 2008; WBCSD, 2006).

Yet many citizens are concerned at the prospect of 
corporations becoming indirectly involved in global 
governance, given the potential of their role either to be 
progressive or to act in their own self-interest (Bakan, 
2004; Kelleher, 2009; Korten, 2001; Shiva, 2009). In 
the field of water regulation, some observers call for an 
overhaul of regulatory agencies and tools to strengthen 
communities’ abilities to control corporate water takings 
and to participate in decision-making (Marks, 2007, 
p. 73). It is not just water withdrawals people are con-
cerned about. Corporate ownership of water is abhorrent 
to many people who believe that water cannot be owned 
– as it is within us, around us and intimately intercon-
nected in so many ways with human life. Yet some argue 
that a well-regulated market-based allocation system for 
water, complete with a pricing regime, can contribute to 
sorting out the global water crisis and ensure conserva-
tion (Barlow, 2007, p. 21). Water stewardship schemes 
or voluntary certification programs aim to create global 
standards, assessment processes and branding that will 
recognize conscientious water users (SIWI, 2009).
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3	Important, probable and 
‘wild card’ developments
3.1	Analysis of responses to RTDs and surveys

As described in Part 1, a list of possible future devel-
opments was extracted from research of the literature 
describing the possible future of each domain, while 
taking into account interlinkages with some of the other 
selected drivers.

The list of possible future developments for each driver 
was submitted for discussion and review through expert 
consultations, with the objectives of validating the 
degree of importance of the developments with regards 
to scenarios on water use and availability through 2050 
and of gaining an informed opinion on the likelihood of 
such developments occurring up to 2050.

Six areas where the project team thought more divergent 
opinions could arise were the subject of RTD consulta-
tions among experts in each of the fields. These experts 
evaluated the completeness and accuracy of the reports 
and identified through discussion the most important 
events or developments, the likelihood of their happen-
ing and when they might occur. A number of experts 

in the other four driver domains (Infrastructure, Water 
Resources, Demography and Climate) were surveyed with 
a request that they add any important possible develop-
ment they thought was missing and rank the importance 
and set time horizons for the driver. Thus the process 
made it possible to rank the possible developments 
under each driver according to the importance given to 
them by the experts.

This section highlights the most important and probable 
developments and, when applicable, their relation to 
other survey findings.

The top five most important and top five most prob-
able developments (falling within the margin of error of 
10 per cent of the highest) are listed in Annex 1. The 
complete lists of developments and their rankings by 
importance and probability in the RTDs and the sur-
veys can be found on the WWAP website (www.unesco.
org/new/en/natural-sciences/environment/water/wwap/
global-water-scenarios/phase-1/).
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It is important to keep in mind that these developments 
and their assessments cannot be considered as the final 
independent compendium from which scenarios can be 
developed. The scenarios will draw upon qualitative and 
quantitative analyses of the possible interactions between 
all of these driving forces and developments. The itera-
tive and cross-sectoral nature of the scenarios process will 
lead to the identification of other developments in addition 
to these, and both probable and less probable developments 
will ultimately be incorporated into the storylines.

3.2		Individual 
driving forces

  3.2.1 Most important and most likely future 
developments: Water resources, including 
groundwater and ecosystems

Variability of quantity and quality in the water sources 
and supply systems is a necessary basis for all studies 
of strategy, planning, design, operation and management 
of water resources systems. This is a well-studied area 
of hydrological expertise, but practically every study 
encounters increasingly severe difficulties in procuring 
reliable information. This calls for continuous efforts 
to maintain and strengthen monitoring and analysis 
systems and institutions, especially in view of greatly 
reduced investment in many countries. Groundwater 
remains, by its very nature, an area with less informa-
tion and higher uncertainties than surface waters, while 
its importance as a source is ever increasing. Tools and 
models for studying groundwater have developed signifi-
cantly in the last decades, but their usefulness depends 
on the reliability of the input data (WWAP, 2009b).

Expert survey participants ranked water productivity in 
agriculture as the most important development. Water 
productivity for food production increased about 100 per 
cent between 1961 and 2001; participants estimated 
most likely that it could increase another 100 per cent 
by 2040. That globally rainfed agriculture could yield an 
average of 3.5T/ha of grain was also seen as most likely 
occurring around 2040. These developments are treated 
in greater depth under the agriculture driver described in 
the following pages.

Second in importance, participants assessed that the per-
centage of land area subject to droughts could increase 
by at least 50 per cent, 40 per cent and 30 per cent for 
extreme, severe and moderate droughts respectively by 
the 2040s. The occurrence of droughts is determined 

largely by changes in sea surface temperatures, espe-
cially in the tropics, through changes in atmospheric 
circulation and precipitation. In the past three decades, 
droughts have become more widespread, more intense 
and more persistent due to decreased precipitation over 
land and rising temperatures, resulting in enhanced 
evapotranspiration and drying (Bates et al., 2008).

Developments related to water availability appeared 
among the most likely to occur before 2050. Participants 
considered it likely that global water withdrawals could 
increase by 5  per cent from 2000 before 2020, and 
that by 2030 there could be a 10 per cent reduction in 
annual mean streamflows in most of the populated areas 
of the world. Participants estimated that by the begin-
ning of the 2030s, groundwater recharge rates could 
be reduced by 20  per cent in areas already suffering 
from water stress in 2010. Perhaps in adaptation to this 
context, participants considered that by 2020 global 
agricultural trade could contain ‘virtual water’ equivalent 
to 20 per cent of the total water withdrawn globally for 
food production. However, agricultural expansion and 
urban development could cause a further 15 per cent 
loss to global grassland and forest area in the 2020s 
(compared with 2010).

The Comprehensive Assessment of Water Management 
for Agriculture (IWMI, 2007) summarizes emerging 
trends in the agricultural water sector. Global food trade 
and consequent flows of virtual water (embodied in food 
exports) offer prospects for better national food security 
and relieving water stress. The changing climate affects 
temperatures and precipitation patterns, most often 
severely affecting tropical areas. Irrigators dependent 
on snow melt are even more vulnerable to changes in 
river flows. Urbanization increases demand for water, 
generates more wastewater and alters demands for 
agricultural products. Higher energy prices increase the 
costs of pumping water, applying fertilizers and trans-
porting products, with implications for access to water 
and irrigation. Hydropower generation and agriculture 
compete for water resources. Greater reliance on bio-
energy affects the production and prices of food crops 
and increases the amount of water used by agriculture 
(IWMI, 2007).

Perceptions about water are changing, as water profession-
als and policymakers realize the need to optimize the use 
of both blue and green water,10 and they are paying more 
attention to environmental flows and integrated approaches 
to water management (IWMI, 2007).Yet solutions to monitor 
and manage water availability were not viewed as occurring 
in the short term. Conjunctive management of groundwa-
ter and surface water nearly everywhere was seen as mostly 
likely to occur in the 2040s, as was the management of 
withdrawals from aquifers so that they do not exceed the 
mean recharge rates of the previous decade.

10.	Blue water is surface water and groundwater. Green water is rainwater 
stored in the soil as soil moisture. 
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Among the more comprehensive regional tools being 
developed, a new computational model of the Paraguay-
Paraná river basin (in South America) is being designed 
to help local governments, farmers and ranchers under-
stand the factors that lead to water scarcity and impurity, 
make conservation-friendly decisions about future land-
use projects, assess how landscape planning, water and 
soil conservation can improve water quality and sustain 
biodiversity downstream.

Also viewed as most likely by the 2020s, the Pacific 
Decadal, El Niño-Southern and North Atlantic Oscillations 
become understood and included in climate forecasting 
models. The recognition of the context of nonstationary 
climates and hydrological and anthropogenic forcing 
in all water management planning and operations was 
viewed was most likely by the beginning of the 2030s.

Desalination is not seen as a likely solution to water 
availability before the end of the 2040s. That desalina-
tion could produce 25 per cent of the drinking water for 
cities was seen as most likely by the end of the 2040s, 
but that it could produce 5 per cent of water used for 
food production was considered most likely only by mid-
century. The slow adoption rate of desalination tech-
nologies is also reflected in the responses to the Delphi 
consultations on Agriculture, Economy and Technology 
(discussed further under the technology driver in the fol-
lowing pages).

Although the state of the ecosystem, including water 
and land resources, is often seen to be determined by 
the other drivers, it also can act as a constraint on the 
development of the other forces.

The loss of species diversity was viewed as both impor-
tant and most likely to occur by the beginning of the 
2030s. Rates of habitat destruction and species extinc-
tion are higher than they have ever been in the history of 
humanity (McNeill 2000). Participants assessed that the 
diversity of freshwater biological species could be signifi-
cantly reduced as early as the beginning of the 2020s, 
and as most likely by 2030, due to higher temperatures, 
reduced flows, atmospheric carbon dioxide and increased 
nitrogen caused by climate change. The extinction rate 
by 2030 could be five times higher for freshwater ani-
mals than for terrestrial species. Organisms adapted to 
extreme environmental variability could also increasingly 
dominate ecosystems by the beginning of that decade. 
The event “Appropriate countermeasures to limit biodi-
versity and loss are in place and reduce the rate of loss 
by 50 per cent” was viewed most likely to occur by the 
beginning of the 2040s. The presence and spread of 
waterborne invasive alien species is viewed as not being 
brought under control before 2050.

Rising concern for environmental sustainability increases 
pressure to provide water to maintain ecosystems. Serious 
degradation of water quality in many water sources cou-
pled with rising standards of quality for water used in all 
sectors increases the uncertainty of protecting natural 

water sources and the feasibility of better and cheaper 
water and wastewater treatment technologies (Richter et 
al., 2003, p. 206).

  3.2.2 Most important and most likely future 
developments: Infrastructure

In nearly all regions, ageing water infrastructure, lack of 
data and deteriorating monitoring of the state of infra-
structure represent a major risk for the future.

Participants viewed access to potable water and to appro-
priate sanitation facilities as the most important develop-
ments. It is viewed as most likely that 90 per cent of 
the global population will have reasonable access to a 
reliable source of safe potable water by the beginning 
of the 2040s. Possibly contributing to this appraisal is 
the participants’ estimate that the routine use of nano-
filters in over 30 countries in the treatment of potable 
water was most likely to happen by the beginning of the 
2030s. This is similar to the time horizon provided in 
the Technology survey for the rollout of this technology: 
participants assigned a probability of about 75 per cent 
that economically viable nanotechnology (such as carbon 
nanotubes) could yield new and effective membranes 
and catalysts useful in desalination and pollution control 
by 2030.

It was viewed as most likely that 90  per cent of the 
global population having reasonable access to appropri-
ate sanitation facilities would only occur towards the end 
of the 2040s.

Second in importance was the annual inspection of all 
dams and dykes over 50 years old and all those with 
significant risks from hazards for structural soundness; 
this development was seen as most likely to begin in 
the 2030s. This is relevant even in the USA, where, for 
example, 65 per cent of dams will be 50 years old or 
more by 2019 (USACE, n.d.).

The development of emergency evacuation plans with 
clear implementation responsibility for these dams and 
dykes was also considered most likely to occur in the 
2030s. This is all the more relevant since increased 
siltation of dams due to climate change and deforesta-
tion could shorten by 30 per cent the estimated remain-
ing lifetime of a significant number of large dams: this 
development was also viewed as important and as most 
likely within the same timeframe as the previous devel-
opments. The experts indicated, however, that linkage of 
this development to climate change specifically is ques-
tionable. In any case, it has been noted that all systems 
will require attention due to increasing climate variability 
and other impacts of climate change.

Investments in infrastructure were ranked next in impor-
tance. It was considered most likely that income for 
water services (tariffs, taxes and transfers) could cover 
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all operating costs and depreciation of infrastructure only 
at the beginning of the 2040s, at the same time as the 
write-off of the external debt of low income countries, 
freeing funds for investment in water infrastructure. This 
is perhaps why the upgrade of nearly all water and waste-
water treatment plants at 10 year intervals to meet new 
standards for potable water and wastewater effluents 
was not viewed as most likely before 2050. Metering or 
identifying nearly all water uses was not viewed as most 
likely before the 2040s.

Inland navigation needs were seen to continue to 
influence river operations and flow allocations: this 
development was assessed as the earliest likelihood 
of occurrence among the developments considered, 
beginning by the turn of the next decade. National 
water planning taking into account the need to provide 
appropriate environmental flows in the regulation of water 
infrastructure came second in timing and was viewed as 
taking place in the 2020s.

Technology developments came third when consid-
ering the most likely timeline of events. That robots 
could remotely and reliably mend underground pipes in 
at least 10 countries was viewed as most likely by the 
beginning of the 2030s, as was the use of chemical, 
biological, radiological and nuclear sensor networks 
to monitor hazardous incidents in water systems. For 
example, a five-year $US17.6  million public-private 
partnership project is under way at the University 
California at Irvine to develop a prototype remote robot 
that goes beyond pipe inspection to apply carbon fibre 
reinforcement inside water transmission pipes, allow-
ing trenchless repair and rehabilitation, even in smaller 
pipes, as much as 11 times faster than human crews 
(Jones, 2010).

Participants also estimated that remote sensing technolo-
gies and global positioning systems (GPS) could be used 
by the 2030s to supplement other technologies to iden-
tify, map and explore underground infrastructure whose 
location was unknown or forgotten.

  3.2.3 Most important and most likely future 
developments: Climate change and variability

Climate change will affect the hydrological cycle 
and hence the availability of water for its users. It 
is expected that extreme water-related events, such 
as floods and droughts, will occur more frequently 
and with greater intensity (IPCC, 2007b). For these 
events, as for the hydrological cycle as a whole, 
extrapolations using historical data are no longer 
valid. Thus future conditions, including future emis-
sions, are increasingly difficult to predict. This 
increases our level of uncertainty about the future. 
Furthermore, the spatial resolution of global climate 
change models is relatively coarse, which makes it 
difficult to convert them into the more detailed scale 

upon which water managers operate. This difficulty is 
compounded by the fact that we simply do not have 
these projections available at the ‘jurisdictional’ level 
(state and local) or at the river basin level, where 
much of the water resources planning takes place 
(WWAP, 2009b).

The most important developments for this driver are 
related to water availability. Survey participants esti-
mated that the number of people at risk from water stress 
could reach 1.7 billion before 2030 (before 2020 at the 
earliest) and 2 billion by the beginning of the 2030s. 
That this number could reach 3.2 billion was not seen 
as most likely before 2050. This is roughly consistent 
with, though possibly slightly ahead of, the IPCC Special 
Report on Emissions Scenarios.

Also of importance was the development that delta land 
vulnerable to serious flooding could expand by 50  per 
cent, which was viewed as most likely to occur by the 
beginning of the 2040s. This is concurrent with a 2005 
study that estimated that by 2050, more than 1 million 
people will be directly affected by sea level rise in the 
Ganges-Brahmaputra-Meghna delta in Bangladesh, in 
the Mekong delta in Vietnam and in the Nile delta in 
Egypt (Ericson et al., 2005).

These events could have a significant impact on agricul-
ture. Interannual freshwater shortages combined with 
flooding were viewed as most likely reducing total global 
crop yields by 10 per cent by the 2040s.

The next most important development for the majority 
of participants was that a worldwide rise in living stand-
ards and population increase could greatly increase the 
demand for energy, causing a 20 per cent increase in GHG 
emissions. This was considered most likely to occur by the 
beginning of the 2030s. Alternative energy technologies 
and solutions were seen most likely to emerge more sig-
nificantly around this time. Participants considered that 
battery-powered electric cars could have a 30  per cent 
share of the world automobile market by the 2030s, that 
wind power could meet 20 per cent of world electricity 
demand towards the end of that decade, that 30 per cent 
of the world power consumption could possibly be con-
nected to ‘smart’ power grids by 2040 and that hydrogen 
fuel cells could power 20 per cent of the world automobile 
market in the 2040s. However, participants considered it 
would most likely be beyond 2050 before carbon capture 
and storage could be in use in 50  per cent of all new 
fossil power plants, with existing plants being retrofitted 
or closed. The IPCC Special Report’s estimate was that by 
2050, around 20–40 per cent of global fuel carbon diox-
ide (CO2) emissions could be technically suitable for cap-
ture, including 30–60 per cent of power generation (IPCC, 
2005). The report also assessed that carbon capture and 
storage systems begin to significantly take hold when 
prices reach about US$25–30/tCO2. (For the reasons the 
market has not worked as planned in Europe, see Barata, 
2010.) In contrast, some have warned that 2030 is the 
absolute deadline for the cessation of emitting greenhouse 
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gases from coal if we are to avoid a catastrophic tipping 
point (Hansen et al., 2008).

Participants expect that a strong, effective universally 
binding international agreement to combat climate change 
could be in place by 2040; this was viewed as an event 
of high importance.

The development with the earliest likelihood of occurring 
is an extensive well-planned and financed multinational 
campaign to support public education on the facts, 
causes, effects and costs of climate change, by the begin-
ning of the 2020s. What remains to be seen is whether 
this will affect the current ‘culture of consumption’ and 
lead to greater changes in behaviour than the minor acts 
of conservation being seen now, such as turning off lights 
when they are not in use (Worldwatch Institute, 2010).

Increased public information and knowledge transfer about 
climate-related issues are seen most likely to occur after 
this. For example, indisputable global precipitation and 
temperature changes could be reported publicly in the 
2020s, with effective international coordination in place 
covering activities in climate analysis, mitigation and 
adaptation and continual exchange of related up-to-date 
data, knowledge and experience by the 2030s.

The 2030s are also viewed as the most likely decade for 
funding for climate change adaptation to be integrated into 
funding of adaptive water management and considered a 
priority by water-reliant socio-economic sectors.

  3.2.4 Most important and most likely future 
developments: Agriculture

In the RTD exercise on Agriculture, the experts felt that 
the most important development would be increasing 
water withdrawals. The probability11 that withdrawals 
could increase from the current approximately 3,100 
billion m3 to 4,500 billion m3 was viewed at close to half 
in 2020, increasing to about 60 per cent by 2030. This 
is consistent with the increase projected in the business-
as-usual scenario of the 2030 Water Resources Group 
(2009). There are several regions in the world where the 
availability of water in these volumes is physically not 
possible. In other regions, the significant investment in 
storage infrastructure that would be required is economi-
cally not possible for many countries (WWAP, 2009b).

It is thus not surprising that emphasis in the ranking 
of important developments was placed on efforts to 
increase water productivity (‘more crop per drop’), through 
both seed modification and improvements in farming 
techniques. Water productivity in grain production was 
expected to triple in some developing countries, with an 
almost two-thirds probability by 2020.

11.	A probability of 1 is viewed as completely certain to occur and one of 
0 is certain not to occur.

To achieve this increase, the introduction of new plant 
strains with improved productivity per unit of water was 
viewed as highly important, with a likelihood of more 
than 50 per cent by 2020. Also considered likely was 
the distribution of genetically modified seeds at afford-
able prices for rural farmers in the poorest countries 
particularly affected by the negative impacts of cli-
mate change and variability. Improvements to farming 
techniques could include the following: adaptation to 
climate variability by changing practices in the timing 
of seeding seasons and in the selection of varieties and 
plants (probability of one-half by 2020); the expansion 
and routine use of precision farming in many developing 
countries, including the use of GPS and multi-spectral 
satellite scanners (probability of more than 40 per cent 
by 2030); and investments in infrastructure to improve 
rainwater collection and storage systems (probability of 
three-quarters by 2030).

Participants felt that less than half of the gap between 
supply and demand for agricultural water would be filled 
by conventional means (improvements in water produc-
tivity and conservation) and that the rest would come 
from nontraditional approaches (such as desalination).
This was seen as having a 33  per cent probability of 
happening by 2020 and 40 per cent by 2030.

According to participants, water quality will continue 
to remain an issue, particularly in the short term. The 
practice of using untreated wastewater for irrigation 
despite the health risks is considered to continue to 
2020 (probability of almost three-quarters), although 
decreasing to two-thirds probability by 2030. This is 
perhaps why the valuing and managing environmental 
services to improve the quality of agricultural water were 
seen of highest importance and highly likely by 2030 
(80 per cent probability, even if the limited number of 
responses to this development allow for a greater margin 
of error). This would contribute to lowering the chances 
of industrial chemical contamination entering domestic 
wastewater and natural streams, such as the reported 
case of metallic iron from wastewater being transferred 
to cows’ milk near the Musi River in India (Minhas and 
Samra, 2004).

Increased efforts to reduce food losses due to spoilage 
in the field, in storage and in transportation, with con-
comitant savings in water usage, were seen as having an 
important impact and a probability of two-thirds by 2030.

Participants estimated that the development of aqua-
culture will have taken hold by 2030, producing as 
much food as the fishing of the oceans and lakes (three-
quarters probability). Aquaculture may provide adapta-
tion possibilities for other sectors, for example, where 
coastal agriculture becomes nonviable due to sea level 
rise (FAO, 2009).

Deforestation was ranked the second most important in the 
series of potential future developments. Regions might 
seek to increase their agricultural areas by continuing to 
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expand deforestation, although more slowly (assigned a 
three-fifths probability by 2030).

In fact, participants considered that agricultural crop-
lands could expand more than 20 per cent, particularly 
in Latin America and Africa (probability of three-fifths 
in 2020 and of two-thirds in 2030). This development 
was viewed as more likely than slowing the expansion 
of agricultural lands as a result of ecological concerns, 
which was given a probability of about 25 per cent by 
2020 and about 33 per cent by 2030. A recent contri-
bution to combating desertification is the UNCCD’s ini-
tiative to Assess the Economics of Desertification, Land 
Degradation and Drought (DLDD) and thus to make the 
economic side of DLDD an integral part of policy strate-
gies and decision-making (UNCCD, 2011).

The continued expansion of deforestation was also 
viewed more likely than algal-based biofuels replacing 
those from terrestrial plants (one-quarter probability in 
2020 and two-fifths by 203012). One could conclude 
from these assessments that such deforestation will 
more than likely continue to take place.

In contrast, more than 3 per cent of food supply in urban 
areas could be satisfied by farming on vacant lots (about 
80 per cent by 2030).

Looking at the most probable developments, respondents 
saw a probability of three-quarters that fertilizer prices 
will continue to track energy prices and of four-fifths that 
this trend will continue until 2030. As energy prices 
are expected to continue rising, the conclusion would 
be that the cost of produce will also continue to rise. 
Thus, the development and use of high nitrogen-use effi-
ciency seed varieties was seen as highly important and 
also highly probable (four-fifths probability in 2020). 
The precision farming techniques mentioned earlier 
will also help optimize the use of fertilizer. Also strongly 
influencing food prices is the possible transformation of 
multinational business corporations into effective global 
monopolies (probability of over two-thirds in 2020, even 
if the limited number of responses to this development 
allow for a greater margin of error; also mentioned in the 
Economy and Security survey with a probability of just 
under two-thirds in 2020).

  3.2.5 Most important and most likely future 
developments: Technology

Participants in the RTD exercise gave the highest 
importance to the use by the largest water consumers 
of products to conserve water: pressure-reducing valves, 
horizontal-axis clothes washers, water-efficient dishwash-
ers, grey-water recycling systems, low-flush tank toilets, 
low-flow or waterless urinals. They assigned a probability 

12.	The limited number of responses to this development and those fol-
lowing imply a greater margin of error.

of about one-half that 1 billion consumers could be par-
ticipating by 2020 and of about three-quarters that they 
would do so by 2030. This is also the most probable 
technological development.

Second in importance was the possibility that technolo-
gies for water desalination in large volumes could become 
so inexpensive that nearly all people within 100 miles 
(160 km) of coastlines could have potable water to meet 
their needs. The group only saw a one-fifth probability of 
this occurring by 2020, though doubling to more than two-
fifths by 2030 (participants in the Ethics survey attributed 
a less than one-half probability for 2030). This was linked 
to the third most important technological development: 
that economically viable nanotechnology (such as carbon 
nanotubes) could yield new and effective membranes and 
catalysts useful in desalination and pollution control (e.g. 
removing heavy metal and other dissolved pollutants from 
water). Participants assigned a probability of slightly less 
than one-half that this could occur by 2020, increasing 
to almost three-quarters in 2030. This is similar to the 
results obtained in the Infrastructure survey, where par-
ticipants estimated that the routine use of nanofilters in 
over 30 countries in the treatment of potable water was 
most likely to happen by the beginning of the 2030s.

The lower probabilities of actual use by these dates prob-
ably reflect the respondents’ appreciation of the delays in 
adopting and building systems with the new technology, 
with subsequent reductions in cost. So far, the greatest 
cost reductions have come from improvements in reverse 
osmosis technology; other innovations conducive to reduc-
ing costs include the development of inexpensive corro-
sion-resistant heat-transfer surfaces using offpeak energy 
produced by baseload plants, cogeneration of electricity 
and thermal energy and co-location of desalination and 
energy plants (Cooley et al., 2006). However, the objective 
of reducing costs by 50 per cent in 2020 poses a signifi-
cant challenge, and radical new technologies or develop-
ments in materials and energy costs would probably need 
to occur in order to meet this goal (Cooley et al., 2006). 
Other critical gaps still need to be overcome with regards 
to nanotechnology. The rate of nanotechnology emergence 
is outpacing the ability to test and provide thorough life-
cycle analysis. Gaps in understanding the environmental 
impacts and nanotoxicity are aspects of the technology 
that are not well understood (Khanna et al., 2008).

This appreciation of delays in developing and roll-
ing out new tools and technologies are reflected in six 
other developments, which were all ranked with similar 
relatively high probabilities. The ability to measure and 
publish an annual global water footprint was assigned a 
probability of more than one-half by 2020 and of just 
under three-quarters by 2030. This development was 
also viewed as probable in the Ethics survey (three-fifths 
probability by 2030) and in the Economy survey (four-
fifths probability by 2030).

The second high-probability development was the 
rapid spread and doubling of use of evaporation control 
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technologies, and the third development was the use by 
agriculturists of affordable technology to capture real-time 
data on their crops and soil moisture to make informed deci-
sions on efficient watering schedules. These were given the 
same probability and were also rated with high importance.

Also related to increases in the efficiency of land and 
water use and with similar probabilities are the ability of 
weather forecasting models to give accurate predictions 
two weeks in advance and the widespread adoption of 
rainwater harvesting, combined with new simple and 
cheap ways of purifying the collected water. That the 
functioning and operation of water infrastructure, such as 
for leakage from dams and canals, could be continuously 
and globally monitored by satellites was given a probability 
of one-half by 2020 and of two-thirds by 2030.

  3.2.6 Most important and most likely future 
developments: Demography

Population dynamics, including growth, age distribution, 
urbanization and migration, lead to increased pressures 
on freshwater resources through increased need for water 
and increased pollution (WWAP, 2009b).

It is perhaps no surprise that overall world population size 
would figure as the most important issue for develop-
ments in this section. Experts felt that the world popula-
tion could reach 7.9 billion by 2034 and that it could 
reach 9.15 billion at the beginning of the decade of the 
2050s and 10.46 billion beyond 2050. This seems to 
be in keeping with the UN Population Division’s 2010 
Revision medium variant, which estimated a population 
of 9.3 billion by 2050 (UNDESA, 2011b).

Overall, population growth could overwhelm past gains 
in water and sanitation accessibility (WWAP, 2009b). 
Participants considered that by the 2030s, the popula-
tion growth in the majority of developing countries could 
reduce the percentage of those with improved access 
to water supply and sanitation achieved since 1990 by 
10 per cent.

Global population growth also poses significant challenges 
when combined with increasing consumer lifestyles and 
diet upgrading, and it could lead to the destabilization 
of global systems (Caldwell, 2004) – after all, even at 
income levels that could be considered subsistence by 
some (US$5,000–6,000 purchasing power parity per 
person a year), people are already consuming at levels 
that are unsustainable (Worldwatch Institute, 2010). In 
fact, environmental degradation does not grow in direct 
proportion to population size but rather disproportion-
ately faster due to feedbacks, thresholds and synergies 
(Harte, 2007).

Fertility rates in less developed regions, according to par-
ticipants, would drop from 2.73 children currently to 
2.05 by the turn of the 2050s.

One development influencing fertility in least developed 
countries in particular is women’s levels of education and 
employment (Caldwell, 2004). Participants considered 
that by the 2030s, the rise in women’s education levels 
and employment in a majority of least developed coun-
tries could cause a significant decline of fertility levels.

Efforts to reduce mortality in least developed countries 
were considered in the series of developments with earli-
est likelihood. In the group of 58 countries for which 
HIV/AIDS prevalence is above 1 per cent and/or whose 
HIV population exceeds 500,000, the majority could 
achieve antiretroviral treatment coverage for those living 
with HIV/AIDS of 60 per cent or more by the 2020s. This 
is the same decade in which the number of interventions 
to prevent mother-to-child transmission of HIV in these 
countries reaches an average of 60 per cent. The cover-
age level for both interventions was 36 per cent in 2007.

According to participants, the combined global deaths 
per year from diarrhoeal diseases and malaria could 
decrease to 1.54 million or less before 2030 (compared 
with 2.53  million in 2008) and to 710,000 or less 
before 2040. According to the literature, if current initia-
tives were to remain in place, meeting these projections 
assumes that increased prosperity health improvements 
will follow the same patterns as in developed countries 
(WHO, 2007), but the projections do not take into 
account the possibly dramatic impacts of climate change 
and ecosystem degradation (WHO, 2003; Campbell-
Lendrum et al., 2005).

The infant mortality rate was seen as likely to drop. The 
average estimated mortality rate in 2005–2010 in less 
developed countries was 78 deaths per 1,000 live births; 
by 2030 the rate was projected to drop in 60 developing 
countries to 45 deaths per 1,000 live births. Expected 
successes in overcoming these challenges could explain 
why participants assigned the 2040s as the decade by 
which all developing countries have a life expectancy of 
70 years or more.

Increased life expectancy could generate additional incen-
tive to accumulate savings and pension rights, leading to 
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longer education and greater workforce participation of 
women and thus to lower fertility rates (Demeny, 2004), 
in turn reducing the pressure on ecosystem resources. 
Increased life expectancy with reduced morbidity could 
create wealth for communities, since healthy older indi-
viduals generally remain productive in society and can 
provide intergenerational transfers of knowledge, and 
they generally accumulate more wealth than those beset 
with illness (Olshansky, 2004).

Developing countries will have less time to adjust to the 
reality of ageing than developed countries do, and they 
will have to do so at lower levels of socio-economic devel-
opment (UNDESA, 2002).

Developments that could diminish longevity were seen as 
quite possible: by the 2030s, participants considered 
that the worsening of the epidemiological environment 
with regards to the spread of pandemics, re-emerging 
pathogens and the evolution of drug-resistant diseases 
or delayed impacts of obesity could prevent the average 
world life expectancy from growing above 75.5 years. 
Participants viewed growth in urban population as second 
in importance. Some 70 per cent of the world popula-
tion was viewed most likely to become urban by the end 
of the 2030s. The proportion of the world population 
living in slums was considered most likely to decrease 
only to 25  per cent by the end of the 2040s, from 
33 per cent today.

Fewer than 35 per cent of cities in developing countries 
have their wastewater treated, and between one-third 
and one-half of solid waste generated by cities in low and 
middle-income countries is not collected (UN-HABITAT, 
2009). The natural risks facing the 10 most populous 
cities in the world include being located on earthquake 
faults (8 out of the 10) and vulnerability to destruc-
tive storms (9 of the 10), to floods (8 of the 10) and to 
storm surges (6 of the 10). In this context, urban plan-
ning could play a significant role in protecting critical 
water and sanitation infrastructure, which in turn could 
improve response and reconstruction capacity after natu-
ral disasters (UN-HABITAT, 2009).

The proportion of world population living in coastal areas 
could reach 75 per cent in the 2030s, increasing from 
60 per cent in 2010. The number of migrants due to 
the impacts of climate change was viewed as most likely 
reaching 250 million in the 2040s. Migration following 
natural disasters and conflict-based events is often prin-
cipally to coastal urban areas, including large peri-urban 
slums with little or no access to basic services and with 
increased risk exposure to disease and epidemics (WHO, 
2003; WWAP, 2009b). One participant commented that 
failures in satisfactorily feeding a population could also 
be expected to generate large migrant flows.

Human migration has been considered an even more 
significant driver of environmental change than popula-
tion growth, with the most important migratory impacts 
occurring at natural boundaries: ‘[when transition] from 

humid to dry lands repeatedly provoke desertification. 
Migrations from flatlands to sloping lands often led to 
faster soil erosion. Migrations into forest zones brought 
deforestation’ (McNeill, 2000).

  3.2.7 Most important and most likely future 
developments: Economy and security

The development of highest importance as seen by par-
ticipants in the RTD on the economy and security was 
the demand for water in developing countries increasing 
by 50 per cent over today’s levels. Participants saw a 
three-quarters probability of this happening by 2020, 
with a probability of five-sixths in 2030. This would 
reinforce the issues raised by those who reviewed agri-
cultural developments.

Another development of importance is that over 40 per 
cent of world countries could experience severe freshwa-
ter scarcity by 2020 – also viewed as highly likely, with 
a probability of about 80 per cent. These would mostly 
be low income countries or regions in sub-Saharan Africa 
and Asia. In fact, the number of people living on less 
than US$1.25 a day coincides approximately with the 
number of those without access to safe drinking water 
(WWAP, 2009b). Water scarcity could trigger and per-
petuate poverty and inequality. Countries that had low 
incomes but also access to adequate safe water and sani-
tation had an average GDP growth of 3.7 per cent over 
the past 25 years, while countries in the same category 
but with limited access to water grew only 0.1 per cent 
per year (Orr et al., 2009).

In terms of security, conflicts over water are usually trig-
gered by conflicting interests over water use by differ-
ent groups – private, business, public, governmental or 
a combination of these – and they carry the potential 
to increase civil unrest or political tension between and 
within conflict-prone nations, regions with high environ-
mental vulnerability or states subject to failure. Since 
conflict and environmental degradation exacerbate each 
other, unless there is adequate intervention their scope 
and spectrum might expand (Gleick, 2008). Human 
security, in its broader conception, includes meeting the 
basic needs for food, water, health, livelihoods and a 
place to live (WWAP, 2009b).

Thus, it is no surprise that two developments related to 
food security were ranked as important. The first is the 
possibility that food prices could rise globally by at least 
30 per cent compared with 2010, which was attributed 
a probability of one-half by 2020 and of about 60 per 
cent by 2030. That price increases could be strongly 
influenced by the transformation of multinational agri-
business corporations into effective global monopolies 
was seen as having a likelihood of just under two-thirds 
by 2020 and of three-fifths in 2030 (and this received a 
similar probability of just over two-thirds in 2020 in the 
Agriculture survey).
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Most probable (and second in importance) was the pos-
sibility that unequal access to water will create new 
economic polarities. Participants gave this development 
probabilities of about 80 per cent in 2020 and 90 per 
cent in 2030. Implications of water scarcity in some 
industries are extremely far-reaching, with potentially 
large disruptive economic and social consequences. For 
example, 11 of the world’s 14 largest semi-conductor 
factories are in the Asia-Pacific region, where water secu-
rity is becoming crucial. ‘Peak water’ will increase costs 
related to business activity and could create operational 
disruptions with associated financial losses, threatening 
further economic development (Morrison et al., 2009).

In some cases, business activity might interfere with 
a population’s access to water to meet basic needs or 
violate environmental restrictions, and therefore the 
business might face operational licence problems and 
increased costs related to water or wastewater treatment, 
as well as anger from the local population (Morrison et 
al., 2009). Direct economic impacts considered important 
by participants were the possibility that over 50 million 
people could lose their livelihoods due to water scar-
city (more than a two-thirds probability in 2020 and in 
2030), that lack of water could force businesses to move 
and thus increase poverty in those regions (probability of 
two-thirds by 2030) and that lack fo water could lead to 
a reduction in planned electricity generation in 10 per 
cent of plants worldwide (probability of slightly less than 
three-fifths by 2030). Such economic polarities could 
ultimately increase dangers of social and political unrest 
and consequent conflict.

That a water footprint measure will be available and 
published widely on an annual basis and be more 
important as a measure of assessment was viewed as 
highly likely. Participants felt there is a probability of 
more than two-thirds that this could happen by 2020 
and of four-fifths by 2030. (This same development 
was assigned a probability of three-fifths in 2030 by 
respondents of the Ethics survey and three-quarters in 
2030 in the Technology survey responses.) Such a tool 
would provide useful information to decision-makers 
by revealing critical links between water resources and 
economic activity. This increased awareness may lead to 
measures to improve water productivity in water-stressed 
environments and to reduce the polluting-side effects of 
production, which also affect water quality and quantity 
(WWAP, 2009b).

It is perhaps for this reason that participants found it 
important that water gain centre stage in climate change 
adaptation strategies and ‘green credits’ policies, although 
they only assigned it a probability of slightly more than 
two-fifths by 2020 and three-fifths by 2030. The latter 
often have benefited both the environment and indus-
tries’ operational effectiveness: an integrated approach 
improving water and energy efficiency demonstrated sav-
ings of US$3 million at one single industrial information 
technology plant while increasing output by 33 per cent 
(Morrison et al., 2009).

That several types of cost-effective desalination or other 
technologies could be widely available and increase safe 
water supply by 20 per cent globally was given a probabil-
ity of slightly more than half by 2020, rising to more than 
three quarters by 2030. This is similar to findings in the 
Technology survey, where participants assigned a probabil-
ity of almost three-quarters to economically viable nano-
technology (such as carbon nanotubes) yielding new and 
effective membranes and catalysts useful in desalination 
and pollution control (e.g. removing heavy metal and other 
dissolved pollutants from water) by 2030. Participants in 
the Infrastructure survey also gave this time horizon when 
estimating that the routine use of nanofilters in over 30 
countries in the treatment of potable water was most likely 
to happen by the beginning of the 2030s.

Also highly probable and of importance was the preven-
tion of waterborne diseases through the development of 
inexpensive prophylactic measures, which was assigned 
a probability of three-fifths in 2020 and three-quarters 
by 2030.

  3.2.8 Most important and most likely future 
developments: Governance

Failure of urban water supply infrastructure occurring in 
many cities is seen as most important by respondents 
to the RTD. They assigned a probability of three-fifths 
to it happening in more than two dozen major cities by 
2020 and about three-quarters to it happening by 2030. 
That this item appears so high in a review on governance 
indicates that the respondents felt urban water system 
governance is badly in need of attention.

The development of online forums on water issues (includ-
ing local government and civil society), ensuring symmetry 
of consistent and objective information between user, 
provider and policy-maker, was ranked second in impor-
tance. Participants saw a probability of slightly more than 
one-half of this happening in 75 per cent of the world by 
2020 and of more than two-thirds that it could happen by 
2030. Networked coordination at the national level to share 
information and best practices between local water agen-
cies was also viewed as highly important. Participants 
assigned a probability of more than two-fifths that this 
could be achieved in at least 95 per cent of countries 
by 2020 and of three-fifths that it could be achieved by 
2030. Equally probable and viewed as highly important 
is the global sharing of water quality information for all 
countries through the UN Global Environment Monitoring 
System Water Programme, with a probability of hap-
pening of one-half by 2020 and more than three-fifths 
by 2030. The system currently uses 3,000 monitoring 
stations in 106 countries to determine the water quality 
around the world. It seeks to be the leading provider of 
data and information on the state and trends of global 
inland water quality required for their sustainable man-
agement, to support global environmental assessments 
and decision-making processes.
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Clearly, public consultation and information sharing are 
considered by the group as key factors with a fair degree 
of likelihood. Participants viewed as important that 
mechanisms be developed to incorporate this informa-
tion into formal decision-making processes, and, although 
likely, they considered it may take some time.

That comprehensive decision-making tools for identifying 
the best technologies or approaches to meet water, sani-
tation and hygiene needs would be used worldwide was 
assigned a probability of less than two-fifths by 2020 and 
less than three-fifths by 2030. Official incorporation of 
water footprint reporting and reduction into government 
policy-making and sustainable development strategies in 
at least 90 per cent of countries was given a probability of 
less than one-third in 2020 and slightly more than 40 per 
cent by 2030. The low probabilities attributed to this last 
development in particular may reflect the additional time 
required to embed a new measure in decision-making 
processes on such a wide scale, since the publication of 
the annual water footprint itself was viewed as much more 
likely in the surveys related to Ethics (three-fifths prob-
ability in 2030), Technology (three-quarters probability 
in 2030) and Economy (four-fifths probability in 2030).

With regards to water governance at the national level, 
participants considered important the possibility that 
water resources be formally declared state property. This 
development in 85 per cent of countries was given slightly 
more than a one-third probability of happening in 2020 
and less than half in 2030. Brazil, Ghana, Indonesia, 
South Africa, Sri Lanka, Tanzania and Thailand have 
already adopted such legislation.

Reflecting the lack of attention to groundwater in the 
past, the adoption of an international convention specifi-
cally dedicated to transboundary groundwater was consid-
ered highly important. Yet, while respondents thought 
it important, the probability they assigned within the 
time period – about two-fifths by 2020 and a bit less 
than three-fifths by 2030 – probably reflects the reality 
of the delays in ratification of the 1997 United Nations 
Convention on Non-Navigational Uses of International 
Watercourses, which by July 2011 had received 24 rati-
fications (UN, 2011c). The probability that this conven-
tion could get the 35 ratifications needed to enter into 
force was estimated at more than two-thirds by 2020 
and almost nine-tenths by 2030. The subsequent imple-
mentation of protocols on shared watercourses for all 
world regions was given a probability of one-half by 2020 
and two-thirds by 2030.

  3.2.9 Most important and most likely future 
developments: Politics

The group of those who responded to the RTD on poli-
tics had similar views on the importance of establishing 
and following transparency and participation procedures 
in matters of water governance. However, they saw a 

probability that this could happen in at least 120 coun-
tries by 2020 as only a bit more than one-quarter, or 
about one-third by 2030.

Transparency International (2008) has described partici-
pation as a key mechanism in reducing undue influence 
in the water sector, leading to an added pro-poor focus on 
spending, increased water access for small landholders, 
further checks and balances in auditing, water pollution 
mapping and performance monitoring of water utilities.

One reason for ineffective community participation 
and lack of influence in decision-making is the lack of 
coordination and of a mutually agreed water strategy at the 
national, regional and local levels. Participants assigned 
a probability of more than two-thirds that this would 
continue in 2020. It is perhaps also for this reason that 
shifting to decentralized decision-making with appropri-
ate transfer of authority and resources to the decision-
making level that best corresponds to the scale of the 
problems being addressed, sometimes called ‘nested 
levels of governance’, was assigned a probability of only 
one-third by 2030. Given the difficulties associated with 
shifts in governance, it is perhaps not surprising that 
a greater likelihood was placed on most governments 
attempting to shape public opinion on a large scale using 
social marketing to gain popular support for water poli-
cies and encourage appropriate water use (probability of 
two-thirds in 2030).

Participants also saw as highly important the number of 
people living in insecure or unstable countries that run a 
significant risk of collapse. There were 2 billion living in 
these conditions in 2010 according to the Failed States 
Index (Foreign Policy, 2010). That this could be reduced 
to less than 1 billion people was viewed as unlikely, with 
a one-quarter probability it would happen by 2020 and 
only slightly higher than one-quarter by 2030. As noted 
earlier, water (and related food and energy) scarcity 
could have a major negative impact on achieving this 
objective: political security and food security often go 
hand in hand – and in those cases it is often impossible 
to operate relief programmes (Brown, 2008).

In fact, respondents saw a much greater likelihood that 
social instability and violence could spread to most states 
faced with chronic water scarcity (probability in 2020, 
about one-half; in 2030, almost three-fifths). By assign-
ing a probability of only one-third to the decrease in 
major armed conflicts from 14 in 2010 to only a handful 
in 2030, participants seemed to conclude rather that 
these conflicts will remain part of the socio-political 
landscape in the years to come. In the aftermath of these 
crises, establishing local water institutions and practices 
(such as village mirabs in rural Afghanistan and eastern 
Iran) could be a building block to restore peace in failing 
states – though only attributed a probability of one-half 
by 2030 – since successful peaceful resolution of differ-
ences over water allocation can initiate a positive spiral 
whereby a number of other ingrained conflict patterns 
could start to dissolve (Ohlsson, 1995).
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Issues related to global cooperation overall and funding of 
sustainable development were equally viewed as impor-
tant in the outcome of water scenarios to 2050. A global 
collective intelligence system tracking the sharing of 
Science and Technology around the world by 2030 was 
assigned a probability just under two-thirds.

International assistance shifting away from global cooper-
ative projects to projects that adhere to diversified national 
interests, based on principles of non-intervention and 
respect for state sovereignty, was given a probability of 
only slightly more than two-fifths by 2030. This leaves 
this outcome open for speculation. Also uncertain, with 
the probability of one-half, is the initiation of a series of 
reforms to international corporate law to force multina-
tional companies to address their liabilities, such as dam-
ages to the environment. The adoption of mechanisms to 
fund global public goods and maintain ecosystems was 
not viewed as very likely by 2030, with a probability of 
less than one-third. Such mechanisms could include the 
partial funding of global public goods such as health, 
education, environmental restoration and peacekeep-
ing through the taxation of global negative externalities 
(such as arms, pollution, destabilizing financial flows). 
They could also include revenues collected from the 
management of global resources (fishing rights, deep-sea 
mining, carbon emission permits) as well as the estab-
lishment of an effective market mechanism that fully 
integrates the economic costs of maintaining sustainable 
water and other environmental ecosystems into wealth 
creation processes (Stiglitz, 2007).

The fourth theme of importance that emerged relates 
to governments’ ability to adapt decision-making pro-
cesses to become more participatory and to include 
longer-term impacts and systems analysis in their con-
siderations. Respondents saw that resistance within 
government and from vested interests could keep gov-
ernments from becoming more participatory, flexible and 
transparent, leading to further mistrust and/or increased 
activism. They judged the probability of this develop-
ment happening in at least 100 countries at about 
75 per cent by 2020. The ability of the public sector to 
cope with the increasing complexity of our world hinges 
for some on its ability to become innovative, flexible and 
participatory in its approach, since solving problems 
will depend on coordinating the actions of many players 
and involving them in the creation of the solutions (Gill 
et al., 2010).

In contrast to their view on governments’ resistance to 
change, participants viewed almost as likely – with a 
probability of more than two-thirds in 2020 and three-
quarters in 2030 – that most people would come to 
agreement that there is interconnectedness among living 
systems. Viewing human activity through the lens of 
whole systems thinking, including the environment, is 
paramount to ensuring sustainable human well-being and 
the perpetuity of the ecosystem services (MA, 2005). It 
can also lead to practical solutions that fall outside the 
traditional ‘water box’, a concept described in the third 

World Water Development Report (WWAP, 2009b), such 
as decision-makers acknowledging that building a road 
passable in all weather all year round to let farmers get 
their produce to market will enable them in turn to move 
from subsistence to commercial agriculture. Participants 
in the Ethics survey were less optimistic as to the likeli-
hood of the recognition of the interconnectedness among 
living systems, assigning it a probability of less than two-
fifths in 2030.

Thus, it would seem that there is the possibility that 
while the population at large might eventually agree 
on what should be done, participants feel that govern-
ments as presently constituted would be unable to 
respond. This seems to be reflected in the probability 
of only one-third by 2030 assigned to the adoption of 
integrity/anti-corruption pacts for all public procurement 
processes or contractual requirements in at least 100 
countries. Similarly, relatively low probabilities were 
assigned to participation, such as adapting government 
structures to allow civil society to actively participate in 
policy design and service delivery (probability of less than 
one-half by 2030) or establishing mechanisms in more 
than 20 countries providing for independent inquiry with 
public participation on major development proposals and 
legislation that affect future generations (probability of 
one-half by 2030). The evaluation of the probability of 
these last two developments probably reflects the fact 
that active participation would require a shift in leader-
ship culture and the ability to successfully communicate 
among groups with different mindsets.

Respondents were also asked to judge the likelihood that 
more than 60 per cent of the world’s population would 
live in countries where fundamental rights and civil liber-
ties are respected, an increase from less than half of the 
world’s population in 2009. They saw a probability of 
two-fifths of this occurring by 2030.

Yet there is some uncertainty regarding the likelihood 
of the widespread adoption of foresight in governments 
as a tool to improve decision-making by countering 
the constant preoccupation with the immediate. That 
foresight functions become a routine part of national 
governments in 120 countries was assigned a prob-
ability of less than three-fifths by 2030, and that civil 
servants of most countries are routinely trained in fore-
sight and decision-making was given a probability of 
two-fifths by 2030.

There are already 25 government futures strategy units 
around the world, including 11 in developing countries 
(Glenn et al., 2008b). Other approaches include long-
term state, regional and local planning mechanisms 
that coordinate long-term policy goals, often with per-
formance indicators to improve traditional planning 
practices and ensure a focus of action (Chi, 1991). 
This is the case of Brazil, where a Ministry of Strategic 
Issues was established in 2007, merging the Institute 
of Applied Economic Research founded in 1964 and 
the Nucleo de Ações Estratégicas (Strategic Action 
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Unit), for a combined staff of 800. Its mandate is to 
create long-range plans for 2022 (the two-hundredth 
anniversary of Brazilian independence), which have 
been recently published under the name Plano Brazil 
2022 (SAE Brazil, n.d.). In addition to updating sta-
tistical data and analyses concerning macroeconomic 
and social trends for strategic development of public 
policies and supervising work towards achieving the 
MDGs in Brazil, the new Secretariat is also focusing 
on sustainable development for the Amazon, education 
and political participation as key drivers for the future 
(Glenn et al., 2008b).

Information-sharing platforms for government foresight 
practitioners can flourish, such as Africa’s Foresight for 
Development, an interactive, participatory platform that 
aggregates, consolidates, stores and promotes foresight 
knowledge and practice for Africa in the public domain. 
It aims to be an authoritative, interactive resource 
and networking community of foresight practitioners, 
researchers, consumers or users and general enthusiasts 
(FFD, n.d.).

The uncertainty regarding the trend of using foresight 
in government decision-making may be heightened by 
observable trends towards societies’ priorities shifting 
more strongly to immediate and local issues, as a result of, 
for example, high rates of unemployment, fear of eco-
system collapse or terrorism (probability of more than 
two-thirds by 2030). This could lead to staff in units 
being diverted by crisis management at the expense 
of their original role or to a lack of funding (House of 
Commons, 2007) and could also limit commissions 
soliciting wide public participation, since futures 
commissions can require a significant commitment of 
human and physical resources, as well as support from 
key sponsors (Bezold, 2006). 

  3.2.10 Most important and most likely future 
developments: Ethics and Culture

The group responding to the RTD on ethics and culture 
saw the following as the most important development: 
‘In addressing human values, most people would agree 
that the present has an obligation to preserve opportuni-
ties for the future’ (as opposed to governments who have 
agreed but have been mostly unable to put the principle 
into action). This for them was also the most likely devel-
opment, with a probability of it happening of two-thirds 
by 2020 and three-quarters by 2030. If applied – and 
not only given a formal nod – this development could 
lead to a shift in world view for individuals and communi-
ties, who may find themselves questioning the short-term 
interests of business as usual approaches. This devel-
opment is related to recognition of the interconnected-
ness of living systems, to which participants assigned a 
probability of only less than two-fifths. Participants in 
the Politics survey were more optimistic, assigning this 
a probability of three-quarters by 2030. Such shifts 

in public perceptions could provide opportunities for 
improved water management if they were to occur.

The deepening of current inequalities in access to water in 
poor countries caused by increasing water scarcity was 
ranked second in importance by this group, and they 
assigned this development a probability of two-thirds by 
2020 and a bit less than three-quarters by 2030. That 
these water inequalities could contribute in turn to an 
increase in the gap between the rich and poor in more 
than a dozen countries was given a probability of more 
than two-thirds by 2030.

Creating the means for poor people to derive an income 
from water – for example, water points, irrigation and 
food production – or the means to trade for water could 
be a key factor in lifting them out of poverty (Cotula et 
al., 2006; Mayers et al., 2009). However, while the provi-
sion of water for drinking and irrigation is often assumed 
to alleviate poverty, gender and water literature suggests 
that the transition to irrigation has increased the work 
responsibilities of women and children (Harris, 2008), 
further illustrating the complexity of water-related issues.

Participants saw the probability of inexpensive desalina-
tion technologies becoming so widely available by 2030 
that nearly all people within 100 miles (160 km) of 
coastlines would have water for their needs – thus elimi-
nating conflicts over water supply and use – as relatively 
low (probability of less than one-half by 2030; partici-
pants in the Technology survey gave an even lower two-
fifths probability). Such technologies would have had the 
impact of allowing most users around the world to use 
as much water as developed nations currently, with the 
behavioural impact of humans still rejecting a change in 
attitude towards water in the face of a perceived inex-
haustible supply. This non-realization leads the world 
either to require the equivalent of five planets to fulfil 
our needs or to adopt ‘a sustainable paradigm that says 
we all have a responsibility’ (Shiva, 2009).

Access to clean water being regarded by most countries 
in the world as a basic human right was considered almost 
equally important. The panel regarded this as more likely 
than not: over more than one-half likelihood in 2020 and 
more than two-thirds in 2030. And participants assigned 
a probability of three-fifths to 75  per cent or more of 
nations formally ratifying international protocols recog-
nizing water as a basic human need by 2030.

Another important series of developments for participants 
was the global sharing of knowledge on water-related 
issues. Participants assigned a probability of two-thirds to 
the creation by 2030 of an online ‘water situation room’ 
or global repository of collective intelligence on water.

The annual publication of a global water footprint meas-
ure was seen to have a likelihood of about 60 per cent 
by 2030. (This was given a greater probability in the 
Technology survey, at three-quarters by 2030, and in 
the Economy survey, at about 80  per cent by 2030.) 
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By indicating the water use of consumers and producers 
that spans space and time, the water footprint allows 
these players to become potential change agents for 
good water governance (Hoekstra et al., 2011).

The emergence of collaborative international research 
and development effort on the ethical uses of water was 
given a probability of more than three-fifths by 2020 and 
more than two-thirds by 2030. The creation in 1999 of 
a Sub-Commission on the Ethics of Freshwater Use by 
UNESCO’s World Commission on Ethics of Science and 
Technology was a significant initiative in this domain. 
It was followed shortly thereafter in 2001 by the estab-
lishment of the Global Research and Ethical Network 
Embracing Water, whose mission is ‘to promote engage-
ment in the ethical issues involved in the sustainable 
use and equitable sharing of fresh water resources at 
all levels and in the handling of and response to water
related emergencies and disasters’ (Brelet, 2004).

A greater understanding of how some cultures and com-
munities respond to water and food insecurity better 
than others may be useful for building capacity and 
resilience (Hadley and Wutich, 2009). A greater under-
standing of water from different perspectives would 
include the involvement of women in decision-making; 
since they usually are responsible for providing water for 
the family in developing countries, this would ensure a 
greater degree of local knowledge being available before 
decisions are taken and thus help avoid unintended con-
sequences (WWAP, 2009b).

Such collaboration on ethical uses of water might result 
in countries developing a common ethical code in 
addressing water issues, but participants viewed this as 
less likely, having a probability of two-fifths of happening 
by 2030.
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 Responding to the 
challenges

It is clear that assessments of importance and estimates 
of when events would happen could well be different 
if the composition of the groups of experts responding 
were different. The Focus Group participating in scenario 
development will have access to the raw data of the RTD 
and survey exercises and will make its own selection of 
the most important drivers and events. These may be 
further refined as the interactions between drivers are 
examined qualitatively and through modelling.

Water managers know about existing and potential vul-
nerabilities within the systems in which they operate. 
The uncertainties related to climate change, and the 
increased variability that comes with it, increase the 
risks inherent in developing and maintaining sustainable 
water management systems.

Water management has to address two fundamental 
categories of uncertainty. The first is related to water 
supply, which is dependent on the geophysical param-
eters that dictate water availability (precipitation, runoff, 
infiltration, etc.) as well as on the impacts of human 

activities that affect the natural flow of water (e.g. how 
land use affects storm water runoff) and water quality. 
Conventional analysis of historical data coupled with 
stochastic analysis until now has provided a fairly good 
basis for examining extremes and sensitivities, robust-
ness, resilience and reliability under past climate vari-
ability. For water managers, this is the starting point for 
any realistic analysis, and these kinds of analyses are 
being done routinely in most managed systems.

The second category of uncertainties relates to variability 
and the rate of growth in water demands. The number 
and intricacy of choices seem to be growing beyond lead-
ers’ abilities to analyse and make decisions. For example, 
unforeseeable trends in the rising demand for all goods 
and services, including energy, affect water in some way 
through production, transport or disposal. This creates new 
uncertainties and associated risks for water managers.

Technological development can sometimes help, but this 
is not necessarily always the case. On the one hand, the 
speed and relevance of new scientific discoveries and 
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the development of technologies can provide the means 
to meet water challenges. On the other hand, narrowly 
targeted technological development that does not take 
into account impacts on water can exacerbate existing 
risks (e.g. the first generation of biofuel technology).

Thus the accelerating importance of forces outside the 
control of water managers will shape both the challenges 
they face and the financial and institutional resources 
they will have available to meet them. The acceleration of 
change reduces the time between recognizing the need 
to make a decision and completing all the steps to make 
the right decision at the right time. Those outside the 
‘water box’ who will make the decisions that determine 
the conditions for water management are faced with the 
uncertainty of how these forces will evolve.

The multiplicity of drivers and the complex interactions 
between them is illustrated by Figure 3 (Gallopín, 2012).

Scenarios are a tool for generating desirable and plausi-
ble futures. It is important to emphasize that scenarios 
are not projections, forecasts or predictions. Rather, 
they are stories about the future with a logical plot and 
narrative governing the manner in which events unfold 

(Schwartz, 1991). Scenarios usually include images of 
the future – snapshots of the major features of interest at 
various points in time – and an account of the causal flow 
of events leading from the present (or the base situation) 
to such future conditions (Gallopín, 2012).

Since there are myriad drivers that determine the future 
situation it is rarely possible to consider all of them simul-
taneously. Consequently, scenario analysis concentrates 
on a modest number of drivers, assesses their combined 
influence on the variables of interest that characterize 
the future (e.g. population growth and distribution, size 
of agriculture, amount of water used. Sensitivity analysis 
with respect to the drivers that were not included explicitly 
is used to confirm the validity of the scenarios. These ‘pro-
jections’ are then used in evaluation of policy and planning 
responses, so as to maximize benefits and/or minimize 
losses in getting to the desired state, using ‘backcasting’, 
which proceeds from the desired future backwards to the 
current situation to identify the most effective means for 
moving from ‘now’ to the desired future.

Considering that the major focus of the World Water 
Scenarios is the future of water availability in terms of 
its impacts on human well-being (including the health of 

WATER CONSUMPTION AND
WITHDRAWAL 

 

Technology
� water
� energy

Economy
(including water
infrastructure)

Population size
and growth (water
needs/demand)

Ecosystems and 
land use (including

agriculture)
Water resources

Water
� stress
� sustainability

Well-being,
poverty,
equity

Politics and governance
(including security)

Values changes 
� lifestyles and 
   consumption patterns
� solidarity

Climate change

Source: Gallopín (2012).

FIGURE 3
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the ecosystems on which it also depends), some of the 
principal causal links to be considered in building the 
logic (or plot) of the scenarios can already be tentatively 
identified. As shown in Figure 3, in the last instance, 
water stress and sustainability (top oval) are a function 
of the water resources available and of water withdrawal 
and consumption. In turn, both resources and consump-
tion are variables that depend on many factors; only the 
factors and links that are more relevant for the water 
scenarios are shown here. (All drivers are to some extent 
interlinked; thus Figure 3 is clearly a prioritized simplifi-
cation made for the purpose of clarity.)

Human well-being (middle oval) and water are two cen-
tral criteria to assess the desirability of the scenarios. 
The main drivers are arranged in the figure in a sequence 
from top to bottom showing the direct drivers (top row of 
boxes) that directly impinge upon water stress and sus-
tainability and the indirect drivers (bottom row of boxes) 

that exert their effect mostly through their impacts upon 
the direct drivers. The arrows indicate causal influences 
between factors. Note that in some cases there is recip-
rocal (feedback) causality between them, indicated by an 
arrow with two blue heads (Gallopín, 2012).

Water managers can only inform their decisions and 
manage with the tools they have available. For them to 
do so, information regarding the drivers must be devel-
oped as close as possible to the geographic scale at 
which they work – thus conducting an iterative World 
Water Scenarios process involving the global, regional 
and local levels is critical to developing the scal-
ability and types of information needed at all levels of 
decision-making.

The next phase of the Scenarios Project will develop sce-
narios and scenario-development tools that can be used 
by decision-makers with the help of water managers.
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Annex 1
List of Top Five Developments by Domain, 
Combined by Importance and Probability 
with 10% Margin

1 Water resources
  Importance:

•• Water productivity for food production increased 
about 100% between 1961 and 2001. This is 
the date by which it has increased another 100%. 
(Importance: 4.9/5; Most Likely Decade to Occur 
(average year, with decade midpoint used to calcu-
late average): 2039)

•• Globally rainfed agriculture has average yields of 
3.5T/hectare of grain. (Importance: 4.8/5; Most 
Likely Decade to Occur (average year, with decade 
midpoint used to calculate average): 2041)

•• The percentage of land area subject to droughts 
increases by at least 50%, 40% and 30% for 
extreme, severe and moderate drought respectively. 
(Importance: 4.6/5; Most Likely Decade to Occur 
(average year, with decade midpoint used to calcu-
late average): 2045)

•• Extinction rates for freshwater species are five times 
higher for freshwater animals than for terrestrial 
species. (Importance: 4.5/5; Most Likely Decade to 
Occur (average year, with decade midpoint used to 
calculate average): 2031)

•• Compared to global grassland and forest area in 
2010, a further 15% is lost through expansion of 
agriculture and urban development. (Importance: 
4.4/5; Most Likely Decade to Occur (average year, 
with decade midpoint used to calculate average): 
2027) [Note: ranks fourth earliest most likely below]

  Importance – Falling within the margin 
(highest importance was 4.9, thus all 
those 4.4 or higher):

•• No additional developments

  Probability – Most Likely Decade to Occur:

•• Total global water withdrawals increase by 5% from 
2000. ((Importance: 2.8/5; Most Likely Decade to 
Occur (average year, with decade midpoint used to 
calculate average): 2017)

•• Global agricultural trade contains virtual water 
equivalent to 20% of the total water withdrawn 
globallyfor food production. (Importance: 3/5; Most 
Likely Decade to Occur (average year, with decade 
midpoint used to calculate average): 2018)

•• Pacific Decadal, El Nino/Southern, and North Atlantic 
Oscillations are understood and included in climate 
forecasting models. (Importance: 3.2/5; Most Likely 
Decade to Occur (average year, with decade midpoint 
used to calculate average): 2020)

•• Compared to global grassland and forest area in 
2010, a further 15% is lost through expansion of 
agriculture and urban development. (Importance: 
4.4/5; Most Likely Decade to Occur (average year, 
with decade midpoint used to calculate average): 
2027) [Note: ranks fifth most important above]

•• In most of the populated areas of the world there 
is a 10% reduction in annual mean stream flows. 
(Importance: 4/5; Most Likely Decade to Occur (aver-
age year, with decade midpoint used to calculate 
average): 2029)

  Probability – Most Likely Decade to Occur 
– Falling within the margin (earliest was 
2017 on a 50 year span, so all those by 
2022): 

•• No additional developments
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2 Infrastructure

  Importance:

•• 90% of the global population has reasonable access 
to a reliable source of safe potable water. (Importance: 
5/5; Most Likely Decade to Occur (average year, with 
decade midpoint used to calculate average): 2041)

•• All dams and dikes over 50 years old and all those with 
significant risks from hazards are inspected annually 
for structural soundness. (Importance: 4.8/5; Most 
Likely Decade to Occur (average year, with decade 
midpoint used to calculate average): 2036)

•• 90% of the global population has reasonable access 
to appropriate sanitation facilities. (Importance: 
4.7/5; Most Likely Decade to Occur (average year, 
with decade midpoint used to calculate average): 
2048)

•• Increased siltation of the dams due to climate change 
and deforestation has shortened by 30% the esti-
mated remaining lifetime of a significant number of 
large dams. (Importance: 4.6/5; Most Likely Decade 
to Occur (average year, with decade midpoint used 
to calculate average): 2032) [Note: also ranks fourth 
earliest most likely below]

•• External debt of low-income countries is written off, 
freeing funds for investment in water infrastructure. 
(Importance: 4.6/5; Most Likely Decade to Occur 
(average year, with decade midpoint used to calcu-
late average): 2040)

  Importance – Falling within the margin 
(highest importance was 5, thus all those 
4.5 or higher):

•• Nearly all water uses are metered or identified. 
(Importance: 4.5/5; Most Likely Decade to Occur 
(average year, with decade midpoint used to calcu-
late average): 2046)

  Probability – Most Likely Decade to Occur:

•• Inland navigation needs continues to influence river 
operations and flow allocations. (Importance: 2.6/5; 
Most Likely Decade to Occur (average year, with 
decade midpoint used to calculate average): 2022)

•• National water planning will take into account the 
need to provide appropriate environmental flows in 
the regulation of water infrastructure. (Importance: 
3/5; Most Likely Decade to Occur (average year, with 
decade midpoint used to calculate average): 2028)

•• Robots remotely and reliably mend underground 
pipes in at least ten countries. (Importance: 3.3/5; 
Most Likely Decade to Occur (average year, with 
decade midpoint used to calculate average): 2031)

•• Increased siltation of the dams due to climate change 
and deforestation has shortened by 30% the estimated 
remaining lifetime of a significant number of large 
dams. (Importance: 4.6/5; Most Likely Decade to Occur 
(average year, with decade midpoint used to calculate 
average): 2032) [Note: also ranks most important above]

•• Remote sensing technologies and GPS are used to 
supplement other technologies to identify, map and 
explore underground infrastructure whose location 
was unknown or forgotten. (Importance: 2.8/5; Most 
Likely Decade to Occur (average year, with decade 
midpoint used to calculate average): 2032)

  Probability – Most Likely Decade to Occur – 
Falling within the margin (earliest was 2022 
on a 50 year span, so all those by 2027): 

•• No additional developments

3 Climate change

  Importance:

•• The number of people at risk from water stress (less 
than 1200 m³/capita) is 1.7 billion. (Importance: 
4.8/5; Most Likely Decade to Occur (average year, 
with decade midpoint used to calculate average): 
2028) [Note: also ranked third earliest most likely 
to occur, below]

•• The number of people at risk from water stress (less 
than 1200 m³/capita) is 2.0 billion. (Importance: 4.8/5; 
Most Likely Decade to Occur (average year, with decade 
midpoint used to calculate average): 2033) [Note: also 
ranked 5th earliest most likely to occur, below]

•• Inter-annual freshwater shortages combined with 
flooding reduce total global crop yields by 10%. 
(Importance: 4.7/5; Most Likely Decade to Occur 
(average year, with decade midpoint used to calcu-
late average): 2043)

•• Worldwide rise in living standards and popula-
tion increase greatly increases the demand for 
energy causing a 20% increase in GHG emissions. 
(Importance: 4.6/5; Most Likely Decade to Occur 
(average year, with decade midpoint used to calcu-
late average): 2030) [Note: also ranked 4th earliest 
most likely to occur, below]
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•• Delta land vulnerable to serious flooding expands 
by 50%. (Importance: 4.6/5; Most Likely Decade to 
Occur (average year, with decade midpoint used to 
calculate average): 2043)

  Importance – Falling within the margin 
(highest importance was 4.8, thus all 
those 4.3 or higher):

•• A strong, effective, universally binding international 
agreement to combat climate change is in place. 
(Importance: 4.4/5; Most Likely Decade to Occur 
(average year, with decade midpoint used to calcu-
late average): 2040)

•• Wind power generates 20% of the world electricity 
demand. (Importance: 4.3/5; Most Likely Decade to 
Occur (average year, with decade midpoint used to 
calculate average): 2038)

  Probability – Most Likely Decade to Occur:

•• An extensive well-planned and financed multi-
national campaign is launched supporting public 
education on the facts, causes, effects and costs 
of climate change. (Importance: 3.4/5; Most Likely 
Decade to Occur (average year, with decade midpoint 
used to calculate average): 2021)

•• Indisputable global precipitation and temperature 
changes are reported publicly. (Importance: 4/5; 
Most Likely Decade to Occur (average year, with 
decade midpoint used to calculate average): 2027)

•• The number of people at risk from water stress (less 
than 1200 m³/capita) is 1.7 billion. (Importance: 
4.8/5; Most Likely Decade to Occur (average year, 
with decade midpoint used to calculate average): 
2028) [Note: also 1st in importance above]

•• Worldwide rise in living standards and population 
increase greatly increases the demand for energy caus-
ing a 20% increase in GHG emissions. (Importance: 
4.6/5; Most Likely Decade to Occur (average year, 
with decade midpoint used to calculate average): 
2030) [Note: also ranked 4th in importance above]

•• The number of people at risk from water stress (less 
than 1200 m³/capita) is 2.0 billion. (Importance: 
4.8/5; Most Likely Decade to Occur (average year, 
with decade midpoint used to calculate average): 
2033) [Note: also ranked 3rd in importance above]

  Probability – Most Likely Decade to Occur 
– Falling within the margin (earliest was 
2021 on a 50 year span, so all those by 
2026): 

•• No additional developments

4 Agriculture
**Developments marked with an asterisk below have a 
low number of respondents

  Importance:

•• **Environmental services are valued and managed 
to improve the quality of agricultural water (**3 re-
spondents ranked importance of 10/10; Probability 
2020=53%(3 respondents); in 2030=87%(2 respond-
ents) [note: also would rank 1st in probability below]

•• **Seed varieties of high nitrogen-use efficiency are 
developed and used (**only 1 respondent, rated 
importance of 10/10; 2 respondents for 2020 proba-
bility=80%; 2 respondents for 2030 probability=50%) 
[note: also would rank 2nd in probability below]

••  Withdrawals for agriculture increase from 3,100 bil-
lion m3 to 4,500 billion m3 in 2030. (Importance: 
9.86/10; Probability: 2020=46%; 2030=58%)

•• Expansion of agricultural lands is slowed significantly 
by ecological concerns. (Importance: 9.43/10; Probability: 
2020=26%; 2030=36%)

••  The slowing pace of deforestation continues (1990-
2000: 16 million ha lost; 2000-2010: 13 million ha 
lost). (Importance: 9.38/10; Probability: 2020=59%; 
2030=58%)

  Importance – Falling within the margin 
(highest importance was 9.86, thus all 
those 8.86 or higher):

•• Water productivity in grain triples in some developing 
countries (e.g. China today produces 1 kg wheat and 
corn/cubic meter of water; Ethiopia, 0.1 to 0.2 kg/
cubic meter.) (Importance: 9.25/10; Probability: in 
2020=63%; in 2030=71%) [note: also falls within 
margin of most probable]

•• Less than half of the gap between supply and demand 
for agricultural water is filled by conventional means 
(improvements in water productivity and conserva-
tion); the rest comes from non-traditional approaches 
(such as desalination). (Importance: 9.25/10; 
Probability: 2020=39%; 2030=33%)

•• **New plant strains are introduced that have improved 
productivity per unit of water as their goal. (Importance: 
9.25/10 (4 respondents); Probability: 2020=55% 
(4 respondents); 2030=50% (**3 respondents)

•• Large scale efforts are initiated in many developed 
countries to reduce food losses due to spoilage in the 
field, in storage and in transportation, with concomi-
tant savings in water usage. (Importance: 9.14/10; 
Probability: 2020=54%; 2030=65%)
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•• Use of untreated waste water for irrigation continues 
in many developing countries despite the health 
risks. (Importance: 9.13/10; Probability: 2020=73%; 
2030=64%) [note: also falls within margin of most 
probable]

•• The potential for increasing yields from rainfed 
farming is realized by adaptation to climate vari-
ability (changed seeding season, or varieties or 
plants). (Importance: 9/10; Probability: 2020=49%; 
2030=55%)

•• Agricultural croplands expand more than 20%, par-
ticularly in Latin America and Africa. (Importance: 
9/10; Probability: 2020=58%; 2030=64%)

•• Large scale and routine use of precision farming 
expands in many developing countries (including 
the use of robot GPS steered tractors and the use 
of multi-spectral satellite scanners to determine soil 
condition, and fertilizer requirements). (Importance: 
9/10; Probability: 2020=27%; 2030=44%)

•• **Algal-based biofuels largely replace those from ter-
restrial plants, including palm trees, soy and sugar 
cane (3 respondents rated Importance, at 9/10; 
Probability: in 2020=26.25(4 respondents); in 
2030=45% (3 respondents)

  Most important variables (using same 
margin of importance as above, thus 8.86 
or higher):

•• **Variable: Improved access to potable water 
sources (% of population with access) (2 respond-
ents ranked importance, at 9.5/10; percent in 
2020=92.5(2  respondents); in 2030=70(1 
respondent)

•• **Variable: Percent of water ‘saved’ through virtual 
water trade between nations (considering the poten-
tial need of water for producing the respective food/
goods) (3 respondents ranked importance, at 9/10; 
percent in 2020=30%; percent in 2030=31.67(3 
respondents)

•• **Variable: Annual freshwater withdrawals, total (bil-
lion cubic meters) (1 respondent ranked importance, 
at 9/10; value in 2020=4200(1 respondent); in 
2030=5000(1 respondent)

•• **Variable: Number of countries experiencing severe 
water scarcity (1 respondent ranked importance, at 
9/10; number in 2020=50(1 respondent); number 
in 2030=70(1 respondent)

  Probability:

•• Nitrogen fertilizer prices continue to track 
energy prices (Importance: 7.67/10; Probability: 
2020=75%; 2030=80%)

•• **Some cities satisfy 3% of more of food supply 
by farming on vacant lots (2 respondents rated 
an Importance: 9/10, Probability: in 2020=40% 
(2  respondents); in 2030=80% (2 respondents) 
[note: also would rank within margin of importance 
above]

•• **GM seeds are developed and distributed at prices 
that are affordable to rural farmers in the poor-
est countries that are particularly affected by the 
negative impacts caused by climate change and 
variability (**One respondent ranked an Importance 
of 9/10; Probability: in 2020=60%(2 respondents); 
in 2030=75%(one respondent) [note: also would fall 
within margin of importance above]

•• **Multinational agribusiness corporations become 
effective global monopolies, strongly influencing food 
prices (**2 respondents ranked an importance of 
9/10; Probability: in 2020=70%(3 respondents); in 
2030=75%(2 respondents)) [note: also falls within 
margin of importance above]

•• **Aquaculture produces as much food as fishing of 
the oceans and lakes (Importance: 9/10; Probability 
2020=35%(3 respondents); 2030=75%) [note: also 
falls within margin of importance above]

•• Investments in infrastructure improve production 
potential of rainfed farming,e.g. improving rainwater 
collection & storage systems. (Importance: 8.86/10; 
Probability: 2020=57%; 2030=74%) [note: also 
falls within margin of most important]

  Probability – Falling within the margin 
(highest was 80%, so all those 70% or 
higher): 

•• The additional developments falling within the 
margin are already listed under those falling within 
margin of Importance

5 Technology

  Importance:

•• One billion of the largest water consumers use prod-
ucts to conserve water: pressure-reducing valves, 
horizontal-axis clothes washers, water-efficient dish-
washers, grey-water recycling systems, low-flush tank 
toilets, low-flow or waterless urinals. (Importance: 
9.65/10; Probability: 2020=51%; 2030=77%) 
[Note: is also the most probable Tech development]

•• Technologies for water desalination in large volumes 
become so inexpensive that nearly all people within 
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100 miles of coastlines have water for their needs. 
(Importance: 9.12/10; Probability: 2020=22%; 
2030=44%)

•• Economically viable nanotechnology (such as carbon 
nanotubes) yields new and effective membranes 
and catalysts useful in desalination and pollution 
control (e.g. removing heavy metal and other dis-
solved pollutants from water). (Importance: 8.92/10; 
Probability: 2020=45%; 2030=72%) [note: also 
falls within margin of most probable]

  Importance – Falling within the margin 
(highest importance was 9.65, thus all 
those 8.65 or higher):

•• Agriculturists using an affordable technology capture 
real-time data about their crops and soil moisture to 
make informed decisions on efficient watering sched-
ules. (Importance: 8.80/10; Probability: 2020=54%; 
2030=74%) [note: also falls within margin of most 
probable]

•• Evaporation control technologies spread widely; their 
use doubles. (Importance: 8.65/10; Probability: 
2020=54%; 2030=71%) [note: also falls within 
margin of most probable]

  Most important variables (using same 
margin of importance as above: 8.65 or 
more):

•• Variable: Number of countries experiencing severe 
water scarcity. (Importance: 9.92/10; Number of 
countries in 2020=43; Number of countries in 
2030=69)

•• Variable: Improved access to potable water sources 
(% of population with access) (Importance: 9.86/10; 
Percentage in 2020=83%; Percentage in 2030=76%)

•• Variable: Percentage of water for industrial use. 
(Importance: 8.92/10; Percentage in 2020=23%; 
Percentage in 2030=35%)

  Probability:

•• Rainwater harvesting is practiced widely and new 
simple and cheap ways of purifying the collected 
water become available. (Importance: 8.91/10; 
Probability: 2020=54%; 2030=74%) [note: also 
falls within margin of most important]

••  Agriculturists use affordable technology to capture 
real-time data on their crops and soil moisture, to 
make informed decisions on efficient watering 
schedules. (Importance: 8.80/10 ; Probability: 
2020=54%; 2030=74%) [note: also falls within 
margin of most important]

  Probability – Falling within the margin 
(highest was 77%, so all those 67% or 
higher):

•• Availability of a water footprint measure, published 
widely on an annual basis (e.g. in 2030, the ecologi-
cal footprint is expected to be around 2 planets Earth) 
(Importance: 8.35/10; Probability: 2020=54%; 
2030=74%)

•• Weather forecasting models are able to give accu-
rate predictions 2 weeks in advance. (Importance: 
8.25/10; Probability: 2020=54%; 2030=72%)

•• Satellites continuously monitor globally the function-
ing and operation of water infrastructure (e.g. leak-
age from dams and canals). (Importance: 8.08/10; 
Probability: 2020=49%; 2030=67%)

6 Demography

  Importance:

•• Decade by which world population reaches 10.46 
billion (Importance: 4.3/5; Most Likely Decade to 
Occur (average year, with decade midpoint used to 
calculate average): 2056)

•• Decade by which 70% of the world population is 
urban. (Importance: 4.3/5; Most Likely Decade to 
Occur (average year, with decade midpoint used to 
calculate average): 2039)

•• Decade by which the average fertility level in the less 
developed regions reaches 2.05 (UN 2008 Revision 
medium variant; average estimated fertility level for 
2005-2010 in these countries is 2.73) (Importance: 
4.2/5; Most Likely Decade to Occur (average year, 
with decade midpoint used to calculate average): 
2052)

•• Decade by which world population reaches 9.15 
billion (Importance: 4.1/5; Most Likely Decade to 
Occur (average year, with decade midpoint used to 
calculate average): 2053)

•• Decade by which world population reaches 7.9 bil-
lion (Importance: 4/5; Most Likely Decade to Occur 
(average year, with decade midpoint used to calcu-
late average): 2034)

  Importance – Falling within the margin 
(highest importance was 4.3, thus all 
those 3.8 or higher):
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•• Decade by which the average fertility level in the less 
developed regions reaches 2.53 (UN 2008 Revision 
high variant; average estimated fertility level for 
2005- 2010 in these countries is 2.73). (Importance: 
3.9/5; Most Likely Decade to Occur (average year, with 
decade midpoint used to calculate average): 2032) 
[Note: ranked 5th earliest most likely to occur, below]

  Probability – Most Likely Decade to Occur:

•• In the group of 58 countries for whom HIV/AIDS 
prevalence is above 1% and/or whose HIV popula-
tion exceeds 500,000, decade by which the major-
ity reach antiretroviral treatment coverage for those 
living with HIV/AIDS of 60% or more (estimated aver-
age in 2007 is 36 per cent) (Importance: 2.8/5; Most 
Likely Decade to Occur (average year, with decade 
midpoint used to calculate average): 2026) 

•• In the group of 58 countries for whom HIV/AIDS 
prevalence is above 1% and/or whose HIV population 
exceeds 500,000, decade by which the number of 
interventions to prevent mother-to-child transmission 
of HIV reaches an average of 60% (estimated average 
in 2007 is 36  per cent) (Importance: 2.8/5; Most 
Likely Decade to Occur (average year, with decade 
midpoint used to calculate average): 2026)

•• Decade by which there are less than 60 developing 
countries with an under-five mortality rate of 45 
deaths or higher per 1,000 live births (average esti-
mated rate for 2005-2010 in less developed coun-
tries is 78). (Importance: 3/5; Most Likely Decade to 
Occur (average year, with decade midpoint used to 
calculate average): 2029)

•• Decade by which the combined global deaths per 
year from diarrhoeal diseases and malaria decrease 
to 1.54  million or less. (Combined global deaths 
from diarrhoeal diseases and malaria in 2008 were 
2.53 million.) (Importance: 3/5; Most Likely Decade 
to Occur (average year, with decade midpoint used to 
calculate average): 2029)

•• Decade by which the average fertility level in the 
less developed regions reaches 2.53 (UN 2008 
Revision high variant; average estimated fertility 
level for 2005- 2010 in these countries is 2.73). 
(Importance: 3.9/5; Most Likely Decade to Occur 
(average year, with decade midpoint used to calcu-
late average): 2032) [Note: also falls within margin 
of most important above]

  Probability – Most Likely Decade to Occur – 
Falling within the margin (earliest was 2026 
on a 50 year span, so all those by 2031):

•• No additional developments

7 Economy and 
security

  Importance:

•• Demand for water in developing countries increases 
by 50% over today’s (Importance: 9.7/10; Probability: 
2020=75%; 2030=85%) [note: 2nd most probable]

•• Unequal access to water creates new economic polaritie 
(Importance: 9.47/10; Probability: 2020=80%; 
2030=86%) [note: 1st most probable]

•• Over 40% of world countries experience severe 
freshwater scarcity (scarcity=water supplies drop 
below 1,000 cubic meters per person per year) 
(Importance: 9.32/10; Probability: 2020=77%; 
2030=74%) [note: 3rd most probable]

  Importance – Falling within the margin 
(highest importance was 9.7, thus all 
those 8.7 or higher):

•• Over 50  million people lose their livelihoods due 
to water scarcity. (Importance: 9/10; Probability: 
2020=70%; 2030=71%)

•• Water gains center stage in climate change adaptation 
strategies and ‘green credits’ policies. (Importance: 
9/10; Probability: 2020=45%; 2030=63%)

•• Water availability becomes a serious consideration 
in electricity generation; lack of water results in 
reduction below planned generation levels sometime 
during the year at 10% of all plants. (Importance: 
9/10; Probability: 2020=44%; 2030=57%)

•• Inexpensive prophylactic measures that prevent water 
borne diseases are developed. (Importance: 8.92/10; 
Probability: 2020=60%; 2030=73%)

•• Food prices (in constant dollars) rise globally by at 
least 30% compared to 2010. (Importance: 8.86/10; 
Probability: 2020=50%; 2030=58%)

•• Multinational agribusiness corporations become effective 
global monopolies, strongly influencing food prices. (Im-
portance: 8.77/10; Probability: 2020=63%; 2030=59%)

•• Lack of water forces business to move, increasing pov-
erty in those regions (e.g. India). (Importance: 8.67/10; 
Probability: 2020=58%; 2030=65%)

  Most important variables (using same margin 
of importance as above: 8.7 or more):
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•• Variable: Annual freshwater withdrawals, total (billion 
cubic meters) (Importance: 9.6/10; total withdrawals 
in 2020=3,358; in 2030=3,880)

•• Variable: Improved access to potable water sources 
(% of population with access) (Importance: 9.38/10; 
Percentage in 2020=87%; Percentage in 2030=94%)

•• Variable: Number of countries experiencing severe water 
scarcity. (Importance: 9.25/10; number in 2020=54; 
in 2030=59)

•• Variable: Percentage of water for industrial use. (Impor-
tance: 8.88/10; Percentage in 2020=34%; Percentage 
in 2030=37%)

  Probability:

•• Availability of a water footprint measure, published 
widely on an annual basis (e.g. in 2030, the ecological 
footprint is expected to be around 2 planets Earth) (Im-
portance: 8.8/10; Probability: 2020=70%; 2030=83%) 
[note: also falls within margin of most important]

•• Over 40% of world countries experience severe fresh-
water scarcity (scarcity=water supplies drop below 
1,000 cubic meters per person per year) (Importance: 
9.32/10; Probability: 2020=77%; 2030=74%) [note: 
3rd most important]

•• Several types of cost-effective desalination or other 
technologies are widely available and increase safe 
water supply by 20% globally (Importance: 9.25/10; 
Probability: 2020=55%; 2030= 77%) [note: also 
falls within margin of most important]

  Probability – Falling within the margin (high-
est was 86%, so all those 76% or higher): 

•• No additional developments

8 Governance

  Importance:

•• Failure of urban water supply infrastructure occurs in 
more than two dozen major cities (and underscores the 
need for upgrading of water systems). (Importance: 
9.44/10; Probability: 2020=62%; 2030=76%) [Note: 
2nd most probable development]

•• Online forums on water issues including local govern-
ment and civil society are developed in 75% of the 
world, reducing the asymmetry of information between 
user, provider and policy-maker. (Importance: 9.38/10; 

Probability: 2020=52%; 2030= 71%) [Note: also 3rd 
most probable development]

•• Networked coordination at the national level to share 
information and best practices between local water agen-
cies is achieved in at least 95% of countries. (Impor-
tance: 9.13/10; Probability: 2020=45%; 2030=60%)

•• An international convention specifically dedicated to 
groundwater is negotiated. (Importance: 9.11/10; Prob-
ability: 2020=42%; 2030= 54%)

  Importance – Falling within the margin 
(highest importance was 9.44, thus all those 
8.44 or higher):

•• Worldwide use of comprehensive decision-making tools 
for identifying the best technologies or approaches to 
meet water, sanitation, and hygiene needs. (Importance: 
9/10; Probability: 2020=37%; 2030=58%)

•• Waterfootprint reporting and reduction becomes officially 
part of government policymaking and sustainable devel-
opment strategy in at least 90% of countries. (Impor-
tance: 8.92/10; Probability: 2020=31%; 2030=45%)

•• Water resources formally declared a state property in 
85% of countries. (Importance: 8.82/10; Probability: 
2020=37%; 2030=47%)

•• The UN Watercourses Convention is implemented with 
Regional Protocols on Shared Watercourses estab-
lished for all world regions, (thus providing a regional 
framework for water management and cooperation by 
the states, exchange of data and information, notifi-
cation of planned development measures and trans-
boundary environmental assessments. (Importance: 
8.8/10; Probability: 2020=52%; 2030=67%)

•• The United Nations Global Environment Monitoring 
System (GEMS) Water Programme encompasses all 
world countries and maintains an on-line data base 
of water quality around the world. (It now uses 3,000 
monitoring stations in 100 countries) (Importance : 
8.78/10; Probability : 2020=48%; 2030=63%)

  Probability:

•• The 1997 United Nations Convention on Non-
Navigational Uses of International Watercourses gets 
the 35 ratifications to enter into force. (By mid-2010, 
it received 19 ratifications) (Importance: 8.75/10; 
Probability: 2020=70%; 2030=88%) [note: also falls 
within margin of most important]

  Probability – Falling within the margin (high-
est was 88%, so all those 78% or higher):

•• No additional developments fall within the margin
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9 Politics

  Importance:

•• Transparency and participation procedures are estab-
lished and followed in matters of water governance 
in at least 120 countries. (Importance: 9.14/10; 
Probability: 2020=27%; 2030=35%)

•• Less than 1 billion people live in insecure or unstable 
countries that run a significant risk of collapse (com-
pared to 2 billion in 2010 according to the Failed States 
Index). (Importance: 9.09/10; Probability: 2020=25%; 
2030=28%)

•• Social instability and violence spread to most states 
faced with chronic water scarcity. (Importance: 9.08/10; 
Probability: 2020=49%; 2030=57%)

  Importance – Falling within the margin 
(highest importance was 9.14, thus all 
those 8.14 or higher):

•• Establishing local water institutions and practices 
(such as the village mirabs in Afghanistan) has 
become one of the building blocks to restore peace 
in failing states. (Importance: 9/10; Probability: 
2020=42%; 2030=52%)

•• State sovereignty has shifted to ‘nested levels of 
governance’: decentralized decision-making with 
appropriate transfer of authority and resources to the 
decision-making level that best corresponds to the 
scale of the problems being addressed. (Importance: 
8.89/10; Probability: 2020=28%; 2030=33%)

•• A series of reforms to international corporate law now 
forces multinational companies to address their liabili-
ties, such as damages to the environment. (Importance: 
8.73/10; Probability: 2020=41%; 2030=49%)

•• Foresight functions are a routine part of national gov-
ernments in 120 countries. (Importance: 8.72/10; 
Probability: 2020=48%; 2030=58%)

•• The need to consider future generations in develop-
ment and in legislation is generally accepted: mecha-
nisms are established in more than 20 countries to 
provide for independent inquiry with public participa-
tion on major development proposals and legislation 
that may impact future generations. (Importance: 
8.65/10; Probability: 2020=45%; 2030=53%)

•• The provision of global public goods such as health, 
education, environmental restoration and peacekeep-
ing are partially financed by taxing global negative 
externalities (arms, pollution, destabilizing financial 
flows) and/or by revenues from the management of 

global resources (fishing rights, deep-sea mining, 
carbon emission permits). (Importance: 8.63/10; 
Probability: 2020=22%; 2030=28%)

•• Lack of coordination and of mutually agreed water 
strategy at the national, regional and local levels 
result in ineffective community participation and 
lack of influence in decision-making. (Importance: 
8.62/10; Probability: 2020=68%; 2030=65%) 
[note: also falls within margin of most probable]

•• The majority of government structures allow for civil 
society to actively participate in policy design and 
service delivery. (Importance: 8.53/10; Probability: 
2020=40%; 2030=47%)

•• Globalization has led to a rise in protectionist senti-
ment as a result of increased inequality and lower 
standards of living for the majority of the population 
around the world. (Importance: 8.5/10; Probability: 
2020=53%; 2030=55%)

•• An effective market mechanism has been developed 
and implemented that fully integrates pricing of the 
economic costs of maintaining sustainable water 
and other environmental ecosystems into wealth 
creation processes. (Importance: 8.4/10; Probability: 
2020=21%; 2030=30%)

•• The average number of major armed conflicts (with 
1,000 or more deaths) has been reduced to a hand-
ful (there were 14 conflicts in 2010). (Importance: 
8.38/10; Probability: 2020=31%; 2030=33%)

•• International assistance shifts away from global coop-
erative projects to projects that adhere to diversified 
national interests, based on principles of non-inter-
vention and respect for state sovereignty. (Importance: 
8.33/10; Probability: 2020=40%; 2030=45%)

•• Governments of at least 100 countries have entered into 
integrity/anti-corruption pacts for all public procure-
ment processes or contractual requirements. (Impor-
tance: 8.31/10; Probability: 2020=29%; 2030=35%)

•• A global collective intelligence system tracks Science 
and Technology information and cooperation around the 
world. (Importance: 8.27/10; Probability: 2020=51%; 
2030=63%)

•• Civil servants of most countries are routinely trained in 
foresight and in decision-making. (Importance: 8.24/10; 
Probability: 2020=31%; 2030=39%)

•• More than 60% of the world’s population lives in 
countries where fundamental rights and civil liber-
ties are respected (compared to 46% in 2009). 
(Importance: 8.2/10; Probability: 2020=32%; 
2030=39%)

•• Large scale attempts by most governments to shape 
public opinion use social marketing to gain popular sup-
port for water policies and encourage appropriate water 
use. (Importance: 8.2/10; Probability: 2020=56%; 
2030=63%)



United Nations World Water Assessment Programme60

l Annex 1

60

  Probability:

•• Resistance within government and from vested 
interests keeps governments from becoming more 
participatory, flexible and transparent in at least 100 
countries, leading to further mistrust and/or increased 
activism (Importance: 8.92/10; Probability: 2020=74%; 
2030=77%) [note: also falls within margin of most 
important]

•• Most people agree that there is an interconnectedness 
among living systems. (Importance: 8/10; Probability: 
2020=69%; 2030=76%)

  Probability – Falling within the margin 
(highest was 77%, so all those 67% or 
higher):

•• There are observable trends towards societies’ priorities 
shifting more strongly to immediate and local issues, 
as a result of, for example, high rates of unemploy-
ment, fear of ecosystem collapse or terrorism. (Impor-
tance: 7.78/10; Probability: 2020=65%; 2030=69%) 

•• Also see above

10 Ethics

  Importance:

•• In addressing human values, most people would 
agree that the present has an obligation to preserve 
opportunities for the future. (Importance: 9.05/10; 
Probability: 2020=66%; 2030=75%) [also 1st most 
probable development]

•• Increasing scarcity deepens current inequalities in 
access to water in poor countries. (Importance: 8.87/10; 
Probability: 2020=66%; 2030=72%) [note: also falls 
within margin of most probable]

•• Access to clean water is regarded by most countries 
in the world as a basic human right (Importance: 
8.76/10; Probability: 2020=56%; 2030=68%) [also 
3rd most probable development]

•• Water-related anti-poverty strategies are used in at 
least 30 countries, including for example, employ-
ment of poor people at water points, in irrigation, and 
food production (Importance: 8.69/10; Probability: 
2020=47%; 2030=58%)

  Importance – Falling within the margin 
(highest importance was 9.05, thus all 
those 8.05 or higher):

•• Educational curricula in most countries change to dis-
courage over-consumption and waste. (Importance: 
8.61/10; Probability: 2020=39%; 2030=51%)

•• Great increase in public participation in decisions 
affecting water pricing and distribution, including par-
ticularly women and indigenous people. (Importance: 
8.53/10; Probability: 2020=37%; 2030=52%)

•• Most people in the world display an awareness of the 
interconnectedness of living systems. (Importance: 
8.5/10; Probability: 2020=26%; 2030=37%)

•• Studies of water availability and usage almost always 
include consideration of societal values, interest 
groups, and cultural norms. (Importance: 8.41/10; 
Probability: 2020=56%; 2030=67%) [note: also 
falls within margin of most probable]

•• Availability of a water footprint measure, published widely 
on an annual basis (e.g. in 2030, the ecological footprint 
is expected to be around 2 planets Earth) (Importance: 
8.25/10; Probability: 2020=47%; 2030=58%)

•• Creation of an online “Water Situation Room”, as a repos-
itory of collective intelligence on water. (Importance: 
8.20/10; Probability: in 2020=53%; 2030=68%) [note: 
also falls within margin of most probable]

•• Water pricing used in most countries to create incen-
tives for efficient water use. (Importance: 8.17/10; 
2020=47%; 2030=61%)

•• Most countries in the world adopt a common code 
of ethics in addressing water issues. (Importance: 
8.15/10; Probability: 2020=29%; 2030=39%)

•• Strategies designed to mitigate the effects of climate 
change generally include policies that will improve 
access to water and water use. (Importance: 8.13/10; 
Probability: 2020=59%; 2030=63%)

•• The gap between rich and poor increases within a 
dozen or more countries, at least partially as a result 
of water scarcity. (Importance: 8.08/10; Probability: 
2020=59%; 2030=63%)

•• International protocols signed by 75% or more of 
the nations of the world formally recognize water 
as a basic human need. (Importance: 8.07/10; 
Probability: 2020=44%; 2030=60%)

•• Technologies for water desalination in large volumes 
become so inexpensive that nearly all people within 
100  miles of coastlines have water for their needs 
(resulting, for example, in elimination of value conflict 
over water supply and use). (Importance: 8.07/10; Prob-
ability: 2020=32%; 2030=46%)
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  Most important variables (using same 
margin of importance as above, thus 8.05 
or higher):

•• Variable: Number of countries experiencing severe water 
scarcity. (Importance: 8.85/10; Number in 2020=37; 
in 2030=47)

•• Variable: Annual freshwater withdrawals, total (billion 
cubic meters) (Importance: 8.42/10; Withdrawals in 
2020=2,288; in 2030=3,255)

•• Variable: Improved access to potable water sources 
(% of population with access) (Importance: 8.09/10; 
Percentage in 2020=91%; 2030=84%)

•• Variable: Percentage of water for industrial use. (Impor-
tance: 8.08/10; Percentage in 2020=22%; 2030=28%)

  Probability:

•• Emergence of collaborative international R&D on the 
ethical uses of water (Importance: 7.94/10; Probability: 
2020=63%; 2030=69%)

  Probability – Falling within the margin 
(highest was 75%, so all those 65% or 
higher):

•• The additional developments falling within the 
margin are already listed under those of Importance 
and falling within margin of Importance
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Annex 2
Report on Five RTD Studies of Future 
Developments Important to World Water
A Series of Five Real Time Delphi Studies Performed by The Millennium Project for the United 
Nations World Water Assessment Programme, 3 October 2010

1	Introduction and 
summary

The UNESCO World Water Assessment Programme (WWAP) 
is developing a new set of global water scenarios. As 
described in Section 1 of The Dynamics of Global Water 
Futures: Driving Forces 2011-2050, the first step of the 
scenarios process was to conduct an in-depth analysis of 
the evolution of the major external forces (‘drivers’) that 
have direct and indirect consequences for water managers 
and a discussion of existing scenarios. This was done by 
conducting an analysis of the possible future evolution of 
principal drivers (including identification of linkages among 
them). Overall, 10 drivers were identified for research of the 
literature describing the possible future of each domain. A 
list of possible future developments in each of the domains 
was extracted from this research, taking into account inter-
linkages with some of the other selected drivers.

The list of possible future developments for each driver 
was submitted for discussion and review through expert 
consultations. The objective of the expert consultations 
was to validate the degree of importance of the develop-
ments with regards to scenarios on water use and avail-
ability to 2050 and to gain an informed opinion on the 
likelihood of such developments occurring by then.

For the six more ‘controversial’ drivers, where the pro-
ject team thought more divergent opinions could arise 
(Technology; Economy and Security; Agriculture; Ethics; 
Politics and Governance), the Real Time Delphi (RTD) 
consultation approach was adopted since it is particu-
larly useful not only in producing consensus where pos-
sible but also in crystallizing reasons for disagreement.

Five RTD consultations were thus conducted by the 
Millennium Project for WWAP, the Politics and Governance 
drivers having been addressed within the same study. The 
experts participating in the RTD consultations identified 
through discussion the most important events or develop-
ments and the probability of their occurrence by 2020 and 

2030. This is the report on the RTD consultations, provid-
ing a statistical analysis of the results.

The first four of these studies ran in parallel from June 
1 to July 18, 2010 and the last ran from August 27 
through September 30, 2010. This report summarizes 
the results of all five RTDs. The body of the report deals 
with an overview of the work and Appendices A–E (avail-
able at the WWAP website: www.unesco.org/new/en/
natural-sciences/environment/water/wwap/global-water-
scenarios/phase-1/) focus on the specific studies.

Over 200 experts in the selected domains were invited to 
participate;13 145 people signed in and about 120 pro-
vided at least one answer to the questions. Over 9,000 
answers were generated.

The instructions to the respondents stated:

You may omit any question(s) you wish and you 
do not have to complete the entire questionnaire 
in one visit; you can return as many times as 
you want to continue and/or edit your previous 
answers. At your return you will see your previ-
ous answers as well as those of the group. Please 
answer only those questions about which you feel 
comfortable; leaving sections blank is acceptable. 
The process is confidential to those participating 
and the WWAP administrators. Your answers will 
remain anonymous although your name will be 
listed as a participant in the study. You are encour-
aged to return often, but please plan to complete 
your input before 2010-09-30.

At the conclusion of the consultation a report 
will be prepared by WWAP summarizing the level 
of consensus concerning the developments, the 
range of views expressed in the REASONS sec-
tions, and any additional comments, suggestions, 
and inputs. This report will serve in the develop-
ment of the new world water scenarios set.

13.	The exact number is unknown since the experts were asked to invite 
colleagues to participate as well.
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2	Number of responses

The numbers of people who answered at least one question in the five studies, and the total number of answers they 
provided, were as follows:

Domain Number who 
signed in

Number who 
answered

Questions 
answered

Technology and Water 39 33 2,382

Economy, Security and Water 33 23 1,725

Agriculture and Water 16 14 885

Ethics and Water 22 22 1,985

Politics and Governance and Water 46 31 2,135

Total 156 122 9,210

The following figure shows the number of people who signed while the studies were under way.
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The figure shows an ‘uptick’ of responses in the final few days of the studies. This apparently occurred for several 
reasons: the Administrator sent several reminders to persons who had been invited but had not responed, to people 
who signed in but had not provided an answer, and to people who had already answered the invitation. This last 
class was an invitation to revisit and revise their prior responses. Also, all invitees were asked to invite well-informed 
colleagues to participate, and there may have been an expanding ‘daisy chain’ effect.
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The next figure shows the number of people who provided at least one answer to the studies.
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It is not unusual in studies of this sort to see a gap between the number of people who have signed in and the 
number who actually provided an answer. This difference arises for several reasons: for example, people may sign in 
and intend to answer the questionnaire at some later date but fail to return, or the nature of the questionnaire could 
discourage some potential respondents.

Generally, the total number of answers increased sharply after a reminder invitation was sent.
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The questionnaires asked for three types of judgments:

First, as shown on the screen shot below (from the governance questionnaire), respondents were asked for their 
judgements about future developments: the probability of occurrence by 2020, the probability of occurrence by 
2030 and the overall importance to the future scenarios.

Questionaire: Water Governance Developments

Second, in the first four RTDs (Technology, Economy, Security, Agriculture and Ethics), several questions were 
devoted to variables, and respondents were asked to provide their judgments about the best and worst future values 
of the variables and their relative importance. The four studies had identical questions about the variables.
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Third, the first four RTDs (Technology, Economy, Security, Agriculture and Ethics) also had a series of open-ended 
questions that invited narrative answers from the respondents, as shown below:

The next table summarizes the number of questions posed in each of the five studies:

Respondents identified themselves as residing in a particular region of the world and as having expertise in one 
of a number of different disciplines; each respondent could select one discipline and one region of the world. The 
following figures show the demographics of all who registered.

Domain Questions about 
developments

Questions about 
variables

Open-ended 
questions

Technology and Water 40 6 7

Economy, Security and Water 40 6 7

Agriculture and Water 50 6 8

Ethics and Water 41 6 2

Politics and Governance and Water 56 0 0

Security 1%
Health 3%

Energy 6%

Business
and Trade 6%

Academia10%

Politics 10%

Other 26%

Environment 26%

Economy 12%

Sectoral Demographics

Europe 39%

Sub-Saharan 
Africa 6%

Australia and
New Zealand 4%

Middle East 6%

Asia 8%

Latin America 10%

North America 27%

Regional Demographics
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3	Summary of numerical responses

The Appendices to this report present average answers for all of the numerical questions as well as the distribution 
of those responses. The table below lists only the items viewed as most important by the respondents (above 8.5 in 
importance on a scale of 0 to 10). This forms a good checklist for the scenarios.

Items that have a grey background represent the input of fewer than four respondents. The items with a yellow back-
ground indicate a relative lack of agreement.

Study Prob 
2020

Prob 
2030 Import Development

agr 80 15 10
14. Seed varieties of high nitrogen-use efficiency are developed 
and used.

agr 53 87 10
46. Environmental services are valued and managed to improve 
the quality of agricultural water.

agr 46.43 58.33 9.86
1. Withdrawals for agriculture increase from 3,100 billion m3 to 
4,500 billion m3 in 2030.

econ 75.29 85.24 9.7
2. Demand for water in developing countries increases by 50% 
over today’s.

tech 50.65 76.74 9.65

30. One billion of the largest water consumers use products 
designed to conserve water, including pressure-reducing valves, 
horizontal-axis clothes washers, water-efficient dishwashers, 
grey water recycling systems, low-flush tank toilets, low-flow 
urinals, and waterless urinals.

econ 80 86.47 9.47 14. Unequal access to water creates new economic polarities.

pol&gov 62.22 75.56 9.44
54. Failure of urban water supply infrastructure occurs in more 
than two dozen major cities (and underscores the need for 
upgrading of water systems).

agr 26.11 36.25 9.43
5. Expansion of agricultural lands is slowed significantly by 
ecological concerns.

pol&gov 51.88 70.63 9.38

52. Online forums on water issues including local government 
and civil society are developed in 75% of the world, reduc-
ing the asymmetry of information between user, provider and 
policy-maker.

agr 59.38 58.33 9.38
22. The slowing pace of deforestation continues (1990–2000: 
16 million ha lost; 2000–2010 13 million ha lost).

econ 77.21 74.11 9.32
3. Over 40% of world countries experience severe freshwater 
scarcity. (scarcity = water supplies drop below 1,000 cubic 
meters per person per year)

econ 55.23 76.92 9.25
22 Several types of cost-effective desalination or other tech-
nologies are widely available and increase safe water supply by 
20% globally.

agr 38.57 33.33 9.25

2. Less than half of the gap between supply and demand for 
agricultural water is filled by conventional means (improve-
ments in water productivity and conservation); the rest comes 
from non-traditional approaches (such as desalination).

1518
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Study Prob 
2020

Prob 
2030 Import Development

agr 62.78 71.11 9.25
18. Water productivity in grain triples in some developing 
countries (e.g. China today produces 1 kg wheat and corn/cubic 
meter of water; Ethiopia, 0.1 to 0.2 kg/cubic meter.)

agr 55 50 9.25
19. New plant strains are introduced that have improved pro-
ductivity per unit of water as their goal.

agr 53.89 65 9.14

17. Large scale efforts are initiated in many developed coun-
tries to reduce food losses due to spoilage in the field, in 
storage and in transportation, with concomitant savings in water 
usage.

pol&gov 27.35 34.90 9.14
8. Transparency and participation procedures are established 
and followed in matters of water governance in at least 120 
countries.

pol&gov 45.50 60.50 9.13
43. Networked coordination at the national level to share 
information and best practices between local water agencies is 
achieved in at least 95% of countries.

agr 73.18 64.5 9.13
16. Use of untreated waste water for irrigation continues in 
many developing countries despite the health risks.

tech 22.36 44.4 9.12
12. Technologies for water desalination in large volumes 
become so inexpensive that nearly all people within 100 miles 
of coastlines have water for their needs.

pol&gov 42.08 54.17 9.11
38. An international convention specifically dedicated to 
groundwater is negotiated.

pol&gov 24.73 28.20 9.09
16. Less than 1 billion people live in insecure or unstable 
countries that run a significant risk of collapse (compared to 2 
billion in 2010 according to the Failed States Index).

pol&gov 49.38 56.56 9.08
18. Social instability and violence spread to most states faced 
with chronic water scarcity.

ethics 65.56 74.72 9.05
4. In addressing human values, most people would agree that 
the present has an obligation to preserve opportunities for the 
future.

econ 70 71.05 9
4. Over 50 million people lose their livelihoods due to water 
scarcity.

econ 44.92 63.33 9
25. Water gains center stage in climate change adaptation 
strategies and ‘green credits’ policies.

econ 44.42 56.67 9

26. Water availability becomes a serious consideration in 
electricity generation; lack of water results in reduction below 
planned generation levels sometime during the year at 10% of 
all plants.

agr 49.22 55 9
3. The potential for increasing yields from rainfed farming is 
realized by adaptation to climate variability (changed seeding 
season, or varieties or plants).

agr 58.33 63.57 9
4. Agricultural croplands expand more than 20%, particularly in 
Latin America and Africa.

50
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Study Prob 
2020

Prob 
2030 Import Development

agr 27.5 44 9

15. Large scale and routine use of precision farming expands 
in many developing countries (including the use of robot GPS 
steered tractors and the use of multi-spectral satellite scanners 
to determine soil condition, and fertilizer requirements).

agr 40 80 9
37. Some cities satisfy 3% or more of food supply by farming 
on vacant lots.

agr 60 75 9

40. GM seeds are developed and distributed at prices that are 
affordable to rural farmers in the poorest countries that are 
particularly affected by negative impacts caused by climate 
change and variability.

agr 70 75 9
41. Multinational agribusiness corporations become effective 
global monopolies, strongly influencing food prices.

agr 26.25 45 9
47. Algal-based biofuels largely replace those from terrestrial 
plants, including palm trees, soy and sugar cane.

agr 35 75 9
50. Aquaculture produces as much food as fishing of the 
oceans and lakes.

pol&gov 41.79 52.14 9.00
17. Establishing local water institutions and practices (such as 
the village mirabs in Afghanistan) has become one of the build-
ing blocks to restore peace in failing states.

pol&gov 37.50 57.78 9.00
50. Worldwide use of comprehensive decision-making tools for 
identifying the best technologies or approaches to meet water, 
sanitation and hygiene needs.

tech 44.58 71.83 8.92

15. Economically viable nanotechnology (such as carbon nano-
tubes) yields new and effective membranes and catalysts useful 
in desalination and pollution control (e.g. removing heavy metal 
and other dissolved pollutants from water).

econ 60.38 73.46 8.92
30. Inexpensive prophylactic measures that prevent water borne 
diseases are developed.

pol&gov 73.65 77.29 8.92

9. Resistance within government and from vested interests 
keeps governments from become more participatory, flexible 
and transparent in at least 100 countries, leading to further 
mistrust and/or increased activism.

pol&gov 30.77 44.62 8.92
44. Water footprint reporting and reduction becomes officially 
part of government policy-making and sustainable development 
strategy in at least 90% of countries.

tech 54.42 74.38 8.91
20. Rainwater harvesting is practiced widely and new sim-
ple and cheap ways of purifying the collected water become 
available.

pol&gov 28.18 33.18 8.89

31. State sovereignty has shifted to ‘nested levels of govern-
ance’: decentralized decision-making with appropriate transfer 
of authority and resources to the decision-making level that best 
corresponds to the scale of the problems being addressed.

ethics 66.33 72 8.87
14. Increasing scarcity deepens current inequalities in access 
to water in poor countries.

econ 50.43 58.43 8.86
19. Food prices (in constant dollars) rise globally by at least 
30% compared to 2010.

40

45
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Study Prob 
2020

Prob 
2030 Import Development

agr 57.22 74 8.86
6. Investments in infrastructure improve the production poten-
tial of rainfed farming, by, for example, improving rainwater 
collection and storage systems.

pol&gov 37.50 47.50 8.82
46. Water resources formally declared a state property in 85% 
of countries.

pol&gov 52.50 66.67 8.80

37. The UN Watercourses Convention is implemented with 
Regional Protocols on Shared Watercourses established for all 
world regions, (thus providing a regional framework for water 
management and cooperation by the states, exchange of data 
and information, notification of planned development measures 
and transboundary environmental assessments.

tech 53.6 74.08 8.80
4. Agriculturists using an affordable technology capture real-
time data about their crops and soil moisture to make informed 
decisions on efficient watering schedules.

econ 70.45 83.18 8.80
40. Availability of a water footprint measure, published widely 
on an annual basis (e.g. in 2030, the ecological footprint is 
expected to be around two planet Earths).

agr 31.25 58 8.80
35. Farming takes place in most major cities (e.g. vertical farm-
ing: dirt-free multi-level greenhouses that utilize hydroponics, 
use of vacant lots) for food and fuel.

Pol&gov 47.73 63.18 8.78

51. The United Nations Global Environment Monitoring System 
(GEMS) Water Programme encompasses all world countries 
and maintains an on-line data base of water quality around the 
world. (It now uses 3,000 monitoring stations in 100 countries).

econ 63.08 59.31 8.77
20. Multinational agribusiness corporations become effective 
global monopolies, strongly influencing food prices.

ethics 56.31 68.33 8.76
1. Access to clean water is regarded by most countries in the 
world as a basic human right.

pol&gov 70.00 88.00 8.75
36. The 1997 United Nations Convention on Non-Navigational 
Uses of International Watercourses gets the 35 ratifications to 
enter into force (by mid-2010, it received 19 ratifications).

pol&gov 40.64 49.29 8.73
35. A series of reforms to international corporate law now forces 
multinational companies to address their liabilities, such as 
damages to the environment.

pol&gov 48.27 58.05 8.72
1. Foresight functions are a routine part of national govern-
ments in 120 countries.

ethics 47.14 58.29 8.69
15. Water-related anti-poverty strategies are used in at least 
30 countries, including for example, employment of poor people 
at water points, in irrigation, and in food production.

econ 58 65.33 8.67
10. Lack of water forces business to move, increasing poverty in 
those regions (e.g. India).

tech 54.29 70.71 8.65
5. Evaporation control technologies spread widely; their use 
doubles.
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Study Prob 
2020

Prob 
2030 Import Development

pol&gov 44.71 52.67 8.65

3. The need to consider future generations in development and 
in legislation is generally accepted: mechanisms are established 
in more than 20 countries to provide for independent inquiry 
with public participation on major development proposals and 
legislation that may impact future generations.

pol&gov 22.27 28.18 8.63

27. The provision of global public goods such as health, educa-
tion, environmental restoration and peacekeeping are partially 
financed by taxing global negative externalities (arms, pollution, 
destabilizing financial flows) and/or by revenues from the man-
agement of global resources (fishing rights, deep-sea mining, 
carbon emission permits).

agr 47.78 59.38 8.63
8. Creation of a ‘farmers without borders’ to train farmers, par-
ticularly in poor countries, in new techniques and, for example, 
how to grow halophyte plants.

Pol&gov 67.93 64.53 8.62

12. Lack of coordination and of mutually agreed water 
strategy at the national, regional and local levels result in 
ineffective community participation and lack of influence in 
decision-making.

ethics 38.61 50.83 8.61
12. Educational curricula in most countries change to discour-
age over-consumption and waste.

econ 39.00 59.25 8.60
23. A cost-effective and practical technology is found for water 
transportation from abundant areas to needy areas.

econ 54.11 57.56 8.53

1. Continuous fast economic growth of developing and emerg-
ing economies while developed economies experience slow or 
negative growth (resulting, for example, in changed economic 
and political polarity).

ethics 37.39 52.33 8.53
10. Great increase in public participation in decisions affecting 
water pricing and distribution, including particularly women and 
indigenous people.

pol&gov 39.70 47.25 8.53
7. The majority of government structures allow for civil society 
to actively participate in policy design and service delivery.

pol&gov 52.69 55.00 8.50
34. Globalization has led to a rise in protectionist sentiment as 
a result of increased inequality and lower standards of living for 
the majority of the population around the world.

econ 50.27 69.55 8.50
27. Water productivity in the industrial sector increases by at 
least 50%.

ethics 26.33 36.67 8.50
11. Most people in the world display an awareness of the inter-
connectedness of living systems.
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Using the numerical answers to the questions about probability and importance, a graph could be drawn to show the 
relationship between probability in 2030 and importance, as shown below. The relationship is similar to that seen in 
other studies: importance seems to increase with increasing probability. The blue diamonds in the figure represent 
data from the technology, economy and security, agriculture and ethics studies, while the red dots represent data 
from the politics and governance study. While importance increases with increasing probability, the correlation in the 
politics and governance study is less pronounced than was the case for the other studies

Probability

Probability Importance vs. Importance

Im
po

rta
nc

e

Also note that in the politics and governance study there are relatively fewer low probability developments than in the 
others, but some of these have been judged to have extraordinarily high importance. Shown below are lists of items 
in the five studies that were judged to have importance of 8.5 or higher, and probabilities of below 50 per cent in 
either 2020 or 2030. These are scenario surprises. The following table lists those developments.

Prob 
2020

Prob 
2030 Import Politics and Governance Developments

27.35 34.90 9.14
8. Transparency and participation procedures are established and followed in 
matters of water governance in at least 120 countries.

45.50 60.50 9.13
43. Networked coordination at the national level to share information and 
best practices between local water agencies is achieved in at least 95% of 
countries.

42.08 54.17 9.11
38. An international convention specifically dedicated to groundwater is 
negotiated.

24.73 28.20 9.09
16. Less than 1 billion people live in insecure or unstable countries that run 
a significant risk of collapse (compared to 2 billion in 2010 according to the 
Failed States Index).

49.38 56.56 9.08
18. Social instability and violence spread to most states faced with chronic 
water scarcity.

41.79 52.14 9.00
17. Establishing local water institutions and practices (such as the village 
mirabs in Afghanistan) has become one of the building blocks to restore peace 
in failing states.

37.50 57.78 9.00
50. Worldwide use of comprehensive decision-making tools for identifying the 
best technologies or approaches to meet water, sanitation, and hygiene needs.
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Prob 
2020

Prob 
2030 Import ECONOMY AND SECURITY DEVELOPMENTS

30.77 44.62 8.92
44. Water footprint reporting and reduction becomes officially part of government 
policymaking and sustainable development strategy in at least 90% of countries.

28.18 33.18 8.89
31. State sovereignty has shifted to ‘nested levels of governance’: decentralized 
decision-making with appropriate transfer of authority and resources to the decision-
making level that best corresponds to the scale of the problems being addressed.

37.50 47.50 8.82 46. Water resources formally declared a state property in 85% of countries.

47.73 63.18 8.78

51. The United Nations Global Environment Monitoring System (GEMS) Water 
Programme encompasses all world countries and maintains an on-line data 
base of water quality around the world. (It now uses 3,000 monitoring stations 
in 100 countries).

40.64 49.29 8.73
35. A series of reforms to international corporate law now forces multinational 
companies to address their liabilities, such as damages to the environment.

48.27 58.05 8.72 1. Foresight functions are a routine part of national governments in 120 countries.

44.71 52.67 8.65

3. The need to consider future generations in development and in legislation is 
generally accepted: mechanisms are established in more than 20 countries to 
provide for independent inquiry with public participation on major development 
proposals and legislation that may impact future generations.

22.27 28.18 8.63

27. The provision of global public goods such as health, education, environ-
mental restoration and peacekeeping are partially financed by taxing global 
negative externalities (arms, pollution, destabilizing financial flows) and/or by 
revenues from the management of global resources (fishing rights, deep-sea 
mining, carbon emission permits).

39.70 47.25 8.53
7. The majority of government structures allow for civil society to actively 
participate in policy design and service delivery.

Prob 
2020

Prob 
2030 Import Technology Developments

22.36 44.4 9.12
12. Technologies for water desalination in large volumes become so inexpen-
sive that nearly all people within 100 miles of coastlines have water for their 
needs.

44.58 71.83 8.92

15. Economically viable nanotechnology (such as carbon nanotubes) yields 
new and effective membranes and catalysts useful in desalination and pollu-
tion control (e.g. removing heavy metal and other dissolved pollutants from 
water).

Prob 
2020

Prob 
2030 Import Economy and Security Developments

44.92 63.33 9.00
25. Water gains center stage in climate change adaptation strategies and 
‘green credits’ policies.

44.42 56.67 9.00
26. Water availability becomes a serious consideration in electricity gen-
eration; lack of water results in reduction below planned generation levels 
sometime during the year at 10% of all plants.

39.00 59.25 8.60
23. A cost-effective and practical technology is found for water transportation 
from abundant areas to needy areas.
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Prob 
2020

Prob 
2030 Import Agriculture Developments

46.43 58.33 9.86
1. Withdrawals for agriculture increase from 3,100 billion m3 to 4,500 bil-
lion m3 in 2030.

26.11 36.25 9.43
5. Expansion of agricultural lands is slowed significantly by ecological 
concerns.

38.57 33.33 9.25

2. Less than half of the gap between supply and demand for agricultural 
water is filled by conventional means (improvements in water productivity 
and conservation); the rest comes from non-traditional approaches (such as 
desalination).

49.22 55 9.00
3. The potential for increasing yields from rainfed farming is realized by 
adaptation to climate variability (changed seeding season, or varieties or 
plants).

27.5 44 9.00

15. Large scale and routine use of precision farming expands in many devel-
oping countries (including the use of robot GPS steered tractors and the use 
of multi-spectral satellite scanners to determine soil condition, and fertilizer 
requirements).

40 80 9.00 37. Some cities satisfy 3% or more of food supply by farming on vacant lots.

26.25 45 9.00
47. Algal-based biofuels largely replace those from terrestrial plants, includ-
ing palm trees, soy and sugar cane.

35 75 9.00 50. Aquaculture produces as much food as fishing of the oceans and lakes.

31.25 58 8.80
35. Farming takes place in most major cities (e.g. vertical farming: dirt-free 
multi-level greenhouses that utilize hydroponics, use of vacant lots, etc.) for 
food and fuel.

47.78 59.38 8.63
8. Creation of a ‘farmers without borders’ to train farmers, particularly in poor 
countries, in new techniques and, for example, how to grow halophyte plants.

Prob 
2020

Prob 
2030 Import Ethics Developments

47.14 58.29 8.69
15. Water-related anti-poverty strategies are used in at least 30 countries, 
including for example, employment of poor people at water points, in irrigation 
and in food production.

38.61 50.83 8.61
12. Educational curricula in most countries change to discourage over-
consumption and waste.

37.39 52.33 8.53
10. Great increase in public participation in decisions affecting water pricing 
and distribution, including particularly women and indigenous people.

26.33 36.67 8.50
11. Most people in the world display an awareness of the interconnectedness 
of living systems.
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4 Reasons for responses
The repondents were encouraged to provide reasons for their answers and to comment on reasons provided by others. 
Many reasons, some quite lengthy, were provided. The reasons for the large differences among the studies are not clear.

Study Number of 
Reasons

Technology 146

Economy and Security 43

Agriculture 51

Ethics 338

Politics and Governance 135

The full reports provide the verbatim reasons given by respondents, but to give a flavour of the material, consider 
these quotes:

On the question of a new technology for transport of water from abundant areas to needy areas: The most 
obvious “new Technologies” are cheaper pipes, drag reduction/ reduced pumping power and cheaper GREEN 
Energy. All should be available in some fashion by 2020 if we seriously worked this.

On the question of deep penetrating radar of the sort developed by NASA for Mars exploration being routinely 
used to find deep terrestrial water deposits: Already there is a need to forecast agricultural production risks. 
FAO is commissioning studies to have early warning systems that indicate risks based on this information. So 
it is highly likely that this type of system will be developed in a period of 10 year.

On technologies for inexpensive water desalination in large volumes: Absolutely needed for drinking water. 
Not needed for food/ fodder/ biofuels/ petrochemical feed stock if/as switch to Halophytes where can irrigate 
with saline/ salt water on deserts.

On the matter of geo-engineering: One low-tech method that is under-utilized is carbon sequestration in soil 
systems. Carbon waste materials without long-term hazardous components (metals) should be soil-farmed. 
Carbon additions to soil improve tilth, water-holding capacity and decrease runoff and erosion. Soil decom-
position results in a much slower release of greenhouse gases because the limiting factor for the biological 
breakdown is usually another basic element, often nitrogen.

Question: How can lab-scale results on potentially important technologies such as salt-tolerant plants best be 
scaled to industrial size? 

Answer: Salt-tolerant crops have to develop a track record on ROI. Without the economics information readily 
available early adopters will only involve those who have no other alternatives.

On the availability of a water footprint measure: The 2008 Living Planet Report, WWF’s periodic update 
on the state of the world’s ecosystems published every 2 years, included the water footprint analysis by 
country. Also, the OPEN: EU project, which is a two year, EU 7th Framework Programme for Research and 
Technological Development (FP7) funded project, brings together the Ecological, Carbon and Water Footprint 
indicators through the same trade model. This will enable a calculation of each of these indicators for the 
whole of the EU-27 using sophisticated multi-regional input-output analysis.
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On ‘virtual water’ trade: In a business as usual scenario the global water saving would be 34% (336.8 km3/
year) (over the period 1997-2001) according to Yang and Zehnder (2008) and about 22% (352 km3/year) 
(average over the period 1997–2001) in line with Hoekstra and Chapagain (2008). Currently, virtual water 
flows are mainly subordinated to world trade rules. WTO policies affect agricultural policies, and these in turn 
affect irrigation water use. It is therefore worthwhile further exploring the possibility of incorporating water 
sustainability considerations into international trade regulations. In the future, virtual-water trade knowledge 
could be incorporated into international trade regulations in order to increase global water-use efficiency and 
achieve a sustainable water management at a global level.

Question: How can corporations or some groups of interest be prevented from taking control over water 
(similarly to oil)?

Response: 100% decentralised control over water by village councils and cooperation at hubli, block, district 
region, watershed, sub-basin, basin level from the bottom up to manage decisions. Effective enforcement 
powers for gram sabhas. Effective local government Panchayati Raj Institutions that are controlled by the 
people not be vested interests. Effective support from central government and proper legal system without 
delays. Better green tribunal system and better pollution control authorities.

On the use of salt tolerant varieties: Salt-tolerant agriculture has a significant role to play in the future 
agricultural production systems, but cannot see this happening now or even in the next decade. The reasons 
are that the progress is slow both in terms of improving germplasm of field crops for enhanced salt tolerance 
as well as using halophytes as food/feed crops or their domestication at a large scale. The scientists had been 
looking for breakthroughs in improving salt tolerance of conventional crops for the last three decades, but 
the success is limited. Other major issues are marketing and market-value of the halophytes and supporting 
government policies encouraging the use of salt-tolerant germplasm.

On the creation of a ‘water situation room’: Water is a local good. Water policies must adapt themselves to 
local situations. If the “Water Situation Room” would respectfully observe this variety, it would be an excellent 
idea. On the contrary, if the Water Situation Room tries to impose some unique bureaucratic approach, it 
would be a duty to fighting against.

On the ethical uses of water: Perhaps the first significant action on the ethics of fresh water uses was the 
creation in 1998 by the COMMISSION ON THE ETHICS SCIENCE AND TECHNOLOGY of a working group 
on THE ETHICS OF FRESHWATER USES. A series of thirteen monographs on the topic has been produced 
by UNESCO and were already presented in the THIRD WORLD WATER FORUM (Kyoto 2003) A good number 
of publications have been published afterwards. For example the book WATERETHICS (Taylor & Francis) that 
was presented in the FIFTH WORLD WATER FORUM (Istanbul 2009).

On the possibility that corruption may increase: Corruption likes darkness. Water business has been pointed 
out as corrupted in many countries during the past decades. Cheating is harder from now up: new regulations, 
controls and general mistrust make corruption much more difficult than before. Fake business in the field 
of water management will continue but at a lower scale. Corrupters and corrupted people would prefer new 
activities as waste management, virtual studies or the communication market for example.

On the importance of having foresight functions routinely part of national governments in 120 countries: 
Without a significant improvement in the capacity of foresight as a theory and practice there is little reason to 
expect or desire a greater presence in government. Furthermore the implicit notion that better prescience by 
governments is a desirable thing seems to me to be misplaced and rather dangerous. Governments that are 
certain of the future are prone to authoritarian solutions. Any really different integration of “futures thinking” 
into collective choices will need to be much more ambient and founded on a different paradigmatic basis 
than current ways of using the future.

Civil servants in the future will need to work quite differently with citizens in order to get consensus (or 
acquiescence) and co-operation on local issues that have national or global impact. The ability to use and 
apply foresight processes to engage communities and move issues forward will be critically important 
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On the probability that by 2030 large scale attempts by most governments to shape public opinion use social 
marketing to gain popular support for water policies and encourage appropriate water use: By 2030 signifi-
cant water system adjustments would need to (be) underway. Social marketing approaches would either have 
been successful prior to this and no longer needed, or harder instruments would be need to make adjustments 
at this point.

On the probability that by 2020 transparency and participation procedures are established and followed in 
matters of water governance in at least 120 countries: The drive towards economic, ethical and environmental 
transparency has been gaining strength over the last decade - boosted by the potential offered by increased 
cheap data capacities and the distributive mechanism of the “new estate” (social media environment) 
Combined with real time sensor data,it will be harder for surface dishonesty and corruption to go undetected. 
The risk however is corrupted control or manipulation of data sets themselves.

On the probability that by 2020 an international organization with enforcement and management power specifi-
cally dedicated to water is established. (It would also consolidate or coordinate the present over 26 international 
programs and organizations dealing with water issues.): poorly framed - there are two separate questions here 
i) more effective oversight and coordination of the existing 26 agencies (relatively likely and importand) ii) 
establishment of an overarching agency with management authority (extremely unlikely and not very important).

On the probability that water footprint reporting and reduction becomes officially part of government poli-
cymaking and sustainable development strategy in at least 90% of countries: The traditional water policy 
approach has always been supply and producer oriented. The water footprint concept has been introduced to 
have a demand and consumer oriented indicator as well (Hoekstra, 2003). This approach shifts the previous 
emphasis on supply towards demand management, where demand management is not limited to promoting 
water use efficiency at field level but extended to wise water governance in supply chains as a whole, thus 
also addressing trade and consumption patterns. This asks for a rethinking of the existing model of water 
use with adaptations implying social, political and cultural changes that result in a significant reduction in 
water demand. Furthermore, it is becoming increasingly important to put freshwater issues in a global context 
(ibid.). Local water depletion and pollution are often closely tied to the structure of the global economy. With 
increasing trade between nations and continents, water is more frequently used to produce exported goods. 
International trade in commodities implies long-distance transfers of water in virtual form, where virtual water 
is understood as the volume of water that has been used to produce a commodity and that is thus virtually 
embedded in it (Allan, 1998). Knowledge about the virtual-water flows entering and leaving a country can cast 
a completely new light on the actual water scarcity of a country. Along these lines, virtual water flow analysis 
in relation to agricultural commodity trade is very useful to investigate the extent to which a revision of trade 
agreements at regional and global level can improve the water balance. National water statistics, national 
water plan and river basin plans Traditionally countries formulate national water plans by looking how to 
satisfy water users. Even though countries nowadays consider options to reduce water demand in addition to 
options to increase supply, they generally do not include the global dimension of water management (Hoekstra 
et al., 2009). In this way they do not explicitly consider options to save water through import of water-intensive 
products. In addition, by looking only at water use in (their) own country, most governments have a blind spot 
to the issue of sustainability of national consumption. As a matter of fact many countries have significantly 
externalized their water footprint without looking whether the imported products are related to water depletion 
or pollution in the producing countries. Governments can and should engage with consumers and businesses 
to work towards sustainable consumer products. Making national water footprint accounting a standard com-
ponent in national water statistics would provide a stronger information basis to formulate a national water 
plan and river basin plans that are coherent with national policies with respect to the environment, agriculture, 
energy, trade, foreign affairs and development cooperation. Hoekstra, A.Y., Chapagain, A.K., Aldaya, M.M. and 
Mekonnen, M.M. (2009) Water footprint manual: State of the art 2009, Water Footprint Network, Enschede, 
the Netherlands. www.waterfootprint.org/downloads/WaterFootprintManual2009.pdf

On the encouragement of migration of people to cities with less than 500,000 in order to address water 
management and reduce large cities’ infrastructure problems: This matter is relevant even now due to large 
cities’ infrastructure problems. However, the opposite trend is being observed at the present - people are 
rushing to the largest cities. This trend is evident in countries where people in small towns have low incomes 
and little work. And this is due to the lack of talented and qualified people in small towns and some natural 
factors. It will be very difficult to change the situation. The crisis of large cities should become very serious 
so that people started to leave them.
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On establishing escrow systems for funding future water system needs, rather than pay as you go: Water and 
waste water service costs should include a capital fund element so that recurring maintenance can be funded, 
such as major breaks, as well as accumulate some funding for expansion. Bonded debt will always be required 
in most cases for expansion. Debt repayment needs to be covered. Funds should be able to reserve income 
and not have it transferred to other government funds. Water and waste water should be self-sufficient based 
on fees. The private sector requires a profit above and beyond this. Wise public management can achieve this, 
but only if there is economic independence for water/waste water agencies.

5	Distribution of opinions
The Appendixes (available online at www.unesco.org/new/en/natural-sciences/environment/water/wwap/global-water-
scenarios/phase-1/) contain a question-by-question presentation of the spread of response; the analysis groups the 
responses into quintiles. The sample below illustrates responses to one question that show high agreement, and 
another that shows lack of agrement; both examples are drawn from the Politics and Governance study.

•• Q17 is development 17, probability by 2030: Establishing local water institutions and practices (such as the 
village mirabs in Afghanistan) has become one of the building blocks to restore peace in failing states.

•• Q52 is development 52, probability by 2020: Online forums on water issues including local government and civil 
society are developed in 75% of the world, reducing the asymmetry of information between user, provider and 
policy-maker.
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6	Concluding 
remarks

The respondents were given the opportunity to add com-
ments at the end of the questionnaire to suggest addi-
tional developments or to comment on the study itself. 
There were several:

•• Supply-side oriented: Certain trends are projected 
from the present situation and these are the ways 
in which they may be met. Greater emphasis on the 
demand and how that can be managed may be con-
structive in that increasing the awareness of the con-
sumers to the problems caused to the water resource 
by certain of the agricultural practices would encour-
age a change in consumer attitude.

•• Integrate with other sectors of the social economic 
system: The scenarios envisaged appear not to ques-
tion the projections for global population growth 
which is one of the root causes of having to grow more 
food than has been grown in the past. Successfully 
addressing this would, at least in part, reduce the 
need to find new resources and enable implementa-
tion of a more easily sustainable growth trajectory.

•• Effective control of the effluents from non-consump-
tive uses such as urban waste water (question  16 
addresses part of this) will make more water available 
for use elsewhere, including the agricultural sector.

•• We all suffer from time poverty - would have loved a 
further extended time frame to answer.

•• Many questions conflated several different elements, 
each of which alone would have generated a different 
response - so not sure of the value of the “composite 
figure” response.

•• Would have been useful to have some terms defined 
specifically in relation to each question - suggest there 
will be some widely varying interpretations of some 
questions. Would have like to read more comments from 
fellow respondents about their thinking behind their 
scoring. Given the close interrelations between water 
and energy production, it might have been useful to 
have some questions about energy politics and govern-
ance and the impacts on water politics and governance.

•• Would welcome the opportunity to add to & further 
refine some of my answers in the light of more defini-
tion & unbundling of questions.

•• A lot of the questionnaire reflects poorly understood 
concepts and a poorly defined problem statement. To 
be useful, it needs a lot more refining!

•• I appreciate the opportunity to participate. I’d like 
to get the results of this in some form and would be 
happy to continue to participate.

•• Elements missing: - economics, budget and finance 
drive political decisions (along with financial inter-
mediation: the lack of this led to our most recent 
economic crisis)

•• More questions about Science and Technology 
advances for water use. Special feedback from 
Mexico: 1. There is a new project for producing drink-
ing water at a very low cost. 2. The consumption of 
water costs in Mexico has recently highly increased. 
2. Since 12 years ago the National Water Commission 
has convinced the Secretary of Education to incor-
porate in the curricula for teaching at schools the 
importance of saving water and how to do it. 3. The 
Federal Commission for Energy has been promoting 
since many years ago, also how to save energy. 4. The 
consumption of energy costs in Mexico have consid-
erably increased in the present year.

•• PROBLEMS. 1. Every time I clicked for sending my 
answer, the program sends me back to the beginning. 
This problem of going back and forth takes too much 
time.

•• I have the impression that we discuss a lot of non-
essential matters, and many issues of primary impor-
tance are not paid attention to. In the presented 
questionnaire there is no integral concept for solving 
the issue of water governance. In order to make the 
discussion more fruitful I think it would be more 
expedient to prepare brief information first, and then 
discuss the following matters:

1. To define water use problems which humankind 
faces nowadays as clear as possible, to indicate 
the regions where such problems have acute 
character. 

2. To define the main problems of water use which 
humankind could face in the following 10-20 
years, to indicate regions.

3. To define (clear up) main reasons that lead to 
water scarcity despite the fact that the volume of 
water, circulating on the planet, remains practi-
cally unchanged. 

4. To propose and discuss possible ways of solving 
these problems in technical, organizational and 
financial terms. 

5. To define main obstacles that hinder problem solv-
ing and emerge both on local and international 
level, to offer ways of eliminating those obstacles. 

6. To define those functions that UNESCO and inter-
national organizations could exercise in order 
to contribute to water governance issue solving 
today and in the future. 

•• Thank You for the opportunity to participate. Regards.

•• Solutions need to move beyond regulatory worldviews.
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Annex 3
Survey Design Information for Surveys on 
Water Resources, Infrastructure, Climate 
Change and Demography

The surveys were conducted using the SurveyMonkey platform.

Experts were asked to enter:

1.	 their name

2.	 their e-mail

They were then asked, for each development, to:

3.	 identify the earliest decade that it would be possible for each to occur. Answer options included: No Opinion, 
2011-2020, 2021-2030, 2031-2040, 2041-2050, Beyond 2050, Never.

4.	 identify the most likely decade for the development to occur. Answer options included: No Opinion, 2011-
2020, 2021-2030, 2031-2040, 2041-2050, Beyond 2050, Never.

Experts were also asked to:

5.	 assess the relative importance of the event/development. Answer options included: 1 (Much less important), 
2, 3 (Important), 4, 5 (Very Important) 

6.	 add in the final boxes any other related events or developments related to the driver that they believed could 
influence the future trajectory of water use and availability in 2050.

For the purposes of compiling the results:

The answers with No Opinion were not included in the averages.

•• The averages regarding the earliest decade and most likely decade were calculated using the decade mid-point 
to calculate the average. ‘Beyond 2050’ and ‘Never’ were treated as 2056.

Additional developments entered and rated by the individual participants as well as those found in the closing com-
ments were incorporated into the complete list of developments and their appraisals, found online at www.unesco.
org/new/en/natural-sciences/environment/water/wwap/global-water-scenarios/phase-1/. A list of the most probable 
and most important developments can be found in Annex 1.



Global Water Futures 2050 81

The Dynamics of Global Water Futures

81

Annex 4
Participants

Water Resources

Berntell, Anders
Coates, David
Farrell, Tracy
Mays, Larry W.
Molden, David
Postel, Sandra L.
Ritzema, Dr.Ir. Henk
Roos, Maurice
Ünver, Olcay

Infrastructure

Berga, Luis
Bhatt, Mihir R.
Fatma Abdel Rahman Attia
Keller, Andrew
McCartney, Matthew
Palmieri, Alessandro
Pandit, Chetan
Plusquellec, Herve
Smits, Stef
Somlyody, Laszlo

Climate Change

Döll, Petra
Miller, Kathleen
Milly, PCD
Mortsch, Linda
Oki, Taikan
Räisänen, Jouni
Sen, Zekâi
Tubiello, Francesco Nicola
van Schaik, Henk

Agriculture

Bai, Ying
Bogardi, Janos
Cordeiro, José
Fraiture, Charlotte de
Gaponenko, Nadezhda
Gerbens-Leenes, Winnie
Gerten, Dieter
Gieseke, Tim
Maestu, Josefina
Mitchell, Stephen
Njima, Mercy
Qadir, Manzoor
Rezavirdinejad, Vahid
Wilderer, Peter

Technology

Axler, Richard
Bushnell, Dennis
Chapagain, Ashok Kumar
Cooke, Jeanette
Cordeiro, José
Daranyi, Vincent
Dell, David
Fernandez, Jorge
Gaponenko, Nadezhda 
Ghadiri, Rouhollah
Giovenzana, Chiara
Gooijer, George de
Green, Sargeant
Grobicki, Ania
Gutierrez, Miguel Angel
Haas, Charles
Hutch, David
Jungclaus, Jan
Kearns, Allen
Khosropanahi, Arash
Klöve, Björn
Margarita, Valentina
Mohando, Agustina
Motlagh, Vahid V.
Mugetti, Ana Cristina
Oroz, Miguel
Pehkonen, Simo
Rebolledo-Mendez, Jovan David
Rickerby, David
Rijsberman, Frank
Shannon, Mark
Timmermans, Jos
Wilderer, Peter



828282828282 United Nations World Water Assessment Programme82

l Annex 4

82

Demography

Birg, Herwig
Diop, Salif
Falkenmark, Malin
Faures, Jean-Marc
Fontanella, Lara
Gillespie, Duff
Gráda, Cormac Ó
Hughes, Barry
Jaspers, Dirk
Jin, Zhouying
Wang, Rusong
Weston, Mark

Economy and Security

Axler, Richard
Cordeiro, José
Emem, Andrew
Galietti, Francesco
Gaponenko, Nadezhda
Graves, John
Grujicic, Sasha Aleksandar
Gutierrez, Miguel Angel
Kumar, Ritesh
Martinez Aldaya, Maite
Myronuk, Kathryn
Pop, Adrian
Rebolledo-Mendez, Jovan David
Rives, Eugenie
Salame, Lena
Sharan, Anandi
Stigson, Peter
Stonyer, Heather
Verma, Shilp
Wilderer, Peter
Wolbring, Gregor
Zabala, Raquel
Zhouying, Jin

Governance and Politics

Allan, John Anthony
Bardsley, Sarah
Boelens, Rutgerd
Bushnell, Dennis
Christoffel, Tom
Cordeiro, José
Coumba, Sylla
Desaint, Claire
Donovan, Nancy
Florescu, Elizabeth
Gaillard-Picher, Danielle

Gieseke, Tim
Girgis, Ayman
Gooijer, George de
Gordon, Theodore
Gould, Steve
Green, Sargeant
Grey, David
Grobicki, Ania
Idiatullin, Anvar
Ivanova, Maria
Kerdany, Aly
Kim, Sangsik
Maestu, Josefina
Magsig, Bjørn-Oliver
Mantzanakis, Stavros
Martinez Aldaya, Maite
Michael, Vancutsem
Miller, Riel
Mitchell, Stephen
Muller, Mike
Myers, Doug
Olavarrieta, Concepcion
Pelchat, Christiane
Pop, Adrian
Pride, Stephanie
Rickerby, David
Rosenzweig, Lee
Saulnier, Pierre
Smith, Jack
Soroka, Leah
Timmermans, Jos
Wouters, Patricia
Zhouying, Jin

Ethics

Alzubi, Ibrahim
Anderson, Erika
Ayotte, David
Bai, Ying
Bell, Wendell
Boelens, Rutgerd
Chamberlain, Gary
Cordeiro, José
Ezechieli, Eric
Gaponenko, Nadezhda
Gooijer, George de
Howe, Charles
Kelleher, Anita
Llamas, M. Ramon
Mitchell, Stephen
Santiago, Bilinkis
Sclarsic, Sarah
Teniere-Buchot, Pierre
Wilderer, Peter
Wolbring, Gregor
Wong, Julielynn
Zabala, Raquel



8383Global Water Futures 2050 838383

La dynamique de l’avenir de l’eau 
dans le monde: Forces motrices 
2011–2050
Rapport sur les résultats de la première phase du Projet UNESCO-WWAP des scénarios sur 
l’eau dans le monde d’ici 2050

Synthèse
Préparé par le Centre international Unisféra 
pour UNESCO-WWAP

Le  rapport La dynamique de l’avenir de l’eau dans le 
monde: Forces motrices 2011–20501 (William Cosgrove 
et Catherine Cosgrove – 2011) présente les résultats de 
la première phase du Projet des scénarios sur l’eau dans 
le monde d’ici 2050: une analyse de l’évolution de 10 
grandes forces motrices qui ont des conséquences directes 
et indirectes sur les ressources en eau. Un cadre a été 
constitué pour indiquer les liens de causalité entre ces 
forces motrices et leur impact sur le bien-être, l’équité et 
le degré de pauvreté. Ces résultats montrent, pour chaque 
force motrice, l’éventail des développements futurs et 
l’ampleur des défis auxquels nous sommes confrontés. 

1.	Contexte

  1.1	 Le Projet UNESCO-WWAP des scéna-
rios dans le monde d’ici 2050

Comme l’eau est essentielle aux trois piliers du dévelop-
pement durable2, un aperçu des futurs possibles de l’eau 
(disponibilité de la ressource, fiabilité et l’évolution de la 
demande en réponse à des pressions externes) constitue 

1	 Publié en Anglais sous le titre The Dynamics of Global Water Futures: 
Driving Forces 2011–2050

2	 Soit les dimensions environnementale, sociale et économique des 
activités de développement

un outil précieux autant pour les décideurs dans le secteur 
eau que dans les secteurs perçus comme étant en dehors 
du domaine traditionnel de l’eau tels que la sécurité ali-
mentaire, la santé, l’énergie et l’aménagement du territoire.

Les derniers scénarios mondiaux sur l’eau datent mainte-
nant de plus de dix ans (Cosgrove et Rijsberman, 2000). 
Depuis ce temps, les changements climatiques et les 
autres secteurs extrinsèques à la gestion de l’eau (tels 
que la démographie, la technologie, les valeurs sociétales, 
l’économie et la gouvernance) sont animés par des ten-
dances qui semblent s’accélérer ou encore démontrent 
des signes de perturbation. D’importantes politiques ont 
également vu le jour, telles que les Objectifs mondiaux 
pour le développement (OMD).

Plusieurs des scénarios existants portant sur l’eau sur 
le plan mondial seraient mûrs pour une révision afin 
d’incorporer ces forces motrices additionnelles, de revoir 
la logique générale de l’évolution des tendances et de 
mettre à jour l’information sur laquelle ils sont fondés. 
Des liens pourraient aussi être établis avec d’autres pro-
cessus d’élaboration de scénarios sur le plan mondial, 
tels que le Cinquième rapport d’évaluation du Groupe 
d’experts intergouvernemental sur l’évolution du climat 
(GIEC),3 les évaluations de l’environnement et le cin-
quième rapport des Perspectives mondiales de l’environ-
nement du PNUE4 et les Perspectives de l’environnement 
et les mises à jour des indicateurs de l’OCDE.5

Par ailleurs, l’absence de scénarios sur l’eau sur le plan 
national ou régional combinée à l’inadéquation des don-
nées portant sur la quantité d’eau disponible, sa qualité 
et son utilisation (WWAP, 2009b, figure 13.1) créent de 
nouveaux risques et incertitudes.

3	 Pour de plus amples renseignements, visiter www.ipcc.ch/ (consulté 
le 28 juin 2011).

4	 Pour de plus amples renseignements, visiter www.unep.org/geo/ 
(consulté le 28 juin 2011).

5	 Pour de plus amples renseignements, visiter www.oecd.org/depart
ment/0,3355,en_2649_34283_1_1_1_1_1,00.html (consulté le 
28 juin 2011).
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C’est ainsi que le Programme mondial pour l’évaluation des 
ressources en eau (WWAP) a entrepris le Projet des scéna-
rios sur l’eau dans le monde d’ici 2050. Le projet vise à:

•• Développer une deuxième génération de scénarios 
mondiaux pour soutenir les liens entre une prise de 
décision socio-économique anticipatoire et le sys-
tème mondial de l’eau;

•• Fournir une articulation interdisciplinaire de la com-
préhension scientifique actuelle du système mondial 
de l’eau, y compris les incertitudes majeures et les 
principaux domaines d’accord, en utilisant des des-
criptions qualitatives et des analyses et projections 
quantitatives, l’opinion d’experts et l’analyse des 
informations disponibles;

•• Soutenir l’élaboration de scénarios à l’échelle natio-
nale et infranationale, ce qui informera le processus 
global et stimulera l’échange d’expériences, l’appren-
tissage mutuel et un renforcement réciproque des 
capacités parmi les groupes intéressés qui travaillent 
à ces échelles, menant au développement d’une 
boîte à outils sur les scénarios et d’autres matériels 
de formation.

L’approche pour développer le nouvel ensemble de scé-
narios sera similaire à celle utilisée pour les scénarios 
préparés dans le contexte de la Vision mondiale de l’eau 
de 2000 (Cosgrove et Rijsberman, 2000): un processus 
itératif de formulation de scénarios qualitatifs et de 
construction de modèles de simulation. Un Groupe de 
discussion sur les scénarios sera formé comme point 
contact avec les experts en scénarios, les parties pre-
nantes, les spécialistes de données, les modélisateurs 
et les décideurs. Les scénarios seront choisis pour être 
utiles à tous les décideurs, tenant compte des caracté-
ristiques que différentes juridictions peuvent présenter, 
notamment sur les plans financiers ou institutionnels. 
Des contacts seront également maintenus avec les 
autres processus d’élaboration de scénarios en cours sur 
le plan mondial. 

La première phase du Projet, qui fait l’objet de ce rap-
port, a été conçue comme autonome de la suite des 
travaux afin, notamment, de servir comme contribution à 
la 4e édition du Rapport mondial des Nations Unies sur 
la mise en valeur des ressources en eau (WWAP 2012).

  1.2	 La première phase du Projet: analyse 
de l’évolution de 10 grandes forces motrices 
qui ont des conséquences directes et indi-
rectes sur les ressources en eau

Un nombre significatif de scénarios liés à l’eau ont été 
examinés afin de déterminer quelles forces motrices 
devraient être analysées pour mieux comprendre les évo-
lutions possibles. 

Dix forces motrices ont été retenues et ont fait l’objet de 
recherche de la littérature décrivant les futurs possibles 
de chaque domaine: l’agriculture*; les changements cli-
matiques et la variabilité; la démographie; l’économie 
et la sécurité*; l’éthique, la société et culture (incluant 
les questions d’équité)*; la gouvernance et les institu-
tions (incluant le droit à l’eau)*; les infrastructures; la 
politique*; les technologies*; et les ressources en eau 
(incluant l’eau souterraine et les écosystèmes).

Une liste des développements futurs possibles pour 
chaque domaine a été composée à partir de cette revue 
et a été soumise à des experts pour étude et discussion. 
L’objectif de la consultation était de valider le degré 
d’importance des développements dans le contexte de 
scénarios sur la demande et la disponibilité en eau d’ici 
2050 et de recueillir une opinion éclairée sur la proba-
bilité que ces événements se produisent sur cet horizon.  
L’Annexe 1 du rapport intégral présente le palmarès 
des cinq développements les plus probables et les plus 
importants par domaine.

Les six forces motrices jugées comme étant sujettes à 
une plus grande divergence d’opinion (marquées d’un 
astérisque dans la liste ci-haut) ont été soumises à un 
processus de consultation Delphi en temps réel.6 Les par-
ticipants à ce processus ont identifié les développements 
les plus importants et ont assigné une probabilité à leur 
survenue en 2020 et en 2030 (reconnaissant qu’il s’agis-
sait d’une opinion éclairée et non d’une prédiction).

Dans le cas des quatre autres forces motrices, un cer-
tain nombre d’experts choisis a été invité à repasser la 
liste des développements (y ajoutant si nécessaire), leur 
accorder un niveau d’importance et d’établir la décennie 
la plus rapprochée et la plus probable de leur survenue. 

La Partie 2 du rapport présente les points saillants de la 
situation actuelle dans chacun des domaines. La Partie 3 
décrit les développements les plus importants et les plus 
probables. Rappelons que ces résultats ne peuvent à eux 
seuls servir comme base de référence pour des scénarios. 
Les scénarios devront également incorporer une analyse 
quantitative et qualitative des interactions possibles entre 
ces forces motrices, même si ces résultats initiaux per-
mettent d’ores et déjà d’offrir une perspective plus appro-
fondie sur l’éventail des futurs possibles sur l’horizon 2050.

6	 Inventé par le Millennium Project, le Delphi en temps réel est 
une adaptation modernisée du processus Delphi développé par la 
Corporation RAND à la fin des années cinquante. La méthode est 
reconnue pour sa capacité de produire des consensus lorsque possible 
mais aussi de cristalliser les raisons de désaccord (Gordon, 2009).
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2.	Points saillants de 
la situation actuelle

Cette section vise à présenter un aperçu de la situation 
actuelle comme point de départ de l’évolution de cha-
cune des forces motrices.7 

Les changements climatiques et la variabilité
Mondialement, la température moyenne a connu une 
augmentation de 0,75°C entre 1906 et 2005, accom-
pagnée d’un accroissement de la fréquence et la gra-
vité des phénomènes météorologiques extrêmes (IPCC, 
2007b). Parmi les effets des changements climatiques 
sur les ressources hydriques on peut noter:

•• Une réduction des débits d’écoulement des cours 
d’eau alimentés par la fonte des neiges et des gla-
ciers et des saisons sèches plus fréquentes; plusieurs 
rivières disparaissent avant d’atteindre leur embou-
chure traditionnelle (IPCC, 2008).

•• Une transformation profonde dans la distribution de 
la précipitation: certaines régions sont inondées et 
d’autres voient leur précipitation estivale diminuée, 
conduisant à une baisse du niveau des aquifères et 
réservoirs et à la sécheresse (IPCC, 2008);

•• Une augmentation du niveau de la mer, menant à 
l’érosion des côtes et à la salinisation des aquifères 
proches du littoral (Allison et al. 2009);

•• Un prolongement de la saison de croissance: utilisa-
tion accrue de l’eau pour l’irrigation, pour remplacer 
les pertes d’évaporation et pour répondre aux besoins 
humains par temps plus chaud; et 

•• De façon générale, une diminution de la qualité de 
l’eau douce liée aux températures plus élevées et des 
modifications aux débits d’eau.

Les changements climatiques ont également un impact 
sur le fonctionnement et l’opération des infrastructures 
en eau existantes, ‘qu’il s’agisse de l’hydroélectricité, 
des structures de contrôle des inondations ou des sys-
tèmes de drainage.

7	 À moins d’indication contraire, la recherche a été complétée au 
début 2010. Pour un portrait exhaustif de la situation de l’eau dans 
le monde, consulter le 4e édition du Rapport mondial sur la mise 
en valeur des ressources en eau préparé Programme mondial des 
Nations unies pour l’évaluation des ressources en eau (WWAP 2012) 
à l’adresse www.unesco.org/water/wwap/wwdr/index.shtml

Les ressources en eau, incluant l’eau souter-
raine et les écosystèmes 

Malgré l’importance de l’impact des changements clima-
tiques, ce sont les forces liées aux activités humaines qui 
exercent les plus grandes pressions sur la qualité et la 
quantité de l’eau disponible (WWAP, 2009b). La crois-
sance démographique rapide a mené à un triplement des 
prélèvements en eau au cours des 50 dernières années 
(WWAP, 2009c).

L’estimation de la population mondiale qui vit dans des 
bassins soumis à un fort stress hydrique varie entre 1,4 et 
2,1 milliards (IPCC, 2008). Dans des conditions de stress 
hydrique, les ressources en eau considérées comme étant 
‘renouvelables’ peuvent subir des prélèvements au-delà 
de leur seuil de renouvellement, rendant la ressource 
non durable. C’est déjà le cas de l’Asie occidentale et de 
l’Afrique du Nord (UN, 2011a).

La pollution et la dégradation de la qualité de l’eau sont 
des risques croissants, se caractérisant notamment par les 
niveaux élevés de phosphore et de nitrogène dans l’eau, 
par la pollution naturelle de l’eau potable par l’arsenic, 
par la décharge des eaux usées sans traitement préalable 
(le cas pour plus de 80% des eaux usées dans les pays en 
voie de développement) et par les industries polluantes, 
maintenant de plus en plus présentes dans les marchés 
en émergence (WWAP, 2009c). Parmi les écosystèmes, la 
dégradation des systèmes aquatiques est la plus rapide 
(lacs, rivières, marais et eaux souterraines). (MA, 2005). 

Les terres humides fournissent des services écosystémiques 
en plus de jouer des rôles-clé en matière de stockage de 
carbone, de contrôle de la pollution et de protection contre 
les hasards naturels (IUCN, 2011). Plus de la moitié de 
ces terres ont disparu entre 1900 et 1990. Cinquante 
pourcent des espèces qui dépendent des habitats d’eau 
douce sont disparues entre 1970 et 2005 (WWAP, 2009c).

La dégradation des terres, que ce soit des terres arables, 
des prairies, des bois ou des forêts, affecte sérieusement 
près de 2 millions d’hectares et pour une partie, de façon 
irréversible (FAO, 2008a).

Les infrastructures

Le monde est sur ​​la bonne voie pour atteindre la cible 
des OMD pour l’accès durable à l’eau potable. On 
estime qu’entre 1990 et 2008, quelque 723 millions 
de personnes dans les zones rurales et 1,1 milliard de 
personnes dans les zones urbaines ont gagné l’accès à 
une source améliorée d’eau potable. Bien que la couver-
ture en Afrique sub-Saharienne a presque doublé, il était 
seulement de 60 pour cent en 2008 (UN, 2011a).

Le monde n’est pas en voie d’atteindre la cible des OMD en 
matière d’assainissement: en 2008, plus de 2,6 milliards 
de personnes n’avaient pas accès à des toilettes à chasse ou 
d’autres formes d’assainissement amélioré (UN, 2011a).
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Parmi les contraintes en matière d’accès à l’eau potable 
et à l’assainissement dans les pays en développement 
on retrouve: une faible priorité accordée à ce secteur par 
l’aide publique au développement et par les allocations 
intérieures; une faible gestion; une absence de prévisions 
pour les coûts récurrents (tels que des pièces, l’énergie 
et transport) et le manque consultations auprès des mul-
tiples parties prenantes (WHO, 2010a et WWAP, 2009c).

Améliorer l’accès grâce à l’investissement des ménages 
est un défi considérable: presque deux personnes sur 
trois qui n’ont pas accès à l’eau potable et plus de 660 
millions de personnes sans assainissement adéquat 
composent avec un revenu de moins de US$2 par jour 
(WWAP, 2009c).

Les questions du financement pour l’entretien ne sont 
pas une source de préoccupation unique aux pays en 
voie de développement. Aux États-Unis, on prévoit un 
déficit de financement de US$108,6 milliards sur cinq 
ans pour les améliorations d’infrastructures et le main-
tien des opérations en matière d’eau potable et des eaux 
usées (ASCE, 2009).

L’agriculture
L’agriculture représente 70 pour cent des prélèvements 
d’eau. La croissance de la demande suit celle de la popu-
lation. Le niveau de vie devient un facteur influant, les 
régimes alimentaires ‘carnés’ et ‘laitiers’ étant davantage 
consommatrices d’eau (WWAP, 2009b; FAO, 2006). 

925 millions de personnes étaient sous-alimentées en 
2010 (FAO, n.d.a). En février 2011, le prix des aliments 
avait atteint des niveaux historiques (FAO, n.d.b.). L’OMD 
de diminuer de moitié le nombre de personnes qui souffrent 
de faim sera probablement rencontré dans la plupart des 
régions mais pas en Afrique sub-Saharienne (UN, 2011a). 

Les changements apportés à l’utilisation des terres, à la 
couverture terrestre et par l’irrigation ont donné lieu à 
des modifications substantielles au cycle hydrologique 
mondial en ce qui concerne à la fois la qualité de l’eau 
et la quantité d’eau (Gordon et al., 2010). L’utilisation 
intensive d’engrais et de produits agrochimiques est 
source de pollution importante, posant des risques signi-
ficatifs à la santé et à l’environnement (WWAP, 2009b).

Les technologies

Les défis et innovations en matière de cueillette d’infor-
mation, de communications et des nouvelles technologies 
ont un impact sur la gestion de l’eau et la productivité. 
L’absence de partage d’information hydrologique et de 
protocoles pour ce faire complique la gestion intégrée de 
la ressource (WWAP 2009b). Parmi les technologies en 
développement, on peut noter:

•• les dispositifs économiseurs d’eau (DOE, 2002);

•• les techniques de recyclage et de valorisation des 
eaux grises (WWAP, 2009b);

•• les systèmes d’information géographiques permettant 
l’observation en temps réel des récoltes et de la qua-
lité et de la quantité de l’eau. La télédétection et la 
modélisation probabiliste sont toutefois limitées par 
le besoin de valider les informations (WWAP, 2009b);

•• l’agriculture de précision (Cookson, 2010);

•• les nanotechnologies, qui pourront jouer un rôle clé 
dans la télédétection, dans la purification de l’eau, le 
traitement des eaux usées et dans la désalinisation 
(Huang et al., 2005; WWAP, 2009b);

•• la culture aéroponique (NASA, 2006);

•• les biotechnologies permettant le développement de 
plantes, de biocarburants et d’arbres tolérants aux 
eaux salines ou saumâtres (FAO 2002; Rozema et 
Flowers, 2008);

•• la production de viande sans animal (in vitro) ou à 
base de plantes (Bartholet, 2011).

La démographie

La population mondiale en 2010 était de 6,9 milliards; 
82 pour cent vit dans des pays en voie de développement 
(UNDESA, 2011a). En 2010, la population en âge de 
travailler avait atteint un sommet historique de 3,08 mil-
liards (UNDESA, 2011a). 

La population vieillit et le nombre de personnes âgées de 
60 ans et plus est prévu de tripler dans les régions moins 
développées sur l’horizon 2050, passant de 491 millions 
en 2010 à 1,6 milliards (UNDESA, 2011a). Les per-
sonnes âgées sont possiblement aussi vulnérables que 
les enfants aux épidémies de malaria et aux maladies 
diarrhéiques et elles ont le plus haut taux de mortalité lié 
aux vagues de chaleur (WHO, 2005). Par ailleurs, plus 
de la moitié des patients occupant un lit d’hôpital dans 
les pays en développement souffre de maladies évitables 
liées à l’eau et l’assainissement (WHO, 2010b). 

Des petites variations dans le taux de fertilité peuvent 
avoir un impact considérable sur le long terme (UNDESA, 
2011b). Dans 42 des 49 pays les moins développés, 
l’aide reçue des donateurs pour la santé reproductive 
des femmes a baissé de plus de 50 pour cent depuis le 
milieu des années 1990, conduisant à des pénuries de 
fournitures et de services (UNDESA, 2010).

L’économie et la sécurité

Malgré la fragilité de la situation économique mondiale, 
la croissance économique serait suffisante dans les pays 
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en voie de développement pour soutenir les progrès requis 
pour atteindre l’OMD de diminuer de moitié, entre 1990 
et 2015, la proportion de la population mondiale dont 
le revenu est moins de US$1,25 par jour (UN, 2011a). 
Par ailleurs, on voit déjà les signes précurseurs d’une 
transition de la balance du pouvoir économique vers les 
pays du BRICS (WWAP, 2009b).

La mondialisation, dont les mérites vantés étaient un 
niveau accru du niveau de vie et un meilleur accès aux 
opportunités économiques (Stiglitz, 2007) donne lieu à 
des préoccupations sur l’emprise corporative et finan-
cière sur cet agenda, incluant un contrôle des ressources, 
dont les semences et l’eau (Faruqui, 2003). Une avenue 
possible pour réconcilier les intérêts d’équité et de dura-
bilité avec le développement économique est l’établisse-
ment de marchés éthiques (Henderson, 2007).

L’adaptation aux changements climatiques devient un 
facteur économique important. Dans les pays en voie de 
développement, les investissements nécessaires pour y 
répondre varient entre US$28 et US$67 milliards par an 
et pourraient s’établir à US$100 milliards par an d’ici 
quelques décennies (WWAP, 2009c).

En matière de sécurité, plus de 1,5 milliard de per-
sonnes vit dans des pays affectés par des cycles récur-
rents de violence politique et criminelle. Les impacts 
de ces conflits se fait également sentir à l’extérieur des 
contraintes géographiques immédiates (incidence sur les 
économies voisines, nombre accru de réfugiés, etc.). Les 
préoccupations de sécurité traditionnelles font place au 
crime organisé, trafics de tous genres, troubles civils et au 
terrorisme (World Bank, 2011). On craint que les effets 
adverses des changements climatiques viennent aggraver 
les menaces existantes à la sécurité (UN, 2011b).

La gouvernance et les institutions 

Malgré des avancées institutionnelles et juridiques, dont 
la reconnaissance du droit à l’eau potable et à l’assainis-
sement par l’Assemblée générale des Nations Unies en 
juillet 2010 (UNGA, 2010a), l’équité dans l’utilisation de 
l’eau a jusqu’à maintenant été difficile à assurer (UNDP, 
2006). L’allocation des ressources partagées en eau et de 
ses bénéfices n’est pas encore gouvernée par des critères 
reconnus. Toutefois, les principes de la gestion intégrée 
de la ressource en eau – qui vise à coordonner la gestion 
de l’eau, de la terre et des ressources liées de manière 
à équilibrer les intérêts économiques et sociaux tout en 
assurant une durabilité des écosystèmes vitaux et de 
l’environnement – peuvent aussi contribuer aux réformes 
dans le secteur eau et à la durabilité de la ressource 
(Global Water Partnership, 2009). Toute réforme de gou-
vernance adéquate doit renforcer tant la participation des 
utilisateurs que des décideurs (Luzi, 2010).

La corruption est un défi majeur de gouvernance (UNDP, 
2006), augmentant le coût de l’atteinte de l’OMD sur l’eau 

et l’assainissement de US$48 milliards (Transparency 
International, 2011).

Sur le plan régional, les autorités communes et les orga-
nismes de bassins fluviaux ont fait évoluer les mécanismes 
de gouvernance pour répondre aux besoins régionaux, 
résultant en des arrangements de gouvernance imbriquée 
(Tarlock et Wouters, 2009). Toutefois, la majorité des res-
sources en eau transfrontalières dans le monde ont une 
protection juridique insuffisante (Loures et al., 2010).

La politique

La pénurie chronique de l’eau peut déclencher la 
réémergence de conflits ethniques ou religieux, des 
troubles civils, le terrorisme et le crime (Ohlsson, 1995), 
affaiblissant la légitimité politique des gouvernements, 
menant à une instabilité sociale et, dans certains cas, 
l’effondrement d’États (Solomon, 2010).

Un obstacle majeur à la prise de décision favorisant le 
développement durable est quand la société demeure 
concentrée sur les besoins les plus immédiats et visibles 
(Dahle, 1999). Dans le cas des systèmes hydriques, le prix 
politique de la mise en œuvre de politiques économiques 
et environnementales saines peut aller jusqu’à la perte du 
pouvoir (Allan, 2011). Toutefois, la participation du public 
peut agir comme équilibre entre les intérêts concurrents, 
permettant de mieux comprendre les coutumes, les valeurs 
et les pratiques de gestion de l’eau locales (Cosgrove, 2010; 
Sule, 2005). La démarche prospective a également été 
suggérée pour soutenir la capacité de prise de décision des 
décideurs, vu qu’elle facilite une compréhension commune 
des défis et opportunités et qu’elle peut soutenir la prise de 
décision participative (Chi, 1991; Desruelle, 2008).

L’émergence des technologies d’information et des com-
munications permet de favoriser la coopération et la prise 
de décision à l’échelle internationale et transinstitution-
nelle (Glenn et al., 2010). L’aide officielle au dévelop-
pement est une autre forme de coopération; toutefois la 
crise financière actuelle met en péril ses objectifs passés, 
dont l’atteinte des OMD  (World Bank, 2009).

L’éthique, la société et culture 

L’eau peut jouer un rôle essentiel pour éradiquer la pau-
vreté (Marks, 2007) mais la demande croissante pourrait 
renforcer les inégalités existantes au détriment des plus 
pauvres, particulièrement les femmes et groupes mar-
ginaux (Komnenic et al., 2009; Mayers et al., 2009), 
les excluant éventuellement de l’économie convention-
nelle, menant à des tensions sociales accrues (Raskin 
et al., 2002). Les contextes de pénurie de la ressource 
pourraient exacerber les tensions liées à la diversité des 
usages de l’eau et des valeurs et croyances qui y sont 
associées (WWAP, 2006).
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Plus de 1,7 milliards de personnes appartiennent main-
tenant à la ‘classe mondiale des consommateurs’, qui 
était autrefois restreinte aux pays riches de l’Europe, de 
l’Amérique du Nord et du Japon (Worldwatch Institute, 
2004). Un tel niveau de consommation, même à des 
niveaux modérés, n’est pas durable (Worldwatch Institute, 
2010), malgré les efforts récents pour diminuer son 
impact sur l’environnement (Worldwatch Institute, n.d.).

Certains perçoivent les précurseurs d’une prise de 
conscience mondiale émergente de l’interconnexion 
entre les systèmes vivants, reconnaissant que les 
humains font partie intégrante de la nature (Capra 2002; 
Cosgrove, 2010; Hunt, 2004; Shiva, 2002; Suzuki et 
Dressel, 1999). Le consensus émergent d’une société 
civile mondiale, appuyée par l’intensification des com-
munications (Fagan, 2009), augure la création d’une 
plateforme sociale solide pouvant contrebalancer la 
domination des systèmes politiques et économiques 
traditionnels et conduire à la transformation nécessaire 
pour survivre aux défis du 21e siècle (Bakker et Chadler, 
2005; Bennis, 2006; Eisler, 1991; Gidley, 2007; 
Kaldoor, 2003; Kelleher, 2009; Laszlo, 2008; Risse et 
al., 1999; Sandel, 1996). 

3.	Développements 
importants, 
probables et 
imprévisibles 
d’ici 20508

Les ressources en eau, incluant l’eau souter-
raine et les écosystèmes 

Les deux développements les plus importants identifiés 
dans le cadre des consultations sur les ressources en 
eau ont trait à la productivité de l’eau dans l’agriculture.  
La productivité de l’eau pour la production alimentaire 
a augmenté d’environ 100 pour cent entre 1961 et 
2001; les participants aux consultations ont jugé qu’elle 
pourrait augmenter d’un autre 100 pour cent d’ici 
2040. Que l’agriculture pluviale, qui contribuera à cette 

8	 Le synopsis ne présente que quelques développements les plus 
importants et plus probables par domaine selon la compilation des 
réponses aux consultations d’experts. L’Annexe 1 de la version inté-
grale du rapport présente le palmarès des cinq développements les 
plus probables et les plus importants par domaine; la liste complète 
est disponible sur le lien www.unesco.org/new/en/natural-sciences/
environment/water/wwap/global-water-scenarios/phase-1/

productivité, atteigne un rendement de 3,5T/ha de grain 
a aussi été vu comme plus probable autour de 2040.

Ce sont les enjeux reliés à la disponibilité de l’eau qui 
semblent les plus probables. Les participants ont jugé 
probable que d’ici 2020 les prélèvements d’eau aug-
mentent de 5 pour cent par rapport au niveau de 2000 et 
que d’ici 2030 la moyenne annuelle des débits des eaux 
courantes soit diminuée de 10 pour cent dans les zones 
les plus peuplées du monde. Possiblement en adaptation 
au contexte de stress hydrique accru, les participants ont 
estimé que d’ici 2018, le commerce agricole mondial 
pourrait transférer une eau ‘virtuelle’ équivalente à 20% 
de la quantité totale d’eau prélevée mondialement pour 
la production de nourriture. 

Les infrastructures 

Dans presque toutes les régions, les infrastructures en 
eau vieillissantes, le manque de données et un effrite-
ment de la veille de l’état des infrastructures représen-
tent un risque majeur pour l’avenir. 

Les participants ont considéré l’accès à l’eau potable et 
aux services d’assainissement comme étant les dévelop-
pements les plus importants dans ce domaine. Il a été vu 
comme probable que 90 pour cent de la population mon-
diale n’aura un accès raisonnable à une source fiable et 
sécuritaire d’eau potable que vers 2040. Une contribu-
tion possible à cette appréciation est l’estimation des 
participants que plus de 30 pays utiliseront régulière-
ment des nanofiltres pour le traitement de l’eau potable 
à partir des années 2030. Les répondants à la consul-
tation sur les Technologies ont donné ce même horizon 
pour la disponibilité de nanotechnologies (comme les 
nanotubes en carbone) viables économiquement servant 
dans la désalinisation et le contrôle de la pollution.

C’est vers la fin des années 2040 que les participants 
ont placé la probabilité que 90 pour cent de la popula-
tion mondiale aura un accès raisonnable à des services 
d’assainissement améliorés.

L’événement le plus rapproché en termes de probabilité 
est que les exigences de la navigation intérieure conti-
nueront à influencer les activités sur les fleuves et l’allo-
cation des eaux fluviales d’ici le début des années 2020.

Les changements climatiques et la variabilité

Le nombre de personnes faisant face à des risques de 
stress hydrique (moins de 1200 m³/capita) a été estimé 
comme atteignant près de 1,7 milliards avant 2030 
(avant 2020 au plus tôt) et 2 milliards d’ici le début 
des années 2030. Ces estimations sont assez conformes 
avec, quoique devançant légèrement, le Rapport spécial 
sur les scénarios d’émissions du GIEC (IPCC 2005).
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Aussi jugé important, la surface des terres vulnérables 
aux inondations dans les deltas pourrait augmenter de 
50 pour cent d’ici le début des années 2040.

Ces événements auraient un impact significatif sur l’agri-
culture. En effet, selon les participants, les pénuries 
interannuelles d’eau douce combinées aux inondations 
pourraient réduire les rendements agricoles totaux de 10 
pour cent d’ici le début des 2040.

L’événement jugé comme se déroulant le plus rapide-
ment est le lancement d’une vaste campagne publique 
multinationale bien planifiée et financée d’éducation sur 
les changements climatiques pour faire mieux connaître 
les faits, causes, effets et coûts liés à cet enjeu, le tout 
d’ici le début de la prochaine décennie.

L’agriculture

Selon les répondants, la probabilité que les prélève-
ments d’eau pour l’agriculture augmentent de 3100 mil-
liards m3 à 4500 milliards m3 est incertaine d’ici 2020 
mais commence à devenir plus probable d’ici 2030. Ces 
résultats sont cohérents avec la croissance des prélève-
ments prévue dans le scénario de référence du 2030 
Water Resources Group (2009). Cela semble être dans 
cette logique qu’une importance a également été accor-
dée aux efforts pour faire croître la productivité de l’eau 
(‹pour chaque goutte, plus de grain’). La productivité 
en eau dans la production de grain est prévue de tripler 
dans certains pays en voie de développement d’ici 2020.

Par ailleurs, la qualité de l’eau demeurera un enjeu, 
particulièrement sur le court terme. Le recours aux 
eaux usées non-traitées pour l’irrigation se poursuivra 
jusqu’en 2020 dans bien des pays en développement 
malgré les risques de santé, quoique s’amenuisant dans 
la décennie suivante.

La déforestation a été ciblée comme deuxième dévelop-
pement en importance: les régions pourraient poursuivre 
les activités de déforestation d’ici 2030, quoiqu’au 
ralenti, pour  accroître les zones agricoles disponibles. 

Les technologies

Les répondants à l’exercice Delphi ont accordé la plus 
grande importance et probabilité à ce que les plus grands 
consommateurs d’eau fassent l’emploi de produits pour 
en favoriser son économie, tels que les détenteurs, 
laveuses à axe horizontal, lave-vaisselles économes en 
eau, systèmes de recyclage des eaux grises, toilettes à 
très faible chasse ou d’urinoirs sans eau. Un milliard de 
consommateurs pourrait en faire l’adoption d’ici 2030.

Le deuxième développement en importance est que les 
technologies pour désaliniser l’eau à grande échelle 

deviennent si peu dispendieux que presque toute la 
population à 160 km des côtes ont toute l’eau nécessaire 
pour leurs besoins non-agricoles.  Quoique peu probable 
d’ici la prochaine décennie, sa probabilité commence à 
augmenter dans les 2030. 

La démographie

La dynamique des populations, y compris la croissance, 
la répartition par âge, l’urbanisation et les migrations, 
conduit à des pressions accrues sur les ressources en 
eau douce grâce à des besoins accrus en eau et à une 
pollution accrue (WWAP, 2009b).

Les experts ont estimé que la population mondiale pour-
rait atteindre 7,9 milliards en d’ici le milieu des 2030 
et 9,15 milliards au début des années 2050; 70 pour 
cent de la population mondiale serait urbaine d’ici la fin 
des 2030. Cela semble conforme à la variante moyenne 
de la Révision 2010 de la Division de la population des 
Nations Unies, qui prévoit une population de 9,3 mil-
liards en 2050 (UNDESA, 2011b). Les participants ont 
considéré que d’ici les années 2030, la croissance de la 
population dans la majorité des pays en développement 
pourrait réduire de 10 pour cent le nombre de personnes 
ayant eu un accès amélioré d’approvisionnement en eau 
et d’assainissement depuis 1990.

Les développements liés aux efforts pour réduire la mor-
talité dans les pays les moins développés ont été évalués 
comme arrivant à la plus brève échéance. Dans le groupe 
des 58 pays avec une prévalence du VIH/SIDA au-dessus 
de 1% et/ou dont la population atteinte de VIH dépasse 
500,000, la couverture de traitement par antirétroviraux 
atteindrait 60% ou plus d’ici le milieu des 2020 (le taux 
de couverture moyen en 2007 était de 36%). 

L’économie et la sécurité

Selon les répondants, il est probable que dans la pro-
chaine décennie la demande en eau dans les pays en 
développement augmentera de 50 pour cent par rapport 
aux quantités actuelles. Près de 40 pour cent des pays 
connaîtraient des pénuries sévères d’eau douce d’ici 
2020. Cela renforce les enjeux soulevés en Agriculture.

La rareté de la ressource pourrait engendrer et perpétuer 
la pauvreté et les inégalités. Les pays qui avaient des 
faibles revenus mais un accès adéquat à l’eau et l’assai-
nissement avaient une croissance moyenne du PIB de 
3,7 pour cent au cours des 25 dernières années, tandis 
que les pays dans la même catégorie mais avec un accès 
limité à l’eau ont vu leur PIB croître de seulement 0,1 
pour cent par année (Orr et al., 2009). Il n’est donc pas 
surprenant que les répondants ont jugé que les iniquités 
d’accès à l’eau créeraient des nouvelles polarités écono-
miques d’ici 2020.
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La gouvernance et les institutions 

La défaillance d’infrastructures urbaines en approvision-
nement d’eau dans plus de vingt-quatre villes impor-
tantes a été jugée comme le développement le plus 
important et son occurrence a été vue comme probable 
d’ici 2030.

La mise sur pied dans 75% du monde de forums en 
ligne sur les enjeux liés à l’eau permettant la participa-
tion et une symétrie d’accès à l’information consistante 
et objective aux utilisateurs, fournisseurs et décideurs 
politiques a été ciblée comme deuxième en importance 
et sa probabilité va en augmentant d’ici 2030. 

Le développement ayant retenu l’attention des répondants 
à court terme est l’obtention par la Convention des Nations 
Unies de 1997 sur le droit relatif aux utilisations des cours 
d’eau internationaux à des fins autres que la navigation 
des 35 ratifications nécessaires à son entrée en vigueur 
(elle avait reçue 19 ratifications en date juillet 2010). 

La politique

Malgré l’importance accordée par les participants au 
Delphi à la transparence et à la participation en matière 
de gouvernance de l’eau, ces derniers n’ont accordé 
qu’une faible probabilité à ce que de tels processus 
soient en place dans au moins 120 pays d’ici 2030. 
Le corollaire, bien plus probable selon les répondants, 
est que la résistance à l’intérieur des gouvernements et 
des parties intéressées empêche les gouvernements de 
devenir plus participatifs, flexibles et transparents dans 
au moins 100 pays, menant à une plus grande méfiance 
et/ou un activisme accru.

Le deuxième développement en importance est le nombre 
de personnes vivant dans des pays où la situation est ins-
table et insécure avec un risque significatif d’effondre-
ment. C’était le cas de 2 milliards de personnes en 2010 
selon le Failed States Index (Foreign Policy, 2010). Que 
le nombre puisse être réduit à moins d’un milliard d’ici 
2030 a été considéré comme ayant peu de chances.

En contraste à ces perspectives, les répondants ont 
été confiants à ce que d’ici 2030 la plupart des gens 
sont d’accord qu’il y a une interdépendance entre les 
systèmes vivants. La visualisation de l’activité humaine 
à travers le prisme d’un ensemble systémique, y compris 
l’environnement, est primordiale pour assurer un déve-
loppement durable du bien-être humain et la pérennité 
des services écosystémiques (MA, 2005).

L’éthique, la société et culture 

Les répondants au Delphi ont considéré comme dévelop-
pement le plus important et le plus probable: ‘En matière 

de valeurs humaines, la plupart de gens seraient d’accord 
que le présent a une obligation de préserver des oppor-
tunités pour l’avenir’. Il s’agit également de l’événement 
le plus probable. Si ce principe est mis en œuvre (et 
non seulement reconnu), cela conduirait à un tournant 
dans la conception du monde qu’ont les individus et les 
communautés, qui pourraient commencer à questionner 
les intérêts à court terme des approches habituelles. 

Deuxième en importance, l’aggravation des inégali-
tés d’accès à l’eau dans les pays pauvres à cause des 
pénuries croissantes d’eau a été vue comme probable. 
Les participants ont accordé la même importance à la 
reconnaissance par la plupart des pays de l’accès à l’eau 
propre comme étant un droit fondamental et ont consi-
déré sa survenue comme étant plus probable d’ici 2030.

4.	Répondre aux 
défis

La gestion de l’eau doit répondre à deux catégories 
fondamentales d’incertitude. La première est liée à 
la disponibilité en eau qui dépend des paramètres 
géophysiques ainsi que des impacts des activités 
humaines qui affectent l’écoulement naturel des 
eaux et la qualité de l’eau. L’analyse conventionnelle 
des données historiques couplée à l’analyse stochas-
tique, de routine dans la plupart des systèmes gérés, a 
jusqu’à maintenant fourni une base assez satisfaisante. 
 
La deuxième catégorie concerne les incertitudes liées à 
la variabilité de la demande en eau et son taux de crois-
sance. Le nombre de choix possibles et leur niveau de 
complexité semblent prendre une ampleur au-delà de la 
capacité d’analyse et de prise de décision des dirigeants. 

La multiplicité des facteurs et leurs interactions com-
plexes sont représentées dans la figure 3 à la page sui-
vante (Gallopin, 2012).

Certains des principaux liens de causalité devant être 
pris en compte dans la construction de la logique (ou 
le tracé) des scénarios peuvent déjà être provisoirement 
identifiés. Le bien-être humain (ovale du milieu) et l’eau 
sont deux critères principaux pour évaluer l’opportunité 
des scénarios. Les principales forces motrices sont dis-
posées dans la figure dans une séquence de haut en bas 
montrant les forces motrices directes (rangée du haut) 
qui affectent directement le stress hydrique et de la 
durabilité de la ressource; les forces motrices indirectes 
(rangée du bas) exercent leur effet surtout par leurs 
impacts sur les forces motrices directes. Les flèches 
indiquent les influences causales entre les facteurs. Les 
liens réciproques de causalité sont indiqués par une 
flèche à deux têtes bleues (Gallopin, 2012).
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Figure 3

Principales forces motrices et liens de causalité ayant un impact sur le stress hydrique, la durabilité des ressources 
hydriques et le bien-être humain

Source: Gallopín (2012).
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Ainsi, l’importance des forces d’accélération à l’extérieur 
du contrôle des gestionnaires de l’eau va façonner à la 
fois les défis auxquels ils font face ainsi que le temps 
et les ressources financières et institutionnelles dont ils 
disposent pour y répondre. 

Les gestionnaires de l’eau ne peuvent qu’éclairer leurs 
décisions et gérer avec les outils dont ils disposent. 

Les scenarios sont un outil générer des futurs souhai-
tables et plausibles. Sous forme narrative, ils décrivent 
la façon logique dont les événements pourraient se 
dérouler (Schwartz, 1991). Les scénarios sur l’eau dans 
le monde en 2050 incorporeront une analyse quantita-
tive et qualitative des interactions possibles entre ces 
forces motrices. Les informations concernant les forces 
motrices seront développées à l’échelle géographique 
la plus proche possible des décideurs pour mieux les 
outiller. Un processus itératif de scénarios mondiaux sur 
l’eau qui incorpore les échelles mondial, régionaux et 
locaux  est donc critique au développement de l’évolu-
tivité et des types d’informations nécessaires à tous les 
niveaux de prise de décision.

La prochaine étape du projet vise le développement 
de ces scenarios, qui pourront servir à l’évaluation des 
politiques et à la prise de décisions, permettant de 
maximiser les bénéfices ou de réduire les pertes selon 
une analyse rétrospective des étapes à franchir depuis 
le futur souhaitable vers la situation actuelle, appelée 
‘backcasting’. 
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The Dynamics of Global Water Futures  
Driving Forces 2011–2050

Because water is central to socio-economic development, insight into water futures (resource availability, 
reliability, and the evolution of demand in response to external pressures) provides a valuable tool for decision-
makers traditionally perceived as being outside the water domain – those in areas such as food security, 
health, energy and land development planning.

New water scenarios are needed because existing global water scenarios don’t necessarily incorporate driving 
forces such as climate change, globalization and security issues, and information used needs to be updated.

WWAP is undertaking a project, ‘Global Water Scenarios to 2050’, to explore alternative futures of the world’s 
water and its use to 2050. The objectives of the project are to:

1. Develop a second generation of global scenarios to support linkages between socio-economic anticipatory 
decision-making and the global water system, including the identification of major risks and opportunities 
and alternative futures, and to provide a perspective for individual national and subnational scenario 
building.

2. Provide an interdisciplinary articulation of the current scientific understanding of the global water system, 
including major uncertainties and principal areas of agreement, using qualitative descriptions and 
quantitative projections, expert opinion and analysis of available information.

3. Support scenario building at the national and subnational scales, which will inform the global process and 
stimulate the interchange of experiences, mutual learning and reciprocal capacity-building among the 
interested groups working at these scales, as well as enable a scenario tool box and other training material 
to be developed.
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