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Saltwater
97 5%
1 365 000 000 km?

Source: lgor A Shiklomanaov, State Hydrological Instifute (SHI, St Petersburg) and Unit Nafions Educunal, Scientific and
Cultural Organisation (UNESCO, Paris), 1999,



THE WORLD'S WATER

FRESHWATER: TOTAL FRESHWATER:
2.5% 35,029,000 CUBIC KM

D " GLAGERSAND
PERMANENT SNOW: 68.7%

- GROUNDWATER: 30.06%
/GRCUND ICEAND

L PERMAFROST: .86%
; OTHER:1.22%

x30
LAKES: .26%

SALTWATER:
97.5%

SOIL: .05%
ATMOSPHERE: .049%

- RIVERS: .006%
PLANTS/ANIMALS: .003%

TOTAL GLOBAL WATER: 1,386,000,000 CUBIC KM

 SOURCE: UNEP Global Environment Outlook 3, “Freshwater”™ wwwgrida.no/geo/geo3/)







Water Is Infinitely Renewable

We are still using the water the dinosaurs drank.

ifie Hydrologic: Gycle

#
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Evaporation
4000 kn?

Source: |gor A, Shiklomanoy, State Hydrological Institute (SHI, St. Petersburg) and United Nations Educational, Scientific and Cultural Organisation (UNESC O, Paris), 1999,
Max Planck, Institute for Meteorology, Hamburg, 1994, Freeze, Allen, John, rry, Groundwater, Prentice-Hall: Engle wood Cliffs NJ, 1979,



13

Availability of Freshwater in 2000

Average River Flows and Groundwater Recharge

e

et TRy

Countries with |

the least freshwater resources §

Egypt : 26 K
United Arab Emirates : 61

Countries with

the most freshwater resources

Suriname 1 479 000

Iceland : 605 000

@ 0 1000 1700 5000 15000 50000 605000 M° per capita per year

A PHILIFPE REKACEWICT

Source: World Resources 2000-2001, People and Ecosystems. The Fraying Web of Life, World Resources Institute (WRI), Washington DC, 2000



The World’s Surface Water

Precipitation, Evaporation and Runoff by Region

<— Evaporation (%) 32 gos(;akma
Precipitation (km3?) —> 559
<— Runoff (%) ’
North America South America Africa
18 300 km? 28 400 km? 22 300 km3
55% 57% 80%
Europe
8 290 km3
) 65%
_ifjf}_::ij \ ) _a:rﬂ_ it e T ._....'J? Radie
Lasw {4~ (L35% || B, o
e S~ & S rr,' il Australia and
e, A i N Oceania
L. e LI N # .. 7080 km?
% s e 65%
1]
Pacific A43% Atlantic ’_/ j Indian /I l
Ocean o Ocean Ocean TN %

UNEP

PHILIPPE REKACEWICZ, MARCH 2002

Source: Peter H. Gleick, Water in Crisis, New York Oxford University Press, 1993.
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f FRESH WATER DIVERTED )
FOR HUMAN USE 1900 - 2000

16,000

—

—

EERRER

SUM OF DISCHARGE IN CU. KILOMETERS PER YEAR

\;9 a"i@ *3’9 ﬂ"f& '\“9 1@

‘Millennium Ecosystem Assessment, www.millenniumassessment.org |







Figure 1. Links Between Population and Freshwater

—

PPopulation Dynamics

IDistnbution - Urbamzation -
Morhidity - Mortality

Growth - Migraton - Densty -

Water Use
Agriculture - Industry -
Household use - Sanitation & waste
disposal - Hydroelectricity -
IFich farming

T

uman Outeomes
Fouud shortage - Water-related illness -
Social & political instability - Conflicts
over water - Slowed economic growth -
Population displacement

Environmental Culcomes

Depletion of surface & groundwater -
Water pollution - Land degradation -

Feosystem degradation - Declining fisheries -
Disruptions o the hvdrological evele

Source: IUCN et al. 1996 (199)



The turning of the water screw

Management phase: Management content:

*Demand *Allocative
AILE per .

management 11 efficiency

*Demand End-use

‘. IL”L‘ UsSC PET C

management | etficiency
Tore water s .

-Suppl}f Q 'Eﬂgi Nnecrl “E

management efforts



World Population Growth 1750-2150

Population {in billions)

More developed countries
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Sormme | Undled Habiones, #oeld Popalzbon Prospacls, The 1995 Rewision, and estimaies by the
Populston Reference Bumean
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Sources: 1- The World at Six Billion; Population Division of the Department of Economic and Social Affairs of the United Nations Secretariat, World Population Prospects: The

2004 Revision and World wmmmm Jlesa.unorgfunpp> 2 - United Nations, 1973, “The Determinants and Comequences ol Population
Trends, Vol.1" [United Nations, New York). United Nations, (forthcoming). Population Prospects: The 1998 Revision™ (United Nations, New York),  <http:/www geohive comy/global/>
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World population increases, 1995-2020

000 Millions Parcent )
Absolute increase Relative increase
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Source: Updated from P, Pinstrup-Andersen, R. Pandya-Lorch, and MW,
Rosegrant, The Workd Food Shuation: Recent Developments, Emerging Issues,

and Long Term Prospects  (Washington, D.C.. IFPRI, 1987),



Urban and rural population in
developing countries, 1950-2020

BeEsng

3.9 -

3.0 - Fural

2.5 - \

2.0 =

1.5

1.0 = Urban

0.5 -

n v T ¥ T J T v | v 1 v i Y 1
1830 1960 1870 1880 1880 2000 2010 2020

Source: P, Pinstrup-Andersen, R, Pandya-Lorch, and M W. Rosegrant, World
Food Prospects: Critical Issues for the Eanty Twenty-First Century
iWashington, D.C.. IFPRI, 1888],
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Projected annual income growth rates, 1995-2020

Percent

4L

E Asia 3 Asia 5E Asia WANAR LAC 355A Dav'd World Dav'g

Fowrce; Lhpdated frem P, Pinttrup-Anderien, B PandyaLorch, and MW,
Rotegrant. World Pood Prospects: Critcal [sswes for the Early PwendyFirst
Century (Washington, D.C_: |FPRI, 1888)
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Share of increase in global demand for cereals, 1995-2020

S33A
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5 'f Rest of Asia
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—_———
China
24 8%

World = 880 million ton increase

Source: P Pinstrup-Andersen, R, Pandya-Lorch, and MW, Rosegrant, Workd Food Prospeers:
Gkl fssures for (e Early TwetySrd Coolwry (Washingion, D.C; [FPRI, 1699 v



Total demand for roots and tubers by commodity, 1993-2020

MiNion metric tons

CICassava 3% 1
BO0 W Fotato
W Sweet Potato
500 4 and Yam
#02.T
400 -
300 -
2133
200 =
100 -
a
159% 1593 020
hwlnpmcnuﬂﬂﬂ Developing countries

Source:; G.J Scoft, MW, Rosegrant, and C, Ringler, Roots and fubers for
the 2181 contury- Trends, prajections. and policy options (Washington, DC:
IFPRE, 2000).



Share of increase in global demand for meat products, 1995-2020
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Evolution of a Chinese inhabitant's diet in gram per day per capita (1961 - 2003

Sowrce: FADSTAT, online database
Calulations: Water GAFP



1kg potatoes

1kg maize
1kg wheat
1kgrice

1legg

1kg chicken

1kg beef

Cluantity of water (in liters) necessary to produce various foodstuffs. Figures compiled from various sources by C. Studer,




15,340 CROP WATER

1300kg GRAIN

One 150 gram burger =
2400 litres of embedded water

Py N SN
200kg BEEF 2400 im one BURGER




Sources of growth in cereal production, 18356-2020

Percent per year
e

CArea expansion EYield improvements

B5A La WANA Sasia SE Asla E.asia World Dev'g

Source: P. Pinsinp-andersen, R Pandya-Lorch, and MW. Rosegrart, World Food Prospects:
Critical [ssues for the Earfy Twenty-Firsf Comfury (Washington, D.C.: IFPRI, 1994). P



Annual growth in cereal yields, 196702, 1982-84, and 1395-2020

Parcent
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Countries COUNtTHES
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Critical ISsUes For The Eary Twenh=First Comury (Washington, D.C,; FPRI, 1984), J—



Cereal yields, 1935-2020

Metric tons per heclare
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Source: P Pinanup-Andérsen, R Pandya-Lonch, and MW, Rosegrant, Wad Food PFrospect<:
Critical Issues for the Early Twenly-First Century (Washington, 0.C. IFPRI, 1999 e



MNet cereal imports of major developing regions, 1995 and 2020
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Souwrce; IFPRI INPACT slemalations, July 10694 #ra



Met trade in cereal of developed countries, 1985 and 2020

Millkon metric tons
150 ~

SRS 2020
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Number of malnourished children, 1995 and 2020

Millions
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Souree: P. Pinstrup-Andersen, B Pandya-Lorch, and MW, Rosegrant, Warld Food Prospects:
Crtical Issues for the Early Twenhy-First Contory [Washingion, D.C: IFPRI, 1090, )



Water withdrawals for domestic, industrial,
and agricultural uses, 1995 and 2020

Volume
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COMPETING WATER USES

DOMESTIC || INDUSTRIAL | |AGRICULTURAL

LOWAND MID  HIGH INCOME
INCOME COUNTRIES COUNTRIES

WORLD

SOURCE: World Water Development Report,
_www.unesco.org/water/wwap/facts_ ﬁgureslwater industry.shtml
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Water use by sector

World | Low = Middle  Lower  Upper  Low East | Europe' Latin | Middle' South' Sub- |
income  income middle middle mlddle Asia & & America  East & Asia Saharan
income  income  income Pacific  Central & Carib. N. Africa Africa

Asia

Sawrrce: World Bank, 2002,
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. Industry
. Agriculture

Source: 2nd LN World Water Denvelopment Repart



[ ] Embedded in Food - 65%
[ Crinking Water - 0.2%

|:| Domestic Uses {cooking, cleaning, etc) - 4.2%

[ Embedded in Industrial Goods (car. bicycle,
TV, ete) - 30.6%
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Estimated annual world water use

km® per year
4000 - I
Reservoir losses
JO00 -
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|
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2000 - /
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Industrial and Domestic Consumption
Compared with Evaporation from Reservoirs

km® per year
300

200

150 ¢

100
50
1900 1240 1850 1860 1970 1880 1880 1895 2000 2010
ﬂ FHIL PRE FEM ACEWICE
UNEF FEBRLUARY 2002

Source: lgor A. Shiklomanov, State Hydrological Institute (SHI, St. F'eterst:urg} and
United Mations Educational Scientific and Cultural Organisation {(UNMESCO, Paris),
1959,



Regional distribution of rivers longer than 1,000 km and

percentage of rivers remaining free-flowing

7 Australia/Pacific

18 Europe (west of Ural)

23 Africa

33 North America

37 South America

59 Asia

B Number of large rivers (dammed and free-flowing)
Percentage of rivers remaining free-flowing

Source: WWF, Frea-flowing rivers, pid









Domestic Water Use (U.5.), Percent of Total

Carpe Diemimjperry blogspot.com

Washing Clothes (21.7%

Dishwashers (1.4%)
Showers (16.8%)

Other Uses (2.2%) Toilets (26. 7 %)

Faucets (15.7%)

Baths (1.7%)

Leaks (13.7%)

Source: Amencan Water Works Association



Freshwater Withdrawal by Sector in 2000

Percentage
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Freshwater Withdrawal by Sector in 2000

Percentage
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UNEP WARCH 2002

Source: Werld Resources 2000-2001, People and Ecosystems: The Fraying Web of Life, Word Rescurces Institute (WRI),
Washington DC, 2000
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Global Freshwater Withdrawal

Country Profiles Based on Agricultural, Industrial and Domestic Use

vi ;f » om0t _, -

.

&
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- Industry widely dominant - Domestic use widely dominant - Agriculture widely dominant .
._-l tIjnt;iﬁl:Isr;(g,rn tand agriculture equally _‘] Domestic use and agriculture dominant - gﬁr;hc;lllu;drz ;Imq;igggo '.:'ilh a significant use
|| Lﬁ;?ﬁ#&ﬂmﬁ;gmﬁﬁcam | gg riculturs dominant with significant use | Agriculture widely dominant with significant
y the domestic sector use by the industrial sector
@ ___| Datanet available el

UMER MARCH 2002

Source: Based on data fromTable F\W1 in Wond Resources 2000-2001, Peopie and Ecosystems. The Fraying Vieb of Life, World Resources Institute (WRI), Washington DC, 2000.



Evolution of Global Water Use
Withdrawal and Consumption by Sector
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ga} Note: Domestic water consumption in developed countries (500-800 litres per person per day) L RN
UNEP is about six times greater than in developing countries (60-150 litres per person per day). FEBRUARY 2002

Source: Igor A. Shiklomanov, State Hydrological Institute (SHI, St. Petersburg) and United Nations Educational,Scientific and Cultural Organisation (UNESCO, Paris), 1999.
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map & | Area gnder Frigation a5 a share of cultivated and
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Soura: Foad and Agriosiess Osgarization, 2006, FAOSTAT detabase, hipoi¥acskal. fao.ang, haptar i



ESTIMATED WATER LOST IN
AGRICULTURAL IRRIGATION

40% OF ALL AGRICULTURAL
PRODUCTION DEPENDS ON
IRRIGATION

TRANSMISSION TO FARM LOSS ]
FARM DISTRIBUTION LOSS ]
FIELD APPLICATION LOSS 1

WATER EFFECTIVELY USED BY 1

45%

25%

Source: UNESCO World Water Assessment Programime,

WWWUNECOOE
World Commission on Dams,
www.dams.org/report/report_
Jactsheet.htm y




Irrigation In India

FIGURE 3

Evalution of irrigated area
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Irrigation In India




Irrigation In India

FIGURE 1
Water withdrawal
Total: 500 km3 in 1990

Industry
Domestic 3%
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The Shrinking of the Aral Sea: Socio-Economic Impacts

1960 2001
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@ TURKMENISTAN -

UNEP

w FHILUFFE REKACEWICT.
WEACH 2002

Dry zone and unusable
areas (salination)

% Fishing zone

GEN

| Food crops, partly imgated Er‘i:::ilg?; ﬁ‘?i‘;g&% }  Dam
mp  Fish exports Fish imports otreant,

Source: Philippe Rekacewicz, An Assasshated Sea. In Histoire-G
Trotsigme, Hatier, Paris, 1893 (data updated in 2002); L dfat di Mo

it

ragzme. initiation économique, page 333, Classe de
242 and 2001 aditions, La Découverte, Paris.



I Water abstraction: withdrawal from surface water sources (rivers, canals and lakes) 50
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A Chronology of Change
Natural and Anthropogenic Factors Affecting Lake Chad

This collection of maps has been sourced from a series

of satellite images provided by NASA Goddard Space
Flight Center.

hitp:iwwwgste nasa gowvigstc/earth/environ/lakechad!/chad htm
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Freshwater Stress

Water withdrawal as percentage of total available

o B Over 40% B 20% - 10%
b4 ] 40% - 20% B Less than 10% L
Sourca: World Meteorological Organisation {\WMO), Geneva, 19%6; Global Environment Outlook 2000 {GED), UNEF, Earthscan, London, 1959, peuple
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AREAS OF PHYSICAL AND ECONOMIC WATER SCARCITY

B Physical water scarcity

water resources development is
approaching or has exceeded
sustainable limits]. More than
75% of the river flows are
withdrawn for agriculture,
industry, and domestic purposes
[accounting for recycling of return
flows]. This definition—relating
water availability to water
demand—implies that dry areas
are not necessarily water scarce.

["] Approaching physical water

scarcity. More than 60% of river
flows are withdrawn. These
basins will experience physical

water scarcity in the near future.

B Economic water scarcity

[human, institutional, and
financial capital limit access to
water even though water in
nature is available locally to
rreet human demands). Water
resources are abundant relative
to water use, with less than 25%
of water from rivers withdrawn
for human purposes, but
malnutrition exists.

[ Little or no water scarcity.

Abundant water resources
relative to use, with less than
25% of water from rivers
withdrawn for human
purposes.

I Physical water scarcity

Approaching physical
water scarcity

. Economic water scarcity

. Little or no water scarcity

|:| Mot estimated

¥

Source: Comprehensive Assessment of Water Management in Agriculture, 2007



Areas of physical and economic water scarcity

[Z="] Little or nowater scarcity
I Physical water scarcity
1 Approaching physical water scarcity
] Economic water scarcity

[ Notestimated

Source: IMWI report, Insights from the Comprehensive Assessment of

Water Management in Agricultura, 2006 / pB



Bercent of populition vrithett aceres Populations without access to safe drinking water
[ | Hodata

O] 1% -25%
I 26 - 50% from The World's Water
= ;;i -1Tnff;¢ The Biennial Report on Freshwater Resources

(Gleick 1998)
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Freshwater stress: Current population at risk

Population {In billion) Population {in billion)

1880 Level of water stress for the global | Population living in countries with water stress
7 o population in 1990 and 2025 4 -  under different emissions scenarios in the 2080s

H2 b
Hi
3- 34
2025
He S
2025 I —_—
2 - Hi apaE s 2 =
HE H1
{. faile 14
Hi
1530 2025 l
H2 1990 ‘ I
0- | e et | ..
Stressad Emissions Emissions Unmitigated
Surplus Marginai Searce leadingto 550  leading to 750 emisslons
ey . Ppm ppm
H1 : Situation with no climate change : ' ieps ;

GIRLLIDY ﬁﬁ H2 : Situation in case of climate chgnge B v g ln iz Poigla a1y i colitibe

GRAPHIC [IESGH : FHILPAE REMAIDNICT

Searce: Climabe chargs 1085, kmpacts, sdeplalions and ritigalion of dimels charge: sxienlific-lechnizal analysss, conbrinution of warking group 2 bo iha sscond assesament repoel of The inlangovem meeds] pansl
an dimaio hange, LMER ard WG, Cambridge press univarsiy, 18536, Climate ghange and iis impacts, stablsation of CO2 inthe abmosphern, Hadioy oorvim for dimaln prediction and resagrsh,the melecraiogical
ofice, Lencon, 1238,



Water Stress in Europe

Withdrawals as % of renewable resources
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Freshwater Stress and Scarcity in Africa by 2025

Cape Verde
: Niger
e Burkina
A ~ Faso
o - Ghana -
: Togo Vgena

-

Water scarcity in 2025 o
- less than 1 000 m3/capitafyear e Hmﬁ'ﬁ-

Water stress in 2025 - Burundi
| Tanzania

1,000 to 1 700 mcapitalysar

Global Water Stress and Scarcity
Billlons of
pecple affected High
] 2
5+ 5,
5 Mauntius
4
31
24
1_
0 | svess
1985 | 2050 f
B e i W scarciy| @) ——
f _— e o M Pt kg £ | oo L :u.....JI:I:

Sourca: United Nations Economic Commigsion for Africa (UNEGA), Addis Ababa; Global Emaronment Cutiook 2000 (GEQ), UMEF, Earthscan,
London, 199% Population Action International,
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Service water
(litres / animal / day)

Animal Age group Intensive Extensive
Beef cattle Young calves 2 0
Adult 11 o
Dairy cattle Calves 0 0
Heifers 11 2
Milking cows 22 3
Pig= Pig let o 0
Adult =0 20

Lactating 125 20



Product

Virtual water content ()

1 gla=s= of milk (Z00ml)

1 =lice of bread (30qg)

1 potato (100g)

1 bag of potato crizps (2004g)
1 apple (1004q)

1 egg (20g)

1 hamburger (150g)

1 pair of=hoe= (leather)

75
40
25
185
70
135
2400
2000



India
1% Indones
, 4

+

Gross virtual water import
(Million m?fyr)

0.1-10
10 - 50
| 50 - 100
I 100 - 250
I 250 - 500
I > 500
B No import
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CARBON DIOXIDE RECYCLE WITH ETHANOL FUEL

i iiU:'T:}'l.'i |

Photosynthesis



WATER IS CRITICAL TO ETHANOL PRODUCTION

From beginning te end, water is critical in producing ethanol. an ethanaol plant like that proposed for Webster County, Mo., using 1.3 million gallons of water each day,
consumes about the same amount of water as residents in a town of 13,000 people.

B} The mash, now called beer, [ The alcohol passes
is sent through a series of through a dehydration
distillers. The alcohol system where
leaves the final tower at molecular sieves collect
about 96 percent strength. the remaining water.
A The alcohol, now
approximately 200
proof, is called
anhydrous ethanol.

[ Aquifers are vast,
underground
reservoirs. The
water inside has

E3 once the corn
arrives at the
ethanol plant,

El it is ground into

been filtered a fine powder

through the soil called meal.

and can be tapped Y The meal is mixed

by drilling wells for " with water and

use for residential enzymes, which aids

or commercial the conversion from

purposes. starch to sugar.

B The liquefied
mixture, now
called mash,
is heated
to reduce

ﬂ More enzymes and yeast
are added to ferment
the sugars into ethanol
and carbon dioxide. The
mash ferments ina
bacteria levels. series of tanks for about

A itis then cooled &0 hours.
by water pumped ﬂ The carbon dioxide is
through a collected for use in
cooling tank. other industries.

Gasoline
storage

Water
storage

Residential well Commercial well

Commercial well

rock layer

confined aguifer

SOURCES: HowsdulTworks.com, Midweslethanol corn, Ethandlorg U5 Gealogical Survey, LS. Enviroesiental Proledtion SRery

5] The pure ethanal must

be made unfit for
human consumption,
50 5 percent gasoline
is added to the final
product.

FE] The ethanal is finally

ready for shipping.

[} wastewater

from the process
is sprayed via

a centerpivot
Irrigation

system onto
surrounding fields.

[E] This water is

filtered through
the ground back
into the aquifer.

Jelies I, Tedlord | P l-Disgsabeh
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Ethanol Plant Locations Relative to Major
Corn Producing Areas

Bl tdsjor Com Areas
- Minor Corn Areac

Exfvanial Plant %ﬂ
- IWajor gmﬂ P areas -curr;;ud s ount for TS% of toral % [0 pet it r:;.:.;h
national producton annw o BEwdetirg (30
~MAgjor Gng rrangd fdws re] oreDs Combingd @cc ounl e anie)

293 of tolal netichel production annualy & Under Construction (0.75 bin gals)
Agrculiyrel Stolishics Service couply-bovel crop procction | Proposed (2.08 Lin guly)
datla gve e ged froem 1908 2000 Sources FEA end indusry Conacs
USDA  World Agricultural Outlook Board (-

Source: Cltigroup Investment Research and U_S. Department of Agricutture



U.S. Ethanol Biorefinery Locations

0 Biorefineries in Production (106)

” Biorefineries under Construction (48)

Source; Renewable Fuels Association



Millions of gallons produced in 2006

South Africa
102

Spain

122
Canada
153

Russia

171 \
German

202 :.r—\\
France i

251

u.s.

4 855
India '
a02

China
1,017

Brazil
4 491
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