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Water NexusWater Nexus

“Food security exists when all people, at all times,“Food security exists when all people, at all times,
have physical and economic access to sufficient,have physical and economic access to sufficient,
safe and nutritious food that meets their dietarysafe and nutritious food that meets their dietary
needs and food preferences for an active andneeds and food preferences for an active and
healthy life”. healthy life”. (World Food Summit, 1996)

Food SecurityFood Security

Food availability: The availability of sufficient quantities of
food of appropriate quality (local production, import, aid)

Food access: Access by individuals to adequate resources
(entitlements) for acquiring appropriate nutritious food

Utilization: …clean water, sanitation and health care

Stability: …access to adequate food at all times

Water for Food

Basic Water NeedsBasic Water Needs

DrinkingDrinking 22--44

On average, 1 liter per KcalOn average, 1 liter per Kcal

DomesticDomestic 4040--400400

FoodFood 10001000--50005000

(l person(l person--11 dayday--11))

The WaterThe Water--Food nexusFood nexus

Population Growth

Around 1600

∼∼ 300 M300 M

Around year “0”

∼∼ 200 M200 M

<1700         3 X3 X

1700-1900   3 X3 X

1900-2050   5 X5 X

Beef meatBeef meat 15         15         

Sheep meatSheep meat 1010

Pork meatPork meat 66

Chicken meat      2.8Chicken meat      2.8

EggsEggs 4.74.7

CerealsCereals 1.51.5

FruitFruit 11

Legumes Legumes 11

CheeseCheese 5.35.3

MilkMilk 0.90.9

DietDiet ProductProduct (m(m33 per Kg)per Kg)
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∼∼∼∼∼∼∼∼ +5.500 Km+5.500 Km33 yy--11

With present productivity and dietsWith present productivity and diets

In  2050:In  2050:

1000 Km1000 Km33 =10=10
Aswan DamsAswan Dams

+ 70% food + 70% food 
~+100~+100% in % in LDCLDC

•• Changes in dietary preferencesChanges in dietary preferences

•• Increased importance of valueIncreased importance of value
chains from producers tochains from producers to
consumersconsumers

•• Food processing Food processing && supermarketssupermarkets

UrbanizationUrbanization

in 1960in 1960

1/31/3 UrbanUrban

2/32/3 RuralRural

in 2040in 2040

2/32/3 UrbanUrban

1/31/3 RuralRural

in 2007in 2007

1/21/2 UrbanUrban

1/21/2 RuralRural

IncomeIncome

• Change in food habits

toward richer diets

• Higher consumption

(including luxury cons.)

• Increase of waste

• Overall increase of

demand in products

and services

PhysicalPhysical

Water scarcityWater scarcity

Incipient physicalIncipient physical

Water scarcityWater scarcity
EconomicEconomic

Water scarcityWater scarcity

Negligible or NoNegligible or No

Water scarcityWater scarcity
No dataNo data

Water ScarcityWater Scarcity Transboundary Waters

Rio of
Amazzon

Mississippi

Danube

Congo Nile

Niger Tigris
Euphrates

Gange
Bramaputra

Indus

Murray Darling
Orange

263 Basins263 Basins 273 Aquifers273 Aquifers 145 Countries 145 Countries 

interestedinterested
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Which water are we talking about ?Which water are we talking about ?

•• “Blue water”:“Blue water”: freshwater from rivers, aquifers 

and lakes: 

� 45,000 km3/yr, 12,500 “available”

� irrigated agriculture

•• ““Green water”:Green water”: rainwater stored in the soil 
and available for biomass production:

� 75,000 km3/yr

� rainfed agriculture

Digital global map of irrigated areas (2007)Digital global map of irrigated areas (2007)

Intensity of groundwater use Intensity of groundwater use 
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The surface water/groundwater split by region

Arable Land 

Expansion

21%

Cropping 

Intensity

10%

Yield 

increase

69%

Yield

Increase

(72%)

Cropping

Intensity

(16%)

Arable Land

Expansion

(12%)

Agriculture

70%

Industry 

20%

Cities

10%

Water Abstraction

By 2050:By 2050: + 70% food (or even 100% in LDC)+ 70% food (or even 100% in LDC)

+ 5% + 5% rainfedrainfed areaarea
+ 7% irrigated area+ 7% irrigated area
+ 10+ 10--14% water withdraw14% water withdraw

ProjectionsProjections

United States

China

Latin
America

Sub-Saharan
Africa

Maize Productivity

Reducing the Reducing the YieldYield gapgap

Response OptionsResponse Options

Reduce wastes

• 400 M obese

• 1,400 M

overweight

• In post harvest (storage, transport, market)

• At home EU, avg waste

of 179 kg p-1 y-1

(SIWI, 2010)

Revise nutrition/diets

Oki et al., 2003 Based on FAO Statistics (2000)

Maize, rice,

wheat and barley

Trade agreement Trade agreement &&““Virtual waterVirtual water””
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The The WaterWater--Energy Energy nexusnexus

Energy for Water

Water for Energy
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crop
Fuel product  

(energy density: 
Bio-diesel 35 MJ/l  

Ethanol 20 MJ/l)

annual 
obtainable yield 

in l/ha 

(indicative)

I/R

Evapo-
transpiration in 
litre / litre fuel 

(indicative)

Irrigation water
withdrawn in 

litre /

litre fuel    
(indicative)       

Sugar cane
Ethanol 
(from sugar)

6000 I/R 2000 1333

Sugar beet
Ethanol 
(from sugar)

7000 I/R 786 571

Cassava
Ethanol 
(from starch)

4000 R 2250 -

Maize
Ethanol
(from starch)

3500 I/R 1357 857

Oil palm Bio-diesel 5500 R 2364 -

Rapeseed / 
Mustard 

Bio-diesel 1200 R 3333 -

Soybean Bio-diesel 400 R 10000 -

Water requirements of Water requirements of biofuelsbiofuels SugarcaneSugarcane--based ethanol (Brazil)based ethanol (Brazil)

CornCorn--based ethanol in the US (projections)based ethanol in the US (projections)

Source: OECD-FAO outlook, 2007

•Current transport fuels needs: 77 EJ

• Biofuels

Ethanol (2004) 0.84 EJ 9.5 Mha

Bio diesel  (2003) 0.06 EJ 0.5 Mha

(~ 1 % of the total demand for transport fuel)

• 856 Mha would be required to meet 
current fuel needs



7

BioBio--fuelsfuels

∼∼240 Kg of maize are needed to240 Kg of maize are needed to

produce 100 liters of ethanolproduce 100 liters of ethanol

Increase competition for landIncrease competition for land

and water and between useand water and between use

of crops for food versus fuelof crops for food versus fuel

1 liter of 1 liter of biofuelsbiofuels requires 2500 lrequires 2500 l

of water (on of water (on avgavg))
Either fill the tank of a SUV orEither fill the tank of a SUV or

feed one person for a year feed one person for a year 

Ha per capitaHa per capita

1900

7.91

1950

5.15

1987

2.60

2005

2.02

2030

1.69

2050

1.61

The Land dimensionThe Land dimension

Arctic & bare areas
Shrub/sparse herb.

Cropland

Regularly flooded
Tree cover
Water bodies

Arable land ≈12.5 % of total landArable land ≈12.5 % of total land Arable land has limited opportunity of expansionArable land has limited opportunity of expansion

Land grabbingLand grabbing
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Water scarcity

No or little scarcity

Moderate land scarcity

Severe land scarcity

Water scarcity

No or little scarcity

Moderate land scarcity

Severe land scarcity Agricultural systems at risk

The Sustainability ConcernThe Sustainability Concern

runoff ≈ year 2050

The The WaterWater--ClimateClimate--Food nexusFood nexus

Impacts of climate change on agricultural systems

MOSAICC: MOSAICC: MOMOdelingdeling SSystemystem

for for AAgricultural gricultural IImpact ofmpact of

CClimate limate CChangehange

Integrated impact assessment on crop Integrated impact assessment on crop 

yields, from climate data handling to yields, from climate data handling to 

economic assessmenteconomic assessment

ClimateClimate, , HydrologyHydrology, , CropsCrops, , EconomyEconomy

Climate Scenario

DownscalingHistorical 

weather

records

Downscaled 

Climate scenarios

Hydrological 

Modelling

Crop growth 

Simulation

Economic 

Modelling

IPCC GCM

Low Resolution

Scenarios

Historical 

discharge

records

Water availability

for irrigation

Historical 

water use

statistics

Historical 

yield

records

Yield projections

Current state

of economy

Macroeconomic

scenarios

Economic 

impacts

Crop parameters

Soil data

Technology trend 

scenarios

Soil and 

Land use

data

Dam data
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ConclusionConclusion

• Food demand in 2050 ≈ today x 2

• We are facing a progressive water and land scarcity

• Energy, water, food, climate and land are all linked.

There is a need to quantify these relationships

• The CLEW system-modeling tool may represent the 

right approach to provide the inter-sectoral policies

needed to tackle the related nexus and implications

• The challenge lies in the capacity to address 

complexity and manage interdisciplinary

• This situation is aggravated by anticipated impact 

of climate change

Thank YouThank You


