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A First Look - To 2050A First Look - To 2050
Component Water Volume

(Gm3/yr)

present production 6800

eliminate current 
undernourishment 2200

food for additional population
(8.9 billion) 3600

total 12600

Source: RockstrRockströöm, J. 2003 m, J. 2003 Phil. 
Trans. Royal Soc. Lond. B 
358:1997-2000
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Product VW (liter)

beer (250 ml) 75

milk (200 ml) 200

potato 25

hamburger 2400

cotton t-shirt 2000

DietDiet
Food has Food has ““embeddedembedded”” or or ““virtualvirtual”” water within:water within:

that which it took to produce itthat which it took to produce it



Dietary Choices...Dietary Choices...
• Can mean large difference in daily diet embedded 

water
• vegan ~ 1 m3; serious meat eater = 5
• FAO target diet requires ~ 3.6 m3 daily
• proposed right to water = 50 L/day = 18 m3 

annual

• Meat consumption powerful factor
• US meat consumption 120 kg/yr, 3x world
• China meat consumption growing at 5%/yr
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Source: RockstrRockströöm, J. et al. 2007 m, J. et al. 2007 
PNAS 104:6253-6260
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Food priceFood price

World Bank lendingWorld Bank lending
for irrigationfor irrigation

Irrig. areaIrrig. area

Source: Comprehensive Assessment of Water 
Management in Agriculture, 2007, from World 
Bank and FAO data

Declining Support for Irrigation DevelopmentDeclining Support for Irrigation Development
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• Development slowed after 1970s
• Best sites developed
• Appreciation of ecological and social costs
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Virtual Water TradeVirtual Water Trade

Annual trade in mAnnual trade in m33/cap; Islam et al. 2007/cap; Islam et al. 2007



International TradeInternational Trade
• Trade of food products means transfer of 

virtual water 

• Estimates range 700 to 1,000 Gm3/yr (of 
6,800) 

• Biophysical & economic rationales

• Food security??

• Trade of food products means transfer of 
virtual water

• Estimates range 700 to 1,000 Gm3/yr (of 
6,800)

• Biophysical & economic rationales

• Food security??



EquityEquity

• Lumping: toward other humans & ecosystem

• Utilitarian and ethical arguments 

• An emerging claim: in-stream flows, wetlands

• Lumping: toward other humans & ecosystem

• Utilitarian and ethical arguments 

• An emerging claim: in-stream flows, wetlands



Currently...Currently...

• 6,800 Gm3/yr of water to create world food 
supply (atmosphere = 14,000 Gm3) 

• 5,000 is “green” water - rain infiltrated into 
soil - rain-fed agriculture 

• 1,800 is “blue” water - extracted from ground 
and surface waters - irrigated agriculture 

• 6,800 Gm3/yr of water to create world food 
supply (atmosphere = 14,000 Gm3)

• 5,000 is “green” water - rain infiltrated into 
soil - rain-fed agriculture

• 1,800 is “blue” water - extracted from ground 
and surface waters - irrigated agriculture



...and by 2050, near doubling...and by 2050, near doubling
Component Water Volume

(Gm3/yr)

present production 6800

eliminate current 
undernourishment 2200
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(8.9 billion) 3600

total 12600
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cubic kilometerscubic kilometers

Scenario Water OutcomesScenario Water Outcomes

Source: Water for food, Water for life: 
A comprehensive assessment of 
water management in agriculture, p. 
111 (2007)
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life: A comprehensive assessment 
of water management in 
agriculture, p. 129 (2007)



•What metrics count for you??•What metrics count for you??

Source: Water for food, Water for life: A 
comprehensive assessment of water management 
in agriculture, p. 127 (2007)
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• Does seem possible to feed humanity in 2050

• Best case: 30% increase in ET, green water, 6% 
increase in land use 
• optimistic increases in rainfed yield

• BUT: adequate regard to climate change, 
impacts of bioenergy, unwarranted optimism 
about human behavior?? 

• Few places sitting as pretty as we are :)
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