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 The presentation can be freely used for 

educational purposes, but not for commercial 

purposes. 

 When using this presentation or pieces from it, 

due credit should be given to the author (Prof. A. 

Hoekstra ; Prof. W. Gerbens-Leenes). 

 Useful background publications: 

* Hoekstra, A.Y., Chapagain, A.K., Aldaya, M.M. and 

Mekonnen, M.M. (2011) The water footprint 

assessment manual: Setting the global standard, 

Earthscan, London, UK.  

* Hoekstra, A.Y. and Chapagain, A.K. (2008) 

Globalization of water: Sharing the planet's 

freshwater resources, Blackwell Publishing, 

Oxford, UK.  

 



Overview 
 

- Freshwater scarcity & pollution 

 

- The water footprint of products 

- National water footprint accounting 

- The water footprint of a business 

 

- WF sustainability assessment 

- Response: reducing water footprints 

 

- Water Footprint Network 

 

 



Freshwater scarcity 

and pollution 



Coto Doñana National Park, southern Spain 

Strawberries for export 

Signs of global water scarcity 



Former Aral Sea, Central Asia 

Cotton for export 

Signs of global water scarcity 



                Signs of global water pollution 

Devecser, Hungary, Oct. 5, 2010 



                Signs of global water pollution 







The water footprint 

of a product 



► the volume of fresh water used to produce the product, 

summed over the various steps of the production chain.  

 

► when and where the water was used: 

a water footprint includes a temporal and spatial dimension.  

 

 

 

 

 

 

The water footprint of a product 



The water footprint of a product 

Green water footprint 

► volume of rainwater evaporated or incorporated into product. 

 

 

Blue water footprint 

► volume of surface or groundwater evaporated, 

incorporated into product or returned to other catchment or the sea. 

 

 

Grey water footprint 

► volume of polluted water. 
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[Hoekstra et al., 2011] 

Return flow 

Water withdrawal 

The traditional 

statistics 

on water use 

Components of a water footprint 



The green and blue water footprint in relation to the 

water balance of a catchment area 

Runoff from 

catchment 
Ground- and surface water Soil and vegetation 

Precipitation 

Non 

production-related 

evapotranspiration 

 

Production-related 

evapotranspiration 

Abstraction

  

Return flow

  

Production-related 

evapotranspiration 

 

Water contained 

in products 

 

Water transfer to 

other catchment 

 

Runoff at 

field level 

Green water footprint Blue water footprint 

 Catchment area 

Water contained 

in products 

 

[Hoekstra et al., 2011] 



Assessing the blue and green process water footprint of 

growing a crop 

Water footprint of growing a crop 

Crop water use (m3/ha) / Crop yield (ton/ha) 
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Crop water use 

Green water evapotranspiration =  

 min (crop water requirement, effective precipitation) 

 

Blue water evapotranspiration =  

 min (irrigation requirement, effective irrigation) 

 

  



Crop water requirement 

1. Calculate reference crop evapotranspiration ET0 (mm/day) 

e.g. Penman-Monteith equation 

 

2. Calculate crop evapotranspiration Etc (mm/day) 

 Etc = ET0  Kc   where Kc = crop coefficient 

 

3. Calculate crop water requirement CWR (m3/ha) 

CWR = Σ Etc  [accumulate over growing period] 

 



Irrigation requirement 

 

Irrigation requirement = crop water requirement – effective rainfall 

 

 



Grey water footprint 

• volume of polluted freshwater that associates with the 

production of a product in its full supply-chain. 

• calculated as the volume of water that is required to assimilate 

pollutants based on ambient water quality standards. 
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[Hoekstra & Chapagain, 2008] 
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Water footprint of EU’s cotton consumption (blue water) 



Dilution water footprint 
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The water footprint: 

making a link between consumption in one place and 

impacts on water systems elsewhere 

 

 

 Shrinking Aral Sea 



The water footprint: 

making a link between consumption in one place and 

impacts on water systems elsewhere 

[Photo: WWF] 

Endangered Indus River Dolphin 



[Hoekstra & Chapagain, 2008] 

This is a global average and aggregate number. Policy decisions should be taken on the basis of: 

1. Actual water footprint of certain coffee at the precise production location. 

2. Ratio green/blue/grey water footprint. 

3. Local impacts of the water footprint based on local vulnerability and scarcity. 

 



[Hoekstra & Chapagain, 2008] 
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Food 

► 1300 kg of grains 

 (wheat, oats, barley, corn, dry peas, soybean, etc) 

► 7200 kg of roughages 

 (pasture, dry hay, silage, etc) 

 

Water 

► 24000 litres for drinking 

► 7000 litres for servicing.  

 

 

 

 

 

The water footprint of a cow 

99% 

1% 



[Hoekstra & Chapagain, 2008] 
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 



Industrial systems 

Mixed systems 

Grazing systems Water footprint:  

• mostly green 

• local 

Water footprint: 

• green & blue 

• partly imported 

Water footprint: 

• green & blue 

• local 



[Hoekstra & Chapagain, 2008] 















Water footprint of biofuels from different crops [litre/litre] 

[Gerbens-Leenes, Hoekstra & Van der Meer, 2009] 







Biofuels: A Solution for Climate Change ? 
(source:Shabbir H Gheewala, 2013) 

The idea is that 

the CO2 

production during 

combustion of the 

biomass is 

compensated by 

CO2 consumption 

during growth of  

the plants 

(photosynthesis) 



…. Why are biofuels considered (NOT) to be 

green? (source: Shabbir H Gheewala, 2013)  

 (source: Shabbir H Gheewala, 2013) 



(source:Shabbir H Gheewala, 2013) 





Biofuels and rainforests 
 (source: Shabbir H Gheewala, 2013) 

•“Rain Forest for Biodiesel? Ecological effects of using palm 

oil as a source of energy” WWF report 
 

• “Forests paying the price for biofuels” New Scientist 
 

• “Europe's move to biofuels threatens rainforest” MSNBC 
 

• “Biofuels boom could fuel rainforest destruction, Stanford 

researcher warns” 
 

• “Biofuels menace rainforests” guardian.co.uk 
 

• “Biofuels make climate change worse, scientific study 

concludes” The Independent 



Biofuels and climate change 

  (source: Shabbir H Gheewala, 2013) 

• “Biofuels make climate change worse, scientific study 

concludes” The Independent 
 

• “Biofuels will speed climate change, chief scientist says” 

news.scotsman.com 
 

• “CLIMATE CHANGE: Biofuels Worse Than Fossil Fuels, 

Studies Find” ipsnews.net 
 

• “Another Inconvenient Truth: How biofuel policies are 

deepening poverty and accelerating climate change” Oxfam 

Briefing Paper 

 



Expanding system boundaries of biofuels 

needed  
(source: Shabbir H Gheewala, 2013) 

• only in use phase biofuels are carbon neutral. 
 

• from the cultivation to end use – carbon benefits are 

achievable. 
 

• expand the boundary further to include land use change 

effects, carbon benefits are questionable 
 – sugarcane cultivation on grassland – net benefits feasible 
 

• ripple effects throughout the whole world 
– how does reduced soybean production in the US affect palm oil prices (and probably 

impacts too) in Thailand? 

– what if biofuel production results in displaced food production at another location where 

forests are cleared? 

– should these be part of the "environmental baggage" of the biofuel? 



Water footprint 

of a consumer 



► the total volume of water appropriated for the production of the 

goods and services consumed.  

 

► equal to the sum of the water footprints of all goods and services 

consumed. 

 

► dimensions of a water footprint 

• volume 

• where and when 

• type of water use: green, blue, grey  

 

 

 

 

 

Water footprint of a consumer 



The total water footprint of a consumer in the UK 

► about 3% of your water footprint is at home.  

 

 150 litre/day 

 

 

 

 

 

 

► about 60 to 65% of your 

water footprint lies abroad. 

 

 

 

 

 

 

► about 97% of your water footprint is ‘invisible’, it is 

related to the products you buy in the supermarket.  

 

 3400 litre/day for agricultural products 

 1100 litre/day for industrial products 

 

 

 

 

 

 



Meat versus vegetarian diet 

Meat diet kcal/day litre/kcal litre/day 

 

Vegetarian 

diet 
kcal/day litre/kcal litre/day 

Industrial 

countries Animal 

origin 
950 2.5 2375 

Animal 

origin 
300 2.5 750 

Vegetable 

origin 
2450 0.5 1225 

Vegetable 

origin 
3100 0.5 1550 

Total 3400 3600 Total 3400 2300 

Developing 

countries Animal 

origin 
350 2.5 875 

Animal 

origin 
200 2.5 500 

Vegetable 

origin 
2350 0.5 1175 

Vegetable 

origin 
2500 0.5 1250 

Total 2700 2050 Total 2700 1750 



National water footprint 

accounting 



► total amount of water that is used to produce the goods and services 

consumed by the inhabitants of the nation.  

 

► two components: 

• internal water footprint – inside the country. 

• external water footprint – in other countries. 

 

 

 

 

 

 

Water footprint of national consumption 

► water footprint of national consumption = 

 water footprint within the nation + virtual water import 

 – virtual water export  
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National water use accounting framework 

The traditional 

statistics on 

water use, but 

then limited to 

withdrawals 



Country/region National water footprint (Gm3/year)  

from the 

perspective of 

production 

from the 

perspective of 

consumption 

Australia 91 27 

Canada 123 63 

China 893 883 

Egypt 59 70 

EU25 559 744 

India 1013 987 

Japan 54 146 

Jordan 1.8 6.3 

USA 750 696 

[Hoekstra & Chapagain, 2008] 

WF of national 

consumption 

WF within 

a nation 
Traditional statistics 

on water use, but 

then restricted to 

water withdrawal 



Arrows show trade flows >10 Gm3/yr 

Regional virtual water balances 
(only agricultural trade) 

[Hoekstra & Chapagain, 2008] 
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[Hoekstra et al., 2009] 

Water footprint 

• measures freshwater appropriation 

• spatial and temporal dimension 

• actual, locally specific values 

• always referring to full supply-chain 

• focus on reducing own water footprint 

(water use units are not 

interchangeable) 

Carbon footprint 

• measures emission GH-gasses 

• no spatial / temporal dimension 

• global average values 

• supply-chain included only in ‘scope 3 

carbon accounting’ 

• many efforts focused on offsetting 

(carbon emission units are 

interchangeable) 

 

Water footprint and carbon footprint are complementary tools. 

Water footprint – Carbon footprint 



LCA 

• measures overall environmental impact 

• no spatial dimension 

 

• weighing water volumes based on 

impacts 

 

 

[Hoekstra et al., 2009] 

Water footprint 

• measures freshwater appropriation 

• multi-dimensional (type of water use, 

location, timing) 

• actual water volumes, no weighing 

 

For companies, water footprint assessment and LCA are complementary tools. 

• WF assessment is a tool to support formulation of a sustainable water 

management strategy in operations and supply chain. 

• LCA is a tool to compare the overall environmental impact of different products. 

 

WF is a general indicator of water use; application of WF in inventory phase of LCA 

is one particular application. 

Water footprint – Life cycle assessment 



Stop waste of ‘blue water’ 

Towards precision irrigation 

Full water recycling 

in industries 



Increase water 

productivity in 

rain-fed 

agriculture 

Make better use of ‘green water’ 

http://www.mjsphotographyonline.com/Landscapes/Landscapes/1956298_FPuJX#925978210_joCiH


Grey water footprint  zero 

Towards organic farming Towards zero emission 



Reducing humanity’s water footprint – Consumers 

Reduction of the direct water footprint: 

 water saving toilet, shower-head, etc. 

 

Reduction of the indirect water footprint: 

 substitution of a consumer product that has a large water footprint 

by a different type of product that has a smaller water footprint; 

 substitution of a consumer product that has a large water footprint 

by the same product that is derived from another source with 

smaller water footprint. 

 

Ask product transparency from businesses and regulation 

from governments 

“Save water in the supermarket” 

 



Transparency along the supply chain 

Feed crop 
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Indirect 
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Embed water footprint assessment in national water policy making. 

 

Promote coherence between water and other governmental policies: 

environmental, agricultural, energy, trade, foreign policy. 

 

Reduce the own organizational water footprint: 

 reduce the water footprint of public services. 

 

Promote product transparency 

 support or force businesses to make annual water footprint accounts and to 

implement water footprint reduction measures. 

 e.g. through promoting a water label for water-intensive products; 

 e.g. through water-certification of businesses. 

 

Reducing humanity’s water footprint – Government 



The Water Footprint Assessment Manual 

Manual Nov. 2009 Manual  Feb. 2011 










