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Background of Water Footprint
World population growth:



Trends in global water use by sector

Source: UNEP (2008)
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Water Footprint: An indicator of freshwater use, 
which considers in both direct and indirect water 
use of a consumer or producer. 

• It refers water volume used, 

• where the WF is located

• what source of water is used

• when the water is used.

What is Water Footprint ? 



Direct water footprint Indirect water footprint

Green water footprint Green water footprint

Blue water footprint Blue water footprint

Grey water footprint Grey water footprint
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[Hoekstra et al., 2011]

Return flow

Water withdrawal

WF of a consumer or producer

Components of Water Footprint

Green WF :  Volume of rainwater consumed during the production = CWUgreen / Y         
Blue WF :  Volume of surface and groundwater consumed as a result of the production of  

a good or service = CWUblue / Y 
Grey WF    : Volume of freshwater required to assimilate the load of pollutants            

=(αAR)/(Cmax-Cnat)/Y



What advantages of Water footprint?
A strong tool for WM

• Improvement of water management (WM) by:
– decreasing water demand: water saving in HH

– improving the efficiency of water use (water recycle)

• Concentrate more about water depletion or 
pollution through imported products (water 
used, leaching)

• Awareness raising, policy formulation

Source: Schreier et al., 2007, Hoekstra et al. 2011



Sorts of WF 

Product
(ΣWF process steps)

Ex. Rice, wheat, meat

Consumer
(ΣWF all products 

consumed)
Ex. Individual

WF

Community
(ΣWF its members)

Ex. Provinces of 
Indonesia 

Within a geographically
delineated area

(ΣWF all processes                    
in the area)

Ex. Guadiana River basin 
(Spain) 

National consumption
(ΣWF its inhabitans)

Ex. Netherlands,              
Spain, India

Business
(ΣWF final products 

produced)
Ex. Coca-Cola, Nestle



WF Partnership



Water labels

http://www.waterrating.gov.au/consum
ers/index.html

Elovena Oat Flake
(Raisio, Finland)

May 2009

Steam shower



Water footprint of products



Water footprint of products

Source: http://www.waterfootprint.org



Water Footprint of Paddy Rice



Table 5: WF and percolation per unit of paddy rice produced (m3/ton) in the 
13 major rice –producing countries during 2000-2004



Statistics for the 13 largest rice producing countries                 
during 2000-2004

Thailand
A=62.7x106 rai
Y=416 kg/rai

Vietnam
A=47x106 rai
Y=723 kg/rai

Global
A=942x106 rai
Y=718 kg/rai



Top-15 of countries with the largest WF of rice  consumption 
during  2000-2004



National water loss related to the net rice export 
of Thailand (1997–2001)

Source: Chapagain et al. (2006)

Water loss from 
rice export =                
-27,766 MCM/yr

Bhumiphol Dam 
Storage capacity
13,462  x  2
=26,924 MCM



Options to reduce WF



Measure to reduce WF
• Options for crop farmers to reduce their WF

– Reduce Green WF in crop growths
• Increase land productivity (yield, kg/rai) by improving agricultural 

practice  

• Mulching of the soil (for reducing evaporation from soil surface)

Rice seeding transplanting 
in the black film and 
paper mulching treatment 
(Suwon, Korea)



– Reduce Blue WF in crop growths
• Shift to an irrigation technique with lower evaporation 

loss e.g. pipe system, micro irrigation

• Improve the irrigation schedule by optimizing timing 
and volumes of application 

Water-Less Rice

Measure to reduce WF



Measure to reduce WF

– Reduce Grey WF in crop growths
• Apply less or no chemicals (artificial fertilizers, 

pesticides) e.g. Organic farming

• Apply fertilizers or compost in  form that allows 
easy uptake (Need less leaching & runoff): ปุยหมัก
ชีวภาพ

• Optimize the timing and technique of adding  
chemicals (Need less leaching & runoff



• Options for Gov. to reduce WF (national agri. policy)
– Include the goal of sustainable use of available domestic 

WR in formulating national food security policy
– Support investments in Irg. Systems & techniques that 

conserve water: Pipe system, Micro irrigation
– Promote farmers to reduce the use of chemical 

fertilizers, pesticides, & insecticides
– Promote WF reduction in Agri. e.g. awareness raising, 

subsidies for Irg. Techniques.

Source: Hoekstra et al. (2011)

Measure to reduce WF



www.waterfootprint.org



References

Chapagain et al. (2006). Water saving through international trade of agricultural 
products

Chapagain, A.K., Hoekstra, A.Y.(2010a). The Blue, Green and Grey Water Footprint
of rice from production and consumption perspectives. Ecological Economics.

Chapagain, A.K., & Hoekstra, A.Y. (2010b). The green, blue and grey water 
footprint
of rice from both a production and consumption perspective: Value of water
research report series no.40. UNESCO-IHE

Hoekstra, A.Y., Chapagain A.K., Aldaya, M.M., and Mekonnen, M.M. (2009). Water
footprint manual: State of the art 2009. Enschede, The Netherland

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.

Jeon WT, et al. (2011) Effects of green manure crops and mulching technology on 
reduction in herbicide and fertilizer use during rice cultivation in Korea



Thank you for your attention!



For Q&A



Terminology

• Water footprint – The water footprint is an indicator of freshwater 
use that looks at both direct and indirect water use of a consumer 
or producer. The water footprint of an individual, community or 
business is defined as the total volume of freshwater that is used to 
produce the goods and services consumed by the individual or 
community or produced by the business. Water use is measured in 
terms of water volumes consumed (evaporated) and/or polluted 
per unit of time. A water footprint can be calculated for a particular 
product, for any well-defined group of consumers (e.g. an 
individual, family, village, city, province, state or nation) or 
producers (e.g. a public organization, private enterprise or 
economic sector). The water footprint is a geographically explicit 
indicator, not only showing volumes of water use and pollution, but 
also the locations.



Direct WF of a consumer or producer : The freshwater 
consumption and pollution that is associated to the water 
use by the consumer or producer. It is distinct from the 
indirect water footprint, which refers to the water 
consumption and pollution that can be associated with the 
production of the goods and services consumed by the 
consumer or the inputs used by the producer.

Indirect WF of a consumer or producer: The freshwater 
consumption and pollution ‘behind’ products being 
consumed or produced. It is equal to the sum of the water 
footprints of all products consumed by the consumer or of 
all (non-water) inputs used by the Producer.



• Virtual-water content – The virtual-water content of a 
product is the freshwater ‘embodied’ in the product, not in 
real sense, but in virtual sense. It refers to the volume of 
water consumed or polluted for producing the product, 
measured over its full production chain. If a nation 
exports/imports such a product, it exports/imports water in 
virtual form. The ‘virtual-water content of a product’ is the 
same as ‘the water footprint of a product’, but the former 
refers to the water volume embodied in the product alone, 
while the latter term refers to that volume, but also to which 
sort of water is being used and to when and where that water 
is being used. The water footprint of a product is thus a 
multidimensional indicator, whereas virtual-water content 
refers to a volume alone.



WF of national consumption



Virtual water trade of Rice
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