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Source: Hoekstra & Chapagain (2008) Globalization of Water, Blackwell, Oxford, UK 
Hoekstra (2013) The Water Footprint of Modern Consumer Society, Routledge, London, UK 
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Presentation Notes
International trade of water-intensive goods has consequences for both the exporting and the importing country. In the exporting country there will be revenues, but local water consumption and pollution are generally not compensated for in the price. Water resources are in most cases grossly under-priced. The importing country benefits by saving its domestic water resources (a benefit for water-scarce nations), but pays in terms of an increased dependency on foreign water supplies.

Water-intensive goods: food, wood & paper, natural fibres (cotton), bio-energy
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Source: Hoekstra et al. (2011) The Water Footprint Assessment Manual, Earthscan, London, UK 
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The virtual water chain is the chain of production and consumption of water-intensive goods. A typical virtual water chain consists of a farmer at the primary production end, a consumer at the consumption end and, depending on the commodity at stake, some intermediaries such as a food processor and a retailer. Each stage depends on some real water input and a virtual water inflow. Source: 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.
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 www.waterfootprint.org 
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Source: Hoekstra et al. (2011) The Water Footprint Assessment Manual, Earthscan, London, UK 

Return flow 
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Presenter
Presentation Notes
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. 

Green water footprint – Volume of rainwater consumed during the production process. This is particularly relevant for agricultural and forestry products (products based on crops or wood), where it refers to the total rainwater evapotranspiration (from fields and plantations) plus the water incorporated into the harvested crop or wood.
Note: recent work stresses the importance of rainfed agriculture to produce sufficient food for a growing world population (Molden et al., Rockström et al.,…)

Blue water footprint – Volume of surface and groundwater consumed as a result of the production of a good or service. Consumption refers to the volume of freshwater used and then evaporated or incorporated into a product. It also includes water abstracted from surface or groundwater in a catchment and returned to another catchment or the sea. It is the amount of water abstracted from groundwater or surface water that does not return to the catchment from which it was withdrawn.

Grey water footprint – The grey water footprint of a product is an indicator of freshwater pollution that can be associated with the production of a product over its full supply chain. It is defined as the volume of freshwater that is required to assimilate the load of pollutants based on natural background concentrations and existing ambient water quality standards. It is calculated as the volume of water that is required to dilute pollutants to such an extent that the quality of the water remains above agreed water quality standards.

As an indicator of ‘water use’, the water footprint differs from the classical measure of ‘water withdrawal’ in three respects:
1. It does not include blue water use, in so far as this water is returned to where it came from.
2. It is not restricted to blue water use, but also includes green and grey water.
3. It is not restricted to direct water use, but also includes indirect water use.

Source:
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.
See page 3.
Green water (ET):
Partly left for natural vegetation
Partly used for production (green WF)

Blue water (runoff and groundwater):
Partly left as environmental flow
Partly consumed for production (blue WF)

Evapotransportation, water contained in products, water transferred to other catchments, water returned at a later time




Phase 2 example: Global water footprint data  

National water footprint accounts 
 
► high spatial resolution  
 
► ten-year period 
 
► specified by consumption category 
 
► both internal and external  
 
► explicit distinction green-blue-grey 
 
Recent: Determination of  sensitivity 
and uncertainty in crop WF accounting 
(Zhou et al., 2013) 
 
 
 



Phase 2: Numerous other studies and data base 
(www.waterfootprint.org)  freely available  

http://www.waterfootprint.org/
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Phase 3: Assessing the sustainability of the water footprint 
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Environmental sustainability: 
• Environmental flow requirements 
• Environmental  green water requirements 
• Ambient water quality standards 
 
Social equity: 
• Basic human needs: safe drinking water, food security, employment 
• Rules of fairness: fair allocation, water user & water polluter principle 

 
Economic efficiency: 
• Efficient allocation and use of water resources (benchmarks) 

 

Identification and 
quantification of changes to: 
• hydrology 
• water quality 

Identification and quantification of  effects on: 
• abundance of certain species 
• biodiversity 
• human health 
• employment 
• distribution of welfare 
• income in different sectors of economy 
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Source: Hoekstra et al. (2011) The Water Footprint Assessment Manual, Earthscan, London, UK 
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Phase 3: Example environmental sustainability: Blue water footprint 
vs. blue water availability, hotspot identification, primary impacts 
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Environmental 
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Blue water scarcity = Blue water footprint / Blue water availability 
 

 

Blue water availability  = Natural runoff – Environmental flow requirement 
 

Environmental flow requirements 
To be established at catchment level, 
on a monthly basis. 
 

Presumptive standard: 
EFR = 80% of natural runoff 
(Richter et al., 2011) 
 

Replace this estimate when better 
local estimates are available 

 

The blue water footprint exceeds blue 
water availability from May to November. 
In this period, blue water scarcity > 1. 

Determined using the Water Footprint Assessment Tool, underlying data from Hoekstra and Mekonnen (2011) 
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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.

The graph: page 83.
Definition of blue water availability: page 82.
Definition of blue water scarcity: page 85.
Environmental flow requirements: page 151-154.
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located in the Netherlands 

Unsustainable components of the company’s blue water footprint 

River basin hotspot map, showing per river basin the 
number of months with blue water scarcity > 100% 

Main producing regions 
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Hoekstra and Mekonnen (2011) 



Phase 3: Examples of other indicators  
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Source: Hoekstra et al. (2011) The Water Footprint Assessment Manual, Earthscan, London, UK 
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Consumers and consumer & environmental organizations push businesses 
and governments to address water use and impacts along supply chains. Own 
consumption behavior (waste, diet,…water saving shower head). 

 
 
 
 
 

Phase 4: Response formulation 
Note on water footprint reduction: a shared responsibility 

Source: Hoekstra (2013) The Water Footprint of Modern Consumer Society, Routledge, London, UK 
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Source: Hoekstra (2013) The Water Footprint of Modern Consumer Society, Routledge, London, UK.

FAO (2013): 
Food wastage footprint - Impacts on natural resources
water consumption related to food wastage (both food loss and food waste) 
Globally, the blue water footprint for the agricultural production of total food wastage in 2007 is about
250 km3, which is more than 38 times the blue water footprint of USA households, or 3.6 times the blue
water footprint of total USA consumption (Mekonnen & Hoekstra 2011). In terms of volume, it represents
almost three times the volume of Lake Geneva, or the annual water discharge of the Volga River.

Definition:

Food loss refers to a decrease in mass (dry matter) or nutritional value (quality) of food that was originally
intended for human consumption. These losses are mainly caused by inefficiencies in the food supply chains,
such as poor infrastructure and logistics, lack of technology, insufficient skills, knowledge and management
capacity of supply chain actors, and lack of access to markets. In addition, natural disasters play a role.
Food waste refers to food appropriate for human consumption being discarded, whether or not after it
is kept beyond its expiry date or left to spoil. Often this is because food has spoiled but it can be for other
reasons such as oversupply due to markets, or individual consumer shopping/eating habits.
Food wastage refers to any food lost by deterioration or waste. Thus, the term “wastage” encompasses
both food loss and food waste.



Consumers and consumer & environmental organizations push businesses 
and governments to address water use and impacts along supply chains. Own 
consumption behavior (waste, diet,…water saving shower head). 
 

 
 
 
 
 

Source: Vanham et al. (2013)  
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Consumers and consumer & environmental organizations push businesses 
and governments to address water use and impacts along supply chains. Own 
consumption behavior (waste, diet,…water saving shower head). 

 
Some businesses act voluntarily in an early stage, driven by consumers or 
investors. Best management practices. 

 
Governments support frontrunners in businesses and implement regulations. 

 
Governments, companies, consultants and accountants use same standard 
definitions and calculation methods. 

 
International cooperation. 
 
 
 
 

Source: Hoekstra (2013) The Water Footprint of Modern Consumer Society, Routledge, London, UK 
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Example: 
Case study for France 



Example: Sustainability of national consumption from a water 
resources perspective: The case study for France (yrs. 1996-2005) 

Source: Ercin et al. (2013)  

(1) Goals and scope   
 

  Where and when are the water 
footprints largest? 
 
  Where and when do they contribute 
most to local water scarcity ? 
     (critical regions) 

 
  Which specific products contribute 
most to the water footprints and to 
water scarcity?  
     (critical products) 
 
  Policy relevance (potential response 
options) 
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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.
Page 79-81



(2) Accounting phase: green, blue and grey water footprint of 
production 

Source: Ercin et al. (2013)  

per region  

per  crop  spatially 
distributed  

e.g. maize 50% of 
total blue wf and 
30% of grey wf  

Presenter
Presentation Notes
Source:
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.
Page 79-81



(2) Accounting phase: virtual water import and export 

Source: Ercin et al. (2013)  

Green, blue and grey virtual water 
export from France by product group 

The green, blue and grey virtual water 
import to France by product group 

Example: blue  water footprint:  
~ 45 % of production is for export 
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(2) Accounting phase: green, blue and grey water footprint of 
consumption and external water footprint 

Source: Ercin et al. (2013)  

The ratio of the external to the total 
water footprint of consumption for the 

EU countries and the world average (%). 

The green, blue and grey water footprint of 
French consumption per consumption category 

47.3% 

Example: meat  consumption contributes 
34% to total water footprint of French 
consumption 

Presenter
Presentation Notes
Average water footprint of France: �1786 m³/yr per capita��Part of footprint falling outside of the country: �47.3 % 
Global average water footprint (for comparison):�1385 m³/yr per capita




(3) Sustainability assessment: Priority basins and products 
regarding the blue water footprint of production in France 

Source: Ercin et al. (2013)  

Basin      Water   Product 
              scarcity 
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(3) Sustainability assessment: The river basins in the world in which 
the production of agricultural products for French consumption 
contributes to moderate, significant or severe blue water scarcity 

Source: Ercin et al. (2013)  

WF of French consumption Basins with water scarcity > 1 

contributes to 
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(3) Sustainability assessment: Priority basins (top 10) regarding the 
blue water footprint of French consumption of agricultural products 

Source: Ercin et al. (2013)  
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Summary 

 WFA improves understanding of linkages between humanity's 
productive activities and the growing pressure on the world's freshwater 
resources. 

 
 Water Footprint Assessment  (WFA) can support a broad range of 
goals and scope. 

 
 WFA clarifies the environmental sustainability, economic efficiency 
and social equity of water use and allocation and supports prioritisation 
of strategic actions in both the public and private sector. 

 
 WFA studies form a starting point for more in-depth local assessments 
of environmental, social and economic impacts of water use. 

Presenter
Presentation Notes
Source:
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.
Page 79-81



Thank you very much for your attention! 

Questions? 
 
 
Markus Pahlow 
University of Twente,  
The Netherlands 
m.pahlow@utwente.nl 
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