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Agenda

 Overview of water demand for food production

 Trends and Needs

 Water scarcity

 Food waste and water footprint

 What about food safety and water quality?



The future of food production

 Projected population increase to 9 million by 2050

 Agricultural production will need to increase by 70% 

(100% in low- and middle-income countries), from 2009

 Increase mostly from intensification, not land expansion

 Improved irrigation, water efficiency, yield growth

 19% increase in agricultural water consumption (11% from 

irrigated agriculture)

 Up to 52% of population may live in water-scarce regions

(FAO, 2011)



Inter-sector competition for water

 Current agricultural water withdrawals: 70% of all sectors  

(ag, municipal, industrial)  (WHO 2011, 2012)

- OECD avg 40% (up to 60%)

- BRIC avg 78%  (20-87%)

- LDC (least developed countries) >90%

 Global water demand +55% by 2050 (all sectors)

 Municipal and industrial water demand to grow faster than ag

 Competition between food and non-food crops, livestock



Water withdrawals by sector and region

(WWDR4 UNESCO 2012, FAO AQUASTAT 2011)



Water availability

www.watersaving.com



Blue and Green water

Surface and ground water Soil moisture from rain

Footprint 

~ 12%

Withdrawals: blue ; Consumptive use: blue + green

Footprint: blue + green + grey
http://waterfootprint.org/media/downloads/Report47-WaterFootprintCrops-Vol1.pdf



Agricultural water demand

 Agricultural products: 92% of global water footprint (Hoekstra 

and Mekonnen, 2012)

 Mostly at pre-harvest

 Irrigated agriculture: 40-45% of ag production, 17% of land 
(Evan and Sadler 2008)

 Yield from irrigated ag: 2.7 times of rainfed ag (WHO 2011)

 Water demand of same crop varies by region (different 

yields) – compare with caution! e.g. cereals

 Most water demand analyses focus on quantity, not quality!
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Water footprint (Liter per Kg of product)

Source: Mekonnen and Hoekstra (2010)

Water demand by product (global average)

http://waterfootprint.org/media/downloads/Report-48-WaterFootprint-AnimalProducts-Vol1_1.pdf


Water demand by product (US)

Protein-rich foods:

www.latimes.com (data: WaterStat, Mekonnen and Hoekstra 2010)

http://www.latimes.com/


Plant vs. Animal products

 Factors affecting water footprint: 

- Plant: yields, portion of plant harvested, climate

- Animal: feed conversion efficiency, feed, where feed is 

grown, production system (grazing, industrial, mixed)

 Most water impact of animal production is growing feed 

(98% globally)

 More efficient to obtain protein, fat, calories from plant than 

animal products

FAO 2013



Water footprint of animal products: variability

(Gerbens et al., 2013)

PORK BEEF

(Raising and processing)



Change in water availability (historic to 2040)

(WRI 2015) https://www.wri.org



Distribution of water stress (current)

(WRI 2015) https://www.wri.org



Change in water stress (historical to 2040)

(WRI 2015) https://www.wri.org



Water import-export: virtual water

 Virtual water: water needed to produce something

 Saving local water by importing water-intensive goods
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Food losses and waste: impact on water 

 30% food losses, globally

 Food losses account for 24% of crop water consumption 

(250 Km3, > tot water use in India, 220 Km3)

 Cereals and fruits: 52% and 18% of blue water footprint of 

food waste (26% and 16% of tot food waste)

 Starchy roots: 2% of blue water footprint, 19% of food waste

(FAO 2013)



Food waste and losses

(FAO, 2013)



Water footprint of food waste

FAO 2013 (Food Wastage Footprint)



Blue Water footprint of food waste: hot spots

 Absolute values:

- S&SE Asia: wastage of wheat and rice

- W & Central Asia: wheat and rice

- N Africa: wheat and maize

- (SS Africa very low, high starchy root production)

 Per capita (global average 38 m3/yr):

- N America (90 m3/yr)

- S&SE Asia  average

- SS Africa: lowest footprint per capita (7 m3/yr)



Increasing efficiency in crop irrigation

 Crop land per capita has decreased in recent years

 Expansion of irrigated ag possible in SS Africa and S America

 80% of potential gains in developing countries associated with 

intensification (higher yields, multi-cropping, shorter fallow)

 Main gains in ag water efficiency associated with:

- Improvement in irrigation management/services/timing

- Increased yields

 Post-harvest water use matters too !



Food safety and water

 Water quality (and availability) impacts food safety

 “Fit-for-use” water quality: pre-harvest and processing

 Water reuse: suitability depends on water quality, application, 

and treatment capacity

 WHO/FAO to harmonize guidelines
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Useful Resources

 AQUASTAT (FAO)

 World Water Assessment Programme (WWAP)

 Global Water Outlook to 2025 (IFPRI, IWMI)

 Water Footprint Network

 Glossary (Water Footprint Network)

 Mekonnen and Hoekstra 2010

http://www.fao.org/nr/water/aquastat/main/index.stm
http://www.unesco.org/water/wwap/
http://www.ifpri.org/media/water2025.htm
http://waterfootprint.org/en/
http://waterfootprint.org/en/water-footprint/glossary/
http://waterfootprint.org/media/downloads/Report47-WaterFootprintCrops-Vol1.pdf
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Water stress in 2040

(WRI 2015)



Figure 4. Number of months during the year in which the blue water footprint exceeds blue 

water availability for the world's major river basins, based on the period of 1996–2005.

Hoekstra AY, Mekonnen MM, Chapagain AK, Mathews RE, Richter BD (2012) Global Monthly Water Scarcity: Blue Water Footprints 

versus Blue Water Availability. PLOS ONE 7(2): e32688. https://doi.org/10.1371/journal.pone.0032688

https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0032688

https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0032688


US Water footprint of Food production

http://waterfootprint.org

Marston, L., Ao, Y., Konar, M., Mekonnen, M.M. & Hoekstra, A.Y. 

(2018) High-resolution water footprints of production of the United 

States, Water Resources Research, accepted article



Global average footprint by product
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Water availability

https://www.grida.no/resources/5590



Food waste projects

• Food Waste and the Environment (2017 to date) For a study with the National Science Foundation’s Socio-
Environmental Synthesis Center, assessing the environmental and ecological impacts of food loss and waste 
across regions of the United States from input sources in agricultural production through disposal of food 
waste. Defining types of impacts, assessing measurement methods, and identifying data sources with a focus 
on how best to prioritize public and private food waste reduction initiatives.

• Expert Technical Panel on Technical Questions and Data Gaps in the ERS Loss-Adjusted Food Availability 
Data Series (2016 to 2018) For the Economic Research Service, conducted an in-depth evaluation of the 
Loss-Adjusted Food Availability Data Series and developing workable, concrete solutions to resolve technical 
questions to improve the data series. Identified relevant experts, convened expert panel meetings, 
conducted analyses of data, and developed recommendations. Key issues to address included measuring 
supermarket shrink, measuring food availability for food consumed at home versus away from home, 
modeling approaches for estimating food loss, incorporating FoodAPS data, and accounting for ingredient 
use in food loss measures.

• Consumer-Level Food Loss: An Update of Estimates for Cooking Loss and Uneaten Food at the Consumer 
Level (2016 to 2018) For the Economic Research Service, developed estimates of consumer-level food loss 
for use in the Loss-Adjusted Food Availability Data Series. By food category, calculated differences between 
total food purchases using household purchase data and food consumption using the National Health and 
Nutrition Examination Survey dietary recall data. Identified characteristics of foods with higher levels of food 
loss and implications for per capita calories consumed over time.




