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Short description project aim and motive: 
A smart and fair management of global freshwater resources is a key challenge to assure a sustainable future 
where demands of both nature and humanity (for food, energy and other commodities) are met. To address 
this future challenge, it is crucial to understand human pressure on freshwater resources through both water 
consumption and pollution. The water footprint (WF) measures this pressure and accounts for consumptive 
(known as green and blue WFs) as well as degradative (known as grey WF) water use. In 2012 the WF of 
humanity has been estimated for the first time (Hoekstra and Mekonnen, 2012). This included the green, blue 
and N-related grey WF resulting from industry, domestic and agricultural use. The study covered a time span 
from 1996 to 2005. Evidentially, this research covers only a short time span, is rather outdated by now, and 
does not allow any predictions on the future developments of the WF. Hence, an update study is needed. The 
proposed master thesis project aims to update and expand the grey WF of agriculture – one crucial sub-part 
of the humanity’s WF. Pollutants considered should be N and P, but the inclusion of more pollutants (e.g. a 
pesticide or a pharmaceutical) is possible. The aim is to produce a global gridded (5x5 arc minute resolution) 
dataset which covers the time span 1990-2019. Moreover, a projection of the WF (e.g. for the year 2050) 
should be conducted, considering socio-economic as well as climatic developments. 
 
Research objective 
The research objective of this project is to: 1) estimate the N- and P-related grey WFs from agriculture at global 
level for a historic time period; 2) estimate the N- and P-related grey WFs from agriculture at global level for a 
future projection. 
 
Method 
The grey WF method has been described in detail (Hoekstra et al., 2011) and is well established in scientific 
literature. Modelling diffuse pollution from agriculture can be complex, but two global studies that assess the 
grey WF of N and P for 126 crops separately over the time period from 2002 until 2010 exist (Mekonnen and 
Hoekstra, 2015, Mekonnen and Hoekstra, 2018). However, they have not yet been considered to account the 
WF of humanity. We suggest using the methods of mentioned studies as a basis to calculate the N- and P-
related WFs for crop-specific agriculture in this study. N loads result from artificial fertilizer and manure 
(livestock excreta). A mass balance approach considering different inputs (fertilizer, irrigation, biofixation) and 
losses (crop harvest, residues, erosion, volatilization, denitrification) is combined with a soil balance approach 
to ultimately estimate loads leaching and running of to freshwater. A similar mass balance approach is used to 
estimate P inputs and losses. P loads to freshwater are is estimated using a surplus approach, where the 
surplus P is multiplied by an erosion-runoff-leaching fraction. Input data for these estimations are partially 
available within the research group, additional data should be researched from literature. The future projections 
should base on global projections such as those from IPCC, which include shared socioeconomic pathways 
(SSPs) representative concentration pathways (RCPs). Depending on the projection’s complexity, this can be 
done as gridded datasets or on country level. 
 
Expected result 
The project aims to estimate the grey WFs associated with nitrogen (N) and phosphorus (P) from agriculture 
at a global scale. This estimation covers historical data from 1990 to 2019 as well as a projection for the 
future. The research intends to produce global gridded datasets (covering also comprehensive visualization 
in maps) containing WFs per pollutant (N and P), per crop and per time period. 



 
References 

 
Hoekstra, A. Y., Chapagain, A. K., Aldaya, M. M. & Mekonnen, M. M. 2011. The Water Footprint Assessment 

Manual: Setting global standards, London, Earthscan. 
Hoekstra, A. Y. & Mekonnen, M. M. 2012. The water footprint of humanity. Proc Natl Acad Sci U S A, 109, 

3232-7, 10.1073/pnas.1109936109. 
Mekonnen, M. M. & Hoekstra, A. Y. 2015. Global Gray Water Footprint and Water Pollution Levels Related to 

Anthropogenic Nitrogen Loads to Fresh Water. Environ Sci Technol, 49, 12860-8, 
10.1021/acs.est.5b03191. 

Mekonnen, M. M. & Hoekstra, A. Y. 2018. Global Anthropogenic Phosphorus Loads to Freshwater and 
Associated Grey Water Footprints and Water Pollution Levels: A High‐Resolution Global Study. Water 
Resources Research, 54, 345-358, 10.1002/2017wr020448. 

 
 


