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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 Evidentially, this research covers only a short time span, is rather outdated by now, and 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 industry and domestic use – a 
crucial sub-part of the humanity’s WF. Pollutants considered should be N and P, but the inclusion of more 
pollutants 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 industry and 
domestic use at global level for a historic time period; 2) estimate the N- and P-related grey WFs from industry 
and domestic use 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. Two global studies that assess the grey WF of N and P for the time period from 2002 until 2010 exist 
(Mekonnen and Hoekstra, 2015, Mekonnen and Hoekstra, 2018), but have not been previously 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 industry and domestic use in this study. For the domestic use, both N and P loads 
result as a fraction of dietary protein consumption, considering excretion, and removal from waste water 
treatment. For industry, emissions are estimated as ratio of the domestic loads of urban households. This 
rather simplistic approach could be extended by introducing sub-sector specific approaches, e.g. with help of 
Malik et al. (2022). Input data for the grey WF estimations 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). 
 
Expected result 
The project aims to estimate the grey WFs associated with nitrogen (N) and phosphorus (P) from both 
industrial and domestic sources 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 sector (industry and 
domestic) and per time period. 
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