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Abstract— In the world of science, Water Footprint is well known but if we look into the very essence of this tool what can we expect as a 
foundation? Is it a tool for a deep scientific research about humanity impact assessment on the fresh water resources or perfect tool for 
raising awareness among the humanity and especially policy makers about world water scarcity and increase cooperation between 
countries? This study determines the percentage of data uncertainty and whether there is a possibility for improving this indicator. 
Furthermore, it is studied how this indicator can help to save water resources in fast developing countries as China and India, whose 
development is based mainly on the exports. The previous findings clearly indicate that virtual water trading on the global level can help the 
countries with water scarcity problems to mitigate that condition through trading with water abundant countries. There is still a gap in many 
publications; it is not yet clear whether the area in which the water footprint estimation is performed belong to water abundancy or water 
scarcity area. Finally this study will consider all these findings and emphasize the importance and relevance of this indicator for future 
sustainable development. 

 

Index Terms— Water footprint, water scarcity, virtual water, agriculture, trade, Asia  

——————————      —————————— 

1 INTRODUCTION                                                                     

Consumers don’t value the water because it is the public re-
source, the free resource, with no incentives for efficient use. 
In the foreseeable future is not realistic to expect that any gov-
ernment or politician as an individual would start this type of 
initiative. Scientific community and organizations must look 
for another approach to reduce water use and deal with fresh 
water scarcity. This issue is not confined only to the poorest 
countries, but on almost the entire planet. In the beginning of 
20th century Water footprint(WF) is introduced as a major tool 
for calculating the total water consumption. After many pub-
lished works by the water footprint authors (Hoekstra and 
Mekonnen) and establishment of Water Footprint Network, 
most researchers adopted this method, which eventually 
showed how we irrational spending water. The water foot-
print approach is presented as superior to the traditional ap-
proaches applied in water management (Ma et al., 2015). Wa-
ter footprint (WF) is indicator which together with ecological 
and carbon footprint makes footprint family. Its purpose is to 
define quantity of water used for every product or service 
which are used in day to day human life and for processes 
which are not seen by human eye as well (Hoekstra et al., 
2012).  

 

Several studies have highlighted that water-scarce regions 
could decrease their production of water intensive food com-
modities to alleviate their water scarcity problems by produc-
ing instead goods and services with higher value added per 
unit of water consumed (Faramarzi et al., 2010)(Feng et al., 
2012)(Zeitoun et al., 2010). WF is determined by computing 
the quantity of fresh water from surface or ground sources 
used for production of some unit or service (Blue water), 
quantity of water which plants absorb from the soil or even-
tually evaporate (Green water) and water used for diluting the 
polluted water (Grey water)  in purpose to meet quality stan-
dards (Hoekstra and Mekonnen, 2011). The future water sce-
nario show increasing demand for water and increasing water 
footprint as well. This is not only consequence of growth pop-
ulation and big urbanization rate but also effect of growing 
economies in developing countries and changing diets. When 
we look about water footprint in food it can be noticed that 
people moving to eat more meat especially in India and China 
where economic development made a new middle class. 
Growing population also increase demand for agricultural 
products. Agriculture accounts for 92 % of the freshwater 
footprint of humanity and almost the one third relates to ani-
mal products (Mekonnen and Hoekstra, 2012). 
Problem with water scarcity is a big issue for policy makers 
and government officials. Water footprint is predicted to be 
informative tool for initiating and supporting new policies in 
water scarcity matter. Institutions making water plans both to 
reduce water demand and increase supply. Decreasing water 
levels and draining of some lake in past years bring focus on 
the need for better policies which can secure sustainability and 
mitigate water scarcity as an important component of policy 
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Fig. 1 The virtual water chain 

 

 

 

 

 

analysis (FAO, 2015). The water footprint and virtual water 
concepts provide the opportunity to link the use of water re-
sources to the consumption of goods. These concepts have 
been brought into water management science in order to show 
the importance of consumption patterns and global dimen-
sions in good water governance (Galli et al., 2012).  But does a 
good policy can be made without considering some more in-
dicators or footprints like social, economic and political. They 
are still in development stage and still are not tested so how 
relevant can be only water footprint for policy making. Some 
analysts also disagree with idea that WF conveys useful policy 
information. In his study Wichelns (2010a, 2010b, 2010c, and 
2010d) argues that the relevance of water footprints to the se-
lection of appropriate policies is quite limited. In study (Gawel 
and Bernsen, 2013) suggest the virtual water perspective has 
limited usefulness as a guide to policy. The main issue is can 
these problems be solved on global level rather than on the 
local level and without trade barriers. 
Review of water footprint methodology with discussion about 
possible shortcomings and improvements will be present in 
this paper. The rate of data uncertainty is determined and all 
possibilities for improving this indicator are considered. Fur-
ther, it is studied how this indicator can help to save water 
resources in fast developing countries as China and India, 
which development is based mainly on the export. Finally this 
study will consider all these findings and emphasize the im-
portance and relevance of this indicator for future sustainable 
development. 
 

2. WATER FOOTPRINT METHODOLOGY 
 
Certainly we're not aware of how much water we consume in 
a day. Apart from the obvious consumption, there is “virtual 
water" consumed in the production of food, electricity, and 
other industries. Food products trade means virtual water 
trade (Karandish and Salari, 2015). Close connection between 
virtual water and water footprint we can recognize in fact that 
human organism need only 2 to 4 liter of water per day to 
provide normal life. But quantity of water needed to satisfy 

basic human requirements is multiplied thousands times. That 
difference represents the content of virtual water as a major  
part of water footprint.  As it is mentioned in the introduction, 
agriculture uses the biggest amount of fresh water and 
represents the major part of virtual water trade. Most overseas 
studies usually calculate the water footprint of agricultural 
and animal products (Ma et al., 2015). 
 
In attempt to calculate national consumption water footprint 
(Mekonnen and Hoekstra, 2010) used data from the AQUA-
STAT database (FAO, 2010), EUROSTAT (2011) and United 
Nations Statistical Division database (UNSD, 2010).  The water 
footprint of national consumption (WFcons) in m3/year is cal-
culated by adding the direct water footprint of consumers 
(WFcond dir) and two indirect water footprint components 
(WFcond ind) from agriculture and industrial commodities  

 
 
(1)                                                                                                                                           

Water used to make consumed commodities is related to the 
indirect water footprint of consumers. Consumption and pol-
lution of water refer to the direct water footprint of consum-
ers.  
For product water footprint calculations (WFprod) are related 
production process water footprint (WFproc) and production 
quantity (P) what refer to the following equation 
 
 
                                                                                                                                                 (2) 
 
 
 
International virtual-water flows are calculated by multiply-
ing, per trade commodity, the volume of trade by the respec-
tive average water footprint per ton of product in the export-
ing nation. When a product is exported from a country that 
does not produce it, for that product we accept the global av-
erage product water footprint for that trade flow. Other equa-
tions are more detailed explained in the Water footprint as-
sessment manual (Hoekstra et al., 2011).  

3 DISCUSSION 
3.1 Figures and Tables 
In developed countries using recycled water for irrigation and 
in production processes is quite common and unquestionable 
will be used more in the future. Though it satisfy high quality 
standards it is very difficult to use recycled water for human 
direct and indirect consumption. As opposed to that it is a 
perfect solution for decreasing "blue water" volume in produc-
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tion processes and irrigation systems. In that case it should be 
considered possibility to use amount of the recycled water in 
equation for product water footprint in a following manner 

  

(3)                                                                                                                                             

 

where Wrecycled is volume or percentage of recycled water 
used in production. For national consumption water footprint 
authors (Mekonnen and Hoekstra, 2011) assumed that 5 % of 
the water withdrawn for industrial purposes is actual con-
sumption (blue water footprint) and for domestic water 
supply assumed a consumptive portion of 10 % but they 
didn’t highlight the uncertainty or fluctuation of these as-
sumptions. 

With intention to consider benefits of WF indicator in Asia this 
study reviews some earlier cases from other regions. From 
Table 1 and Table 2 it can be seen that most of countries do not 
use WF recommendations that less water abundant countries 
should trade with products which demand less water for pro-
duction. In the top five exporting countries we have three with 
modest amount of available fresh water. Further it is not clear 
how Netherland’s ratio between internal and external foot-
print is 5 % to 95 % when that country is second largest expor-
ter of agricultural products. The external water footprint is 
defined as the volume of water resources used in other nations 
to produce goods and services consumed by the population in 
the nation under consideration (Mekonnen and Hoekstra, 
2011). 

 

 

 

 

 

 

 

In their previous works they estimated that 86 % of the water 
footprint of humanity is within the agricultural sector (Hoek-

stra and Chapagain, 2008). Following this, Netherland should 
be country depending on the external water sources. This is 
denied with fact that they are second largest agricultural ex-
porter with a large surplus comparing with agricultural im-
port. Also during this review it can be noticed that in the di-
rect water footprint of consumers (Wfcons dir) it wasn’t consi-
dered wastage of water in distribution pipelines. Depending 
from region and quality of the pipelines water wastage rate is 
from 3 to 20 % (Inc., 2009). That is especially important during 
the calculation of urban WF. Further we cannot find storm 
water effects in WF analysis connected for the consumption in 
urban environment. It is noticed that uncertainty analysis 
missing as well.  

 

 

 

 

 

 

 

 

 

As authors (Mekonnen and Hoekstra, 2014) said, currently no 
uncertainty analyses are available. Many have ignored the fact 
that uncertainty could be great and continue work without 
any analysis or at least notes that some uncertainties exist.  

3.2 China water footprint 
 
The situation is arguably made dreadful by the reality that the 
entire Asia-Pacific region boasts only 36% of global water re-
sources, making per capita water availability the lowest in the 
world (Who and Unicef, 2012). China, in particular its water-
scarce regions, are facing a serious water crisis driven by rapid 
economic growth. China has put a lot of efforts in dealing with 
its virtual water trade. In recent years by importing water in-
tensive crops significantly, China increased its net virtual wa-
ter import from 7.02 cubic km in 1986 to 137.14 cubic km in 
2009 (Shi et al., 2014). In internal trade this is not the case. In 
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Fig. 2 Top 10 provinces by net domestic import of scarce water (row 
1), net domestic export of scarce water (row 2), and domestic scarce 
water footprint (row 3), all presented as regional totals. Dark blue 
names indicate provinces in north China, whereas light green indi-
cates provinces in south China. The colors of the bars reflect GDP 
per capita in each region (Feng et al., 2014) 
 

particular, the water-scarce North China tends to produce wa-
ter intensive goods for consumption in the South amplifying 
the serious water shortage in the North (Figure 2).  

Shanghai and Zhejiang are between most developed regions 
in China and Asia. Though they are water rich regions, still 
they are the biggest importers of goods from water scarcity 
regions as Xinjiang, Hebei, Inner Mongolia and Jiangsu. Main 
pressure on water scarcity in these regions is not their own 
economic development as it is believed. Major pressure com-
ing from fast developing trading partners in water abundant 
regions as it is Shanghai, Zhejiang, Jiangsu, Guangdong and 
Shandong. These provinces are ranked at the top in terms of 

consumptive water footprint (CWF) mainly due to the large 

quantity of goods and services imported from other provinces 
for local consumption, and more strikingly, their CWF is much  

larger than their local water consumption (Feng et all, 2014). 
These provinces are also among biggest generators of Munici-
pal Solid Waste especially its food content which is related to 
WF. 

 
3.3 Municipal solid waste water footprint 
Another significance of waste separation and classification is 
in contribution regarding to sustainable management and in-
terconnection of MSW and water resources. To achieve the 
goal of MSW management, consumer awareness, private sec-
tor initiatives, governmental regulation and targeted invest-
ments are urgently needed to move towards sustainable water 
use (Ercin and Hoekstra, 2014). Virtual water content of food 
remnants (average value 4414.7m3 tones) is dominantly higher 
than other MSW components in which there is also significant 
variation in virtual water content, i.e. annual virtual water in 
food remnants accounting for more than 85% of total virtual 
water in MSW what clearly indicate importance of MSW sepa-
ration and recycling (Huang et al., 2016). Following this data, 
average virtual water content of disposed food waste in 
Shanghai and Zhejiang MSW are 15341.9 x 10⁶ m³ and 32104 x 
10⁶ m³ respectively.  

Paper, wood and bamboo have even more significant content 
of virtual water but this study consider food remnant as most 
dominant in composition of MSW not only in Shanghai and 
Zhejiang but in all China and most of others developing coun-
tries as well. Increasing generation and disposal of MSW acce-
lerating water shortage whilst causing environmental pollu-
tion what clearly show urgency of waste separation and classi-
fication as prerequisite for successful reuse and recycling of 
valuable materials. 

4 CONCLUSION 
Still after more than ten years there is no valid proof that one 
country with water scarcity has achieved water security by trad-
ing mostly with the water abundant country. On the contrary, 
this review found that fresh water scarcity countries and re-
gions are biggest exporter of agriculture products and other 
products with high WF of production. Yet it cannot be denied 
the great success that this concept has made. Decreasing num-
ber of uncertainties especially in green and grey water footprint 
can lead to more accurate results. Both cases, European and 
Chinese, showed that water scarcity must be considered. Fur-
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ther, virtual water flows from water-rich regions to water scarci-
ty regions must be identified and quantified. According to high 
urbanization rate in Asian region, water pipeline system quality 
must be evaluated and considered during WF calculations. Wa-
ter Footprint Assessment can be valuable as support for busi-
nesses in Asian growing market. It can help on achieving sus-
tainable water management within their internal operations and 
supply chain. The significant value WF brought to the society 
raising awareness on water sustainability issues related to water 
use. People become aware of water issues especially in fast 
growing megacities in Asia. 
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