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Abstract— This study focussed on reviewing the published
literatures on estimation of water footprint of India in
agriculture, industrial and domestic sector and finding the
data gaps. A number of literatures have been addressed in
order to understand the concept, need, approach, limitation
and scope of water footprint in India. There is very limited
literature available specifically on water footprint of India, so
this study sustained on global research papers on water
footprint to analyse the Indian Water Footprint perspective.
The concept of water footprint has been established to
estimate the consumptive use of water in every sector. Water
footprint is the amount of water utilised to produce any
product or avail any service. With only 1/25th of the world’s
water resources India supports 1/6th of the world population.
India is hurtling to become water scarce country from water
stressed country. Proper information on water footprint will
enhance our understanding of planning and execution of our
activities in sustainable way. It can even reduce water stress
and forecast the vulnerability of water scarcity and drought.
By combining this partial tool of water footprint with other
analytical means we can take smart and sustainable decision.
There is very limited literature available on water footprint of
India as this study did not witness any recent data i.e. data
from last five years on water footprint of India in all the three
sectors. It was difficult to access water footprint papers of
industries as majority of industries keep their data private.
There is scarcity of research on domestic water footprint in
India as proper estimation of water footprint of domestic
sector is a bit complicated task. The Water Footprint
Assessment Manual (Hoekstra et al., 2011) is being used as
guiding tool for calculation of water footprint. The
methodology and equations for calculation of agricultural
water footprint is similar in all the studied papers while
Jeswani & Azapagic (2011) raised the concern on Hoekstra’s
approach that water footprint only represents the quantity of
water use without approximation of the related environmental
impacts and inclusion of green water in quantification of
water does not affect availability of blue water, so it should
not be accounted. This concern needs to be addressed for
further research in water footprint calculation method. Life
Cycle Assessment (LCA) software SimaPro has all the
building blocks to calculate proper water footprint but it is not
freely accessible. Software like CLIMWAT 2.0 and
CROPWAT 8.0 which are helpful in calculation of
agricultural water footprint are freely accessible. Water
footprint is a fractional tool to address sustainability issue. It
gives a rough estimated structure to execute our sustainability
plan further. This study addresses the data gaps and need of
further research on water footprint calculation in India in the
stated three sectors. The result shows that there is huge need
to expand further research on Water Footprint to address
sustainable life on earth.
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OBJECTIVE

— To find out the available data and research gaps in
calculation of Water Footprint of agriculture, industry
and domestic sector in India.

— To design a framework for further research to calculate
Water Footprint of these sectors in India.

I. INTRODUCTION

Water is life saviour gift of nature. Water is present
everywhere, in land as soil moisture and aquifers, in air in the
form of water vapour, on the hills, in the rivers and even
inside the body of a tiger. Everything we do, consume water
directly or indirectly. Around 71% of surface of earth is
covered with water, oceans hold around 96.5 % of earth’s
water. (Howard, 2018). As per National Geographic Society
less than three per cent of earth's water is fresh water. India
supports 1/6th of the world population with only 1/25th of the
world’s water resources (MWS, 2016). Water availability in
India has dropped within 60 years from 5200 m3 (1951) to
1545 m3 (2011). Use of water in every sector is day by day
increasing. As per international norms, a country having less
than 1700 m3 of water falls under “water stressed” country
category while less than 1000 m3 water availability
categorise the country under “water scarce” category.

A “footprint” has been generally defined as a
“quantitative measure showing the appropriation of natural
resources by human beings” (Hoekstra, 2008). The concept
of water footprint was firstly introduced by Arjen Y. Hoekstra
in 2002 at the International Expert Meeting on Virtual Water
Trade. Water footprint is the amount of water used to produce
any goods or services. We can calculate water footprint of
single process such as cotton production, for a product such
as bread, for our own house consumption or for any big
industry or organisation. It can be for single person, family,
community, region, state, nation or entire earth. We can
measure it in cubic metres per tonne of production, per unit
of currency, per hectare of cropland and in other functional
units.

Water Footprint is a mirror for the development
thirst world which neglects the importance of sustainability.
It gives a broader perspective about water usage at different
level and hence helps in water management and auditing. It
gives information about water intensive processes and
encourages us to look for sustainable pathway to reduce water
stress. Water footprint can forecast the vulnerability of water
scarcity and drought.

Climate change and water footprint are interrelated
as the average temperature of earth rises; precipitation,
evaporation and transpiration process gets disturbed and
affect water availability on earth. So climate change has
adverse impact on blue and green water footprint. It adversely
affects agricultural water footprint along with industrial and
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domestic water usage patterns. It will exaggerate the water

cycle, varying water availability, timing and quality.

“The interest in the water footprint is rooted in the
recognition that human impacts on freshwater systems can
ultimately be linked to human consumption, and that issues
like water shortages and pollution can be better understood
and addressed by considering production and supply chains
as a whole,” says Professor Arjen Y.Hoekstra, creator of the
water footprint concept.

There are three components of water footprint-

1) Blue Water Footprint -Volume of surface and
groundwater consumed for the production of a good or
service.

2) Green Water Footprint -Volume of rainwater consumed
during the production process. The precipitation on land
stored in the soil or temporarily stays on the top layer of
the soil is refereed as green water.

3) Grey Water Footprint -Volume of freshwater that is
required to assimilate the load of pollutants based on
natural background concentrations and existing ambient
water quality standards.

Water footprint of a nation is the total amount of
water needed for the production of goods and services
calculated by adding all water consumed and water inherent
in products imported, then subtracting the water in exports.
India is the country with the largest footprint in the world,
with a total footprint of 987 Gm3/year (Hoekstra &
Chapagain, 2006). However as per Mekonnen & Hoekstra
(2011) total water footprint of India was 1100000 million m3
per year.

India is one of the leading nations in terms of farm
output. According to 2010 FAO world agriculture statistics
India is the world's largest producer of many fresh fruits,
vegetables, milk, major spices, jute, millets and castor oil
seed (Singh, 2016).

Industries are also expanding day by day in the
country as government policies such as Make in India
supports industrial set up for economic growth.

Domestic sector has been categorised into urban,
semi urban and rural areas. India is the second most populated
country in the world among which approximately 30% of the
population is urban and 60% is rural as per 2011 census.
Pattern of use of water is affected by many factors. It varies
person to person.

All the three sectors use water directly or indirectly
and leave behind their footprint. We need to find suitable
framework to pen down their water footprint and suggest
sustainable method to reduce water stress on this planet.

Water footprint assessment is a partial tool, to be
used in combination with other analytical means in order to
provide understanding of the full range of relevant issues in
making decisions (Hoekstra et al. 2011).

Il. AGRICULTURAL WATER FOOTPRINT

Indian agriculture accounts for 90% water use due to poor
irrigation systems and large scale ground water depletion.
India receives an average precipitation of 4,000 billion m3
per year from which 48% is used in surface and ground water
bodies (Dhawan, 2017). About 90% of India’s crop
production is constituted by wheat, rice and sugarcane which

are most water intensive crops. As per Hoekstra product
water footprint data, around 2497 | of water is consumed to
produce 1 Kg of rice. Irrigated agriculture accounts for 70%
of total global water withdrawals, upholding lands which
supply almost 40% of the global food production (Lal et al.,
2004). Use of irrigation water in India accounts for 55-70%
nearly while 60% of water used in irrigation is wasted due to
poor irrigation practices (Rajapure & Kaothari, 2012).
Agriculture sector is the major water consumer sector in
India.

There is very limited literature available specifically
on agricultural water footprint of India. So this study focussed
on global research papers on agricultural water footprint to
analyse the scenario of India precisely.

M.M. Mekonnen and A.Y. Hoekstra have
sequentially described about the previous research approach
for blue and green agricultural water footprint in the paper
titled as “The green, blue and grey water footprints of crops
and derived crop products”. As per Mekonnen & Hoekstra
(2011) at country level, the global estimation of consumptive
utilisation of blue water in agriculture sector was firstly done
by Seckler et al. (1998) while Rockstrom et al. (1999) and
Rockstrom and Gordon (2001) made some first global
estimation of green water consumption. Later on
Shiklomanov and Rodda (2003) projected consumptive use
of blue water at county level. The first global estimation of
consumptive use of water for various crops per country was
done by Hoekstra and Hung (2002) but they did not
distinguish it into blue and green components. A good
approach of Rost et al. (2008) using a spatial resolution of 30
by 30 arc minute without showing water use per crop
estimated green and blue water consumption. After that
Siebert and Doll (2008,2010), Liu etal. (2009), Liu and Yang
(2010) and Fader et al. (2011) also used spatial resolution arc
minute approach to estimate blue and green water
consumption for crop production.

Mekonnen and Hoekstra (2011) estimated green,
blue and grey water footprints of crop production (1996-
2005) using the framework of Hoekstra et al. (2011). Daily
soil water balance, crop water requirements, actual crop water
use and actual yields were computed using grid-based
dynamic water balance model and applied at global scale
using a resolution of 5 by 5 arc minute. They used
CROPWAT 8.0 model for few crops and do not considered
multi-cropping practices. Data of green, blue and grey water
footprint of every crop (Total 136 crops) at national and sub
national level is available in “The green, blue and grey water
footprints of crops and derived crop products” Report Series
No. 47 sheet. In the research paper they have mentioned that
the total green water footprint of crop production is largest in
Uttar Pradesh (88 Gma3/yr) followed by Maharashtra (86
Gma3/yr), Karnataka (65 Gma3/yr), Andhra Pradesh (61
Gm3/yr) and Madhya Pradesh (60 Gm3/yr) and also total
blue water footprint of crop production is largest in Uttar
Pradesh (59 Gm3/yr) followed by Madhya Pradesh (24
Gma3/yr). We can access crop-wise data of green, blue and
grey water footprint of 136 crops of all Indian states during
1996-2005 in this report.

Doeke Kampman estimated the total water footprint
with blue, green and grey components related to the
consumption of agricultural commodities of Indian states for
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the tenure of four years (1997-2001) in his master thesis on
“The Water Footprint of India- A study on water use in
relation to the consumption of agricultural goods in the Indian
states”, which was published in April, 2007. He calculated
water footprint per capita and the contribution of the different
crops (cotton, lint, edible oils, pulses, sugar, coarse cereals,
wheat and rice) for the Indian states. He quantified the
relation between water footprint & agricultural practice and
found that low water productivity leads to a relatively high
internal water footprint of a state. The result of his study was
10% lesser than the water footprint calculated by Chapagain
& Hoekstra (2004) as Chapagain & Hoekstra (2004)
calculated optimal water use while Kampman (2007)
calculated actual water use. The total water footprint related
to the consumption of agricultural commodities of India was
777 billion m3/yr with an average of one billion people living
in India between 1997 and 2001 (Kampman,2007).In this
study rough data has been generated and used, some data
were incomplete too as one set of climatic parameters per
state and only one set of crop parameters has been for whole
India per season but still it gives a better retrospective vision
on water footprint and virtual water flows in India.

In the paper “Quantifying the Water Footprint:
Growing Crops Sustainably in Northwest India”, Megan K.
Holcomb (2010) computed water footprint of wheat and rice
from planting to harvest in Punjab India taking help from
Hoekstra's (2009) Water Footprint Manual as it provided
several checklists and examples to help in outlining the goals.
Step-by-step procedure of implementation and execution of
water footprint assessment using CLIMWAT and
CROPWAT can be extracted from this paper. Megan
examined if the water footprint of growing wheat and rice in
Punjab, India exceeds the natural water supply of that region.
If yes, by how much? This paper elucidates the framework of
water footprint calculation for agricultural sector in India.
Chapagain and Hoekstra (2010) calculated the green, blue
and grey water footprint of rice from both production and
consumption perspective of major rice producing country
from the period of 2000 to 2004. Country wise data of water
footprint of rice production and consumption is available in
the appendix of this paper as per instance the total national
water footprint of rice production and rice consumption in
India was 255.5 billion m3 /year and 250.3 billion m3 /year
respectively during this tenure while state wise data of any
country has not been released here.

Kokila (2016) quantified the water footprint of crop
production in India for the year 2007-2008. Total agricultural
water footprint (in bcm) and per capita water footprint (in
litres) of all the states of India were calculated assuming all
the agricultural produces consumed by people in a state are
produced within the state i.e. the inter-state trade in
agriculture goods is zero. As per Kokila Maharashtra had
highest agricultural water footprint (80.95 becm) followed by
Madhya Pradesh (65.32 bcm)) and Andhra Pradesh (64.30
becm) during 2007-08 while per capita water footprint was
largest in Uttarakhand (2,89,513 litre), followed by
Chhattisgarh and Punjab. Water used for agriculture in India
was estimated to be 962.167 bcm while the domestic
consumption water footprint was estimated to be 911.253
bem which was 95% of the total agricultural water footprint
(Kokila, 2016).

Harris et al. (2017) quantified the water required in
the production of diets in India using the water footprint (WF)
assessment method.

The methodology and equations for calculation of
agricultural water footprint is similar in all the papers. The
standard method is mentioned in Hoekstra Manual. Jeswani
& Azapagic (2011) raised the concern on Hoekstra’s
approach that water footprint only represents the quantity of
water use without approximation of the related environmental
impacts and inclusion of green water in quantification of
water does not affect availability of blue water, so it should
not be accounted.

Kampman (2007) estimated the total water footprint
with blue, green and grey components associated to the
consumption of agricultural commodities of Indian states
from 1997 to 2001, Mekonnen & Hoekstra (2011) estimated
green, blue and grey water footprints of crop production from
1996 to 2005 and Kokila (2016) quantified total agricultural
water footprint of crop production of Indian states from 2007
to 2008. Kampman (2007) studied 7 crops (cotton lint, edible
oils, pulses, sugar, coarse cereals, wheat & rice) Mekonnen
& Hoekstra (2011) calculated crop wise water footprint of
136 crops and Kokila (2016) studied 48 crops.

1. INDUSTRIAL WATER FOOTPRINT

The demand of water in industrial sector is rising day by day
and it will account for 85 % of the total freshwater
abstraction in 2025. Surface water is the major source of
water for the industries (41%) followed by groundwater
(35%) and municipal water (24%) (Mission, 2011).

As per Water Risk in Indian Industry Survey
conducted by FICCI, 62% of the surveyed industries had
started water auditing to understand the complete water use
pattern in their operations and search for water saving
measures from ground level. The total industrial water
demand will increase to 92 and 161 BCM (Billion Cubic
Centimetres) by 2025 and 2050 respectively (Bhat, 2014).

It is very difficult to access water footprint data of
any industrial process in India as most of the industries do not
disclose the data of their water usage or footprint for public
access; very few industries are concerned about environment
sustainability as for instance Tata industries.

The Water Footprint Assessment Manual (Hoekstra
etal., 2011) illustrates how water footprints are calculated for
individual processes and products, as well as for consumers,
nations and businesses.

Using the knowledge from this manual, Tata group
of companies commenced to develop a corporate water
sustainability framework and encourage sustainable water
use at its twelve plants across India publishing a report on
“Water Footprint Assessment” collaborating between Tata
Chemicals, Tata Motors, Tata Power, Tata Steel, Tata Quality
Management Services, International Finance Corporation
(IFC) and Water Footprint Network.

Tata Steel Ltd. (TSL) Jamshedpur was the dominant
industrial water user in the watershed, with an overall blue
water footprint of 24.9 million m3/year in which most of its
water use (81%) was concentrated in direct operations with
iron and steel (Unger et al., 2013). This Assessment disclosed
amount of water being used to produce a ton of product
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(steel), established an internal benchmark and recognized
where water was being used inefficiently.

The water footprint of Tata Chemicals Ltd. (TCL)
varied by type of products and facilities while study of Tata
Power Ltd. (TPL) disclosed that the choice of fuel influence
indirect water footprints, use of coal and gas as fuels had
lesser blue water footprint than use of oil. Paint shop and
forging consumed highest inside-the-fence water in all six
facilities in Tata Motors Ltd. (TML).

This assessment was very helpful in formulating
comprehensive response strategies to reduce water footprint,
pollution and address water scarcity problems in the local
watershed. Other industries can also adopt this method to
ensure sustainability.

Industries can be classified into two groups-
Manufacturing industries and Service industries. Then
process as per the type of industry can be listed down which
uses water. As per water footprint assessment manual, water
footprint of different processes and products can be
accounted.

As per Unilever's global company website, they
have been calculating their consumer’s water footprint since
2010 by collecting data from India, China, Indonesia, South
Africa, Turkey, Mexico and the US (mainly from water
scarce countries). According to their estimation 6.7 billion
m3 of water is used by the consumers while using their
products. Sharma (2015) quantified water and waste water
usage in a cotton textile industry by classifying processes
according to water use (wet, intermediate and dry) by
collecting primary data of the selected unit. Gu. et al. (2015)
calculated water footprint of the iron and steel industry by
selecting a factory in Eastern China. They noted down all the
production processes and estimated water consumption
footprint using direct water footprint and virtual water
footprint with the help of primary and secondary data. The
water used in the installation and decommissioning of the
steel mill was not typically tracked. This method can be
applied to Indian industries to estimate industrial water
footprint. Chen et al. (2015) sourced inventory data from
SimaPro, Ecoinvent, literature information, and data from
manufacture companies to study water footprint of machine
tools. As per SimaPro website all the building blocks to
calculate a proper water footprint is available in SimaPro
which is Life Cycle Assessment (LCA) software. The license
for this LCA software need be bought as this is not freely
accessible.

IVV. DOMESTIC WATER FOOTPRINT

As per UNICEF “There are around 2.4 billion people who do
not use improved sanitation and 663 million who do not have
access to improved water sources”. In India only 1/4 of the
country’s population can access water in their homes while
rest of the population has to go outside sources to collect their
water for daily use. For human consumption groundwater and
surface water are the two sources of water. In India,
groundwater is mainly used for human consumption as most
of the surface water bodies are highly polluted. As per
NCIWRD commission water demand in the domestic sector
will increase substantially. “It is assumed that the average
domestic water demand would increase from 85 litres per

capita per day (Ipcd) in 2000, to 125 and 170 Ipcd by 2025
and 2050, respectively.” (Bhat,2014). According to
International Irrigation Management Institute (1IMI) almost
everywhere in India the water table is falling at between one
to three meters every year. Average citizens in India have
water footprint of 1,071 m3 per year (Hoekstra & Mekonen,
2012).

It was difficult to access data of domestic water
footprint of India. As per Hoekstra our individual water
footprint is equal to the water required to produce the goods
and services consumed by us. We can calculate our personal
water footprint using personal calculator available on the
website www.waterfootprint.org. It asks several questions
about food consumption, indoor and outdoor domestic water
usage, industrial goods consumption and estimates individual
water footprint.

Shaban & Sharma (2007) focussed on domestic
water use in seven major cities of India; Delhi, Kanpur,
Kolkata, Ahmedabad, Mumbai, Hyderabad and Madurai
studying activity-wise and socio-economic group-wise water
consumption. They observed that consumption of water in
Indian cities (mainly in large cities) was far lower than the
norms put down by the Bureau of Indian Standards. Shaban
(2008) collected primary and secondary data , interviewed
total 2,734 households and determined water consumed in
seven major Indian cities (Delhi, Kanpur, Kolkata,
Ahmedabad, Mumbai, Hyderabad and Madurai) by supply
not by demand.

Domestic water footprint is important as per UNDP
access to water services play a key role in the UNDP Human
Poverty Index for developing countries.

V. LIMITATIONS

There is very limited literature available on water footprint of
India. It was difficult to access water footprint papers of
industries as majority of industries keep their data private.
Data of green, blue and grey water footprint of every crop
(Total 136 crops) at national and sub national level is
available in “The green, blue and grey water footprints of
crops and derived crop products” Report Series No. 47 sheet.
Mekonnen and Hoekstra (2011) have mentioned the data of
total green water footprint of crop production in Uttar
Pradesh, Maharashtra, Karnataka, Andhra Pradesh and
Madhya Pradesh and also total blue water footprint of crop
production in Uttar Pradesh, Madhya Pradesh while the
figures of total water footprint of crop production i.e total
agricultural water footprint in components of blue, green and
grey of other states was not accessible in the paper or report.
SimaPro is not freely accessible, so exploration of the
inventory data for calculation of water footprint remained
left.

VI. CONCLUSION

India is not a water deficient country but several negligence
and lack of proper monitoring over environmental
exploitation can make the country experience dreadful
situations. The country needs to wake up early and try to
make alive its natural resources. There is dire need to expand
studies on water footprint in India for agriculture, industrial
and domestic sector. Researchers had studied about water
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footprint of India in the past as for instance Kampman
estimated the total water footprint related to the consumption
of agricultural commodities of Indian states from 1997 to
2001 but no any recent study has been found in this sector.
This study did not witness any recent data (data from last 5
years) on water footprint of India in the stated sectors.
Domestic water footprint sector needs a prior attention as no
any research paper has been published estimating domestic
water footprint of India.

VIl. FUTURE SCOPE AND OPPORTUNITIES

Although India is blessed with natural gifts, now water
resources in the country are facing relentless pressure due to
growing population, climate change, urbanisation and
industrialisation.

It is very essential to do further research on water
footprint in agriculture, industrial and domestic sector in
India as no any recent data have been found related to the
topic. Researchers need to focus on agricultural and domestic
water footprint calculation and every industry should
calculate their water footprint to promote sustainability.
Some industries like Unilever, Pepsico, Coca-cola have
already mentioned on their website that they are doing so but
data was not found for public access. The Water Footprint
Assessment Manual (Hoekstra et al., 2011) can be used as
guiding tool for calculation of water footprint. Exploration of
inventory data for water footprint calculation of agriculture,
industrial and domestic sectors in SimaPro can make the
framework of water footprint calculation easy. There is
scarcity of research on domestic water footprint in India. This
sector needs special surveillance as estimation of water
consumption in domestic use is very important to analyse the
water stress.

ACKNOWLEDGEMENT

This study has been executed at centre of Environment,
Energy and Climate Change, Asian development Research
Institute, Patna. | would like to express special gratitude for
my supervisor Prangya Paramita Gupta who always inspired
and suggested me the right way. | am very thankful to Dr.
Abinash Mohanty who guided us prudently in difficult
situation. Also | would like to thank Ravi Ranjan Sinha for
his commendable suggestions.

REFERENCES

[1] Alcamo, J., Doll, P., Henrichs, T., Kaspar, F., Lehner, B.,
Résch, T. and Siebert, S., 2003. Development and testing
of the WaterGAP 2 global model of water use and
availability. Hydrological Sciences Journal, 48(3),
pp.317-337.

[2] Allan, J.A., 1998. Virtual water: a strategic resource,
global solutions to regional deficits. Groundwater 36 (4),
545e546

[3] Amarasinghe, U.A., Shah, T. and Anand, B.K., 2008.
India’s water supply and demand from 2025-2050:
business-as-usual scenario and issues. In IWMI
Conference Proceedings (No. 235165). International
Water Management Institute.

[4] Bhat, T.A., 2014. An analysis of demand and supply of
water in India. J. Environ. Earth Sci, 4, pp.67-72.

[5] Chapagain, A.K, Hoekstra, A.Y., 2004. Water footprints
of nations. Value of Water Research Report Series No.
16, UNESCO-IHE Institute for Water Education, Delft,
the Netherlands.

[6] Chapagain, A.K., Hoekstra, A.Y., Savenije, H.H.G. and
Gautam, R., 2006. The water footprint of cotton
consumption: An assessment of the impact of worldwide
consumption of cotton products on the water resources in
the cotton producing countries. Ecological economics,
60(1), pp.186-203.

[7] Chapagain,A.K, Hoekstra,A.Y, 2010. Water footprint of
rice production. The green, blue and grey water footprint
of rice from both a production and consumption
perspective, value of water research report series no. 40,
19.

[8] Chapagain,A,2009, water footprint of rice Quantifying
the rainbow of virtual water fluxes related to rice trade

[9] Chen, J.L., Chen, Y.B. and Huang, H.C., 2015.
Quantifying the Life Cycle Water Consumption of a
Machine Tool. Procedia CIRP, 29, pp.498-501.

[10]Colla, V., Matino, I, Branca, T.A. Fornai, B,
Romaniello, L. and Rosito, F., 2017. Efficient Use of
Water Resources in the Steel Industry. Water, 9(11),
p.874

[11]CropWat | Land & Water | Food and Agriculture
Organization of the United Nations | Land & Water |
Food and Agriculture Organization of the United
Nations. 2018. CropWat | Land & Water | Food and
Agriculture Organization of the United Nations | Land &
Water | Food and Agriculture Organization of the United
Nations. [ONLINE] Available at:
http://www.fao.org/land-water/databases-and-
software/cropwat/en/. [Accessed 10 May 2018].

[12]De Fraiture, C., Giordano, M. and Liao, Y., 2008.
Biofuels and implications for agricultural water use: blue
impacts of green energy. Water policy, 10(S1), pp.67-81.

[13]Dhawan, V, 2017. Water and Agriculture in India.
Background paper for the South Asia expert panel during
the Global Forum for Food and Agriculture (GFFA)
2017

[14]Ercin, A.E., Aldaya, M.M. and Hoekstra, A.Y., 2011.
Corporate water footprint accounting and impact
assessment: the case of the water footprint of a sugar-
containing carbonated beverage. Water Resources
Management, 25(2), pp.721-741.

[15] Ercin, A.E. and Hoekstra, A.Y., 2014. Water footprint
scenarios for 2050: A global analysis. Environment
international, 64, pp.71-82.

[16] Fader, M., Gerten, D., Thammer, M., Heinke, J., Lotze-
Campen, H., Lucht, W. and Cramer, W., 2011. Internal
and external green-blue agricultural water footprints of
nations, and related water and land savings through trade.
Hydrology and Earth System Sciences, 15(5), p.1641

[17]Frequently asked questions n.d. Frequently asked
questions [ONLINE] Available at:
http://waterfootprint.org/en/water-footprint/frequently-
asked-questions/#CP2. [Accessed 02 July 2018].

[18] Gerbens-Leenes, P.W., Mekonnen, M.M. and Hoekstra,
A.Y., 2013. The water footprint of poultry, pork and

All rights reserved by www.ijsrd.com 887



Review Paper on Agricultural, Industrial and Domestic Water Footprint of India

(IJSRD/Vol. 7/1ssue 04/2019/221)

beef: A comparative study in different countries and
production systems. Water Resources and Industry, 1,
pp.25-36.

[19] Gleeson, T., Wada, Y., Bierkens, M.F. and van Beek,
L.P., 2012. Water balance of global aquifers revealed by
groundwater footprint. Nature, 488(7410), p.197.

[20]Glossary n.d. Glossary . [ONLINE] Available at:
http://waterfootprint.org/en/water-
footprint/glossary/#GWF. [Accessed 02 July 2018].

[21]Gu, Y., Xu, J., Keller, A.A., Yuan, D., Li, Y., Zhang, B.,
Weng, Q., Zhang, X., Deng, P., Wang, H. and Li, F.,
2015. Calculation of water footprint of the iron and steel
industry: a case study in Eastern China. Journal of
Cleaner Production, 92, pp.274-281

[22] Hanasaki, N., Inuzuka, T., Kanae, S. and Oki, T., 2010.
An estimation of global virtual water flow and sources of
water withdrawal for major crops and livestock products
using a global hydrological model. Journal of
Hydrology, 384(3-4), pp.232-244.

[23]Harris, F., Green, R.F., Joy, E.J., Kayatz, B., Haines, A.
and Dangour, A.D., 2017. The water use of Indian diets
and socio-demographic factors related to dietary blue
water footprint. Science of the Total Environment, 587,
pp.128-136.

[24]Hoekstra, A.Y. and Hung, P.Q., 2002. Virtual water
trade. A quantification of virtual water flows between
nations in relation to international crop trade. Value of
water research report series, 11, p.166.

[25]Hoekstra, A.Y. and Chapagain, A.K., 2006. Water
footprints of nations: water use by people as a function
of their consumption pattern. In Integrated assessment of
water resources and global change (pp. 35-48). Springer,
Dordrecht

[26]Hoekstra, A.Y. (2008) The water footprint of food, In:
Forare, J. (ed.) Water for food, The Swedish Research
Council for Environment, Agricultural Sciences and
Spatial Planning 31 (Formas), Stockholm, Sweden, pp.
49-60.

[27]Hoekstra, A.Y., 2009. Human appropriation of natural
capital: A comparison of ecological footprint and water
footprint analysis. Ecological economics, 68(7),
pp.1963-1974.

[28]Hoekstra, A. Y., A. K. Chapagain, M. M. Aldayal, and
M. M. Mekonnen (2009). Water Footprint Manual - State
of the Art 2009.

[29] 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.

[30]Hoekstra, A.Y., 2011. Understanding the water footprint
of factory farming. Farm animal voice, 180, pp.14-15..

[31]Hoekstra, A.Y. and Mekonnen, M.M., 2012. The water
footprint of humanity. Proceedings of the national
academy of sciences, 109(9), pp.3232-3237.

[32]Hoekstra, A.Y., 2013. Reducing the water footprint in
India. SustaiNuance, 2(3), pp.26-27

[33]Hoekstra, A.Y., 2014. Water for animal products: a blind
spot in water policy. Environmental research letters,
9(9), p.091003.

[34]Holcomb, M.K, 2010. Quantifying the Water Footprint:
Growing Crops Sustainably in Northwest India. Paper

submitted in partial requirements of the Undergraduate
Honors Program. United States: The Ohio State
University.

[35]Howard, G., Bartram, J., Water, S. and World Health
Organization, 2003. Domestic water quantity, service
level and health.

[36] Howard Perlman, USGS. 2016. How much water is there
on Earth, from the USGS Water Science School.
[ONLINE] Available at:
https://water.usgs.gov/edu/earthhowmuch.html.
[Accessed 28 June 2018]

[37]1Howell, T.A., 2001. Enhancing water use efficiency in
irrigated agriculture. Agronomy journal, 93(2), pp.281-
289.

[38] India's Water Wealth - . n.d. India's Water Wealth - .
[ONLINE] Available at:
http://www.indiawris.nrsc.gov.in/wrpinfo/index.php?titl
e=India%?27s_Water_Wealth. [Accessed 28 June 2018].

[39] International Water Management Institute (IWMI).n.d.
PODIUMSIm - Models and Software - Resources ::
IWML. [ONLINE] Auvailable at:
http://www.iwmi.cgiar.org/resources/models-and-
software/podiumsim/. [Accessed 4 June 2018].

[40]1IWMI (International Water Management Institute).
2000. World water supply and demand 1995 to 2025
(draft).
www.cgiar.org/iwmi/pubs/WWVison/WWSDOpen.htm

[41]Irfan, Z.B. and Mondal, M., 2016. Water Footprint
Analysis in Dairy Industry in India. International Journal
of Environmental Science and Development, 7(8), p.591.

[42] IWR-MAIN. (n.d.). IWR-MAIN. [ONLINE] Available
at: http://www.dynsystem.com/IWR-MAIN/. [Accessed
4 May 2018]

[43]Jeswani, H.K. and Azapagic, A., 2011. Water footprint:
methodologies and a case study for assessing the impacts
of water use. Journal of cleaner production, 19(12),
pp.1288-1299.

[44] Kampman, D.A, 2007. The water footprint of India.
Master thesis. Enschede, Netherlands: University of
Twente

[45]Kar, G., Kumar, A., Singh, R., Sikka, A.K., Panigrahi,
S., Sahoo, N., Swain, S. and Sahoo, H.N., 2015. Farm
Level Water Footprints, Water Productivity and
Nitrogen Use Efficiency in Irrigated Rice under
Different Water and Nitrogen Management. Journal of
the Indian Society of Soil Science, 63(3), pp.266-275.

[46] Koehler, A., 2008. Water use in LCA: managing the
planet’s freshwater resources. International Journal of
Life Cycle Assessment 13 (6), 451e455.

[47]Kokila, J,2016.A water footprint analysis for agriculture
in India, p70

[48] Kumar, V. and Jain, S.K., 2011. Export and import of
virtual water from different states of India through food
grain trade. Hydrology Research, 42

[49]Lal, R., P. R. Hobbs, N. Uphoff, and D. O. Hansen
(2004). Sustainable Agricultural and the International
Rice-Wheat System. New York: Marcel Dekker, Inc.

[50]Lane, S.N., 2014. Spotlight on... Virtual water.
Geography, 99, p.51.

[51]Liu, J., Zehnder, AJ. and Yang, H., 2009. Global
consumptive water use for crop production: The

All rights reserved by www.ijsrd.com 888



Review Paper on Agricultural, Industrial and Domestic Water Footprint of India

(IJSRD/Vol. 7/1ssue 04/2019/221)

importance of green water and virtual water. Water
Resources Research, 45(5).

[52]Liu, J., You, L., Amini, M., Obersteiner, M., Herrero, M.,
Zehnder, AJ. and Yang, H., 2010. A high-resolution
assessment on global nitrogen flows in cropland.
Proceedings of the National Academy of Sciences,
107(17), pp-8035-8040.

[53] Mekonnen, M.M. and Hoekstra, A.Y. (2010) The green,
blue and grey water footprint of crops and derived crop
products, Value of Water Research Report Series No. 47,
UNESCO-IHE, Delft, the Netherlands.

[54] Mekonnen, M.M. and Hoekstra, A.Y., 2010. A global
and high-resolution assessment of the green, blue and
grey water footprint of wheat. Hydrology and earth
system sciences, 14(7), pp.1259-1276.

[55] Mekonnen, M.M. and Hoekstra, A.Y., 2011. The green,
blue and grey water footprint of crops and derived crop
products. Hydrology and Earth System Sciences, 15(5),
p.1577.

[56].Mekonnen, M.M. and Hoekstra, A.Y., 2012. A global
assessment of the water footprint of farm animal
products. Ecosystems, 15(3), pp.401-415.

[57]Mission, F.W., 2011. Water Use in Indian Industry
Survey. New Delhi.

[58] Morales, M.A., Martin, J.M. and Heaney, J.P., 2009.
Methods for Estimating  Commercial, Industrial and
Institutional Water Use. In FSAWWA Water
Conference, October.

[59]MWS | Waterscapes. 2016. MWS | Waterscapes.

[ONLINE] Available at:
http://www.millenniumwaterstory.org/Waterscapes.htm
I. [Accessed 28 June 2018]

[60] National Geographic Society. n.d. Earth's Freshwater -
National Geographic Society. [ONLINE] Available at:
https://www.nationalgeographic.org/media/earths-fresh-
water/. [Accessed 28 June 2018].

[61]NEW | Water Footprinting in SimaPro 8 | PRé
Sustainability. 2018. NEW | Water Footprinting in
SimaPro 8 | PRé Sustainability. [ONLINE] Available at:
https://www.pre-sustainability.com/news/new-water-
footprinting-in-simapro-8. [Accessed 7 June 2018].

[62] Personal calculator - extended . n.d. Personal calculator
- extended [ONLINE] Available at:
http://waterfootprint.org/en/resources/interactive-
tools/personal-water-footprint-calculator/personal-
calculator-extended/. [Accessed 11 June 2018].

[63]Rajapure, V.A. and Kothari, R.M., 2012. Sustainable
Irrigation Practices in India. In Irrigation Systems and
Practices in Challenging Environments. InTech.

[64]Ridoutt, B.G., Juliano, P., Sanguansri, P., Sellahewa, J.,
2010. The water footprint of food waste: case study of
fresh mango in Australia. Journal of Cleaner Production
18 (16e17), 1714e1721.

[65] Ridoutt, B.G., Pfister, S., 2010. A revised approach to
water footprinting to make transparent the impacts of
consumption and production on global freshwater
scarcity. Global Environmental Change 20, 113e120.

[66] Rockstrém, J. and Gordon, L., 2001. Assessment of
green water flows to sustain major biomes of the world:
Implications for future ecohydrological landscape
management. Physics and Chemistry of the Earth, Part

B: Hydrology, Oceans and Atmosphere, 26(11-12),
pp.843-851.

[67]Rockstrom, J., Gordon, L., Folke, C., Falkenmark, M.
and Engwall, M., 1999. Linkages among water vapor
flows, food production, and terrestrial ecosystem
services. Conservation ecology, 3(2).

[68] Rockstrom, J., 2003. Water for food and nature in
drought—prone tropics: vapour shift in rain—fed
agriculture. Philosophical Transactions of the Royal
Society of London B: Biological Sciences, 358(1440),
pp.1997-2009.

[69] Roshan Kishore (2016). India’s farms have a far worse
scorecard on water use than IPL. [online] Available at:
https://www.livemint.com/Opinion/vZ3FOtNe9m0XC
mOU7J5XxN/Indias-farms-have-a-far-worse-scorecard-
on-water-use-than-1.html [Accessed 7 May 2018].

[70]Rost, S., Gerten, D., Bondeau, A., Lucht, W., Rohwer, J.
and Schaphoff, S., 2008. Agricultural green and blue
water consumption and its influence on the global water
system. Water Resources Research, 44(9).

[71] Sachidananda, M., Webb, D.P. and Rahimifard, S., 2016.
A concept of water usage efficiency to support water
reduction in manufacturing industry. Sustainability,
8(12), p.1222.

[72] Sampath, A., Kedarnath, B., Ramanujam, C., Haidery,
H., Rao, R., Arunachalam, R., Govindaraju, S.,
Thirumalavan, V. and Jeet, V., 2003. Water privatization
and implications in india. Association for India’s
Development, Austin USA, TX, 78712,

[73] Seckler, D., Amarasinghe, U., Molden, D. J., de Silva,
R., and Barker, R.1998: World water demand and
supply, 1990-2025: Scenarios and issues, IWMI
Research Report 19, IWMI, Colombo, Sri Lanka.

[74] Shaban, A. and Sharma, R.N., 2007. Water consumption
patterns in domestic households in major cities.
Economic and Political Weekly, pp.2190-2197.

[75] Shaban, A., 2008, June. Water poverty in urban India: a
study of major cities. In Seminar Paper UGC Summer
Programme June—July.

[76]Sharma, D. (2015). Water and Wastewater
Quantification in a Cotton Textile Industry. ISET -
International Journal of Innovative Science, Engineering
& Technology, 2(6), pp.289-294.

[77] Shiklomanov, 1.A., 2000. Appraisal and assessment of
world water resources. Water international, 25(1), pp.11-
32.

[78] Shiklomanov, I.A. and Rodda, J.C. eds., 2004. World
water resources at the beginning of the twenty-first
century. Cambridge University Press.

[79] Siebert, S. and Doll, P.: The global crop water model
(GCWM): " Documentation and first results for irrigated
crops. Frankfurt Hydrology Paper 07, Institute of
Physical Geography, University of Frankfurt, Frankfurt
am Main, Germany, available at: http://www.geo.uni-
frankfurt.de/ipg/ag/dl/f publikationen/ 2008/FHP 07

[80] Siebert, S. and Ddll, P., 2010. Quantifying blue and green
virtual water contents in global crop production as well
as potential production losses without irrigation. Journal
of Hydrology, 384(3-4), pp.198-217.

All rights reserved by www.ijsrd.com 889



Review Paper on Agricultural, Industrial and Domestic Water Footprint of India

(IJSRD/Vol. 7/1ssue 04/2019/221)

[81]SimaPro. n.d. SimaPro LCA Software. [ONLINE]
Available at: https://simapro.com/about/. [Accessed 4
June 2018].

[82]SimaPro. n.d. Water Footprinting With SimaPro.
[ONLINE] Available at:
https://simapro.com/business/life-cycle-
assessments/water-footprint/. [Accessed 7 June 2018].

[83]Singh, S.K., 2016. Progress and performance of
agriculture in India. Journal of Agroecology and Natural
Resource Management, 3(1), pp.67-71.

[84] Spang, E.S., Moomaw, W.R., Gallagher, K.S., Kirshen,
P.H. and Marks, D.H., 2014. The water consumption of
energy production;: an international comparison.
Environmental Research Letters, 9(10), p.105002.

[85]UNDP, 1999, Human Development Report 1999, Oxford
University Press, New York, USA. United Nations
General Assembly, 2000 Resolution 55/2: Millennium
Declaration United Nations, New York.

[86]UNICEF. n.d. Water, Sanitation and Hygiene. [online]
Available at: https://www.unicef.org/wash/ [Accessed
29 Jun. 2018].

[87]Unger, K., Zhang, G. and Mathews, R., 2013. Water
Footprint Assessment Results and Learning: Tata
Chemicals, Tata Motors, Tata Power, Tata Steel, Tata
Quality Management Services. The Water Network.

[88]Use, W. n.d. Our water footprint. [online] Unilever
global company website. Available at:
https://www.unilever.com/sustainable-living/reducing-
environmental-impact/water-use/our-water-footprint/
[Accessed 26 Jun. 2018]

[89] Uttamsingh, v, Srinivas, r, (2010). Water sector in India:
Overview ‘and focus areas for the future. In PanllT
Conclave 2010. KPMG.

[90] Vanham, D. and Bidoglio, G., 2013. A review on the
indicator water footprint for the EUZ28. Ecological
indicators, 26, pp.61-75.

[91] Wallace, J.S., 2000. Increasing agricultural water use
efficiency to meet future food production. Agriculture,
ecosystems & environment, 82(1-3), pp.105-119.

[92]Walling, F.B. and Otts, L.E., 1967. Water requirements
of the iron and steel industry. US Government Printing
Office.

[93]Wang, X.H., Xu, Z.M. and Long, A.H., 2005. Estimation
of water footprint of China in 2000. Journal of
Glaciology and Geocryology, 27(5), pp.774-780.

[94]Wang, Z., Huang, K., Yang, S. and Yu, Y., 2013. An
input—output approach to evaluate the water footprint
and virtual water trade of Beijing, China. Journal of
Cleaner Production, 42, pp.172-179.

[95] Water Audit Process Introduction. n.d. Water Audit
Process Introduction. [ONLINE] Awvailable at:
http://www.allianceforwaterefficiency.org/Water_Audit
_Process_Introduction.aspx. [Accessed 4 June 2018]

[96] Water Footprint Calculator. n.d. Water Footprint
Calculator. [ONLINE] Available at:
https://www.watercalculator.org/. [Accessed 11 June
2018].

[97]Water Resources in India. n.d. Water Use by Industry.
[online] Available at:
https://env3400spring2013india.wordpress.com/2013/0
4/18/water-use-by-industry/ [Accessed 29 Jun. 2018].

[98] What is a water footprint n.d. What is a water footprint?
.JONLINE] Available at:
http://waterfootprint.org/en/water-footprint/what-is-
water-footprint/.[Accessed 2 May. 2018]

[99]World Bank. 2011. Water Sector in India. [ONLINE]
Available at:
http://www.worldbank.org/en/news/feature/2011/09/29/
india-water. [Accessed 29 June 2018]

[100] World's Water. n.d. Water Data — World's Water.
[ONLINE] Available at;
https://www.worldwater.org/water-data/. [Accessed 28
June 2018]

All rights reserved by www.ijsrd.com 890



