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Executive summary

Thet extil e industry touches everyoneods | ives throu:
has a significant i mpact on the worl dds resources
materials production to the industrial processing stages.

Leading clothing retailer, C&A, aims to transform its supply chain so it can source apparel that is
fairly and sustainably produced. It has formed a strategic partnership with the Water Footprint
Network to deepen its understanding of water use and pollution in its supply chain. Because it uses
a significant quantity of cotton, C&A is focusing on sustainable water use in its cotton supply chain

as part of its efforts to reduce its environmental impacts.

The water footprint is an indicator of freshwater use that looks at both direct and indirect water use
for any kind of productive activity, e.g., growing cotton, for the products consumed by an individual
or group of individuals, or for the activities within a geographic area. It accounts for both water
consumption and pollution over each phase of the production process and value chain, and includes

three components.

1 The blue water footprint is the amount of fresh surface or groundwater used to grow a crop
or produce goods or services. It is the amount of water evaporated, incorporated into the
product or returned to a different location or in a different time period from where it was
withdrawn.

1 The green water footprint is the total rainfall or soil moisture used to grow plants. It is
relevant for products that include agricultural crops and wood and other forestry inputs;
where it refers to the quantity of water either evapotranspired by plants or incorporated into
the harvested crop, or both.

T is @ measure of pollution. It is expressed as the volume of water
required to assimilate the pollutant load to meet ambient water quality standards. The
pollutant that requires the largest assimilation volume is referred to as the critical pollutant
and is used to calculate the grey water footprint; if there are both surface and groundwater

discharges, the grey water footprint for each discharge is calculated separately.

By measuring the water footprint i and finding out where and when it lands i C&A can see the

impact of its water use and take steps to reduce that impact.



The Study: Previous studies by Water Footprint Network identified two areas as supply chain

hotspots for the water footprint: water consumption and pollution of raw materials production and

the garment processing stage of cotton textile. This current study aims to develop a deeper
understanding of water use in the producttioon of ¢
farming areas and a country that experiences water scarcity and degraded water quality. It supports

C&AG6s aims to reduce the water footprint of cottol

and to contribute to the overall improvement of water scarcity and pollution in relevant river basins.

Water Footprint Network investigated the link between the water footprint and the various
agricultural practices used in cotton cultivation in three states of India during the 2012 7 2013
growing seasons. The practices were conventional, REEL Cotton and organic farming from a
sample of 1,144 farms selected across Madhya Pradesh, Maharashtra and Gujarat, India. The main
difference between these farming practices relates to chemical inputs. REEL farms are stricter in the
use of synthetic chemical pesticides and fertilisers than conventional farms, and organic farms are

the strictest on chemical inputs and use more compost, urea, neem oil and organic seeds.
Two aspects of water use were considered:

the overall pressure on water resources, e.g., the water consumed or polluted per hectare or
year, which must be understood in the context of local water availability; and
the efficiency with which the water is being used, which is related to the productivity of the water,

e.g., tonnes of cotton produced for the volume of water consumed or polluted.

This study establishes the relationship between cotton agricultural practices and technologies and

the use of water and includes the following steps:

1. Calculating the green, blue and grey water footprint of cotton cultivation using the data
collected from representative farms located in the three Indian states of Gujarat,
Maharashtra and Madhya Pradesh;

2. Establishing the relationship between cotton agricultural practices and technologies and the
green, blue and grey water footprint; and

3. Analysing the potential for water footprint reduction through the transition from one farming

practice to another and developing water efficiency benchmarks or targets for reduction.

The findings support previous assessments done by Water Footprint Network; however, this

assessment provides a far more detailed analysis, based on farm field data. The best performers of



these farms can shed light on the potential for water footprint reduction and the specific practices

that can lead to a more sustainable supply chain.

Findings: Whilst farm performance varies and the results illuminate a number of recommendations
for C&A, the overall outcome is that organic farming is the top practice to consider for a long-term
strategy 1 if yields can be increased and farmer income needs met. The report also provides
evidence that, in the interim, farms under the REEL Cotton programme are performing well in terms
of reduced water pollution, when compared to conventional farming, and have the highest yields

overall.

1 Green water footprint: Cotton production on the farms included in this study is primarily
rainfed, resulting in a relatively larger green than blue water footprint per tonne of cotton.
REEL farms had the lowest green water footprint, indicating that the land under cultivation is
being used more productively. Each hectare of land is producing more cotton.

1 Blue water footprint: Of the farms sampled in Madhya Pradesh, 96% were irrigated;
however, irrigation was only 6% of the total water consumed in growing the crop. Gujarat is
the second highest user of irrigation systems across the three practices, with 89% of farms
irrigating in 2013; irrigation provided 9% of the total evapotranspiration. Maharashtra is the
least reliant on irrigation, with only 30% of the farms irrigating. The average blue water
footprint on farms using drip irrigation is 382 m3/ha, whilst those using furrow averaged 427

m3/ha, a difference of 12% in the blue water footprint.

1 Grey water footprint: The grey water footprint of cotton, when including pesticides, clearly
demarcates the three agricultural practices. Conventional agriculture pollutes more than
REEL and organic farms are the best performers. Conventional farms of Gujarat generated
an average grey water footprint 22 times highe
cotton. Conventional farms of Maharashtra generated a grey water footprint 122 times higher
than the stateds or gani crfdoprmtper hectirdiranges fromr age gr
496,657 cubic metres in Madhya Pradesh to 4,386 cubic metres in Gujarat. Replicating the
good performance of farmers in Gujarat at all the farms in this study would reduce the grey

water footprint (pollution) by 88%.

i Yields: The cotton yields of the farms included in this study range from a low of 1.06
tonnes/ha for organic cotton in Maharashtra to a high of 3.49 tonnes/ha for REEL farms in

the same state. The best performance in terms of yield came from rainfed REEL farms in



Maharashtra followed closely by REEL farms in Gujarat that were irrigated. REEL farms had
three times as much yield as the organic farms. This can be due in part to the seeds used on
organic farms, which must be organic and may be lower producing seeds than those used

on REEL or conventional farms. REEL farms also out-performed the conventional farms with

1.5 times as much yield.

1 Resource efficiency: When comparing cotton yields to the water consumed or polluted,
farming is more resource efficient in Gujarat than in the other two states, whether it is
conventional, REEL or organic. The better performance in terms of yield and water footprint
of conventional, REEL and organic farms in Gujarat reflects the higher levels of access to
resources such as government support, training in best practices, technology, etc. REEL
farms in both Gujarat and Maharashtra are resource efficient due to their high yields; organic
farms are resource efficient due to less toxic inputs. Increasing the yields on organic farms

will move organic farms into the position of best performers.

This study confirms that there are significant water footprint savings possible with changes at the
farm level. It is also evident that there are significant variations in performance between farms, even
those located in the same areas. The findings clearly indicate that farmers who receive information,
training and financial resources perform better. C&A, and other clothing retailers, can use the
results of this study to advocate for the agricultural practices used by farmers to be those with the
lowest green, blue and grey water footprint, both in terms of the overall pressure on freshwater
resources, i.e., the water consumed or polluted throughout the growing season, and the efficiency,

i.e., the water consumed to produce a tonne of cotton.

Recommendations: A range of strategic actions can be used to achieve a more sustainable supply
chain, from awareness raising to farmer training, from investments in knowledge and technologies
at the farm level to joining forces to transform the sector, from establishing policies that secure long
term sustainability to disclosing the current state and the pathway to be taken to the desired future

condition. In summary, strategic actions are:

Advocate the impressive results achieved in reducing water pollution levels from organic
farming to employees and customers as a way to build support for the transition to sustainable
cotton for C&A and other retailers;

Improve agricultural practices at the farm level such that the green, blue and grey water
footprint are reduced and strengthen supportive mechanisms for building farmer capacity, for
providing accurate and timely information and for expanding expert knowledge in Water

Footprint Assessment and its applications;
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Understand the local context in select priority catchments and contribute to actions that will
improve local water conditions;

Engage with standards organisations, PPPs, river basin organisations and other collective
actions to accelerate improvements in the sustainability of cotton production and the local
water conditions;

Encourage coherent and effective regulations, laws and policies that will support progress
toward sustainable, efficient and equitable water use and management;

Support the development of informed communities committed to sustainable cotton through
water stewardship, and

Be open and transparent about the water stewardship journey i where you are now, what you
are doing, what you have learned and where you are headed.

This Water Footprint Assessment of cotton farms in India was made possible through funds from

C&A Foundation. Gi ven the significant i mpact the sector
efforts to improve its environmental, social and economic sustainability are to be applauded. The

insights this report provides and the strategic actions and investments it recommends will contribute

to transforming the sustainability of the textile sector. Along the way, lessons will be learned and an

iterative approach to deepening understanding, such that resources are directed in the most

beneficial way, should be used. As these changes in cotton farming are implemented in production

sites around the world, the cotton supply chain will become more sustainable.
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1 Introduction

Organic cotton boll, Vellitiruppur, Erode, Tamilnadu.
Source: Indiawaterportal.org (July, 2012)

1.1 Context

Companies worldwide are recognising that water is an essential ingredient in their business
operations and the lack of access to sufficient water quantities and/or degraded water quality is
posing a material risk to a growing number of companies. Concern about water is highlighted by
a survey of companies conducted by the World Economic Forum in 2015, which identified water
crises as the top systemic risk to the global economy in terms of potential impact. In 2016, 40%
of those surveyed deemed water crises to be the risk to be most worried about over the next 10
years. A survey of its members by the World Business Council for Sustainable Development
indicates that some 70% of its corporate members identify water as a material theme (Vionnet,
2015).

Textles t ouch everyoneds |ives through clothing, fatl

only has an i mpact on people's Ilifestyles, it al:
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resources. Its production relies heavily on water, from raw materials to the industrial processing

stages. Rising competition for water is already impacting the textile and other sectors and water
constraints will increasingly challenge -felmusi nes:
viability - and for the health of ecosystems and communities - to understand how water is used

at every step of the supply chain and to prioritise actions that will ensure it is used as

sustainably as possible.

Half a billion people in the world face severe water scarcity all year round, whilst
4 billion people live under conditions of severe water scarcity at least one month

of the year. Nearly half of those people live in India and China.

(Mekonnen and Hoekstra, 2016)

1.1 Cotton and water

Cotton is the most important natural fibre used in the textile sector worldwide. Global
consumption of cotton is expected to be 105.5 million bales in 2016/17 (Johnson et al., 2016).

Cotton production takes place in over one hundred countries but has traditionally been
concentrated in a few. Over the last three decades, the four leading producing countries have
accounted for an increasing share of world production. China, India, the United States and
Pakistan accounted for 48% of world production in 1970/71 and 75% in 2009/10. In particular,
increases in production in China and India resulted in an increased share of Asia in world
production from 35% in 1980/81 to 65% in 2009/10 (Oerklion, 2010).

Currently around 70% of the world's cotton is grown in India, China, USA and
Pakistan, with over one quarter of cotton production occurring in India (USDA,

2016). Many of the areas in which cotton is grown are water scarce.

Cotton consumption is responsible for as much as 2.6% of global water use (Hoekstra and

Chapagain, 2008). From field to end product, cotton passes through a number of distinct

13



production stages in different locations and with different impacts on water resources in the
countries where it is grown and processed. There are two major stages in the production chain:
the agricultural stage (growing the cotton) and the industrial stage (processing of seed cotton
into final cotton products.

Raw Spinning, Knitt;ng Wet
materials yarn ang processing
weaving
S, . X Direct
Retailer’s Indirect water footprint water
footprint

Business total water footprint

Figure 1 - Water footprint along a retailer's supply chain

To understand the impact of textile on global water resources we measure the water footprint,
which can illuminate the story of water throughout (Figure 1) the supply chain. These insights
can be used as a credible basis for strategic plans and actions that will advance water
stewardship by encouraging, supporting and facilitating efforts that ensure sustainable
production and processing in the textile supply chain.

On average, it takes almost 10,000 litres of water (Figure 2) to produce one kilogram of cotton
fabric (Mekonnen and Hoekstra, 2010; 2011), meaning it takes about 8,000 litres for a pair of
cotton jeans, equivalent to 50 bathtubs of water.

14



8,000 litres

cotton 13%

10,000 litres
of water

Figure 2 - Water footprint of a pair of jeans based on global averages

The global water footprint of cotton products is estimated at 233 billion cubic metres per year
(Mekonnen and Hoekstra, 2010), which is an average of 33m?®/year per capita, equivalent to an

average of 238 bathtubs of water per person per year.
Table 1 - Water footprint of cotton by component

Water footprint components

The volume of water used or irrigation from surface or

0 .
33% Blue water footprint groundwater during cotton farming

The volume of rain - or soil moisture - consumed by

, .
54% S e ) plants during the growing period

Grey water footprint The volume of fresh water polluted as a result of

0
13% (Nitrogen) cotton production

Based on Mekonne 014 glabal $tunye(kable 1),a 63s3 % of cottonbdés wa

the blue water footprint, 54% is the green water footprint and 13% is the grey water footprint

associated with Nitrogen pollution.
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1.2 C & A 8tsategy for sustainable sourcing

The Water Footprint Network through its strategic partnership with C&A, has been supporting

the company in developing a deep understanding of water consumption and pollution of raw

materials production and garment processing stage; as these two areas have been identified as

hotspots in previous work. Through quantifying the water footprint of raw materials and

processing, assessing the sustainability of these water footprints and recommending strategic

response options which will reduce the water footprint or make it more sustainable, the Water

Footprint Network is helping C&A reach its sustainable sourcing targets. Two studies have been

compl eted: AC&AOGs Water Footprint (Béankemndegy: Cot t «
Mathews, 2013a)and 6 Gr ey Water Footprint I|Indicator of W:s
Organic vs. Conv e n t(kramke arld M&hewst 2018b).i n | ndi ab

The first study identified the unsustainabl e ' hof
cotton agriculture and the textile washing-dyeing-finishing phase. The global water footprint

database, WaterStat!, was used to estimate C& A Eur opeds wat er cultivaton pr i nt

in 2011 as 3.6 billion cubic metres (Franke and Mathews, 2013a). 63% (Figure 3) of this was

blue water footprint, 24% was green water footprint and 13% was grey water footprint from

Nitrogen-based fertilisers.

1 http://waterfootprint.org/en/resources/water-footprint-statistics/
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= Blue water footprint

= Green water
footprint

Grey water footrprint

Figure 3 - C&A Europe’s global water footprint for cotton sourced in 2011

The study found that C&A had a blue water footprint in India of greater than 500 million m3/year,
due to the amount of cotton fibre C&A sources from India.

60% of C&A's blue water footprint lies in India
39% of this lands in the Indus River basin,

which is a hotspot for water scarcity and pollution.

Severe blue water scarcity occurs when the blue water footprint for the river basin is two times
larger than the blue water available i in this case environmental flow requirements are not met

and degradation of aquatic life and ecosystem services can be expected.

The second study, published in 2013, compared the grey water footprint of growing organic and
conventional cotton across 480 farms in India. The results showed that conventional cotton
production creates as much as five times more water pollution than organic farming, mainly
because of the use of synthetic pesticides and, thereby, puts greater pressure on local water
resources. This study was the first of its kind to document the grey water footprint reduction
opportunities in cotton farming through changes in farming practices. The results point to how
C&A and others could help farmers reduce the pollution load coming from cotton agriculture and

lessen its impact on freshwater resources.
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In the comparison of conventional cotton farming to organic, the 2013 study

shows that conventional cotton farming is five times more polluting than organic

These two studies form the basis for the second phase of the partnership between C&A and
Water Footprint Network: 6 Bui | di ng Capaci t yreduaging andd managipgp ar e | S e
the Water Footprint: C&A Water Footprint Strategy 20137 20 1 5 6

This report presents the results of the Water Footprint Assessment of agricultural practices used

in cotton productiononfarmsinindia. To ensur e t hat e@8MAddsed omvthetbest st r at
information, this study used data collected from individual farms in cotton producing states in

India. The aim of the study is identifying how to reduce the water footprint of cotton agriculture

through the transformation of agricultural practices, thereby improving the sustainability of the

cotton supply chain.

By working with suppliers to improve agricultural practices, the textile sector is
well positioned to make a significant positive impact on global water use,

secure the future of the sector and benefit humanity and the environment.

The results presented here can be pivotal for C&A to reach its target for sustainable sourcing of
cotton and in directing its investments toward the most promising improvements that will

increase the sustainability of the cotton supply chain.

1.3 Project goals & scope

Through its global supply chain, C&A has both a dependency upon the availability and quality of
water and an impact on those water resources. The water footprint is one of the family of
environmental footprints that help us understand how our production and consumption choices
impact on natural resources. The quantities of water, fertilisers and pesticides required for
cotton production, together with the fact that most cotton is grown in water scarce and polluted
areas suggests that for the long-term viability of C&A and other textile companies i and the
health of ecosystems and communities 1 it is critical to understand how water is used in the

production of apparel and other textile goods.
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AiBy 2020, 100% of the tot al cotton we use
We will also act upon circular economy and closed-l oop product desi gn. ¢
C&A

By measuring the water footprint i and finding out where and when it lands i C&A can see the
impact of its water use and take steps to reduce that impact. The results of this study will be
instrumental in developing guidance on which practices should be further developed and
implemented by C&A and its suppliers (cotton farmers) to reduce to sustainable levels and

better manage their water footprint.

Farm level data was collected by CottonConnect, a social enterprise that helps farmers improve
agricultural practices. Approximately 700 farms were sampled in the 2013-2014 season
(referred to 2013 growing season in this report) and 450 farms were sampled (from Gujarat and
Maharashtra states only) in the 2012-2013 season (referred to 2012 growing season in this
report). The farms grew cotton using one of three different agricultural practices: organic
farming; conventional farming; or REEL farming. The main difference between these farming
practices (Table 2) relates to chemical inputs. REEL farms are stricter in the use of synthetic
chemical pesticides and fertilisers than conventional farms, and organic farms are the strictest

on chemical inputs and use more compost, urea, neem and organic seeds.

Reductions in the consumption and pollution of water resources in the cotton
supply chain will lead to greater water security for the textile sector and is

necessary for water use to be sustainable, efficient and equitable.

The Water Footprint Assessment methodology (Hoekstra et al., 2011), developed by Water
Footprint Network, is used in this study to assess which agricultural practices contribute to more
sustainable water use and which actions will eff

its cotton supply chain.
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Table 2 - Comparison of three agricultural practices

Conventional

Conventional farming is the standard practice that
is used extensively, employing a combination of
mostly synthetic agrochemicals for pest control and
fertilisers and has the least restrictions in terms of
the chemicals used. While quantities of sustainably
produced cotton are increasing, approximately 90%
of all cotton is grown conventionally (Textile
Exchange, 2014.

Conventional cotton
insecticides and 7% of pesticides, while grown on
2.5% of arable land (ICAC, 2010). 73% of global
cotton harvest comes from irrigated land (WWF,
1999). Conventional farming can look different from
farm to farm and in different geographies as there
are no guiding principles compared to the other
practices. Spraying of chemicals is often done on
an extensive scale on all plants, timed according to
a prescriptive schedule. Although there are many
conventional farmers that use good agricultural
practices such as less chemical and water usage,
they are not certified or verified as being more
sustainable. Conventional farming can be rainfed or
irrigated?.

2 Comments from CottonConnect
3 Provided by CottonConnect

uses

REEL Cotton Programme

REEL? (Responsible Livelihood Enhanced
Environment) Cotton programme is a farmer
capacity building programme, delivering training
throughout the cotton season. It addresses soll,
water and pest management, as well as decent
work practices, focusing on:

1. Environmental sustainability: Reduction of toxic
chemical inputs, increased water efficiency,
improved soil health and biodiversity, intercropping
and using natural/ organic fertilisers and pesticides;
2. Socio-economic sustainability: Increasing the
productivity of farmers by reducing input costs and
increasing yields, thereby improving their
profitability and their livelihoods. Awareness on
decent work practices; including health and safety
and importance of education, working towards
eliminating child labour (as defined in ILO
convention 138 and 182).

The programme also offers farmer finance and
business management training, gender
empowerment, supply chain mapping, supply chain
conventions and procurement support to brands
and retailers.

Organic

Organic farming is a form of agriculture that uses
techniques such as crop rotation, compost, and
biological pest control, leading to improved
ecosystem and soil health (MolIC, 2005). Organic
farming also makes use of fertilisers and pesticides,
including herbicides, insecticides and fungicides, so
long as they are derived naturally and within the
guidelines of the organic certification. Organic
production forbids the use of any synthetic inputs
and the organic inputs tend to be more readily
assimilated by the natural ecosystem. Farms must
ensure these standards for two to three years
before being eligible for organic status and must
maintain these standards to comply with the
certificate.

Almost 150,000 farmers are certified organic
globally (Textile Exchange, 2014).
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2 Method and Data

o

Cotton harvest, Vellitiruppur, Erode, Tamilnadu.
Source: Indiawaterportal.org (July, 2012)

2.1 Method

This study follows the methodology for Water Footprint Assessment described in Water
Footprint Assessment Manual: Setting the Global Standard* as developed by Water Footprint
Network (Hoekstra et al., 2011).

4 For additional details on Water Footprint Assessment, please refer to the Water Footprint Assessment Manual
(Hoekstra et al., 2011).
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2.1.1 Water footprint

The water footprint is an indicator of freshwater use that looks at both direct and indirect water
use for any kind of productive activity, e.g., growing cotton, for the products consumed by an
individual or group of individuals, or for the activities within a geographic area. It accounts for
both water consumption and pollution over each phase of the production process and value

chain, and includes three components.

1 The blue water footprint is the amount of fresh surface or groundwater used to grow a
crop or produce goods or services. It is the amount of water evaporated, incorporated
into the product or returned to a different location or in a different time period from where
it was withdrawn.

1 The green water footprint is the total rainfall or soil moisture used to grow plants. It is
relevant for products that include agricultural crops and wood and other forestry inputs;
where it refers to the quantity of water either evapotranspired by plants or incorporated
into the harvested crop, or both.

1 The grey water footprint is @ measure of pollution. It is expressed as the volume of water
required to assimilate the pollutant load to meet ambient water quality standards. The
pollutant that requires the largest assimilation volume is referred to as the critical
pollutant and is used to calculate the grey water footprint; if there are both surface and
groundwater discharges, the grey water footprint for each discharge is calculated

separately.
2.1.2 Water Footprint Assessment

Water Footprint Assessment (Figure 4) is a process that answers questions of interest such as:

1 How large is the water footprint and what proportion is green, blue and grey;
i Is the water footprint sustainable and, if not;

1 Which response strategies will improve its sustainability?
Water Footprint Assessment includes four phases:

i Setting goals and scope: Identifying the objectives and scope of the assessment,
including geographical/temporal and process/supply chain boundaries;
1 Water footprint accounting: Calculatingt he oper ati onal (Adirecto)

(AP ndi r efaotprin) forwahtgeantity and quality;
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1 Water footprint sustainability assessment: Assessing the water footprint against
environmental, social and economic criteria; and
1 Water footprint response formulation: Selecting strategic actions to reduce the water

footprint or improve its sustainability.

: Water Wata:r Watgr
Setting goals footprint footprint footprint
and scope accounting sustainability response
assessment formulation

Figure 4 - Four phases of Water Footprint Assessment

Water Footprint Assessmentsheds| i ght on a companyds dependence
resources and helps a company identify unsustainable water uses, both in terms of water

guantity and quality.

Water Footprint Assessment places the water footprint

within the context of local water conditions.

This study includes the following steps:

i Calculating the green, blue and grey water footprint of cotton cultivation using the data
collected from representative farms located in the three Indian states of Gujarat,
Maharashtra and Madhya Pradesh;

i Establishing the relationship between cotton agricultural practices and technologies and
the green, blue and grey water footprint; and

1 Analysing the potential for water footprint reduction through the transition from one

practice to another and developing water efficiency benchmarks or targets for reduction.

The study establishes the relationship between cotton agricultural practices and technologies

and the use of water. A powerful methodology for identifying and evaluating these relations,

Water Footprint Assessment proposes improvement strategies and is an effective tool in

achieving a company©6s c oltpiovidesda helistis undets@mndingaobthel i ty g «

size and sustainability of the water footprint.
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By analysing the potential for water footprint reductions through the transition
from one farming practice to another, Water Footprint Assessment can form the
basis for water efficiency benchmarks or targets for reduction and assist C&A in

developing priority actions for improving the sustainability of its cotton sourcing.

2.1.3 Green and blue water footprint accounting

To calculate the green and blue water footprints, it is necessary to know how much water is
consumed 1 through evapotranspiration i by the plants during the entire growing season. This
is further broken down into the amount that is from rainfall stored as soil moisture (green water
footprint) and how much is from irrigation (blue water footprint). The type of plant, climate, soil
characteristics and irrigation methods, amounts and schedules all contribute to determining the

crop water use.

A model is used, in this case, AquaCrop, to calculate the daily water balance due to
environmental factors, such as meteorology and soil characteristics, in combination with
irrigation schedules, whilst the plant grows. AquaCrop was selected for calculating the green
and blue water footprints because it is well tested and can be customised. It includes a crop
growth module (estimating yield, which allows for comparison with the actual farm yield), can be
run for large datasets and is able to handle specific irrigation schedules and environmental

factors per farm.

To set up and run the model, data collected from the farms by CottonConnect were used. These
data were supplemented with data from literature as recommended by the Food and Agriculture
Organisation (FAO) for use in AquaCrop, such as the cotton crop characteristics and expected
growing season (Raes et al., 2010). The Global Soil Database (FAO et al., 2012), along with
data from CottonConnect, was used in determining soil types and their associated soil water
characteristics. Initial soil moisture was determined by default values based on the soil type,
region and climate. CROPWAT, another crop water use model, was used to provide the initial
evapotranspiration needed by AquaCrop. The results from AquaCrop were validated over
several iterative model runs and through comparison with CROPWAT and the actual field level
data. Based on these findings, various assumptions were made to extend the parameters to our

case study across the three Indian states.
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The output of AquaCrop is the daily evapotranspiration from the farm field, which is aggregated

over the growing season to give the total in cubic metres per hectare (m%ha).

The (proportional) contribution of irrigation vs. precipitation (in the model)

determines the blue and green water footprint respectively.

This result can also be used to calculate the water footprint per year (m3/y) or the water footprint

per tonne of cotton produced (m3/t).
2.1.4 Grey water footprint accounting

The grey water footprint is calculated by considering the pollutant load from fertilisers, pesticides
and other chemicals relative to the maximum allowable concentration and natural background
concentration of the pollutant in question. Estimation of the loads of pollutants from nonzoint
sources, e.g. from cotton and other crop farming, to receiving water bodies is difficult due to the
complexity of pollutant fate and transport processes through the soil until finally reaching water
bodies. Given the data available, the Tier 1 approach, as suggested in Hoekstra et al. (2011),
and 6The Grey Water Footprint AcI8owasused.Vgriab@s i del i 1
such as residence time, decay constants and soil properties were considered in determining the
leaching-runoff fraction, which affects the load and subsequent grey water footprint. The
maximum allowable concentrations for each chemical were determined based on the most
stringent ambient water quality standards of the European Union (EU) (EC, 2009), Canadian
(CCME, 1999) and United States Environmental Protection Agency (US EPA, 1994) in line with
previous work with C&A (Franke and Mathews, 2013a, b).

Data collected from farmers included the fertilisers and pesticides used and the application of
these inputs over the growing season. The fertiliser and pesticide names and concentrations of
active ingredients (Figure 5) were cross-referenced to confirm that accurate information was

used in the calculation of the grey water footprint.

The grey water footprint was calculated for each pollutant;
the pollutant with the largest grey water footprint is the critical pollutant

and determines the farmds tot al grey Wwe
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The other pollutants with a lower grey water footprint are assimilated in that same water volume.
In the case of fertilisers, the Nitrogen and Phosphorus contents (in percentage) are considered
the main pollutants to calculate the grey water footprint. In the case of pesticides, the
percentage of active ingredient(s) and their relative toxicity are deterministic for the grey water

footprint.

Grey water
footprint

(critical
pollutant)

Fertilisers Pesticides

Figure 5 - Step-wise grey water footprint calculation from fertilisers and
pesticides to critical pollutant

2.2 Data

Data from 702 cotton farms applying conventional, organic and REEL agricultural practices

were sampled in the 2013 growing season, alsore f err ed t o as.Theasmwaswmnal dat
have an even distribution across the three states and three practices but practical limitations

resulted in an uneven distribution (Table 3) with a larger number of conventional farms than

REEL or organic and more farms overall from Gujarat. In Madhya Pradesh, no farms

participated in the REEL Cotton programme. Madhya Pradesh is a large producer of organic

cotton; however these were not included in the study. This means that the analysis and results

need to be interpreted carefully, yet does not invalidate their value as there are a sufficient

number of farms across a large enough area with differing local conditions to compare the

results from this analysis.
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Table 3 - Number of farmers included in data collection: 2013 growing season

Agricultural Practice & State Madhya Gujarat Maharashtra Total
Pradesh

Conventional 100 90 100 290

REEL n/a 160 49 209

Organic n/a 101 102 203

Total 100 351 251 702

CottonConnect also provided data for an additional 450 farms (Table 4) from the 2012 growing
season.

Table 4 - Number of farms included in data collection: 2012 growing season

Agricultural Practice & State Gujarat Maharashtra Total
Conventional 29 22 51

REEL 261 130 391
Total 290 152 442

The farms were located (Figure 6) in the states of Gujarat, Maharashtra, and Madhya Pradesh.
These three states are home to the majordandy of C

85% for organic cotton. In addition,th e s e st ates produce more than 40¢

conventional cotton and mor e t h@nnkeabdbaidw, | ndi ads
2013b).

27



Gujarat
Madhya Pradesh

Maheshwar
e
° Shahada
{ N

o } £ Fdalabad
Jalgaon
‘_. Bhadg;un@

o3
no. of farms t Maharashtra -

e 1-3 @ conventional

®4-8
@o-17 O REEL Gangapur
@3 @ organic

.35'127 T T

0 15 30 60

Note: The triangles indicate farms from 2012, the circles represent the farms from the 2013 season. The size of each
symbol determines the number of farms sampled in that village or taluka.

Figure 6 - Detail of farm locations

In general, the conventional farmers in this study have been farming cotton for many years and
have medium to high access to resources such as government support, technology, irrigation
facilities, etc. However, farmers in Gujarat overall have access to more resources and use more
technology compared to farmers in Madhya Pradesh and Maharashtra. REEL farmers in Gujarat
and Maharashtra have both had 2-3 years of training. In the organic farms included in this study,
Gujarat farms have been organic for 8-10 years whilst Maharashtra organic farms have been in
the conversion phase for 1-2 years (where they will be certified organic after 2-3 years of being
in conversion). The organic farms have lower levels of access to resources and it is common for
farms that are in the conversion phase to have low yields, as the yields often drop during the

first few years compared to conventional farming.

There are overlaps in locations between the growing seasons, although the sample size is
larger and location of farms is more widespread in the seasonal data. In general, each type of
farm is amongst a cluster of similar farms; for example, organic farms are proximal to each

other. Only a few villages have a mix of organic and REEL or conventional and REEL farms.
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