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Biodiversity in cotton farming in western Turkey

A qualitative case study on Nudie Jeans’ impacts on biodiversity
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Abstract

The concept of biodiversity relates to richness and variability of species and ecosys-
tems, and is linked to health and resilience of natural systems. Agriculture, and
specifically cotton farming, has large impacts on the environment and causes a rapid
decline in biodiversity globally. The Swedish jeans company Nudie Jeans (NJ) wants
to identify the impacts on biodiversity from their cotton production in Turkey. The
aim of this study is therefore to map the impacts of NJ’s organic cotton production
in western Turkey, and to provide suggestions on how NJ can decrease the identified
negative impacts and take action to enhance biodiversity.

The study was purely qualitative and used the backcasting tool as a guiding frame-
work to assess the impacts and suggest actions. A field study on site in western
Turkey was performed, where most of the needed data was gathered through inter-
views and observations from the area in which two cotton fields producing cotton
for NJ are situated.

The impacts on biodiversity in the area around the studied fields are large in general,
with pollution from industries and intensive agriculture as a dominating factor.
However, the direct impacts from the farms that produce for NJ are relatively small
in comparison, as several mitigating measures are taken already. Several gaps were
identified that describe how the present system di [erk from a desired state regarding
impacts on biodiversity. Based on the gaps, three actions were identified that cover
the three areas of education, economy, and collaborative work.

The results indicate that exact monitoring and inventory of species is needed to
conclude exact impacts on biodiversity over time in the cotton production, but the
general engagement in finding their impacts that NJ show is already said to be
important for the area. Moreover, it can be concluded that sourcing NJ’s cotton
from somewhere else likely would not ease the overall burden on biodiversity in the
area, as the impacts could instead increase if another actor uses the land instead.

Keywords: biodiversity impacts, cotton production, agriculture, corporate respon-
sibility, backcasting, field study
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1

Introduction

1.1 Background

The concept of biodiversity concerns the variety of living organisms on Earth and the
ecological complexes they contribute to (Convention on Biological Diversity [CBD],
(2006)). It is fundamental for well-functioning ecosystems, and ecosystems and their
contributions are, in turn, prerequisites for human life and well-being. However, the
increasing supply of food, energy, and materials for human use threatens nature's fu-
ture capacity of such and numerous other contributions (Intergovernmental Science-
Policy Platform on Biodiversity and Ecosystem Services [IPBES], (2019)). IPBES
furthermore describes how changes to natural systems, and thereby human-induced
biodiversity loss, occur at an unprecedented rate, undermining the fundament on
which humanity is dependent.

Agriculture is one of the major causes of biodiversity loss (Erisman et al., 2016).
For instance, it causes conversion of natural ecosystems into managed elds, and
pollution through use of agrochemicals and fossil fuels. The ongoing replacement
of traditional, small-scale farming by intensively managed, large-scale production
aggravates the situation further, as such systems support only very low levels of bio-
diversity (Dudley & Alexander, 2017). Globally, cotton is one of the most commonly
grown crops, and its bres are used extensively for both apparel and furnishing fab-
rics and in industrial applications (Weigmann, n.d.). Yet, cotton cultivation causes
severe impacts on nature, not least due to the extensive use of chemicals and water.
As an example, cotton requires the largest amounts of insecticides of all major crops
(Weigmann, n.d.). However, an increasing trend of organic cotton production has
been observed (Textile Exchange, 2021). Organic cultivation aims at integration
of ecological processes to create self-regulating systems with low input of synthetic
resources (Textile Exchange, 2016).

Nudie Jeans (henceforth referred to as NJ) is a Swedish values-based denim brand
that works extensively with sustainability. The company wants to be a role model

in the apparel industry, and criticises the fast fashion norm (Nudie Jeans, 2021).
In line with this, they have increased their ambitions regarding biodiversity related
issues in recent years. Yet, as a denim brand, NJ is dependent on the continued use
of cotton, despite the material's harmful e ects on nature. However, only organic
cotton is used, of which the majority is supplied by the Turkish company Agrona,
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which also has a pronounced sustainability pro le. As a part of NJ's biodiversity
work, the company wants to enhance their understanding of the local impact on
biodiversity in the cotton production area in Turkey, and how it can be mitigated.

1.2 Aim and research questions

The aim of the study is twofold. Firstly, the aim is to holistically map the impacts
of the cotton production on biodiversity in the area where the majority of NJ's
organic cotton is produced. Secondly, the study aims at providing suggestions for
how NJ can decrease identi ed negative impacts, and take action to contribute to
enhanced biodiversity. The study is further speci ed through the following three
research questions concerning the cotton production area in Turkey:

N

What would be a sustainable situation regarding biodiversity?

What is the current state of NJ's impact on biodiversity?
" What are suitable actions that NJ can take to mitigate potential impacts on
biodiversity from the cotton farming?

1.3 Delimitations

The study concerns the cotton production step of the supply chain, and, more specif-
ically, the cotton production in western Turkey. This geographic delimitation also
applies to the stakeholder interactions, which focus on local actors, apart from the
consideration of NJ's perspective, which is done through communication with their
Environmental Manager at the Swedish headquarter. Furthermore, no economic or
technical judgement of the proposed solutions are made. Lastly, two of the ma-
jor drivers of biodiversity loss, direct exploitation and invasive alien species, are
not considered, since they were found not to be of importance in an earlier study
(Wickman, 2021).

1.4 Report structure

The report is structured as follows. Chapter 2 gives a more elaborate presentation
of the biodiversity concept, including drivers of biodiversity loss and e ects of agri-
culture, and cotton production and its environmental impacts. Thereafter, chapter

3 describes the applied backcasting framework and the methods used within the
di erent steps of the procedure. Next, the studied case of NJ's cotton production in
Turkey is described in chapter 4. The results for each backcasting step are presented
and analysed in chapter 5, and these as well as the applied methods are discussed
in chapter 6. Lastly, the conclusion of the study is presented in chapter 7.
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State of the art

This chapter presents relevant concepts and information that the following chapters
build on. First, biodiversity, drivers of biodiversity loss, and impacts on biodiversity
from agriculture are described. Next, cotton production and its e ects on nature,
especially through use of chemicals and water, as well as organic cotton production
are elaborated on.

2.1 Biodiversity

The development of natural systems for billions of years has resulted in the con-
ditions seen today, which are crucial to all living beings. The variability within
the existing natural environment is the fruit of development and adaptation (CBD,
2000). According to CBD (2006), the term biological diversity (biodiversity) de-
scribes the variability among living organisms from all sources including, inter alia,
terrestrial, marine and other aquatic ecosystems and the ecological complexes of
which they are part; this includes diversity within species, between species and of
ecosystems. Further speci cations of the three types of biodiversity have also been
made (CBD, 2000). The rst type concerns genetic di erences between individuals
of the same species, for instance among crops in a eld. The second regards the
diversity of the many types of existing species, whose number has been predicted to
about 8.7 million (Mora et al., 2011). The nal form of biodiversity is that between
ecosystems, such as the ecosystems in desserts, forests, or mountains.

Nature provides quality of life to humans through its supply of goods and services
(CBD, 2000). These qualities can be communicated through the concept of Ecosys-
tem Services (ES), as done by the Millennium Ecosystem Assessment (MEA, 2005).
MEA divides goods and services from nature into the four categories provisioning,
regulating, cultural, and supporting, depending on the way in which they contribute

to the needs of humans (MEA, 2005). IPBES (2019) presents an alternative way
of categorising the provided goods and services through the concept of Nature's
Contributions to People (NCP). This concept categorises 18 di erent contributions

into the three main areas of regulation of environmental processes; materials and
assistance; and non-material contributions. The introduction of an alternative ter-

minology through NCPs was aimed at adapting the ecological descriptions towards
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better policy treatment through inclusion of more perspectives (Diaz et al., 2018).
The distribution of these goods and services are, however, not equal over the globe,
and the health of the ecosystems further regulates nature's ability to provide the

di erent goods and services. This study will further on use the more established
concept of ES, like most of the literature that it is based on.

2.1.1 Biodiversity loss

Global trends in the health of ecosystems, and thus biodiversity, have been declining
rapidly recently (IPBES, 2019). A common indicator of biodiversity loss is the
increasing extinction rate of species. IPBES (2019) suggests that the number of
species currently being threatened means that one million species in total will face
extinction. Furthermore, the extinction rate on average for all species is expected
to increase in the future to become ten times the extinction rate at the beginning
of this millennium (MEA, 2005).

The e ects on biodiversity are caused by human alterations of nature, to such extent
that for example 59 % of the world's river systems had been anthropogenically frag-
mented in 2014, and tropical forests are being seriously diminished (IPBES, 2019).
Identi ed direct drivers of this loss of biodiversity are, according to IPBES, land

or sea use change (loss or fragmentation of habitats), direct exploitation, climate
change, pollution, and invasive species. Moreover, identi ed indirect drivers of bio-
diversity loss are linked to values and behaviour regarding for example sociocultural
aspects and demographic movements, economic and technological aspects, con icts,
and global epidemics (IPBES, 2019).

As described by IPBES (2019), the consequences of decreased levels of biodiversity
are severe due to the close link between ecosystems, ES, and human well-being;
the possibility to meet the human needs will decrease as the loss of biodiversity
a ects nature's goods and services. The e ects of decreased health of ecosystems
and species are thus destructive for humanity as well, apart from the more direct
negative ecological e ects. Moreover, the development of the state of the majority
of the services has been seen to decline.

2.1.2 Biodiversity in agriculture

Agriculture constitutes one of the major drivers of biodiversity loss (Erisman et al.,
2016). Dudley and Alexander (2017) describe how it impacts species in a number
of complex ways, including conversion of natural ecosystems into managed farm-
land; intensi ed management in already since long farmed areas; and emission of
pollutants such as agrochemicals and greenhouse gases. They furthermore point out
that traditional agricultural practices and small-scale production generally allow for
maintenance of higher biodiversity levels, but that they are being replaced by more
intensive methods applied in large-scale, monocultural systems. The authors also
describe how land sparing and protected areas have been prioritised over action
against unsustainable farming measures. However, research that shows the signi -
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cant magnitude of the o site e ects of intensive farming (Matson & Vitousek, 2006),
and questions the notion that intensi cation leads to reduced agricultural area, calls
for change (Byerlee et al., 2014).

As described by Tscharntke et al. (2021), increased diversity in farming systems is
fundamental to the restoration of biodiversity and the ES it provides. At farm level,
this can be achieved by measures such as increased crop diversi cation (more het-
erogeneous crop patterns and longer crop rotations), cover crops that are ploughed
into the soil, and agroforestry, i.e. combination of crops and trees (Tscharntke et
al., 2021). Moreover, incorporation of so-called landscape elements, such as ditches,
hedges, eld margins, and ponds, supports local ora and fauna (Erisman et al.,
2016). According to M. Balfour, especially native plants play a vital role by pro-
viding habitats and food for other native species (personal communication, March
16, 2022). There are also several possible measures for prevention of soil and water
quality degradation, for instance lter strips around eld edges that trap runo con-
taining sediment and pollutants, reduced tillage, and to leave residues on the eld
surface (Tuppad et al., 2010).

However, for biodiversity enhancing practices at farm level to be e ective, it is
crucial to also consider the landscape perspective (M. Balfour, personal communi-
cation, March 16, 2022). The biodiversity in a eld or on a farm is dependent on
the population and species pool in the area that surrounds it. Therefore, only a
limited number of species is anticipated locally, regardless of eld or farm manage-
ment, if the landscape has a simpli ed structure and thereby cannot support any
larger species pool (Tscharntke et al., 2021). Hence, not only the quality of indi-
vidual landscape elements is important, but also the level of connectivity between
di erent elements (Erisman et al., 2016). In addition to preventing fragmentation,
complex landscapes also sustain a more varied set of resources and microclimates,
which supports biotic heterogenization and population dynamics (Tscharntke et al.,
2021). Yet, high land prices make it economically di cult to allocate land to such
seminatural habitats (Grass et al., 2021). Tscharntke et al. (2021) describe how
this has led to increased interest in the practice of decreasing the eld size to en-
hance the diversity of the landscape crop mosaic, which also is advantageous for
biodiversity. Another signi cant aspect regarding habitat connectivity, according to

M. Balfour, is that fences may severely hinder species' migration (personal commu-
nication, March 16, 2022). Moreover, she stressed the importance of biodiversity
monitoring for assessment of what species are present in the area, and how they are
a ected by agricultural activities.

2.2 Cotton production and its environmental im-
pacts
Cotton is one of the leading agricultural crops globally, and cotton bres are used

in numerous kinds of fabrics for apparel and furnishing as well as industrial applica-
tions (Weigmann, n.d.). Cultivation of cotton comprises 2.4 % of total arable land
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globally, and while this gure has remained largely unchanged for the last 80 years,
yields have increased threefold in the same period of time. This was made possible
by measures such as use of pesticides and fertilisers, increased irrigation, and ge-
netic modi cation of seeds (Grose, 2009). However, yield, as well as bre quality,
are heavily a ected by climatic conditions, and thus vary between di erent regions
(Weigmann, n.d.). Likewise, cotton production impacts the environment di erently
depending on local or regional aspects such as climate, pest incidence, and capi-
tal accessibility, but the use of chemicals and water are the most prominent issues.
Solutions to both these problems demand insight into the regional conditions, and
hence no universal solution is available (Grose, 2009).

2.2.1 Chemical use

Several di erent kinds of chemicals are used in cotton cultivation, such as pesti-
cides and defoliants, which remove the leaves prior to harvest (Grose, 2009). Hence,
it contributes substantially to pollution, one of the direct drivers of biodiversity
loss according to IPBES (2019). Since cotton is targeted by several hundred insect
species, the need for pest control is substantial. This can be achieved by various
means, such as carefully selected and timed agricultural practices, selective breed-
ing, or cultivation of genetically modi ed species, but use of chemical insecticides
is considered the most e cient measure (Weigmann, n.d.). Hence, the use is exten-
sive, and 16 % of the global insecticide consumption is linked to cotton cultivation
(Pesticide Action Network UK, 2018). In addition to environmental problems such
as pollution of water and air and biodiversity loss (Clay, 2004), this has also caused
development of resistance which in turn results in even more frequent application of
even stronger chemicals (Grose, 2009). The resistance problem applies to herbicides
and fungicides as well, and despite e orts to develop chemicals that are more pre-
cise and less persistent, cotton pesticides remain among the most toxic agricultural
chemicals (Grose, 2009).

2.2.2 \Water use

Water use is the other often cited environmental issue in the context of cotton cul-
tivation, and the crop is often described as thirsty. Production of 1 kg of cotton
bre, which is the approximate amount required for one pair of jeans (Grose, 2009),
consumes 7,000-29,000 litres of water (Clay, 2004). Additionally, as described by
Grose (2009), cotton cultivation contributes to several other water-related problems.
Irrigation leads to decreased levels in natural water bodies, and fertiliser and pesti-
cide runo that reaches freshwater causes pollution. Moreover, water management
has a high in uence on soil quality, especially regarding salinisation. In some areas,
the negative impacts can be reduced through rainfed agriculture, and Grose (2009)
also describes how decreased water availability and increased costs have incentivised
the development of highly e ective watering systems. This has resulted in cotton
only requiring moderate amounts of water in some production systems in e.g. Israel
and California, the author continues.
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2.2.3 Organic cotton production

The production of organic cotton has been increasing globally for several years,
with India, China, Kyrgyzstan, and Turkey being the largest producers (Textile
Exchange, 2021). To be classi ed as organic, cotton must be grown, processed, and
certi ed in accordance with national or international organic standards. For a nal
product to be considered organic, the cotton also has to be handled separately from
conventional ditto and be possible to trace throughout the supply chain (Textile
Exchange, 2016). The aim of organic cultivation is to achieve self-regulating agro-
ecosystems where ecological processes are integrated, and farm-derived resources are
used instead of synthetic inputs (Textile Exchange, 2016). This demands knowledge
about the local ecology, and the ability to adapt the production to bene cially
complement the natural system (Guerena and Sullivan, 2003). Good soil health is
also a prerequisite for successful organic production. Well-chosen crop rotations,
cultivation of adapted species, and mixed cropping systems are some examples of
used methods. Moreover, native species are commonly used as border crops, which
improves soil fertility, enhances biodiversity, and may contribute to restoration of
habitats (Textile Exchange, 2016). Hence, organic production can entail bene ts
for the wider system, and although an initial yield gap might arise, it has been seen
that yields increase over time and as management is enhanced (Forster et al., 2013).

An important objective of organic production is to reduce toxicity by reduced chem-
ical use (Grose, 2009). Therefore, synthetic fertilisers and chemicals such as pes-
ticides, plant growth regulators, and defoliants are prohibited, with a few select
exceptions (Wakelyn and Chaudhry, 2009). Natural fertilisers such as manure and
compost are allowed, but regarding defoliants, natural alternatives are scarce and
other methods for leaf removal, for instance thermal defoliation, must be used (Tex-
tile Exchange, 2016). Synthetic pesticides can be replaced by bio- or mineral-based
variants, but pest control can also be achieved by e.g. crop rotation, trap crops,
monitoring, and hand removal (Textile Exchange, 2016). Moreover, use of the soil
bacterium Bacillus thuringiensis (Bt), which produces proteins that act as natural
insecticides, is approved. It is, however, not allowed to use cotton seeds that have
been genetically modi ed to contain foreign genes, such as the ones that code for
the Bt proteins (Wakelyn and Chaudhry, 2009). This ban on genetically engineered
varieties and the restricted use of chemicals together work in favour of indigenous
species and biodiversity (Textile Exchange, 2016).

As previously described, the extensive use of chemicals and unsustainable water
management are the two most prominent environmental issues related to conven-
tional cotton production. However, unlike chemical use, water management is not
directly addressed in organic production standards (Kooistra and Termorshuizen,
2006). Despite this, bene ts with organic systems have been reported, for instance
by farmers in Israel where water use has decreased by 30 %, possibly due to en-
hanced soil structure and water retention (Grose, 2009). Moreover, the majority of
the organic cotton cultivations are rain-fed, which generates substantially lower en-
vironmental impact in general than irrigated systems (Kooistra and Termorshuizen,
2006).
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Methods

In this chapter, the methods applied in the study are described. The study was
purely qualitative, and it was structured according to the so-called backcasting
method, which provided an overall framework and guided the work. The back-
casting approach consists of a series of steps, and it is possible to apply one or
several other methods within each step. Further information about backcasting and
an overview of the methods used in this study are provided in section 3.1, and in
sections 3.2-3.5, more elaborated descriptions of each of the backcasting steps are
given.

3.1 Overview of methods

As described by Holmberg and Robért (2000), backcasting di ers signi cantly from
the commonly employed method of forecasting, in which the past or present is merely
extrapolated into the future. In the backcasting approach, one instead starts from
a vision of a future desired state and then identi es the steps necessary to reach it,
thus likely avoiding transferring current problems into the future. When applied to
sustainability issues, this means de ning the requirements that describe a sustain-
able situation, followed by identi cation of measures to attain those requirements
(Holmberg & Robért, 2000). There are several variants of backcasting (Quist, 2007),
but this study used the version based on Holmberg (1998). As illustrated in gure
3.1, it consists of four di erent steps: de nition of the desired future state, mapping
of the current situation, identi cation of leverage points (LPs), and formulation of
actions. Each step is given a colour in gure 3.1, and these are used throughout the
report to indicate the di erent steps. Step 1 is green, step 2 is blue, step 3 is purple,
and step 4 is grey.
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Figure 3.1: A schematic illustration of the connections between the four steps in the
applied backcasting method. The desired future state formulated in step 1 is connected to
the present state by actions identi ed in step 4. These are based on leverage points from
step 3, which bridge the gaps identi ed in step 2. Adapted from Holmén (2020).

General descriptions of the four stages, and the methods used for them in this study,
are presented below. An overview of the process is also provided in the owchart in
gure 3.2.

The rst step entails the de nition of principles for a sustainable future (Holmberg,
1998). These act as a framework for the subsequent steps, and should be adapted to
the context of the organisation in question (Alange & Holmberg, 2014). Moreover,
Holmberg and Robért (2000) stress that the aim is not to formulate principles that
describe the desired future state in detail, but to identify guiding principles that can
frame several potential futures. This allows for exibility in the strategies developed
later in the backcasting process. In this study, the principles were based on theoret-
ical frameworks on sustainability and biodiversity, and NJ's perspective was taken
into account by considering their needs and ambitions as expressed in documents,
such as their sustainability report, and in an interview with Environmental Manager
Eliina Brinkberg.

In the second step, the present state is described in relation to the sustainability prin-
ciples by analysing current activities and competences (Holmberg, 1998). Thereby,
gaps and challenges that need to be addressed are identi ed (Holmén, 2020). This
was done through a eld study on site in the farming area, consisting of visits to two
cotton elds as well as interviews with farmers, a representative from NJ's cotton
supplier Agrona, and several experts within agriculture and sustainability. The eld
study was complemented by a literature study, to verify and further develop the
gathered data. The collective information was analysed to render a mapping of the
current state, which was compared to the sustainability principles to identify gaps.

The third step comprises the envisaging of future options, using the principles from
step 1 and the inventory from step 2 as a base (Holmberg, 1998). The aim is to nd
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measures with the potential to bridge the identi ed gaps, so-called leverage points
(LPs) (Holmén, 2020). These LPs are places in the studied system where a small
adjustment can cause large changes for the whole (Meadows, 1997). In this study,
LPs were identi ed by review of the gaps and construction of groups of gaps that
could be addressed by a common LP.

In the fourth and last step, strategies for moving from the present to the desired sus-
tainable state are formulated (Holmberg, 1998). This is achieved by experimenting
with the leverage points from the previous step (Holmén, 2020) and developing a
plan with suitable goals and activities that support the transition (Alange & Holm-
berg, 2014). This was done by review of the LPs combined with literature research.
Information about what kind of suggestions that NJ nds most rewarding, retrieved
from a second interview with Eliina Brinkberg, was also considered.

Figure 3.2: A schematic gure showing the methods used in the four steps of the back-
casting framework, illustrating the chronological methodology of step 1 to 4 from left to
right.

3.2 Backcasting step 1: Desired future state

In the rst step, principles that describe a desired, sustainable, future state regarding
NJ's impact on biodiversity in the area were de ned. The de nitions of the principles
were based on both ecological aspects from commonly used sustainability targets,
and on NJ's sustainability ambitions and business model. Ethical reasoning around
acceptable levels of anthropogenic interventions in nature also played a fundamental
role. It was considered important that the ethical reasoning around the guiding
principles was done in coherence with NJ's views and priorities, to be able to achieve
end-results in line with the company's worldview.
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The search on the desired ecological setting was done by the authors by considering
theoretical frameworks on sustainability in general and ecology in particular. The
used frameworks were the Global Assessment Report on Biodiversity and Ecosystem
Services (IPBES, 2019), the United Nations Sustainable Development Goals (UNS-
DGs) (United Nations, n.d.-h), the Aichi targets (CBD, n.d.), and the Sustainability
Lighthouse model (Holmberg & Larsson, 2018). From these, aspects to be consid-
ered in the principles were extracted and put together thematically by the authors
into nine preliminary areas. These covered all three dimensions of sustainability,
l.e., ecological, social, and economic aspects. The nine preliminary areas were then
formulated into principles by the authors. The principles describe how to produce
cotton sustainably in relation to natural systems and human needs. More speci -
cally, they were formulated in relation to the question What would be a sustainable
situation regarding biodiversity in cotton production in Turkey?.

The assessment of NJ's desired position in the matter was done rstly by the au-
thors studying the company's sustainability report and other published documents,
extracting NJ's ethical reasoning and limits for allowed anthropogenic intervention
in nature. This was used by the authors as a starting point in a semi-structured
discussion with Eliina Brinkberg, Environmental Manager at NJ. The aim of this
discussion was to verify the authors' understanding of NJ's ethical standpoint and
frames of reference, and to discuss the nine preliminary guiding principles. The nal
formulation of the desired future state was done by the authors. This stage consisted
of summarising the ndings from the theoretical frameworks and NJ's reasoning and
priorities. The company's input on the desired future state was implemented into the
principles by the authors. Moreover, the number of principles was narrowed down
to seven, to create clarity in the complete description of the desired state. The
summarised results constituted a nal collection of seven non-overlapping principles
that together describe the desired state regarding biodiversity in the area.

3.3 Backcasting step 2: Current state and gaps

In the second step, the current situation regarding biodiversity in the studied area
was mapped, and gaps between this and the desired state were identied. A eld
study on site in the production area, consisting of interviews and observations, was
combined with a literature study to collect data regarding how the production is
performed, its e ects on nature and biodiversity, and the context in which it takes
place. Regarding the context, examples of relevant aspects were other human ac-
tivity in the area (e.g. industries, roads etc), the natural ecosystems surrounding
the cotton elds, and the level of biodiversity knowledge and awareness among es-
pecially the farmers. The data collection was performed inductively, i.e., data was
gathered and then used in a subsequent formulation of concepts (Yin, 2016), and
both methodological and data triangulation were strived for. Methodological trian-
gulation (i.e. implementation of more than one method for study of an issue (Bekhet
& Zauszniewski, 2012)) was achieved by the combination of interviews, observations,
and a literature study. This approach also facilitated data triangulation, which is
described by Yin (2016) as seeking convergence between data from at least three
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independent sources, preferably of di erent kinds such as verbal accounts, observa-
tions, and written documents. Below, the eld and literature studies as well as the
data analysis and gap identi cation procedures are further described.

3.3.1 Field study

As mentioned above, the on-site eld study consisted of interviews and observations.
First, a basic pilot study was performed. The purpose was to prepare for the actual
eld study by gathering information about the cotton production area, how biodi-
versity is a ected by agriculture in general, and what agricultural measures that can
be implemented to increase biodiversity. This was done through informal literature
research and discussions with two biologists. The information was then used to
formulate relevant questions to ask in the interviews, and to prepare for the assess-
ments of the elds. During the eld study, handwritten or digital notes, depending
on what was most convenient, were taken to record the ndings from both parts.
These were, as Yin (2016) recommends, continuously re ned and summarised, to
evaluate the adequacy of the data. This also enabled recursivity, a cyclical process
of repeatedly analysing collected data to e.g. identify new areas of interest (Leech
& Onwuegbuzie, 2008). In this section, the methodologies used for the interviews
and observations are described.

Sampling of interviewees

Interviewees were identi ed by a combination of purposive (aiming at large variety
in information and perspectives) and snowball sampling ( nding additional inter-
viewees based on information from interviews) (Yin, 2016). NJ brought the authors
into contact with the Sales and Marketing Manager at the cotton supply company,
Agrona. In addition to participating in interviews himself, he also arranged meetings
with cotton farmers that produce for NJ. An initial search for experts and organisa-
tions working within biodiversity and related topics was also made. Relevant actors
were approached via email and given information about the study and how they
could contribute. However, they either did not respond or declined to participate
due to workload issues etc. Instead, NJ's network provided valuable initial contacts.
The project was introduced to an expert working for the organisation Textile Ex-
change, who brought in other relevant actors. Moreover, a Turkish solil scientist was
introduced via another of NJ's contacts. He made a great e ort in inviting a number
of scientists and other experts within the elds of agriculture, ecosystem services,
and biodiversity to a digital meeting, which resulted in several individual follow-up
interviews. When deemed relevant, the interviewees were also asked for other actors
to contact, yet this approach only resulted in one additional interview. A summary
of all interviewees and clari cations of their roles are provided in table 3.1. Since
it was not possible to derive the answers in the interviews with the farmers to a
speci ¢ individual, due to the format of these interviews (see further below), they
are referred to jointly in the remainder of the report.
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Table 3.1: Presentation of the interviewees and their roles

Interviewee Role
Representative from Agrona Sales and Marketing Manager at
Agrona, member of the board of
directors
Farmers Cotton farmers producing for NJ
Soil scientist Professor at Adnan Menderes

University, Faculty of Agriculture
(soil specialist)

Agricultural researcher Researcher within agricultural
economy and environmental policy
at the Turkish Ministry of
Agriculture and Forestry
Biodiversity specialist Biologist working in wildlife
conservation and sustainable
development, Biodiversity
Specialist at Textile Exchange
Environmental consultant Consultant working in
environmental economy and
nature conservation

Cotton researcher Cotton researcher at Nazilli
Cotton Research Institute
Representative from WWF Turkey | Freshwater Specialist at WWF
Turkey

Interview procedure

The interviews were semi-structured with mostly open-ended questions and allow-
ing for follow-up questions. As proposed by Adams (2010), they evolved around
the main topic, but were permitted to take unexpected directions if relevant infor-
mation was revealed. Therefore, no strict questionnaires were used, but a research
protocol was prepared and used to guide each interview. As Adams (2010) suggests,
the protocol described the line of inquiry but did not state all speci c questions

to be posed. The protocol was adjusted prior to each interview according to the
knowledge the interviewee was assumed to have, and the relevance of the topics was
then reassessed during the interview. Hence, prepared questions were sometimes
excluded in the interviews while new ones were added. An example protocol is
presented in appendix A. When possible, the interviews were held in person, but
some were conducted digitally using Zoom or Microsoft Teams. Not least, this was
the case for the interviews that were performed after the authors' visit in Turkey
due to the limited time frame of the visit. Moreover, some interviewees were con-
tacted again via email for clari cations or further information after the interview.

In some instances, interviewees also provided written documents in addition to the
information conveyed during the interview.
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To comply with the European Union's General Data Protection Regulation (GDPR)
(European Commission, n.d.), a consent form was created that described how per-
sonal data was to be handled and informed the interviewees of their right to withdraw
from the project, receive further information etc. The document was also translated
into Turkish by a person pro cient in both English and Turkish, to enable all par-
ticipants to make informed decisions on whether they wanted to take part. When
interviews were held digitally, oral consent was given instead. Some interviews were
recorded, either as an audio recording on a mobile phone or by using the recording
function in Zoom, again with the interviewees' permission. Recordings were not
made if, for instance, the soundscape was too noisy or the meeting was an introduc-
tion rather than a formal interview. However, in all interviews regardless of whether
a recording was made, one interviewer was responsible for taking notes while the
other led the inquiry.

In general, the interviews were made with one participant at a time, but the inter-
views with the cotton farmers deviated from this format. In the rst session, two
farmers who had formed a business partnership were the o cial interviewees, yet
several other persons, mostly neighbouring farmers, were present in the room and
contributed to the discussions. As the farmers were not pro cient in English, the
representative from Agrona acted as translator. As he related the authors' questions
to the interviewees, a discussion between several of the assembled persons often fol-
lowed, especially if a question was broad and/or speculative. The representative then
summarised the answers and re ections in English, sometimes adding information
about the context to explain the interviewees' reasoning. Hence, a long discussion
was sometimes condensed into a few sentences, or a short answer was elaborated on
and clari ed. Moreover, two other students performing a separate project for NJ on
social aspects were present as well. Their questions were of limited relevance for this
study, but some useful information was gathered from the provided answers. The
second farmer interview session was performed in a similar way, although a single
farmer was o cially interviewed and only two additional persons were present.

Direct and indirect observations

Direct observations of the farming practices and the state of biodiversity in the
production area were mainly done during the visits to two di erent elds used for
production for NJ. Since the eld study was conducted in March, no cotton was
grown at the time, but observations of how the elds were used, how they related to
surrounding natural and managed areas, and features of the wider landscape were
made. The rst eld could only be studied from a distance, since it was separated
from the road by a canal, and no English-speaking person was present to make ex-
planations or answer questions. Another eld visit was therefore requested, during
which the eld could be directly accessed and both the farmer who owned the eld
and the representative from Agrona were present. Hence, additional questions could
be asked to better understand the observations and relate them to the information
provided in interviews. All observations from the visits were recorded as written
notes, voice memos, photographs, and/or video recordings. Pictures of observed
plants were later used for species typing via the application iNaturalist. A storing
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and spinning facility and a ginning facility were also visited. Although these activ-
ities were not assessed in this study, some useful information was extracted from
the conversations held during the visits. Moreover, direct ocular assessments during
site visits were complemented by some indirect observations of the overall system
function, described by Yin (2016) as being observant and listening between the lines.
For instance, the way in which people acted and their understanding of and interest
in di erent topics were noted. Indirect observations could thus be made during both
site visits and interviews.

3.3.2 Literature study

The literature study was performed after the eld study with the purpose of verifying
and developing the data collected during interviews and eld visits, and assessing
whether the dierent aspects of the cotton production have positive or negative
impact on biodiversity. Veri cation was especially important when information
was perceived as controversial, or the interviewee could be considered as partial
or expressed opinions rather than facts. Occasionally, contradictory information
was given by di erent interviewees, which also demanded additional data collection
from other sources. Development of eld study data was necessary e.g. when a topic
was mentioned only brie y in an interview and its relevance needed to be assessed,
or if it was considered especially relevant and further information would be useful.
Regarding assessment of the biodiversity impact from di erent production aspects,
references were used in the cases where it was not immediately obvious whether
a feature is bene cial for biodiversity or not. For all three parts of the literature
study, initial search words were identi ed from the eld study data. Then, the ci-
tation pearl growing strategy was applied, i.e., new, possibly more speci c, search
words were identi ed in the documents found in the rst round, and these were
subsequently used in a new search round (University of Oulu, n.d.).

3.3.3 Analysis

The analysis procedure used for the eld study data was based on the stepwise but
iterative analysis method described by Yin (2016), and the information from the
literature study was included in the last step. The steps, and descriptions of how
they were performed in this context, are presented below.

In the rst step, the gathered data is compiled into what Yin (2016) describes as

a data base. This was done based on person and chronology, i.e., all information
received from each interviewee was gathered in chronological order (if the person was
contacted more than once) in a single document. The information and impressions

from the eld visits were also reviewed and formally ordered.

The second step is a disassembling process in which the data is coded, to method-
ically start bringing the data to a slightly higher conceptual level (Yin, 2016). For

this, the compiled data was colour coded: individual sentences or longer arguments
were assigned di erent colours representing various topics. These were formed in an
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inductive way by constructing new topics, and relating them to a colour, continu-
ously during the disassembling process. In total, 40 di erent topics were identi ed.

In the third step, the data is reassembled and brought to an even higher conceptual
level, to identify themes and theoretical concepts (Yin, 2016). This was achieved by
assembling all sentences or arguments assigned to the same colour, and summarising
the topic that it represented. Based on these summaries, patterns and connections
between the topics were sought for. The patterns and connections were then, in
turn, used to group the topics and form ten broader areas.

The fourth step is interpretation of the data to arrive at a description of the current
state (Yin, 2016). When creating this narrative, the eld study data for each of
the areas formed in the previous step was combined with the information from the
literature study. From the ensuing description of the current situation, positive and
negative aspects for biodiversity were identi ed for the ten areas.

3.3.4 Gap identi cation

As the nal part of the second backcasting step, gaps were identi ed by comparison
of the description of the current state to the sustainability principles formulated in
step 1. All positive and negative aspects for the ten areas were reviewed and linked
to one or several principles (see appendix B). For each principle, these summarised
ndings were compared to the sustainable situation described by the principle, and
gaps were formulated based on the discovered discrepancies. Any number of gaps
could theoretically have been formulated, but considering the scope of the study, it
was limited to one or two per principle depending on the amount of collected data.

In total, nine gaps were identi ed.

3.4 Backcasting step 3: Leverage points

In the third step of the backcasting process, LPs for moving from the current to
the desired state, i.e. to overcome the previously identi ed gaps, were identi ed.
The identi cation was done by rst reviewing the treated data and the nal gaps

in a broad brain-storming process on possible areas of intervention. This was done
by the authors in a process where the gaps were grouped based on whether they
were judged to concern the same areas of intervention. Following this was a phase
of narrowing down the number of groups to a manageable amount within the scope
of the study. For each group, one LP formulated as a question about how to bridge
the speci ¢ gaps was identi ed. These were to be answered in the next step, where
actions were identi ed. The selection of groups and subsequent LPs was done by
the authors based on the LPs' judged potential to be used to formulate concrete
actions. In total, three LPs were created, covering seven of the nine gaps. Since
the selection was done to focus on feasibility and potential for actions, the authors
did not strive to cover all gaps but rather to include the most important ones. The
included groups of gaps were considered to have the largest potential to result in
concrete actions that are well adapted to NJ's operations.
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3.5 Backcasting step 4: Actions

The fourth and last step entailed the development of the LPs into concrete sug-
gestions for how NJ can act to decrease the negative impacts on and support bio-
diversity in the area. The LPs were reviewed in a new brainstorming process to
formulate actions, and the focus was especially on gathered suggestions from inter-
viewees. These were deemed to have particular potential to achieve changes in the
system, since the initiatives already are established in the area. NJ's perspective
was included in this step through a semi-structured conversation with Environmen-
tal Manager Eliina Brinkberg about possible actions. The results from this were
incorporated into the procedure of creating actions to make sure that the actions
would be practical for NJ's business and working procedures. Moreover, literature
research was done around the subjects of the LPs to create the nal formulation of
the actions. For each LP, the authors suggested an action that was judged to have
the potential to bridge the gaps addressed by the LP and to be feasible for NJ.
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Case description

This chapter presents the case that was studied. First, a general description of the
cotton production area is provided, followed by descriptions of the two elds that
were visited during the eld study. Thereafter, NJ is presented and its cotton supply
chain, with focus on Agrona, and local collaborations are described.

4.1 The area

The area in which most of NJ's organic cotton is grown is located on the west
coast of Turkey close to the Aegean sea, which is part of the Mediterranean basin
(Britannica Academic, n.d.). The area in focus can be seen in gure 4.1. The region
close to the sea is referred to as the Aegean region and a categorising factor is the
overarching similarities in climate. The region belongs to the Mediterranean forest
biome, which is characterised by hot, dry summers and cold, wet winters (WWF,
n.d.).

Figure 4.1: Map of Turkey, with the studied area indicated by a red circle. Retrieved
from Google, https://www.google.se/maps, 2022.
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The area is considered to be ecologically unique, as it is part of an ecological hotspot.
The hotspot contains highly distinctive ora and fauna and is especially diverse
(Critical Ecosystem Partnership Fund, 2017). One of several factors determining
the diversity is the many types of soils in the area. Some soils are, for instance,
high in lime and thus supply large amounts of alkaline substances which support
certain plant growth, while other soils have lower levels of alkaline substances and
support other plants, as described by Critical Ecosystem Partnership Fund (2017).
Moreover, the organisation mentions that the unique area has developed a relatively
high level of endemic species, which are restricted to this geographical area. Among
these are plants, birds, and larger mammals that all are dependent on the special
conditions in the area (WWF, n.d.). Moreover, another indicator of the region's
special conditions is the relatively high concentration of so-called Key Biodiversity
Areas (KBAs), which are areas with large amounts of species of high diversity (Crit-
ical Ecosystem Partnership Fund, 2017). However, the hotspot is considered to be
in critical conservation condition and most larger mammals are endangered, accord-
ing to WWF (n.d.). WWF also highlights that the factors that pose threats to
the ecosystems are for example frequent res, continued agricultural practices, and
extension of urban areas. The ecosystems in the region have developed alongside
humans historically according to Critical Ecosystem Partnership Fund (2017), and
equilibrium has been reached in the landscape including human interactions domi-
nating in the landscapes. This balance between humans and ecosystems is, however,
intricate and in a precious state since it is challenged by the human need for ES. The
dependence on habitats and resources in the area is high, particularly on freshwater
in the otherwise water-stressed landscape, where reservoirs are important as well
as ltrating capacities of geological materials and vegetation (Critical Ecosystem
Partnership Fund, 2017).

The two elds that were studied are located close to Izmir, the third largest city
in Turkey. Moreover, the studied area, and the Mediterranean area in general, is
characterised by intensive agriculture, according to the agricultural researcher. It is
also very common that agricultural areas are surrounded by heavy industries. More
speci cally, the elds are located in two di erent plains separated by mountains, but
the areas and their environmental problems are very similar according to the envi-
ronmental consultant. The following sections describe the visited elds' similarities
and di erences in more detail.

41.1 The elds

The rst eld that was visited was located close to a town called Soke in the Aydin
province. The eld has recently been included in NJ's production. In gure 4.2, eld

1 and its surroundings are presented from a satellite perspective, with eld 1 marked
with an x. As can be seen, the eld is one among many others in a large area of
agricultural land that is referred to as the Soke Plain. The Stke Plain has a total area
of 400 kn? and stretches from the coast of the Aegean Sea and inland (Kuguiksimbil
et al., 2021), and the Soke area consists of 98 % agricultural land according to the
representative from WWEF Turkey. The production is mostly focused on cotton, but
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