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Abstract

Environmental change is a significant threat for many vulnerable crop farmers residing in

environmentally sensitive deltas. In an unfolding future, where the degree of change is expected

to intensify, adaptation in South Asian deltas is becoming increasingly important. However, in the

Indian Bengal Delta (IBD) the understanding of farmers’ adoption of adaptation strategies is

limited. This dissertation therefore aims to investigate what influences deltaic crop farmers’

adaptive responses to environmental change in the IBD. An explanatory sequential mixed method

design was employed. In this, binomial logistic and generalised Poisson regression models

quantitatively analysed the association between on-farm adaptations, and farmers’ credit access

and household and farmland characteristics, using an IBD household survey. Next, semi-

structured interviews with crop farmers in a case study of two villages in the IBD then provided

explanation and depth to the quantitative results.

Results indicate that the effect of farmers’ employment type, education, farm size and

access to credit (through loans) were significantly, and generally positively, associated with

adopting various on-farm adaptation strategies. Interviews implied that permanently employed

farmers were more reliant on adaptation strategies, while low education levels prevented some

farmers understanding and applying information disseminated by local agricultural extension

services. Smaller farm sizes constrained farmers’ ability to feasibly implement adaptive measures,

and having access to loans enabled farmers to affordably implement irrigation and effectively apply

crop diversification strategies. Farmers’ employment type, land size and education was positively

associated with the intensity of adaptation. Interviews also highlighted that the main barriers

hindering adaptation concerned a lack of market access to organic fertilizer, farmers’ normative

beliefs and the unintelligible delivery of information by extension services. This dissertation

concludes by recommending that market actors retail organic fertilizer in shop outlets to enable

organic farming, and that extension services undertake practical approaches to comprehensibly

communicate information to farmers.
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Chapter 1 Introduction

This chapter sets the context for this dissertation, and highlights the research motive. It

presents the research questions and objectives, and describes the study areas used. It finishes by

describing the dissertation structure.

1:1 Research Background and Significance

Global environmental change is undeniable, and the remainder of the century is expected

to see significant changes in climatic and environmental conditions (IPCC, 2014b). Adaptation is

therefore an essential research topic, particularly regarding agriculture in South Asia where changes

in environmental factors, such as rainfall and temperature, are expected to hinder crop production

(Le Dang et al., 2014). Subsistence rural farming provides a livelihood to millions living on or below

the poverty line in South Asian deltas (Khatun and Roy, 2012), and these populations will

unequally take the brunt of environmental change (Lazar et al., 2015; Government of India, 2015a).

Sensitive environmental habitats and natural resources that are heavily relied on are already altering

under changes in temperature, rainfall and salinity, effecting the service of environmental goods

such as crops (Cazcarro et al., 2018). This is documented in parts of the IBD, where delicate

balances in environmental conditions required for mono-cropping paddy, which supports 77% of

the economy, are changing (Ghosh, 2012). Subsequently, crop farmers already struggling with

poverty and food insecurity are now faced with greater challenges associated with environmental

change.

Unless appropriate adaptations are undertaken, agro-climate models project that by 2030

crop production could fall by 1.23%, and by up to 51% by 2050 (Banerjee et al., 2015; IPCC,

2014b). The implementation of adaptation strategies is therefore imperative to ensuring that

vulnerable smallholder farmers do not fall further into poverty and food insecurity (Skoufias et al.,

2011). Adapting accordingly would improve the resilience of agricultural livelihoods (Gupta et al.,

2017), though deltaic farmers often do not have the household assets and capacity needed to adapt,

owing to being geographically and economically isolated. Therefore, extreme poverty and food

insecurity persist as threats.
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Research is emerging on the adoption of agricultural adaptation to environmental change

in deltaic environments, particularly across Asia’s Mekong, Ganges-Brahmaputra-Megha and

Indus deltas (Chapman et al., 2016; Johnson et al., 2016; Salik et al., 2015). However, little is known

on the uptake of adaptive strategies by farmers in the IBD. Research still cannot offer insight into

the complex and context-specific characteristics that enable farmers to adopt, or act as barriers to,

adaptive strategies. Not only will an empirical study address research deficits, but it is timely as the

topic of adaptation in agriculture broadly relates to recent initiatives. The Government of India’s

(2015b) recently developed National Climate Action Plan and their sustainable development goals

both consider increasing farmers’ resilience to climate change, and to enable more sustainable

farming. Other initiatives, such as India’s National Initiative on Climate Resilient Agriculture

(NICRA), encouraging the uptake of adaptive agricultural technology have been effective (Joshi et

al., 2015). Moving forward, focus is on scaling-up initiatives to benefit the wider agricultural

population (Bager et al., 2017: Pound et al., 2018). Given that in 2011, 18,171,742 people, the

majority farmers, lived in the IBD (Census of India, 2011), empirical results uncovering the

processes influencing farmers’ adoption of adaptive strategies here will in general be well received

by decision-makers.

1:2 Research Questions and Objectives

This dissertation’s overarching research question is: What influences deltaic crop farmers’

adaptive strategies to environmental change? To allow for more specific focus, and augment the

data collection, Table 1’s research questions and objectives were adopted. These research questions

were developed using the identified literature gaps summarised in chapter 2.

Table 1: Dissertation research questions and objectives.

Research Question Objective
1. What adaptation strategies are crop

farmers using in response to
perceived environmental changes?

1. To identify the perceived and
experienced environmental risks.

2. To document the adaptive
responses adopted.

2. What factors and processes affect
crop farmers’ adoption of
adaptation strategies?

3. To uncover which factors
condition the uptake of on-farm
adaptation strategies.

4. To explain the processes which
condition the uptake of such
strategies.
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3. What are the main barriers
preventing farmers adapting?

5. To uncover the main barriers that
constrain farmers’ adaptive
responses.

1:3 Study Areas: The IBD, and the Case Study Villages

This dissertation uses two study areas to address Table 1’s research questions and

objectives. The first is the IBD, in which the analysis of an IBD household survey, collected by

DECCMA, will identify the context for adaptation and the relationships framing crop farmers’

adaptive responses to environmental change. DECCMA is a wider project that evaluates

household adaptations undertaken across four major deltas, including the IBD. The second study

area comprises two IBD villages, Dulki and Sonagar, employed as case studies to gather qualitative

contextual explanatory information corresponding to the initial survey findings. In doing so this

holistically addresses the research objectives and questions. The details linking how each study area

was assessed is presented in chapter 3.

The IBD, located in West Bengal, is comprised of 51 community blocks distributed

throughout the districts of North 24 Parganas and South 24 Parganas (Ghosh et al., 2018) (Figure

1). As defined by DECCMA, it spans 14,054 km2, with 9630 km2 in the Sundarbans region

(Cazcarro et al., 2018). After rapid decadal growth, the population in 2011 was 18,171,742, with

the majority of people being in rural provinces (Census of India, 2011). Forests cover

approximately 4264 km2 of land, with 1810 km2 of this wetland.  Overall, 44% of the IBD’s land

is used for agriculture, however the delta also encompasses a large trade-transport sector (Cazcarro

et al., 2018). The agriculture sector is predominantly paddy cultivation, as around 833,000 hectares

of land is used for rice production (Table 2). The IBD is known to experience multiple

environmental stresses and shocks associated with environmental change, such as coastal flooding,

sea-level rise, salinization, erosion and cyclones (Ghosh et al., 2018), which has a detrimental effect

on agriculture (Singh et al., 2016). This underpins the IBD as an ample study area to not only fill

research gaps, but to investigate the agricultural adaptive responses to environmental change.

The case study villages Sonagar and Dulki, located in the Sundarbans’s Basirat Subdivision,

and the Gosaba district, are surveyed at three community sites, as Figure 2 shows. Dulki is a

medium sized rural village with a population of 416, whilst Sonagar is larger at 3391 (Census of

India, 2015). In an assessment by DECCMA, where villages within the IBD were categorised



Adapting Agricultural Livelihoods in Deltaic Environments: Explorations from the Indian Bengal Delta
Student I.D. 29847427

Page 11 of 108

through a vulnerability multi-hazard map, Dulki and Sonagar were identified as high-risk. This

made them ideal locations to further explore the survey results.

Figure 1: The Indian Bengal Delta.

Source: Ghosh et al., (2018).

Table 2: Cropland used (1000 ha) in each delta by agricultural sector.
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Source: Cazcarro et al., (2018).

Figure 2: Case study area and location.

Source: Author.
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1:4 Dissertation Outline

This dissertation follows a general thesis structure, in which a review of the key concepts

such as resilience, vulnerability, adaptive capacity and adaptation barriers, as well as the empirical

findings of comparable research, is undertaken in chapter 2’s literature review. Although a hoped

research output is to inform relevant decision-makers, a review into India’s agricultural policy and

initiatives was not undertaken as literature relating to the research questions/objectives took

precedence. For a review of India’s and West Bengal’s agricultural policy see Mohanaiah (2009),

Dey et al., (2016) and Ghosh et al., (2016). Chapter 2 concludes with a summary of the research

gaps identified. Chapter 3’s methodology transparently explains the mixed-methods design, and

each individual method’s data collection and analysis to enhance the trustworthiness of findings

(Guba, 1981). It concludes with a self-critical evaluation of the methodology. Chapter 4’s findings

and results is sub-divided corresponding to the research objectives. The first section details

farmers’ perceived risks to environmental change using descriptive statistics, and interviews to add

depth to the results. The second uses identical approaches to report the observed adaptive

responses is in the IBD, and the case study areas. The third sub-theme covers research objectives

3 and 4, whereby regression analysis undertaken on the determinants of farmers adaptation

strategies, and the intensity of adaptation, are integrated with interview accounts to report the

processes influencing adaptation. The last section employs frequency charts depicting the main

adaptation barriers in the IBD to set the context for farmers’ interview accounts. Chapter 5’s

discussion and conclusion discusses the most important findings corresponding to each research

question in the wider context of the literature. It also discusses the limitations encountered in this

study, policy implications and recommends areas for further research.
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Chapter 2 Literature Review

2:1 Climate and Environment

Around the IBD, regional climates are characterised by relatively high humidity and

temperatures, reaching 25oC in winter, 43oC in March and 32oC during the monsoon (Gopal and

Chauhan, 2006). The region experiences 1500-2400mm precipitation annually, with approximately

74% deriving from June-September’s monsoon season (Ibid). Storms are common and between

May-October these can frequently develop into cyclones (Ghosh, 2014). Regional hydrology is

influenced by freshwater flows mainly from the River Ganga, and ocean tides generating varying

gradients of salinity (Gopal and Chauhan, 2006). However, low-lying topography incorporated

with regular embankment failure during heavy rainfall makes the region susceptible to saline water

intrusion, which is exacerbated by high evaporation rates (Yadav, 1979; Hajra and Ghosh, 2018).

Soils mainly originate from alluvial deposits, whilst coastal soils exhibit greater levels of sodium

chloride (Gopal and Chauhan, 2006). Subsequently, regional soils vary in salinity, alkalinity and in

fertility owing to changeable levels of organic matter, calcium and magnesium.

2.1.1 Trends and Environmental Changes

In the Sundarbans, decadal water temperatures have been increasing by 0.5oC, quicker than

the global average of 0.06oC (Mahadevia and Vikas, 2012). Figure 3 represents water temperatures

since 1980 (emphasis is on the Western Sundarbans), and evidently temperatures exhibit sharp

rises, which Ghosh (2012) accredits to climate change. Little reliable air surface data exists, though
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the IPCC (2014b) report increasing mean annual temperatures in South Asia in the last 50 years,

and a likely 3oC increase by 2100.

Figure 3: Water Surface Temperature

Source: Mitra et al., (2009).

Regional sea-level rise (17.8mm/yr) is higher than the global average (3.27mm/yr) (Hazra

et al., 2010; NASA, 2018) over identical time frames. This is indicative of global warming and land

subsidence in amalgamation (Mahadevia and Vika, 2012). In terms of erosion, rates post-2000

have nearly doubled from 1930 onwards, leading to losses of farmland (Rudra, 2011). Progressive

river siltation has severed the influx of freshwater, creating shallower and more saline rivers (Gopal

and Chauhan, 2006). Soil and water salinity is gradually increasing, and has been described as a

“slow poison” (Ghosh, 2012 p35), as embankments can no longer protect against amplified

seawater flooding. Regarding rainfall, researchers report that rainfall intensity is increasing (Hazra



Adapting Agricultural Livelihoods in Deltaic Environments: Explorations from the Indian Bengal Delta
Student I.D. 29847427

Page 16 of 108

et al., 2010), but low-pressure systems are lengthening without culminating to rainfall (Jadhav and

Munot, 2007). This suggests that monsoons are gradually becoming longer and drier, with

increasingly erratic and intense single rainfall occurrences (Guhathakurta et al., 2011). Newer

research indicates climate variability also plays a role, as El-Nino years will reduce overall rainfall,

whilst La-Nina increases it (Chanda et al., 2018). Similar research also forecasts that while decadal

cyclone and storm incidences have decreased, intensity continues to increase (Hazra and Samanta,

2016).

2:2 Environmental Change and Agriculture

Across India’s population 68% are directly or indirectly involved in agriculture (O’Brien et

al., 2004), which accounts for 14% of India’s GDP (Kaur, 2017). India’s agricultural productivity

is closely tied to the timing and strength of the monsoon season, and other environmental factors

such as temperature and drought (Kumar and Sharma, 2013). Increasing temperatures may benefit

productivity, however studies have found that previous growing seasons 4oC warmer than normal

caused a 41% deduction in rice production (Geethalakshmi et al., 2011). Other studies found that

previous droughts, which are expected to intensify, led to 12-33% increases in the level of poverty

amongst farming households (Pandey et al., 2007). According to Zhai and Zhuang (2009), by 2080

India’s agricultural output could decrease by 24%, reducing overall GDP by 6.2%.

Around the IBD, subsistence mono-crop (paddy) agriculture is common, providing 77%

of the area’s economy directly and indirectly (Ghosh, 2012). Rapid population growth and an

overreliance on natural resources have made subsistence farming livelihoods vulnerable to the

effects of environmental change (Hajra et al., 2016). Farmers already suffer low yields as excessive

rainfall, low-lying topography and inadequate drainage generate water logging damaging crops

(Singh et al., 2012). Growing situations are exacerbated by insufficient groundwater irrigation

systems, which have seen increases in salinity. Studies also directly relate increasing salinization

and decreasing yields (Hajra et al., 2016). For example, soil degradation due to increasing salinity

has been associated with deductions in paddy production (Figure 4) (Chand et al., 2012).

Therefore, agriculture relies predominantly on monsoon rainfall (Ghosh, 2012). Paddy and other

cash crops are sensitive to alterations in temperature and unseasonal rainfall. Therefore, warmer

temperatures and increasingly intense rainfall events are generally declining yields (Ibid).

Unsurprisingly, incidences of poverty and food insecurity are increasing, as farmers cannot sustain

themselves against the effects of environmental change (Hajra et al., 2017).

Figure 4: Trend in Paddy Production in IBD
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Source: Hajra and Ghosh (2018)

2:3 Adaptation to Environmental Change

In adaptation literature, the definition of ‘adaptation’ differs widely between authors and

disciplines (Ekstrom et al., 2011; Feder, 2012; Smit and Wandel, 2006). The occurrence of varying

definitions means that the researcher must specify the context in which adaptation is studied (Smit

et al., 2000). Adaptation in this dissertation is studied in response to environmental changes in

deltas. A broader definition applicable to environmental change is given by Nelson et al., (2007, p

398) as “an adjustment in ecological, social, or economic systems in response to observed or

expected changes in environmental stimuli and their effects and impacts in order to alleviate

adverse impacts of change”. This definition provides a useful starting point, as it considers

adaptation in terms of the level, such as planned or autonomous, the actors involved, including

private and public, and timing, such as anticipatory or reactive adaptation. Mimura et al., (2010)

stress the importance of the type/level/timing of adaptation, as measures taken in response to an

impending impact necessitate swift short-term responses. These alleviate immediate risk, whereas

forthcoming, more detrimental impacts in the long-term require more integrated, planned and

anticipatory adaptive measures. It is important to recognise that adaption does not always derive

from environment and climate stimuli. Tompkins et al., (2009) highlight other reasons for

adaptation, such as sustainable development and social responsibility.

Previously, the adaptation community had focused on predict then act approaches by

studying barriers and opportunities for adaptation and providing broad and general principles for

adaptation (Burch, 2010; Hallegatte, 2009). However, a requirement for more decision-orientated

research, that allows decision-makers to make pressing choices in intertwined and dynamic natural

and social systems, has engendered a recent reconceptualization of adaptation as an ‘adaptation
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pathway’ (Wise et al., 2014). Adaptation pathways integrates two core concepts. It first draws from

Smith et al’s (2011) notion of adaptive decision-making. This frames adaptation as a pathway of

timely decisions, not a one-off decision, under the assumption that one adaptive decision may not

suffice in an unfolding future. Gorddard et al’s (2016) notion of decision context is also integrated.

This considers the prevailing societal values, rules and knowledge (VRK), and their interaction,

that determines the context for decisions. This context then fashions and restricts what adaptive

decisions are practical and permissible, which will alternate with progressively changing VRKs.

Adaptation pathways accentuates decision timing and context to represent adaptation as

evolutionary, in which changing decision contexts and normative behaviours may facilitate or limit

future adaptive decisions (Figure 5). This importantly highlights the factors of uncertainty and

learning in the process of adaptation.

Figure 5: Adaptation pathway through an adaptive landscape.

Source: CSIRO (2017)

2:3:1 The Concepts of Vulnerability, Resilience and Adaptive Capacity

From an adaptation to climate change perspective, human geographers such as Pelling

(2010) frame resilience as adaptive actions undertaken that seek to maintain the identity and the

primary functions of a socio-ecological system. Others present resilience as an assortment of

system characteristics comprising self-organisation, capacity for learning and capacity to absorb
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change, that facilitate the transformation and incremental adjustment of a system into a state of

greater ‘adaptedness’ (Nelson et al., 2007). When applied to Indian deltaic rice farmers, Duncan et

al., (2017) defined their resilience to environmental hazards as their capacity to uphold or enhance

their standard of living against risk. Their findings indicated that farmers’ resilience can be

adversely influenced by institutional, economic and cultural contextual drivers.

In the context of climate and environmental change, vulnerability is the degree to which a

system is predisposed to, and unable to manage the harmful effects deriving from climate and

environmental stress (Macchi et al., 2011). It is a function of a system’s sensitivity, exposure and

adaptive capacity (Adger, 2006). Zahran et al (2008) highlight two forms of vulnerability, physical

and social. Physical vulnerability refers to the physical or structural properties of an environmental

hazard (Ibid), whilst social vulnerability regards “the socially differentiated nature of people’s

capacity to cope with change” (Brown, 2016 p101). Any existing social vulnerabilities will likely be

amplified by climate and environment change for the most marginalised and poorest groups

(Brown, 2016). However, evidence suggests that social vulnerability is not simply linked to poverty,

instead it is complex, variable and particular to time, space and social context (Brouwer and

Nhassengo, 2006). The Indian Sundarbans region is physically and socially vulnerable. Physical

hazards, such as cyclones and flooding, amplified by climate change and sea-level rise are frequent

(Hajra et al., 2017). Additionally, poor and isolated dense populations working in climate-sensitive

and natural resource dependent agriculture characterise the area’s high exposure, sensitivity and

low adaptive capacity (Hajra and Ghosh, 2018; Danda, 2007).

There are varying perspectives on how vulnerability, resilience and adaptation are applied

and understood (Janssen, 2007; Folke et al., 2002). Kaul and Thorton (2014) link vulnerability and

resilience to provide attention to adaptive capacity (Figure 6). In this respect, by increasing the

resilience of a system the adaptive capacity improves, which consequentially reduces vulnerability.

Figure 6: Resilience-Adaptive Capacity-Vulnerability Model
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Source: Kaul and Thornton (2014).

Adaptive capacity is multidimensional (Vincent, 2007), and is defined as “the ability of systems,

institutions, humans and other organisms to adjust to potential damage, to take advantage of

opportunities, or to respond to consequences” (IPCC, 2014a p118). Therefore, it is contingent

upon one’s flexibility, perception of change/risk, values and livelihood resources (Kolikow et al.,

2012). Livelihood resources are normally deemed the most influential when determining adaptive

capacity in farmers’ adaptive decision-making (Wall and Marzall, 2006; Bryan et al., 2009). Research

by Gbetibouo (2009) signified that farmers’ adaptations to climate change were mostly hindered

by insufficient knowledge of adaptive strategies and a lack of credit sources, water resources and

market accessibility. However, a farmer’s motivation is equally essential (Mertz et al., 2009), and

has been empirically linked to risk perception (Osberghaus et al., 2010). Thus, a farmer’s capacity

to adapt will be influenced by their risk perception, which may vary depending on individual

characteristics, and their access to livelihood resources (Kolikow et al., 2012). The level of adaptive

capacity largely determines the extent that a farmer can adapt, for example, transformative

adaptation requires substantially more resources and willingness than systems adaptation or

incremental adjustments (Richards and Howden, 2012). Figure 7 provides examples of the extent

that farmers can adapt, which according to Richards and Howden (2012) depend on their adaptive

capacity.

Figure 7: Levels of adaptation in agriculture
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Source: Howden et al., (2010)

As poorer farmers often lack livelihood resources they generally reflect meagre adaptive

capacities (Abdul-Razak and Kruse, 2017). Many farmers in the Indian and Sundarbans deltas have

low adaptive capacity, owing to a multitude of interacting factors, namely: monocrop farming;

declining income from agriculture; being geographically and economically marginalised; reliance

on rain-fed agriculture and natural resources; a lack of access to land and technology, and illiteracy

(Jain et al., 2016; Singh et al., 2012; Hajra and Ghosh, 2018). Further, institutions largely influence

adaptive capacities through dispersions in resources (Adger et al., 2007). Around the IBD, many

farmers rely on government welfare, however the top-down governance often leaves gaps in

supply and demand in agriculture (Jain et al., 2016). No literature to the researcher’s knowledge has

investigated the impact of this on farmers’ adaptive capacity in the IBD. As a result, this is framed

as a constraint on farmers’ adaptation, instead of an urgent issue that can be addressed using

empirical data backing.

2:3:2 Agricultural Adaptation in Deltas

Due to deltas being sensitive and changeable from the effects of environmental change,

farmers adapt to uncertainty using hard (physical) and soft (social) action approaches. According

to Ngo (2016), agricultural adaptation encompasses two forms of modification, increased

diversification and crop management practices. The former refers to engaging in cultivation

practices that are climate tolerant and water efficient, and the latter entails activities which ensure

that harsh environmental conditions do not overlap with critical growth periods by elongating

growth seasons. Evidence of these modifications in deltas are apparent. Mainuddin et al., (2010)
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reported farmers adjusting planting times and crop types to conform to changing climate routines,

whilst others recorded the usages of temperature and salinity resistant crops and enhanced water

efficiency methods, such as irrigation (Douven and Buurman, 2013; Uddin et al., 2014). Harder

adaptation approaches appeared generally less common, but were recorded in Vietnam’s Mekong

Delta and in Spain’s Ebro Delta in the form of flood-defence barriers (Schipper et al., 2010; Fatoric

and Chelleri, 2012). Other common forms of adaption concerned migration and livelihood

diversification, such as integrated agriculture-aquaculture (Udo, 2008). Mixing practices enables

deltaic farmers to capitalise on available natural resources to align themselves with alternations in

environmental, social and economic contexts (Erenstein, 2006), and to diversify their income

pathways to spread risk.

Around the IBD there is evidence of these adaptations. Hajra and Ghosh (2018)

recognised an association between declining agricultural productivity and outward migration in the

IBD. Jain et al., (2016) mentioned that farmers in the Sundarbans would reduce investment in

monocrops (paddy) and invest in inland fishing in dugout ponds as a secondary livelihood to

alleviate risk from increasing soil salinity. Jain et al., (2016) also reported farmers balancing

agriculture with labour work, such as rebuilding infrastructure including roads, embankments, and

pond reconstruction. Farmers have been found to engage in land shaping and rainwater harvesting

activities (Singh et al., 2012). Here ponds are excavated to a depth of 8-9 feet to harvest rainwater

to enable irrigation and fish cultivation, and the excavated earth is used to elevate the farmland

(Ibid). This enhances resilience to increasing salinity, flooding and drought, and allows the

cultivation of different crop types. Mandal and Mandel (2012) however warns that irrigation water

eventually becomes saline. Both Jain et al., (2016) and Singh et al., (2012) reported the

intensification of chemical fertilizer as an adaptation which sustained paddy yields against rising

soil salinity, though the poorer farmers were unable to afford this. The concept of organic farming

was introduced for its inexpensive, sustainable and high yielding traits by NGOs (Jain et al., 2016),

though little research follows up the success of this in practice. Additionally, whilst the above

authors simply report on adaptive practices adopted, none report on the conditions, factors or

processes that enabled the adoption. This perspective is in line with Wang et al’s (2017) critique of

current adaptation research in South Asia, who state that knowledge is derived from studies that

have not undertaken an empirical and systematic approach, especially regarding larger assessments

of farmers’ adaptations. Consequently, little is still known on the adoption of adaptive agricultural

strategies in deltas (Ibid). As mentioned in chapter 1, to facilitate the up-scaling of agricultural

initiatives knowledge concerning farmers’ adoption of technologies is importantly required. The
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research gap outlined above implies that this will be challenging to operationalise, especially for

the IBD, which has not been a primary focus in assessments of adaptation.

2:3:2:1 Conceptual Framework

Drawing on the above literature and those in section 2:3:1, Momtaz and Shameem’s (2016)

conceptual framework for livelihood adaptation to climate risk provides a useful lens to view this

dissertation given the aim and research problem (Figure 8). Momtaz and Shaeem (2016)

innovatively merged insights from the sustainable livelihoods approach with the cognitive factors

recognised to determine adaptation behaviour (the Model of Private Proactive Adaptation to

Climate Change (MPPACC)) (see Grothmann and Patt, 2005). The resulting framework can then

explore how farmers, who are reliant on natural resources, insert climate risk into their livelihood

routine to increase resiliency to climate stresses and shocks. Figure 8 has been adapted to

incorporate the risks posed by environmental change.

The framework integrates four keys components: access to assets, perceived environment

change risk, the institutional environment, and embedding risk management into livelihoods.

Figure 8 recognises that a household’s capability to manage environmental change risk is

determined from a succession of livelihood decisions. These decisions are conditioned by the

household assets and the provision of these assets in an institutional context. This translates into

a household’s adaptation capacity, which governs their livelihood adaptation measures to lower

vulnerability to environmental changes. Momtaz and Shameem’s (2016) framework recognise that

livelihood adaptations are rarely isolated actions, and that adaptation is an ongoing process where

households use their assets in the current institutional framework. Therefore, any environmental

or non-environmental policies or institutional frameworks will have a decisive role in enabling or

hampering adaptation strategies. The framework importantly addresses the cognitive factors which

initiate the intention to adapt, as adaptive capacity cannot immediately convert into adaptive action

(Dang et al., 2012). Figure 8 represents this in both reactive adaptation, where action is adopted

after experiencing environmental stress, and proactive adaptation, where measures are undertaken

to avert future stress. Observably, households then begin adapting by embedding the appropriate

management into livelihood activities, transforming their livelihood system. This is to endure and

recuperate from environmental shocks and stresses and avoid stresses in the long-term. The

framework highlights the feedback mechanisms amongst these four components, as adaptations

producing advantageous outcomes can increase access to assets improving adaptive capacity

(Adger et al., 2007). The reduced vulnerability then adjusts people’s environmental change risk

perception.
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Figure 8: Conceptual framework for adapting farming livelihoods to environmental change.

Source: Adapted from Momtaz and Shameem (2016).

2:3:3 Factors Influencing Farmers’ Adaptation Strategies

Numerous factors, such as farm and household characteristics and access to credit, are

postulated by scholars to influence the adaptive strategies adopted by farmers. Of course, there

are various other influences, such as institutional, economic and social factors. Due to word limit

constraints, a review into the influence on farmers’ adoption of adaptations from household and

farmland characteristics and access to credit will be undertaken here, as they were found to be

heavily influential in comparable research conducted close to, or in a context similar to, the IBD

(Sahu and Mishra, 2013; Aryal et al., 2018; Uddin et al., 2014). Where possible, insight from South

Asian deltas and India is reviewed.

Household Characteristics

Older farmers, within a productive age range, are hypothesised to adapt more, given their

farming experience and ability to assess the utility of strategies (Ibid). Works by Tekleworld et al.,

(2006) and Khatun and Roy (2012) in Ethiopia and West Bengal, India, respectively support this.

Increasing household size typically corresponds to a greater ability to implement labour

intensive adaptations inexpensively and more intensely, owing to greater labour endowment

(Deressa, 2008; Denkyirah et al., 2017). However, increasing household size can negatively

influence on-farm adaptations, as members may seek off-farm labour to reduce consumption
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pressures inflicted by a large household size (Yirga, 2007). Studies in South Asian deltas mostly

present evidence for the latter (Mishra and Pede, 2017; Uddin et al., 2014; Nguyen-Van et al., 2017).

It is not uncommon for age and household size variables to be theoretical control variables in

research, as they can influence adaptation, but are rarely the factors of interest.

Generally, farming households headed by men are more likely to risk change and have

easier access to information regarding adaptive practices and technologies, than households

headed by women (Asfaw and Admassie, 2004). Women are also hindered by social barriers

making them less able to implement adaptive measures (Tenge et al., 2004).

A farmer’s occupation status also determines adaptive decisions. Whether farming

comprises most of a farmer’s employment can indicate the degree of time invested in agriculture,

and in off-farm employment/activities (Addisu et al., 2016). This can be mediated by household

size since larger households could still provide sufficient labour (Ibid). In their study, Holden and

Shiferaw (2002) found that income from off-farm employment increased on-farm adaptation, as

the money was invested into farming. Others have argued that farmers earning off-farm feel more

secure, and thus deem on-farm adaptations unnecessary (Oluwatusin, 2014). Works by Parganiha

(2016) and Ngo (2016) in rural North India and the Mekong Delta support this, finding that

farmers also in off-farm employment were negatively associated with on-farm adaptations.

Aryal et al., (2018) state that a member from a farming household working elsewhere from

the village enables the up-take of less labour-intensive agriculture technology, due to less labour

endowment but increased access to diverse income sources. Deshingkar and Start’s (2003) research

suggests this, as household members undertaking farming and non-farming activities outside of

Indian deltaic villages were found to return five times that normally earnt inside the village.

Working outside the village also increases exposure to other farmers, which can provide additional

agricultural information (Parganiha, 2016). Research in India’s Gangetic Plains has indicated that

farmer-to-farmer communication increases the adoption of new technology, as strategies such as

stress tolerant crops were implemented more intensely (Aryal et al., 2018).

A farmer’s education level can largely determine the adoption of adaptive strategies

(Addisu et al., 2016). More educated farmers are able to receive, interpret and understand

information concerning improved agricultural technologies and possible yield outputs (Deressa,

2008). Research by Meghwal et al., (2017), Arumugam et al., (2014) and Chen et al., (2018) found

that the adoption of multiple adaptation strategies, such as crop diversification, climate tolerant

crops, and the intensification of adaptation was positively influenced by increasing education levels

in Indian and deltaic farmers.

Farm Characteristics
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Farmland size generally has two main influences on adaptation. First, increasing farmland

size is normally associated with an increased adoption of adaptation strategies, as lack of land can

be a barrier (Bryan et al., 2009). Secondly, larger farmland sizes are often indicative of higher wealth

and increased financial capacity, allowing farmers to adopt a range of agricultural technology

(Knowler and Bradshaw, 2007). The resulting more mechanized farms are hypothesised to increase

the adoption of alternating crop types, climate tolerant crops and irrigation (Boansi et al., 2017;

Nhemachena et al., 2014). However, Deressa (2008) points out that the influence of increasing

farmland size on adaptation is inconclusive, as associations are not always consistently positive,

suggesting that contextual explanations are likely needed. Further, evidence shows that ownership

type influences how farmers perceive risk (Maddison, 2007). Copious studies have reported that

farmers owning land had a higher tendency to invest more in adaptation, and adapt more intensely

than non-owners (Nhemachena and Hassan, 2007; Deressa et al., 2009; Yameogo et al., 2018).

Literature states that the availability of farm implements/equipment, such as power tillas,

pumps and ploughs amongst others are a prime necessity to operationalise timely adaptive

practices in response to climatic and environmental change (Parganiha, 2016). Without accessible

implements at the farm-level, a farmer’s capability to adapt to climate and environment change is

considerably constrained (Abid et al., 2015). Recent works by Sarah et al., (2017) reinforce this

theory, as having access to farming equipment was found to increase the likelihood of a farmer

adapting to climate change by over 700%.

Access to Credit

Theoretically, inaccessibility to credit can be a constraint to adaptation (Maddison, 2007).

Credit access permits farmers to gain new technologies and purchase inputs, such as irrigation

facilities and new crop varieties, as financial constraints are eased (Deressa, 2008; Fosu-Mensah et

al., 2012). Yameogo et al., (2018) state that smallholder farmers receive credit access which enables

affordable adaptation in two ways; 1) informally through loans from neighbours and friends, 2)

formally through farmer associations or bank loans. In West Bengal, India and other South Asian

deltas, having access to credit generally positively influences the adoption of adaptive agricultural

technology (see Khatun and Roy, 2012; Ngo, 2016; Sahu and Mishra, 2013; Aryal et al., 2018),

supporting the overarching hypothesis.

2:4 Adaptation Barriers

Adaptation limits and constraints are commonly used interchangeably, but each are defined

differently. Limits are “the point at which an actor’s objective or a system’s needs cannot be

secured from intolerable risks through adaptive actions” (IPCC, 2014c p907), whereas constraints
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are “factors that make it harder to plan and implement adaptation actions” (Ibid). Constraints are

normally referred to as barriers, and can be overcome with concentrated effort and management

(Moser and Ekstrom, 2010). In their systematic literature review Biesbroek et al., (2013) noted that

studies of adaptation barriers were more geared towards coastal zones and water sectors, with

minimal reference to agriculture. Further, farmers’ understanding of barriers is restricted, and since

barriers will hinder farmer’s’ adaptive capacity an improved comprehension of barriers is needed

to enable effective adaptation (Masud et al., 2017), especially for vulnerable deltaic farmers. In

reference to the above research gap, and that barriers can be addressed given sufficient attention

and management, this dissertation chooses to focus on adaptation barriers (research objective 5).

Therefore, emphasis will be placed here rather than on limits.

As adaptation barriers are context-dependent due to different communities, regions and

actors, there are various frameworks offered in literature (Moser and Ekstrom, 2010; Lorenzoni et

al., 2009). The general consensus suggests that barriers stretch across natural, economic and social

factors, as depicted in Masud et al’s (2017) agricultural adaptation study. Jones and Boyd (2011)

provide a broad model that involves categorising the adaptation barriers into three discrete groups,

and their relationships (Figure 9). This is useful as barriers rarely act in isolation, and the interaction

between multiple barriers can considerably hinder the variety of adaptive options, and in cases

create maladaptation (IPCC, 2014c).

Figure 9: Barriers to Adaptation and their connections
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Source: Jones and Boyd (2011).

Natural barriers integrate ecological and physical constraints. These are extensive in scope

and practice, and restrict what adaptations are contextually feasible. For example, temperature

increases in the physical environment will likely necessitate greater effort for adaptation than some

have the capacity to generate (IPCC, 2014c). Also, dispersions of water resources and physical soil

conditions will influence the range of viable agricultural activities, such as irrigation (Hanjra and

Qureshi, 2010), and subsequently the capacity of the system to adapt (Kato et al., 2011). Ecosystem

thresholds are closely tied to natural barriers, and relative sea-level rise in deltas may create critical

thresholds from which ecosystems can no longer support agricultural systems to facilitate

adaptation (Jones and Boyd, 2011). Other relevant ecological barriers concern pests and diseases.

These interrelate with the physical environment because temperature rise increases incidences of

crop pests and disease outbreaks, reducing the effectiveness of control mechanisms (Hellman et

al., 2008), including pesticides.

Social barriers, regarding the “social and cultural processes that govern how individuals

respond” (Jones and Boyd, 2011 p1263), have more recent scholarly focus (Kolikow et al., 2012).

Social barriers usually indicate how society is structured, implying that they change gradually, and

mainly function at the individual decision-making level (Hulme et al., 2007). They are associated

with pre-existing societal values, cultural norms, views and behaviours that influence risk

perception and rational adaptive decision-making (O’Brien, 2009). Therefore, specific barriers may

entail cultural or normative beliefs preventing the implementation of sustainable adaptive action.
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Nielsen and Reenberg (2013) found that pastoral farmers in Burkina Faso would not adopt

livelihood diversification due to their tribe identity and personal integrity. Institutional capacity

can also hinder the adaptation process, as it relates to the degree of prioritisation of adaptation in

policy against other values (Berkhout, 2012). This is fundamental for building capacity for farmers

to adapt, however corruption within institutions can constrain adaptation as Schilling et al., (2012)

indicates. Also, the IPCC (2014c) stress that the actors of NGOs, market actors, community

agriculture organisations and governments within governance networks must be well coordinated

to operationalise common adaptation objectives. Without doing so, collective action and therefore

adaptation implementation is inhibited.

Constraints in human and informational resources can have connotations for monitoring,

forecasting and the tailoring of suitable adaptation measures (Jones and Boyd, 2011). This barrier

typology is more frequent in agricultural literature, due to adaptations normally requiring financial

resources, agricultural technology and knowledge for implementation. Emphasis in studies is

commonly on the former (Hassan and Nhemachena, 2008). According to Shardul and Samuel

(2008), farmers will only actively implement the adaptation if the perceived benefits exceed the

resources, costs and efforts required. Actively adapting may be further constrained by competing

values and trade-offs with other pressing needs, such as healthcare (IPCC, 2014c), and when

financial resources are scarce other needs may take precedence. Literature indicating how

knowledge is acquired, distributed and used determines whether the information constrains or

enables adaptation (Moser, 2010a,b). This is an important consideration for educating farmers who

may usually opt for using familiar but unsuitable traditional knowledge to inform active measures

(Jones and Boyd, 2011). Without sufficient education on climate and environment change, and

how to adapt pertinently, farmers may not be capable of managing the environment’s negative

impacts effectively (Masud et al., 2017). Regarding agricultural technology, the IPCC (2014c)

emphasises that technology must be accessible for farmers to operate, fund and maintain. Studies

have suggested that adequate market access, finance and the exchange of information is required

in order to sufficiently employ agricultural technology for effective use and benefits (Deressa,

2009; Isham, 2002; Hassan and Nhemachena, 2008).

In contrast to the above conceptualisations of barriers, Biesbroek et al., (2015) presents an

alternate stance. They critique barrier thinking by contending that categorizing processes and

factors into barriers prevents the explanation of the causes responsible for an effect, as dynamic

and complex decision-making processes are heavily simplified. Biesbroek et al., (2015) blames

incongruities between academic frameworks and practical reality, on current barrier thinking.

Alternatively, they advocate adopting more policy and various top-down and bottom-up based
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thinking to enable more tailored interventions as something to consider. This is an argument to

reflect on during the analysis of the barriers found in this study.

2:5 Summary/Gap

This chapter has illustrated that copious amounts of literature exists on adaptation by

farmers to climate and environment change. However, research gaps still exist regarding empirical

assessments of a systematic nature of farmers’ adaptations undertaken to environment change in

South Asian Deltas (Wang et al., 2017). This was apparent, as the literature did not sufficiently

uncover the complex and context-specific features facilitating the uptake and process of adaptation

for farmers in the IBD delta targeted (Hinkel, 2011). For instance, it was not known the extent of

the impacts on farmers’ adaptability from gaps in supply and demand, which stemmed from

improper governance approaches. This reinforces Masud et al’s (2017) perspective and Biesbroek

et al’s (2013) works, which suggests that barriers influencing farmers’ adaptations is an understudied

topic. These are important gaps to address if the up-scaling of tailored interventions are to be

efficaciously implemented.

Chapter 3 Research Methodology
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3:1 Overview of Mixed-methods Approach

3:1:1 Rationale

A mixed-methods approach was used to address the research objectives and identified

knowledge gaps. The justifications for this are threefold: First, understanding the complex

phenomena that are farmers’ adaptive decisions is not straightforward (Le Dang, 2014). Mixed-

methods allow the researcher to achieve comprehensive findings and understanding from complex

research issues (O’Cathain et al., 2007), such as the process of adapting. Quantitative methods can

outline the social structures and associations between environmental change and adaptation, then

the qualitative methods can explain the embedded processes (Bryman, 2017). Second, the

‘completeness’ and ‘enhancement’ of findings (Bryman, 2006) that mixed-methods provide will

support addressing the identified absence of empirical and systematic studies of adaptation in

South Asia’s deltas (Wang et al., 2017). The conclusive assertions made will be well received by

decision-makers, such as those in INAPCC, as the objective quantitative findings integrated with

the contextual findings from farmers are reported. Third, the appropriate application of

quantitative and qualitative methods in amalgamation can minimise each method’s weaknesses.

Quantitative methods permit greater generalisation of findings (McKim, 2017), which is more

constrained in qualitative research, and is useful for assessing adaptation across the IBD.

Alternatively, qualitative research allows the contextualised documentation of how a process

occurs, and enables the researcher to understand why respondents make certain decisions (Denzin

and Lincoln, 2008). Therefore, including qualitative methods is pertinent for comprehending how

crop farmers think in the process of adaptation.

3:1:2 Design

This dissertation used an explanatory sequential mixed-methods design where the

qualitative phase succeeded the quantitative phase (see figure 10). This design provides contextual

explanation and elaboration of the quantitative findings by subsequently using qualitative methods

(Creswell et al., 2003), and in turn providing dependable results (Shenton, 2004). Specifically, the

quantitative analysis generates an understanding of the research problem, before the qualitative

methods refine and explain the quantitative findings by exploring participant’s perceptions in

greater depth (Ivankova et al., 2006). This dissertation applied this by analysing a quantitative-based

household survey using descriptive statistics and regressions to outline the context of the research

topic, and the factors influencing adaptation. In-depth interviews conducted in Dulki and Sonagar
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then explored these results further to understand the processes behind the factors influencing

farmers’ adoption of adaptive strategies.

The mixing of methods can transpire through merging and connecting (Creswell and Plano

Clark, 2011). This dissertation connected the methods using the sampling frame as interviewee

characteristics - IBD household head crop farmers - resembled those analysed in the survey.

Integration through building occurred by ‘development’ reasoning (see Bryman, 2006 p105), as

the quantitative associations under scrutiny grounded parts of the interview agenda. Development

reasoning “uses the results from one method to help develop or inform the other method”

(Greene et al., 1989 p259). Findings regarding research objectives 3 and 4 will be reported through

a ‘weaving approach’ identical to Classen et al., (2007), where the quantitative and qualitative results

are presented theme-by-theme. The rest of the findings are reported separately, which is more

common in mixed-methods research (Doyle et al., 2016). In this study, the qualitative methods

take precedence, due to the depth required to understand decision-making processes.

Figure 10: Explanatory sequential design.

Source: Adapted from Doyle et al., (2016) to omit quantitative data collection as was not

applicable.

A graphical illustration helps the researcher envision the order of data collection, the

connection of different methodologies and the precedence of either method when using multi-

staged mixed-methods (Ivankova et al., 2006). Figure 11 represents the visual model employed

using the ten rules for developing visual mixed-methods models (see Ivankova et al., 2006 p15 for

rule description).

Figure 11: Visual model for explanatory sequential design procedures.
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Source: Author

3:2 Quantitative Analysis

The Statistical Package for Social Sciences (SPSS) was employed for analysing the

quantitative data. The IBD household survey, yet to be published, was collected by DECCMA

from December 2016 to February 2017. The survey undertook a two-stage cluster sampling design,

where 5 multi-hazard zones were developed in order to select 1500 households across 30 locations

using proportional cluster sampling. The sampling was informed by demographic and migration

characteristics, and gave a relatively representative sample of the IBD. The main survey themes

were migration, environment change, and household adaptation strategies. This dissertation used

the responses from 177 households’ due to the applied focus on households headed by crop
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farmers, as household-heads normally make the livelihood decisions in rural West Bengal (Khatun

and Roy, 2012). Using the survey, this dissertation employed regression analysis (detailed below)

and descriptive statistics charts. These charts depicted contextual information relating to the

perceived environmental changes, the adaptation strategies adopted and the main barriers to

adaptation.

3:2:1 Analytical Framework

This dissertation uses two types of empirical models, binary logit and generalised Poisson,

to analyse what determines the specific adaptation strategies farmers’ use and the intensity of

adaptation. This was tested using a set of independent variables as explanatory predictors (shown

below).

 X1 =Age

 X2 =Employment Status

 X3 =Household Size

 X4 =Household Head Education

 X5 =Land Size

 X6 =Work Outside Village

 X7 =Loan

 X8 =Equipment

Variable selection was informed by section 2:3:3’s literature, however gender was omitted as

females were underrepresented in the sample used. The adaptations representing the dependent

variables are; increased fertilizer usage, irrigation, climate tolerant crops, crop diversification and

number of adaptations practiced. These adaptations in the survey were deemed the most relevant

to crop farmers and the research topic. Table 3 presents the descriptive statistics for these

dependent and independent variables.

As the Poisson model was not developed until after the fieldwork, only variables X1- X5

were used to try and allow for sufficient explanation for the intensity of adaptation from the data

already collected.

Table 3: Descriptive frequencies of independent and dependent variables.
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Frequency (N)
Valid Percent

Mean
(2 d.p)

S.D.
(2 d.p)

Variable Descriptions Expected
Sign

Dependent Variables
Fertilizer Usage (131) 74% 0.74 0.44 1 If Fertilizer usage has been increased, 0 if not

Irrigation (96) 54.2% 0.54 0.5 1 If irrigation has been implemented, 0 if not
Climate Tolerant

Crops
(49) 27.7% 0.28 0.49 1 If climate tolerant crops have been planted, 0 if not

Crop
Diversification

(56) 31.6% 0.32 0.47 1 If crop diversification has been used, 0 if not

N of Adaptations 0 (24) 13.66%
1 (45) 25.42%
2 (56) 36.64%
3 (33) 18.64%
4 (19) 10.73%

1.88 1.18 Count Variable, Number of adaptations between 0-4 from the
adaptations above.

Employment Status – Categorical Response (Dummy)

Permanent (66) 37.3% 1.88 0.78 0 – Household head is a crop farmer year-round. Ref

Seasonal (68) 38.4% 1 – Household head only farms during the growing
season.

-

Short-Term (43) 24.3% 2 – Household head works as an agricultural labourer on
another person’s land for wages in money or produce

share.

-

Education – Categorical Response (Dummy)

No Schooling (39) 22% 1.12 0.77 0 - Household head has received no school education. Ref

Primary (70) 39.5% 1 - Household head has received between 1 – 6 years of
primary school education.

+

Secondary and
above

(68) 38.4% 2 - Household head has received 1 year of secondary
school education or higher such as university.

+

Land Size – Categorical Ordinal Variable (Dummy)

Small (38) 21.5% 0.96 0.66 0 - Size of the land cultivated is between 0 - 0.1
hectares.

Ref

Moderate (105) 59.3% 1 - Size of the land cultivated is between 0.101 - 0.5
hectares.

+

Large (34) 19.2% 2 - Size of the land cultivated is above 0.5 hectares. +

Working Outside Village – Binary Categorical Response (Dummy)

No (143) 80.8% 0.18 0.39 0 - Have not sent a household member to work outside
the village in the last 5 years.

Ref

Yes (34) 19.2% 1 - Have sent a household member to work outside the
village in the last 5 years.

+

Loan – Binary Categorical Response (Dummy)

No (70) 39.5% 0.58 0.49 0 - Have not taken out a loan in the last 5 years. Ref

Yes (107) 60.5% 1 - Have taken a loan out in the last 5 years. +

Farming/Fishing Equipment – Binary Categorical Response (Dummy)
No (137) 77.4% 0.23 0.42 0 - Have not purchased farming or fishing equipment in

the last 5 years.
Ref

Yes (40) 22.6% 1 - Have purchased farming or fishing equipment in the
last 5 years.

+

Min Max Mean S.D. Variable description
Age 21 90 47.75 1.66 Continuous - Age of the household head in years. +
Household Size 1 14 4.12 12.32 Continuous - The number of members living in the

household at the time of surveying.
+/-

3:2:1:2 Empirical Models
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Binary Logistic Regression

Logit models are frequently used in the analysis of agricultural practice adoption research

(Deressa, 2008). For example, Abah et al., (2016) and Tun Oo et al., (2017) both employed logit

models to analyse which factors determined the adaptive decisions by farmers in Nigeria and

Burma respectively. This indicates that logit models are suitable for understanding what influences

deltaic farmers adoption of adaptation strategies (Research Objective 3). Logit models use a

general logit transformation that is the logarithm of the odds of an outcome comparative to a

reference category (Koch et al., 2000). As this dissertation is investigating what determines the

adoption of an adaptation strategy, a binary logistic regression (BLR) model is apt. BLR analyses

the association between a binary dependent variable, when the outcome is 0 or 1, and one or more

independent variables. Equation 1, from Gadédjisso-Tossou (2015 p1443), shows a BLR where Pi

represents the likelihood of performing the adaptation, and Xi represents the independent variable.

Therefore, the parameter i represents the log odds of the binary dependent variable and 0 is the

constant.

log(Pi/(1-Pi)) = log(Pi)=0+I Xi

(1)

The independent variables were entered into the models simultaneously, because the

stepwise method can remove important theoretical control variables (Antonakis and Dietz, 2011).

The models use control variables in age and household size. However, elements of the stepwise

method were used to remove predictors that constrained the model fit. This was not to gain the

most parsimonious model, but to ensure that model fits were sufficient to give reliable results.

Model fits were assessed using the Nagelkerke R2 value, which shows the variation in the

dependent variable explained, and the Hosmer and Lemeshow and Likelihood Ratio test p-values.

The Likelihood Ratio test indicates if the independent variables improved the model fit over the

constant model, where the H0 is that there is no difference between the models, and the Ha is that

there is. Therefore, model Likelihood ratio (Wald Chi-square) p-values denoted as significant will

indicate a significantly improved model fit. The Hosmer and Lemeshow test assesses the model’s

goodness-of-fit to the data (Hosmer et al., 2013), where the H0 is that the model fits well, and the

Ha is that the model does not. Thus, any model Hosmer and Lemeshow p-values above the level

of significance indicate a good model fit, suggesting the results are reliable. To maintain

consistency with comparable studies (Boansi et al., 2017), the level of significance adopted



Adapting Agricultural Livelihoods in Deltaic Environments: Explorations from the Indian Bengal Delta
Student I.D. 29847427

Page 37 of 108

throughout this dissertation is denoted by p-values under 0.1. After considering the above points,

the final BLR models are:

Model 1
The probability of a farmer increasing fertilizer usage where Pi = increased fertilizer usage (0=

Not Increased, 1= Increased):

log(Pi)=0 + I X1 + 2X2 +3X3 + 4X4 + 5X5 + 6X6 + U

(2)

Model 2
The probability of a farmer implementing irrigation where Pi = inputted irrigation (0= Not

inputted, 1= inputted):

log(Pi)=0 + I X1 + 2X2 +3X3 + 4X4 + 5X5 + 7X7 + 8X8 + U

(3)
Model 3
The probability of a farmer planting CTC where Pi = planted CTC (0= Not planted, 1= planted):

log(Pi)=0 + I X1 + 2X2 +3X3 + 4X4 + 5X5 + 6X6 + U

(4)
Model 4

The probability of a farmer diversifying their crops where Pi = diversified crops (0= Not

diversified, 1= diversified):

log(Pi)=0 + I X1 + 2X2 +3X3 + 4X4 + 5X5 + 7X7 + U

(5)

*Note U=Error Term

The categorical dummy variables of X2, X4 and X5 comprise two different regression parameters.

These will be interpreted individually against the reference category in the models. For example,

X5 (land size) is made of two different parameters, moderate and large. Their parameters will be

interpreted against small land size (reference category). This interpretation applies to all regression

models used in this dissertation.

Assumptions
Sufficient data from all categorical combinations (cells) between the independent and

dependent variables is needed in BLR. The expected frequencies in each cell must exceed 1, and
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no more than 20% can be less than 5 (Field, 2009). This was tested using cross tabulations, and it

indicated that the boundaries of the categorical land size variable required reworking. The Box and

Tidwell (1962) test checked for the assumption of linearity, multicollinearity was tested using

variance inflation factor (VIF) values (Myers, 1990) and Cook’s distance and residual plots tested

for outliers. From these tests 2 outliers were removed from models 1 and 4.

A small sample may engender model problems (see Peduzzi et al., 1996), and so Vittinghoff

and McCulloch (2007) recommend that at least 5 events per variable (EPV) is prerequisite for

logistic regression. The EPV only corresponds to events, for example there are 96 events of

inputting irrigation, and 81 of not inputting irrigation. Since 81 is the fewest, this permits for 16

predictors (81/5 = 16.2). Given that the sample used is relatively small (N=177), the 5 EPV rule

was applied.

Interpretation
The determinants of whether the adaptation strategy was adopted were analysed using the

Wald test p-values and the predictor regression coefficients. Logit models also report the odds

ratios, which are the exponential of the regression parameter. When used with adaptation as the

dependent variable, odds ratios are defined as “the expected change in the probability of a

particular adaptation strategy or method due to a unit change in an independent variable” (Tun

Oo et al., 2017 p47). Therefore, the odds ratios are also interpreted as an intuitive analysis of the

explanatory effects.

Generalized Poisson Regression

As a result of experiencing environmental stresses and shocks, farmers often adopt

combinations of diverse adaptation strategies to maintain high yields and income. For instance, a

farmer may be exposed to drought and increasing soil salinity simultaneously, and this may require

diverse adaptation strategies. In the survey, the number of adaptations undertaken can be

measured as counts with positive integers. This means a Poisson model can be employed. In

studies the Poisson regression model has been applied to analyse the factors which condition the

intensity of which farmers adapt (Ramirez and Shultz, 2000; Yameogo et al., 2018). This suggests

that using Poisson regression is a useful analytical method for addressing research objective 3 (see

table 1).

Poisson models assume equi-dispersion, which means that the data mean and variance are

equal, although this is often unrealistic (Cameron and Trivedi, 2005). Furthermore, when the

number of outcomes is relatively small, like with the survey data, this can incorrectly lead to a
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negative number of events predicted (Gagnon et al., 2008). To address the above issues, it is

suggested to generalize the Poisson model using a generalized linear model (GLM) (McCullagh

and Nelder, 1989; Harris et al., 2012). A GLM relaxes the equi-dispersion assumption, and is

capable of adjusting regression models to non-normal distributions, including the Poisson

distribution (Gagnon et al., 2008). Therefore, a generalized Poisson regression (GPR) model was

used to analyse the number of adaptation strategies practiced.

Rodriguez (2007 p450) states that the GPR model can be given as:

Log(i) = i’

(6)

Where i is the predicted number/count, I are the explanatory variables and  is the regression

coefficient which indicates the expected change in the log of the mean for each unit change in the

predictor (Ibid). By applying the exponential function (exp) to the parameter estimates the

expected level of adaptation strategies practiced can be predicted (Pedzisa et al., 2015).

The independent variables were inserted into the model concurrently rather than using the

stepwise method to ensure that control variables were not omitted. Given equation 6, the GPR

analysis applied is:

Model 5

The predicted number of adaptive strategies, where i represents number of adaptations (N 0-4):

Log(i) = 0 +1i’1 +2i’2 +3i’3 +4i’4 +5i’5

(8)

Model Fit and Assumptions
The Pearson Chi-square and Deviance mean divided by the degrees of freedom values

(Value/df) indicate the model fit. A good fit is depicted by values close to 1. Excessively low values

indicate under-dispersion, and overly high values indicate over-dispersion (Gagnon et al., 2008).

After acquiring these value/df values it was necessary to check the model estimates, as slight under-

dispersion was detected, implying that the mean exceeded the variance. Model checks were carried

out by sequentially removing 2 farmers at random from the sample in the count with the highest

frequency. By doing this the sample variance increases. The parameter estimates were constantly

checked to detect any notable change. This procedure continued until the df/value values became

closer to 1. There were no major parameter estimates changes, suggesting that the original model

can be used.
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Interpretation
In analysing the determinants, the same approach undertaken with BLR was employed.

However, in the case of GPR the level of the predictor significance corresponds to the Wald Chi-

square p-value.

3:3 Qualitative Data Collection and Analysis

3:3:1 Case Study Design

As aforementioned, this dissertation employed a case study design for the qualitative

methodology using two IBD villages. A case study approach is justified as it encapsulates

environmental change phenomena in its real-world context (Bennet and Elma, 2007), and allows

empirical investigation into research areas where present knowledge is lacking (Eisenhardt, 1989),

which the literature gaps implied.

When using case study research, the ‘case’ studied must be defined (Yin, 2012). A case is

“a bounded entity (a person, behavioural condition, event or other social phenomenon)” (Ibid p6),

which act as the unit of analysis. Therefore, the ‘case’ studied regards crop farmer’s adaptive

behaviours. The case study type adopted was a holistic multiple-case design (see Yin, 2012 p8),

which in this dissertation entailed surveying farmers’ adaptations in different village contexts. This

draws more comprehensive conclusions from the villages as a whole, enhancing the transferability

of findings (Shenton, 2004), and finding confidence through replication (Bengtsson, 1999).

3:3:2 Interview Sampling

A village survey, gathered by Jadapvur University, provided the household characteristics

information informing this design. Due to time constraints, a combination of non-probability

purposive and convenience sampling was employed. Purposive sampling is purposely selecting

participants who are representative of characteristics relevant in the study (Etikan et al., 2016). A

drawback is the bias element, however this technique certified that the farmers interviewed

covered varying characteristics, such as employment type and age. This enabled the research to

acquire explanation for the influence of characteristic factors initially found to influence adaptive

decisions. This also allowed the documentation of a diversity of views, which complements

Dervin’s (1983) theory of ‘circling reality’ that suggests a variance of perspectives is required for a

holistic understanding of reality. However, no female household-head farmers were sampled as

they were rare. Convenience sampling, which samples more accessible people within a geographic

context (Etikan et al., 2016), was used as supplementary. This entailed interviewing farmers still
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relevant to this study, who were more immediately accessibility. Overall, 16 participants across 3

communities in 2 villages were interviewed (see table 4). This is adequate as the case study did not

seek to achieve representativeness, but intended to gather in-depth responses from a diversity of

farmers. The participants IDs in table 4 were used when using direct interviewee accounts. A more

detailed participant profile is in appendix 1.

Table 4: List of Participants

Participant I.D. Gender Age Location Employment

1 (pilot) Male 40 Aripara Permanent

2 (pilot) Male 51 Aripara Short-Term

3 Male 60 Morolpara Permanent

4 Male 45 Morolpara Permanent

5 Male 60 Morolpara Seasonal

6 Male 80 Aripara Seasonal

7 Male 50 Aripara Short-Term

8 Male 45 Aripara Seasonal

9 Male 60 Aripara Permanent

10 Male 34 Aripara Seasonal

11 Male 50 Aripara Permanent

12 Male 53 Sonagar Permanent

13 Male 50 Sonagar Short-Term

14 Male 42 Sonagar Permanent

15 Male 30 Sonagar Permanent

16 Male 65 Sonagar Seasonal

3:3:3 Data Collection

Semi-structured interviews were employed for data collection for their utility in gathering

insightful data on perceptions and experiences (Blanford, 2013). They allow some structure based

on the pre-determined agenda, but work flexibly to collect unexpected narratives and descriptions

(Brinkmann, 2014). Semi-structured interviews enable respondents to convey responses in their

own terms, which is useful for providing insight into how phenomenon is perceived and eliciting
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aspects of human behaviour (Qu and Dumay, 2011). This is advantageous to understanding

farmers risk perceptions and adaptive behaviours.

Semi-structured interviewing recorded data on the pre-determined themes of farmers’ own

perceived and experienced risk from environmental change, adaptive responses adopted in

response to risk and factors that prevented them adapting. The interview’s structured element

permitted the tailoring of questions towards the quantitative findings, which was useful for

assessing responses between different characteristic groups. Simultaneously, the flexibility allowed

for follow-up questions to probe for explanation when it became relevant during the interview, so

that applicable contextual information was supplied. Access to the participants was gained using a

village gatekeeper to appear less like an outsider, and enable an establishment of trust (Aktinson

and Flunt, 2001). This helped develop researcher-participant rapport (Shenton, 2004), increasing

participants willingness to share their experiences and perceptions. The interviews were conducted

informally using a translator, and took place in the respondent’s homes to ease the participant and

help equalise the researcher-participant power dynamic (Willis, 2006). Interviews normally lasted

45 minutes, and were audio recorded with the participant’s permission. Additionally, the

participant’s body languages could be noted to capture the nuances of their response expressions,

adding to finding depth (Qu and Dummy, 2011). Observations of material assets were also noted

to indicate the farmers’ relative wealth. Sometimes education could not be accurately recalled, and

therefore proxy indicators were used, for example owning books in English.

The translator was trained beforehand by practising interview scenarios, which acquainted

him with the interview structure and research objectives. The training focused on prompt use, fully

translating responses, follow-up questions and behaviour e.g. body language and tones. The latter

is important, as in a cross-cultural context any researcher positionality influences can be

exacerbated by the translator (Twyman et al., 1999). The training also ensured that questions were

translatable and intelligible for farmers. Two pilot interviews were conducted, which evaluates

whether the data collection process was realistic and viable (Van Teijlingen and Hundley, 2001),

and to assess the translator’s qualitative skills. The resulting amendments regarded re-phrasing

some leading questions, and requesting more immediate translation to facilitate follow-up

questions. Once all the interviews were transcribed, the pilot interview content was deemed

sufficient for inclusion in the analysis.

3:3:4 Data Analysis

A hybrid approach of deductive and inductive coding and theme development, similarly

used by Fereday and Muir-Cochrane (2006), was employed to provide rigor in the analysis.
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Preliminary codes are driven by the conceptual framework, whilst others can be inductively data-

driven. The approach accords with the research questions by allowing figure 8’s conceptual

framework principles to guide the deductive thematic analyses, whilst permitting for relatable

themes to develop.

In a top-down approach the broad categorical themes were developed from the conceptual

framework and research questions, these were: livelihood assets, institutional context,

livelihood/adaptation strategy and environmental change risk perception. Data was thematically

coded using open coding that was guided, but not limited by the conceptual framework. Axial

coding, which highlights how processes occur (Gilgun, 2005), then linked the themes across

transcripts generating secondary themes. Selective coding, which tentatively forms themes

corresponding to the research interests, thematically coded findings according to the research

questions and quantitative findings. Figure 12 presents an example of the analytical stages

undertaken corresponding to research objective 1.

Figure 12: Example of coding stages undertaken

Source: Author

3:4 Ethical Considerations

According to Gullemin and Giliam (2004) there are two sorts of ethics: 1) procedural

ethics, and 2) ethics in practice. For the procedural ethics, the University of Southampton’s ethics
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and research governance procedure was completed and approved before the fieldwork

commenced – ERGO ID 40872. This entailed an outline of informed consent, participant

confidentiality and anonymity (see appendices 2-6). For ethics in practice, the procedures detailed

were strictly followed, and no ethical issues arose to report. However, on reflection the research

felt somewhat ‘exploitative’ (Fieldwork Diary, 10/06/18), given that any direct benefits to

respondents could not be guaranteed.

3:5 Critical Evaluation of Methods

To critically evaluate the approach taken, O’Cathain’s (2010) framework for mixed-

methods quality will be drawn on in this paragraph. The approach taken permits for strong

interpretative rigor, as the breadth and balanced perspective gained using both farmer’s individual

accounts and statistical analysis gives this adaptation research value (Coyle and Williams, 2000).

Under O’Cathain’s (2010) framework, this suggests that the conclusions made are more credible

than conclusions drawn by single method studies, such as Khatun and Roy’s (2012). The

interpretation of the determinants of adaptation are more expressive when explanation from

personal accounts, as well as the survey variables, is produced (Mckim, 2017). This increases the

utility for government and decision-makers. Additionally, by presenting findings in a weaving

approach makes them more accessible for decision-makers, as shown by Classen et al., (2007). This

is key, as often conclusions drawn from adaptation research are too intricate to effectively inform

policy (Swart et al., 2014). Usefulness for policy-makers is a recognised domain of mixed-methods

study quality (O’Cathain, 2010). However, the design may reflect interpretative bias (Ibid), due to

the statistically significant associations mainly pre-determining the interview agenda.

Consequentially, other factors effecting adaptation may have been missed, although the flexibility

of semi-structured interviews helped mitigate this. Farmers’ accounts may not always correspond

with the survey findings, which would weaken the integration rigor during analysis (Ibid).

However, discrepancies in the findings could reveal important contextual circumstances that

current literature has not recognised.

A drawback of explanatory sequential designs is that the qualitative phase cannot be

finalised until the quantitative phase is complete (Doyle et al., 2016). Due to fieldwork time

constraints, interviews were collected before model 5’s Poisson results were acquired.

Consequently, little data was gathered that directly explained the processes behind the intensity of

farmers’ adaptations.  When using mixed-methods, Hughes (2016) states that a good researcher

must be flexible in their approach. Therefore, contrary to the logit models, the approach will be
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adapted so that the qualitative data will serve as supplementary to the quantitative Poisson

regression results.

As mentioned in the sections above, the qualitative method’s design enables good

credibility, transferability and dependability of findings. Nonetheless, the researcher’s positionality

warrants reflection in order to facilitate confirmability. Confirmability is the degree to which

reported responses are respondent narratives and not the researchers (Shenton, 2004), whereas

positionality entails the researcher delineating their own position relative to the research, with the

repercussion that this position could affect how data was collected and interpreted (Qin, 2016). A

discussion of the implications of the researcher’s positionality will be discussed in chapter 5. Steps

undertaken to minimise positionality were: interviewing in the respondents’ homes to relax them,

sitting closely and eye level to generate intimacy and reflectively recording perceptions and

thoughts in a fieldwork diary to reflexively draw when interpreting findings (Karnielie-Miller et al.,

2009; Haynes, 2012).
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Chapter 4 Findings and Results

4:1:1 Perceived Changes in Environment

Descriptive frequency charts were employed to depict farmers perceived environmental

changes in the IBD. The majority of farmers (85.3%) perceived an increase in temperatures,

whereas rainfall change was less unanimous with relatively even numbers stating increases (46.4%)

and decreases (44.5%) in amounts (Figure 13). Regarding river flooding, similar proportions of

farmers agreed it was increasing (32.7%), decreasing (24.2%) or were uncertain (29.9%). The vast

majority of farmers were unsure of any changes in drought, salinization, coastal/river erosion and

coastal flooding. The majority of farmers also agreed that the monsoon period was arriving later

over the last 5 years (55.5%) (Figure 14).

Figure 13: The perceived environmental changes by crop farmers in the last 5 years
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Figure 14: The perceived changes in the onset of the monsoon/rain season in the last 5 years

“10 years ago, the highest temperature 35 or 36 degrees, but now it is 42 degrees”

(Participant 8)

The majority of farmers’ accounts resonated with figures 13 and 14, as the elements used

to describe environmental change comprised gradual increasing temperatures and salinity and

untimely monsoon rainfall. Salinity increase was more commonly noted in the coastal community

of Aripara. Significant alterations recognised in rainfall were: 1) unpredictable and delayed timing

of the monsoon, and 2) more erratic rainfall events. Contrary to figure 13, salinity was widely

perceived to have increased, though respondents expressed that a factor for this was storm surges

and flooding from cyclone Aila in 2009. Occurrences of drought and erosion were not mentioned,

and farmers noted no changes in river flooding events. Respondents did not perceive the

frequency of extreme events, mainly cyclones, to be increasing. Although, damages to crops,

equipment and livestock had exacerbated, which suggested an increased cyclone intensity. This

could be because farmers’ memories of cyclone Aila were still fresh.

4:1:2 Farmer-Perceived Effects of Environment Change on Agriculture

Temperature increase was a perceived risk to farming livelihoods amid its indirect impacts

on crop yields and income. Soils were still saline from cyclone Aila, and higher temperatures were
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amplifying salinity and infertility by increasing evaporation rates, reducing soil moisture. This

hindered crop seed germination and deterred overall crop development, as a farmer conveyed:

“10 years ago, the growth of our chilli plant was 3 foot, now with salinity high it grows no more than 1

foot”

(Participant 4)

Further, warmer soils and temperatures were increasing incidences of more developed pests and

diseases, which adversely effected crop performance, despite farmers frequent application of

pesticides (Figure 15). Farmers were most at risk following events of short erratic rainfall during

the early monsoon season, as recently planted under-developed crops were more susceptible to

pests. Resulting yield shortages had connotations on farmers’ income, food security and mental

wellbeing, due to added stress to secure food for the year. These risks were more prominent for

poorer farmers relying predominantly on paddy, who expected these impacts to worsen with

temperature increasing. A high risk to livelihood security from unpredictable and changing rainfall

during the monsoon season was widely perceived. Unpredictable rains did not coincide with usual

seed sowing periods, requiring the untimely re-planting of crops. This reduced the growing season

length, depleted resources and lowered overall yields. Furthermore, increasingly irregular rainfall

intervals would deter crop growth, because growth would cease during drier intervals stunting

crops. Consequently, many respondents expressed the high uncertainties associated with

agricultural livelihoods:

“Every year it I am uncertain what I will get so livelihood is risky right now, in the future I fear there won’t be a

livelihood for farmers”

(Participant 3).

The perceived continuous decline in rainfall and increase in temperature and salinity concerned

most farmers about future freshwater resources that were essential for cultivating rice paddy, since

most other sources, such as groundwater and rivers, were already too saline.
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Figure 15: Incidence of pest in Morolpara.

Source: Author.

4:2 Observed Adaptive Responses.

Using frequency bar charts, the occurrences of on-farm adaptation were analysed (Figure

16). Increasing fertilizer usage was the most common adaptation (74%), followed by irrigation

(54.2%). Tree planting was undertaken by 46% of farmers, whereas cutting trees was more

uncommon (10%). Crop diversification and planting CTC (Climate-Tolerant Crops) was

undertaken by 31.6% and 27.7% of farmers respectively. Only 7.9% of farmers had adopted mixed

farming and fishing, whilst 9% of farmers did not adapt using those adaptations listed.
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Figure 16: On-Farm adaptations undertaken in the last 5 years

As farmers acknowledged the risk to their livelihoods from unpredictable rainfall,

increasing temperatures and salinity and freshwater scarcity, further probing was conducted to

observe the adaptive responses. Figure 17 summarises these adaptations using insight from

Howden et al’s (2010) framework to illustrate the resilience benefits. Evidently, most strategies

comprised incremental adaptation with few systems adaptations and no transformative

adaptations.

Figure 17: Adaptation strategies used in Dulki, Sonaga and Morolpara,

Source: Author
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4:2:1 Farming Practices

Agreeing with Figure 16, farmers responded to increasing soil salinity by applying greater

quantities of fertilizer, which was chemical, organic or a mixture. Agricultural extension services

provided by the ‘Ram Krishma Mission’, a religious organisation, and the village agricultural

development officer were advising for the intensification of organic farming. However, most

respondents were increasingly using chemical fertilizer which was readily available and less labour-

intensive, despite acknowledging the future environmental implications. Most respondents

reported increased production, which enhanced livelihood income and food security:

“Before I was just using the crops for food, but now I am able to sell it. I am now saving up for a power

tilla (farming equipment)”

(Participant 11)

Cultivating CTC such as salt-tolerant paddy (Nsanker) were encouraged by extension services and

were adopted by some respondents. This importantly enabled paddy cultivation outside the

monsoon season when salinities and temperatures were highest, reducing the dependency on

monsoon harvests. Further, some vegetable types, including potato and chilli, were becoming

increasingly farmed for their negligible freshwater requirements. Across all communities, there was

evidence of shifts from mono-cropping to paddy and vegetable cropping. Employing this

diversification strategy was stated to alleviate risk from unpredictable weather and pests, since not

all crops required the same growing conditions or were as vulnerable to pests. Some respondents

in Aripara mentioned recent tree planting, but this was not for ecological benefit. Instead, this was

a form of diversification to cultivate fruits, such as jackfruit and mango, which were less sensitive

to irregular rainfall and pests from soils.

4:2:2 Water Management Practices

Farmers close to canals were sharing this as an irrigation source with their neighbours.

Canal water was relied on to prepare paddy fields during the pre-monsoon season, and to irrigate

crops in the event of extreme temperatures or delayed monsoon rainfall. However, canals could

not be entirely depended on since they were susceptible to saltwater intrusion. More innovative

farmers had excavated irrigation ponds to harvest rainfall, which was predominantly undertaken

for future use due to widely perceived future freshwater scarcity risks. Respondents also stressed

their ponds importance for elongating the gradually shortening growing season, which enabled the

cultivation of out-of-season crops and reduced the dependence on monsoon rains. Irrigation

ponds however were less effective in porous soil, and were prone to siltation which required
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regular maintenance. Further, their utility for farmers throughout the year hinged on collecting

sufficient rainwater during the monsoon.

4:2:3 Other Means

Contrary to Figure 16, numerous respondents described recently integrating aquaculture

into their farm as a secondary livelihood. Aquaculture was conducted in irrigation ponds, and was

undertaken to alleviate the risk to unpredictable weather by diversifying income and food sources:

“The weather does not impact this household, if paddy is effected then I will use the fishery, if that is effected I will

use my vegetables. The weather does not have the capacity to impact all of these”

(Participant 8).
This also had crop productivity benefits, as nutrient enriched water would input essential nutrients

of phosphate and nitrate into soils during irrigation. Other types of livelihood diversification

entailed farmers also undertaking manual labour work, which primarily regarded excavating

irrigation ponds for other farmers and rebuilding river embankments. However, this was

contingent on the availability of employment.

4:3 Determinants and Processes Influencing Adaptation

Binary logistic and Poisson regressions were employed to assess the determinants for

adapting using increased fertilizer usage, irrigation, climate-tolerant crops, crop diversification and

the number of adaptations practiced. Their results are presented in Tables 5 and 6.  Farmers’

accounts corresponding to these are integrated in using a weaving approach.
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Table 5: Parameter estimates of BLRs of Models 1-4 to analyse the factors influencing adaptation choices.

Increased Fertilizer Use (N=175) Irrigation (N= 177) Climate Tolerant Crops (N=177) Crop Diversification (N=175)
Coefficient
(S.E.)

Odds Ratio
(95% CI)

Coefficient
(S.E.)

Odds Ratio
(95% CI)

Coefficient
(S.E.)

Odds Ratio
(95% CI)

Coefficient (S.E.) Odds Ratio
(95% CI)

Age -0.001 (0.016) 0.999 (0.969-1.030) -0.014 (0.014) 0.986 (0.961-1.013) -0.003 (0.015) 0.997 (0.968-1.027) -0.011 (0.017) 0.989 (0.958-1.022)

Employment Status
Permanent (ref)
Seasonal -1.344 (0.490)

***
0.261 (0.1-0.681) 0.299 (0.387) 1.349 (0.632-2.881) 0.240 (0.398) 1.271 (0.583-2.774) -2.081 (0.450)

****
0.125 (0.052-0.301)

Short-Term -1.443 (0.554)
***

0.236 (0.080-0.699) -0.147 (0.464) 0.863 (0.347-2.144) -0.904 (0.595) 0.405 (0.126-1.300) -1.628 (0.531)
***

0.196 (0.069-0.556)

Household Size 0.097 (0.121) 1.101 (0.868-1.397) --0.156
(0.107)

0.855 (0.694-1.055) -0.290 (0.129)
**

0.749 (0.581-0.965) -0.112 (0.134) 0.894 (0.687-1.164)

Education
No Schooling (ref)
Primary 0.394 (0.492) 1.483 (0.566-3.886) 0.219 (0.447) 1.244 (0.518-2.987) 1.110 (0.634)

*
3.034 (0.875-
10.519)

1.094 (0.647) 2.813 (0.791-10.002)

Secondary and above 0.607 (0.513) 1.835 (0.672-5.011) 0.558 (0.465) 1.747 (0.702-4.348) 1.257 (0.632)
**

3.515 (1.018-
12.140)

1.356 (0.649)
**

3.882 (1.087-13.864)

Land Size
Small (ref)
Moderate 1.375 (0.459)

***
3.954 (1.609-9.716) 0.745 (0.434)

*
2.106 (0.899-4.932) 0.563 (0.544) 1.755 (0.604-5.101) 0.344 (0.556) 1.411 (0.474-4.197)

Large 0.031 (0.578) 1.031 (0.332-3.202) 0.685 (0.560) 1.984 (0.662-5.943) 1.495 (0.656)
**

4.46 (1.233-16.138) 0.749 (0.664) 2.115 (0.576-7.767)

Work Outside Village
(dummy: 1 =yes; 0 = no)

0.425 (0.534) 1.530 (0.537-4.358) - - -1.383 (0.570)
**

0.251 (0.082-0.766) - -

Loan
(dummy: 1 =yes; 0 = no)

- - 0.566 (0.340)
*

1.761 (0.905-3.425) - - 0.857 (0.417)
**

2.357 (1.040-5.343)

Equipment
(dummy: 1 =yes; 0 = no)

- - 0.998 (0.434)
**

2.712 (1.158-6.352) - - - -

Constant 0.502 (1.118) 1.652 -0.033 (0.983) 0.968 -1.115 (1.168) 0.274 0.982 (1.427) 2.670

Log 2 Likelihood 173.945 222.088 179.709 170.439
Wald Chi-square
(Likelihood Ratio Test)

28.875
***

22.014
**

29.130
***

45.844
****

Nagelkerke R2 0.216 0.156 0.219 0.325
Hosmer and Lemeshow (P-
Value)

0.483 0.469 0.472 0.778

Note: * denotes significance at the 0.1 level, ** at 0.05, *** at 0.01 and **** at <0.001. – indicates that the predictor was not included in the model, and
‘ref’ indicates the reference category.
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4.3.1 Increased Fertilizer Usage

Increasing fertilizer usage (IFU) was significantly associated with employment type and

land size (Table 5). Seasonal and short-term farmers were negatively associated with IFU (P=0.01).

Seasonal and short-term farmers were 73.9% and 76.4% times respectively less likely to IFU than

a permanent farmer. Having moderately sized land was positively associated with IFU (P=0.01).

Farmers with moderately sized land were 295.4% times more likely to IFU than farmers with small

sized land. Age, household size, education, large land size and working outside the village were not

significant.

Employment Type

Quantitative: Compared to permanent farmers, seasonal and short-term farmers were less

likely to IFU.

Integration of Qualitative (IOQ): Respondents stressed that soils would degrade each time

chemical fertilizer was applied:

“I am reliant on chemical fertilizer for growing my crops and this is okay for right now, however this degrades the

quality of the land and this is extremely risky for farmers in the future, even with lots of fertilizer”

(Participant 2)

Applying chemical fertilizer was the main mechanism to generate yields from saline soils. For

farmers cultivating more frequently, more chemical fertilizer was applied, which enhanced soil

degradation. Subsequently, more fertilizer each time was required to enable crop growth:

“In earlier days I had to put in 5kg, but now we are having to invest more and use almost 100kg of chemical

fertilizer to get production”.

(Participant 4)

Therefore, permanent farmers fell into a cycle whereby IFU was necessary to sustain crop

production.

Land size

Quantitative: Compared to farmers with small land size, farmers with moderate land size

were more likely to IFU.

IOQ: To enable the intensification of organic farming, manure first requires composting:

“The agricultural development officer said that you must leave the cow dung to compost for about 6 months,

otherwise it is too strong and damages the crops”

(Participant 9)

This meant designating land for composting (Figure 18). The ability to compost also hinged on

owning livestock to provide manure, since it was not marketed. Livestock keeping was commonly
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found in moderate and larger farms, which proved to be an accurate wealth indicator when

corroborated with material assets. Chemical fertilizer costs were increasing which the poorest

farmers, generally those owning smaller farms, could not afford. Affordability also impacted

farmers with larger farms, as higher costs associated with hiring labour to apply fertilizer was

unaffordable through on-farm income.

Figure 18: Organic fertilizer compost heaps used in farms.

Source: Author.

4.3.2 Implementing Irrigation

Implementing irrigation was significantly associated with land size, receiving a loan and

equipment (Table 5). Having farming equipment was positively associated with applying irrigation

(P=0.05). Farmers with equipment were 171.2% times more likely to implement irrigation than

farmers without. Loan recipients were positively related to implementing irrigation (P=0.1), as

recipients of loans were 76.1% times more likely to adopt irrigation than those who were not.

Having moderately sized land was also positively associated with implementing irrigation (P=0.1),

as farmers with moderate sized land were 110.6% times more likely to implement irrigation than

farmers with small land. Large sized land, education, age, employment type and household size

were not significant.

Equipment

Quantitative: Farmers owning farming equipment were more likely to implement irrigation

than those without.
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IOQ: Pumping equipment was required to transport water from the low-lying irrigation

ponds and canals to crops (Figure 19). These pumps were stressed as fundamental for efficient

irrigation, without having access to pumps irrigation was not possible.

Figure 19: Pump set equipment used to irrigate crops from excavated irrigation ponds.

Source: Author

Land size

Quantitative: Compared to farmers with small land, farmers with moderate sized land were

more likely to implement irrigation.

IOQ: Land space was conveyed as a barrier to excavating the volume needed, since smaller

ponds were vulnerable to evaporation. Deeper ponds were not preferred because it increased the

waters exposure to saline groundwater and soil, therefore at least a length of 8 meters was required.

“I would like to dig a pond, but my land isn’t big enough. I would have to give up part of my paddy field which I

need”

(Participant 7)

Farmers would irrigate if only sufficient land space permitted it without saline water intrusion and

at the detriment of arable land. This was found to be less feasible in smaller farmers.

Loan/Credit

Quantitative: Loan recipients were more likely to implement irrigation than those who were

not.

IOQ: Hired labour was needed to excavate irrigation ponds, which was costly and normally

not affordable:
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“To dig a pond I need 50,000 rupees more than I have, I have not got this from 2 years of agriculture”

(Participant 2)

Farmers cited using loans from neighbours and banks, but bank loans were more common as a

recent government scheme instructed banks to provide 2% interest loans of 50,000 rupees for

farmers. As well as other agricultural inputs, most farmers described investing loans in irrigation

systems. This was viewed as a good investment, since it enabled the cultivation of out-of-season

crops, which were sold to repay loans.

4.3.3 Planting Climate Tolerant Crops

Household size, education, land size and working outside the village were significantly

associated with CTC (Table 5). Contrary to the general hypothesis, having a household member

working outside the village was negatively associated with planting CTC (P=0.05), as farmers who

had a household member working outside the village were 74.9% times less likely to plant CTC

than farmers who did not. Household size was also negatively associated with CTC (P=0.05), as

for each additional household member the likelihood of planting CTC decreased by 25.1%. Having

large sized land was positively associated with CTC (P=0.05). Farmers with large sized land were

346% times more likely to plant CTC than those with small farms. An increasing level of education

was positively associated with planting CTC (P=0.1 P=0.05 respectively), as farmers with primary

and secondary level education were 203.4% and 251.5% times respectively more likely to plant

CTC than farmers without education. Age, moderate land size and employment status were not

significant.

Household Member Working Outside the Village

Quantitative: Households with a member working outside the village were less likely to plant

CTC than households who did not.

IOQ: Members working outside the village were typically young, with little interest in

agriculture, and so few undertook any farm work. They brought back money under times of stress

and low yields, which was generally used to purchase food. This was perceived to be less labour

intensive than planting CTC, discouraging household heads to plant it.

Household Size

Quantitative: For each additional household member, the likelihood of planting CTC

decreased.

IOQ: No accounts could provide sufficient insight.
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Land size

Quantitative: Compared to farmers with small land, farmers with large sized land were more

likely to plant CTC.

IOQ: Having an irrigation pond and cultivating traditional paddy species was ranked more

important than cultivating CTC. CTCs were viewed too complex compared to traditional crops.

“I am not interested in climate tolerant crops, I am happy with my fishery and farm business so I will not plant

anything else”

(Participant 8)

Respondents cultivating CTC did so because their larger farm size also allowed for other important

adaptive strategies, such as irrigation ponds. One respondent, with a larger farm described how he

undertook land modification to elevate sections to cultivate paddy and vegetables. This however

left low-lying saline land. To avoid land waste, he planted Nsankar, which provided an additional

food and income source that was not at the detriment of his other crops or adaptive strategies.

Education

Quantitative: Educated farmers were more likely to plant CTC than farmers without

education.

IOQ: CTCs were introduced in village training programmes that some interviewees

expressed difficulty in understanding:

(Discussed in the context of CTCs) “The agricultural training is important but I need it simpler, if someone could

teach it to me using drawings then that would help, the brochures they give out do not help”

(Participant 8)

Training regarded knowing which types of CTCs to cultivate under certain environmental

conditions. This also meant that farmers needed to understand their soil properties, such as levels

of salinity, nitrates and phosphorus, which many did not understand. Educated farmers who

adopted CTC articulated how CTCs were important, especially for coping against climate change,

which indicates greater understanding and willingness to adopt them.

4:3:4 Crop Diversification

Crop diversification was significantly associated with employment type, secondary

education and loans (see Table 5). Seasonal and Short-term farmers were negatively associated

with crop diversification (P>0.01 and P=0.01 respectively). Seasonal and Short-term farmers were

87.5% and 80.4% times respectively less likely to diversify crops than a permanent farmer.

Secondary or higher education was positively associated (P=0.05), as farmers with this education

level were 288.2% times more likely to diversify crops than uneducated farmers. Loans were
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positively associated with crop diversification (P=0.05), as recipients of loans were 135.7% times

more likely to diversify crops than non-recipients. Age, household size and land size were not

significant.

Employment Status

Quantitative: Seasonal and short-term farmers were less likely to diversify crops than a

permanent farmer

IOQ: To generate food under fluctuating climates permanent farmers cultivated more

varied paddy species and vegetables, such as potato, chilli and ginger, since these were less sensitive

than traditional paddy. Farmers uncovered this by experimenting using various crop combinations

and types, which necessitated time and resources.

“I'm concentrating more on vegetables as they cannot be impacted by unpredictable nature, unlike my paddy field”

(Participant 9).

Conversely, when paddy production was low, respondents not entirely dependent on agriculture

relied more on their secondary livelihood, which was generally labour work. Therefore, diversifying

crops was not as important.

Education

Quantitative: Educated farmers were more likely to diversify crops than uneducated farmers.

IOQ: As paddy cultivation was prevalent respondents were unfamiliar with alternative crop

types, which were marketed in English, frustrating farmers. Consequentially instructions from

shopkeepers were often necessary, but were not well received by all. Nevertheless, less-educated

farmers understood the premise behind crop diversification in spreading risk, and described

learning about different crop types from other farmers they were friendly with and replicating their

cultivation techniques:

“I watch my neighbour trying out different combinations and types of crops, if he gets a good yield this

season then I will try it on my land”

(Participant 11)

Therefore, contrary to the quantitative result, education was not a barrier to crop diversification

due to widespread farmer-to-farmer communication within communities aiding adoption.

Loans
Quantitative: Loan recipients were more likely to diversify crops than non-receipts

IOQ: Certain crops farmers wanted to diversify, which was more accessible with enhanced

financial capacity:

“To plant aubergine I would need about 10,000 rupees, so I will take this bank loan money for that and repay it

over the next two years”

(Participant 14).
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For respondents without loans, when given a hypothetical scenario with 50,000 rupees generally

their first activity comprised purchasing more crop varieties. This appeared to be because farmers

could experiment with more varieties of crops with greater financial capacity to determine the

most efficient system. Furthermore, those with loans saw crop diversification as a secure practice

to generate stable income under environmental variability, and so would undertake it to begin

repaying back loans.

4:3:5 Intensity of Adaptation

Table 6: Parameter estimates of model 5 - Number of adaptations practiced

Number of Adaptations (N=177)
Coefficient (S.E.) Exp Coefficient (95% CI)

Age -0.003 (0.005) 0.997 (0.988 - 1.006)
Employment Status
Permanent (ref)
Seasonal -0.245 ** (0.123) 0.783 (0.615 – 0.995)
Short-term -0.429 ***(0.167) 0.651 (0.470 – 0.904)
Household Size -0.035 (0.036) 0.966 (0.900 - 1.037)
Education
No Schooling (ref)
Primary 0.274 (0.177) 1.316 (0.931 – 1.861)
Secondary or Above 0.399 **(0.177) 1.491 (1.054 – 2.108)
Land Size
Small (ref)
Moderate 0.383 ** (0.168) 1.467 (1.056 – 2.039)
Large 0.372 * (0.201) 1.451 (0.978 – 2.154)
Intercept 0.514 (0.351) 1.673 (0.840 – 3.330)
Likelihood Ratio (Omnibus Test) 30.490 ****
Pearson Chi-Square Value/df
(Goodness of Fit)

0.674

Deviance Value/df (Goodness of
Fit)

0.806

Note: * denotes significance at the 0.1 level, ** at 0.05, *** at 0.01 and **** at <0.001. ‘ref’
indicates the reference category.

The number of adaptations practiced (NAP) was significantly associated

with employment type, education and land size. Seasonal or short-term farmers were negatively

associated with the NAP (P=0.05 and P=0.01 respectively). Farmers working seasonally or short-

term were likely to practice 21.7% and 34.9% respectively less NAPs than a permanent farmer.

This likely relates to non-permanent farmers deeming it unnecessary to implement adaptations due

to alternate livelihood incomes. Secondary or above level education was positively associated with

NAP (P=0.05), as farmers with this education level were likely to practice 49.1% more adaptation
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strategies than uneducated farmers. This could be due to more educated farmers being able to

interpret and apply teaching from the extension services regarding organic farming and CTC

cultivation. Having moderate or large land size was positively associated with NAP (P=0.05 and

P=0.1 respectively). Farmers with moderate sized land or large sized land were likely to practice

46.7% and 45.1% respectively additional adaptation strategies than farmers with small land. An

illustration of this was provided by participant 8, who had constructed long irrigation canals within

his large farm which facilitated aquaculture in the low-lying area. Further, during rainfall, water

levels reached a diversity of vegetables planted on the canal banks (Figure 21). Primary education,

age and household size were not significant. Neither the Pearson Chi-square value/df (0.674) or

Deviance value/df (0.806) were excessively lower than 1, suggesting that the model relatively fits

the Poisson distribution, despite some under dispersion.

Figure 20: Excavated canals used to irrigate vegetables from aquaculture pond.

Source: Author.
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4:4 Uncovered Barriers to Adaptation

In the descriptive statistics undertaken, farmers’ barriers to adaptation and the importance

of these barriers were investigated (Figure 22). Financial resources restrictions were the most

common barrier and most important. Another frequently reported barrier was the inaccessibility

to information, which was mostly judged as the second most important barrier faced. An

apprehension of maladaptation also prevented a significant number of farmers adapting, although

this was mainly deemed one of the least important barriers. Labour shortages, lack of time,

unfamiliarity and a lack of household and community support were selected by a relatively fewer

farmers.

Figure 21: Barriers to adaptation.

As mentioned, farmers in these communities have employed a range of adaptive measures

to environmental change. However, adaptation is not simple, as barriers can constrain farmers in

the process of adapting. There were some interrelated barriers, however the main barriers

uncovered in the communities concerned 1) institutional barriers, 2) physical barriers and 3)

knowledge/normative barriers. In contrast to Figure 21, financial barriers were less frequently

mentioned, but were still discussed by some respondents.
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4:4:1 Institutional Barriers

With regard to institutional barriers, a fundamental constraint preventing organic farming

for most respondents was the inaccessibility to organic fertilizer. Interviewees irately expressed

how extension services would stress the economic, environmental and productivity benefits of

organic farming, however no shops marketed it. Most respondents did not own livestock for a

manure source due to many being lost during cyclone Aila, or were too poor to afford them

financially. Therefore, farmers continued using unsustainable and environmentally degrading

chemical fertilizer, despite recognising the risk:

(When asked if this was risky) “Yes, but there is no other option, there is none, you tell me the options. Earlier

we had a number of cows, so we could use the cow dung, but nowadays we don’t have any cows and we can’t use

organic fertilizer”

(Participant 13)

A lack of coordination was therefore evident between acting NGOs, government/community

programmes and market actors. Respondents even reported frequently hearing businesses

advertising the production benefits of chemical fertilizer over the radio, which contrasted to the

training programme advice, leaving respondents confused. Subsequently, many persevered with

chemical products, which most respondents eventually knew would render their land

unproductive.

Other institutional barriers concerned local corruption, which was prominent in Sonagar.

Farmers expressed that if they were members of the opposition party in power they would not

receive support from outside aid, such as the Australian Centre for International Agricultural

Research’s (ACIAR), which provides important soil testing for farmers through local government.

Consequently, due to political neglect this left some farmers unsure of which crops were suitable

to cultivate, which restricted the efficaciousness of crop diversification and CTC strategies to

increase resilience to unpredictable climate. This corresponds to Figure 21’s results regarding

insufficient support available.

4:4:2 Physical Barriers

Numerous physical barriers impacting adaptations such as pests and soil characteristics

were reported, however the most common and fundamental regarded access to adequate water

resources. Naturally, the adaptations predominantly effected concerned water management

practices, specifically irrigation:
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“The water storage is not sufficient enough, it does not last until the pre-monsoon season when we need to prepare

our farms”

(Participant 11)

Farmers attributed inefficiencies in water storage to overall rainfall decline, higher temperatures,

increasing evaporation rates and saline water intrusion, and in Aripara porous soils hindered

irrigation ponds capacity to gather rainwater. These physical factors in amalgamation had wider

constraints on other on-farm strategies, since irrigation ponds were relied on to cultivate some

out-of-season crops, provide habitat for aquaculture and mix with fertilizer for application. Many

respondents identified that irrigation would not adequately provide for their livelihoods under

future environmental change, the only means to sufficiently irrigate was to extract deep

groundwater. However, due the IBDs complex geology freshwater aquifers are small and sparse,

and inaccessible without expensive technology.

4:4:3 Normative/Knowledge Barriers

As aforementioned, extension services were advocating CTC practices by disseminating

information on salt-tolerant paddy (Nsankar). Respondents recognised its value given its capacity

to grow during periods when cultivation was not generally feasible. However, interviewees

compared productions of Nsankar witnessed in other farms to their own traditional paddy

cultivated in the monsoon, and quoted that yields were not as high:

“I have seen the paddy that they (agricultural training programme) have told us to grow in another farmers land.

It doesn’t look like it grows much, not like rupusl”

(Participant 14).

Further probing revealed that farmers seemed less willing to invest in less traditional crops which

yielded lower outputs. Moreover, contact with extension services and the transfer of information

regarding CTCs was undertaken in school classrooms, an unfamiliar environment for some

farmers. It was commonly cited that the supplied information verbally and in brochures was too

complex. This deterred farmers from re-attending and implementing CTCs, as respondents

believed that time was better spent in their farm experimenting with more traditional methods.

Furthermore, since agricultural officers never visited farmers’ land, respondents questioned

whether their advice was pertinent for their land. These two influences made respondents less

willing to part with traditional methods that had previously supported their parents to undertake

more ‘complex’ lower yielding crops. This perhaps underpins Figure 21, regarding the

apprehension that the strategy may go wrong.
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A further instance of normative barriers derived through respondents perceiving bank

loans as risky. Many were not acquainted with the banks formal nature, which intimidated some

interviewees. Respondents were worried that banks would confiscate their farms due to their

‘higher power’, and therefore did not adopt a loan. Instead, others went to neighbours which

generally charged higher interest, putting farmers under high mental pressure.

From the analysis of farmers’ accounts, it appears that the adaptation barriers documented

can contribute to another barrier (see Figure 22). For instance, institutional and financial barriers

interact to constrain organic farming.

Figure 22: Model of the main barriers to adaptation for the case study villages.

Note, regarding the large outer boxes and arrows (secondary-models), green denotes
educational/normative barriers, light blue denotes institutional, dark blue denotes financial and orange
denotes physical. The smaller white inner boxes represent the challenges faced, whilst the red arrows
and boxes represent the influences from a different secondary-model to the same challenge. The black
arrows illustrate the direction of effects.
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Chapter 5 Discussion and Conclusion

5:1 Crop Farmers’ Adaptations

Crop farmers were highly aware of current and future environmental change risks posed

to agricultural livelihoods, which derived through increasing temperatures and soil salinity, and

unpredictable rainfall, confirming reports by Ghosh (2012) and Guhathakurta et al., (2011). The

availability of freshwater is decreasing, and farmers’ actions to excavate irrigation ponds were

beneficial in elongating gradually shortening growing seasons, and thus reduced vulnerability by

lessening the dependency on natural resources (Hajra and Ghosh, 2018), such as monsoon rains.

Ensuring that harsh conditions do not coincide with critical growth periods is essential for crop

farmers (Ngo, 2016). Regarding Smith et al’s (2011) notion of adaptive decision-making, farmers

will need to consider different future adaptive decisions due to potential future freshwater scarcity.

Some respondents had done this by diversifying into mixed farming and fishing livelihoods, or

undertaking secondary livelihoods in construction. However, this was less apparent across the IBD

than in Aripara, Sonagar and Morolpara.

Increased pest outbreaks in accordance with untimely rainfall and temperature rise which

decreased yields is congruent with systematic assessments (Moorhead, 2009). Furthermore, akin

to Hajra et al’s (2016) and Chand et al’s (2012) studies, farmers recognised an association with

increasing salinity and decreasing paddy yields. The subsequent adaptive responses regarding the

intensification of chemical fertilizers are also reported across the Indian Sundarbans (Jain et al.,

2016; Singh et al., 2016). However, this dissertation adds that farmers do not advocate it, and would

prefer organic fertilizer, which cheaply enhances adaptive capacities, soil fertility and yields

(Scialabba and Nuller-Lindenlauf, 2010). Crop diversification is advocated by scholars to spread

risks of production losses and facilitate long-term adaptation (Thomas et al., 2015; Meldrum et al.,

2018). Farmers increased their system resilience by spreading the risk of poor paddy harvests from

unpredictable and delayed monsoons by also cultivating more climate-tolerant vegetables. In the

case study villages, CTCs were salt-tolerant paddy, namely Nsankar. Cultivating this paddy specie

allowed production in saline conditions less diluted from higher temperatures and less rainfall.

This represents a more resilient systems adaptation, which required significant willingness and

adaptive capacity (Richards and Howden, 2012), and was supported by extension services that

added to farmers’ adaptive capacity by distributing technology and increasing awareness (Ajuaye,

2010).
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5:2 Factors and Processes in Adaptation in the IBD

Employment Type: Table 5’s results are congruent with Ngo (2016), though the

influencing mechanisms vary between adaptations. Regarding crop diversification, farmers

working as construction labourers engaged less in adaptation, as their alternate income which was

less vulnerable to unpredictable environments could be relied upon. Concerning NAP (Table 6),

the result contrasts Chen et al., (2018), but conforms to the literature hypothesising that farmers

earning off-farm will feel more secure and not adapt as intensely (Oluwatusin, 2014). Considering

IFU (Table 5), permanent farmers were more confined within vicious cycles whereby incessant

IFU is required for production in rapidly degrading soils. This is not a common factor influencing

adaptation adoption within general literature (Addisu et al., 2016). This finding therefore has wider

academic implication, as it indicates that decisions to adopt adaptive strategies are not consistently

influenced by individual capacities or perceived benefit. Instead, some farmers adopt them because

adaptive decisions have led to a higher dependence on measures.

Land size: In IFU (Table 5), farm size underpinned two general premises.

1) Land size is a constraint on the adoption of technology (Bryman et al., 2009), which reported

difficulties in composting demonstrated. 2) Land size is indicative of wealth (Knowler and

Bradshaw, 2017), which effected farmers’ capability to IFU organically using livestock, and

chemically due to increasing costs. Regarding NAP (Table 6), the results echo Isgin’s (2008) and

Raghu et al’s (2014). The empirical results support the theory that as farm size increases farmers

are more likely to engage in additional agricultural technologies than their counterparts (Abdul-

Hanan et al., 2014). The association with irrigation (Table 5) accords with Pokhrel et al., (2018), but

conversely the uncovered explanation relates to the IBD’s groundwater and soil salinity issue

reported by Mandel and Mandel (2012). Consequently, farmers required wider and shallower

irrigation systems to avoid saline water intrusion, which was less feasible on smaller farms. Guodarr

et al., (2016) asserts that physical factors of soil type and hydrology can influence farmers’ decisions

to irrigate. The findings build on this by showing how these contextual physical factors can interact

with farm characteristics to ultimately influence adaptive decisions to irrigate. This is an important

factor for decision-makers to recognise when attempting to implement water management

practices in coastal deltaic environments.

Education: In line with theory (Deressa 2008), and other results (Ndam and Watanabe

(2015; Boansi et al., 2017; Shikuku et al., 2017), the findings implied that more educated farmers

could better interpret, understand and apply information disseminated on CTC. Educated farmers

citing CTCs relevance in a climate change context reinforced this. However, this construes that

educated farmers in the villages are more climate resilient, compared to more socially vulnerable,
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less-educated farmers. Contrary to the crop diversification results (Table 5), interviews suggested

that education did not affect adoption due to local-scale farmer-to-farmer communication. Aryal

et al., (2017) reinforces this, as their results indicated that farmers’ education did not influence crop

diversification decisions, but partaking in farmer-to-farmer communication did (positively). The

qualitative findings suggested that farmers communicated information more comprehensibly,

visually and practically, which agrees with the literature (Kiptot and Franzel, 2015). This finding

could have methodological implication, as it depicts how large-scale quantitative assessments of

adaptations can overlook important contextual social actions, which impact how farmers process

information. Since most adaptation measures must be contextual to be effective (Zizinga et al.,

2017), this dissertation shows that employing mixed-methods in adaptation research is pertinent

to enable the development of contextual adaptation initiatives.

Other: The positive effect of credit access (loans) (Table 5) is akin to Abid et al., (2014),

Oluwatusin (2014), and Nhemachena et al., (2014). Farmers can be deterred from irrigating due to

associated costs (Guodarr et al., 2016), which in the communities interviewed relates to labour

expenses. Further, the findings regarding crop diversification complement Deressa (2008), who

states that credit access increases the accessibility to wider crop varieties. These findings underpin

the importance of loan schemes in enabling environmental resilient farming practices. Contrary to

the literature (Aryal et al., 2018; Parganiha, 2016), a household member working outside the village

negatively affected adaptation, despite the measure thought to increase exposure to outside

agricultural extension services and technology (Table 5). It was uncovered that it was often younger

household members leaving, who had minimal farming interest and would subsequently engage in

non-agricultural activities. This illustrates how current literature can overlook subtleties in the

household member’s demographic, such as age, which can affect the degree to which the member

engages in agricultural related activity.

5:3 The Influence of Barriers

The research findings strongly correspond to literature which underpin the significance of

societal determinants, natural resource constraints and socio-economic factors in determining

adaptive capacities and responses (Bryman, et al., 2009; Vincent, 2007; Francisco et al., 2011).

Further, the findings add to the growing scholarly attention on the notion of social barriers to

adaptation (Jones and Boyd, 2011; Kolikow et al., 2012), as some farmers’ normative beliefs were

found to prevent the adoption of climate-tolerant adaptation strategies, as traditional methods

were preferred. Other key barriers, such as knowledge barriers, were identified to hinder the

understanding and application of agricultural information. The findings suggested that how
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extension services communicated information constrained the up-take of climate-resilient

practices. This resonates with Moser (2010a,b), who maintains that how knowledge is distributed,

acquired and used determines whether it enables or constrains adaptation .

Recognising the role of societal institutions in influencing the contexts for what may

restrict adaptive decisions (Gorddard et al., 2016), numerous accounts indicating how conflicting

goals between market actors and community programmes are omnipresent throughout

participants’ responses. This predominantly impacted those seeking organic farming, due to a

deficiency of marketed organic fertilizer. This links to Grothman (2011), who states that all

governance network actors must share identical objectives to facilitate apropos adaptive decision-

making and implementation. Drawing on Wise et al’s (2014) adaptation pathways concept (see

section 2:3), farmers’ decision pathways to sustainably increase yields are constrained by market

actors. Previous adaptive decisions to increase chemical fertilizer usage are indicative of paths close

to the threshold of concern, due to rapidly degrading soils from increasing salinity and overuse of

fertilizer chemicals. Farmers’ current adaptation pathways will persevere into maladaptive space,

because soils will eventually become unusable as increasing chemical fertilizer costs coupled with

greater quantities required to cultivate will become unaffordable. This builds on Jain et al (2016),

as their identified gaps in supply and demand has been uncovered to have ramifications which

reduce deltaic farmers’ adaptive capacities against declining soil fertility.

Contrary to Biesbroek et al’s (2015) critique of barrier notions (see section 2:4), adopting a

barrier thinking approach provided insight into farmers’ decision-making processes which

constrained adaptation. It was found that decisions not to cultivate Nsanka paddy were partly

influenced by extension services communicating information in an approach many farmers were

unaccustomed to, coupled with traditional practices being perceived more efficient. This

documentation of farmers’ decision-making processes has utility for practical reality, as extension

services can alter their approach, which further contests Biesbrock et al’s (2015) argument. Indeed,

categorising the barriers accordingly simplified respondents’ adaptive decision-making, however it

demonstrated how the recorded barriers in the villages interacted to engender adaptation

challenges and barriers (see figure 22). Since the interaction between multiple barriers can

significantly restrict the range of adaptive options (IPCC, 2014c), this finding has importance for

how academics may approach adaptation barriers in future research, and for decision-makers

seeking to increase opportunities for adaptation in farming.
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5:4 Framework Reflection

Momtaz and Shameen’s (2016) framework generated valuable understanding into what

influenced farmers’ adaptive measures. The components considering farmers’ risk perception and

perceived adaptive capacity permitted insight into respondents’ adaptive decisions. This was

demonstrated by some farmers not planting CTCs despite recognising declining yields, because

they felt they lacked the knowledge. The framework also helped developed insight into how the

use of farmers’ assets, such as finance and knowledge, can be constrained by institutional market

processes when choosing adaptive strategies. However, a criticism, that Zheng and Dallimer

(2016) too noted, regards the absence of farmers’ emotions. Respondents feared loaning from

banks due to the apprehension that the bank could take their land, despite recognising impending

environmental risks. As demonstrated, loans influenced the adoption of irrigation and crop

diversification, which reduce vulnerability to current and future environmental change. This

demonstrates how farmers’ emotions play an important role in adaptive decisions, which the

framework should consider. Future research could apply the framework to more varied natural

resource dependent farmers eligible for formal loans to validate this.

5:5 Limitations and Further Research

Positionality and the order of data collection warrant reflection, since

scholars often embark on fieldwork with a pre-determined knowledge that may influence

interpretation (Haraway, 1999; Bruce, 2007). As models 1-4 were completed before the fieldwork,

the results may have led to subconscious probing and interpretation for aligning explanations. It

was found that interpretations of responses differed slightly during interview transcription,

compared to in the field where emotion was higher (Fieldwork Diary 08/06/18). These emotions

were recorded in a diary, and were used during the qualitative analytical coding. Further, being

perceived as a powerful outside westerner could have led respondents into altering responses to

align with the research agenda (Willis, 2006). The translator may have exacerbated this due to his

intellect, presenting him as a different outsider (Twyman et al., 1999). Consequently, any

subconscious probing from the researcher could have acquired distorted responses from

respondents, and should be noted. Due to the explanatory sequential data collection order, other

contextual processes influencing adaptation could have been overlooked, as interview agendas

focused on the quantitative findings. Bryman (2007) highlights this a structural challenge in mixed-

methods research, and researchers and decision-makers should be aware of this when considering

this study’s findings.
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Another limitation to recognise concerns variable selection. The regression predictor

variables were inductively selected using insight from the literature, though it cannot be certain

that the variables represent exactly what is in the literature (Vincent, 2007). This could also be

impacted by the survey enumerators, who may have influenced responses in their conveyance of

the questions.

At the local-scale farmer-to-farmer communication was found to support the adoption of

crop diversification. However, farmer-to-farmer communication was not directly measured in the

IBD, and could not be triangulated or assessed at the IBD level. Other potential proxy measures,

such as cooperatives only had 17 out of 177 farmers using them, and so would not allow robust

statistical regression analysis as a predictor under Field’s (2009) rule adopted (see section 3:2:1:2).

Further research in the IBD should observe the interactions during farmer-to-farmer

communications that regard agricultural techniques to assess how information can be re-laid in

extension services. This should ideally be conducted using an ethnographic approach to generate

an in-depth understanding of the social action, and the nuances in different contexts (Reeves et al.,

2008). Regarding the incessant application of chemical fertilizer, other research could assess deltaic

crop farmers’ application in areas whereby organic fertilizer is marketed. This could validate

whether a lack of marketed organic fertilizer due to poor governance networks is the causation.

This research primarily focused on livelihood adaptation, although it was uncovered that

environmental pressures had impacted farmers’ food security. Though interviews recorded data

on food availability, data corresponding to food stability, accessibility and utilization required for

a holistic assessment of food security is not in-depth. This was not sufficient for a robust analysis

of the impacts to farmers’ food security stemming from environmental change. Future research in

the IBD should collect data on the stability of crop production, and how farmers access food and

use it in accordance with changing environments to build on this dissertation’s findings, and

develop insight into farmers’ risks to food insecurity.

5:6 Summary and Recommendations

In summary, current and future environmental risk to deltaic crop farming livelihoods has

been documented, and farmers have responded by adopting a variety of on-farm adaptation

strategies. The research questions of this study were: 1) What adaptations are crop farmers using

in response to perceived environmental change? 2) What factors and processes effect the adoption

of adaptation strategies? 3) What barriers prevent farmers adapting?

Crop farmers were found to employ incremental adjustments in their farming systems in

response to increasing soil salinities, temperature, freshwater scarcity and unpredictable rainfall
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regimes. These comprised an array of changing farming practices, such as fertilizer intensification

and crop diversification (shifting from mono-crop paddy to paddy and vegetables), and

implementing water management measures, such as irrigation ponds. Farmers also adapted their

farming system to salinity and temperature increase by cultivating climate and salt-tolerant crops,

and undertook livelihood diversification in integrated aqua-agriculture in response to

unpredictable climate.

Overall, the main factors determining farmers’ adoption of adaptive strategies were

employment type, land size, education and loans. Interestingly, a farmer’s employment type could

influence a cycle whereby increasing chemical fertilizer use was required to cultivate more

frequently, whilst farmers also earning off-farm income were less inclined to adapt as literature

suggested (Oluwatusin, 2014). Land size mainly influenced the feasibility of adaptation strategies,

and was uncovered to interact with other physical factors, such as soil and hydrology, to influence

water management decisions. Farmers’ education level played a role in how farmers understood

and applied information disseminated by extension services regarding climate-resilient crop

practices. Bank loans, specific to farmers, then supported farmers with purchasing crop varieties

and covering the costs of implementing irrigation, which was important for most who relied solely

on low agriculture income.

Results suggest that incongruities between extension services and market actors was a

fundamental barrier to organic farming, as essential organic fertilizer was not marketed.

Consequently, current chemical fertilize usage may lead farmers down maladaptive adaptation

pathways (Wise, et al., 2014). Other barriers, such as knowledge and normative barriers, impeded

adoptions of climate resilient practices and bank loans. This was predominantly due to

inappropriate methods of information dissemination by extension services leaving farmers to

remain with traditional crops, and the formal nature of banks discouraging the take-out of loans.

This study concludes that knowledge, normative and institutional barriers, and farmers’ land and

household characteristics can largely influence the on-farm adaptations deltaic farmers adopt to

reduce current and future environmental change risk.

These main findings have several key policy implications. The findings suggest that

extension services approach to disseminating information to crop farmers should be adjusted to

encompass more practical based teaching. This would make important knowledge more accessible

for less educated farmers, and could encourage a wider adoption of climate-tolerant practices

which increase farmers’ resilience to dryer and warmer environments. Potentially considering

identical approaches to farmer-to-farmer communications is recommended. Regarding actors,

government should impose market actors to market organic fertilizer in village shops. This could
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aid the shift away from chemical uses to more cheap and sustainable organic farming. Having

organic fertilizer readily available would enable farmers to apply it without composting, increasing

its utility for smaller-scale farmers. The continuation of bank loan schemes is accentuated, though

banks could distribute loans through community figures or local extension services to make crop

farmers less anxious and increase uptakes. The potentially increased financial capacity would

enable farmers to adopt more crop varieties and water management practices, and thus alleviate

vulnerability to unpredictable environments.
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Appendix

Appendix 1: Participant Characteristics

Participant

I.D.

Gender Age Location Employment Education Household Size Relative Land

size Cat

1 (pilot) Male 40 Aripara Permanent None 4 Moderate

2 (pilot) Male 51 Aripara Short-Term None 5 Small

3 Male 60 Morolpara Permanent Secondary 4 (2 outside the

home)

Moderate

4 Male 45 Morolpara Permanent Primary 4 Moderate

5 Male 60 Morolpara Seasonal None 8 (2 outside the

home)

Small

6 Male 80 Aripara Seasonal None 3 Small

7 Male 50 Aripara Short-Term Primary 5 Small

8 Male 45 Aripara Seasonal None 3 (1 outside the

home)

Large

9 Male 60 Aripara Permanent Secondary 4 (1 outside the

home)

Large

10 Male 34 Aripara Seasonal None 6 Moderate

11 Male 50 Aripara Permanent None 9 (one outside

the village)

Large

12 Male 53 Sonagar Permanent Primary 5 (1 outside the

village)

Large

13 Male 50 Sonagar Short-Term None 5 (1 outside the

village)

Small

14 Male 42 Sonagar Permanent Primary 4 Moderate

15 Male 30 Sonagar Permanent Primary 6 Large

16 Male 65 Sonagar Seasonal None 3 (1 outside the

village)

Small

Note, not all of the participants characteristics were included to protect anonymity
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Appendix 2: Ethics, Participant Information Sheet

Participant Information Sheet

Study Title: Adapting Agricultural Livelihoods in Deltaic Environments: Explorations from the Indian
Bengal Delta.

Researcher: Martin Watts
ERGO number: 40872

Please read this information carefully before deciding to take part in this research.  It is up to you to
decide whether or not to take part. If you are happy to participate you will be asked to sign a consent
form.

What is the research about?
This research aims to understand how crop farmers’ livelihoods are effected by the environmental changes, and
how farmers are responding. Therefore, questions will regard the experienced environment changes, how these
have affected crops, and how farmers have responded.

I am a postgraduate student at the University of Southampton, and this research project constitutes one of the
assignments required to complete my degree. This research has been funded by the University of Southampton
through a European Union funded project CASCO & Jadavpur University (DECCMA-JU).

Why have I been asked to participate?
The participants in this research project are required to be crop farmers who are residing in a deltaic environment,
such as yourself.

What will happen to me if I take part?
If you give consent to partake, you shall be interviewed by myself with the help of my translator. This will be
informal, and should last approximately between 40 minutes in a place of your preference. Your responses shall
be voice recorded, but these will remain confidential and later deleted.  You will not be contacted again regarding
your responses.

Are there any benefits in my taking part?
It is hoped that you will find the process interesting, considering that little research has explored the
adaptations by crop farmers in the Indian Bengal Delta. You will not however receive any money for taking part.

Are there any risks involved?

There are no real risks as you will not be obliged to discuss or mention anything that distresses you. You may
stop the interview process at any time and withdraw the information.

Will my participation be confidential?
Yes, the interview recordings will be stored away and password protected so that only the researcher can access
them. Once the research is written up, your answers will be deleted. No names of participants will be revealed in
the reporting of the research. The translator present has signed a written agreement that they will not share any
of your answers.

What should I do if I want to take part?
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You should sign the participant consent form that accompanies this form, so that the interview can begin.

What happens if I change my mind?

You have the right to withdraw at any point without giving a reason. You may take back the information provided
or ask it to be deleted if you change your mind.

What will happen to the results of the research?

The final report will be submitted to Jadavpur University and the University of Southampton on the 12th of
September. This will be done in a dissertation report, so only I will use your data. You may request a copy of the
summarised report using the contacts below.

Where can I get more information?

If you have any further questions, then please get in touch with me using the following details:

University of Southampton, Avenue Campus, Highfield Rd, Southampton SO17 1BJ
Email: maw2u17@soton.ac.uk

What happens if something goes wrong?

If you wish to make a complaint or express a concern, please contact the university’s research integrity and
governance manager on:

Phone: 023 8059 5058
Email: rgoinfo@soton.ac.uk

Thank you for taking the time to read the sheet information, and considering taking part in
the research.
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Appendix 3: Participant Consent Form

CONSENT FORM

Study title: Adapting Agricultural Livelihoods in Deltaic Environments: Explorations from the
West Indian Bengal Delta.

Researcher name: Martin Watts
ERGO number: 40872

Please initial the box(es) if you agree with the statement(s):

I have read and understood the information sheet 19/04/18 version 1 and
have had the opportunity to ask questions about the study.

I agree to take part in this research project and agree for my data to be used
for the purpose of this study.

I understand my participation is voluntary and I may withdraw from the
interview process at any time for any reason without my rights being affected.

I understand that my responses will be anonymised in the reports of the
research.

Data Protection
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I understand that information collected about me during my participation in this study will
be stored on a password protected computer and that this information will only be used for
the purpose of ethically approved research studies.

Name of participant (print name)……………………………………………………………………………

Signature of participant……………………………………………………………………………………….

Date………………………………………………………………………………………..………………….

Appendix 4: Participant Debrief Form

Adapting Agricultural Livelihoods in Deltaic Environments: Explorations from the Indian Bengal
Delta

Written Debriefing Statement – version 1 19/04/18

Thank you for agreeing to take part in this project.

The aim of this research was to understand how crop farmers in the Indian Bengal Delta are adapting
to experienced environmental changes and stresses, and whether there were any barriers preventing
them doing so. It is anticipated that farmers living on or below the poverty line may struggle to
successfully adapt due to less livelihood assets and more barriers faced. The information that you have
provided will be valuable in helping understand the stresses experienced by crop farmers, and how
these can be addressed.

Once again, results of this study will not include your name or any other identifying characteristics.
The research did not use deception. You may have a copy of this summary if you wish. If you have any
further questions please contact me at maw2u17@soton.ac.uk

Thank you for your participation in this research.

Signature ______________________________         Date __________________

Name



Adapting Agricultural Livelihoods in Deltaic Environments: Explorations from the Indian Bengal Delta
Student I.D. 29847427

Page 96 of 108

If you have questions about your rights as a participant in this research, or if you feel that you have
been placed at risk, you may contact the Chair of the Ethics Committee, Psychology, University of
Southampton, Southampton, SO17 1BJ. Phone: +44 (0)23 8059 3856, email fshs-rso@soton.ac.uk

Appendix 5: ERGO form for Secondary Data use

Ethics Application Form for SECONDARY DATA ANALYSIS

Please consult the guidance at the end of this form before completing and submitting your
application.

1. Name(s): Martin Watts
2. Current Position: Postgraduate Student
3. Contact Details: maw2u17@soton.ac.uk

Division:
Email: maw2u17@soton.ac.uk
Phone: 07824903194

4. Is your research being conducted as part of an education qualification?
Yes x No

5. If Yes, please give the name of your supervisor:
Professor Emma Tompkins

6. Title of your research project / study:
Adapting Agricultural Livelihoods in Deltaic Environments: Explorations from the Indian

Bengal Delta

7. Briefly describe the rationale, aims, design and research questions of your research

Agricultural livelihoods are prevalent across the Mahanadi and Indian Bengal Deltas, supporting much
of the highly dense deltaic populations living on or below the poverty line (Lazar et al., 2015: Khatun
and Roy, 2012). This is attributable to deltas hugely fertile environments relating to abundant
sediment influxes, nutrient inputs and favourable soil moistures (Chapman and Darby, 2016). Despite
this, environmental stresses such as land degradation, erosion and salinization that could be
exacerbated by future climate change, are placing farmers in environments never before experienced.
Current literatures project reduced agricultural productivity across South Asian deltas by 2050 (Stern,
2006: Cruz et al., 2007), which is expected to disproportionality impact crop farmers through extreme
food insecurity and poverty.

However, the emergence of new and diverse crop varieties and fertilizer usage offer options for
enhancing livelihood resiliency. While some evidence of farmer adaptation to environmental shocks
is emerging in the Mekong Delta (Chapman et al. 2016), little is known on the uptake of on-farm
adaptive responses by crop farmers in the Indian Bengal Delta. Many of the larger assessments of
adaption have been limited to developed countries (Tompkins et al., 2010: de Bruin et al., 2009),
therefore there is a scarcity in the more vulnerable developing countries, where they are equally
needed. Furthermore, little is known about whether these adaptations suffice under current and
future climates (Wang et al., 2017). Barriers to adapting are also understudied (Masud et al., 2017),
which means that the barriers hindering more sustainable farming practices are not fully understood
(Rosenzweig et al., 2013). Without a sound understanding of the uptake or suitability of agricultural
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adaptations, it is difficult to devise appropriate policy management to achieve the benefits of
improved adaptive capacity and livelihood sustainability for farmers.

Thereby, this empirical study will aim to provide a systematic exploration of how crop farmers are
currently adapting their farming practices to present day shocks and stresses and how they may
sustain their livelihoods in the future using agricultural adaptations. This study is timely, as India’s
recently developed climate action plan and own sustainable development goals seek to enable
sustainable development through focusing on their vulnerable agriculture sector. The main research
question this study seeks to answer is ‘Do the agricultural adaptive responses currently adopted
sufficiently provide for crop farming livelihoods under environmental stresses in the IBD?’ The
research questions (RQ) to answer this are:

1) What are crop farmers perceived stresses on agricultural livelihoods?
2) How are crop farmers adapting in response to the perceived livelihood impacts?
3) Are there barriers preventing farmers implementing these adaptive responses successfully,

and if so, how could they be addressed?
By addressing these research questions, it is hoped that the following research objectives will be
attained:

 To understand how crop farmer’s livelihoods are impacted by environmental shocks and
stresses using the sustainable livelihoods framework.

 To explore and document the adaptive responses adopted and planned in the future.
 To recognise the success or shortfalls of responses, with consideration to adaptation barriers.

Design
This study will employ an explanatory sequential mixed methods design. In doing so, it will allow the
more comprehensive study of agricultural adaption, adding breadth and depth to the findings.
Furthermore, combining qualitative and quantitative methods will facilitate the generalisation of
findings, which will contribute to the research gaps concerning large scale assessments of the IBD and
developing countries. The mixed methods design will firstly encompass the quantitative analysis of
the DECCMA IBD dataset –ergo ID 18173, before using the findings to ground the interview agenda
which will elaborate and explain the statistical associations and outcomes sought. Figure 1 below
presents a graphic visual model of the method sequences, processes and data that will be attained at
each stage of this study design.
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Figure 1: Mixed methods study design.

As figure 1 depicts, the first stage entails the quantitative analysis of the DECCMA IBD dataset. This
will be conducted using a combination of descriptive frequencies, cross tabulations and logistic
regression models. More pointedly, the models will be binary and multinomial logistic regression
models contingent on the dependent variable categories.

The descriptive frequencies will be carried out in SPSS on the variables adjudged to be indicative of
the crop farmer’s socio-demographics in order to gain an initial contextual understanding of crop
farming livelihoods. Creating frequency tables in SPSS using the variables of perceived environment
changes will then indicate the most common perceived change by crop farmers. Next, employing
multinomial and binary logistic regression as a statistical analysis will be conducted. These logistic
regression models will enable the study of factors (explanatory variables) that condition specific
outcomes (dependent variables). More specifically for this project, how likely a crop farmers livelihood
is impacted by environmental change and stresses based on specific characteristics, how likely a crop
farmer will have adopted a specific adaptation strategy based on their characteristics and how likely
the adaptation is will be successful in relation to their livelihood sustainability. The explanatory
variables used to predict these outcomes will be: education, gender, age, latrine type (proxy for
wealth), employment status, land size, cooperative member (for adaptation outcomes), receive NGO
help (for adaptation outcome), work outside village (for adaptation outcome) and received farm
training (for adaptation outcome). The list of explanatory variables chosen were determined from
literatures that depicted how these variables can influence a farmers’ adaptability, and the extent to
which their livelihoods are impacted (Yamba et al., 2017: Addisu et al., 2016). Logistic regression
model outputs will be evaluated using the likelihood ratio statistic value and nagelkerke r2 value to
indicate the model significance for modelling the outcomes sought, and the variation in impacts and
adaptations explained. The significant explanatory associations will be recognised using the Wald test
values, and their greatest effect on the dependent variable. This will be summarised and presented
accordingly.
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Connecting the methodologies will be achieved through the sampling frame. Purposive sampling will
be adopted to choose farmers who are representative of the significant combinations of the survey
variables in the two villages. This is to allow the interviews to generate explanation for the associations
shown. For instance, how a farmer who has received farm training has been able to adapt successfully
using a diversification of crops. In order to reduce the bias associated with purposive sampling, where
possible, snowball sampling by getting farmers selected to recommend other farmers for interviewing
who were also representative of the characteristics sought will be done.

Integrating these different methodologies will occur by utilising the significant statistical associations
found, and the results of the descriptive frequencies, to ground the interview agenda. This permits for
the building of findings, which was a principle rationale for the mixed methods proposed. Using semi-
structured interviews as the data collection tool is suitable, as they enable the perceptions and
experiences of crop farmers to be studied adequately. Moreover, interviews are pertinent for studying
agricultural adaptation, as they allow a holistic understanding of farmer’s incentives, capacities and
attitudes for adapting. Interviews will broadly explore the themes regarding farmers perception of
environmental change, with a specific focus on the changes reported in the quantitative findings, and
how they ultimately result in the livelihood stresses and outcomes (RQ1). Themes will also explore
what adaptive responses crop farmers have deployed in response to these stresses, and their
perceived successes. Again, contingent on the outputs from the logistic regression model analysing
the explanatory variable conditioning farmer’s adaptation choices and successes, the themes will be
directed to explain the quantitative outputs and associations acquired (RQ2). The final interview
theme will encompass exploring the barriers perceived by farmers to be preventing them either up
taking an adaptation strategy, or adapting unsuccessfully using a certain method (RQ3).  By following
these main themes, it will enable the gathering of explanatory and descriptive data that are relent and
required to address the research aims and objectives. However, the open-ended style questions used
in semi-structured interviewing will allow the interviewees to add any relevant information that was
unforeseen or distinguishable from the quantitative dataset. Transcripts will be coded thematically
using immediate, open, axial and selective coding techniques. This certifies that with the guidance of
the sustainable livelihoods framework, the transcripts can adequately explain the quantitative
relationships shown, and also ensure that findings correspond to answering the study research
questions. The reporting of the findings will be presented through a narrative weaving approach,
which entails reporting the quantitative and qualitative findings on a theme-by-theme basis.
I am only applying for ethics approval for this specific project, I will not be using this dataset for any
other activities in the future.

8. Describe the data you wish to analyse
The dataset is entitled ‘The Indian Bengal Delta Household Head Dataset’, with the ERGO ID
number 18173. The dataset entails a range of continuous, ordinal and categorical data about
household heads in the Indian Bengal Delta. The country the data was collected in was India,
and had a thematic focus on migration, stresses on livelihoods caused by environmental
change and adaptive strategies adopted. This data was obtained from my dissertation
supervisor, Professor Emma Tompkins who is part of the DECCMA team. This data is also not
publically accessible yet on any website.

9. What are the terms and conditions around the use of the data? Did data subjects give
consent for their data to be re-used? If not, on what basis is re-use of the data justified?

When the data was initially collected by the partners at Jadapvur University, the participants gave
their consent for the data to be re-used. The conditions imposed were that this data should
not be shared with anybody else, and only I would be allowed to use it. This was to protect
the confidentiality of the respondents in the dataset.
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10. Do you intend to use personal data
(https://ico.org.uk/media/1549/determining_what_is_personal_data_quick_reference_gu
ide.pdf) or sensitive personal data
(http://www.legislation.gov.uk/ukpga/1998/29/section/2) as defined by the Data
Protection Act (even if the data are publicly available)?
Yes x No
If YES, please specify what personal data will be included and why.

The individual’s livelihood and socio-demographics data i.e. sex, education level and employment
status will be included during the analysis of the data. Further, whether they are part of a cooperative
(organisation) or not is also something that is included in the data. There is nothing that could be
considered sensitive data.

11. Do you intend to link two or more datasets?
Data linkage refers to merging of information from two or more sources of data to consolidate
facts concerning an individual or an event that are not available in any separate record. Please
note that for the purposes of research ethics we are not interested in the merging of different
waves of a particular survey, or the merging of data from different countries for the same
survey.
Yes x No
If YES, please give details of which datasets will be linked and for what purposes.

The secondary DECCMA dataset will be linked with the empirical qualitative data collected whilst on
fieldwork in the Indian Bengal Delta. The data will be linked during the writing up of findings, as
detailed in section 7 above. This is so that the quantitative findings from the secondary dataset are
elaborated on and explained by the qualitative findings in order to provide an in-depth and holistic
understanding of the adaptations undertaken by crop farmers.

12. How will you store and manage the data before and during the analysis?  What will happen
with the data at the end of the project?

The data will be stored on a University of Southampton resource drive that is password secure. It will
be kept here during all stages of analysis, and accessed with the use of a personal computer that is
also password secure. Only the researcher will know both passwords to ensure that the data is
sufficiently protected to protect confidentially. Once the project is completed and handed in on the
12/09/18, the secondary dataset, alongside with the qualitative interview transcripts collected, will
be deleted off the personal storage drive.

13. How will you minimise the risk that data subjects (individuals or organisations) could be
identified in your presentation of results?

When reporting cases to illustrate key findings, the level of characteristic details will be kept to a
minimal to ensure that the chance of participants being theoretically identified is reduced. For
instance, by keeping combinations to just two characteristics. The use of pseudonyms when reporting
the findings will also contribute to minimising the risk of making participants more identifiable.
Pseudonyms will also be used to help mask identities during the dissemination of findings.

14. What other ethical risks are raised by your research, and how do you intend to manage
these?

There are no ethical issues associated with using the DECCMA dataset. Additional primary qualitative
research will be collected as part of the project, and all the ethical issues associated with this are
presented in the primary ethics application form.
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15. Please outline any other information that you feel may be relevant to this submission.
For example, will you be using the services or facilities of ONS, ADRN, or HSCIC and/or are you
obtaining ethical review from NRES (through IRAS) or other?  Please confirm whether the data
being used are already in the public domain.
I will not be using the services of any of the above. Also, the data is not in use for the public
domain.

16. Please indicate if you, your supervisor or a member of the study team/research group are a
data controller and/or data processor in relation to the data you intend to use as defined
by the Data Protection Act, and confirm that you/they understand your/their respective
responsibilities https://ico.org.uk/for-organisations/guide-to-data-protection/key-
definitions/).
No, they are not.

Note: This Ethics Application Form is currently being piloted. If you have comments on any of the
questions, it would be helpful if you could email them to rgoinfo@soton.ac.uk with “Secondary Data
Analysis Form” in the subject line.

Appendix 6: ERGO Ethics Form

SSEGM ETHICS SUB-COMMITTEE APPLICATION FORM

Please note:
 You must not begin data collection for your study until ethical approval has been obtained.
 It is your responsibility to follow the University of Southampton’s Ethics Policy and any relevant

academic or professional guidelines in the conduct of your study. This includes providing
appropriate information sheets and consent forms, and ensuring confidentiality in the storage
and use of data.

 It is also your responsibility to provide full and accurate information in completing this form.

1. Name(s): Martin Watts

2. Current Position Taught Postgraduate Student

3. Contact Details:
Division/School: Social, Human and Mathematical Sciences
Email maw2u17@soton.ac.uk
Phone 07824903194

4. Is your study being conducted as part of an education qualification?
Yes No

5. If Yes, please give the name of your supervisor
Emma Tompkins

6. Title of your project:
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Adapting Agricultural Livelihoods in Deltaic Environments: Explorations from the Indian Bengal
Delta (IBD)

7. Briefly describe the rationale, study aims and the relevant research questions of your study

Agricultural livelihoods are prevalent across the Mahanadi and Indian Bengal Deltas, supporting much
of the highly dense deltaic populations living on or below the poverty line (Lazar et al., 2015: Khatun
and Roy, 2012). This is attributable to deltas hugely fertile environments relating to abundant sediment
influxes, nutrient inputs and favourable soil moistures (Chapman and Darby, 2016). Despite this,
environmental stresses such as land degradation, erosion and salinization that could be exacerbated by
future climate change, are placing farmers in environments never before experienced. Current
literatures project reduced agricultural productivity across South Asian deltas by 2050 (Stern, 2006:
Cruz et al., 2007), which is expected to disproportionality impact crop farmers through extreme food
insecurity and poverty.

However, the emergence of new and diverse crop varieties and fertilizer usage offer options for
enhancing livelihood resiliency. While some evidence of farmer adaptation to environmental shocks is
emerging in the Mekong Delta (Chapman et al. 2016), little is known on the uptake of on-farm adaptive
responses by crop farmers in the Indian Bengal Delta. Many of the larger assessments of adaption have
been limited to developed countries (Tompkins et al., 2010: de Bruin et al., 2009), therefore there is a
scarcity in the more vulnerable developing countries, where they are equally needed. Furthermore,
little is known about whether these adaptations suffice under current and future climates (Wang et al.,
2017). Barriers to adapting are also understudied (Masud et al., 2017), which means that the barriers
hindering more sustainable farming practices are not fully understood (Rosenzweig et al., 2013).
Without a sound understanding of the uptake or suitability of agricultural adaptations, it is difficult to
devise appropriate policy management to achieve the benefits of improved adaptive capacity and
livelihood sustainability for farmers.

Thereby, this empirical study will aim to provide a systematic exploration of how crop farmers are
currently adapting their farming practices to present day shocks and stresses and how they may sustain
their livelihoods in the future using agricultural adaptations. This study is timely, as India’s recently
developed climate action plan and own sustainable development goals seek to enable sustainable
development through focusing on their vulnerable agriculture sector. The main research question this
study seeks to answer is ‘Do the agricultural adaptive responses currently adopted sufficiently provide
for crop farming livelihoods under environmental stresses in the IBD?’ The research questions (RQ) to
answer this are:

4) What are crop farmers perceived stresses on agricultural livelihoods?
5) How are crop farmers adapting in response to the perceived livelihood impacts?
6) Are there barriers preventing farmers implementing these adaptive responses successfully, and

if so, how could they be addressed?
By addressing these research questions, it is hoped that the following research objectives will be
attained:

 To understand how crop farmer’s livelihoods are impacted by environmental shocks and
stresses using the sustainable livelihoods framework.

 To explore and document the adaptive responses adopted and planned in the future.
 To recognise the success or shortfalls of responses, with consideration to adaptation barriers.

8. Describe the design of your study
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This study will employ an explanatory sequential mixed methods design. In doing so, it will allow the
more comprehensive study of agricultural adaption, adding breadth and depth to the findings.
Furthermore, combining qualitative and quantitative methods will facilitate the generalisation of
findings, which will contribute to the research gaps concerning large scale assessments of the IBD and
developing countries. The mixed methods design will firstly encompass the quantitative analysis of the
DECCMA IBD dataset, before using the findings to ground the interview agenda which will elaborate
and explain the statistical associations and outcomes sought. Figure 1 below presents a graphic visual
model of the method sequences, processes and data that will be attained at each stage of this study
design.

Figure 1: Mixed methods study design.

As figure 1 depicts, the first stage entails the quantitative analysis of the DECCMA IBD dataset – Ergo ID
number 18173. This will be conducted using a combination of descriptive frequencies, cross tabulations
and logistic regression models. More pointedly, the models will be binary and multinomial logistic
regression models contingent on the dependent variable categories.

The descriptive frequencies will be carried out in SPSS on the variables adjudged to be indicative of the
crop farmer’s socio-demographics in order to gain an initial contextual understanding of crop farming
livelihoods. Creating frequency tables in SPSS using the variables of perceived environment changes
will then indicate the most common perceived change by crop farmers. Next, employing multinomial
and binary logistic regression as a statistical analysis will be conducted. These logistic regression models
will enable the study of factors (explanatory variables) that condition specific outcomes (dependent
variables). More specifically for this project, how likely a crop farmers livelihood is impacted by
environmental change and stresses based on specific characteristics, how likely a crop farmer will have
adopted a specific adaptation strategy based on their characteristics and how likely the adaptation is
will be successful in relation to their livelihood sustainability. The explanatory variables used to predict
these outcomes will be: education, gender, age, latrine type (proxy for wealth), employment status,
land size, cooperative member (for adaptation outcomes), receive NGO help (for adaptation outcome),
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work outside village (for adaptation outcome) and received farm training (for adaptation outcome).
The list of explanatory variables chosen were determined from literatures that depicted how these
variables can influence a farmers’ adaptability, and the extent to which their livelihoods are impacted
(Yamba et al., 2017: Addisu et al., 2016). Logistic regression model outputs will be evaluated using the
likelihood ratio statistic value and nagelkerke r2 value to indicate the model significance for modelling
the outcomes sought, and the variation in impacts and adaptations explained. The significant
explanatory associations will be recognised using the Wald test values, and their greatest effect on the
dependent variable. This will be summarised and presented accordingly.

Next, participants will be purposively selected across the two study sites based on the characteristics
that have appeared significant in the logistic regression outputs. This will be carried by approaching the
crop farmers at their homes, before determining whether their profiles accord with the characteristics
sought. This is to allow the interviews to generate explanation for the associations shown. For instance,
how a farmer who has received farm training has been able to adapt successfully using a diversification
of crops. In order to reduce the bias associated with purposive sampling, where possible, snowball
sampling by getting farmers selected to recommend other farmers for interviewing who were also
representative of the characteristics sought will be done.

Integrating these different methodologies will occur by utilising the significant statistical associations
found, and the results of the descriptive frequencies, to ground the interview agenda. This permits for
the building of findings, which was a principle rationale for the mixed methods proposed. Using semi-
structured interviews as the data collection tool is suitable, as they enable the perceptions and
experiences of crop farmers to be studied adequately. Moreover, interviews are pertinent for studying
agricultural adaptation, as they allow a holistic understanding of farmer’s incentives, capacities and
attitudes for adapting. Interviews will broadly explore the themes regarding farmers perception of
environmental change, with a specific focus on the changes reported in the quantitative findings, and
how they ultimately result in the livelihood stresses and outcomes (RQ1). Themes will also explore what
adaptive responses crop farmers have deployed in response to these stresses, and their perceived
successes. Again, contingent on the outputs from the logistic regression model analysing the
explanatory variable conditioning farmer’s adaptation choices and successes, the themes will be
directed to explain the quantitative outputs and associations acquired (RQ2). The final interview theme
will encompass exploring the barriers perceived by farmers to be preventing them either up taking an
adaptation strategy, or adapting unsuccessfully using a certain method (RQ3).  By following these main
themes, it will enable the gathering of explanatory and descriptive data that are relent and required to
address the research aims and objectives. However, the open-ended style questions used in semi-
structured interviewing will allow the interviewees to add any relevant information that was
unforeseen or distinguishable from the quantitative dataset. Transcripts will be coded thematically
using immediate, open, axial and selective coding techniques. This certifies that with the guidance of
the sustainable livelihoods framework, the transcripts can adequately explain the quantitative
relationships shown, and also ensure that findings correspond to answering the study research
questions. The reporting of the findings will be presented through a narrative weaving approach, which
entails reporting the quantitative and qualitative findings on a theme-by-theme basis.

9. Who are the research participants?

The study participants will be from the two villages – Dulki and Mathuranka- located within the
Sundarbans national park, situated within the Indian Bengal Delta. The participants will be selected
based on certain characteristics that are relevant to this study. For example, participants whose main
livelihood is crop farming. They will also be selected based on other characteristics such as whether
they are part of a cooperative or not, have received help from an NGO, are diversifying their crops in
response to experienced stresses and so on. This is to ensure that a homogenous group is selected, but
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varies enough to allow a more holistic understanding of crop farming livelihoods to be gained. Overall,
it is hoped that 40 participants in total will take part in the study. These participants will be household
heads, and thus be over the age of 18. If for any reason they are below 18, a different participant will
be selected. Moreover, any participants who may have diminished mental capacity will not be
interviewed. This is to avoid engaging anyone belonging to a particular vulnerable group.

10. If you are going to analyse secondary data, from where are you obtaining it?

The DECCMA survey data – ID number 18173, used in the project will be obtained from the University
of Southampton, who are partners in the DECMMA project. I have been granted approval to this dataset
by my dissertation supervisor, which is safely stored on a password secure laptop.

11. If you are collecting primary data, how will you identify and approach the participants to recruit
them to your study?
Please upload a copy of the information sheet if you are using one – or if you are not using one please
explain why.

The participants will be selected based on certain characteristics that are relevant to this study in a
more purposive approach. For example, participants whose main livelihood is crop farming. They will
also be selected based on other characteristics such as whether they are part of a cooperative or not,
have received help from an NGO, are diversifying their crops in response to experienced stresses and
so on. This is to ensure that a homogenous group is selected, but varies enough to allow a more holistic
understanding of crop farming livelihoods to be gained. It will become clearer which specific
participants will be interviewed once the quantitative analysis of the secondary dataset is completed.
This is because this study adopts an explanatory sequential mixed methods design, meaning that those
participants selected for the qualitative research are largely determined from the initial quantitative
analysis (Creswell, 2015). Participants will be approached at their homes and asked whether they would
like to take part in an interview about their livelihood.  Once they agree, a time and setting (likely their
home so that they feel more at ease and comfortable) will be chosen. Again, they will be debriefed on
who we are, the project and why we are researching this topic. This will be aided with the use of the
participant information sheets and consent form. They will be reminded of their anonymity,
confidentiality and right to withdraw at any time. Any gatekeepers for the villages will be notified of
this research and its importance in order to get approval and village access. This will be aided with
native speakers from Jadapvur University.

Overall, it is hoped that approximately 40 in total will take part in the study. These participants will be
household heads, and thus be over the age of 18. If for any reason they are below 18, then a different
participant will be selected. Moreover, any participants who may have diminished mental capacity will
not be interviewed. This is to avoid engaging anyone belonging to a particular vulnerable group with
the research.

12. Will participants be taking part in your study without their knowledge and consent at the time
(e.g. covert observation of people)?  If yes, please explain why this is necessary.

No
13. If you answered ‘no’ to question 12, how will you obtain the consent of participants?
Please upload a copy of the consent form if you are using one – or if you are not using one please explain
why.
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If participants express an interest, they will be further briefed using the participant information sheet.
Once they agree to participate, a date, time and place convenient for them will be arranged for the
interview to take place. Project details will also be recapped before the interview commences. Consent
will be gained in writing or via thumb print. This is because some participants may be illiterate, and so
a thumb print will be taken.

14. Is there any reason to believe participants may not be able to give full informed consent?  If yes,
what steps do you propose to take to safeguard their interests?

Some participants may not be able to read the participant information sheet, due to it being written in
English. Participants will be debriefed verbally on the aims of this research and on the information
included in the participant information form and debrief. This would be done with the use of a
translator speaking in local dialect who will be hired from Jadapvur University. If participants are
illiterate, then taking a thumb print will be done for evidence of consent.

15. If participants are under the responsibility or care of others (such as parents/carers, teachers or
medical staff) what plans do you have to obtain permission to approach the participants to take part in
the study?

N/A

16. Describe what participation in your study will involve for study participants. Please attach copies
of any questionnaires and/or interview schedules and/or observation topic list to be used

Participants will meet with the interviewer and the translator, either in their home or in a location of
their choosing. The semi-structured interview will be conducted sitting down to maximise the intimacy
in the researcher–participant relationship during the interview. This will help reduce any positionality
issues, reduce the likelihood of the participants feeling overwhelmed and make the participant feel at
ease throughout the process. The interviews are designed to last approximately 40 minutes, this will
also account for any follow questions that may arise from unanticipated responses. The questions are
designed with the aim of capturing participants’ perceptions and experiences of the changes in
environment stresses that have impacted on their livelihoods, and the changes in environment. Their
responses will be voiced recorded, with their consent, while key indications of body language will be
noted in a field notebook to enhance data richness.

17. How will you make it clear to participants that they may withdraw consent to participate at any
point during the research without penalty?

This will be done before any interviewing takes place, and will be done using the translator. This will
comprise part of the consent process that will be undertaken before the interview starts. At the close
of the interview the interviewee will be told that the interview process has finished, and they will be
asked if they have any questions for the researcher. They will then be reminded if they are still happy
for their data to be used. The researcher details, and details of Jadavpur University and University of
Southampton will be provided if the participant wishes for their information to be withdrawn if they
change their mind.

18. Detail any possible distress, discomfort, inconvenience or other adverse effects the participants
may experience, including after the study, and you will deal with this.
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The interviews shall be conducted at a pace that is ideal and comfortable for the research participant.
Not only will this elicit the completest information from them, but it will prevent the participant feeling
like are becoming overwhelmed. The unstructured traits of the semi-structured interview mean that
the interview can be carried out informally and on a personal level, and allow participants to direct the
conversation away from any topics they find distressing. This will help minimise any discomfort
participants may feel. While it is unlikely that participants will feel any discomfort from discussing the
study topics, if discomfort is detected then moving on to an alternative topic, offering a break, stopping
the recording or stopping the interview will be proposed. If participants begin feeling discomfort once
the interview process has finished, for instance if they wish to take back a piece of information supplied,
then they will be reminded that they have the right to withdraw any data they supplied. They will not
need to provide a justification for doing so.

19. How will you maintain participant anonymity and confidentiality in collecting, analysing and
writing up your data?

Interview field notes, recordings and transcripts will be completely anonymised; no personal questions
will be posed and absolutely no names will be noted. Pseudonyms will be used for the interviewees
that may be referred to in the transcripts and report, and potential other uses for the research.
Pseudonyms will also be used for any illustrative stories from participants used in the write up. Any
potential outputs from this research project, such as publications, will be delivered in a manner that
when people’s information is discussed they still cannot be identified or traced back to. As publications
and journals are required to abide by ethical regulations, it is unlikely that this would be an issue. All
the data supplied by the participant will remain confidential. Only myself as the researcher will see it
and use it. The translator used will be asked to sign a form which states that he/she will not share any
of the information discussed during the interview, or the identities of the participant.

20. How will you store your data securely during and after the study?
The University of Southampton has a Research Data Management Policy, including for data retention.
The Policy can be consulted at http://www.calendar.soton.ac.uk/sectionIV/research-data-
management.html

The field notes, transcripts, interview recordings and consent forms will be kept locked away when they
are not in use or on the researcher. The DECMMA dataset will be stored on the University of
Southampton network which is password protected to prevent unauthorised access to the information.
As Nvivo will be used to code the interview data, the same cyber security will be applied for the
interview transcripts and recordings once they have been typed up. Once typed up, the field note
interview transcript notes and interview recordings will be destroyed. The typed-up field notes and
transcripts will be deleted off the University of Southampton network once the project has been
submitted on the 12/09/18.

21. Describe any plans you have for feeding back the findings of the study to participants.

Participants will be offered the opportunity to receive a summary of the research findings. This will be
given to Jadapvur University so that participants will be able to access the report summary once the
researchers have left India. Partners at the university will translate the report summary into the local
language for participants that do not know English. The researcher contact information will be left with
each participant so that they will be able to discuss anything of concern or ask for a research finding
summary through this contact route. Some participants may potentially wish to discuss the research
findings further, therefore by providing the researcher contact details on the information sheet
participants will be allowed to do this.  The participants may benefit indirectly, as ways to overcome
adaption barriers, increase the effectiveness of adaption options and understand of those most
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vulnerable are effected by environmental stresses could be communicated to stakeholders by Jadapvur
University, with the outcome possibly being more resilient crop farming livelihoods.

22. What are the main ethical issues raised by your research and how do you intend to manage
these?

As this project entails human interaction, ethical considerations are necessary (Miller et al., 2012).
While generally financial incentives are viewed as inappropriate (Head, 2009), recruiting in areas of
poverty is complex. However, as the Jadapvur University partners will likely be disseminating this
research to stakeholders, participants can be told taking part can help those most vulnerable. This
justification has proven effectual from previous fieldwork in developing countries. It is important to
recognise the potential illiteracy limits to gaining interview consent from those in developing countries
(Krogstad et al., 2010). Thereby, when required, the participant information shall be delivered verbally
to certify that the important elements of anonymity, right to withdraw, confidentially and the study
description is understood. Regarding the interview topics, they are unlikely to cause discomfort as they
not extensively sensitive issues. However, discussing self-perceived failures, such as an inability to adapt
or supply household food as the household head, may engender harm (Sinding Aronson, 2003). If
discomfort is detected then switching topics or taking a ‘consoling refrain’ will reduce harm (Allmark et
al., 2009). Further, if the participant feels the discussion is angering or upsetting them they may choose
to divert the discussion topic, or only disclose a certain degree of information. The semi-structured
interview design is ample in that it permits a participant to discuss as much about their experiences or
views as they decide. Their flexibility also enables the researchers to modify and adapt the interview
structure or change the topic of discussion so that it allows the participant to lead the conversation.
Potentially the most fundamental ethical issue concerns anonymity, as combining a person’s
quantitative and qualitative information can provide a detailed image whereby identities are more
recognisable. Giving participants pseudonyms in the report will help conceal this.

Researcher safety is also an important consideration for a project like this overseas in a country that is
different from the UK. After consulting the Foreign and Commonwealth office, the chance of harm from
crime is relatively low. This, along with medication considerations, have been detailed in more depth in
the risk assessment.

23. Please outline any other information you feel may be relevant to this submission.

Having previously conducted three overseas research projects as part of past university assignments
and dissertations, as well as for NGOs, I am well acquainted with conducting ethical research abroad.
This experience means that I am able to ensure that the appropriate ethical guidelines are followed
sufficiently in the field, even when certain challenges may arise, and that any changes or issues
encountered will be reported back clearly to the university. I am also conversant with conducting semi-
structured as my main data collection tool. Therefore, I know how to adapt or modify the interview
questions or structure if it appears like the participant is experiencing discomfort. Furthermore, as I
have required a translator each time, I know how to certify that they are also following the ethics and
general researcher guidelines. This is important as one will be used for this research.


