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ABSTRACT 

CLIMATE ADAPTATION AND AGRICULTURAL LIVELIHOODS:  
PUBLIC IRRIGATION ACCESS IN NORTHEASTERN TUNISIA 

Caroline Boules, Ph.D.  

George Mason University, 2017 

Dissertation Director: Dr. Susan Crate 

 This doctoral dissertation is based on an interdisciplinary study of the 

adaptive capacity and resilience of agricultural communities in northeastern 

Tunisia, and the impacts that national economic policies and climate change have 

on adaptation. The analytical framework used is the Sustainable Livelihoods 

Approach to examine the linkages between adaptive capacity of farmers to 

environmental changes and different types of water access. While much of the 

existing work on this topic asserts that farmers who are in public irrigation 

systems are more resilient to environmental stressors, this research suggests that 

as a result of government policies and incentives, as well as intensifying 

environmental constraints, public irrigation in this context might not lead to an 

increase in adaptive capacity. The project is based on eight months of field work 

conducted in Tunis and the Cap Bon peninsula. It combines quantitative and 

qualitative methods and data analysis in a mixed methods approach. 
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CHAPTER ONE: INTRODUCTION 

INTRODUCTION)AND)MOTIVATIONS)
 This dissertation is about farmers in the agricultural area around the 

town of Korba, in northeastern Tunisia, and their capacity to adapt to 

environmental stressors. I chose to focus my research there because 

environmental issues are overlooked in research on the Middle East/North 

Africa (MENA) region. I was particularly interested in climate change as it is 

already having serious impacts on the region. I was very interested in the 

impacts of the national on the local: on national policy impacts on households 

and communities. I wanted on conduct work with people who were being 

impacted by policies and climate change impacts, and yet whose voices were 

not often heard in debates in the capital city. The farmers of Tunisia are 

exactly such a group.  

 When I think back to my motivations for this research study, there are 

several. I always knew that I wanted to focus on climate change adaptation in 

agriculture as I am fascinated with the ways in which environmental stressors 

generally, and the heightened risk of climate change specifically, affect social 

and political systems and how those systems are adapting. I chose the MENA 

region because I have found it to be consistently understudied in regard to the 
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majority of environmental issues. When people think of the Middle East, they 

often think of wars and terrorism, democratization, political Islam, human 

rights, and, more recently, the Arab Spring. The topics that come to mind are 

rarely agricultural development, environmental conservation, climate change 

impacts or food security. And yet all of these topics are important there, and 

often are related to the problems of democracy and violence. The lack of 

research on these topics is the first reason that I chose to research climate 

adaptation in the MENA region. 

 I was interested in the assessment of complex issues such as adaptive 

capacity and resilience. Although there has been extensive discussion in the 

literature about these issues and how they can be assessed (Smit and Wandel 

2006; Yohe and Tol 2002; Brooks and Adger 2004; Burton et al. 2002; Lemos et 

al. 2013), the theory needs to be better connected to the reality of socio-

ecological adaptation. This can only be done through additional case studies 

and field work. I desired to contribute this case study to the improved 

understanding of adaptation.  

 Finally, I have a personal connection with the region. My family 

emigrated from Egypt when I was young, and I have spent many summers in 

their home city of Alexandria, as well as a year in Cairo teaching English. I 

believed that my familiarity with the culture and knowledge of the language 

would allow me to comfortably conduct research in rural areas in nations of 
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the Arab world. It can be a difficult place for a woman to navigate alone, but I 

felt that I had an advantage being from there originally and being fluent in 

Arabic. I chose Tunisia specifically for several reasons. First, its 

environmental issues are understudied. Second, it is a country that is friendly 

to external researchers in terms of obtaining research permissions. Finally, I 

was able to make contacts there early on who were enthusiastic about my 

research project and willing to help me with local connections. 

Climate change is already having serious impacts on the nations in the 

MENA region, and these impacts will continue to become more significant. In 

Tunisia, as in other countries, climate changes is causing detrimental effects 

on the availability of water and the future of agriculture. Tunisia is already 

classified by the Food and Agriculture Organization (FAO) as a water scarce 

nation, because its annual per capital water availability of 400 cubic meters 

(cu3), is below the scarcity threshold of 1000 cu3 (FAO n.d.). This number is 

predicted to be 293 cu3 by 2025. Wheat yield is predicted to decrease by 17% 

by 2030, and farmer incomes are predicted to drop by 13% by 2030 due to 

climate impacts alone (Mansour and Hachicha 2014; Verner 2013). Because of 

these serious current and future changes, adaptation is a crucial part of the 

solution to the problem of climate change.  

At the same time, one of the main ways that the Tunisian central 

government approaches the issues of water scarcity and environmental stress 
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is by implementing large infrastructure projects. Many developing nations see 

technical solutions to environmental and other problems as part of an effort 

to modernize and become more like industrialized nations. In Tunisia, as in 

other countries, irrigation is seen as one of the ways to modernize agriculture 

and increase levels of efficiency and productivity. Specifically, the 

government has implemented a large water transfer project called the Canal 

Nord-Sud, that transfers water from the Medjerda River in the northwest and 

redistributes it across the north of Tunisia and into the Cap Bon peninsula in 

the northeast. The main part of the canal was built in 1984, but small 

extensions are continually being added. I thought that examining agricultural 

livelihoods around one extension of this canal would be an perfect to better 

understand how access to irrigation water impacts farmer adaptation. The 

literature suggests that irrigation increases adaptive capacity in most 

scenarios, and this is built into most resilience and adaptation models. 

However, I hypothesized that in some cases, this would not be true. Hence, I 

chose to do a comparative analysis of farmers who had received irrigation 

water from the government as part of the Canal Nord-Sud, and those who had 

not. The analysis would compare farmers’ perspectives on climate change, 

their adaptive capacity and adaptation behaviors.  

Adaptive capacity differs from current adaptation behaviors in that it 

includes a temporal component. Adaptive capacity is seen as a prerequisite for 
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current and future adaptation behaviors (Brooks and Adger 2004); and it is a 

key component of resilience. It does not include the exposure and 

vulnerability of a system; it only includes the capacity to adapt if and when a 

system does get exposed to a risk. This topic fascinated me and was narrow 

enough to address in a dissertation project. 

I chose the agricultural area of Korba in the northeast as my case study 

location, based on the differences within the area in access to irrigation water. 

At the smallest scale, agricultural areas in Tunisia are divided into 

governorates. The town of Korba and the surrounding agricultural land make 

up the county of Korba, which is divided into six governorates. I chose as my 

study area three of these, which covered approximately half of the county of 

Korba. I chose these three because they comprise a strip of land that runs from 

the sea inland into the mountain range, with mixed irrigation water access. 

The coastal areas have lower altitudes and are not hilly. As one moves farther 

from the coast, the terrain becomes more hilly and agriculture becomes more 

rainfed. The irrigation project does not extend into the hilly regions because 

they are less accessible, and the terrain makes it more difficult to transfer 

water into those areas. The size of the total study area – the three regions – is 

about 16km by 7km. The first area of the three, running along the sea, is 

called Diyyar El Hojjej (DEH) and was chosen because it is one of the main 

public irrigated areas in Korba. The second, Garet Sassi (GS), is a mixture of 
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public irrigated, private irrigated and rainfed farming. The third, Beni Ayash 

(BA) is the largest area of the three and is made up of primarily rainfed 

farming and low-value crops such as cereals (Figure 1).  

 

 

!
Figure)1:)Cap)Bon;)Research)Site;)Three)Research)Areas)
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RESEARCH)QUESTIONS)
In order to understand the issues of adaptation and access to irrigation 

water, I asked the following research questions: 

  1) How is the adaptive capacity of farming households in northeastern 
  Tunisia impacted by the transition from private irrigation (private well  
  and rainfall) to a public surface water irrigation system?  

  a) In what ways are national-level incentives to increase public  
  irrigation impacting adaptive capacity efforts at the local level? 
  2) What are the adaptation strategies of farming households in 

 northeastern Tunisia to environmental stressors? 
  a) Who is primarily responsible for adaptation to climate   

  change?  
  b) Do national policies and regional and local institutions   

  facilitate or hinder  the adaptive capacity of households and  
  communities? 

 

To address these questions, I used the following methodological 

approach. I spent nine months in the field, split between the capital city of 

Tunis and the small agricultural town of Korba. I collected a combination of 

quantitative and qualitative data at several different scales. At the national 

and international scales, I interviewed government and NGO representatives 

and employees of organizations such as the World Bank and the Food and 

Agricultural Organization (FAO). At the local level, I interviewed government 

representatives and people from vegetable processing factories and other 

middle-men in the agricultural chain. Finally I conducted a semi-structured 

interview with 74 farmers.  

For my theoretical framework, I used the Sustainable Livelihoods 

Approach (Chambers and Conway 1992; Lemos et al. 2013; Scoones 2013; 
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Scoones 1998), first developed by Chambers and Conway in 1992, which has 

been used as a way to assess AC. As I discuss in depth in the literature review, 

there are different versions of the framework, but they have factors in 

common. The framework is based on the livelihood “assets” or capitals 

categories that are different factors that affect people’s lives and decision-

making, and in turn affect adaptive capacity. Although the different 

frameworks vary slightly, they generally include the following capitals: human 

capital, financial capital, social and political capital, natural capital, 

information/communication, and infrastructure/technology. For each of these 

categories, there are indicators that can be used to assess where a household 

or community lies on a spectrum of adaptive capacity in each capital. These 

can be considered micro-indicators of AC. This is a integrated approach to 

farmer adaptation to environmental stressors that takes into account various 

different capital assets including environmental ones such as access to water, 

financial and economic policy, knowledge and understanding of 

environmental changes, and flexibility to adapt. This framework allowed me 

to integrate all the factors impacting Tunisian farmers’ ability to adapt to 

environmental changes and stressors. 

 

LAYOUT)OF)THE)CHAPTERS)
Chapter 2 provides a background of the study region. There, I give an 

overview of the environmental context of Tunisia, including the climate, 
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geography and some political and historical background. I present the current 

climate change predictions for the country and for my specific region, as well 

as climate impacts on water and agriculture. Finally, I present background on 

the water transfer project that brings surface irrigation water to the area 

around Korba. I explain the reasons for some parts of the region having public 

irrigation pipes and others not. 

Chapter 3 presents the literature review, and how my question fills an 

important gap in the theory of climate change adaptation. Although my 

dissertation spans a broad spectrum of disciplines and references literature 

from many of these, the main literatures I present are climate change 

adaptation and the sustainable livelihoods approach (SLA).  

Chapter 4 is a discussion of the research questions and hypotheses. 

Broadly, my research questions were about adaptation options and the 

adaptive capacity of farmers in the Korba area. The phenomena they are 

adapting to is much broader than climate change. They are adapting to water 

scarcity and degradation more generally, but climate change is exacerbating 

these problems. As mentioned previously, I used the SLA for my analysis. In 

this chapter I also present the main capital assets that I use as indicators of 

adaptive capacity. 

In Chapter 5, I explain my methods. This includes the design of the 

project, my sampling method, what I actually did in the field and the obstacles 
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I encountered, and my approach to data analysis. From the start, my plan was 

to use a mixed methods approach, combining both quantitative and 

qualitative methods, and I was able to collect quantitative and qualitative data 

to do so. 

Chapter 6 is the findings chapter, which is divided into five sections 

based on the questions I asked farmers. Section 6A explores one aspect of 

human capital: flexibility in farming behaviors. This includes numerous 

behaviors that I asked the farmers about in the interview. I then conducted a 

statistical analysis to test whether the behaviors are correlated with types of 

water access, and then did a content analysis of farmer elaborations to 

examine some of the possible reasons that these correlations were or were not 

present.  

Section 6B examines another aspect of human capital: self-efficacy. 

The data come from one question I asked farmers: “Do you feel that with your 

present resources, you are able to deal with these [environmental] risks?” The 

section explores whether the farmers I interviewed in different types of water 

access systems felt that they were able to effectively deal with their problems, 

and the reasons for them feeling this way. For this question, I also conducted 

a statistical test then a content analysis on the elaborations. 

Section 6C explores another aspect of human capital: climate change 

perceptions. The data are based on the following question that I asked 
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farmers: “Have you noticed changes in the climate in the past 5 years?” I 

encouraged farmers to elaborate, especially if they stated that they had 

noticed changes. Farmers were given time to name and discuss as many 

changes as they liked. Once again, I conducted both a statistical analysis on 

their responses, as well as a qualitative content analysis on the elaborations. 

Section 6D discusses the financial and economic policies that affect the 

adaptation options of farmers. The data come from the interviews I conducted 

with farmers, government officials, NGOs and international institutions such 

as the World Bank, as well as secondary sources including government and 

World Bank reports. I was surprised to find that, to a large extent, economic 

policies set forth by the national government constrained farmers’ choices. 

Thus, I dedicate an entire chapter to these policies. These policies are 

implemented by the government in the name of national food security, and 

include price caps and supply controls on specific staple food items. I discuss 

these policies and their impacts on farmer livelihoods and farmers’ ability to 

adapt to stressors.  

Section 6E is the water section, in which I explain how the distribution 

of public irrigation water highlights the difference between the ways that the 

national government and farming households view water scarcity and 

efficiency.  

Finally, Chapter 7 is the discussion and conclusions chapter. It 
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integrates my findings into conclusions from the dissertation, discusses them 

in the broader context, presents policy recommendations and suggests 

directions for future research. 
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CHAPTER TWO: REGIONAL BACKGROUND 

GEOGRAPHY)
Tunisia is a small country in North Africa situated between Algeria and 

Libya. Despite its small size, which is just over 63,000 square miles, its 

geography and climate are diverse. The country can be divided into four 

climatic zones (Figure 2). The Northern region, which includes the northwest 

along the Atlas Mountains, has a Mediterranean climate with cool wet winters 

and warm dry summers. The central and eastern regions are semi-arid. The 

southern region is arid and has the nation’s greatest climate variability. 

Finally, the southwest and extreme southern regions are arid with variability 

in interannual rainfall. 
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!
Figure)2:)Temperature)Map)of)Tunisia))
Source:)Climatic)Research)Unit)at)the)University)of)East)Anglia,)UK)

)
 

RAINFALL)AND)TEMPERATURES)
The North is a semi-arid Mediterranean climate which receives 500-

1500mm of rain annually (Figure 3). The climate there is marked by highly 

variable rainfall patterns and moderate annual temperatures. The northwest is 

the most humid area and can receive more than 1000mm of annual rainfall, 

while the northeast, which includes Tunis and the Cap Bon, is less humid and 

receives between 400-500mm in an average year, with the highest rainfall 

amounts in the winter and lowest in the summer (Zammouri and Feki 2005). 

Hence, the northern region has water surpluses in winter and shortages in the 

summer. Temperatures in the Cap Bon range from about 10°C in the winter to 

around 30°C in the summer. The south receives between 50-150mm of rain 

annually, and temperatures there range from 20 to 40°C throughout the year. 
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The center of the country gets between 200-300mm of annual rain. 

Temperatures in the central western region are the most variable, with ranges 

of about 20°C between winter and summer.  

 
 

!
Figure)3:)Precipitation)Map)of)Tunisia)
Source:)Chaieb)2013))
)
!
!

THE)PEOPLE)OF)TUNISIA)
Tunisia is an Arab country with a population of approximately 12 

million people. The population is largely homogeneous, at 98% Arab and 99% 

Sunni Muslim. The indigenous Berber group makes up less than 1% of the 

population. Berbers were the majority inhabitants in ancient times, until the 

Phoenician empire took over the ancient city of Carthage in 814 BC. Carthage 
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became one of the most powerful centers of the Phoenician empire. Carthage 

became independent in the 6th century BC and gained control over the 

surrounding areas. After a series of wars with the Greek Empire, Carthage also 

had control over Sicily and Sardinia (Brittanica 2017).  

During the rise of the Roman empire, Carthage was one of the most 

formidable enemies of the Roman republic. However, in 509 BC a treaty was 

signed between Carthage and Rome that divided up commercial activities. 

During this time, Carthage was the commercial center of the entire western 

Mediterranean region. This lasted for several hundred years, until the Punic 

Wars between Carthage and Rome. These were a series of three wars which 

spanned 265 BC to 146 BC when Carthage was finally destroyed and became 

part of the Roman empire. During the last war, the city was completely 

destroyed and thousands of its citizens were killed. This was the end of its 

independence (Brittanica 2017). 

The Romans occupied Tunisia for the next 800 years. Under Roman 

rule, Carthage was the most prosperous and influential city in Africa, and the 

Romans used the city as a base from which to conduct their affairs in all of 

North Africa. There are still incredible Roman ruins that can be seen in 

Carthage and throughout the country today. The Roman amphitheater of El-

Djem in Tunisia rivals the Colosseum, it being in a much better state of repair 

and highly accessible to the public. There are also entire ancient Roman cities 



17 
 

that tourists can walk through. 

Arabs conquered Tunisia in the 7th century BC and brought Islam to 

the country (Davidson and Gitlitz 2002). Since then the vast majority of the 

population has been Muslim. The Ottoman empire also ruled the country for 

approximately 40 years in the 16th century. France colonized Tunisia in 1881, 

and Tunisia gained its independence in 1957. 

Tunisian women enjoy greater gender equality and access to health 

care than in many of their neighboring Arab countries. The government 

undertook many policies, beginning in the 1960’s, to improve health, reduce 

population growth and promote gender equality. These programs have been 

largely successful. Government policies raised the legal age for marriage, 

instituted family planning programs and legalized abortion in 1965 (CIA 

Factbook 2017). The fertility rate dropped from seven in the 1960’s to 

approximately two today. Polygamy has been illegal in Tunisia since 1956, 

and it is the only Arab nation where that is the case.  

It is a highly educated nation, where the adult literacy rate is 82% and 

youth literacy is 96% for girls and 98% for boys (UNICEF 2013). However, 

there is still a large young working-age population and high rates of 

unemployment − which was about 15% in 2016 (CIA Factbook 2017). The labor 

market is about 52% services, 33% industry and 14% agriculture (CIA Factbook 

2017). There has been a history of labor migration to Europe and also to the 
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Arab oil nations, such as neighboring Libya (CIA Factbook 2017). 

Approximately 10% of the population is below the poverty line. However, 

regional disparities in income and living standards within the nation are high 

(Bibi 2011). The high rates of unemployment, especially among college-

educated youth, persistent rates of poverty and inequality, as well as the 

corruption and authoritarianism of the previous regime, are some of the 

reasons that led to the Tunisian revolution in 2011. 

The county of Korba – where I conducted my fieldwork – is largely an 

agricultural and fishing area. It has a population of 38,000 (Korba Statistics 

office) and consists of a small coastal town surrounded by agricultural land.  

POLITICAL)SITUATION)
I conducted my field work two years after the Tunisian revolution, 

sometimes also called the Jasmine Revolution. In December 2010, after a 

young Tunisian man self-immolated in protest to being mistreated by a 

municipal officer, popular uprisings quickly spread through the nation. After 

28 days of uprisings, the former president, Zine El Abidine Ben Ali, stepped 

down, and he and his family went into exile. The revolution sparked the 

subsequent wave of revolutions throughout the region known as the Arab 

Spring. During the time that I was there (July 2013 - May 2014), the interim 

president was Mohamed Moncef Marzouki. A group called the Constituent 

Body of Tunisia had been elected to govern the country temporarily and to 

oversee the writing of a new constitution. This process of constitution 



19 
 

creation went on for about two years, during the time I was there. It was a 

major topic of discussion among professors, students and the government 

officials I interviewed. The constitution was approved in January 2014.  

The political situation only marginally affected my work. The 

revolution and its outcome was on many people’s minds, and I would say that 

it gave them a sense of optimism and empowerment. At the time I was there, 

the revolution had not had much effect on the agricultural institutions, food 

economic policies or other issues that I researched. Farmers did mention that 

there was less government enforcement of well-digging in prohibited areas, 

which had led to an increase in the illegal digging of wells. Otherwise, the 

political situation had no impact on my work. 

CROPS)

TYPES&OF&CROPS&
There are three major categories of crops in the Korba region, that 

correspond loosely to the three types of water access in the region (Table 1). 

Broadly, the crop categories are strawberries, vegetables, and cereals. The 

vegetables include tomatoes, peppers, onions, and sometimes other 

vegetables such as pumpkins. With regard to water, the first area is the public 

irrigation area (PPI), the second is private irrigation from wells, and the third 

is rainfed. In the public irrigation area, most farmers grow at least some 

strawberries. Some farmers grow only strawberries; others grow strawberries 

as an income-generating crop, to supplement less lucrative crops. Less 
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lucrative crops usually fall in the second category, which are the vegetables 

grown by the farmers with private well irrigation. The third category is the 

rainfed farmers who grow mostly cereals (for human consumption and 

livestock consumption), fodder, and herbs.  

Finally there are a few farmers that do not easily fit into these 

categories. I spoke with two farmers who grow only grapes, both table grapes 

and wine grapes. These grapes are native to the region and drought-resistant, 

and seemed to be an effective crop to cope with many of the problems that 

farmers face. The grapes are not only resilient to environmental stressors, but 

they are lucrative crops − especially wine grapes. Many farmers also have olive 

trees interspersed with their other crops. However, because these are not the 

regular crops that were being grown in my region, I do not discuss them in my 

findings.  

 

 

Table)1:)Types)of)Crops)in)Korba)
Very)waterS
intensive,)not)
drought)resistant)

WaterSintensive,)can)
survive)some)drought)or)
less)regular)irrigation)

Rainfed:)droughtS
resistant)

Strawberries! Tomatoes! Cereals!
! Peppers! Fodder!
! Onions! Herbs!
! ! Olives!
! ! Grapes!

 

 



21 
 

It is important to note that almost all of the vegetables in the Korba 

region are what the Ministry of Agriculture terms “protected” foods (FAS 

Tunis). Protected foods are deemed to be staple foods and hence their prices 

are controlled in different ways by the government. I discuss these policies in 

depth in Chapter 6. 

MARKETIZATION&OF&TOMATOES&
The majority of tomato farmers in my region sell their tomatoes to a 

few large local factories for processing into tomato paste. Tomato paste is an 

important food item in Tunisia. The Cap Bon, although a relatively small piece 

of land, produces between 25% and 35% of the nation’s tomatoes (FAOSTAT). 

However, many tomato farmers told me that while Korba has always been 

known as the main tomato area in Tunisia, that is slowly changing now as 

farmers abandon this important crop because of pricing problems. 

SEEDS&AND&INPUTS&
The seeds of the majority of crops in the Korba region are imported, 

primarily from Europe. This includes all of the strawberries, vegetables, and 

some of the cereals. The only crops whose seeds are Tunisian are herbs, 

fodders and some varieties of cereals. The majority of the farmers I 

interviewed grew vegetables, tomatoes and strawberries. Importing seeds not 

only adds to the costs of inputs for farmers, but the imported seeds are also 

not the best climatically adapted to Tunisia. I was told by farmers and 

researchers that there used to be varieties of native vegetables in the country 
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that were better adapted to drought. The varieties that are currently used are 

mostly from Europe and not as well-adapted to drought, which means that the 

crops require more frequent and more regular irrigation. 

CLIMATE)CHANGE)IMPACTS)

PAST&AND&CURRENT&IMPACTS&
In addition to the water scarcity and climate variability that have 

always been the norm in Tunisia, the country is also currently experiencing 

the impacts of climate change. Average temperatures in Tunisia have 

increased by 1.4°C during the 20th century. This ranges from approximately 

1.8°C in summer and 1.2°C in the spring. The most serious warming has 

occurred in the summer, and regionally in the North and South. Changes in 

precipitation are regionally differentiated. The northern and western regions 

have experienced the most significant changes, with a total annual rainfall 

decrease of 5% each decade since the 1950’s (Verner 2013). 

Other climate change impacts include extreme events and sealevel rise. 

There has been an increase of days with heavy rainfall, which is defined as 

more than 30mm daily. There has also been increasing desertification in the 

south. Across the Mediterranean basin, the sea level has been rising by 3.1mm 

annually since 1992. There is ecological evidence of salt-tolerant vegetation 

migrating further inland around the Gulf of Gabes (Verner 2013). 
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FUTURE&IMPACTS&
Average annual temperatures are expected to increase by 1.7-2.7°C by 

the 2050’s (Verner 2013; USAID Factsheet). Increases could be much greater 

when examined both seasonally and regionally – for example, up to 5.3°C 

increase in the summer near Tozeur (Verner 2013). 

 

 

!
Figure)4:)Predicted)Temperature)and)Precipitation)Changes)

 

 

Precipitation predictions vary greatly between regions, but 

precipitation is generally projected to decrease by 10-30% by the 2050s 

(Conway and Hulme 1996; Arnell 1999; Sánchez et al. 2004; Milly et al. 2005; 

Suppan et al. 2008; Alpert et al. 2008; Evans 2008a, b, 2009, as cited in Sowers 
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2010). 

There is a lack of data on extreme events. There are some predictions 

that drought cycles will get shorter, from ten to approximately seven, or even 

five or six years (National Intelligence Council report, 2009). Other 

predictions include more frequent heat waves, and more frequent intense 

precipitation events. There will also be increasing desertification moving from 

the south towards the north, and the country will become more arid overall. 

With regards to sealevel rise, models suggest the Mediterranean could rise by 

3-61cm in the 21st century. Some models predict a rise of 35-55cm along the 

Tunisian coast. The combined effects of temperature and salinity are 

uncertain. 

IMPACTS&ON&WATER&
Tunisia is classified as a water scarce country, as the water availability 

is 400 cu3 per capita annually (World Bank), and the accepted definition of 

water scarcity is anything under 1000 cu3 annually per capita (Falkenmark 

1989). The groundwater resources are already stressed in many regions. The 

combination of over-exploitation, sealevel rise and decreasing rainfall will 

lead to increasing water scarcity. It is predicted that there will be a 28% 

decrease in water resources by 2030. Some models predict the water 

availability to decrease to 293 cu3 by 2025 (Verner 2013). 

This scarcity also leads to decreasing quality, as a result of increased 

salinity in the groundwater. Groundwater salinity is already high throughout 
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the nation, as it is currently estimated that more than 30% of the country’s 

groundwater contain 3g/l of salinity (Abou-Hadid et al. 2006). This is 

classified by the FAO as slightly saline (FAO). This number will continue to 

increase with decreasing rainfall and increased groundwater pumping, 

particularly along the coasts. 

IMPACTS&ON&AGRICULTURE&
The Tunisian agricultural sector makes up 15-18% of national GDP and 

25% of the labor force, but accounts for 82% of water usage. Climate impacts 

are predicted to decrease the amount of arable land by 20% by 2030, mostly in 

the center and southern regions of the country. It is predicted that there will 

be a 17% decrease in total national wheat yield by 2050. There will also be 

indirect impacts due to increasing water salinity. Some models predict farmer 

incomes to decrease by 13% by 2030 due to climate change alone (Mansour 

and Hachicha 2014; Verner 2013). However, models do not always account for 

adaptation, which may decrease losses over time.  

WATER&REDISTRIBUTION&PROJECT&
One of the ways that the Tunisian central government deals with these 

increasing environmental problems is by implementing large infrastructure 

projects such as water transfer canals. In May of 1984, the Canal Medjerda-

Cap Bon was completed. It is currently 120 km long, and transfers 470 million 

cu3 of water annually from the northwest of Tunisia throughout the northern 

area, into the Cap Bon peninsula, and down the Sahel. It carries drinking 
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water to the capital city of Tunis, the Cap Bon, and down the Sahel to Sfax. It 

also carries irrigation water to the agricultural areas around Tunis, Ben Arous, 

and throughout the Cap Bon (GEORE, chap. 1.2.3.7). The transferred water is 

surface water that comes from the Medjerda River, the largest river in Tunisia. 

The river originates in the Atlas Mountains of Algeria, flows through the 

northern part of Tunisia and empties in the Mediterranean Sea near Tunis.  

 
Water&Transfer&to&the&Korba&Region&

In 1998, a 37km extension of the Canal Medjerda-Cap Bon was built to 

bring water into the small town of Korba in the Cap Bon peninsula and the 

surrounding farmlands, which is the site of my field research. The canal 

extension into Korba gives access to surface water irrigation to 1500 hectares 

of farm land, which at the time of construction encompassed 427 farms. The 

project cost approximately 14 million Tunisian Dinar or $5.6 million 

(Factibilité report).  

The main crops in the area were, and still are, vegetables. The region 

around Korba is the most important area in the nation for vegetable crops, 

especially tomatoes. Tomato paste is an important staple in the Tunisian diet, 

and the majority of the nation’s tomatoes come from the Korba area. It is also 

an important area for peppers (also very important in the Tunisian diet), 

potatoes, onions, and winter crops like cabbage, cauliflower, and greens. The 

economic importance of this vegetable region was one of the reasons why the 
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Ministry decided to build the extension to the canal.   

 
Situation&Before&the&Project&

Up until the construction of the extension, farmers in the area irrigated 

mostly from the digging of private wells. There were 355 wells within the 1500 

hectares, and the number of wells was constantly increasing. The water table 

was being over-pumped and was falling rapidly. The norm for pumping from a 

well is 8 hours of pumping per day. But the water table had been falling to the 

point where during the summer – the driest season – some wells could only be 

pumped for a few hours per day. Because of the lack of water, many farmers 

were unable to continue their work, and lands were being abandoned.  

 
The&Four&Stated&Goals&from&the&Project&

The government decided that for all of these reasons, some parts of the 

Korba vicinity should be included in the Medjerda Canal irrigation project and 

receive surface water. The broad stated reasons for the extension was for the 

“protection” of this area, both socio-economically and ecologically. The 

specific stated reasons for the extension were:   

1 - Increase farmer incomes through an increase in agricultural 
 intensity.  

2 - Teach farmers to value water more.  
3 - Protection and recovery of the water table in the region.  
4 - Increase farmer incomes through encouraging them to expand land  

 size.  
Source: Factibilité report  
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The project gave farmers in the region access to surface irrigation 

water, which at the time was more abundant and reliable than the private 

wells or rainfall that they relied on for irrigation. My dissertation project 

examines the impacts of this change in water access on the adaptive capacity 

of Korba farmers. 
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CHAPTER THREE: LITERATURE REVIEW 

In this chapter, I review the literature relevant to my study. First, I 

review the literature on previous and current thinking on climate change 

adaptation, resilience and vulnerability, including a brief discussion on 

international development and the ways in which climate change adaptation 

policy is thought to interact with development policy. I next discuss the 

Sustainable Livelihoods Approach (SLA) and the intersections between 

climate change adaptation and livelihoods. Much of this literature is what is 

called “grey” literature written by international development organizations, 

such as the World Bank, the International Institute for Sustainable 

Development (IISD), policy centers and think tanks. Some of these papers are 

written by academic scholars, but the writing is usually directed towards a 

more policy-oriented audience. 

As mentioned in Chapter 1, the motivation for this study was my 

observation that large infrastructure and technical projects are often the main 

approach for managing environmental problems in developing nations. In the 

context of agriculture, this infrastructure includes irrigation. I wanted to dig 

deeper into the assumption that increasing irrigation would improve water 

scarcity problems. In particular, I wanted to examine the impacts on the 
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adaptive capacity of farmers. 

CLIMATE)CHANGE)ADAPTATION)

BRIEF&HISTORY&
Adaptation to climate change impacts began gaining attention in policy 

discussions as people realized that, despite mitigation efforts, the impacts of 

climate change were already happening in some regions, and populations and 

ecosystems needed to adapt (Burton et al. 2002; Schipper 2007). Adaptation is 

especially important for developing countries for several reasons. First, the 

impacts of increasing greenhouse gas (GHG) emissions are disproportionately 

being observed there. Second, they often do not have the resources to buffer 

the impacts as developed countries do. Third, many nations are struggling to 

balance development priorities against coping with climate change impacts 

(Schipper 2007). As a result, a decade ago, international findings showed that 

adaptation was inevitable and thus needed to be an ongoing part of the policy 

discussions around climate change (IPCC 2007).  

In 1988, the International Panel on Climate Change (IPCC) was formed 

by two United Nations organizations: the World Meteorological Organization 

(WMO) and the UN Environment Programme (UNEP). The mission of the IPCC 

is to “assess the scientific, technical and socioeconomic information relevant 

for the understanding of the risk of human-induced climate change.” (IPCC 

History). The organization publishes scientific reports written by experts on 

all aspects of climate change, including climate impacts and adaptations. 
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The very first IPCC set of Assessment reports, published in 1991, did 

not include a report on adaptation. However, the second set of Assessment 

Reports, published in 1995, did include an adaptation report entitled, 

“Impacts, Adaptation and Mitigation of Climate Change: Scientific-Technical 

Analysis”. The United Nations Framework Convention on Climate Change 

(UNFCCC), established in 1992, mentioned adaptation. However, at that time 

there was still a lack of research on the meaning of adaptation and how to 

conduct adaptation assessments.  

Adaptation became a significant part of IPCC discussions in 2001 at the 

Conference of the Parties (COP) meeting in Marrakech (Burton et al. 2002), 

where the parties established two new funds for adaptation: the Special 

Climate Fund and the Least Developed Countries Fund. Part of the latter funds 

went towards the National Adaptation Programs of Action (NAPAs), 

established for least developed nations to receive money for their adaptation 

needs. Since then, there has been increasing attention on adaptation in 

policy, research, and funding opportunities. In the Paris Agreement of 2015 

adaptation was emphasized even more. The agreement attempts to balance 

available financing for adaptation and mitigation efforts. There now exists a 

massive literature on adaptation including a diversity of definitions of the 

terms and approaches. The increase in literature is, to a large part, in response 

to the last two decades of increasing climate change impacts and the policy 
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changes surrounding climate change. I next provide a brief overview and then 

focus on the literature I used for this study. 

DEFINITIONS&
As the effects of climate change increase globally and receive more 

international attention, research into the ways in which communities can 

adapt to these impacts has also expanded rapidly (Strauss and Orlove 2003; 

Hastrup 2009; Crate and Nuttall 2009, 2016; Fiske et al. 2014). Although I 

focus on adaptation in this project, the concepts of adaptation, vulnerability, 

resilience and adaptive capacity are interrelated (Smit and Wandel 2006), and 

so require some discussion here. I begin with the definitions used by the IPCC, 

shown in Table 2. 
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Table)2:)Definitions)from)IPCC)
Term) Definition)
Vulnerability) “The!degree!to!which!a!system!is!susceptible!to,!or!unable!

to!cope!with,!adverse!effects!of!climate!change,!including!
climate!variability!and!extremes.!Vulnerability!is!a!
function!of!the!character,!magnitude,!and!rate!of!climate!
variation!to!which!a!system!is!exposed,!its!sensitivity,!and!
its!adaptive!capacity.”!(IPCC,!2001,!995)!(IPCC!Def.!1)!
from!Brooks!2003.!

Resilience) “The!ability!of!a!system!and!its!component!parts!to!
anticipate,!absorb,!accommodate!or!recover!from!the!
effects!of!a!hazardous!event!in!a!timely!and!efficient!
manner,!including!through!ensuring!the!preservation,!
restoration!or!improvement!of!its!essential!basic!
structures!and!functions.”!(IPCC,!2012!as!cited!in!Gitz!and!
Meybeck!2012).!

Adaptation) “Refers!to!adjustments!in!ecological,!social,!or!economic!
systems!in!response!to!actual!or!expected!climatic!stimuli!
and!their!effects!or!impacts.!It!refers!to!changes!in!
processes,!practices,!and!structures!to!moderate!
potential!damages!or!to!benefit!from!opportunities!
associated!with!climate!change.”!(Smit!and!Pilifosova!
2007).!

Adaptive)Capacity) “Ability!of!a!system!to!adjust!to!climate!change!(including!
climate!variability!and!extremes)!to!moderate!potential!
damages,!to!take!advantage!of!opportunities,!or!to!cope!
with!the!consequences”!(IPCC!2001,!as!cited!in!Gallopin!
2006,!300).!“It!is!shaped!by!the!interaction!of!
environmental,!social,!cultural,!political!and!economic!
forces!that!determine!vulnerability!through!exposures!
and!sensitivities,!and!the!way!the!system’s!components!
are!internally!reacting!to!shocks.!In!fact,!it!has!two!
dimensions:!adaptive!capacity!to!shocks!(coping!ability)!
and!adaptive!capacity!to!change.!The!first!dimension!is!
related!to!the!coping!ability!(absorption!of!the!shock),!the!
second!dimension!is!related!to!time!(adaptability,!
management!capacity).”!(from!Gitz!and!Meybeck!2012).!
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In general, adaptation is viewed as a set of behaviors and precursors to 

behaviors that increase the resilience of the system as a whole (Pelling 2011; 

Walker et al. 2004). The relationship between adaptive capacity and resilience 

is important to clarify because I will use both terms. Lemos et al. (2013) state 

that “adaptive capacity is the capacity of actors in the system to manage and 

influence resilience” (5). Hence, adaptive capacity is an attribute of resilient 

systems (Nelson et al. 2007), and resilience implies the capacity to adapt to 

perturbations. This means that the more adaptive capacity that exists within 

the system, the more likely the system will be resilient to climate stresses 

(Figure 5).  
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!
Figure)5:)One)Model)of)AC,)Sensitivity,)Exposure)and)Vulnerability)
Source:)Engle)2011)

 

 

Resilience is a concept that originated in ecological sciences, and its 

application to human systems is problematic in some ways (Crate 2011; 

Gallopin 2006; Adger 2000). In the ecological sciences, a system has a set of 

“essential functions,” and resilience means that the system can absorb shocks 

while still maintaining those essential functions (Folke 2006; Gallopin 2006). 

When a system experiences a perturbation (Gallopin 2006), response is 

usually divided into three stages (Pelling 2011; Walker et al. 2004). The first is 

stasis, where the system stays essentially the same throughout the 

perturbation. In the second, usually called transition or adaptation, the 

Author's personal copy

(Adger, 2006), the concept of adaptive capacity has begun to
receive more attention in this literature (Carpenter and Brock,
2008; Pahl-Wostl, 2009).

Adaptive capacity in resilience studies, often described as
‘adaptability’, is the capacity of actors in the system to manage and
influence resilience (Walker et al., 2004). Humans influence
resilience by facilitating interactions between human and envi-
ronmental components of a system (Walker et al., 2006). Thus, the
more adaptive capacity within a system, the greater the likelihood

that the system will be resilient in the face of climate stress (i.e.,
humans can manage social-ecological interactions in a manner
that maintains the system state, or the status quo). In the resilience
literature, adaptive capacity is also a property that can facilitate
transitions or transformations, with transformation meaning to
move to a new system state when the current state is untenable
(oftentimes when the system is in a resilient, but ‘undesirable’
situation) (Folke, 2006). In managing resilience, adaptive capacity
influences a SES by modulating between maintenance of the status
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Fig. 2. A basic depiction of adaptive capacity’s role in managing resilience. Systems with higher adaptive capacity are more likely to result in a desirable system state (left
portion of the figure), while those with less adaptive capacity are less likely to result in a desirable system state (right portion of the figure).
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Fig. 1. A basic depiction of adaptive capacity’s role in influencing vulnerability. Adaptive capacity affects a system’s vulnerability through modulating exposure and
sensitivity.
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system undergoes minor changes as a result of the perturbation but maintains 

its basic features. Finally, in the third stage, the system becomes transformed 

and gains new features. All three of these stages constitute resilience, which is 

defined simply as the system’s ability to persist, even if in a different state 

(Carpenter et al. 2001). All actors’ behaviors influence resilience1.  

In human systems the concept of transformation has caused quite a bit 

of confusion. Does an agricultural community that adapts to a drought by 

migrating to a city display resilience or a lack of it? There has not been 

agreement on answers to these types of questions. However, there has been a 

rich discussion of transformative resilience in the field of anthropology. Crate 

(2011) and Oliver-Smith (2016) point out that migration has long been 

considered an adaptive strategy, but now, in the context of climate change, it 

is often viewed as a maladaptation (Oliver-Smith 2010; Crate 2011; Oliver-

Smith 2016). Scholars have been calling for “transformational adaptation” 

(O’Brien 2012; Pelling et al. 2014; O’Brien et al. 2015) to be considered 

adaptive. These adaptations can lead to fundamental changes in the “nature, 

composition, and/or location of activities or systems” (O’Brien et al., in 

Inderberg et al. 2015, 275). In the last chapter of their edited book, O’Brien et 

al. (2015) state that in this current era of catastrophic climate change, great 

transformations in practical, political and personal spheres are necessary. 

                                                
1Please!see!Folke!2006!for!a!more!detailed!review!of!the!concept!of!resilience,!its!origins!in!ecology!
!
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They also stress both the reactive as well as the anticipatory adjustments. 

They go even further to state, “adaptation involves more than simply 

accommodating the impacts of climate change: it is also about confronting 

the societal context in which these changes are occurring” (O’Brien et al., in 

Inderberg et al. 2015, 286).  

However, there is no agreement on these definitions, on their 

relationship to each other or on their application in the field. Some authors 

equate resilience with adaptive capacity, or resilience with the absence of 

vulnerability (Gallopin 2006; Smit and Wandel 2006). There has also been 

criticism of the these terms and their applications from scholars in many 

fields such as anthropology and geography. Oliver-Smith (2016) and Fiske et 

al. (2014) present some of these criticisms. Questions they raise include: what 

are the temporal frames within which we can judge adaptation as having 

succeeded (64)? How do we deal with systems that perpetuate increased 

vulnerability for some populations? “In other words, what is being adapted to 

— climate change itself, or a system of structural disadvantage exacerbated by 

climate change?” (Fiske et al. 2014, 42). My project focuses on the adaptation 

stage, and more specifically on adaptive capacity, which is necessary to 

adaptive behavior. 

It is important to differentiate between short-term coping and long-

term adaptation. Short-term coping strategies aid communities and 
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households in surviving a short-term risk, but they may undermine their 

resources in the long-term. Often, households that are severely resource 

constrained tend to make short-term risk management decisions that may 

negatively impact their situation in the future (Lemos et al. 2013). Adaptation, 

on the other hand, allows assets to be maintained in the long-term. Adaptive 

capacity is crucial for both short-term coping and long-term adaptation. The 

existence of adaptive capacity in a system does not necessarily translate into 

long-term adaptation; rather it contributes to the process of generating a 

more resilient state. Hence, our understanding of the factors that build or 

impede adaptive capacity in different contexts needs to be improved (Lemos 

et al. 2013). 

Other scholars state that coping is a reactive, short-term response to 

risks, and that adaptation is a long-term changing of behaviors in anticipation 

of stressors. However, regardless of the terminology, the idea is that there is a 

type of adaptive behavior that is reactive to environmental risks, and another 

behavior that anticipates upcoming stressors and makes longer term changes 

to future stressors. I use the terms coping and adaptation to differentiate 

between these.  

Adaptation can be divided into two dimensions: adaptive behaviors and 

adaptive capacity (Adger 2005). While adaptive behavior describes 

adjustments and outcomes, adaptive capacity focuses on the processes that 
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lead to those outcomes. Eakin defines adaptive capacity as “the characteristics 

of an individual, household or population group which enable it to alter or 

structurally reorganize its activities to diminish present threats to survival 

while enhancing its ability to address new risks” (Eakin 2005, 1924). The 

understanding of the attitudes, beliefs and perspectives which make up 

adaptive capacity is central to the exploration of adaptation, because it is a 

precursor to action.  

A further refinement of the understanding of these terms includes the 

differentiation between generic and specific adaptive capacity (Lemos et al. 

2013). The former involves the resources and assets that allow a system to 

respond to a range of different stressors. For example, income is often 

recognized as a determinant of adaptive capacity despite having no relation to 

climate change. It is a general attribute that causes a system to be less 

vulnerable to a range of different stressors, including environmental ones. On 

the other hand, specific adaptive capacity is a set of conditions that allows a 

system to be resilient to a specified threat − in this case, climate change. An 

example of specific adaptive capacity is evacuation plans for flood-prone 

areas. 

It is difficult to assess the resilience of a system because adaptations 

are case specific and because adaptive responses interact and can be counter-

productive; i.e., one adaptation may improve the social situation but harm the 
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ecological one. Additionally, to a large extent, the research examining reasons 

for behavior change in response to a threat or risk – in other words, 

adaptations – is underdeveloped (Eakin 2002). However, theories built on case 

studies are increasing our knowledge of the determinants of adaptive 

capacity. For example, some of the determinants of adaptation that have been 

identified are: 

• recognition of a hazard (risk perception and information) 
• belief that adaptation is possible (subjective AC) and desirable 
• willingness to undertake adaptation 
• availability of necessary resources to adapt 
• ability to deploy resources 
• external constraints and enablers of adaptation, including policy 

context 
Grothmann and Patt 2008; Brown and Westaway 2011. 

 

Another problem is that much of the work on resilience and adaptation 

has been undertaken in isolation from other fields of inquiry. Impacts on 

communities and their capacity to adapt have often been assessed alone, 

without an investigation of other, unrelated, pressures the communities may 

be facing or supports at their disposal. Some anthropological studies discuss 

this topic (Crate 2014; Hastrup 2009). Social scientists such as anthropologists 

and geographers are becoming more involved in adaptation and resilience 

work, and that is an important need. This project will further that 

contribution.  
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RELATIONSHIP&TO&DEVELOPMENT&POLICIES&
Because much of the discussion and policy of climate change 

adaptation focuses on developing nations, the relationship between 

adaptation and development policy is important (Schipper 2007). Many 

international development organizations, including the World Bank and 

European and American development agencies, have begun to integrate or 

“mainstream” adaptation into their development policies (Schipper 2007). 

However, there is confusion about the ways in which adaptation and 

development interact. For example, one perspective is that mainstreaming 

climate adaptation into development programs aids development progress by 

making populations more resilient to climate fluctuations. This assumes that 

the enhancement of adaptive capacity can be done in concert with 

development programs and progress. However, an opposing view is that “the 

ability to adapt is considered dependent on the state of development” (Smit 

and Pilifosova 2001 as cited in Schipper 2007, 7). This view assumes that a 

certain level of development is a prerequisite for adaptive capacity. 

Sometimes it is implied that a focus on sustainable development will 

automatically lead to adaptive behaviors, and hence a more resilient state. 

However in some cases, development programs could actually undermine 

adaptation objectives, by increasing long-term vulnerability (Schipper 2007). 

More recently, adaptation has increasingly come to the forefront in 

discussions of development policy. Eriksen et al. state that mainstreaming 
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climate adaptation into development programs is not enough, but that it must 

also “drive fundamental changes in how we approach adaptation” (Eriksen et 

al. 2015, 15).  

DETERMINANTS&AND&INDICATORS&
In this dissertation, I focus specifically on AC, and use the indicators 

from SLA framework, described in the next section. Here I cover the concept 

of the determinants of AC and present examples of sets of indicators of AC. 

To better understand the capacity of a system to adapt, it is critical to 

first assess the determinants – that is, the factors that impact the system’s 

adaptation (Smit and Wandel 2006). There are numerous factors that can 

impact the ability of a system to adapt to environmental and climatic 

stressors. Determinants are context specific and will vary based on location, 

the type of community, and time (Smit and Wandel 2006).  

Whereas determinants are general factors that can impact the ability of 

a system to adapt, indicators are specific measures that correspond to each 

determinant. For example, a determinant might be economic resources, and 

its indicators might be income level, inequality level, amount of credit or 

debt, value of remittances, etc. 

The IPCC Third Assessment Report lists the following determinants: 

• economic resources 
• technology 
• information and skills 
• infrastructure 
• institutions 
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• equity 
Burton et al. 2002 

This same list is used by other researchers, including Swanson et al. in 

their project which assesses adaptive capacity of agricultural communities in 

the Canadian prairie to future climate change impacts (2009). Note that this 

list does not include natural or environmental resources, although the value 

of environmental resources could possibly be captured in other determinants.  

Yohe and Tol (2002) list a set of eight determinants of AC:   

• The range of available technological options for adaptation 
• The availability of resources and their distribution across the 

population   
• The structure of critical institutions, the derivative allocation of 

decision-making authority, and the decision criteria that would 
be employed     

• The stock of human capital including education and personal 
security   

• The stock of social capital, including the definition of property 
rights  

• The system’s access to risk spreading processes 
• The ability of decision-makers to manage information, the 

processes by which these decision-makers determine which 
information is credible, and the credibility of the decision-
makers, themselves 

• The public’s perceived attribution of the source of stress and the 
significance of exposure to its local manifestations.  

 

Some scholars recommend that each researcher come up with their own 

determinants and corresponding indicators so as to be context-specific. 

Brooks and Adger (2004) provide a list of criteria for indicator selection. They 

also state that indicators will vary greatly depending on the place but also on 
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the scale and unit of analysis. This might be the best approach, since every 

context, culture and region are unique and it might not be possible to have a 

one-size-fits-all list.  

While designing my project and searching for meaningful determinants 

and indicators for adaptive capacity, I found the SLA framework, sometimes 

also called the Sustainable Livelihoods Framework. This approach was 

developed with the goal of making international development programs more 

effective, participatory and interdisciplinary. However, since its development 

it has also been used for climate change adaptation research. I found it to be 

the best fit for my project. In the next section I describe the approach in detail 

and how parts of it are used in the assessment of adaptive capacity at the 

community or household scale. 

SUSTAINABLE)LIVELIHOODS)APPROACH)
The SLA emerged out of the desire to make international development 

interventions more effective (Morse and McNamara 2013). It built upon 

Amartya Sen’s work on entitlement theory (1981) and on capabilities (1984, 

1985). The SLA has sometimes been said to be the implementation 

mechanism of human development (Morse and McNamara 2013). It has been 

used by many international development agencies and organizations, 

including the United Kingdom’s Development Agency (DFID), the UN 

Development Programme (UNDP), Oxfam, CARE, International Institute for 

Sustainable Development (IISD), and the UN FAO (Morse and McNamara 
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2013).  

Although the term sustainable livelihoods had been used prior to the SLA 

development, the definitions and current framework that have become 

accepted were first presented by Chambers and Conway in 1992 in a working 

paper they wrote for the Institute of Development Studies (IDS) (Scoones 

2015; Morse and McNamara 2013). Their definition is the most commonly 

used in the field: “A livelihood comprises people, their capabilities and their 

means of living, including food, income and assets” (Chambers and Conway 

1992, 6). The IISD defines sustainable livelihoods as being “concerned with 

people's capacities to generate and maintain their means of living, enhance 

their well-being, and that of future generations” (Osman Elasha et al. 2015, 5). 

One of Chamber and Conway’s contributions is the introduction of 

livelihood capital assets, which became a foundational part of the SLA 

framework (Figure 6). Livelihood assets, or capital categories (Carney 1999; 

Morse and McNamara 2013; Scoones 2015), are the livelihood resources that 

people have access to and the means by which people can engage in the world 

(Morse and McNamara 2013; Bebbington 1999). The assets include both 

tangible assets such as infrastructure and income and natural resources, as 

well as intangible assets like knowledge and relationships. “Tangible assets 

are resources and stores, and intangible assets are claims and access” 

(Chambers and Conway 1992, 6). 



46 
 

The approach attempted to move development policy away from a 

focus on neoliberalism and modernization theory (Scoones 2015). The 

livelihoods approach, as opposed to conventional development theory at the 

time, focused on putting the needs of the poor first, and it used a grassroots 

and interdisciplinary method to tackle problems (Scoones 2015). The 

approach also emphasized taking an inventory of the current needs before 

developing an intervention (Morse and McNamara 2013). Livelihoods 

thinking, in essence, encourages us to take a holistic view of rural societies. 

Scoones (2015) states that many other scholars have used this approach 

previous to the 1990s, even if they did not use the term livelihoods. The 

attempt to approach rural development from an interdisciplinary perspective 

– integrating political science with anthropology, sociology and other fields –

has a long history. However, this integrated approach did not become part of 

mainstream development studies until the 1990s.  

In most of the SLA framework models there is some variation of the 

following five assets or capitals: natural, social, human, physical and financial 

(Scoones 1998; Carney 1998; Morse and McNamara 2013) (Figure 6).  
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!
Figure)6:)Five)Capital)Assets)of)the)Sustainable)Livelihoods)Approach))
Source:)Odero)2002)

 

 

Other scholars have expanded the list to include things such as 

spiritual, ethical or psychological capital, or equity. The fact that there is no 

single agreed-upon set of capital assets is seen as one of the framework’s 

strengths. Scholars and practitioners can choose the set of assets that are 

most meaningful for their particular context and location, which makes the 

framework very flexible. Of course, the downside is that this flexibility limits 

comparisons across different studies.  

In the SLA framework, the livelihood resources that the community or 

household has access to are the capital categories. These interact with 

institutional and organizational structures, to create to livelihood strategies, 

which then lead to livelihood outcomes (Figure 7). 

 

 3

Hussein, 2002; Bebbington, 1999; Baumann, 2000; Beall and Kanji, 1999; Turton, 2000; 

Hobley and Shields, 2000). Much less attention has been given to the (re)construction of 

the framework. For example, the so called “asset pentagon” hasn’t been modified1 since 

the framework was proposed by Scoones. While there have been alternative sustainable 

livelihoods frameworks suggested, for example, Agrisystems, Khanya’s, Brazilian, and 

the Imperial College (Carney, 2002), all these make use of the asset pentagon (Figure 1) 

 
 
 
                                        Social                                Human  
                                                      Capital                               Capital 
 
 
                                                Physical                                          Natural 
                                                   Capital                                         Capital 
 
 
                                           Financial 
                                             Capital 

 

 

 

2 THE SUSTAINABLE LIVELIHOODS FRAMEWORK 

Although the sustainable livelihood approach has been widely deployed as a guiding 

principle for rural development practice in the last five or more years, there is no 

unanimity regarding the origins of this approach. Singh and Gilman (1999), for example, 

locate the emergence of the “sustainable livelihood concept” in the United Nations World 

Commission on Environment and Development (WECD) popularly known as the 

Bruntland Commission after the Norwegian Prime Minister who chaired it even though 

the notion of sustainability precedes WECD.2 

S            H 
 
 

P                N
F 

Figure 1: The Pentagon Asset 
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!
Figure)7:)The)Sustainable)Livelihoods)Framework)or)Approach))
Source:)DFID)2002;)Odero)2002)
!
!
!
!

The livelihoods framework can be implemented at many different units 

of analysis; however, because it has been mostly used in rural and agricultural 

settings, the scale at which it is most often used is the household scale 

(Chambers and Conway 1992; Lemos et al. 2013).  

The model attempts to provide a multidimensional understanding of 

poverty. The smaller a household's or individual’s total capital, the greater 

their poverty (Morse and McNamara 2013). Bebbington (1999) introduced the 

idea of people or communities making trade-offs between capitals as an 

adaptation behavior: “We can think of sustainable development in terms of 

patterns in the accumulation and substitution among different types of 

capital” (Serageldin and Steer 1994 as cited in Bebbington 1999, 2030). An 
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example of this substitution is people choosing to destroy some of their 

environmental resources (natural capital) for a higher income (financial 

capital). These are the kinds of choices that the SLA allows us to model. Ellis 

(1998) also contributed to the framework by emphasizing how crucial 

livelihood diversification is to rural households, especially to those in 

developing countries. The power of the approach is that it emphasizes the 

balance between the different aspects of people’s lives, and it recognizes the 

interdependence of these aspects. As stated by Jacobs et al. 2015: 

The balance between the five capitals is equally if not more important 
 to adaptive capacity than the amount of any one type of capital. This is 
 because the five capitals often complement each other in the process of 
 generating livelihoods. For example, minimum levels of human and 
 social capital are necessary to effectively make use of natural, physical 
 and financial capital. Viewing adaptive capacity as a balance between 
 the capitals is also useful for capturing the transformative nature of the 
 capitals (Jacobs et al. 2015, 5). 

 

The framework is people-centered, but it also emphasizes that people 

cannot compromise their environments for their own livelihoods. The 

environment is integrated, or mainstreamed, within the framework (Carney 

1998 as cited in Morse and McNamara 2013). Unlike the economics view of 

capital, in the SLA framework, capital is not simply a tangible thing. It 

includes relationships, knowledge, and perceptions, and thus the model is 

thought to capture a more meaningful understanding of people’s existence 

and opportunities.  
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Sustainability is also a part of the livelihoods framework. A livelihood is 

defined as sustainable when, “it maintains or enhances the local and global 

assets on which livelihoods depend, and has net beneficial effects on other 

livelihoods. A livelihood is socially sustainable which can cope with and 

recover from stress and shocks, and provide for future generations.” 

(Chambers and Conway 1991, 6). This focus on sustainability later laid the 

foundation for the use of the livelihoods framework in climate change 

adaptation and resilience work.  

 

SLA&AND&ADAPTIVE&CAPACITY&
Although the SLA was first designed in policy efforts aimed to assess 

development before a project was implemented or to evaluate its success 

afterward, more recently the SLA framework has been used in the assessment 

of adaptive capacity (Jacobs et al. 2015; Sadik and Rahman 2009; Swanson et 

al. 2009; Osman Elsha et al. 2005; Deressa 2008; Osman Elsha et al. 2005; 

Vincent 2007). This approach has gained traction with international aid 

organizations, such as CARE, IFPRI, UNDP and DFID, that are working with 

vulnerable people in developing countries. These organizations need ways to 

effectively assess the adaptive capacity of communities and households to 

environmental stressors, and the livelihoods framework is one viable 

approach for doing so.  

The dominant approach has been to use the SLA capital assets as 
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indicators for adaptive capacity. As stated by Jones (2011): 

Conceptual characterisations and assessments of adaptive capacity at 
 the local level have typically been synonymous with the SLA 
 framework’s five capitals (Daze et al. 2009). Indeed, a number of studies 
 have adopted these capitals as direct indicators for measuring adaptive 
 capacity at community and household levels (Deressa 2008; Osman 
 Elsha et al. 2005; Vincent 2007). The various links between sustainable 
 livelihoods, availability of assets and capitals, and adaptive capacity are 
 manifold and provide a useful starting point in helping to understand 
 the drivers behind adaptive capacity (Jones 2011, 3). 

 
 

Recently, some scholars have criticized the approach by stating that 

there is no empirical evidence that an increase in capital assets will lead to 

enhanced adaptive capacity (Bryan et al. 2015; Jones 2011). However, the 

capital assets approach is a good option in certain situations because it allows 

the assessment tool to be adapted to specific contexts and locales. 

When designing my own study, I used the capital assets from the 

sustainable livelihoods approach to assess adaptive capacity. This seemed like 

an effective, multidimensional and farmer-led understanding of adaptation 

for all of the reasons stated above. In the next chapter, I present more detail 

on the background and literature behind the specific capital assets that I used 

and their determinants.  
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CHAPTER FOUR: RESEARCH QUESTIONS AND HYPOTHESES 

RESEARCH)QUESTIONS)
My goal in this research project was to explore the adaptive capacity of 

farmers in Tunisia to environmental stressors, what this meant for their 

adaptation to climate change, and the impact of the water transfer project on 

their adaptive capacity. To examine these issues, I asked the following 

research questions: 

1) How is the adaptive capacity of farming households in northeastern 
 Tunisia impacted by the transition from private irrigation (private well 
 and rainfall) to a public surface water irrigation system?  

 a) In what ways are national-level incentives to increase public  
  irrigation impacting adaptive capacity efforts at the local level? 

2) What are the adaptation strategies of farming households in 
 northeasternTunisia to environmental stressors? 

 a) Who is primarily responsible for adaptation to climate   
  change?  

 b) Do national policies and regional and local institutions   
  facilitate or hinder  the adaptive capacity of households and  
  communities? 

 

CHANGE&FROM&ORIGINAL&PLAN&
In my proposal and original research plan, I wanted to examine the 

presence of a transition to strawberries on farmer adaptation. It is important 

to explain the reason for this seemingly significant change in the research 

question. I originally chose strawberries was because they represented an 

export crop that had moved into the region in the mid 1990s, and I was 
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interested in exploring the transition from crops for local consumption to 

export crops. I had seen data suggested that strawberry exports had 

dramatically increased in my study area over the past 15-20 years, and I had 

assumed that increase meant that many farmers in the region who cultivated 

strawberries had begun to export those crops, either fresh or processed.  

However, when I began my field work, I learned that although farmers 

had increased the adoption of strawberry crops in the past 15-20 years, most 

farmers in the area were not exporting the fruit, or its products. Instead, the 

corporation Stefan, which came to the area a few years prior to my field work, 

has been purchasing land and running a large strawberry cropping, production 

and export operation.  

It is difficult for the majority farmers in Korba, Tunisia to export crops 

themselves because they are smallholders and have no process for ensuring 

quality control. Quality control is essential for the export market, especially to 

countries in the European Union. When asked whether they exported their 

products, almost all farmers said that the quality was not high enough for 

export. However, because Stefan is a large corporation with numerous 

resources, it is able to ensure quality control.  

My early field work found that water access is the main reason for 

farmers’ decisions on which crops to grow. Since I was interested in the 

difference between high- and low-value crops, examining water access was a 
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proxy for also examining different value crops. Farmers with access to 

irrigation water almost always began to cultivate higher value crops while 

farmers who relied on rain or well water mostly have to cultivate lower value 

crops. Considering that my research location was home to a large government 

irrigation project and access to water is paramount, I chose to study access to 

public irrigation water instead. However, this seemingly large change does not 

significantly alter the original research goals.  

The above explanation impacted my research questions. In my original 

proposal, they  were: 

1) How is the adaptive capacity of farming households in northeastern
 Tunisia impacted by the transition from a low-value vegetable cropping 
 system to a high-value, high-input strawberry cropping system? 

 a) In what ways are national-level incentives to increase crop  
  exports impacting adaptive capacity efforts at the local level? 

2) What are the adaptation strategies of farming households in  
 northeastern Tunisia to environmental stressors? 

 a) Who is primarily responsible for adaptation to climate   
  change?  

 b) Do national policies and regional and local institutions   
 facilitate or hinder  the adaptive capacity of households and  
 communities? 
  

RESEARCH)DESIGN)
To answer my research questions, I needed a method for assessing AC 

and adaptive behaviors. Because AC is a complex phenomenon, it cannot be 

measured directly; it must be assessed using large frameworks of indicators. 

As presented in the literature review in Chapter 3, I used the “capital assets” 

of the SLA framework as micro-indicators of AC. The framework is composed 
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of six capital categories, and each of these has a set of specific micro-

indicators that can be used to assess AC. Table 4 below presents an example of 

the categories and their indicators. I hypothesized that access to public 

irrigation increases adaptive capacity in some of these capital categories, and 

decreases it in others (Figure 8). Specifically, I expected to show that farmers 

in areas with public irrigation have higher financial capital. I expected farmers 

who grow only rainfed crops to have higher human and natural capital (Table 

3). This study will show that farmers in similar conditions will not necessarily 

have increased overall adaptive capacity as a result of being in an irrigation 

system. It is important to note that increasing irrigation itself is considered an 

adaptation and a part of the capital asset set of indicators. Irrigation is one 

indicator of the technology/infrastructure capital category in the SLA 

framework. Hence, I examine how this increase in technology impacts other 

capital categories and other aspects of farmer livelihoods.  

 
 
 
 
Table)3:)Hypothesized)Changes)in)Capital)Categoris)

 

DETERMINANT RAINFED/PRIVATE IRRIGATION 
! PUBLIC IRRIGATION 

Human Capital " 
Financial Capital # 
Natural Capital " 
Social & Political Capital  
Information/Communication  
Infrastructure/Technology  
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I did not explore each of these six capitals assets in-depth, because of 

practical limitations, and specifics of the context. Instead I conducted an in-

depth examination of certain aspects of human capital, a brief assessment of 

financial capital, as well as natural capital by examining water management. 

Within human capital, I assess flexibility of cropping strategies, self-efficacy, 

and climate risk perceptions. In the next section, I will discuss each one of 

micro-indicators. 

 

Table)4:)Adaptive)Capacity)Indicator)Table))
Source:)Adapted)from)Swanson)2009)and)Lemos)et)al.)2013)

!

Determinant) Aspect) Indicator)
Human)Capital) • flexibility)in)cropping)

strategies)
• knowledge)(scientific,)local,)
political))

• individual)risk)perception)

• flexibility)in)cropping)(ability)to)
change)planting)times,)varieties))

• extent)of)past)coping)strategies)

Financial)Capital) • levels)of)debt)
• income)
• equity)
• diversity)of)employment)
opportunities)

• ratio)of)income)(on=farm)+)off=
farm))to)expenses)

• wealth)distribution)
• access)to)credit;)insurance)

Natural)Capital) • surface)water)resources)
• groundwater)resources)
• soil)resources/quality))

• water)flow)in)rivers)
• aquifer/well)water)levels)in)
relation)to)water)usage)

• fertilizer)use;)salinity)levels,)etc.)
Information/Communication) • early)warning)systems)

• weather)forecasts)
• communication)networks)
• access)to)extension))

• access)to)internet)or)other)news)
sources)

• density)of)extension)agents))

Infrastructure/Technology) • transportation)
• water)infrastructure)

• number)&)quality)of)roads)
• irrigation;)water)storage)capacity)

Social)and)Political)Capital) • state=civil)society)relations)
• local)coping)networks)
• modes)of)governance)

• number)of)local)irrigation)offices))
• number)of)cooperatives)
• number)of)participatory)
governance)mechanisms)

)
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)

INDICATORS)OF)ADAPTIVE)CAPACITY)THAT)I)EXAMINED)

HUMAN&CAPITAL:&FLEXIBILITY&
What&is&Flexibility?&

Flexibility is broadly defined as the ability to cope with changing 

situations, or “the capacity of a system to cope with or to adapt to changing 

conditions using strategies based on learning” (Andrieu et al. 20015, 125). The 

concept of flexibility has been used in many different disciplines, including in 

research on agriculture and farming operations. Flexibility was first 

introduced into the field of economics in the 1930s as a way to describe the 

operations of different sized firms. The idea was that smaller firms were only 

able to compete with larger firms because they had more flexible business 

operations.  

Flexibility has long been used in the field of agricultural studies to 

understand the risk management strategies of farmers. The concept of 

flexibility is increasingly being used to understand and analyze the adaptation 

strategies of farmers to climate change (Adams and Mortimore 1997; Andrieu 

et al. 2015; Havet et al. 2014; Nozières et al., 2011; Weiss, 2001). Certain types 

of on-farm flexibility, such as crop diversity and adapting planting dates, are 

recognized ways for farmers to decrease their vulnerability to environmental 

shocks.  

 
!
!
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Different&Types&of&Flexibility&
The two main types of flexibility discussed in the literature are 

operational and strategic (or tactical) flexibility (Chia and Marchesnay 2008; 

Errington and Gasson 1996; Weiss 2001 as cited in Andrieu 2015). Operational 

flexibility usually refers to short-term changes that do not have large 

associated costs, such as seasonal changes in crop varieties. Strategic 

flexibility refers to large-scale changes that alter the entire structure of the 

farm system (Errington and Gasson 1996; Weiss 2001 as cited in Andrieu 

2015). 

Some literature also differentiates between reactive and proactive 

flexibility. The actors in the latter predict upcoming changes and adjust their 

behaviors accordingly, while actors in the former only change behaviors as a 

reaction to changes. These have also been termed static and dynamic 

flexibility (Chia and Marchesnay 2008 as cited in Andrieu 2015).  

 
Previous&Work&and&Literature&&

Because I discuss flexibility within farming operations and the fields of 

resilience, vulnerability and adaptation to environmental risks, in this section 

I highlight previous work done on this topic. Andrieu et al. (2015) interviewed 

farmers about their adaptation strategies then modeled farmer decision-

making. They find that farmer flexibility involves trade-offs with farm 

productivity; farmers in more flexible systems often are less productive 

overall. Another important finding is that increasing flexibility can lead to 
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decreasing dependence on external inputs such as fertilizers. Finally, they 

find that farmers who are more risk-averse do not adopt technical 

interventions that would limit their flexibility. !

Weiss et al. (2001) uses data from the annual Austrian census of 39,000 

farmers in the Upper Austrian region. They find five critical factors linked to 

greater farmer flexibility (2001). These are: 

• smaller farms 
• younger farmers 
• more educated farmers 
• full-time farmers 
• more diversified farms (growing more than a single crop) 
 

The flexibility definition used by Weiss et al. (2001) includes many 

different indicators, and encompasses both tactical and operational flexibility. 

Carlisle (2014) takes a more qualitative approach to the evaluation of 

flexibility using a resilience framework. This project is a case study with a 

group of farmers in the Great Plains. This particular group of farmers was able 

to resist the effects of a bad drought year when other farmers in the area were 

not. This group was the only one where an economically sufficient level of 

production was maintained despite the adverse environmental conditions. 

The author of this case study works with the community to understand the 

reasons for this resilience. Carlisle finds that two factors contributed to 

resilience: flexibility and diversity. She finds that these farmers gave up 

income in order to be more “in tune” with their land. But to make a livelihood, 
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they had to cooperate at the multi-farm scale. They came to understand that 

farm crises were not a result of environmental variability, but of the 

incompatibility of the climatic system and the commodity system. The main 

thing that her unique group of farmers did differently was to diversify their 

cropping system. Whereas their neighbors had mono cropped grains, these 

farmers rotated crops, used cover crops, water conservation techniques, and 

raised animals (Carlisle 2014, 3). She finds that “rather than attempting to 

manipulate their farm’s ecology to align with agribusiness (as most of their 

neighbors had), these farmers instead manipulated their farm’s economy to 

align with the region’s ecological constrains, such that the variability of 

moisture had a dampened effect on farm viability” (Carlisle 2014, 6).  

!
Flexibility&in&my&Project&

There is no widely agreed upon set of indicators of agricultural 

flexibility in the literature; flexibility is assessed using different indicators 

depending on the project. In my project, I chose four indicators that I 

categorized as flexibility indicators as well as micro-indicators of adaptive 

capacity as discussed above. I chose these four based on the extensive 

literature on farm-level adaptations to environmental and climatic changes 

(Belliveatu et al. 2006; Smit, McNabb and Smithers 1996; Bradshaw 2004; 

Smit, Harvey and Smithers 2000; Smit and Skinner 2002). These are all 

behaviors that farmers commonly use to deal with environmental stressors. 
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These four indicators were part of a larger set of questions that I asked 

farmers about their adaptation strategies. The four flexibility strategies I 

discussed with farmers are:  

• changing crops or varieties grown 
• changing planting times 
• changing the amount of water used 
• decreasing land under cultivation, or moving parts of land to 

rainfed farming 
 
Based on Andrieu’s analysis, these four strategies can be categorized as 

operational flexibility because they are short-term and can be practiced on a 

season-to-season basis (2015). Additionally, the strategies I discuss are a 

combination of reactive and proactive flexibility, because they are both a 

reaction to current and past environmental and economic situations; and they 

also require farmers to make future predictions. 

All data on behavior was self-reported in follow-up to questions about 

environmental risk (see Appendix B for the full farmer interview). First I asked 

farmers about the environmental risks that they face, and they had the 

opportunity to list these risks in an open-ended fashion. Then I asked about 

the ways they deal with these risks. I asked about specific behaviors to deal 

with the risk, including the four flexibility behaviors, and farmers could say 

whether they practiced these. Farmers could report additional behaviors that 

they have for dealing with risks. At all times, I always asked farmers to 

elaborate if they wished to do so.  
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HUMAN&CAPITAL:&SELFTEFFICACY&
What&is&SelfTEfficacy?&

The idea of self-efficacy was introduced into the discipline of social 

cognitive psychological theory by Bandura in his 1977 book, Social Learning 

Theory. Self-efficacy beliefs are defined as the “people's judgments of their 

capabilities to organize and execute courses of action required to attain 

designated types of performances” (Bandura 1977, 391; Bandura 1998). They 

are viewed to be key to human agency – that is the human ability to take 

actions to make things happen. It is the belief that a person has control over 

their own circumstance, and it is often viewed as a precursor to action. The 

links between self-efficacy and adaptive capacity have received more 

attention recently as models that predict adaptation are becoming necessary. 

Several case studies have been undertaken that attempt to draw links between 

self-efficacy and adaptation (Blennow and Persson 2009; Jones and Boyd 

2011; Kuruppu and Liverman 2011; Burnham and Ma 2017).!The climate 

change adaptation literature also states that personal perceptions of self-

efficacy are important to adaptive capacity and behaviors. Self-efficacy is 

often seen as a precursor to undertaking adaptive behaviors (Gothmann and 

Patt 2005; Kuruppu and Liverman 2011; Burnham and Ma 2017). 

 
My&Interview&Question&

Although I did not conduct a full analysis of self-efficacy beliefs in my 

study, I asked one question meant to appraise the self-efficacy of my 



63 
 

population. I did not want my results to be based solely on actual actions 

without exploring farmers’ feelings and ideas about their ability to act and to 

face their problems. I also wanted to understand the thoughts of farmers in 

the different water access schemes on self-efficacy – on whether they felt they 

could deal with risks using resources currently available to them. To those 

ends, I asked one direct question to farmers about their ability to deal with the 

problems: “Do you feel that with your present resources, you are able to deal 

with the risks [we have discussed]?”  

This is an interesting question because it would seem that the farmers 

who practice the most adaptation behaviors would also have the highest levels 

of self-efficacy. My hypothesis about adaptation behaviors prior to starting 

the fieldwork was supported after conducting the analysis, and thus I expected 

this trend to continue in this section of the analysis. I expected that farmers 

who have well irrigation and rainfed farming would have higher levels of self-

efficacy than those in the public irrigated perimeter (PPI). Surprisingly, this 

was not the result. Rather, a majority of farmers across the different groups 

responded to the question with “no” or “maybe.” The findings from this 

question are presented in Chapter 6. 

 

HUMAN&CAPITAL:&CLIMATE&CHANGE&PERCEPTIONS&AND&KNOWLEDGE&
Most of the research that examines indicators of climate change 

perception does not focus on the differences between irrigated and rainfed 
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farmers. Common indicators include age, education level, gender of head of 

household, and access to information (Abid et al. 2015; Debela et al 2015; 

Udmale et al 2014). However, there is some literature that shows that farmers 

who cultivate rainfed crops tend to notice climatic and environmental 

changes first (Ndambiri et al. 2013; Williams et al. 2015). There is growing 

agreement that climate change knowledge is a determinant of adaptive 

capacity to climate change. Knowledge involves “interpreting information and 

organizing it into a set of evidence-based beliefs about particular phenomena. 

Climate change knowledge includes evidence-based beliefs about the causes 

and effects of current, location-specific environmental conditions, as well as 

probable changes in those conditions” (Williams et al. 2015, 1). Information 

must be translated into knowledge for it to have value in people’s lives. 

Knowledge not only gives people information, but it often empowers them to 

make decisions to change their future state. Knowledge also impacts other 

determinants of adaptive capacity (Williams et al. 2015).  

Therefore my hypothesis was that farmers who practice rainfed farming 

would notice environmental shifts and climatic changes more because they 

are reliant on these natural processes for their agriculture and their 

livelihoods. This did not turn out to be the case, as a majority of farmers that I 

interviewed in all categories stated that they had noticed environmental 

changes. However, this question is time sensitive, and my research provides 
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one snapshot in time. It’s possible that rainfed farmers do notice these 

changes earlier, but that my research came late in the process, at a point when 

environmental changes are already affecting everyone. If I had asked this 

question perhaps a decade or 15 years ago, it is possible that farmers only who 

are rainfed would have said yes.  

I was interested in whether rainfed farmers in my region noticed 

climate changes sooner than irrigated farmers in that region. Another reason I 

was interested in this question was the link between perceptions and 

adaptations. Because some research suggests that perceptions are necessary 

for adaptations (Williams et al. 2015), I wanted to explore that relationship. 

The findings from this question are presented in Chapter 6. 

It is important to note that my project does not test the connection 

between these different aspects of human capital – flexibility, self-efficacy 

and climate change perceptions – and adaptive capacity. This was not the goal 

of my work. Based on the literature, I accepted the assumption that increased 

human capital leads to enhanced AC. Whether these links are robust or vary in 

different contexts will be a topic for future research. 

 

VARIABLES)AND)HYPOTHESES)

DEPENDENT&VARIABLES&
The dependent variables in my analysis are the micro-indicators of 

adaptive capacity, which are categorized into the capital assets based on the 
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SLA framework as presented in the previous chapter. As other studies have 

done, I use these capitals as indicators of adaptive capacity. They are: human 

capital, financial capital, social/political capital, natural capital, 

information/communication and infrastructure/technology. For each of these 

capitals, there are several indicators that can be used for assessment. In this 

study, I examined different aspects of human capital, natural capital and 

financial capital. 

The assessment of adaptive capacity is done using various indicators 

because it is a complex undertaking and cannot be directly measured. Within 

the human capital category, I assessed three different micro-indicators: 

flexibility in cropping strategies, self-efficacy, and climate change 

perceptions. Within the natural capital category, I assessed water 

management based on interviews with farmers and officials from central and 

local government, and collected secondary data from reports. Within the 

financial capital category, I examined the economic policy system with regard 

to agricultural products by interviewing officials from the government, 

international financial institutions and local Tunisian markets. The analysis 

and findings from these questions are presented in Chapter 6.  

TYPES&OF&WATER&ACCESS&
In this section I will provide the reasons for examining ‘types of water 

access.’ First, access to water is critical to farming production, especially in a 

semi-arid ecosystem. The Tunisian government invests large amounts of 
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money, time and effort in planning and implementing access to water, as 

described in Chapter 2. These large water transfer projects began in the 1970s. 

Around the same time, other nations in the region undertook similar projects. 

Tunisia now has 29 large dams, 200 tanks, 766 lake reservoirs, and over 

150,000 wells (Le Goulven et al. 2009). Second, water access is integral to the 

development and modernization narrative adopted by the public sector, many 

NGOs, international organizations and the general public. Maybe for this very 

reason, water access and irrigation have become central narratives of 

adaptation to climate change. 

!
Water&Scarcity&and&Security&

It is useful to define and problematize the terms water scarcity and 

water security, although they are not the focus of my project. The most widely 

used definition of water scarcity is the Water Scarcity Index, which was 

developed by Falkenmark (1989). The index defines extreme water scarcity as 

less than 500 cu3 annually per capita; water scarcity as less than 1000 cu3 

annually per capita; and water stress as between 1,000-1,700 cu3 annually per 

capita (Falkenmark 1989; Mahayni 2013). However, the problem with this 

conception is that purely biophysical definitions ignore issues of access, 

equality and distribution. Many social scientists (Budds 2008; Swyngedouw 

1997; Harris and Alatout 2010; Morinville and Harris 2014) have pointed out 

that lack of water access rarely happens solely as a result of water shortages. 
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“Blanket statements of scarcity often fail to address the relational and 

distributional aspects of water scarcity and their links with prevailing social 

and power relations, which have a tremendous bearing on how water is used 

or abused” (Mehta 2005, 4 as cited in Mahayni 2013).!

 
Water&Access&in&Korba)

Here I present a brief overview on the types of water access in the Korba  

region. There are three major different types of water access: PPI, private 

irrigation from a well, and rainfed irrigation. PPI water is surface water from 

the Medjerda River in the northwest of the country which originates in 

Algeria, and is transferred via a complex system of dams and canals to other 

regions of Tunisia. Farmers pay for each liter they use. The prices are 

controlled by the regional government, and payment is enforced by the local 

Water User Associations (WUA). 

Private wells are dug by the farmers. They incur the cost of digging the 

well and of the electricity for pumping the water. Many farmers stated that 

the electricity costs were too high. There are zones where the digging of new 

wells is not allowed because the water table is too low; farmers must receive a 

license from the government before digging. The government regulates the 

number and depth of wells. Illegal digging of wells abounds though, and I was 

told that it has increased dramatically since the revolution.  

In general, well water is less readily available than PPI water, and well 
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irrigation can only be used as supplemental irrigation. The groundwater in the 

area is being depleted at a rapid rate, and its salinity levels are higher than 

those of surface water. As a result, there are no farmers in the well areas who 

can cultivate water-intensive and salinity-sensitive crops such as 

strawberries. The strawberry farmers are only in PPI areas. Thus, well-

irrigated farmers in Korba can be considered as semi-irrigated. To 

differentiate between the two groups and in this dissertation, I call the PPI 

farmers such, or public irrigated farmers, and the well-irrigated farmers such 

or private-irrigated farmers. 

Lastly, many farmers rely only on rainfed agriculture. Across Tunisia, 

the vast majority of farmers (about 89%) depend on rainfed agriculture. As I 

presented in the regional background in Chapter 2, these farmers cultivate 

mostly cereals and fodder crops. These crops are less water-intensive and 

more drought resistant than the irrigated strawberries and vegetables.  

Some of the farmers in the region use a mix of these water systems, 

depending on the size of their land and the amount of water they can afford. I 

observed that these farmers mix different water types – itself and adaptation. 

However, to make the analysis straightforward, I assumed that farmers within 

the PPI are using the irrigation water.  

It is important to note that I compare PPI farmers with well-irrigated 

and rainfed farmers in my quantitative analyses. I originally planned to 
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compare irrigated with rainfed only, but was not able to do that because of the 

small sample size of RF-only farmers. I discuss the reasons for this in more 

depth in the next chapter; in summary, the RF-only farmers were difficult to 

access. Also, in this area of Tunisia, not many farmers practice RF-only 

farming because this region is heavily irrigated. The groundwater for well 

irrigation is so limited however, that the government saw fit to spend millions 

of Tunisian Dinars to extend a branch of an existing irrigation canal into the 

area. As explained previously, this surface irrigation water provided farmers 

with larger and more reliable quantities of water. Thus, my comparison of PPI 

farmers with well and RF-only farmers combined is reasonable for my 

research question. 

HYPOTHESES&
My hypothesis is that farmers who have access to public irrigation do 

not always have higher adaptive capacity than farmers who have mixed 

cropping systems or rainfed crops. I hypothesized that adaptation is more 

complex, in that the ways in which access to irrigation water interacts with 

adaptation are varied.  

Adaptation is influenced by many different factors. For example, farmer 

decision-making is one of the most important factors that impacts AC, and 

changing the water access system changes farmer choices (Boelen and 

Zwarteveen 2005; Budds 2008; Kooij 2013; Le Goulven et al. 2009; Postel 

1999). Farmer decision-making is a difficult thing to predict, particularly 
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without direct interaction with farmers in order to understand the reasons 

why farmers might behave in unexpected ways. Kooij et al. state that 

measures of increased efficiency do not take into account farmer practices, 

which can be the most important component of the situation (2013, 107). As 

they and other authors argue, indicators of adaptive capacity are difficult to 

comprehend without an in-depth understanding of the wide range of factors 

impacting farmer behaviors and decisions.  

My specific hypotheses are:  

1. Farmers in the non-irrigated areas have higher flexibility in their 
cropping strategies; farmers in the irrigated areas have lower 
flexibility.  

2. Farmers in the non-irrigated areas have more knowledge and 
awareness about climate change taking place in their region, and 
have higher personal risk perceptions. 

3. Farmers in non-irrigated areas have higher self-efficacy and 
agency for adaptation in times of environmental stress. They feel 
more capable of undertaking behaviors to adapt.  

4. Farmers in the irrigated areas have higher financial capital as a 
result of higher incomes. 

5. Although the government (irrigation is a part of their 
modernization narrative), and the adaptation literature, state 
that irrigation increases adaptive capacity, this is not always the 
case and the reality is more nuanced. 

 

In the next chapter I present my Methods and Analysis. This includes 

my sampling method and use of qualitative and quantitative methods. 
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CHAPTER FIVE: METHODS 

MIXED)METHODS)
I used a mixed methods approach by combining both quantitative and 

qualitative data analysis. Some mixed methods studies utilize multi-methods 

for the sake of triangulation. However, that is not the reason that I combined 

quantitative and qualitative methods, and therefore I do not ask the same 

questions in my research. Seawright (2013) states that each method is 

designed to answer different questions, and therefore it is appropriate to use 

the two methods together to answer different questions. Whereas quantitative 

research questions are concerned with whether two variables are linked, 

qualitative research answers the question of why the two variables are linked 

– that is, the process that connects them (Maxwell 2013, 31; Mayan 2009). I 

was interested in both questions: whether adaptive capacity and water access 

are linked and the reasons why they may be linked.  

I used quantitative analysis to discover whether there were correlations 

between each of the AC micro-indicators and water access type. I used 

qualitative data to explore the possible reasons, mechanisms and processes 

that might explain the existence or nonexistence of this link. I also used 

qualitative methods to explore the natural capital and financial capital micro-
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indicators by exploring the Tunisian water system and economic policies.  

I collected my data in a way that would allow for both quantitative and 

qualitative analysis later. In my farmer interview, I asked closed-ended 

questions with discrete response options to gather quantitative data, and then 

asked open-ended follow-up questions that allowed elaboration for more 

contextual qualitative data.  

PARTICIPATORY)APPROACH)
To make the work participatory to some extent, I solicited feedback on 

both the government and farmer interviews from local experts. I also 

conducted one focus group with farmers where I discussed my proposed 

questions and approach with them, solicited their feedback and adjusted and 

edited the farmer interview accordingly. Additionally, I was not planning on 

conducting analysis on economic policies, but decided to do so as these issues 

were raised repeatedly by many farmers. A section in Chapter 6 focuses on 

economic policies and their impacts on farmer adaptive capacity. 

FIELD)WORK)
I spent nine months in the field, with time split between the capital city 

of Tunis and the small rural county of Korba. In order to understand the policy 

context, including irrigation policies, food subsidies and other relevant 

policies and programs, I conducted 34 institutional interviews with 

representatives from the Ministry of Agriculture and the Ministry of the 

Environment as well as several governmental, non-governmental and 
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international organizations working on either climate change or resource 

scarcity issues in Tunis.  

In the county of Korba, I conducted a total of 74 semi-structured 

interviews with farmers and in-depth interviews with representatives of local 

organizations, including extension offices, water user associations, crop 

processing plants and importers of seeds. In this chapter, I will describe these 

two parts of my work in more detail.  

INSTITUTIONAL&INTERVIEWS&
I used a snowball interview technique for the institutional interviews . I 

used this method because, initially, I had several names and titles of people 

which I had gathered through my own research and which were also suggested 

by my first contact, Dr. Jamila Tarhouni. Dr. Tarhouni, a professor of 

hydrology at the Tunis agricultural university, Institut National Agronomique 

de Tunisie (INAT), is originally from the Cap Bon peninsula and conducts 

research on water scarcity and farmer livelihoods in the Cap Bon. Her support 

was invaluable because she introduced me to the first people that I 

interviewed in Tunis. At the end of each interview, I asked the interviewee if 

they could put me in contact with other relevant professionals. I needed to 

interview representatives at both the Ministry of Agriculture and the Ministry 

of the Environment. The former agency is the body that sets water and 

irrigation policies and programs, and the latter enacts climate change policies 

and regulations. This snowball technique enabled me to meet with many 
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government representatives at both Ministries, as well as representatives at 

development banks, NGOs and other organizations (Table 5).  

 

 

Table)5:)Types)of)Institutional)Interviews)

Organization) Organization)Type)

Ministry!of!Agriculture! National!government!
Ministry!of!Environment! National!government!
INGREF!(National!Agricultural!Research!
Organization)! National!government!

Department!of!Environment!and!
Sustainable!Development! National!government!

African!Development!Bank! International!finance!organization!
Global!Water!Project!! International!nonprofit!
INAT!Social!Economics!Department! Academic!
World!Bank! International!finance!organization!
Local!tomato!factory!business!director! Private!business!
Local!Irrigation!office!representatives! Government!organization!

&

&

SAMPLING&METHOD&
In the three governorates related to this project – BA, GS and DEH – I 

used a sampling method to render a spatially representative sample because 

location greatly impacts access to different resources such as water, extension 

agents, transportation and roads, plant vendors, and so on. I sampled by 

dividing the two smaller areas (DEH and GA) into a 1km x 1km grid, and the 

largest area, BA, into a 2km x 2km grid. This method yielded 78 rectangles: 21 
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in DEH, 22 in GS and 35 in BA (Figure 8). I planned to interview at least one 

farming head of household in each of these rectangles.  

I had not originally planned on renting a car in Tunisia to drive to 

farmers’ fields myself. I had made a plan with the local irrigation water office 

that an irrigation agent would drive me and my research assistant for a few 

hours each day to conduct the interviews. We tried this for two days before I 

realized that the plan would not work.  

First, the agent refused to drive us to some of the more inaccessible 

places on my map. I tried to explain that I had a specific sampling method and 

needed to speak to at least one farmer in each sampling square. But the agents 

waved their hands and said, “Oh, you do not need to speak to someone in that 

area – they will have nothing useful to tell you.” The agent preferred to drive 

only to the most accessible farmers. Because the most accessible farmers are 

in the irrigation system, the sampling would have been biased.  

The second problem became apparent when I went with the irrigation 

agent to conduct the first few interviews. I  was surprised to find that the 

agent not only stood and listened to the entire interview, but they also 

intervened to seemingly bias some of the farmers’ answers. The agent’s 

intervention was a problem because I ask questions about government 

policies and the agent is a government representative. For example, a few 

times the agent said something to the farmer like, “Tell them about the time 
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that we helped you by bringing you fertilizer!” I noticed that the farmers did 

not feel comfortable speaking openly in the presence of the agent. Because 

the agent’s intervention would cause bias in my interview responses, I decided 

to rent a car and drive around the study area with only my research assistant. 

But renting a car and driving around the countryside was not something that I 

had planned and I did not account for in my budget. 

 

 

!
Figure)8:)Spatial)Sampling)Method)and)Farmers)Interviewed)

 

 

My research assistant and I used my phone’s GPS to follow the 

sampling gridlines. When we saw people outside their homes or working in 
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the field, we stopped and introduced ourselves, described the research project, 

and requested to speak to either the head of the household or the person who 

made crop decisions. We did not approach a house if people were not working 

in the fields. Often our first contacts were day laborers, not the primary 

decision-makers, who would go into the home and call someone else to come 

speak to us. In that case, we introduced ourselves to the decision-maker, 

described the project and the interview, and asked if they would like to 

participate. If they said yes, we read the consent form to them and requested 

their verbal consent before beginning the interview (see Appendix B for 

Interview and Appendix D for Consent Form). Two people (3%) declined to be 

interviewed because they said that they did not have enough time for a 45-60 

minute interview. If the person was not interested in participating, we 

continued on to find another house. We conducted a total of 74 interviews. 

The final sample for the quantitative analysis has a total of 65 because I had 

to discard nine participants for various reasons. The Sample section below has 

more information on the sample. 

The most important goal for the sample was that it be spatially 

representative, but I had other goals as well. I wanted to ensure that I 

interviewed enough farmers from each of the three types of water access: PPI, 

private irrigated, and rainfed. This goal was partially accomplished by the 

choice of the three governorates, but I also wanted to ensure that the sample 
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was not biased. The sample was prone to bias because the public irrigated 

famers were more accessible within each of the three areas. In addition, farm 

sizes in the rainfed areas of BA were larger than those in the irrigated area of 

DEH; thus, it was important to get an even representation of farm size. In the 

next section I describe how the sample fared considering these other 

priorities. 

HOW&THE&SAMPLE&CAME&OUT&
Spatial&Distribution)

We conducted a total of 74 household interviews: 27 in DEH, 20 in GS, 

and 27 in BA. The sample was fairly well-distributed throughout the three 

regions. I was unable to get one farmer in every single one of the 78 divisions. 

Some areas proved impossible to sample. In Figure 8, a yellow X marks the 

areas in which we drove repeatedly for many days but were ultimately unable 

to find people in the fields. Three of the areas ended up being non-

agricultural areas. Additionally, we were unable to find farmers in some of the 

rainfed areas for reasons explained in the next section. However, 65 of the 78 

rectangles were sampled, and several rectangles had more than one farmer. In 

the end I believe it was as spatially representative a sample as was possible in 

that location at that time. 

!
Types&of&Water&Access&

Types of water access were unevenly distributed across the three areas. 

Of my final sample, 24 were PPI farmers, 33 had irrigation from wells and 8 
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were rainfed-only farmers. The number of RF farmers in BA was low because 

we had a difficult time interviewing RF-only farmers. First, although RF land 

is the largest spatially, the number of farmers in the Korba region who 

practice RF-only farming is a minority. Korba is a heavily irrigated region of 

Tunisia. For many days we drove through that area for hours without seeing a 

single farmer out in the fields. It may have also been the timing of my trip, 

which happened in the early spring after planting had taken place. Second, 

many of these farmers have off-farm jobs that take them away from their land 

during the daytime because of the low income generated from RF farming. 

 
Land&Size&

Land size that the farmer owns or rents is another important variable 

that could impact adaptive capacity. The majority of farmers in Tunisia are 

small farmers, and the Cap Bon region is no exception. Thus I tried to get a 

sample that was representative of farm land size in Tunisia. Across Tunisia, 

65% of farmers have less than 5 hectares of land, and 80% have less than 15 

hectares. In my sample, 54% farmers had less than 5 hectares, 77% had 10 or 

less, and 88% had less than 15 hectares. The average land size across my 

sample was 7.5 hectares.  

ADDITIONAL&DIFFICULTIES&IN&FIELD&WORK&
As described above, I interviewed more farmers in the PPI than in the 

rainfed areas. One reason for this is that the density of farmers there is higher 

because the plots of land in the PPI are smaller. Additionally, the farmers 
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within the PPI are unfortunately those who are most accessible. For example, 

the farmers are closer to the town and there are more paved roads throughout 

their farmlands. Because they are in the public system, these farmers are the 

most commercialized, and they receive the most attention by the extension 

agents and other public officials. This led to some bias in my sampling, and it 

led to many difficulties in my field work as I tried to interview the less 

accessible RF farmers. A few times the government officer in BA would call a 

difficult-to-reach farmer in his area and request a meeting with us in the 

government office. But this introduces some bias as well with regard to 

opinions of farmers that had connections to the government officer.  

Despite these difficulties – including driving along many dirt roads and 

getting the car stuck in the mud – my research assistant and I were able to 

meet with many farmers who have been neglected by public officials. One 

farmer even told us that we were the first people who had come to speak with 

him, and he noted that not even an extension agent had been to his land. 

THE)DATA))

QUANTITATIVE&
I collected a large amount of quantitative data from my interviews with 

the 74 farmers. Although several questions were open-ended, there were also 

large sections of the interview that were closed-ended and easy to code into 

quantifiable data. The parts were analyzed quantitatively are: the specific 

adaptation behaviors that make up flexibility; the self-efficacy question: “do 
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you feel that you can adequately deal with these stressors?”; and the 

questions about climate change knowledge and risk perception. These data 

were analyzed using a simple bivariate analysis with a chi-squared 

independence test to see whether adaptation behaviors, self-efficacy and 

climate change perceptions are correlated with water access type.  

QUALITATIVE&
As mentioned above, the qualitative data were gathered through 

interviews with government and institutional representatives and through 

open-ended farmer interviews that allowed for longer elaboration. I analyzed 

these data using Dedoose software through simple content text analysis to 

find themes in the text. I discuss these themes in Chapter 6. Once again, 

qualitative data were used in the beginning of the study to help shape my 

farmer interview, and they were used in the farmer interviews to answer 

questions of relationships between quantitative variables.  
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CHAPTER SIX: FINDINGS 

In this chapter I present the findings from my field work. As explained 

in Chapter 1, I used the SLA capital assets framework to assess the adaptive 

capacity of two groups of farmers in the Korba region: farmers who have 

access to the public irrigation water (PPI) and farmers who do not. This 

chapter is divided into five different sections that examine aspects of adaptive 

capacity. Three sections (6A, 6B and 6C) discuss aspects of human capital: 

flexibility, self-efficacy and climate change perceptions. Section 6D examines 

financial capital through an exploration of the economic policies that impact 

farmers choices. Finally, the last section ties the sections together through an 

exploration of the water management and irrigation system in the region.  

 

A:)FLEXIBILITY)
In the SLA framework application to agriculture, one of the indicators 

of adaptive capacity in human capital is flexibility to change cropping 

practices. This was one of the main adaptations that I focused my research on, 

and the results of that work is presented in this section. I hypothesized that, 

in terms of cropping flexibility, farmers outside the public irrigation system 

would have higher flexibility than those in the public irrigated system. Based 



84 
 

on both the quantitative and qualitative data analysis, this hypothesis was 

shown to be supported for two of the four behaviors. Specifically it held for:  

• changing crops or varieties grown, and 
• changing planting times. 

 
But it did not hold for: 
 

• changing the amount of water used, and  
• decreasing land under cultivation, or moving parts of land to 

rainfed farming. 
 

QUANTITATIVE&DATA&ANALYSIS&RESULTS&
In my farmer interview, I asked a set of questions on environmental 

stresses and adaptations. First I asked farmers whether they felt they had 

environmental stressors to deal with; if they answered yes, I asked them to list 

them. Next I asked them about adaptation options that are available to them 

for dealing with these stressors. I gave them a set of adaptation behaviors and 

they could say yes or no for each, and then they could add their own behaviors 

(See Appendix B for full farmer interview). The quantitative part of this 

analysis is based on the questions that I asked about specific behaviors that 

they can perform during those times of environmental stress.  

I ran a chi-squared test of independence on each of the adaptation 

behaviors as a function of water access type. In the quantitative analysis, I 

combined the rainfed farmers (n=8) with the private well farmers (n=33); I 

also combined the farmers with dam water (n=4) with the private irrigated 

farmers (n=20). I did this because two of the groups – rainfed and dam water–



85 
 

had sample sizes too small to analyze on their own. Thus they either had to be 

dropped from the quantitative analysis or combined with other categories. 

This combination was appropriate because my research question involves 

irrigation water provided by the public sector versus water that the farmers 

have to access and maintain on their own, including rainfed and well.2 

However, in my qualitative analysis, I look at the rainfed farmers as a distinct 

group. 

Three of the four flexibility behaviors were correlated with water access 

type. These were: changing crops or varieties grown, changing planting times 

and decreasing land. The last one, however, was in the direction opposite 

from my hypothesis. My analysis shows that there is a correlation between 

these three strategies and access to water, but it does not explain why this is. 

To understand the meanings and processes, I used textual analysis of 

interviews. To highlight how these approaches informed each other, I first 

present the quantitative results of the analysis, then I present the qualitative 

explanation for each of the four adaptation behaviors: changing crop types, 

changing planting times, decreasing the amount of land farmed, and 

decreasing water amounts. 

                                                
2!Neither!the!rainfed!farmers!nor!the!private!well!farmers!are!supported!by!the!government.!The!
only!government!involvement!in!the!creation!of!private!wells!happens!when!farmers!secure!a!license!
for!well_digging.!The!licenses!are!based!on!the!level!of!the!water!table!and!depths!are!regulated!by!
locale.!There!has!been!quite!a!lot!of!illegal!well_digging!in!the!Korba!region,!and!this!has!increased!
since!the!revolution.!After!the!well!is!dug,!farmers!pay!for!the!energy!to!pump!the!water!out.!
!
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CHANGING&CROP&TYPES&
Quantitative&

The first of the adaptive behaviors I investigated was changing crops. I 

asked whether the farmers, in order to adapt to environmental or climatic 

stress such as drought, could choose to change the crops they planted. For 

example, whether the farmer could change to crops that were less water 

intensive – although I did not give them specific examples because I did not 

want to prompt specific responses. The ability for farmers to change the crops 

they are growing depending on environmental conditions has been shown to 

be an important farm-level adaptation (Bradshaw et al. 2004; Nhemachena 

and Hassan 2007; Mertz et al. 2009). 

The correlation between the variables is significant at the 0.1 level 

(Fisher’s Exact p=0.065). The effect is sizable: almost twice as many people 

with rainfed or well sources changed crops, compared to irrigated farmers. 

The level of confidence (p<0.1) is relatively strong given the small samples 

(Table 6). This shows that the hypothesis is supported: farmers who are in the 

PPI are less likely to change their crops as a way of dealing with 

environmental stressors.  
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Table)6:)Water)Access)and)Change)Crops)Strategy)
! Water!source!type! !
Change!crops!(%)! DW/Ia! RF/PWb! Total!
Yes! 37.5! 67.9! 56.8!
No! 62.5! 32.1! 43.2!
a.!Dam!water!or!irrigation!!
b.!Rain!or!well!
Results:!Χ2=3.82,!df=1,!p=0.051;!Fisher’s!Exact!p=0.065!
N!=!44!

 
 

Next, I explore the qualitative data for possible explanations.  

 
Qualitative&

For the qualitative analysis, I used Dedoose to code the comments 

made by farmers with different types of water access. These comments were 

the reasons that they chose to or chose not to use each adaptation method. 

Because a small sample size is acceptable in qualitative research, I examined 

the rainfed farmers as a distinct group, as opposed to combining them with 

the well farmers as I did for the statistical analysis. Within each water access 

category, I looked at comments made by farmers who reported that they can 

change their crops as an adaptation and those who said they cannot. I discuss 

the farmers in the PPI first, then the well farmers and finally the rainfed 

farmers. 

!
Public!irrigated!farmers!

Some of the reasons that farmers in the PPI cited for changing their 

crops were: to rest the land; to try new crops; and to grow crops that resist 
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salinity or drought. Two reasons farmer cited for not changing their crops 

were that no other crops are as profitable as strawberries and they have 

experience growing strawberries. 

 
Well!Farmers!

Approximately two-thirds (68%) of well-irrigated farmers stated that 

they can change crops to deal with environmental stresses. Some of the 

reasons that farmers using well irrigation gave for changing their crops were: 

to rest the land; to grow crops that are more resistant to salinity or drought; 

to grow crops that are less water-intensive; to decrease tomatoes because 

their profit is low; to get away from irrigated crops completely; and to 

diversify because it’s good for the land. Some of the reasons farmers gave for 

not changing crops were: switching to more RF crops doesn’t make sense 

because their profit is low; staying with crops that they have the most 

experience in; water is too saline, which limits their crop options; and well 

water is scarce, which limits crop options. 

Farmers who had wells had more flexibility to change their crops. More 

of them reported changing crop types to deal with environmental stressors, 

and they also had many and more diverse reasons for changing crops. These 

reasons included environmental reasons, such as resting the land, choosing 

less water-intensive or more saline resistant crop varieties, as well as financial 

reasons, such as moving away from irrigated farming to decrease debt or 
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growing more lucrative crops such as strawberries. This flexibility can be 

interpreted in two ways: they either had more options available to them, or 

the environmental stressors hit them harder than they did the public irrigated 

farmers, forcing them to continually change crops.  

About one third (32%) of well farmers stated that they were unable to 

change crops. Some of the reasons were: their water was too saline, which 

limits choices; they are limited by their type of land; their experience was in 

their current crop only; and they saw their only other choice as going to fully 

rainfed farming, which would not bring enough money. One farmer stated: 

“No, I can’t. If I had North [public irrigation] water I could, but now I can’t.” 

In his view, his flexibility would have been greater if he was in the public 

irrigated system. This is interesting given the fact that the farmers in the 

public irrigated system tended to exhibit less flexibility with regard to 

changing crops.  

In the next section I explore the reasons that rainfed farmers gave for 

changing or not changing their crops.  

 
Rainfed!

Most of the rainfed-only farmers stated that they can change their 

crops to deal with environmental stressors. Two reasons given for this are that 

they made the decision to move away from irrigated farming back to RF only 

in order to avoid going into debt or depending on the government for water, 
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and they moved back to RF-only farming because those crops are more 

resistant to saline water. The only reason given for not being able to change 

was that lack of access to irrigation limits crop choices. Many of the farmers of 

rainfed crops reported that they are able to change their crops to cope with 

environmental stress. 

&
Discussion&and&Themes&

As expected, my results show that farmers outside the PPI are more 

flexible with regards to changing their crops to cope with environmental 

stress. PPI farmers choose not to change their crops – which are for the most 

part strawberries – because of either financial reasons, since these irrigated 

crops are the most lucrative, or because strawberries are the crop that they 

have experience with. When they choose to make the switch to strawberries, 

they usually do have knowledge of the trade-offs that they will be making. It 

can be said to be a trade-off between financial security and flexibility. On the 

other hand, they often do become “stuck” in a way because the initial 

financial investment in strawberries if quite large, and so they usually must go 

into debt to start cultivating them. The assumption is that the public 

irrigation water will continue to be sufficient and reliable. However, currently 

the public irrigation has also become scarce as a result of overuse and 

increasing droughts. Therefore many of their financial problems come as a 

result of the lack of reliability of the irrigation system, which is not something 

they knew would happen before they made the switch to strawberries. 
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These farmers chose to grow more water-intensive crops, so they knew 

the challenges they could face. At the same time, rainfed farming often means 

growing crops that provide a very small income, and so there are not many 

desirable choices. They probably would not choose to go back to rainfed only 

farming, but they are also not doing very well with irrigated farming. The 

whole economic system with its narrative of food security and its 

marginalization of the Tunisian farmer places the agricultural workers in a 

place with few options. They choose economic benefits over environmental 

benefits, short-term adaptation strategies vs. long-term local environmental 

well-being. Also, when you have more money, you can afford to take more 

risks. If the drought is very bad one year, you at least have some money saved 

up that you can do other things with, such as buy animals. 

 It is also important to note that while an increase in flexibility may 

denote an increase in resilience to environmental stressors and to climate 

change impacts, it may not mean that those farmers have a higher level of 

economic well-being overall.  

CHANGE&PLANTING&DATES&
Quantitative&

The next adaptation behavior I asked about was changing planting 

dates. I asked whether, in times of environmental stress such as drought, the 

farmers could choose to plant their crops later or earlier. Research has shown 

this to be a common, and often effective, farm-level adaptation behavior 
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(Bradshaw et al. 2004; Nhemachena and Hassan 2007). Like the changing 

crops variable, this was significant in the quantitative analysis. Farmers who 

have rainfed and well-irrigated crops were more likely to say that they change 

planting dates as an adaptation to environmental stress.  

The correlation between the variables is significant at the 0.05 level 

(Fisher’s Exact p = 0.042) (Table 7). This means that farmers who receive 

public irrigation water are less likely to change their planting dates as an 

adaptation behavior than farmers who depend on rain or wells. The results 

support my hypothesis that farmers who are in the PPI are less likely to 

change the planting dates of their crops as a way of dealing with the 

environmental stressors that they face.   

 
 

Table)7:)Water)Access)and)Change)Planting)Dates)Strategy)
! Water!source!type! !
Change!dates!(%)! DW/Ia! RF/PWb! Total!
Yes! 52.9! 83.3! 73.6!
No! 47.1! 16.7! 26.4!
a.!Dam!water!or!irrigation!!
b.!Rain!or!well!
Results:!Χ2=5.49,!df=1,!p=0.019;!Fisher’s!Exact!p=0.042!
N!=!53&

&
&

Qualitative&

The qualitative data also support this result, and they shed more light 

onto the reasons some possible explanations.  
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Public!Irrigated!

PPI farmers, many of whom grow strawberries, stated that they cannot 

change planting dates for strawberries because the crop is too sensitive to 

planting times. Further, they stated that changing dates would greatly impact 

productivity. One strawberry farmer summed it up succinctly, saying, “[You] 

can’t [change planting dates] with strawberries. Each day that you’re late, you 

pay for at the end [in terms of lower productivity]”. Farmers who reported that 

they can change the planting dates stated that it depends on the crop. 

 
Well!Farmers!

Most of the well farmers cultivating various vegetables stated that they 

can change their planting dates according to the rain and for other reasons, 

such as to give them more time to prepare the land. A few farmers mentioned 

that they always prefer to grow earlier so they can be the first to get their 

crops to the market.  

!
Rainfed!Farmers!

Almost all of the rainfed farmers said that they change their planting 

dates according to the weather – rainfall and temperatures. They stated that 

they must wait for the best conditions for their specific crops. 
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Discussion&and&Themes& &
The main reasons that irrigated farmers said that they cannot be 

flexible with planting dates were associated with growing strawberries. For 

example, farmers stated that strawberries are too sensitive to changes and 

therefore dates cannot be changed. They often also stated that changing 

dates, especially with strawberries, results in lower yields, which translates to 

monetary loss.  

The majority of farmers who were outside the public irrigated system, 

and hence not growing strawberries, said that they are flexible with regards to 

changing planting dates. Of all the non-PPI farmers combined, 83% said that 

their planting dates always depend on the season’s rainfall and climate. Their 

entire cropping schedule depends on the climate and thus can vary widely 

from year to year. A few also stated that they adjust their dates according to 

the time it takes to prepare the land, as opposed to depending on climate and 

rainfall. Finally, a few also said that they always try to plant earlier than their 

neighbors, so as to be the first to the market. 

It is clear from these responses that the lack of flexibility in planting 

dates of the PPI farmers is directly related to growing strawberries rather than 

to the irrigation system. However, farmers are able to choose to grow crops 

such as strawberries as a result of having access to reliable irrigation water, 

and therefore the two factors are linked. Strawberries are sensitive to changes 

in planting dates, the amount and salinity of water, and other subtle changes 
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in their environment. Farmers who plant crops such as tomatoes, peppers, 

onions, cereals, grapes, and other crops common in the area have greater 

flexibility with regard to planting dates. Farmers choose strawberries because 

they are more lucrative, but the farmers then become stuck in a less flexible 

system as a result.  

 

DECREASING&LAND&
Quantitative&

The next adaptation behavior that I asked farmers about was decreasing 

cropped land. The literature shows that in times of environmental stress, such 

as drought, farmers have reported that they can leave some of their land 

uncropped for a season or longer to use less resources (Mertz et al. 2009). This 

is considered to be an adaptation behavior. 

In my study, I asked whether farmers decrease their cropped land in 

times of environmental stress. As in previous questions, I combined rainfed 

farmers with the few farmers who received their water from public dams. The 

results did not support my hypothesis (Table 8). This variable was slightly 

significant at the 0.1 level (Fisher’s exact p = 0.098) but in the opposite 

direction from my expectation. Of PPI farmers, 73% stated that they can use 

this adaptation method, and 42% of rainfed and well farmers also said that 

this is something they can practice as an adaptation. Instead of confirming 

this as an adaptation available only to irrigated farmers, this result shows that 

this adaptation is feasible for many farmers throughout my area and more 
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exhibited more frequently by PPI farmers. 

 
 

Table)8:)Water)Access)and)Decreasing)Land)Strategy)
! Water!source!type! !
Decrease!Land!(%)! DW/Ia! RF/PWb! Total!
Yes! 73.3! 41.7! 53.8!
No! 26.7! 58.3! 46.2!

N!=!39!
a.!Dam!water!or!irrigation!!
b.!Rain!or!well!
Results:!Χ2=3.73,!df=2,!p!=!0.054,!Fisher!exact!=!0.098!!
 

 

Because this question seemed dependent on land size, I decided to run 

an additional test of farmers’ answers as a function of the size of their land. I 

divided the land size into two categories: farmers who had less than 5 hectares 

in one category, and farmers who had 5 hectares or more in the second. I 

chose this categorization because it divided my sample into roughly equal 

groups, and the categories would be large enough to run the Chi square test. 

Additionally, a majority of Tunisia farmers gave less than 5 hectares of land so 

this seemed like a meaningful categorization. I re-ran “decreasing land” as an 

adaptation as a function of this land size and got significant results at the 0.1 

level (Fisher’s exact p = 0.072) (Table 9). 

This shows that although some studies cite a decrease in land as a 

viable adaptation option, in cases where land size is very small to begin with 

and livelihoods are difficult as a result, decreasing the amount of cropped land 
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in a year of drought might not be a realistic option for many farmers. For 

farmers with larger plots of land however (the minority across Tunisia), this 

was a viable adaptation option. 

 

)
Table)9:)Land)Size)and)Decreasing)Land)Strategy)
! Land!Size! !
Decrease!Land!(%)! Sma! M/Lb! Total!
Yes! 39.1! 68.4! 52.4!
No! 60.9! 31.6! 47.6!

N!=!42!
a.!Less!than!5!Hectares!!
b.!5!Hectares!or!more!
Results:!Χ2=3.58,!df=2,!p=0.059,!Fisher!exact!=!0.072!
 

&

Qualitative&

The qualitative data shed light onto reasons why these patterns hold 

true in the sample. As I have done in the last categories, I look at each water 

access category individually; first I examine the PPI farmers, then the well 

farmers, and finally the rainfed farmers. 

!
!
PPI!Farmers!

Among the PPI farmers, the majority decreased their cropped land as a 

way to adapt. The reasons cited were to conserve water and to rest the land.   

 
Well!Farmers!

The well farmers who decreased cropped land stated two reasons: to 
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save money by conserving water and to rest the land. The only reason given to 

not decrease cropped land during a difficult year was when farmers already 

only had a very small plot of land. In this case they stated that they could 

barely survive by farming their entire plot, and thus they would not be able to 

make ends meet with less land. 

 
Rainfed!Farmers!

Finally, among the rainfed farmers who decreased their land in times of 

environmental stress, the cited reason was that it’s better to take good care of 

a smaller plot than do a mediocre job on a larger plot. 

One interesting comment a farmer made was that RF farming is a lot 

less profitable, so if you have a small plot of land, you cannot survive on 

rainfed farming alone. Thus, many of the farmers who only have tiny plots of 

land choose to grow the more profitable, irrigated crops using well irrigation. 

One farmer stated, “There was not enough rain this year to survive off RF 

farming only. If your land is too small then you can’t survive off rainfed 

farming alone.” 

 
Discussion&and&Themes&

As stated earlier, farmers with plots of land under 5H seem to be 

limited in this flexibility behavior, which is intuitive. They are not able to 

decrease the amount of land they plant each year or move parts of it to RF 

farming to save water or money. They are barely able to make enough income 



99 
 

to survive while cultivating their small plots of land, so decreasing them even 

further is not a possibility.  

However, farmers who have larger plots of land are able to choose not 

to plant some of their land during periods of water scarcity to conserve water 

and save money. Many well-irrigated farmers with 5H or more of land said 

that they move parts of their land to RF as an adaptation during times of 

environmental stress. Reasons they stated are that well water is expensive and 

getting less reliable and more saline, and farming in general is getting more 

expensive. As a result, they move parts of their land to RF farming which is 

much cheaper but also provides them with less income. One farmer stated 

that he’s considering moving all his land to RF farming in the future because, 

“It would be better, I wouldn’t need the well at all. I’d spend little and make 

little but that’s better than now, when I spend a lot and make little.” 

I encountered another adaptation practiced by farmers. Farmers move 

some of the cropped land away from irrigated crops to rainfed crops to save 

irrigation water. Seven percent of farmers in the PPI , and 27% of well farmers, 

stated that they move parts of their land to rainfed crops. For example, 

farmers will move to rainfed if the public irrigation water is too weak or the 

quality is poor. Farmers who rely on irrigation from private wells were also 

likely to move some or all of their land to rainfed. 
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CHANGING&WATER&AMOUNTS&
The next adaptation behavior I asked farmers about was adjusting the 

amount of irrigation water they use as a response to environmental stress. 

Surprisingly, this variable was not statistically significant in any of the runs 

with water access type. Because farmers in the irrigated areas grow crops that 

have both higher and more consistent water requirements, I had expected that 

these farmers would be unable to decrease the amount of water used in a year 

of drought. In comparison, I had expected farmers who grew crops that were 

more drought tolerant would be able to decrease the water amounts in times 

of water stress. However, this was not the case. In fact, 53% of farmers stated 

that they would not decrease or change the water amount at all. The 

qualitative data support this finding: farmers often emphatically explained 

after answering this question that it was not possible to decrease the water 

that crops required. They argued that this was never an option because it 

would stress the plants too much and would harm crop yield. They often 

appeared shocked that I would suggest such an option, and a few times even 

went so far as to explain to me the ways of farming.  

One interesting finding I did not expect was how many farmers with 

access to public irrigation reported mixing different types of water as a 

method of adaptation. Because the irrigation water has lower salinity (or as 

farmers called it, “sweeter”) farmers often mix this water with the well water. 

They know the level of salinity that each of their crops can tolerate and they 



101 
 

adjust the amount of salinity accordingly. They do this as a form of water 

rationing, to conserve the sweeter water for the crops that need it most. This 

is another sign that the public irrigation water is usually not sufficient as a 

primary irrigation source to cover all water requirements. 

I deem that the reason for this result being different from my prediction 

is that the majority of the irrigated crops grown in the area are not truly 

drought tolerant. Prior to field work, I expected to see more drought resistant 

crops, but even farmers who grow well irrigated crops are not usually growing 

drought tolerant cultivars. These farmers are still growing the vegetables 

common in the area – tomatoes, peppers, onions – which require less water 

than strawberries, but still require a rather reliable water supply. The only 

farmers who are growing crops that are truly drought tolerant are the RF 

farmers who are growing mostly wheat and herbs. These farmers have little 

control over increasing or decreasing the amount of water they use because 

they depend on rain and have no water storage mechanisms.  

Another important finding was that I spoke with a few farmers who had 

access to PPI water and had used it in the past, but had now stopped using it 

and went back to either their wells or rainfed farming. The reasons for these 

changes were because the PPI water had become less reliable in the last 

several years. One farmer told me, “I decreased irrigated crops. The amount 

really increased when irrigation first came into the area, but now people are 
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starting to go back to rainfed farming again.” 

B:)SELFSEFFICACY:)“CAN)YOU)DEAL)WITH)YOUR)PROBLEMS?”)

BACKGROUND&AND&HYPOTHESIS&
I expected that farmers outside the PPI would have the most flexibility 

to undertake adaptations during times of environmental stress. This has 

mostly shown to be true through my analysis of adaptation behaviors. 

However, another issue that is closely related, and one in which I was 

interested, is that of self-efficacy. In contrast to actual adaptation behaviors, 

self-efficacy explores an individual’s feelings regarding whether they are able 

to take actions to improve their situation or deal with their problems. A sense 

of self-efficacy regarding a particular task or set of tasks leads to human 

agency, or the ability to act. Research has also shown that self-efficacy can be 

seen as a precursor to undertaking adaptive behaviors (Gothmann and Patt 

2005). 

 

MY&INTERVIEW&QUESTION&
Although I did not conduct a full analysis of self-efficacy beliefs in my 

study, I did ask one question to better understand the self-efficacy of my 

population. I did not want my results to be based solely on actions without 

exploring farmers’ feelings and ideas about their ability to act and to face 

their problems. To that end, I asked one direct question to farmers about their 

ability to deal with the problems: “Do you feel that with your present 
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resources, you are able to deal with the risks [which we have been talking 

about throughout the interview]?”  

This is an interesting question because farmers who have the highest 

levels of flexibility should also have the highest levels of self-efficacy. Hence, 

I expected farmers who have well irrigation and rainfed farming to have 

response “yes” to this question significantly more frequently than those in the 

PPI. Surprisingly, this was not the result. A majority of all the farmers in all 

the different groups responded to the question with “no” or “maybe.” I next 

explain the categories I used to discuss this issue with farmers. 

 
Explanation&of&Categories&

In order to conduct the statistical analysis, I had to categorize the 

farmers’ responses. Most farmers did not give a simple yes or no answer to 

this question. I did not follow this question with a why; nevertheless, most 

farmers elaborated extensively on their answers. Many farmers gave 

conditional responses, for example, some variation of “Yes, but…” and 

proceeded to explain several caveats to their ability to deal with their current 

problems.  

For my analysis, I categorized these conditional responses as “Maybe.” 

I decided if their answers implied they could deal with the risks using 

resources they already had. For example, if a farmer said, “Yes, if the 

government would help me more,” I decided that this was a “No” because 
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currently the government was not helping them sufficiently. However, if a 

farmer said, “Yes, but only because my son is working in a factory right now, 

which might not continue,” I categorized that as “maybe” because they are 

currently able to cope – albeit barely and temporarily. In Table 10 below, I 

show how I categorized each of these conditional responses. 

 

 

Table)10:)SelfSefficacy)Response)Categories)
Response) Category)
If!we!had!more!help!from!the!government!we!could!deal! No!
No!–!all!the!farmers!went!back!to!RF!in!this!whole!area! No!
No;!only!with!credit;!endless!cycle!of!debt.! No!
No;!barely!making!it! No!
Not!really,!no!resources! No!
Yes!but!only!because!of!credit! Maybe!
Yes!but!only!if!there's!other!work! Maybe!
Yes,!with!difficulty! Maybe!
Yes!it’s!doable!now!but!only!because!I'm!still!single!–!I!could!
never!support!a!family! Maybe!

Yes,!but!barely! Maybe!
Yes,!for!now! Maybe!
Yes,!for!now.!If!markets!get!a!little!more!controlled,!I!will!be!able!
to!deal.! Maybe!

 

 

RESULTS&
Correlation&with&water&access&type&

The first test I ran was a test of independence between this question 

and the type of water access available to the farmers. In this test, the sample 

size was 63 farmers. Of those, 19 had public irrigation and 44 had wells or 
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rainfed-only agriculture. For all types of farmers, “Yes [I can deal with my 

problems]” was never the majority answer. Table 11 below displays the 

descriptive statistics. 

)
 
Table)11:)Descriptive)Statistics)for)SelfSefficacy)
Variable! Attributes! n! Percent!
Water!source! Irrigation/Dam!

Well/Rain!
19!
44!

30%!
70%!

Self_efficacy! Yes!!
No!
Maybe!

17!
20!
26!

27%!
32%!
41%!

&

 

Of the farmers who had public irrigation water, a total of 68% had 

answers in the “no” or “maybe” categories. In other words, only 32% of the 

PPI farmers felt that they could deal with their problems with their current 

resources. 

Of the farmers with private wells and rainfed-only agriculture, the 

numbers were slightly worse, with 75% falling in the “no” or “maybe” answers 

and 25% saying "yes.”  

When I ran a test of independence between farmers’ answers to this 

question and their water access type, there was no statistical significance 

between them (p = 0.791). This was expected because the “yes” answers were 

few; a large majority of farmers in all categories said “no” or “maybe.” 

)
)
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Correlation&with&Land&Size&
Because the test of self-efficacy as a function of water access did not 

yield information about the differences between farmers, I wanted to look 

further into differences between the farmers who seemed to have a higher 

self-efficacy and the rest. Speculating that land size might be an important 

differing factor, I ran a test of independence for this response with land size. 

To conduct this test, I divided the farmers into two groups: those with 9 

hectares or less of land (n=50) and those with 10 or more (n=15). I chose this 

delineation because it kept the categories even enough to allow me to run a 

chi-squared test. The results of this test are shown in Table 13. 

 
 
 
Table)12:)Descriptive)Statistics)for)Land)Size)
Variable! Attributes! n! Percent!
Land!Size! Less!than!10H!

10H!or!more!
50!
15!

77%!
23%!

Self_Efficacy!! Yes!
No!
Maybe!

18!
20!
27!

28%!
31%!
41%!

 
 

 

For this test, the correlation effect is sizeable and significant at the 0.05 

level (p = 0.041) (Table 13). As I expected, land size was significantly 

correlated with farmers’ self-efficacy perceptions. Those farmers with larger 

land size were more likely to respond “yes” to the question and those with 

smaller land size were more likely to respond “no” or with a conditional 
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response that placed them in the “maybe” category. 

 
 
 
Table)13:)Land)Size)and)SelfSefficacy)
! Land!Size!(a)! !
Self_efficacy!(%)! Small! Large! Total!
Yes! 20! 53! 28!
No!
Maybe!

34!
46!

20!
27!

31!
41!

a.!Small!=!less!than!10H;!Large!=!10H!or!more!
Results:!Χ2=6.40,!df=2,!p=0.041.!
!
 
 

It is important to note that a majority of farmers (54%) in Tunisia – in 

this region as well as throughout the country – are small farmers with less 

than 5 hectares of land. That is, 9 hectares should be considered a large piece 

of land. Even in my small sample, 15 of 74 farmers had 10 hectares or more 

and 50 had 9 or less. Therefore, the finding that land size has a large impact 

on self-efficacy is important.  

 

CONCLUSIONS&
I searched for other themes in the set of farmer elaborations for this 

question. Many of the farmers stated that they would be doing much better if 

the government regulated the markets, if crop prices were controlled or if the 

government took better care of its farmers. Importantly, almost all of the 

reasons stated for the difficulties in farmers’ lives were related to finances and 

government policy. There were not many comments about environmental or 
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climatic issues, even though up until that point, it was apparent to them that 

the topic was of interest to me. And the focus was not just on financial issues 

generally, but specifically on government policies around crop prices – that is, 

subsidies and credit – that directly hurt farmers.  

The reason that most of these farmers feel they cannot face 

environmental risks is not a result of environmental reasons such as water 

shortages. Rather, they cannot face these risks because they do not have the 

financial means to mitigate the risks. The overwhelming theme throughout 

my interviews was the financial hardship of being a farmer in Tunisia when 

government policy undermines farmer livelihoods. For this reason, I decided 

to conduct research into these government policies and devote a section of 

this chapter to describing them. The finding that farmers with less than 10 

hectares of land feel unable to deal with their current circumstances enough 

to create a decent life is disheartening. Farmers’ choices are severely limited 

by the types of policies that the government chooses, or chooses not to, 

impose. 

Furthermore, all three water access groups are affected, regardless of 

how secure their access may appear – for example, PPI farmers. Water access 

for those depending on irrigation is affected by rainfall. In drought years, 

there is less water in the river and the streams and thus PPI farmers have 

more frequent water shortages than in rainy years. Everyone in the area is 
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dealing with water scarcity in some form or another, but the problems 

manifest themselves in slightly different ways. That may be one reason why I 

did not see a significant difference in levels of self-efficacy between irrigated 

and rainfed farmers. Or, as stated previously, the timing of my study may have 

been too late for me observe that difference.  

 

C:)CLIMATE)CHANGE)PERCEPTIONS))

APPROACH&TO&TOPIC&
In this section, I discuss farmers’ perceptions of climatic and 

environmental changes. I investigated famers’ perceptions of climate change 

using one open-ended question in the interviews: “Have you noticed changes 

in the climate in the past five years?” I encouraged farmers to elaborate, 

especially if they stated that they had noticed changes. Farmers were given 

time to name and discuss as many changes as they liked.  

RESULTS&
My hypothesis was that farmers who were mostly rainfed have more 

accurate perceptions of climatic changes. The hypothesis was not supported 

by the statistical analysis. Instead, an overwhelming majority (80%) of all 

farmers stated that they had noticed changes in the climate. As shown in 

Table 14, 79% of PPI farmers stated that they had noticed changes in the 

climate, 79% of well water farmers noticed changes and 88% of rainfed 

farmers noticed changes.  



110 
 

)
Table)14:)Descriptive)Statistics)for)Climate)Change)Perceptions)
Variable! Attributes! Yes! Total! Percent!
Perceived!climatic!
changes!(yes)!
!
!

Irrigation!
Well!
Rainfed!only!
Total!

19!
26!
7!
!

24!
33!
8!

79%!
79%!
88%!
80%!

&
 

 

Next, I discuss the changes that were cited by farmers. 

&
Types&of&Changes&

The most frequently cited weather changes were the changing of the 

seasons and the decrease of rain. Seasonal changes included general 

comments such as “the seasons have switched places” and “seasons are mixed 

up,” as well as more specific observations such as, “spring is starting later.” A 

number of people (20%) cited weather changes such as these. A larger number 

of people (32%) cited precipitation changes – mainly a general decrease in 

rain, seasonal decreases in rain and the increasing variability and 

unpredictability of rain events (Figure 9). 
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!
Figure)9:)Number)of)Farmers)and)Climate)Perceptions)
 
 
 

  

Some of the most striking comments I heard were: 

•  “Since the mid 1990s, the rain here has really decreased. We 
used to be able to grow watermelons in this area, but not 
anymore.” 

• “There used to be heavy rains from December through February 
and sometimes even into May. Now you can no longer rely on the 
winter rainfall.” 

• “I used to need to cover my strawberries in the winter months to 
protect them from the cold, but the last few years I’ve had to 
cover them in the spring instead.” 

• “My father had specific and accurate rules for planting, 
depending on the seasons – 15 days until planting a specific 
crop, etc. But now we are finding that we can’t use those rules 
anymore because the weather has changed and they are no 
longer accurate. Now those 15 days could be 25 or more.” 

 

 
  Precipitation  Temperature  Timing/Season 
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DISCUSSION&
These results and comments communicate several messages. Most 

importantly, the climatic and environmental stresses in this region of Tunisia 

have gotten so dire that all farmers, even those not directly dependent on 

natural rain patterns, have noticed the changes. Although it is difficult to link 

specific incidents to climate change, many of these changes in weather 

patterns can be tied to global climate change (Verner 2013). The finding that 

so many farmers noticed changes makes this fertile ground for further 

research.  

 

D:)ECONOMIC)POLICIES)AND)FARMER)LIVELIHOODS)

INTRODUCTION&&
In this findings section, I take a close look at how certain economic 

policies affect farmers in my research area. The economic policy system 

establishes many of the numerous constraints on farmers regarding climate 

change adaptation. In this chapter I outline the major agricultural economic 

policies that impact the farmers that I worked with in the Cap Bon; a full 

national financial analysis of government agricultural policies is beyond the 

scope of this work.  

The national government of Tunisia intervenes extensively in the 

agricultural market. There are few policies in place that protect farmers from 

economic harm. The policies in place are for the benefit of consumers and 

often have an overall negative effect on farmers. The World Bank claims that 
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these policies do not benefit smallholder farmers. What I saw on the ground in 

the Cap Bon supports their conclusion.  

 

NARRATIVE&OF&FOOD&SECURITY&
The Tunisian government emphasizes a narrative of food security, 

which guides most of its agricultural policies (Drogue et al. 2016; WB 2014; 

Dhehibi and Gil 2003; Ayeb and Bush 2014). A 2014 World Bank report on the 

country states that, “Tunisia does not have an agricultural policy; rather it has 

a food security policy, which goes against the potential of its agricultural 

sector” (page 18). The goals of the food security policy are to “achieve 

national self-sufficiency in basic foodstuffs, to stabilize prices of staples, to 

maintain the purchasing power of the poor, and to improve the nutritional 

status of the most vulnerable people groups” (Dhehibi and Gil 2003). The 

Tunisian government enacts policies that are in support of its strong narrative 

of food security for the majority of the population. The government, 

specifically the Ministry of Agriculture (henceforth referred to as the Ministry) 

believes that its role is to provide affordable staple foods for its population. 

My conversations with government ministry representatives and World Bank 

officials confirm this perspective. 

 

MINISTRY&DECIDES&THE&STAPLE&FOODS&
Staple foods, referred to as the “protected crops” by everyone I spoke 

with in my region, are controlled by the Ministry through different price 
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control mechanisms (personal communication with author, October 2013). 

The staple foods are: cereals (hard durum wheat, soft wheat and fodder), beef, 

milk and specific vegetables (peppers, tomatoes, onions) (Drogue et al. 2016; 

WB 2014; Khaldi et al. 2007; personal communications with author). The price 

control for each staple food varies. For some staple foods – chiefly cereals and 

dairy, which are considered the most important – the Ministry provides 

subsidies to the farmers to incentivize production and keep prices low. In this 

way, the Ministry can ensure food sovereignty in these crops without relying 

on imports (personal communication with author, July 2014). 

Because farmers in my region grow mostly vegetables, I focus on those 

crops. Staple vegetables are considered important but not as important as the 

cereals and dairy staple foods, so the price control mechanism is different. 

Farmers are not financially supported through policies, and policy goals are to 

ensure low consumer prices (personal communication with author, July 2014). 

If the supply of one of these vegetables is low in a given year, the ministry 

imports the deficit and floods the market. National self-sufficiency in these 

products is not seen as a priority (Ayeb and Bush 2014). For staple vegetables, 

including potatoes, peppers, and tomatoes, the government does not 

financially help farmers but rather constructs a price ceiling to lower 

consumer prices (Farmer interviews 2014; Ministry interviews 2014; Thabet et 

al. 1994; personal communication with author, July 2014).  
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The prices of these crops is set annually through a negotiation – in 

theory – between the Farmer’s Union and the Producers’ Association. The 

Producer’s Association represents processing plants. However, it is not a fair 

negotiation because the producers have much more power. Every year the 

Farmers’ Union fights to raise the prices, but sometimes the prices drop. 

There is tremendous pressure on the Ministry from the general population to 

keep staple food prices low (personal communications with author, Oct. 

2013). In total, food price controls cost the national government a large 

amount of money: the World Bank states that these food subsidies cost 3% of 

total GDP. Agriculture in total is only 8% of the nation’s GDP (WB Report). 

&

PEOPLE&EXPECT&THE&GOVERNMENT&TO&PUT&PRICE&CEILINGS&ON&STAPLE&FOODS&&
The Ministry has a long history of placing price ceilings on staple food 

items and thus it has become an expected practice by the general population. 

Many reports discuss this (Amara 2013; Amara 2014; Sfaxi 2014; World Bank 

2014) and it was also confirmed to me during my interviews. There is a history 

of protests and riots in many cities across the country when the government 

raises the prices of these products even a small amount (Amara 2014). 

Policymakers are more worried about protests that might result from 

increased food prices than they are about farmer livelihoods. Many articles 

(Harrigan 2011; Perez 2013; Rosenberg 2011) have made links between food 

prices and the start of the Arab Spring, although some scholars have disagreed 
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about the strength of that link (Cincotta 2014). However, post-Revolution the 

new government has stated that it plans to start cutting subsidies to both food 

products and fuel; this news has been met with protests and strikes (Amara 

2013; Agrebi interview 2014; Amara 2014; Sfaxi 2014).  

 

ACTUAL&PRICES&OF&CROPS&AND&PRICING&POLICY&&
The economic policies in the name of food security greatly harm 

farmers by keeping prices of many crops low. One common risk I heard when I 

talked to farmers was the product pricing issue, especially farmers of 

tomatoes, potatoes and peppers (all “protected crops”) (Thabet 2002). These 

are the crops that I discuss regarding pricing policy. Minot et al. 2010 state: 

 

Public authorities implement a set of maximum prices at the level of 
 wholesale or retail markets, without any compensation for the farmers. 
 However, when prices are at very low levels, due to the abundance of 
 local production, no instrument of support for the farmers is applied. 
 This policy, which is inscribed within an objective of controlling 
 inflation at the expense of the agricultural sector, has heavily affected 
 farmers’ incomes during the last few years. Small farmers, producing 
 vegetables, are the most affected by this policy (Minot et al. 2010, 104-
 105).  

 

Vegetable farmers’ livelihoods and incomes are not protected by 

policies. Not only are the prices of the crops low, there are several other 

economic problems that farmers in Tunisia currently face.  

First, farmers do not get paid for their harvest immediately, and they 

often wait many months until after processing and marketization of crops to 
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get their payments. With tomatoes especially this is a problem, because 

farmers take their tomato harvest to the processing plants in June or July, but 

they often do not get paid for approximately 4-6 months until after processing 

(personal communications with author; farmer interviews). One of contacts in 

Tunisia sadly stated that because of this system, in a way, the farmers can be 

considered investors in the processing plant! 

Second, farmers do not know ahead of time the price they will receive 

for their crops, and the price can drop dramatically at the last minute if the 

Ministry floods the market with imports (Ayeb and Bush 2014; personal 

communication with author, February 2014; farmer interviews). Often the 

prices end up being so low that farmers lose money on a crop in a given year 

(Thabet 2002). For example, in 2013 farmers were promised 135milleem/kg of 

tomato but were given 105 (personal communication with author, March 

2014). The following year, there was a boycott of tomato cultivation by 

farmers. Tomato farmers have been fighting for several years to get 150mill/kg 

which they say will allow them to break even (Sfaxi 2014; personal 

communication with author, March 2014). Although policy-makers call 

tomato a “cash crop” (Ministry interviews), it’s not a cash crop if farmers 

cannot make a living off it or even know when they will get paid. I heard many 

stories about the potato harvest of 2013, one year before I was there. The 

Ministry imported potatoes late in the season to keep prices down, and 
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farmers actually destroyed their potato harvest in protest. In 2014, many 

farmers refused to plant any potatoes. One Ministry representative I 

interviewed stated that a lack of contracts is the largest risk to farmers.  

&

DISTORTING&THE&MARKET&INCENTIVIZES&NONTSTAPLE&FOODS&FOR&FARMERS&
Because of these market distortions, and lack of farmer support for 

staple vegetables such as tomatoes and potatoes, the prices that farmers 

receive on these products is incredibly low. Not only are they kept artificially 

low, but the prices increase very little over time, even as the prices of inputs 

such as water, seeds and fertilizer steadily climb. The prices of seeds, 

fertilizers and other inputs depend on market factors, as many of these 

products are imported and prices fluctuate with international markets. 

Therefore, the costs of farming increase while the price of the final products is 

artificially controlled by the Ministry. As a result, farmers too often lose 

money in a planting year or are forced into debt (personal communications 

with author, April 2014). [DELETE PARAGRAPH] This is one of the main 

reasons that Korba farmers in the past several decades have been abandoning 

the staple foods that the region was well-known for and adopting more 

lucrative, non-staple food crops such as strawberries. 

Strawberries do not have the same pricing problems because they are a 

luxury food item, not a staple food. But the market for strawberries is much 

more limited (personal communication with author, November 2013). 
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Furthermore, strawberries come with different problems, as I have discussed 

in previous chapters. And, as I have shown in this dissertation, strawberries 

result in less flexible systems that might be less resilient to environmental 

shocks and risks.  

However, the difference in prices between strawberries and staple food 

crops is jarring. For example, a Cap Bon farmer growing traditional vegetables 

such as tomatoes or potatoes spends $500-$1,500 in inputs (not including 

labor) per hectare and makes $1,000-$3,000 in profits. A strawberry farmer 

spends $15,000-$25,000 per hectare and profits $20,000-$60,000 (Foltz 2003). 

 

FARMERS&ON&HOW&GOVERNMENTT&DOESN’T&CARE&ABOUT&AGRICULTURE&&
Tunisia’s staple food policies have caused extreme livelihood hardships 

for the farmers that I interviewed. They have also created the feeling that the 

Ministry, and the nation as a whole, do not care to support the Tunisian 

farmer. I heard an overwhelming number of comments to this effect when I 

interviewed farmers. Some of these comments are shown in Table 15.  
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Table)15:)Farmer)Sentiment)on)Government)Attitude)Toward)Agriculture)

!
!

 
 
 
 

These quotes show the universality of the sentiment that the 

government has abandoned its agricultural sector. It was not just small, or 

poor, or rainfed farmers, but every type of farmer voiced this sentiment. 

In summary, farmers in this area of Tunisia are greatly hurt by the price 

control mechanisms the government enacts to support food affordability for 

consumers. Farmers also have very little power partly because of a lack of 

information. They are not protected by contracts, and thus do not know year 

to year what prices they will get for their products. They find out the prices at 

the end of their growing season after they have already invested the inputs 

and grown and sold their crops. The Farmers’ Union has very little power 

compared to the Processor’s Association, and the pressure for low prices on 

consumer foods is very strong.  

 

Farmer&#& Comment&
36# No#one#cares#about#the#farmer.#
42# No#I#don’t#think#anything#will#change#because#the#people#in#power#don’t#

care#about#these#problems,#and#they#are#making#lots#of#money.#
42# Farming#is#a#catastrophe,#you#can’t#make#a#living#off#it#anymore.#You#work#

and#you#work#and#you#don’t#even#know#how#much#money#you’ll#get.#The#
farmer#is#the#last#person#in#the#chain#who#gets#paid#

44# The#government#only#cares#about#tourism,#but#agriculture#is#the#
backbone.#Farmers#work#the#hardest,#even#work#on#Sundays.#Agriculture#
is#the#foundation#of#the#economy.##

62# Government#cares#about#the#consumer,#not#the#producer.#But#if#you#come#
down#hard#on#farmers,#you#won’t#have#any#food#anymore!#

60# Government#doesn’t#pay#attention#to#agriculture#anymore#even#though#
it’s#very#important#

59# Our#government#doesn’t#encourage#or#support#farmers;#the#
encouragement#we#need#is#nonNexistent.##
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E:)WATER)SCARCITY)AND)MANAGEMENT)
In a water scarce country such as Tunisia, the management of water 

resources is an important theme of policy discussion. Tunisia has an average 

of 400 cu3 of water per capita annually, which is below the scarcity threshold 

set by the UN Food and Agriculture Organization (FAO) of 1000 cu3 per capita. 

As mentioned previously, the concepts of water scarcity and stress themselves 

have been deconstructed and problematized by many scholars, and there are 

many other factors at play in the distribution of and access to water. That is 

one of the main issues that I address in this dissertation. As described in 

Chapter 2, the Tunisian central government has implemented several large 

projects to try and control the use and distribution of the nation’s meager 

water resources. These projects have been in the form of large water transfer 

projects, the building of pumping stations and dams, and efforts to conserve 

both drinking and irrigation water.  

Tunisia is often considered a model of water management in the semi-

arid world, mainly because of its successful implementation of drip irrigation 

throughout the country. That, along with other large water projects such as 

the transfer of water from the northwest region, allowed some Tunisian 

farmers to begin cultivating water-intensive crops like strawberries. The 

central government has promoted the success of these farmers as a part of its 

modernization narrative. The productivity of farmers in regions such as the 
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Cap Bon peninsula have been an important part of this narrative and 

something that government officials seem extremely proud of.  

Now, however, effects of the overuse of irrigation water are beginning 

to emerge. Some farmers in the Cap Bon are becoming aware that such water-

intensive crops are not sustainable in the long term, and they have adopted 

strategies to deal with water scarcity. The government does not seem to be 

aware of this renewed water crisis. Government projects that aim to 

encourage water conservation are failing because they are not dealing with 

the root of the issue: the livelihood strategies that lead farmers to adopt 

water-intensive crops. In this section, I explore the gaps between farmer and 

central government understandings of water scarcity and the approaches that 

each use to deal with the problem.  

 

OUTCOMES&OF&THE&WATER&TRANSFER&PROJECT&
Social&Relations&&

One of the consequences of the canal water transfer project described 

in Chapter 2 has been an increase in social inequality. By choosing to give a 

more secure supply of water to farmers who were irrigating intensively before 

the project, the Tunisian government is rewarding those farmers that practice 

more intensive, or “productive,” agriculture. Farmers who practice less 

productive agriculture are in a sense punished by not being included in the 

irrigation plan. Furthermore, because farmers within the PPI are given access 

to an increased and steadier supply of water, they are able to grow more 
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lucrative crops.  

!

Different&Crops&and&Economic&Issues)
When farmers began receiving public surface irrigation water, they 

were able to intensify their agriculture, sometimes by switching to crops that 

required a larger and more reliable supply of water. The reasons for these 

changes were mostly economic, but the more reliable water supply made these 

options viable. As I discussed in the previous section, most of the crops that 

are considered staple crops are heavily subsidized by the government on the 

consumer end; thus, farmers receive a very low price for these products. Other 

crops that are well-suited to the local environment, such as strawberries, 

allow farmers to charge higher prices. However, strawberries are much more 

water-intensive. It makes sense that a farmer with access to water would 

switch to more lucrative, water-intensive crops to increase profit and improve 

his livelihood. As I have explained in previous sections, this is the case in my 

region.  

Documents related to the canal extension project, as well as comments 

by Ministry representatives, assert that pricing water will teach farmers to 

value it. However, the price of water is heavily subsidized by the government. 

Therefore, the difference in product prices between crops that are less water-

intensive but subsidized and those crops that are water-intensive but more 

lucrative makes up for the price of the water. The canal project plan was based 
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on physical water availability; the range of economic issues that impact crop 

decisions by farmers was not fully considered. Hence, the transition by 

farmers to more water-intensive crops increased, causing detrimental impacts 

on the scarce water situation in the area.  

 

CURRENT&WATER&SCARCITY&AND&ADAPTATIONS&
Farmer&Strategies&for&Dealing&with&Current&Water&Scarcity&

The unintended consequences of the canal extension is that less than 

two decades after its construction, the region once again finds itself in a water 

scarce situation. I conducted interviews with 74 farmers: 28% of whom were 

inside the PPI and 72% outside, and who either practiced rainfed farming or 

had private wells for irrigation. An overwhelming majority of farmers in both 

areas complained about both the quantity and quality of water. The farmers 

within the PPI stated that water has become less reliable over the past several 

years. They cannot get access to the amount of water they need each day, 

especially during the drier months of the summer. When they do have access 

to the water, its flow is often too weak for proper irrigation. 

Farmers have many methods of dealing with water scarcity. Many of the 

farmers I spoke with had stopped using the irrigation water regularly. In the 

past few years, these farmers had decreased the number of irrigated crops and 

increased the number of less water-intensive they grew; sometimes they even 

moved to rain-fed crops. They often reserved a small part of their land for 

irrigated crops as an income-generator while the rest of the land was used for 
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rain-fed crops. I spoke with a number of farmers in the PPI area who 

surprisingly stated they had completely stopped buying and using public 

irrigation water because of quantity and quality issues. These farmers had 

moved away from irrigated agriculture back to primarily rain-fed crops. 

Others chose to diversify their income through purchasing animals, acquiring 

off-farm jobs or abandoning agriculture altogether. Because diversifying at 

various scales is an important adaptation for farmers, these behaviors at my 

field site can be seen as adaptations to the current environmental and 

economic situation. 

Finally, many farmers decreased or eliminated their tomato production. 

This is the opposite of the expected outcome from the canal project because 

one of its goals was to support the production of this Tunisian staple food.  

 
How&the&Government&Deals&with&Scarcity&

When I asked government officials about the current water scarcity 

problems in the Cap Bon region, they often stated that farmers simply needed 

to be more efficient in their use of irrigation water. They argued that the price 

of irrigation water was set to teach farmers how valuable water is, thereby 

leading to farmers’ water conservation. Because officials perceive that farmers 

over-irrigate their crops, the government conducts several awareness 

programs through the local extension offices to teach farmers ways to practice 

water conservation.   
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THE&UNDERLYING&PROBLEM&
I posit that the large disconnect between the ways in which the 

government and the farmers currently view the water situation stems from a 

failure of government officials to comprehend the complexity of factors that 

impact farmer decisions. In the planning of irrigation projects and the general 

approach to water scarcity, the central government largely ignored important 

social and economic issues, and it continues to plan projects and programs 

solely around its own perception of the reasons for the physical decline in 

water resources. The resource is viewed in isolation rather than the backbone 

of livelihood for farmers or as a part of a highly complex system of farmer 

adaptation strategies. The difference in crop prices that farmers receive 

between staple vegetables and lucrative luxury foods such as strawberries is 

not taken into account by the government in its plans for mitigating water 

scarcity. Although it may seem unrelated at first glance, these livelihood 

issues, which drive farmer decisions on a daily basis, have significant impacts 

on natural resources.  

Government water policies have resulted in an increase in social 

inequality, as well as on over-exploitation of the nation’s limited water 

resources. Farmers in the Korba region have already begun to feel the effects 

of the new water shortages, and they are adapting to the situation in various 

ways. The central government, however, has yet to catch up and adjust its 

policies and approach. 
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CONCLUSIONS)
Overall, I found significant differences between irrigated and non-

irrigated farmers, although fewer than I had hypothesized. The biggest 

differences I found, based on the three SLA indicators, were in the human 

capital indicator. First, I describe  the areas where I found differences.  

I found that when farmers get access to PPI water, the accessibility in 

some ways decreases their human capital by making them less flexible to 

change their cropping systems in times of stress. Furthermore, despite higher 

incomes, they also have much higher farming costs. However, it can be said 

that because they have higher incomes, their financial capital increases in 

other ways. 

I found that farmer access to PPI water also decreases natural capital 

because the switch to higher-value crops – which are more water-intensive – 

exacerbates the already stressed water system. The irrigation water, which 

comes from surface water from the Medjerda River, has become less reliable 

over the 20 years since the farmers first got access. As a result of crop choices, 

lack of maintenance of pipes and increasing water scarcity throughout the 

country, there is never enough water for the PPI farmers to grow all the 

lucrative crops they prefer. 

A finding I had not expected was that land size has an impact on 

flexibility and self-efficacy, two micro-indicators of AC. Farmers with larger 

land plots had much more freedom to try different crops and to set land aside 
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during times of drought. These might be important adaptation methods. 

Unfortunately, the vast majority of Tunisian farmers have small plots of land. 

For other micro-indicators of human capital – climate change 

perception and self-efficacy to deal with problems – there was no difference 

between the two groups I compared because both groups had high climate 

change knowledge and low self-efficacy. This may be a function of the timing 

of my study, as the water scarcity situation at the time I conducted my field 

work was dire. In addition, government economic policies greatly constrained 

agricultural livelihoods. However, I believe these findings on climate change 

perceptions and self-efficacy are important despite the fact that there were no 

differences between the groups. It was surprising and informative that the 

majority of the farmers I interviewed perceived changes in the climate and 

had low self-efficacy.  

In general, my hypothesis about irrigation policies holds true. Despite 

government narratives about the importance of irrigation in times of 

environmental stress, I found that policies that push for increased irrigation 

in isolation do not necessarily help farmers or increase their adaptive capacity 

to climate stressors. Access to irrigation without other changes in the 

structure of the system does not enhance long-term AC. As many farmers said 

to me, there are numerous pressures on them that they are unable to deal 

with. I will delve further into this discussion in the next chapter. 
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CHAPTER SEVEN: DISCUSSION AND CONCLUSIONS 

In this chapter, I give an overview of my findings, the limitations of my 

study, and some policy recommendations. I then discuss the broader 

implications of my findings and directions for future research. 

 

RECAP)OF)THE)STUDY)
I first provide a brief recap of my study as a foundation for my 

synthesis. In this study, my research questions were: 

1) How is the adaptive capacity of farming households in northeastern 
 Tunisia impacted by the transition from private irrigation (private well 
 and rainfall) to a public surface water irrigation system? 

 a) In what ways are national-level incentives to increase public  
  irrigation impacting adaptive capacity efforts at the local level? 

2) What are the adaptation strategies of farming households in 
 northeastern Tunisia to environmental stressors? 

 a) Who is primarily responsible for adaptation to climate change? 
 b) Do national policies and regional and local institutions   

  facilitate or hinder the adaptive capacity of households and  
  communities? 

 

My hypothesis was that farmers who have access to public irrigation do 

not always have higher adaptive capacity than farmers who have mixed 

cropping systems or even just rain-fed crops. I hypothesized that adaptation is 

much more complex, and the ways in which access to public irrigation water 

interacts with adaptation are varied. With regard to the specific capital assets 
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I examined, I hypothesized that farmers outside of the PPI would have lower 

human capital and natural capital and would have higher financial capital.  

I used the Sustainable Livelihoods Approach (SLA) as the framework to 

assess specific micro-indicators of AC in my sample, which consisted of 

farmers with different types of water access in Korba, Tunisia. I gathered data 

on three of the capitals: human, natural and financial capital. Within human 

capital, I gathered data on three specific micro-indicators: flexibility in 

cropping systems, climate change perceptions and self-efficacy. On natural 

capital, I gathered data on the water and irrigation system, and on financial 

capital I collected data on the economic policies that impact farmers. 

I spent nine months in Tunis and Korba. I conducted semi-structured 

interviews with 74 farmers which were spatially distributed throughout my 

region. The distribution of the farmers allowed me to get a sample from both 

irrigated and non-irrigated areas. In addition, I conducted 34 semi-structured 

interviews with government officials, international organizations, NGO’s and 

managers.  

 

RECAP)AND)SYNTHESIS)OF)FINDINGS)
In this section I present a brief overview of my findings with regard to 

each of my research questions. My first research question was: 

1) How is the adaptive capacity of farming households in northeastern Tunisia 
impacted by the transition from private irrigation (private well and rainfall) to a 
public surface water irrigation system? 

a) In what ways are national-level incentives to increase public irrigation  
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 impacting adaptive capacity efforts at the local level? 
 

I focused on a few of the capitals in the SLA framework, namely human 

capital, financial capital and natural capital. As farmers in Korba transition 

from private irrigation (private wells and rainfall) to a public surface water 

irrigation system, they move to more water-intensive crops. These crops, 

namely strawberries, are more water-intensive, expensive, and lucrative. As a 

result of this change, farmers’ flexibility in some areas decreases. Flexibility is 

the ability to make quick changes in cropping systems to adapt to 

environmental stressors, and it is one of the indicators of AC that I examined. 

PPI farmers exhibited less flexibility to change types of crops and change 

planting times than other farmer groups. Additionally, farmers with larger 

plots of land were able to undertake certain flexibility adaptations more so 

than those with smaller plots. 

The other indicators of human capital that I examined – self-efficacy 

and climate change knowledge – did not seem to be directly impacted by the 

transition to a public irrigation system. However, this could have been a 

function of the timing of my study. Nonetheless, important findings in these 

areas were that a majority of farmers in the Korba region perceive climate 

changes and have low self-efficacy in dealing with the challenges they face. 

One of the major underlying reasons for these crop transitions that 

result in more constrained flexibility are the crop subsidies enacted by the 
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central government in the name of food security. These subsidies are one of 

the main drivers of crop decisions and have great impacts on the financial 

capital of farmers. Farmers in the PPI have enhanced financial capital in terms 

of larger incomes, but they have decreased financial capital in terms of having 

greater debt.  

Finally, with regard to natural capital, the start of the PPI enabled the 

switch to higher-value crops. These higher-value crops are more water-

intensive and thus have overly stressed the water system. Hence, the arrival of 

public irrigation in the area has degraded the natural capital for farmers in the 

locale. 

 

My second research question was: 

2) What are the adaptation strategies of farming households in northeastern 
Tunisia to environmental stressors? 

a) Who is primarily responsible for adaptation to climate change? 
b) Do national policies and regional and local institutions facilitate or 

 hinder the adaptive capacity of households and communities? 
 

The adaptation strategies practiced by farmers that I interviewed 

included: 

• Changing the crops or varieties grown  
• Changing the planting dates  
• Changing the amount of water used 
• Mixing water types  
• Using credit or loans  
• Getting an off-farm job  
• Decreasing land under cultivation  
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• Purchasing animals 
• Decreasing irrigated agriculture 
• Leaving agriculture 

 

All of these adaptations were practiced at some level. However, I did 

not conduct any analysis on the following behaviors: using credit or loans, 

getting an off-farm job, purchasing animals and leaving agriculture.  

In terms of who bears the brunt of the responsibility for adapting to 

climate change, according to my time in the field speaking with farmers, 

Ministry representatives and other stakeholders, I posit that the farmers 

themselves are responsible. Although government policies attempt to 

alleviate the pressures of water scarcity and increasing water salinity, those 

attempts largely fall short, as shown by this research. There are larger 

structural issues that make agriculture a challenging endeavor in Tunisia, and 

these are not appropriately addressed by current policies.  

I did not conduct enough research with local and regional institutions 

to answer the last sub-question. I did conduct a few interviews but those 

interviews involved specific issues such as crop pricing, and thus I do not have 

enough information to make general statements about whether they facilitate 

or hinder adaptation.  
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DISCUSSION)IN)THE)BROADER)DISCOURSE)

GENERALIZABILITY&
The usefulness of this study is not necessarily that these findings can 

be applied to many different areas all over the world. “The concepts of 

resilience, vulnerability and adaptive capacity are only meaningful when they 

refer to specific entities, hazards, consequences and timescales. In other 

words, who is (not) resilient, to what, with respect to what consequences, and 

over what period(s)?” (Brooks and Fisher 2014, pg. 31). However, each case 

study adds to our knowledge and understanding about climate change 

adaptation. Each study helps us to understand how communities in times of 

environmental stress may respond. This study contributes to that knowledge.  

The findings may be applicable in other semi-arid regions where water 

is the main limiting factor for agriculture and in similar socio-economic 

contexts. Those include nations that are middle income but still developing 

and advocating large technical solutions for development and modernization. 

In such regions and policy contexts, technical approaches to water scarcity 

such as water transfer, increase in irrigation access and drip irrigation 

installation, might actually lead to decreased adaptive capacity for farmers on 

the receiving end of these projects. If these policies are not combined with 

other livelihood improvement mechanisms, the outcome might be decreased 

human capital and degradation of natural capital. 

 



135 
 

ADAPTIVE&CAPACITY&&
My original motivations for conducting this study were to understand 

the adaptive capacity of farmers in Korba to environmental stressors and the 

role of public irrigation water in adaptation. The Tunisian central government 

has carried out large water transfer projects to bring public surface irrigation 

water to agricultural communities throughout the country, and there are 

current future plans for more of these projects. Access to irrigation water is 

often considered an enhancement to resilience and adaptive capacity and 

irrigation by many scholars and international organizations; it is included as 

an indicator of AC in several frameworks (Shivakoti 2005; Kurukulasuriya et 

al. 2011; Kay 2001; Smithers and Blay-Palmer 2001; Smit and Pilifosova 2001). 

Many of the SLA frameworks that I based my study on also included it as an 

indicator. This is what spurred my motivation to explore issues of technology 

through irrigation and its impacts on AC in a semi-arid environment under 

chronic water stress. I wanted to explore the adaptive capacity of farmers and 

determine whether those who had access to public irrigation had higher levels 

of AC.  

I believe that this study contributes an important piece of knowledge to 

the discourse around technology, irrigation and adaptation. First, through an 

in-depth case study, I have shown that increasing public irrigation access in 

isolation does not necessarily facilitate farmers’ adaptation to environmental 

stressors (and hence, climate change) more than their neighbors who do not 
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have access to irrigation. There are larger structural issues at work that 

constrained farmer choices and made adaptation difficult in many cases. 

Receiving access to public irrigation water, in some instances, could decrease 

adaptive capacity because of unintended consequences and linkages with 

these other structural issues. As I have shown, the linkages between different 

SLA assets, such as human capital and natural capital, can create situations 

where an increase in access to irrigation might decrease AC, for example, as a 

result of constraining flexibility. 

In a semi-arid environment like Tunisia, this is not an effective 

program for enhancing AC. I posit that in other water scarce regions, an 

increase in irrigation alone also might not enhance adaptive capacity. If 

irrigation programs are combined with other programs, such as incentives for 

switching to less water-intensive crops or other financial support for farmers, 

then outcomes may be better. However, it is important to keep in mind the 

difficulty of using identical indicators of AC for different regions and contexts. 

Frameworks and indicators should be modified for each specific context. 

Furthermore, as stated previously, large irrigation systems alone 

cannot be used as an effective long-term adaptation.  

Relying on technology to build resilience as a solution does not mean 
 that crops themselves will adjust to the change in climate, given the 
 time scale. Instead, the production system will be viable until water 
 resources are depleted, at which point farmers will have to face a 
 changed water regime unadapted. Consequently, irrigation can be seen 
 as a temporary solution to delay other changes in agricultural practice 
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 or livelihood, such as switching crops or taking up a different 
 cultivation technique, or abandoning farming altogether (Schipper 
 2007, 5-6). 

 

The second way that this project contributes to the research is by 

providing a new case study in a region that has not been examined previously 

in the context of climate change adaptation in agriculture. Similar studies 

have been done in other regions, especially sub-Saharan Africa, but there has 

been a deficiency of research on this topic in the MENA region. The more case 

studies the research community can implement in different environments and 

contexts, the better our understanding of climate change adaptation, adaptive 

capacity and resilience. 

Third, this study provides an example of the use of the SLA framework 

to assess AC. As I presented previously, the assessment of AC is a large and 

daunting undertaking. There have been several proposed methods for 

assessing it in different contexts, including the SLA framework. In my project, 

I present an example of applying the SLA framework to the evaluation of AC. 

This is an important contribution because it shows how this can be done in 

the field with farming households. It also provides researchers with another 

case study that can be used to further refine the theories of SLA and its 

application to AC.  

Finally, this study contributes to the methods research by presenting an 

example of the joint use of quantitative and qualitative methods. To explore 
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such complex and interdisciplinary concepts such as resilience and AC, I 

believe that a combination of methods is needed; if they are used concurrently 

in the same project, it will make the findings more robust. The understanding 

of relationships between different factors and the processes that lead to those 

relationships are equally important.  

 

WATER&ACCESS&
The Tunisian central government deals with the current water scarcity 

with purely technical solutions: physical infrastructure and increased 

efficiency. When asked about the current water problems in the Cap Bon 

region, government officials state that farmers need to be more efficient with 

irrigation water. The price of irrigation water is meant to educate farmers on 

its value and lead to a more conservationist attitude in water use. However, 

many case studies from around the world have shown that this does not 

usually happen (Boelen and Zwarteveen 2005; Boelen and Vos 2011), and my 

research in Tunisia supports this finding.  

The common perception among officials in Tunisia and elsewhere is 

that farmers almost always over-irrigate their crops, which is why they must 

be taught water scarcity and conservation. Calculations of quantity and water 

use efficiency (WUE) are an important part of local water managers’ jobs, and 

the Tunisian government is conducting several awareness programs through 

the local extension offices to educate farmers about water conservation. This 
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is not uncommon: national governments of many developing nations have 

propagated the narrative of the inefficient farmer in order to implement 

certain policies (Boelens and Vos 2011).  

However, calculations of WUE are, once again, rooted in a purely 

technical approach and are disconnected from the numerous issues that 

impacts farmers’ daily choices on water use. As mentioned previously, the 

concepts of water scarcity and stress have been deconstructed and 

problematized by many scholars (Budds 2008; Swyngedouw 1997; Harris and 

Alatout 2010; Morinville and Harris 2014), and there are numerous other 

factors at play in the distribution and access to water. Quantifying water in 

this way neglects other factors such as the cost and availability of labor, the 

price of different crops, community and family resources and many other 

factors that greatly affect farmers’ livelihoods and daily decision-making.  

There have been many critiques to the purely technical approaches to 

natural resource management that policy-makers are implementing globally. 

First, notions of efficiency and productivity are not objective (Boelen and Vos 

17; Budds 2008). The appearance of their objectivity disconnects these 

concepts from the social processes in which they are embedded (Boelen and 

Vos; Trottier 2008; Budds 2008; Swyngedouw 1997, 2004; Harris and Alatout 

2010; Morinville and Harris 2014). The ways in which different actors, such as 

state and local water users, define and evaluate WUE tend to greatly differ 
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(Boelen and Vos, 17).  

Despite appearances of objectivity, decisions about which groups of 

people receive benefits such as public irrigation and drip irrigation subsidies 

is not a “politically-neutral” exercise (Kooij 2013, 108). The flow of water 

continually constructs, and is constructed by, the different social groups that 

use and manage it and their social interactions with each other. It is a 

“political struggle between social actors asserting control over nature in 

accordance with conflicting interests” (Budds 2008, 61).  

Moreover, this technology-centered approach to problems tends to 

disregard local differences. Designated “experts” diagnose the problem in 

engineering terms, find solutions, then apply the same solutions in different 

regions, assuming they will perform the same everywhere. Lab-like settings 

obscure the specifics of each situation. In addition, the engineering analyses 

are usually done at the plot level, but conclusions are made for larger scales, 

such as the watershed. The analyses do not take into account the diversity of 

microclimates, soil conditions, rainfall patterns, and mixed-cropping 

strategies that exist even in this very small region of northeastern Tunisia 

(Boelen and Vos; Kooij 2013).  

Finally, as my research demonstrates, even in the most efficient 

irrigation system, myriad daily decisions must be made on the ground by 

farmers; these decisions greatly impact the water situation (Molle and Wester 
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2009, 184; De Villiers 2000; Postel 1999). Because farmers are ultimately the 

ones who make water use decisions, their real incentives for practicing water 

conservation must be understood. Studies have shown that farmers adopt 

interventions such as public and drip irrigation for many reasons, including 

ease of use and cutting labor costs, and not always to use less water (Kooij 

2013). It is problematic that these decisions are not part of the policy-making 

process; there is little discussion of livelihood benefits of certain crops, the 

costs of labor, marketing barriers or the effect of these factors on farmer 

livelihoods and the entire food system of the nation. There is a real lack of 

qualitative research that explores farmer decision-making, yet projects that 

are based purely on technical considerations are continually being planned for 

the future and implemented in the present. 

 

POLICY)RECOMMENDATIONS)
While developing policy proposals was not a main focus of my 

dissertation, I offer the following general recommendations. In terms of 

Tunisian national policy aimed at helping farmers with water scarcity, I 

recommend that policies and programs take a more integrated approach to 

farmer livelihoods instead of focusing on technical and infrastructure 

interventions. My study region of Korba provides the perfect example. Instead 

of designing and implementing a water transfer project under the assumption 

it will address water scarcity, the government should implement policies such 
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as financial incentives for cultivating less water-intensive crops. Instead of 

spending millions of Tunisian Dinars building infrastructure and dams for 

water transfer, financial incentives should be given to farmers to increase the 

planting of less water-intensive crops. These incentives will enhance water 

conservation, which will in turn increase natural capital. This is only one 

example, but there are many ways that the water issue could be addressed in a 

more integrated livelihoods approach. The key is to understand the entirety of 

farmer livelihoods and decision-making before designing programs that 

attempt to alleviate problems. 

One of the most important ways to achieve this understanding is 

through greater direct interactions with farmers and other rural households. 

As I mentioned previously, a few of the farmers that I interviewed told me that 

no one had ever come out to speak to them before – not even an extension 

agent or other government official. This was mostly in the non-irrigated areas 

that are less accessible and further from town. I found the lack of interest by 

government officials shocking and upsetting. Policy-makers should 

communicate better with farmers and rural households and make a greater 

effort to comprehend the myriad factors that affect those households’ 

livelihood decisions. This increased communication and comprehension will 

facilitate more effective water management and climate adaptation policies 

and programs. 
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The disconnects between the government’s and farmers’ understanding 

of water scarcity presented in this dissertation illustrate the important value 

of local knowledge that is not being integrated into policy-making. My 

findings on farmers’ perceptions of climate change also show that there is a 

huge wealth of local knowledge about climate change that is not being used by 

policy-makers. 

Furthermore, a significant problem is that prices of many of the crops 

that are not water-intensive are very low as a result of price ceilings. Hence, 

another policy recommendation is to conduct research into crops that are new 

to the area that are both drought resistant and not price controlled. For 

example, grapes for table wine, pumpkins, other squashes and olive trees are 

crops that fulfill these requirements and are ecologically well-suited to the 

regional environment. I met a few farmers who had the resources to 

experiment with and grow these new crops as a result of larger land plots. 

However, the majority of farmers have very small land plots and cannot take 

risks by experimenting with new crops. The government can support research 

into new crops by partnering farmers with research institutions or universities 

that have the funds and means to explore new crops. 

 

LIMITATIONS)OF)THE)STUDY)
As in all research, my study had several limitations. First, my original 

plan was to conduct a full assessment of adaptive capacity of the two groups 
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of farmers in my region. Because of time limitations, I conducted an in-depth 

examination of a few micro-indicators in several of the capital assets. In the 

end, the results were fascinating and useful because this type of thorough look 

into indicators is seldom done, even though it can uncover a wealth of 

valuable information. For example, within just one micro-indicator of one 

capital – flexibility – I examined four different behaviors and discovered that 

for some behaviors, irrigated farmers had more flexibility, while for others 

they have less. Therefore, taking the time to closely examine different 

indicators yields important findings. 

Second, I had originally planned to interview a larger set of rainfed 

farmers to include them as a distinct group in the statistical analysis. 

However, these farmers were much less accessible than I had anticipated. The 

distances were far, the roads difficult to drive on and the timing was an issue, 

because many farmers were not in their fields at the time I was conducting my 

work. The farmers I did interview were surprised that we had come out that far 

to speak with them, so I am pleased that I was able to interview some. 

However, it would have been informative to have interviewed more. 

This research only represents a snapshot in time, and some of my 

questions would benefit from a longer-scale examination. For example, on the 

question of whether rainfed farmers notice climatic changes before irrigated 

farmers, I did not find a difference between the groups. However, as stated in 
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Chapter 6, this result may have been different ten or twenty years ago. The 

topic of adaptation needs more longitudinal studies so that we can understand 

how communities are adapting over time. 

Finally, there are factors affecting farmer adaptation that I did not have 

a chance to study. My findings are robust; however, there may have been 

other factors affecting my results which I did not examine, such as education 

levels, number of years of farming, and the like. 

 

DIRECTIONS)FOR)FUTURE)RESEARCH)
Many research questions arise from this study that warrant exploration 

by subsequent projects. First, I gathered a large amount of data, but not all of 

them are included in this dissertation. There are results from my interviews 

with government officials and farmers that are not included here. Some of the 

data collected from interview questions are not shown here, including 

government officials’ views on farmer risk, data collected about the national 

climate change plan, and data on other water conservation measures. All of 

these data can be analyzed for future projects. 

The farmers in PPI areas – which are, overall, very small sections of 

total Tunisia agriculture – receive much more attention from government 

officials and are the only purview of WUAs. This was the case in the Korba 

region, and I surmise that it is similar in other locales. Therefore, a second 

recommendation for future research is to reach other types of farmers and 
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examine their problems and the ways they are dealing with them. Studies 

similar to mine should be conducted in other areas of the country to increase 

knowledge about the nation generally and to compare results between 

different regions. 

Third, I was unable to complete my full assessment of AC because of 

time limitations. I recommend that a future research project conduct a similar 

study in my area, as well as in other parts of Tunisia, to examine the capital 

assets I was not able to: social and political capital and 

information/communication. Much more qualitative research needs to be 

done in order to understand factors that may prevent farmers from adapting 

to climatic impacts and, more generally, environmental stress. The better we 

can understand farmers’ mental models, priorities and decision-making 

processes, the better policies can be designed to aid farmers in adaptation and 

the greater will our wealth of knowledge be about adaptation in agriculture 

more generally.  

I recommend the use of the SLA framework in the assessment of AC for 

rural households in developing nations. In my search for indicator 

frameworks, I found this one to be the most meaningful and useful. Its roots 

are in participatory work, and it takes into account the different aspects of a 

household or communities’ livelihoods needs, as well as the ability to 

substitute trade-offs between different assets.  
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In general, the mixed methods approach worked very well. It yielded 

rich results and an in-depth understanding of these issues. I highly 

recommend a mixed methods approach to assess similar questions the ones I 

asked. However, the method is very time and effort intensive, so it is ideal if 

there are research teams conducting these studies. This would avoid the time 

limitations that I encountered and allow for a larger research study.  

As for other types of research studies that could benefit Tunisia, I 

recommend several directions. In reference to my policy recommendation 

above, more case studies in all areas of the country are needed to identify 

crops that are better suited to the local environment and that are not too 

water intensive. One policy that works well in the U.S. allows farmers to apply 

for funding to conduct research on their own land. Likewise, Tunisian farmers 

with larger plots of land should be able to experiment on sections of their land 

with crops that are drought or saline resistant. The resulting output data 

could be submitted to the government or research centers; that information 

could then be disseminated more widely. 

Further research also needs to be conducted on the reasons why 

farmers do or do not switch crops, and whether there are cultural or other 

barriers to crops that could be desirable from an environmental and economic 

standpoint. 

One of the most interesting behaviors I came across in my project was 
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the complete abandonment of irrigation water by some farmers in the PPI. A 

few of the farmers I spoke with said that they had altogether stopped using 

the irrigation water and had gone back mostly to rainfed farming. I did not 

conduct a full analysis of this behavior because  it was not a question I asked 

at the start of the project; the behavior was not something I had expected to 

find. However, as farmers started to mention it to me, I began to ask about it 

in subsequent interviews. I recorded four or five farmers who reported it, but 

further research is needed to quantify the farmers who are exhibiting this 

behavior. Given that the government views these irrigation projects as such an 

important accomplishment, and is continuing to spend money and resources 

on them, this is an important finding and a crucial direction for future 

research. 

Finally, the government intervenes in the food market in many ways, 

only one of which I discussed here. I did not find much research that explores 

the impact of these price mechanisms on agricultural livelihoods throughout 

the country, or on their impact on crop choices and global processes like 

climate change. This is a crucial future research direction that has important 

policy implications. 

Personally, I have many contacts in Tunisia and plan to return for 

further research there. It has been several years since the Revolution, and I 

would like to examine the impact of the political changes on climate policy, 
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on the livelihoods of farmers and on water access. I would like to extend my 

research to other nations in the Arab world. I am very interested in the 

countries of the Arab Spring and the different ways that the various 

governments choose to manage water and other natural resources. For 

example, Egypt, although incredibly scarce in rainfall, has an agricultural 

sector that is 98% irrigated because of Nile waters. It is an extremely 

interesting case, and it would be interesting to explore how the presence of 

the Nile impacts the understanding of water scarcity among policy-makers 

and the agricultural population. A comparative analysis between Tunisia and 

an ecologically similar nation which has approached water management in a 

different way would be fascinating. Unfortunately, environmental issues are 

sorely understudied in that region of the world. 
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APPENDIX A: INSTITUTIONAL INTERVIEW 

 
General Risks and Adaptation 
1) What do you think are the most serious livelihood risks that farmers in the 

Cap Bon (CB) are facing today? 
a) Of those, which are most serious? (please rank them) 
b) Are farmers in the CB region able to deal with these risks? 

2) What environmental changes are CB farmers facing?  
a) How are they adapting to them? 
b) Are they successful at adapting to them? 

3) Is it the government’s responsibility to assist CB farmers in dealing with 
these livelihood risks? 

4) Can you speak about any government programs to help farmers to deal 
with livelihood risks? 
a) How are farmers informed about these programs? 
b) Do most farmers take advantage of these programs? 

5) What policies are in place to deal with the problems of water scarcity and 
water degradation in the CB? 

6) Do local institutions play a role in assisting farmers adapt to livelihood 
risks?  
a) If yes, what role(s)?   
b) If no, should they? 

7) In your experience, which factors listed below make farmers more able to 
adapt to livelihood risks? 
a) wealth, income, livelihood diversity 
b) technological (irrigation, tractors, storage) 
c) information (climate forecasts, early warning systems) 
d) social capital (networks, local relationships) 
e) public financial supports (gov’t insurance, access to credit) 
f) global things (access to markets, price of seeds) 
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Global Climate Change 
8) Which of the environmental changes you listed are impacted by global 

climate change? 
9) In what ways is global climate change impacting Tunisian agriculture 

overall? 
10)  Does your area of government have specific programs for climate change? 

a) If so, are they effective?  Why/ why not? 
b) Do you work on climate change directly with local communities or 

through another intermediary? 
c) How is information about climate change shared with local 

communities? 
11)  Do you think that increased participation in the global market economy 

will help farmers deal with CC?  
a) If yes, how? 

12)  Do you think that a strawberry farmer or a wheat farmer would be more 
able to deal with climate shocks?  

13)  How do you think the current political conditions or new government will 
impact this? 
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APPENDIX B: FARMER HOUSEHOLD INTERVIEW 

 
Household 
- how many people live in your home? 
 
Land 
- how many hectares is your farm? 
 
- do you own the land? 

• if no, then do you rent, etc? 
 
- How long have you worked at your current farm? If you own your farm, how 
long have you owned it? 
 
Water Source 
- what is your water source? 
 
Crops, Crop Changes and the Market 
- what types of crops do you grow on your land? (would be great if we could 
get # of hectares for each type) 
 
- have there been changes to these crops in the past 10 years? 

• if yes, please explain 
• why have you made these changes? 

 
 

Markets 
(price, 

demand, 
etc.) 

Climate Labor Land Pests/Disease Other 

      
 
- if strawberries ! more detail 

• when did you start growing strawberries? 
• why did you decide to grow strawberries? 
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- what percent of your crops do you sell to the market? 
• where do you take them to sell them? 
• do you know if they are exported? 

 
General Risks 
- What risks to the sustainability of your enterprise are you most concerned 
about? (A risk is a factor that negatively affects the long-term productivity of 
your farm or the farm you work on.) 
 
- have these risks changed in the past 10 years? 
 
- Do you think these risks will change over the next 10 years? 
 
Adaptations to Environmental Stressors 
- what are the environmental stressors you are most concerned about? 
 
- how do you deal with these stressors (please choose below): 
 

 
 
- do you feel that you are adequately able to deal with these stressors? 

• if not, then why? 
 
- do you think any of this will change in the next 10 years? 
 

Money Information Labor Other 
    

 
- does anyone help you in times of environmental stress? 
 

• if yes then who? 
 
 

Change  
crops or 
varieties 
grown 

Change 
planting 
dates 

Change 
amount 
of water 
used 

Use 
credit 
or 
loans 

Get a 
different 
job 
(outside of 
ag) 

Decrease 
land 
under 
cultivatio
n 

Leave 
ag 

Other 
(please 
explain) 

Do 
nothing 
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Family Friends & 

Neighbors 
Community Local 

Institutions 
Public 
Sector 

Other 

      
      
      
      

 
 
CLIMATE CHANGE OBSERVATIONS  
- have you noticed any increasing changes in the climate in the past 5 years? 
 
- what does the term climate change mean to you? 
 
- where do you get your climate forecasts? do you consider this an accurate 
source? 
 
- do you think that climate change is affecting your business? 
 
POLICIES 
- What policies, either at the national or local level, present challenges to you 
in terms of your operations? What policies facilitate the success of your 
operations? (maybe give examples, like the Economie d’Eau programs…) 
 
INCOME 
- what is the total household (HH) income? 
 
- does anyone in your home have off-farm jobs? 

• if yes – what percent of income comes from off-farm work?  
 
AGE 
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APPENDIX C: INFORMED CONSENT FOR INSTITUTIONAL 
INTERVIEW 

This will be read to participants and verbal consent will be requested and audio-
taped.  
 
RESEARCH PROCEDURES 
This research is being conducted to better understand the ways in which farmers in the 
Cap Bon of Tunisia adapt to environmental stresses. It will involve interviews with 
government representatives, institutional representatives and farmers. If you agree to 
participate, you will be asked to do a 30-45 minute interview on this topic.  
This study is funded by the American Institute for Maghrib Studies, and the local office is 
Centre d'études maghrébines à Tunis (CEMAT). 

RISKS 
There are no foreseeable risks for participating in this research.  
 
BENEFITS 
There are no benefits to you as a participant other than to further research in this topic 
area.  
 
CONFIDENTIALITY 
The data will not be confidential, and I will include your position and name in my final 
report. If I would like to use direct quotes, then I will send you the quote ahead of time 
and ask you to approve it. 
 
Your name and responses will also be shared with Dr. --------, professor at the Institut 
National Agronomique de Tunisie, and my research assistant, --------, a Master’s student 
at the Institut National Agronomique de Tunisie.  
 
However, if you prefer that this data be anonymous, that is possible as well. In that case: 
(1) your name will not be included on the surveys and other collected data; (2) a code 
will be placed on the survey and other collected data; (3) through the use of an 
identification key, the researcher will be able to link your survey to your identity; and (4) 
only the researcher will have access to the identification key. 
_______ I agree for my name and position to appear with my data. 

_______ I prefer that this interview remain anonymous. 
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PARTICIPATION 
Your participation is voluntary, and you may withdraw from the study at any time and for 
any reason. If you decide not to participate or if you withdraw from the study, there is no 
penalty or loss of benefits to which you are otherwise entitled. There are no costs to you 
or any other party. 
 
AUDIO TAPING 
This interview will be audio-taped, if you consent. The purpose is so that I can pay more 
attention while you are speaking instead of having to take detailed notes. No one will 
have access to the tapes except me. 
 
_______ I agree to audio taping. 

_______ I do not agree to audio taping. 

CONTACT 
This research is being conducted by Caroline Boules. I may be reached at 22-77-86-33 
for questions or to report a research-related problem. The student’s advisor is Dr. Susan 
Crate in the Environmental Science and Policy Department at George Mason University. 
She may be reached at 703-993-1517. You may contact the George Mason University 
Office of Research Integrity & Assurance at 703-993-4121 if you have questions or 
comments regarding your rights as a participant in the research. 
 
This research has been reviewed according to George Mason University procedures 
governing your participation in this research.  

CONSENT 
Do you agree to participate in this study? (they will state yes or no). 
 

)
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APPENDIX D: INFORMED CONSENT FOR FARMER HOUSEHOLD 
INTERVIEW 

This will be read to participants and verbal consent will be requested.  
 
RESEARCH PROCEDURES 
This research is being conducted to better understand the ways in which farmers in the 
Cap Bon of Tunisia adapt to environmental stresses. It will involve interviews with 
government representatives, institutional representatives and farmers. If you agree to 
participate, you will be asked to do a 30-45 minute survey on this topic.  
This study is funded by the American Institute for Maghrib Studies, and the local office is 
Centre d'études maghrébines à Tunis (CEMAT), and in partnership with the Institut 
National Agronomique de Tunisie (INAT). 

RISKS 
There are no foreseeable risks for participating in this research.  
BENEFITS 
There are no benefits to you as a participant other than to further research in this topic 
area.  
CONFIDENTIALITY 
The data will not be confidential, as I will include the address of you farm land in my 
final report. Your name will not be mentioned, or associated with any direct quotes.  
 
Your name and responses will also be shared with Dr. --------, professor at the Institut 
National Agronomique de Tunisie, and my research assistant, --------, a Master’s student 
at the Institut National Agronomique de Tunisie.  
 
PARTICIPATION 
Your participation is voluntary, and you may withdraw from the study at any time and for 
any reason. If you decide not to participate or if you withdraw from the study, there is no 
penalty or loss of benefits to which you are otherwise entitled. There are no costs to you 
or any other party. 
 

CONTACT 
This research is being conducted by Caroline Boules. I may be reached at 22-77-86-33 
for questions or to report a research-related problem. The student’s advisor is Dr. Susan 
Crate in the Environmental Science and Policy Department at George Mason University. 
She may be reached at 703-993-1517. You may contact the George Mason University 



158 
 

Office of Research Integrity & Assurance at 703-993-4121 if you have questions or 
comments regarding your rights as a participant in the research. The student’s local 
partner is Dr. -------- at INAT, and you may also contact INAT if you have any questions 
or comments. 
 
This research has been reviewed according to George Mason University procedures 
governing your participation in this research.  

CONSENT 
Do you agree to participate in this study? (they will state yes or no). 
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